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Founded in 1968 to pursue the integration of large numbers of 
transistors onto tiny silicon chips, Intel's history has been marked by 
a remarkable number of scientific breakthroughs and innovations. In 
1971, Intel introduced the 4004, the first microprocessor. Containing 
2300 transistors, this first commercially-available computer on a chip 
is considered primitive compared with today's million-plus transistor 
products. 

Innovations such as the microprocessor, the erasable program
mable read-only memory (EPROM) and the dynamic random access 
memory (DRAM) revolutionized electronics by making integrated 
circuits the mainstay of both consumer and business computing 
products. 

Over the last two and a half decades, Intel's business has 
evolved and today the company's focus is on delivering an extensive 
line of component, module and system-level building block products 
to the computer industry. The company's product line covers a broad 
spectrum, and includes microprocessors, flash memory, microcontrol
lers, a broad line of PC enhancement and local area network 
products, multimedia technology products, and massively parallel 
supercomputers. Intel's 32-bit X86 architecture, represented by the 
Intel386 TM and Inte1486 TM microprocessor families, are the de facto 
standard of modern business computing and installed in millions of 
PCs worldwide. 

Intel has over 25,000 employees located in offices and manufac
turing facilities around the world. Today, Intel is the largest semicon
ductor company in the United States and the second largest in the 
world. 
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80186 
HIGH INTEGRATION 16-BIT MICROPROCESSOR 

• Integrated Feature Set 
- Enhanced 8086-2 CPU 
- Clock Generator 
- 2 Independent DMA Channels 
- Programmable Interrupt Controller 
- 3 Programmable 16-blt Timers 
- Programmable Memory and 

Peripheral Chip-Select Logic 

• Completely Object Code Compatible 
with All Existing 8086, 8088 Software 
-10 New Instruction Types 

• Complete· System Development 
Support 

- Programmable Walt State Generator 

- Development Software: ASM 86 
Assembler, PUM-86, Pascal-86, 
Fortran-86, C-86, and System Utilities 

- In-Circuit-Emulator (121CE™·186) 
- Local Bus Controller 

• Available in 10 MHz (80186-10) and 8 
MHz (80186) Versions 

• High-Performance Processor 
- 4 MByte/Sec Bus Bandwidth 

Interface @ 8 MHz 
- 5 MByte/Sec Bus Bandwidth 

Interface @ 10 MHz 

• Direct Addressing Capability to 1 
MByte of Memory an~ 64 KByte 1/0 

• Numerics Coprocessing Capability 
Through 8087 Interface 

• Avallable In 68 Pin: 
- Plastic Leaded Chip Carrier (PLCC) 
- Ceramic Pin Grid Array (PGA) 
- Ceramic Leadless Chip Carrier (LCC) 
(See Packaging Outlines and Dimensions, Order # 231369) 

• Available in EXPRESS 
- Standard Temperature with Burn-In 
- Extended Temperature Range 

( - 40"C to + 85°C) 
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80186 

The Intel 80186 is a highly integrated 16-bit microprocessor. The 80186 effectively combines 15-20 of the 
most common 8086 system components onto one. The 80186 provides two times greater throughput than the 
standard 5 MHz 8086. The 80186 is upward compatible with 8086 and 8088 software and adds 10 new 
instruction types to the existing set. 
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Figure 2. 80186 Pinout Diagrams 
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Table 1. 80186 Pin Description 

Symbol Pin No. Type Name and Function 

Vee 9 I System Power: + 5 volt power supply. 
43 

Vss 26 I System Ground. 
60 

RESET 57 0 Reset Output indicates that the 80186 CPU is being reset, and can be 
used as a system reset. It is active HIGH, synchronized with the 
processor clock, and lasts an integer number of clock periods 
corresponding to the length of the RES signal. 

X1 59 I Crystal Inputs X1 and X2 provide external connections for a 
X2 58 0 fundamental mode parallel resonant crystal for the internal oscillator. 

Instead of using a crystal, an external clock may be applied to X1 
while minimizing stray capacitance on X2. The input or oscillator 
frequency is internally divided by two to generate the clock signal 
(CLKOUT). 

CLKOUT 56 0 Clock Output provides the system with a 50% duty cycle waveform. 
All device pin timings are specified relative to CLKOUT. 

RES 24 I An active RES causes the 80186 to immediately terminate its present 
activity, clear the internal logic, and enter a dormant state. This signal 
may be asynchronous to the 80186 clock. The 80186 begins fetching 
instructions approximately 6% clock cycles after RES is returned 
HIGH. For proper initialization, Vee must be within specifications and 
the clock signal must be stable for more than 4 clocks with RES held 
LOW. RES is internally synchronized. This input is provided with a 
Schmitt-trigger to facilitate power-on RES generation via an RC · 
network. 

fEST 47 1/0 TEST is examined by the WAIT instruction. If the TEST input is HIGH 
when "WAIT" execution begins, instruction execution will suspend. 
TEST will be resampled until it goes LOW, at which time execution will 
resume. If interrupts are enabled while the 80186 is waiting for TEST, 
interrupts will be serviced. During power-up, active RES is required to 
configure TEST as an input. This pin is synchronized internally. 

TMRINO 20 I Timer Inputs are used either as clock or control signals, depending 
TMR IN 1 21 I upon the programmed timer mode. These inputs are active HIGH (or 

LOW-to-HIGH transitions are counted) and internally synchronized. 

TMROUTO 22 0 Timer outputs are used to provide single pulse or continous waveform m 
TMROUT1 23 0 generation, depending upon the timer mode selected. 

DRQO 18 I OMA Request is asserted HIGH by an external device when it is ready 
DRQ1 19 I for OMA Channel 0 or 1 to perform a transfer. These signals are level-

triggered and internally synchronized. 

NMI 46 I The Non-Maskable Interrupt input causes a Type 2 interrupt. An NMI 
transition from LOW to HIGH is latched and synchronized internally, 
and initiates the interrupt at the next instruction boundary. NMI must 
be asserted for at least one clock. The Non-Maskable Interrupt 
cannot be avoided by programming. 

INTO 45 I Maskable Interrupt Requests can be requested by activating one of 
INT1/~ 44 I these pins. When configured as inputs, these pins are active HIGH. 
INT2/INTAO 42 1/0 Interrupt Requests are synchronized internally. INT2 and INT3 may be 
INT3/INTA1/IRQ 41 1/0 configured to provide active-LOW interrupt-acknowledge output 

signals. All interrupt inputs may be configured to be either edge- or 
level-trigger~d. To ensµre recognition, all interrupt requests must 
remain active until the interrupt is acknowledged. When Slave Mode 
is selected, the function of these pins changes (see Interrupt 
Controller section of this data sheet). 
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Table 1.80186 Pin Description (Continued) 

Symbol Pin Type Name and Function No. 
A19/S6 65 0 Address Bus Outputs (16-19) and Bus Cycle Status (3-6) indicate the four 
A18/S5 66 0 most significant address bits during T1. These signals are active HIGH. During 
A17/S4 67 0 T 2. T 3, T w. and T 4, the S6 pin is LOW to indicate a CPU-initiated bus cycle or 
A16/S3 68. 0 HIGH to indicate a OMA-initiated bus cycle. During the same T-states, S3, S4, 

and S5 are always LOW. The status pins float during bus HOLD or RESET. 

AD15 1 1/0 Address/Data Bus (0-15) signals constitute the time multiplexed memory or 
AD14 3 1/0 1/0address(T1) and data (T 2, T 3, Tw. and T 4) bus. The bus is active HIGH. 
AD13 5 1/0 Ao is analogous to BHE for the lower byte of the data bus, pins D7 through o0. 
AD12 7 1/0 It is LOW during T 1 when a byte is to be transferred onto the lower portion of 
AD11 10 1/0 the bus in memory or 1/0 operations. 
,4;010 12 1/0 
AD9 14 1/0 
ADS 16 1/0 
AD7 2 1/0 
AD6 4 1/0 
ADS 6 1/0 
AD4 8 1/0 
ADS 11 1/0 
AD2 13 1/0 
AD1 15 1/0 
ADO 17 1/0 

BHE/S7 64 0 During T 1 the Bus High Enable signal should be used to determine if data is to 
be enabled onto the most significant half of the data bus; pins D15-D9. BHE is 
LOW during T 1 for read, write, and interrupt acknowledge cycles when a byte 
is to be transferred on the higher half of the bus. The S7 status information is 
available during T 2. T 3, and T 4• S7 is logically equivalent to BHE. BHE/S7 
floats during HOLD. 

BHE and AO Encodings 
BHE AO Function Value Value 

0 0 Word Transfer 
0 1 Byte Transfer on upper half of data bus (015-08) 
1 0 Byte Transfer on lower half of data bus (Dr Do) 
1 1 Reserved 

ALE/QSO 61 0 Address Latch Enable/Queue Status 0 is provided by the 80186 to latch the 
address. ALE is active HIGH. Addresses are guaranteed to be valid on the 
trailing edge of ALE. The ALE rising edge is generated off the rising edge of 
the CLKOUT immediately preceding T 1 of the associated bus cycle, effectively 
one-half clock cycle earlier than in the 8086. The trailing edge is generated off 
the CLKOUT rising edge in T 1 as in the 8086. Note that ALE is never floated. 

WR/Qsf 63 0 Write Strobe/Queue Status 1 indicates that the data on the bus is to be written 
into a memory or an 1/0 device. WR is active for T 2, T 3, and T w of any write 
cycle. It.is active LOW, and floats during HOLD. When the 80186 is in queue 
status mode, the ALE/QSO and WR/QS1 pins provide information about 
processor/instruction queue interaction. 

QS1 QSO Queue Operation 
0 0 No queue operation 
0 1 First opcode byte fetched from the queue 
1 1 Subsequent byte fetched from the queue 
1 0 Empty the queue 
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Table 1. 80186 Pin Description (Continued) 

Symbol Pin No. Type Name and Function 

RD/QSMD 62 1/0 Read Strobe is an active LOW signal which indicates that the 80186 is 
performing a memory or 1/0 read cycle. It is guaranteed not to~ LOW 
before the AID bus is floated. An internal pull-up ensures that RD is 
HIGH during RESET. Following RESET the pin~ampled to determine 
whether the 80186 is to provide ALE, RD, and WR, or queue status 
information. To enable Queue Status Mode, RD must be connected to 
GND. RD will float during bus HOLD. 

ARDY 55 I Asynchronous Ready informs the 80186 that the addressed memory 
space or 1/0 device will complete a data transfer. The ARDY pin 
accepts a rising edge that is asynchronous to CLKOUT, and is active 
HIGH. The falling edge of ARDY must be synchronized to the 80186 
clock. Connecting ARDY HIGH will always assert the ready condition to 
the CPU. If this line is unused, it should be tied LOW to yield control to 
the SRDY pin. 

SRDY 49 I Synchronous Ready informs the 80186 that the addressed memory 
space or 1/0 device will complete a data transfer. The SRDY pin 
accepts an active-HIGH input synchronized to CLKOUT. The use of 
SRDY allows a relaxed system timing over ARDY. This is accomplished 
by elimination of the one-half clock cycle required to internally 
synchronize the ARDY input signal. Connecting SRDY high will always 
assert the ready condition to the CPU. If this line is unused, it should be 
tied LOW to yield control to the ARDY pin. 

LOCK 48 0 LOCK output indicates that other system bus masters are not to gain 
control of the system bus while LOCK is active LOW. The LOCK signal 
is requested by the LOCK prefix instruction and is activated at the 
beginning of the first data cycle associated with the instruction following 
the LOCK prefix. It remains active until the completion of that 
instruction. No instruction prefetching will occur while LOCK is asserted. 
When executing more than one LOCK instruction, always make sure 
there are 6 bytes of code between the end of the first LOCK instruction 
and the start of the second LOCK instruction. LOCK is driven HIGH for 
one clock during RESET and then floated. 

so 52 0 Bus cycle status SO-S2 are encoded to provide bus-transaction 
S1 53 0 information: 
S2 54 0 80186 Bus Cycle Status Information 

fl 
S2 S1 so Bus Cycle Initiated 

0 0 0 Interrupt Acknowledge 
0 0 1 Read 1/0 
0 1 0 Write 1/0 
0 1 1 Halt 
1 0 0 Instruction Fetch 
1 0 1 Read Data from Memory 
1 1 0 Write Data to Memory 
1 1 1 Passive (no bus cycle) 

The status pins float during HOLD. 
S2 may be used as a logical M/10 indicator, and S1 as a DT /R 
indicator. 
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Table 1. 80186 Pin Description (Continued) 

Symbol Pin No. Type Name and Function 

HOLD 50 I HOLD indicates that another bus master is requesting the local bus. The 
HLDA 51 0 HOLD input is active HIGH. HO~D may be asynchronous with respect to 

the 80186 clock. The 80186 will issue a HLDA (HIGH) in response to a 
HOLD request at the end of T 4 or Ti. Simultaneous with the issuance of 
HLDA, the 80186 will float the local bus and control lines. After HOLD is 
detected as being LOW, the 80186 will lower HLDA. When the 80186 
needs to run another bus cycle, it will again drive the local bus and 
control lines. 

ucs 34 0 Upper Memory Chip Select is an active LOW output whenever a 
memory reference is made to the defined upper portion (1 K-256K 
block) of memory. This line is not floated during bus HOLD. The address 
range activating UCS is softwa.re programmable. 

LCS 33 0 Lower Memory Chip Select is active LOW whenever a memory 
reference is made to the defined lower portion (1 K-256K) of memory. 
This line is not floated during bus HOLD. The address range activating 
LCS is software programmable. 

MCSO 38 0 Mid-Range Memory Chip Select signals are active LOW when a memory 
MCS1 37 0 reference is made to the defined mid-range portion of memory 
MCS2 36 0 (8K-512K). These lines are not floated during bus HOLD. The address 
MCS3 35 0 ranges activating MCS0-3 are software programmable. 

PCSO 25 0 Peripheral Chip Select signals 0-4 are active LOW when a reference is 
PCS1 27 0 made to the defined peripheral area (64K byte 1/0 space). These lines 
PCS2 28 0 are not floated during .bus HOLD. The address ranges activating 
PCS3 29 0 PCS0-4 are software programmable. 
PCS4 30 0 
PCS5/A1 31 0 Peripheral Chip Select 5 or Latched A 1 may be programmed to provide 

a sixth peripheral chip select, or to provide an internally latched A 1 
signal. The address range activating PCS5 is software-programmable. 
PCS5/ A 1 does not float during bus HOLD. When programmed to 
provide latched A 1 , this pin will retain the previously latched value during 
HOLD. 

PCS6/A2 32 0 Peripheral Chip Select 6 or Latched A2 may be programmed to provide 
a seventh peripheral chip select, or to provide an internally latched A2 
signal. The address range activating PCS6 is software programmable. 
PCS6/ A2 does not float during bus HOLD. When programmed to 
provide latched A2, this pin will retain the previously latched value during 
HOLD. 

DT/R 40 0 Data Transmi(/Receive controls the direction of data flow through an 
external data bus transceiver. When LOW, data is transferred to the 
80186. When HIGH the 80186 places write data on the data bus. 

DEN 39 0 Data Enable is provided as a data bus transceiver output enable. DEN is 
active LOW during each memory and 1/0 access. DEN is HIGH 
whenever OT /R changes state. During RESET, DEN is driven HIGH for 
one clock, then floated. DEN also floats during HOLD. 
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FUNCTIONAL DESCRIPTION 

Introduction 

The following Functional Description describes the 
base architecture of the 80186. The 80186 is a very 
high integration 16-bit microprocessor. It combines 
15-20 of the most common microprocessor system 
components onto one chip while providing twice the 
performance of the standard 8086. The 80186 is ob
ject code compatible with the 8086/8088 microproc
essors and adds 10 new instruction types to the 
8086/8088 instruction set. 

80186 BASE ARCHITECTURE 

The 8086, 8088, 80186, and 80286 family all contain 
the same basic set of registers, instructions, and ad
dressing modes. 

Register Set 

The 80186 base architecture has fourteen registers 
as shown in Figures 3a and 3b. These registers are 
grouped into the following categories. 

General Registers 

Eight 16-bit general purpose registers may be used 
for arithmetic and logical operands. Four of these 
(AX, BX, CX, and DX) can be used as 16-bit registers 
or split into pairs of separate 8-bit registers. 

BYTE 
ADDRESSABLE 
(8-BIT 
REGISTER 
NAMES 
SHOWN) 

16-BlT 
REGISTER 

NAME 

r DX 

ex 

BX 

BP 

SI 

DI 

SP 

15 

0 7 

AH AL 

DH DL 

CH CL 

BH BL 

GENERAL 
REGISTERS 

SPECIAL 
REGISTER 
FUNCTIONS 

MUL T1Pl Y /DIVIDE 
110 INSTRUCTIONS 

LOOP/SHIFT /REPEAT /COUNT 

BASE REGISTERS 

INDEX REGISTERS 

STACK POINTER 

Segment Registers 

Four 16-bit special purpose registers select, at any 
given time, the segments of memory that are imme
diately addressable for code, stack, and data. (For 
usage, refer to Memory Organization.) 

Base and Index Registers 

Four of the general purpose registers may also be 
used to determine offset addresses of operands in 
memory. These registers may contain base address
es or indexes to particular locations within a seg
ment. The addressing mode selects the specific reg
isters for operand and address calculations. 

Status and Control Registers 

Two 16-bit special purpose registers record or alter 
certain aspects of the 80186 processor state. These 
are the Instruction Pointer Register, which contains 
the offset address of the next sequential instruction 
to be executed, and the Status Word Register, which 
contains status and control flag bits (see Figures 3a 
and 3b). 

Status Word Description 

The Status Word records specific characteristics of 
the result of logical and arithmetic instructions (bits 
0, 2, 4, 6, 7, and 11) and controls the operation of 
the 80186 within a given operating mode (bits 8, 9, 
and 10). The Status Word Register is 16-bits wide. 
The function of the Status Word bits is shown in 
Table 2. 

cs 

OS 

SS 

ES 

15 

~ 
15 

SEGMENT REGISTERS 

STATUS AND CONTROL 
REGISTERS 

CODE SEGMENT SELECTOR 

DATA SEGMENT SELECTOR 

ST ACK SEGMENT SELECTOR 

EXTRA SEGMENT SELECTOR 

STATUS WORD 

INSTRUCTION POINTER 

Figure 3a. 80186 Register Set 
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STATUS FLAGS: 

CARRY~-------~--------------, 

PARITY------------------, 

AUXILIARYCARAY -------------~ 
ZERO----------~ 

~-------- DtRECTIONFLAG 

~ INTEL RESERVED 

Figure 3b. Status Word Format 
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Table 2. Status Word Bit Functions Instruction Set 
Bit 

Name 
Position 

0 CF 

2 PF 

4 AF 

6 ZF 

7 SF 

8 TF 

9 IF 

10 DF 

11 OF 

Function 

Carry Flag-Set on high-order 
bit carry or borrow; cleared 
otherwise 

Parity Flag-Set if low-order 8 
bits of result contain an even 
number of 1-bits; cleared 
otherwise 

Set on carry from or borrow to 
the low order four bits of AL; 
cleared otherwise 

Zero Flag-Set if result is zero; 
cleared otherwise 

Sign Flag-Set equal to high-
order bit of result (O if positive, 
1 if negative) 

Single Step Flag-Once set, a 
single step interrupt occurs 
after the next instruction 
executes. TF is cleared by the 
single step interrupt. 

Interrupt-enable Flag-When 
set, maskable interrupts will 
cause the CPU to transfer 
control to an interrupt vector 
specified location. 

Direction Flag-Causes string 
instructions to auto decrement 
the appropriate index register 
when set. Clearing DF causes 
auto increment. 

Overflow Flag-Set if the 
signed result cannot be 
expressed within the number 
of bits in the destination 
operand; cleared otherwise 

The instruction set is divided into seven categories: 
data transfer, arithmetic, shift/rotate/logical, string 
manipulation, control transfer, high-level instruc
tions, and processor control. These categories are 
summarized in Figure 4. 

An 80186 instruction can reference anywhere from 
zero to several operands. An operand can reside in 
a register, in the instruction itself, or in memory. Spe
cific operand addressing modes are discussed later 
in this data sheet. 
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Memory Organization 

Memory is organized in sets of segments. Each seg
ment is a linear contiguous sequence of up to 64K 
(216) 8-bit bytes. Memory is addressed using a two
component address (a pointer) that consists of a 16-
bit base segment and a 16-bit offset The 16-bit 
base values are contained in one of four internal 
segment register (code, data, stack, extra). The 
physical address is calculated by shifting the base 
value LEFT by four bits and adding the 16-bit offset 
value to yield a 20-bit physical address (see Figure 
5). This allows for a 1 MByte physical address size. 

All instructions that address operands in memory 
must specify the base segment and the 16-bit offset 
value. For speed and compact instruction encoding, 
the segment register used for physical address gen
eration is implied by the addressing mode used (see 
Table 3). These rules follow the way programs are 
written (see Figure 6) as independent modules that 
require areas for code and data, a stack, and access 
to external data areas. 

Special segment override instruction prefixes allow 
the implicit segment register selection rules to be 
overridden for special cases. The stack, data, and 
extra segments may coincide for simple programs. 



inteJ. 80186 

GENERAL PURPOSE MOVS Move byte or word string 

MOV Move byte or word INS Input bytes or word string 
PUSH Push word onto stack OUTS Output bytes or word string 
POP Pop word off stack CMPS Compare byte or word string 
PUSH A Push all registers on stack 

SCAS Scan byte or word string 
POPA Pop all registers from stack 

LOOS Load byte or word string 
XCHG Exchange byte or word 

XLAT Translate byte 
STOS Store byte or word string • 

INPUT/OUTPUT REP Repeat 

IN Input byte or word REPE/REPZ Repeat while equal/zero 

OUT Output byte or word REPNE/REPNZ Repeat while not equal/not zero 

ADDRESS OBJECT LOGICALS 

LEA Load effective address NOT "Not" byte or word 

AND "And" byte or word 
LOS Load pointer using DS 

OR "Inclusive or" byte or word 
LES Load pointer using ES 

XOR "Exclusive or" byte or word 
FLAG TRANSFER TEST "Test" byte or word 

LAHF Load AH register from flags SHIFTS 
SAHF Store AH register in flags SHL/SAL Shift logical/arithmetic left byte or word 
PUSHF Push flags onto stack SHA Shift logical right byte or word 

POPF Pop flags off stack SAR Shift arithmetic right byte or word 

ADDITION ROTATES 

ADD Add byte or word AOL Rotate left byte or word 

ADC Add byte or word with carry ROA Rotate right byte or word 

RCL Rotate through carry left byte or word INC Increment byte or word by 1 
RCA Rotate through carry right byte or word 

AAA ASCII adjust for addition 
FLAG OPERATIONS 

DAA Decimal adjust for addition 
STC Set carry flag 

SUBTRACTION 
CLC Clear carry flag 

SUB Subtract byte or word 
CMG Complement carry flag 

SBB Subtract byte or word with borrow 
STD Set direction flag 

DEC Decrement byte or word by 1 
GLD Clear direction flag 

NEG Negate byte or word 
STI Set interrupt enable flag 

CMP Compare byte or word cu Clear interrupt enable flag 
AAS ASCII adjust for subtraction 

EXTERNAL SYNCHRONIZATION 
DAS Decimal adjust for subtraction 

HLT Halt until interrupt or reset 
MULTIPLICATION 

WAIT Wait for TEST pin active 
MUL Multiply byte or word unsigned 

ESC Escape to extension processor 
IMUL Integer multiply byte or word 

LOCK Lock bus during next instruction 
AAM ASCII adjust for multiply 

NO OPERATION 
DIVISION 

NOP No operation 
DIV Divide byte or word unsigned 

HIGH LEVEL INSTRUCTIONS 
IDIV Integer divide byte or word 

ENTER Format stack for procedure entry 
AAD ASCII adjust for division 

LEAVE Restore stack for procedure exit 
CBW Convert byte to word 

BOUND Detects values outside prescribed range 
CWD Convert word to doubleword 

figure 4. 80186 lnstruct1on Set 

24-9 



80186 

CONDITIONAL TRANSFERS JO Jump if overflow 

JA/JNBE Jump if above/not below nor equal JP/JPE Jump if parity I parity even 

JAE/JNB Jump if above or equal/not below JS Jump if sign 

JB/JNAE Jump if below/not above nor equal UNCONDITIONAL TRANSFERS 

JBE/JNA Jump if below.or equal/not above CALL Call procedure 

JC Jump if carry RET Return from procedure 

JE/JZ Jump if equal/zero JMP Jump 

JG/Jl-JLE Jump if greater/not less nor equal ITERATION CONTROLS 

JGE/JNL Jump if greater or equal/not less LOOP Loop 

JL/JNGE Jump if less/not greater nor equal LOOPE/LOOPZ Loop if equal/zero 

JLE/JNG Jump if less or equal/not greater LOOPNE/LOOPNZ Loop if not equal/not zero 

JNC Jump if not carry JCXZ Jump if register ex = 0 

JNE/JNZ Jump if not equal/not zero INTERRUPTS 

JNO Jump if not overflow INT Interrupt 

JNP/JPO Jump if not parity/parity odd INTO Interrupt if overflow 

JNS Jump if not sign IRET Interrupt return 

Figure 4. 80186 Instruction Set (Continued) 

To access operands that do not reside in one of the 
four immediately available segments, a full 32-bit 
pointer can be used to reload both the base (seg
ment) and offset values. 

;HIFT LEFT 4 BITS I 1 2 3 4 'SEGMENT} BASE 

I· , ! • I 15 o LOGICAL 
2 3 I 

ADDRESS 

'OFFSET 19 ' • 0 0 :z 2 

[~I, ·I· 15 • • 2 

15 • 
I· 2 3 • · I PHYSICAL ADDRESS 

19 • 
TO MEMORY 210451-5 

Figure 5. Two Component Address 

Table 3. Segment Register Selection Rules 

Memory Segment Implicit Segment Reference Register Selection Rule Needed Used 

Instructions Code (CS) Instruction pref etch and 
immediate data. 

Stack Stack (SS) All stack pushes and 
pops; any memory 
references which use BP 
Register as a base 
register. 

External Extra (ES) All string instruction 
Data references which use 
(Global) the DI register as an 

index. 
Local Data Data (DS) All other data references. 
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Addressing Modes 

The 80186 provides eight categories of addressing 
modes to specify operands. Two addressing modes 
are provided for instructions that operate on register 
or immediate operands: 

• Register Operand Mode: The operand is located 
in one of the 8- or 16-bit general registers. 

• Immediate Operand Mode: The operand is in
cluded in the instruction. 

Six modes are provided to specify the location of an 
operand in a memory segment. A memory operand 
address consists of two 16-bit components: a seg
ment base and an offset. The segment base is sup
plied by a 16-bit segment register either implicitly 
chosen by the addressing mode or explicitly chosen 
by a segment override prefix. The offset, also called 
the effective address, is calculated by summing any 
combination of the following three address ele
ments: 

• the displacement (an 8- or 16-bit immediate value 
contained in the instruction); 

• the base (contents of either the BX or BP base 
registers); and 

• the index (contents of either the SI or DI index 
registers). 

Any carry out from the 16-bit addition is ignored. 
Eight-bit displacements are sign extended to 16-bit 
values. 

Combinations of these three address elements de
fine the six memory addressing modes, described 
below. 

• Direct Mode: The operand's offset is contained in 
the instruction as an 8- or 16-bit displacement el
ement. 

• Register Indirect Mode: The operand's offset is in 
one of the registers SI, DI, BX, or BP. 

• Based Mode: The operand's offset is the sum of 
an 8- or 16-bit displacement and the contents of 
a base register (BX or BP). 

• Indexed Mode: The operand's offset is the sum 
of an 8- or 16-bit displacement and the contents 
of an index register (SI or DI). 

• Based Indexed Mode: The operand's offset is the 
sum of the contents of a base register and an 
Index register. 

• Based indexed Mode with Displacement: The op
erand's offset is the sum of a base register's con
tents, an index register's contents, and an 8- or 
16-bit displacement. 
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Data Types 

The 80186 directly supports the following data 
types: 

• Integer: A signed binary numeric value contained 
in an 8-bit byte or a 16-bit word. All operations 
assume a 2's complement representation. 
Signed 32- and 64-bit integers are supported us
ing an 8087 Numeric' Data Coprocessor with the 
80186. 

• Ordinal: An unsigned binary numeric value con
tained in an 8-bit byte or a 16-bit word. 

• Pointer: A 16- or 32-bit quantity, composed of a 
16-bit offset component or a 16-bit segment base 
component in addition to a 16-bit offset compo
nent. 

• String: A contiguous sequence of bytes or words. 
A string may contain from 1 to 64K bytes. 

• ASCII: A byte representation of alphanumeric and 
control characters using the ASCII standard of 
character representation. 

• BCD: A byte (unpacked) representation of the 
decimal digits 0-9. 

• Packed BCD: A byte (packed) representation of 
two decimal digits (0-9). One digit is stored in 
each nibble (4-bits) of the byte. 

• Floating Point: A signed 32-, 64-, or 80-bit real 
number representation. (Floating point operands 
are supported using an 8087 Numeric Data. Co
processor with the 80186.) 

In general, individual data elements must fit within 
defined segment limits. Figure 7 graphically repre
sents the data types supported by the 80186. 

1/0 Space 

The 1/0 space consists of 64K 8-bit or 32K 16-bit 
ports. Separate instructions address the 1/0 space 
with either an 8-bit port address, specified in the in
struction, or a 16-bit port address in the DX register. 
8-bit port addresses are zero extended such that 
A15-A8 are LOW. 1/0 port addresses OOF8(H) 
through OOFF(H) are reserved. 

Interrupts 

An interrupt transfers execution to a new program 
location. The old program address (CS:IP) and ma
chine state (Status Word) are saved on the stack to 
allow resumption of the interrupted program. Inter
rupts fall into three classes: hardware initiated, INT 
instructions, and instruction exceptions. Hardware 
initiated interrupts occur in response to an external 
input and are classified as non-maskable or maska
ble. 
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NOTE: 
*Supported by using an 8087 Numeric Data Coproces
sor with the 80186. 

Figure 7. 80186 Supported Data Types 

Programs may cause an interrupt with an INT in
struction. Instruction exceptions occur when an un
usual condition, which prevents further instruction 
processing, is detected while attempting to execute 
an instruction. If the exception was caused by exe
cuting an ESC instruction with the ESC trap bit set in 
the relocation register, the return instruction will 
point to the ESC instruction, or to the segment over· 
ride prefix immediately preceding the ESC instruc
tion if the prefix was present. In all other cases, the 

return address from an exception will point at the 
instruction immediately following the instruction 
causing the exception. 

A table containing up to 256 pointers defines the 
proper interrupt service routine for each interrupt. In
terrupts 0-31, some of which are used for instruc
tion exceptions, are reserved. Table 4 shows the 
80186 predefined types and default priority levels. 
For each interrupt, an 8-bit vector must be supplied 
to the 80186 which identifies the appropriate table 
entry. Exceptions supply the interrupt vector inter
nally. In addition, internal peripherals and noncas
caded external interrupts will generate their own 
vectors through the internal interrupt controller. INT 
instructions contain or imply the vector and allow 
access to all 256 interrupts. Maskable hardware ini
tiated interrupts supply the 8-bit vector to the CPU 
during an interrupt acknowledge bus ·sequence. 
Non-maskable hardware interrupts use a predefined 
internally supplied vector. 

Interrupt Sources 
The 80186 can service interrupts generated by soft
ware or hardware. The software interrupts are gen
erated by specific instructions (INT, ESC, unused 
OP, etc.) or the results of conditions specified by 
instructions (array bounds check, INTO, DIV, IDIV, 
etc.). All interrupt sources are serviced by an indirect 
call through an element of a vector table. This vector 
table is indexed by using the interrupt vector type 
(Table 4), multiplied by four. All hardware-generated 
interrupts are sampled at the end of each instruc
tion. Thus, the software interrupts will begin service 
first. Once the service routine is entered and inter
rupts are enabled, any hardware source of sufficient 
priority can interrupt the service routine in progress. 

Those pre-defined 80186 interrupts which cannot be 
masked by programming are described below. 

DIVIDE ERROR EXCEPTION (TYPE 0) 

Generated when a DIV or IDIV instruction quotient 
cannot be expressed in the number of bits in the 
destination. 

SINGLE-STEP INTERRUPT (TYPE 1) 

Generated after most instructions if the TF flag is 
set. Interrupts will not be generated after prefix in
structions (e.g., REP), instructions which modify seg
ment registers (e.g., POP OS), or the WAIT instruc
tion. 

NON-MASKABLE INTERRUPT-NM! (TYPE 2) 

An external interrupt source which cannot be 
masked. 
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Table 4. 80186 Interrupt Vectors 
Interrupt Vec1or Vec1or Default Related Applicable 

Name Type Address Priority Instructions Notes 
Divide Error Exception 0 OOH 1 DIV,IDIV 1 
Single Step Interrupt 1 04H 1A All 2 
Non-Maskable Interrupt (NMI) 2 OBH 1 All 
Breakpoint Interrupt 3 OCH 1 INT 1 
INTO Detected Overflow Exception 4 10H 1 INTO .1 

Array Bounds Exception 5 14H 1 BOUND 1 
Unused Opcode Exception 6 18H 1 Undefined Opcodes 1 
ESC Opcode Exception 7 1CH 1 ESCOpcodes 1, 3 

(Coprocessor) 
Timer 0 Interrupt 8 20H 2A 4,5 
Timer 1 Interrupt 18 48H 2B 4,5 
Timer 2 Interrupt 19 4CH 2C 4,5 
Reserved 9 24H 3 
OMA 0 Interrupt 10 28H 4 5 
OMA 1 Interrupt 11 2CH 5 
INTO Interrupt 12 30H 6 
INT1 Interrupt 13 34H 7 
INT2 Interrupt 14 38H 8 
INT3 Interrupt 15 3CH 9 
Reserved 16, 17 40H, 44H 
Reserved 20-31 50H-7CH 

NOTES: 
Default priorities for the interrupt sources are used only if the user does not program each source to. a unique priority level. 
1 . Generated as a result of an instruction execution. 
2. Performed in same manner as 6066. 
3. An ESC (coprocessor) opcode will cause a trap only if the proper bit is set in the peripheral control block relocation 
register. . m 
4. All three timers constitute one source of request to the interrupt controller. As such, they share the same priority level with ~ 
respect to other interrupt sources. However, the timers have a defined priority order among themselves (2A > 28 > 2C). 
5. The vector type numbers for these sources are programmable in Slave Mode. 

BREAKPOINT INTERRUPT (TYPE 3) 

A one-byte version of the INT instruction. It uses 12 
as an index into the service routine address table 
(because it is a type 3 interrupt). 

INTO DETECTED OVERFLOW EXCEPTION 
(TYPE4) 

Generated during an INTO instruction if the OF bit is 
set. 

ARRAY BOUNDS EXCEPTION (TYPE 5) 

Generated during a BOUND instruction if the array 
index is outside the array bounds. The array bounds 
are located in memory at a location indicated by one 
of the instruction operands. The other operand indi
cates the value of the index to be checked. 

UNUSED OPCODE EXCEPTION (TYPE 6) 

Generated if execution is attempted on undefined 
opcodes. 

ESCAPE OPCODE EXCEPTION (TYPE 7) 

,Generated if execution is attempted of ESC opcodes 
(D8H-DFH). This exception will only be generated if 
a bit in the relocation register is set. The return ad
dress of this exception will point to the ESC instruc
tion causing the exception. If a segment override 
prefix preceded the ESC instruction, the return ad
dress will point to the segment override prefix. 

Hardware-generated interrupts are divided into two 
groups: maskable interrupts and non-maskable in
terrupts. The 80186 provides maskable hardware 
interrupt request pins INTO-INT3. In addition, mask
able interrupts may be generated by the 80186 
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integrated OMA controller and the integrated timer 
unit. The vector types for these interrupts is shown 
in Table 4. Software enables these inputs by setting 
the interrupt flag bit (IF) in the Status Word. The in
terrupt controller is discussed in the peripheral sec
tion of this data sheet. 

Further maskable interrupts are disabled while serv
icing an interrupt because the IF bit is reset as part 
of the response to an interrupt or exception. The 
saved Status Word will reflect the enable status of 
the processor prior to the interrupt. The interrupt flag 
will remain zero unless specifically set. The interrupt 
return instruction restores the Status Word, thereby 
restoring the original status of IF bit. If the interrupt 
return re-enables interrupts, and another interrupt is 
pending, the 80186 will immediately service the 
highest-priority interrupt pending, i.e., no instructions 
of the main line program will be executed. 

Non-Maskable Interrupt Request (NMI) 

A non-maskable interrupt (NMI) is also provided. 
This interrupt is serviced regardless of the state of 
the IF bit. A typical use of NMI would be to activate a 
power failure routine. The activation of this input 
causes an interrupt with an internally supplied vector 
value of 2. No external interrupt acknowledge se
quence is performed. The IF bit is cleared at the 
beginning of an NMI interrupt to prevent maskable 
interrupts from being serviced. 

Single-Step Interrupt 

The 80186 has an internal interrupt that allows pro
grams to execute one instruction at a time. It is 
called the single-step interrupt and is controlled by 
the single-step flag bit (TF) in the Status Word. Once 
this bit is set, an internal single-step interrupt will 
occur after the next instruction has been executed. 
The interrupt clears the TF bit and uses an internally 
supplied vector of 1. The IRET instruction is used to 
set the TF bit and transfer control to the next instruc
tion to be single-stepped. 

Initialization and Processor Reset 

Processor initialization is accomplished by driving 
the RES input pin LOW. RES must be LOW during 
power-up to ensure proper device initialization. RES 
forces the 80186 to terminate all execution and local 
bus activity. No instruction or bus activity will occur 
as long as RES is active. After RES becomes inac
tive and an internal processing interval elapses, the 
80186 begins execution with the instruction at physi
cal location FFFFO{H). RES also sets some registers 
to predefined values as shown in Table 5. 

Table 5. 80186 Initial Register State after RESET 

Status Word F002(H) 
Instruction Pointer OOOO(H) 
Code Segment FFFF(H) 
Data Segment OOOO(H) 
Extra Segment OOOO(H) 
Stack Segment OOOO(H) 
Relocation Register 20FF(H) 
UMCS FFFB(H) 

80186 CLOCK GENERATOR 

The 80186 provides an on-chip clock generator for 
both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide
by-two counter, synchronous and asynchronous 
ready inputs, and reset circuitry. 

Oscillator 

The oscillator circuit of the 80186 is designed to be 
used with a parallel resonant fundamental mode 
crystal. This is used as the time base for the 80186. 
The crystal frequency selected will be double the 
CPU clock frequency. Use of an LC or RC circuit is 
not recommended with this oscillator. If an external 
oscillator is used, it can be connected directly to the 
input pin X1 in lieu of a crystal. The output of the 
oscillator is not directly available outside the 80186. 
The recommended crystal configuration is shown in 
Figure 8. 

c:::J x MHrCRYSTAL 

x, 1-------~ 
80188 T 20pF 

210451-8 

x 
80186-10 (10 MHz) 20 

80186 (8 MHz) 16 

Figure 8. Recommended 80186 
Crystal Configuration 

Intel recommends the following values for crystal se
lection parameters: 

Temperature Range; 
ESR (Equivalent Series Resistance): 
Co (Shunt Capacitance of Crystal): 
C1 (Load Capacitance); 
Drive Level: 

Oto 1o·c 
30fimax 

7.0pf max 
20pf±2pf 

1 mW max 
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Clock Generator 

The 80186 clock generator provides the 50% duty 
cycle processor clock for the 80186. It does this by 
dividing the oscillator output by 2 forming the sym
metrical clock. If an external oscillator is used, the 
state of the clock generator will change on the fall
ing edge of the oscillator signal. The CLKOUT pin 
provides the processor clock signal for use outside 
the 80186. This may be used to drive other system 
components. All timings are referenced to the output 
clock. 

READY Synchronization 

The 80186 provides both synchronous and asyn
chronous ready inputs. Asynchronous ready syn
chronization is accomplished by circuitry which sam
ples ARDY in the middle of T 2, T 3, and again in the 
middle of each T w until ARDY is sampled HIGH. 
One-half CLKOUT cycle of resolution time is used 
for full synchronization of a rising ARDY signal. A 
high-to-low transition on ARDY may be used as an 
indication of the not ready condition but it must be 
performed synchronously to CLKOUT either in the 
middle of T 2. T 3, or T w. or at the falling edge of T 3 
orTw. 

A second ready input (SRDY) is provided to inter
face with externally synchronized ready signals. This 
input is sampled at the end of T 2. T 3 and again at 
the end of each T w until it is sampled HIGH. By 
using this input rather than the asynchronous ready 
input, the half-clock cycle resolution time penalty is 
eliminated. This input must satisfy set-up and hold 
times to guarantee proper operation of the circuit. 

In addition, the 80186, as part of the integrated chip
select logic, has the capability to program WAIT 
states for memory and peripheral blocks. This is dis
cussed in the Chip Select/Ready Logic description. 

RESET Logic 

The 80186 provides both a RES input pin and a syn
chronized RESET out~in for use with other sys
tem components. The RES input pin on the 80186 is 
provided with hysteresis in order to facilitate power
on Reset generation via an RC network. RESET out
put is guaranteed to remain active for at least five 
clocks given a RES input of at least six clocks. RE
SET may be delayed u.E.__!2 approximately two and 
one-half clocks behind RES. 

Multiple 801~rocessors may be synchronized 
through the RES input pin, since this input resets 
both the processor and divide-by-two internal coun-

ter in the clock generator. In order to ensure that the 
divide-by-two counters all begin counting at the 
same time, the active going edge of RES must satis
fy a 25 ns setup time before the falling edge of the 
80186 clock input. In addition, in order to ensure that 
all CPUs begin executing in the same clock cycle, 
the reset must satisfy a 25 ns setup time before the 
rising edge of the CLKOUT signal of all the proces
sors. 

LOCAL BUS CONTROLLER 

The 80186 provides a local bus controller to gener
ate the local bus control signals. In addition, it em
ploys a HOLD/HLDA protocol for relinquishing the 
local bus to other bus masters. It also provides out
puts that can be used to enable external buffers and 
to direct the flow of data on and off the local bus. 

Memory /Peripheral Control 

The 80186 provides ALE, RD, and WR bus control 
signals. The RD and WR signals are used to strobe 
data from memory or 1/0 to the 80186 or to strobe 
data from the 80186 to memory or 1/0. The ALE line 
provides a strobe to latch the address when it is 
valid. The 80186 local bus controller does not pro
vide a memory/1/0 signal. lf this is required, use the 
S2 signal (which will require external latching), make 
the memory and 1/0 spaces nonoverlapping, or use 
only the integrated chip-select circuitry. 

Transceiver Control 

The 80186 generates two control signals to be con
nected to transceiver chips. This capability allows 
the addition of transceivers for extra buffering with
out adding external logic. These control lines, OT /A 
and DEN, are generated to control the flow of data 
through the transceivers. The operation of these sig
nals is shown in Table 6. 

Table 6. Transceiver Control Signals Description 

Pin Name Function 

DEN Enables the output drivers of the 
(Data Enable) transceivers. It is active LOW 

during memory, 1/0, or INTA 
cycles. 

DT/R Determines the direction of travel 
(Data Transmit/ through the transceivers. A HIGH 
Receive) level directs data away from the 

processor during write 
operations, while a LOW level 
directs data toward the processor 
during a read operation. 
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Local Bus Arbitration 

The 80186 uses a HOLD/HLDA system of local bus 
exchange. This provides an asynchronous bus ex
change mechanism. This means multiple masters 
utilizing the same bus can operate at separate clock 
frequencies. The 80186 provides a single HOLD/ 
HLDA pair through which all other bus masters may 
gain control of the local bus. External circuitry must 
arbitrate which external device will gain control of 
the bus when there is more than one alternate local 
bus master. When the 80186 relinquishes control of 
the local bus it floats DEN, RD, WR, SO-S2, LOCK, 
ADO-AD15, A16-A19, BHE, and DT/R to allow an
other master to drive these lines directly. 

The 80186 HOLD latency time, i.e., the time be
tween HOLD request and HOLD acknowledge, is a 
function of the activity occurring in the processor 
when the HOLD request is received. A HOLD re
quest is the highest-priority ~ctivity req~est wh!ch 
the processor may receive: higher than m_struct1on 
fetching or internal OMA cycles. However, 1f a OMA 
cycle is in progress, the 80186 will co~pl~te ~he 
transfer before relinquishing the bus. This 1mphes 
that if a HOLD request is received just as a OMA 
transfer begins, the HOLD latency time can be as 
great as 4 bus cycles. This will occur if a OMA word 
transfer operation is taking place from an odd ad
dress to an odd address. This is a total of 16 clocks 
or more, if WAIT states are required. In addition, if 
locked transfers are performed, the HOLD latency 
time will be increased by the length of the locked 
transfer. 

Local Bus Controller and Reset 

. During RESET the. local bus controller will perform 
the following action: 

• Drive DEN, RD, and WR HIGH for one clock cy
cle, then float. 

NOTE: 
RD is also provided with an internal pull-up de
vice to prevent the processor from inadvertently 
entering Queue Status Mode during RESET. 

• Drive SO-S2 to the inactive state (all HIGH) and 
then float. 

• Drive LOCK HIGH and then float. 

• Float AD0-15, A 16-19, BHE, DT /R. 
• Drive ALE LOW (ALE is never floated). 

• Drive HLDA LOW. 

INTERNAL PERIPHERAL INTERFACE 

All the 80186 integrated peripherals are controlled 
by 16-bit registers contained within an internal 256-
byte control block. The control block may be 
mapped into either memory or 1/0 space. Internal 
logic will recognizEi control block addresses and re
spond to bus cycles. During bus cycles to inter~al 
registers, the bus contro~ will signal the operation 
externally (i.e., the RD, WR, status, address, data, 
etc., lines will be driven as in a normal bus cycle), 
but o15_0, SRDY, and ARDY will be ignored. The 
base address of the control block must be on an 
even 256-byte boundary (i.e., the lower 8 bits of the 
base address are all zeros). All of the defined regis
ters within this control block may be read or written 
by the 80186 CPU at any time. 

The control block base aqdress is programmed by a 
16-bit relocation register contained within the control 
block at offset FEH from the base address of the 
control block (see Figure 9). It provides the upper 12 
bits of the base address of the control block. The 
control block is effectively an internal chip select 
range and must abide by all the rules concerning 
chip selects (the chip select circuitry is discussed 
later in this data sheet). Any access to the 256 bytes 
of the control block activates an internal chip select. 
Other chip selects may overlap the control block 
only if they are programmed to zero wait states a~d 
ignore external ready. In addition, bit 12 of this ~eg1s
ter determines whether the control block will be 
mapped into 1/0 or memory space. If this bit is 1, the 
control block will be located in memory space. If the 
bit is o, the control block will be located in 1/0 
space. If the control register block is mapped into 
1/0 space, the upper 4 bits of the base address 
must be programmed as 0 (since 1/0 addresses are 
only 16 bits wide). 

In addition to providing relocation information for the 
control block, the relocation register contains bits. 
which place the interrupt controller into Slave Mode, 
and cause. the CPU to interrupt upon encountering 
ESC instructions. At RESET, the relocation register 

15 14 13 12 11 10 9 B 7 6 5 4 3 2 0 
OFFSET: FEH I ET lsLAvE/MA§fERJ x I M11ol Relocation Address Bits R19 RB 

ET = ESC Trap I No ESC Trap (1 /0) 
M/10 = Register block located in Memory I 110 Space (1 /0) 
SLAVE/MASTER = Configure interrupt controller for Slave/Master Mode (1/0) 

Figure 9. Relocation Register 
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is set to 20FFH, which maps the control block to 
start at FFOOH in 1/0 space. An offset map of the 
256-byte control register block is shown in Figure 
10. 

CHIP-SELECT/READY GENERATION 
LOGIC 

The B01 B6 contains logic which provides program
mable chip-select generation for both memories and 
peripherals. In addition, it can be programmed to 
provide READY (or WAIT state) generation. It can 
also provide latched address bits A 1 and A2. The 
chip-select lines are active for all memory and 1/0 
cycles in their programmed areas, whether they be 
generated by the CPU or by the integrated OMA unit. 

Relocation Register 

DMA Descriptors Channel 1 

DMA Descriptors Channel 0 

Chip-Select Control Registers 

Time 2 Control Registers 

Time 1 Control Registers 

Time 0 Control Registers 

Interrupt Controller Registers 

OFFSET 

FEH 

DAH 

DOH 

CAH 

GOH 

ABH 

AOH 

66H 

60H 

5EH 

58H 

56H 

50H 

3EH 

20H 

Figure 10. Internal Register Map 

Memory Chip Selects 

The B01B6 provides 6 memory chip select outputs 
for 3 address areas; upper memory, lower memory, 
and midrange memory. One each is provided for up
per memory and lower memory, while four are pro
vided for midrange memory. 

The range for each chip select is user-programma
ble and can be set to 2K, 4K, BK, 16K, 32K, 64K, 
12BK (plus 1 K and 256K for upper and lower chip 
selects). In addition, the beginning or base address 
of the midrange memory chip select may also be 
selected. Only one chip select may be programmed 
to be active for any memory location at a time. All 
chip select sizes are in bytes, whereas B01B6 mem
ory is arranged in words. This means that if, for ex
ample, 16 64K x 1 memories are used, the memory 
block size will be 12BK, not 64K. 

Upper Memory CS 

The B01 B6 provides a chip select, called UCS, for 
the top of memory. The top of memory is usually 
used as the system memory because after reset the 
B01 B6 begins executing at memory location 
FFFFOH. 

The upper limit of memory defined by this chip select 
is always FFFFFH, while the lower limit is program
mable. By programming the lower limit, the size of 
the select block is also defined. Table 7 shows the 
relationship between the base address selected and 
the size of the memory block obtained. 

Table 7. UMCS Programming Values 

Starting 
Memory UMCSValue 

Address 
(Base 

Block (Assuming 

Address) 
Size RO=R1=R2=0) 

FF COO 1K FFFBH 
FF BOO 2K FFElBH 
FFOOO 4K FF3BH 
FEOOO BK FE3BH 
FCOOO 16K FC3BH 
FBOOO 32K FB3BH 
FOOOO 64K F03BH 
EOOOO 12BK E03BH 
coooo 256K C03BH 

The lower limit of this memory block is defined in the 
UMCS register (see Figure 11 ). This register is at 
offset AOH in the internal control block. The legal 
values for bits 6-13 and the resulting starting ad
dress and memory block sizes are given in Table 7. 
Any combination of bits 6-13 not shown in Table 7 
will result in undefined operation. After reset, the 
UMCS register is programmed for a 1 K area. It must 
be reprogrammed if a larger upper memory area is 
desired. 

The internal generation of any 20-bit address whose 
upper 16 bits are equal to or greater than the UMCS 
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value (with bits 0-5 as "0") asserts UCS. UMCS bits 
R2-RO specify the ready mode for the area of mem
ory defined by this chip select register, as explained 
later. 

Lower Memory CS 

The 80186 provides a chip select for low memory 
called LCS. The bottom of memory contains the in
terrupt vector table, starting at location OOOOOH. 

The lower limit of memory defined by this chip select 
is always OH, while the upper limit is programmable. 
By programming the upper limit, the size of the 
memory block is defined. Table 8 shows the relation
ship between the upper address selected and the 
size of the memory block obtained. 

Table 8. LMCS Programming Values 

Upper 
Memory LMCSValue 

Address 
Block (Assuming 
Size RO=R1=R2=0) 

003FFH 1K 0038H 
007FFH 2K 0078H 
OOFFFH 4K OOF8H 
01FFFH 8K 01F8H 
03FFFH 16K 03F8H 
07FFFH 32K 07F8H 
OFFFFH 64K OFF8H 
1FFFFH 128K 1FF8H 
3FFFFH 256K 3FF8H 

The upper limit of this memory block is defined in the 
LMCS register (see Figure 12) at offset A2H in the 
internal control block. The legal values for bits 6-15 
and the resulting upper address and memory block 
sizes are given in Table 8. Any combination of bits 
6-15 not shown in Table 8 will result in undefined 
operation. After RESET, the LMCS register value is 
undefined. However, the LCS chip-select line will not 
become active until the LMCS register is accessed. 

Any internally generated 20-bit address whose up
per 16 bits are less than or equal to LMCS (with bits 
0-5 "1") will assert LCS. LMCS register bits R2-RO 
specify the READY mode for the area of memory 
defined by this chip-select register. 

Mid-Range Memory CS 

The 80186 provides four MCS lines which are active 
within a user-locatable memory block. This block 
can be located within the 80186 1M byte memory 
address space exclusive of the areas defined by 
UCS and LCS. Both the base address and size of 
this memory block are programmable. 

The size of the memory block defined by the mid
range select lines, as shown in Table 9, is deter
mined by bits 8-14 of the MPCS register (see Figure 
13). This register is at location ASH in the internal 
control block. One and only one of bits 8-14 must 
be set at a time. Unpredictable operation of the MCS 
lines Will otherwise occur. Each of the four chip-se
lect lines is active for one of the four equal contigu
ous divisions of the mid-range block. If the total 
block size is 32K, each chip select is active for 8K of 
memory with MCSO being active for the first range 
and MCS3 being active for the last range. 

The EX and MS in MPCS relate to peripheral func
tionality as described in a later section. 

Table 9. MPCS Programming Values 

Total Block Individual MPCSBits 
Size Select Size 14-8 

8K 2K 0000001B 
16K 4K 0000010B 
32K 8K 0000100B 
64K 16K 0001000B 
128K 32K 0010000B 
256K 64K 0100000B 
512K 128K 1000000B 

The base address of the mid-range memory block is 
defined by bits 15-9 of the MMCS register (see Fig
ure 14). This register is at offset A6H in the internal 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
OFFSET: AOH I 1 I 1 u I u I u I u I u u I u u I 1 I 1 1 I R2 I R1 I RO I 

A19 A10 

Figure 11. UMCS Register 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

OFFSET: A2H I 0 I 0 u I u I u I u I u u I u u I 1 1 I 1 I R2 I R1 I RO I 
A19 A10 

Figure 12. LMCS Register 
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

OFFSET: ASH I 1 I M6 I MS I M4 I M3 I M2 I M1 I MO I EX I MS I 1 I 1 1 I R2 I R1 I RO I 

Figure 13. MPCS Register 

15 9 3 0 
OFFSET: A6H I u I u I u I u I u I u I u 1 I 1 1 I 1 I 1 1 I R2 I R1 I RO I 

A19 A13 

Figure 14. MMCS Register 

control block. These bits correspond to bits 
A19-A13 of the 20-bit memory address. Bits 
A 12-AO of the base address are always 0. The base 
address may be set at any integer multiple of the 
size of the total memory block selected. For exam
ple, if the mid-range block size is 32K (or the size of 
the block for which each MCS line is active is SK), 
the block could be located at 1 OOOOH or 1 SOOOH, 
but not at 14000H, since the first few integer multi
ples of a 32K memory block are OH, SOOOH, 
1 OOOOH, 1 SOOOH, etc. After RESET, the contents of 
both of these registers are undefined. However, 
none of the MCS lines will be active until both the 
MMCS and MPCS registers are accessed. 

MMCS bits R2-RO specify READY mode of opera
tion for all four mid-range chip selects. 

The 512K block size for the mid-range memory chip 
selects is a special case. When using 512K, the 
base address would have to be at either locations 
OOOOOH or SOOOOH. l·f it were to be programmed at 
OOOOOH when the LCS line was programmed, there 
would be an internal conflict between the LCS ready 
generation logic and the MCS ready generation log
ic. Likewise, if the base address were programmed 
at SOOOOH, there would be a conflict with the UCS 
ready generation logic. Since the LCS chip-select 
line does not become active until programmed, while 
the UCS line is active at reset, the memory base can 
be set only at OOOOOH. If this base address is select
ed, however, the LCS range must not be pro
grammed. 

Peripheral Chip Selects 

The 80186 can generate chip selects for up to seven 
peripheral devices. These chip selects are active for 

seven contiguous blocks of 128 bytes above a pro
grammable base address. The base address may be 
located in either memory or 1/0 space. 

Seven CS lines called PCS0-6 are generated by the 
80186. The base address is user-programmable; 
however it can only be a multiple of 1 K bytes, i.e., 
the least significant 10 bits of the starting address 
are always 0. 

PCS5 and PCS6 can also be programmed to provide 
latched address bits A 1 and A2. If so programmed, 
they cannot be used as peripheral selects. These 
outputs can be connected directly to the AO and A 1 
pins used for selecting internal registers of 8-bit pe
ripheral chips. This simplifies the external hardware 
because the peripheral registers can be located on 
even boundaries in 1/0 or memory space. 

The starting address of the peripheral chip-select 
block is defined by the PACS register (see Figure 
15). The register is located at offset A4H in the inter- m 
nal control block. Bits 15-6 of this register corre-
spond to bits 19-1 O of the 20-bit Programmable 
Base Address (PBA) of the peripheral chip-select 
block. Bits 9-0 of the PBA of the peripheral chip-se-
lect block are all zeros. If the chip-select block is 
located in 1/0 space, bits 12-15 must be pro
grammed zero, since the 1/0 address is only 16 bits 
wide. Table 10 shows the address range of each 
peripheral chip select with respect to the PBA con-
tained in PACS register. 

15 6 5 3 0 
OFFSET: A4H I u I u I u I u I u I u I u I u I u I u I 1 1 I 1 I R2 I R1 I RO I 

A19 A10 

Figure 15. PACS Register 
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The user should program bits 15-6 to correspond to 
the desired peripheral base location. PACS bits 0-2 
are used to specify READY mode for PCSO-PCS3. 

Table 10. PCS Address Ranges 

PCS Line Active between Locations 

PCSO PBA -PBA+127 
PCS1 PBA + 128-PBA + 255 
PCS2 PBA + 256-PBA + 383 
PCS3 PBA + 384-PBA + 511 
PCS4 PBA + 512-PBA + 639 
PCS5 PBA + 640-PBA + 767 
PCS6 PBA + 768-PBA + 895 

The mode of operation of the peripheral chip selects 
is defined by the MPCS register (which is also used 
to set the size of the mid-range memory chip-select 
block, see Figure 13). The register is located at off
set ASH in the internal control block. Bit 7 is used to 
select the function of PCS5 and PCS6, while bit 6 is 
used to select whether the peripheral chip selects 
are mapped into memory or 1/0 space. Table 11 
describes the programming of these bits. After RE
SET, the contents of both the MPCS and the PACS 
registers are undefined, however none of the PCS 
lines will be active until both of the MPCS and PACS 
registers are accessed. 

Tabl.e 11. MS, EX Programming Values 

Bit Description 

MS 1 = Peripherals mapped into memory space. 
0 = Peripherals mapped into 1/0 space. 

· EX O = 5 PCS lines. A 1, A2 provided. 
1 = 7 PCS lines. A 1, A2 are not provided. 

MPCS bits 0-2 specify the READY mode for PCS4-
PCS6 as outlined below. 

READY Generation Logic 

The 80186 c. an generate a READY Si9!!!'.1I internally 
for each of the memory or peripheral CS lines. The 
number of WAIT states to be inserted for each pe
ripheral or memory is programmable to provide 0-3 
wait states for all accesses to the area for which the 
chip select is active. In addition, the 80186 may be 
programmed to either ignore external READY for 
each chip-select range individually or to factor exter
nal READY w\th the integrated ready generator. 

READY control consists of 3 bits for each CS line or 
group of lines generated by the 80186. The interpre
tation of the READY bits is shown in Table 12. 

Table 12. READY Bits Programming 

R2 R1 RO Number of WAIT States Generated 

0 0 0 0 wait states, external RDY 
also used. 

0 0 1 1 wait state inserted, external RDY 
also used. 

0 1 0 2 wait states inserted, external RDY 
also used. 

0 1 1 3 wait states inserted, external RDY 
also used. 

1 0 0 0 wait states, external RDY 
ignored. 

1 0 1 1 wait state inserted, external RDY 
ignored. 

1 1 0 2 wait states inserted, external RDY 
ignored. 

1 1 1 3 wait states inserted, external RDY 
ignored. 

The internal ready generator operates in parallel 
with external READY, not in series if the external 
READY is used (R2 = 0). For example, if the inter
nal generator is set to insert two wait states, but 
activity on the external READY lines will insert four 
wait states, the processor will only insert four wait 
states, not six. This is because the two wait states 
generated by the internal generator overlapped the 
first two wait states generated by the external ready 
signal. Note that the external ARDY and SRDY lines 
are always ignored during cycles accessing internal 
peripherals. 

R2-RO of each control word specifies the READY 
mode for the corresponding block, with the excep
tion of the peripheral chip selects: R2-RO of PACS 
set the PCS0-3 READY mode, R2-RO of MPCS set 
the PCS4-6 READY mode. 

Chip Select/Ready Logic and Reset 

Upon RESET, the Chip-Select/Ready Logic will per
form the following actions: 

• All chip-select outputs will be driven HIGH. 

• Upon leaving RESET, the UCS line will be pro
grammed to provide chip selects to a 1 K block 
with the accompanying READY control bits set at 
011 to insert 3 wait states in conjunction with ex· 
ternal READY (i.e., UMCS resets to FFFBH). 
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• No other chip select or READY control registers 
have any predefined values after RESET. They 
will not become active until the CPU accesses 
their control registers. Both the PACS and MPCS 
registers must be accessed before the PCS lines 
will become active. 

OMA CHANNELS 

The 80186 DMA controller provides two indepen
dent DMA channels. Data transfers can occur be
tween memory and 1/0 spaces (e.g., Memory to 1/0) 
or within the same space (e.g., Memory to Memory 
or 1/0 to 1/0). Data can be transferred either in 
bytes (8 bits) or in words (16 bits) to or from even or 
odd addresses. Each DMA channel maintains both a 
20-bit source and destination pointer which can be 
optionally incremented or decremented after each 
data transfer (by one or two depending on byte or 
word transfers). Each data transfer consumes 2 bus 
cycles (a minimum of 8 clocks), one cycle to fetch 
data and the other to store data. This provides a 
maximum data transfer rate of 1.25 Mword/sec or 
2.5 MBytes/sec at 10 MHz. 

20 BIT ADDERISUBTRACTOR 

TRANSFER COUNTER CH. 1 

DEST. ADRS. POINTER CH. 1 

SAC. ADAS. POINTER CH. 1 

TRANSFER COUNTER CH. 0 

DEST. ADRS. POINTER CH. 0 

SRC. ADAS. POINTER CH. 0 

OMA Operation 

Each channel has six registers in the control block 
which define each channel's operation. The control 
registers consist of a 20-bit Source pointer (2 
words), a 20-bit destination pointer (2 words), a 16-
bit Transfer Count Register, and a 16-bit Control 
Word. The format of the DMA Control Blocks is 
shown in Table 13. The Transfer Count Register 
(TC) specifies the number of DMA transfers to be 
performed. Up to 64K byte or word transfers can be 
performed with automatic termination. The Control 
Word defines the channel's operation (see Figure 
17). All registers may be modified or altered during 
any DMA activity. Any changes made to these regis
ters will be reflected immediately in DMA operation. 

Table 13. OMA Control Block Format 

Register Name 

Control Word 
Transfer Count 
Destination Pointer (upper 4 

bits) 
Destination Pointer 
Source Pointer (upper 4 bits) 
Source Pointer 

ADDER CONTROL 
LOGIC TIMER REQUEST 

OMA 
CONTROL 

LOGIC 

REQUEST 
SELECTION 

LOGIC 

INTERRUPT 
REQUEST 

Register Address 

Ch.O Ch.1 

CAH DAH 
C8H DBH 
C6H D6H 

C4H D4H 
C2H D2H 
COH DOH 

CHANNELCONTROLWORD1 

CHANNEL CONTROL WORD 0 

210451-9 

Figure 16. OMA Unit Block Diagram 
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 
T 

M/ DESTINATION M/ SOURCE TC INT SYN p D 
iO DEC INC iO DEC INC R 

X CHG/ ST/ B/ 
~STOP W 

Q 
X = DON'T CARE. 

Figure 17. OMA Control Register 

OMA Channel Control Word Register 

Each OMA Channel Control Word determines the 
mode of operation for the particular 81086 OMA 
channel. This register specifies: 

• the mode of synchronization; 

• whether bytes or words will be transferred; 

• whether interrupts will be generated after the last 
transfer; 

• whether OMA activity will cease after a pro
grammed number of OMA cycles; 

• the relative priority of the OMA channel with re
spect to the other OMA channel; 

• whether the source pointer will be incremented, 
decremented, or maintained constant after each 
transfer; 

• whether the source pointer addresses memory or 
1/0 space; 

• whether the destination pointer will be increment
ed, decremented, or maintained constant after 
each transfer; and 

• whether the destination pointer will address 
memory or 1/0 space. 

The OMA channel control registers may be changed 
while the channel is operating. However, any chang
es made during operation will affect the current OMA 
transfer. 

OMA Control Word Bit Descriptions 

DEST: M/10 Destination pointer is in memory 
(1) or 1/0 (0) space. 

DEC Decrement destination pointer by 1 
or 2 (depends on B/W) after each 
transfer. 

INC Increment destination pointer by 1 
or 2 (depends on B/W) after each 
transfer. 

If both INC and DEC are specified, 
the pointer will not change after 
each cycle. 

SOURCE: M/10 Source pointer is in memory (1) or 
1/0 (0) space. 

TC: 

INT: 

SYN: 

P: 

TORO: 

DEC Decrement source pointer by 1 or 2 
(depends on B/W) after each 
transfer. 

INC Increment source pointer by 1 or 2 
(depends on B/W) after each 
transfer. 

If both INC and DEC are specified, 
the pointer will not change after 
each cycle. 

If set, OMA will terminate when the 
contents of the transfer count reg
ister reach zero. The ST /STOP bit 
will also be reset at this point. If 
cleared, the OMA controller will 
decrement the transfer count regis
ter for each OMA cycle, but OMA 
transfers will not stop when the 
transfer count register reaches 
zero. 

Enable interrupts to CPU upon 
transfer count termination. 

00 No synchronization. 

NOTE: 

When unsynchronized transfers 
are specified, the TC bit will be ig
nored and the ST bit will be cleared 
upon the transfer count reaching 
zero, stopping the channel. 

01 Source synchronization. 

10 Destination synchronization. 

11 Unused. 

Channel priority relative to other 
channel during simultaneous re
quests. 

0 Low priority. 

1 High priority. 

Channels will alternate cycles if 
both are set at same priority level. 

Enable/Disable (1 /0) OMA re
quests from timer 2. 

24-22 



80186 

CHG/NOCHG: Chang()' Do not change (1 /O) 
ST /ST P bit. If this bit is set when 
writi!!9..__!he control word, the 
ST /STOP bit will be programmed by 
the write to the control word. If this 
bit is cleared when writing the con
trol word, the ST /STOP bit will not 
be altered. This bit is not stored; it 
will always be read as O. 

ST /STOP: Start/Stop (1 /0) channel. 

B/W: Byte/Word (0/1) transfers. 

OMA Destination and Source Pointer 
Registers 

Each OMA channel maintains a 20-bit source and a 
20-bit destination pointer. Each of these pointers 
takes up two full 16-bit registers in the peripheral 
control block. The lower four bits of the upper regis
ter contain the upper four bits of the 20-bit physical 
address (see Figure 18). These pointers may be indi
vidually incremented or decremented after each 
transfer. If word transfers are performed the pointer 
is incremented or decremented by two. Each pointer 
may point into either memory or 1/0 space. Since 
the OMA channels can perform transfers to or from 
odd addresses, there is no restriction on values for 
the pointer registers. Higher transfer rates can be 
obtained if all word transfers are performed to even 
addresses, since this will allow data to be accessed 
in a single bus cycle. 

OMA Transfer Count Register 

Each OMA channel maintains a 16-bit transfer count 
register (TC). The register is decremented after ev-

HIGHER 
REGISTER 
ADDRESS 

LOWER 
REGISTER 
ADDRESS 

xxx 

A15-A12 

15 

ery OMA cycle, regardless of the state of the TC bit 
in the OMA Control Register. If the TC bit in the OMA 
control word is set or if unsynchronized transfers are 
programmed, however, OMA activity will terminate 
when the transfer count register reaches zero. 

OMA Requests 

Data transfers may be either source or destination 
synchronized, that is either the source of the data or 
the destination of the data may request the data 
transfer. In addition, OMA transfers may be unsyn
chronized; that is, the transfer will take place contin
ually until the correct number of transfers has oc
curred. When source or unsynchronized transfers 
are performed, the OMA channel may begin another 
transfer immediately after the end of a previous 
OMA transfer. This allows a complete transfer to 
take place every 2 bus cycles or eight clock cycles 
(assuming no wait states). When destination syn
chronized transfers are performed, data will not be 
fetched from the source address until the destina
tion device signals that it is ready to receive it. Also, 
the OMA controller will relinquish control of the bus 
after every transfer. If no other bus activity is initiat
ed, another destination synchronized OMA cycle will 
begin after two processor clocks. This allows the 
destination device time to remove its request if an
other transfer is not desired. Since the OMA control
ler will relinquish the bus, the CPU can initiate a bus 
cycle. As a result, a complete bus cycle will often be 
inserted between destination synchronized trans
fers. Table 14 shows the maximum OMA transfer 
rates. 

Table 14. Maximum OMA Transfer 
Rates@ CLKOUT= 10 MHz 

Type of 
Synchronization CPU Running CPU Halted 

Selected 

Unsynchronized 2.5MBytes/sec 2.5MBytes/sec 
Source Synch. 2.5MBytes/sec 2.5MBytes/sec 
Destination Synch. 1.7MBytes/sec 2.0MBytes/sec 

xxx xxx A19-A16 

A11-A8 A7-A4 A3-AO 

0 

XXX = DON'T CARE 

Figure 18. OMA Pointer Register Format 
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OMA Acknowledge 

No explicit OMA acknowledge pulse is provided. 
Since both source and destination pointers are 
maintained, a read from a requesting source, or a 
write to a requesting destination, should ·be used as 
the OMA acknowledge signal. Since the chip-select 
lines can be programmed to be active for a. given 
block of memory or 1/0 space, and the OMA point
ers can be programmed to point to the same given 
block, a chip-select line could be used to indicate a 
OMA acknowledge. 

OMA Priority 

The OMA channels may be programmed to give one 
channel priority over the other, or they may be pro
grammed to alternate cycles when both have OMA 
requests pending. OMA cycles always have priority 
over internal CPU cycles except between locked 
memory accesses or word accesses to odd memory 
locations; also, an external bus hold takes priority 
over an internal OMA cycle. Because an interrupt 
request cannot suspend a OMA operation and the 
CPU. cannot access memory during a OMA cycle, 
interrupt latency time will suffer during sequences of 
continuous OMA cycles. An NMI request,. howeyer, 
will cause all internal OMA activity to halt. This al
lows the CPU to quickly respond to the NMI request. 

OMA Programming 

OMA cycles will occur whenever the ST /STOP bit of 
the Control Register is set. If synchronized transfers 

TIMERO TIMER1 

are prqgrammed, a DRQ must also be generated. 
Therefore the source and destination transfer point
ers~ and the transfer count re~i(;er (if used) must be 
programmed before the ST I T P bit is set. 

Each OMA register may be modified while the chan
nel is operating. If the CHG/NOCHG bit is cleared 
when the control register is written, the ST /"S"f(5P bit 
of the control register will not be modified by the 
write. If multiple channel registers are modified, it is 
recommended that a LOCKED string transfer be 
used to prevent a OMA transfer from occurring be
tween updates to the channel registers. 

OMA Channels and Reset 

Upon RESET, the OMA channels will perform the 
following actions: 

• The Start/Stop, bit for each channel will be reset 
to STOP. 

• Any transfer in progress is aborted. 

TIMERS 

The 80186 provides three internal 16-bit program
mable timers (see Figure 19). Two of these are high
ly flexible and are connected to four external pins (2 
per timer). They can be used to count external 
events, time external events, generate nonrepetitive 
waveforms, etc. The third timer is not connected to 
any external pins, and is useful for real-time coding 
and time delay applications. In addition, the third tim
er can be used as a prescaler to the other two, or as 
a OMA request source. 

T1 
INT. 
REQ. 

T20UT 

OMA 
"REQ. 

T2 
INT. 
REQ. 

MOOE/CONTROL 
WORD 

MODE/CONTROL 
WORD 

MOOE/CONTROL 
WORD 

INTERNAL ADORESSIDATA BUS 

ALL 16 BIT REGISTERS 
210451-10 

Figure 19. Timer Block Diagram 
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Timer Operation 

The timers are controlled by 11 16-bit registers in 
the peripheral control block. The configuration of 
these registers is shown in Table 15. The count reg
ister contains the current value of the timer. It can be 
read or written at any time independent of whether 
the timer is running or not. The value of this register 
will be incremented for each timer event. Each of the 
timers is equipped with a MAX COUNT register, 
which defines the maximum count the timer will 
reach. After reaching the MAX COUNT register val
ue, the timer count value will reset to zero during 
that same clock, i.e., the maximum count value is 
never stored in the count register itself. Timers O and 
1 are, in addition, equipped with a second MAX 
COUNT register, which enables the timers to alter
nate their count between two different MAX COUNT 
values. If a single MAX COUNT register is used, the 
timer output pin will switch LOW for a single clock, 1 
clock after the maximum count value has been 
reached. In the dual MAX COUNT register mode, the 
output pin will indicate which MAX COUNT register 
is currently in use, thus allowing nearly complete 
freedom in selecting waveform duty cycles. For the 
timers with two MAX COUNT registers, the RIU bit in 
the control register determines which is used for the 
comparison. 

Each timer gets serviced every fourth CPU-clock cy
cle, and thus can operate at speeds up to one-quar
ter the internal clock frequency (one-eighth the crys
tal rate). External clocking of the timers may be done 
at up to a rate of one-quarter of the internal CPU
clock rate (2 MHz for an 8 MHz CPU clock). Due to 
internal synchronization and pipelining of the timer 
circuitry, a timer output may take up to 6 clocks to 
respond to any individual clock or gate input. 

15 14 13 12 11 
EN INH INT RIU 0 

Since the count registers and the maximum count 
registers are all 16 bits wide, 16 bits of resolution are 
provided. Any Read or Write access to the timers will 
add one wait state to the minimum four-clock bus 
cycle, however. This is needed to synchronize and 
coordinate the internal data flows between the inter
nal timers and the internal bus. 

The timers have several programmable options. 

• All three timers can be set to halt or continue on 
a terminal count. 

• Timers 0 and 1 can select between internal and 
external clocks, alternate between MAX COUNT 
registers and be set to retrigger on external 
events. 

• The timers may be programmed to cause an in
terrupt on terminal count. 

These options are selectable via the timer mode/ 
control word. 

Timer Mode/Control Register 

The mode/control register (see Figure 20) allows 
the user to program the specific mode of operation 
or check the current programmed status for any of 
the three integrated timers. 

Table 15. Timer Control Block Format 

Register Name 
Register Offset 

Tmr.O Tmr.1 Tmr.2 

Mode/Control Word 56H 5EH 66H 
MaxCountB 54H 5CH not present 
Max Count A 52H 5AH 62H 
Count Register 50H 58H 60H 

5 4 2 1 0 
MC RTG p EXT ALT I CONT I 

Figure 20. Timer Mode/Control Register 
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EN: 

The enable bit provides pro~rammer control over 
the timer's RUN/HALT status. When set, the timer is 
enabled to increment subject to the input pin con
straints in the internal clock mode (discussed previ
ously). When cleared, the timer will be inhibited from 
counting. All input pin transistions during the time EN 
is zero will be ignored. If CONT is zero, the EN bit is 
automatically cleared upon maximum count. 

INH: 

The inhibit bit allows for selective updating of the 
enable (EN) bit. If INH is a one during the write to the 
mode/control word, then the state of the EN bit will 
be modified by the write .. If INH is a zero during the 
write, the EN bit will be unaffected by the opera
tion.This bit is not stored; it will always be a Oona 
read. 

INT: 

When set, the INT bit enables interrupts from the 
timer, which will be generated on every terminal 
count. If the timer is configured in dual MAX COUNT 
register mode, an interrupt will be generated each 
time the value in MAX COUNT register A is reached, 
and each time the value in MAX COUNT register B is 
reached. If this enable bit is cleared after the inter
rupt request has been generated, but before a pend
ing interrupt is serviced, the interrupt request will still 
be in force. (The request is latched in the Interrupt 
Controller). 

RIU: 

The Register In Use bit indicates which MAX 
COUNT register is currently being used for compari
son to the timer count value. A zero value indicates 
register A The AIU bit cannot be written, i.e., its 
value is not affected when the control register is writ
ten. It is always cleared when the ALT bit is zero. 

MC: 

The Maximum Count bit is set whenever the timer 
reaches its final maximum count value. If the timer is 
c?nfi~ured in dual MAX COUNT register mode, this 
bit will be set each time the value in MAX COUNT 
register A is reached, and each time the value in 
MAX COUNT register B is reached. This bit is set 
regardless of the timer's interrupt-enable bit. The 
MC bit gives the user . the ability to monitor timer 
status through software instead of through inter
rupts. · 

Programmer intervention is required to clear this bit. 

RTG: 

Retrigger bit is only active for internal clocking (EXT 
= 0). In this case it determines the control function 
provided by the input pin. 

If RTG = 0, the input level gates the internal clock 
on and off. If the input pin is HIGH, the timer will 
,count; if the input pin is LOW, the timer will hold its 
value. As indicated previously, the input signal may 
be asynchronous with respect to the 80186 clock. 

When RTG = 1, the input pin detects LOW-to,HIGH 
transitions. The first such transition starts the timer 
running, clearing the timer value to zero on the first 
clock, and then incrementing thereafter. Further 
transitions on the input pin will again reset the timer 
to zero, from which it will start counting up again. If 
CONT = 0, when the timer has reached maximum 
count, the EN bit will be cleared, inhibiting further 
timer activity. · 

P: 

The prescaler bit is ignored unless internal clocking 
has been selected (EXT = 0). If the P bit is a zero 
the timer will count at one-fourth the internal CPU 
clock rate. If the P bit is a one, the output of timer 2 
will be used as a clock for the timer. Note that the 
user must initialize and start timer 2 to obtain the 
prescaled clock. · · 

EXT: 

The external bit selects between internal and exter
nal clocking for the timer. The external signal may 
be asynchronous with respect to the 80186 clock; 
If this bit is set, the timer will count LOW-to-HIGH 
transitions on the input pin. If cleared, it will count an 
internal clock while using the input pin for control. In 
this mode, the function of the external pin is defined 
by the RTG bit. The maximum input to output tran
sition latency time may be as much as 6 clocks. 
However, clock inputs may be pipelined as closely 
together as every 4 clocks without losing clock puls
es. 

ALT: 

The ALT bit determines which of two MAX COUNT 
registers is used for count comparison. If ALT = O, 
register A for that timer is always used, while if ALT 
= 1, the comparison will alternate between register 
A and register B when each maximum count is 
reached. This alternation allows the user to change 
one MAX COUNT register while the other is being 
used, and t.hus provides a method of generating 
non-repetitive waveforms .. Square waves and pulse 
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outputs of any duty cycle are a subset of available 
signals obtained by not changing the final count reg
isters. The ALT bit also determines the function of 
the timer output pin. If ALT is zero, the output pin will 
go LOW for one clock, the clock after the maximum 
count is reached. If ALT is one, the output pin will 
reflect the current MAX COUNT register being used 
(0/1 for 8/ A). 

CONT: 

Setting the CONT bit causes the associated timer to 
run continuously, while resetting it causes the timer 
to halt upon maximum count. If CONT = O and ALT 
= 1, the timer will count to the MAX COUNT register 
A value, reset, count to the register B value, reset, 
and halt. 

Not all mode bits are provided for timer 2. Certain 
bits are hardwired as indicated below: 

ALT = 0, EXT = 0, P = 0, RTG = 0, RIU = 0 

Count Registers 

Each of the three timers has a 16-bit count register. 
The contents of this register may be read or written 
by the processor at any time. If the register is written 
while the timer is counting.the new value will take 
effect in the current count cycle. 

Max Count Registers 

Timers O and 1 have two MAX COUNT registers, 
while timer 2 has a single MAX COUNT register. 
These contain the number of events the timer will 
count. In timers O and 1, the MAX COUNT register 
used can alternate between the two max count val
ues whenever the current maximum count is 
reached. A timer resets when the timer count regis
ter equals the max count value being used. If the 
timer count register or the max count register is 
changed so that the max count is less than the timer 
count, the timer does not immediately reset. Instead, 
the timer counts up to OFFFFH, "wraps around" to 
zero, counts up to the max count value, and then 
resets. 

Timers and Reset 

Upon RESET, the Timers will perform the following 
actions: 

• All EN (Enable) bits are reset preventing timer 
counting. 

• For Timers 0 and 1, the AIU bits are reset to zero 
and the ALT bits are set to one. This results in the 
Timer Out pins going high. 

INTERRUPT CONTROLLER 

The 80186 can receive interrupts from a number of 
sources, both internal and external. The internal in
terrupt controller serves to merge these requests on 
a priority basis, for individual service by the CPU. 

Internal interrupt sources (Timers and OMA chan
nels) can be disabled by their own control registers 
or by mask bits within the interrupt controller. The 
80186 interrupt controller has its own control regis
ter that sets the mode of operation for the controller. 

The interrupt controller will resolve priority among 
requests that are pending simultaneously. Nesting is 
provided so interrupt service rountines for lower pri
ority interrupts may be interrupted by higher priority 
interrupts. A block diagram of the interrupt controller 
is shown in Figure 21. 

The 80186 has a special Slave Mode in which the 
internal interrupt controller acts as a slave to an ex
ternal master. The controller is programmed into this 
mode by setting bit 14 in the peripheral control block 
relocation register. (See Slave Mode section.) 

MASTER MODE OPERATION 

Interrupt Controller External Interface 

Five pins are provided for external interrupt sources. 
One of these pins is NMI, the non-maskable inter
rupt. NMI is generally used for unusual events such 
as power-fail interrupts. The other four pins may be 
configured in any of the following ways: 

• As four interrupt input lines with internally gener
ated interrupt vectors. 

• As an interrupt line and interrupt acknowledge 
line pair (Cascade Mode) with externally generat
ed interrupt vectors plus two interrupt input lines 
with internally generated vectors. 

• As two pairs of interrupt/interrupt acknowledge 
lines (Cascade Mode) with externally generated 
interrupt vectors. 

External sources in the Cascade Mode use external
ly generated interrupt vectors. When an interrupt is 
acknowledged, two INTA cycles are initiated and the 
vector is read into the 80186 on the second cycle. 
The capability to interface to external 8259A pro
grammable interrupt controllers is provided when 
the inputs are configured in Cascade Mode. 
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Interrupt Controller Modes of 
Operation 

The basic modes of operation of the interrupt con
troller in Master Mode are similar to the 8259A. The 
interrupt controller responds identically to internal in
terrupts in all three modes: the difference is only in 
the interpretation of function of the four external in
terrupt pins. The interrupt controller is set into one of 
these three modes by programming-the correct bits 
in the INTO and INT1 control registers. The modes of 
interrupt controller operation are as follows: 

Fully Nested Mode 

When in the fully nested mode four pins are used as 
direct interrupt requests as in Figure 22. The vectors 
for these four inputs are generated internally. An in
service bit is provided for every interrupt source. If a 
lower-priprity device requests an interrupt while the 
in service bit (IS) is set, no interrupt will be generat
ed by the interrupt controller. In addition, if another 
interrupt request occurs from the same interrupt 
source while the in-service bit is set, no interrupt will 
be generated by the interrupt controller. This allows 
interrupt service routines to operate with interrupts 
enabled, yet be suspended only by interrupts of 
higher priority than the in-service interrupt. 

When a service routine is completed, the proper IS 
bit must be reset by writing the proper pattern to the 
EOI register. This is required to allow subsequent 
interrupts from this interrupt source and to allow 
servicing of lower-priority interrupts. An EOI com
mand is executed at the end of the service routine 

just before the return from interrupt instruction. If the 
fully nested structure has been upheld, the next 
highest-priority source with its IS bit set is then serv
iced. 

Cascade Mode 

The 80186 has four interrupt pins and two of them 
hav~ dual functions. In the fully nested mode the 
four pins are used as direct interrupt inputs and. the 
corresponding vectors are generated internally. In 
the Cascade Mode, the four pins are configured into 
interrupt input-dedicated acknowledge signal pairs. 
The interconnection is shown in Figure 23. INTO is 
an interrupt input interfaced to an 8259A, while 
INT2/INTAO serves as the dedicated interrupt ac
knowledge signal to that peripheral. The same is 
true for INT1 and INT3/INTA 1. Each pair can selec
tively be placed in the Cascade Mode by program
ming the proper value into INTO and INT1 control 
registers. The use of the dedicated acknowledge 
signals eliminates the need for the use of external 
logic to generate INTA and device select signals. 

The primary Cascade Mode allows the capability to 
serve up to 128 external interrupt sources through 
the use of external master and slave 8259As. Three 
levels of priority are created, requiring priority resolu
tion in the 80186 interrupt controller, the master 
8259As, and the slave 8259As. If an external inter
rupt is serviced, one IS bit is set at each of these 
levels. When the interrupt service routine is complet
ed, up to three end-of-interrupt commands must be 
issued by the programmer. 

INT3/ 
TIMER TIMER TIMER OMA INT1/ INT2/ INTA1/ 

0 1 2 

DMAO 
CONTROL REG. 

DMA1 
CONTROL REG. 

EXT. INPUTO 
CONTROL REG. 

EXT. INPUT1 
CONTROL REG. 

EXT. INPUT2 
CONTROL REG. 

EXT.INPUT3 
CONTROL REG. 

1 INTO llEUC'f lNTAli IRQ 

INTERRUPT 
PRIORITY 
RESOLVER 

INTERRUPT 
REQUEST TO 
PROCESSOR 

INTERRUPT 
REQUEST REG. 

INTERRUPT 
MASK REG. 

14----<~ IN-SERVICE 
REG. 

Figure 21. Interrupt Controller Block Diagram 
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r--:IN~T~O:'M~-- INTERRUPT SOURCE 

INT1 ---- INTERRUPT SOURCE 

80186 

INT2 M---- INTERRUPT SOURCE 

INT3 M---- INTERRUPT SOURCE 

210451-28 

Figure 22. Fully Nested (Direct) Mode Interrupt 
Controller Connections 

Special Fully Nested Mode 

This mode is entered by setting the SFNM bit in 
INTO or INT1 control register. It enables complete 
nestability with external 8259A masters. Normally, 
an interrupt request from an interrupt source will not 
be recognized unless the in-service bit for that 
source is reset. If more than one interrupt source is 
connected to an external interrupt controller, all of 
the interrupts will be funneled through the same 
80186 interrupt request pin. As a result, if the exter· 
nal interrupt controller receives a higher-priority in
terrupt, its interrupt will not be recognized by the 
80186 controller until the 80186 in-service bit is re
set. In Special Fully Nested Mode, the 80186 inter
rupt controller Will allow interrupts from an external 
pin regardless of the state of the in-service bit for an 
interrupt source in order to allow multiple interrupts 
from a single pin. An in-service bit will continue to be 
set, however, to inhibit interrupts from other lower
priority 80186 interrupt sources. 

Special procedures should be followed when reset· 
ting IS bits at the end of interrupt service routines. 
Software polling of the IS register in the external 
master 8259A is required to determine if there is 
more than one bit set. If so, the IS bit in the 80186 
remains active and the next interrupt service routine 
is entered. 

Operation in a Polled Environment 

The controller may be used in a polled mode if inter· 
rupts are undesirable. When polling, the processor 
disables interrupts and then polls the interrupt con
troller whenever it is convenient. Polling the interrupt 
controller is accomplished by reading the Poll Word 
(Figure 32). Bit 15 in the poll word indicates to the 
processor that an interrupt of high enough priority is 
requesting service. Bits 0-4 indicate to the proces· 
sor the type vector of the highest-priority source re-

questing service. Reading the Poll Word causes the 
In-Service bit of the highest priority source to be set. 

It is desirable to be able to read the Poll Word infor· 
mation without guaranteeing service of any pending 
interrupt, i.e., not set the indicated in-service bit. The 
80186 provides a Poll Status Word in addition to the 
conventional Poll Word to allow this to be done. Poll 
Word information is duplicated in the Poll Status 
Word, but reading the Poll Status Word does not set 
the associated in-service bit. These words are locat
ed in two adjacent memory locations in the register 
file. 

Master Mode Features 

Programmable Priority 

The user can program the interrupt sources into any 
of eight different priority levels. The programming is 
done by placing a 3-bit priority level (0-7) in the con
trol register of each interrupt source. (A source with 
a priority level of 4 has higher priority over all priority 
levels from 5 to 7. Priority registers containing values 
lower than 4 have greater priority). All interrupt 
sources have preprogrammed default priority levels 
(see Table 4). 

If two requests with the same programmed priority 
level are pending at once, the priority ordering 
scheme shown in Table 4 is used. If the serviced 
interrupt routine reenables interrupts, other interrupt 
requests can be serviced. 

End-of-Interrupt Command 

The end-of-interrupt (EOI) command is used by the 
programmer to reset the In-Service (IS) bit when an 
interrupt service routine is completed. The EOI com
mand is issued by writing the proper pattern to the 
EOI register. There are two types of EOI commands, 
specific and nonspecific. The nonspecific command 
does not specify which IS bit is reset. When issued, 
the interrupt controller automatically resets the IS bit 
of the highest priority source with an active service 
routine. A specific EOI command requires that the 
programmer send the interrupt vector type to the in
terrupt controller indicating which source's IS bit is 
to be reset. This command is used when the fully 
nested structure has been disturbed or the highest 
priority IS bit that was set does not belong to the 
service routine in progress. 

Trigger Mode 

The four external interrupt pins can be programmed 
in· either edge- or level-trigger mode. The control 
register for each external source has a level-trigger 
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mode (L TM) bit. All interrupt inputs are active HIGH. 
In the edge sense mode or the level-trigger mode, 
the interrupt request must remain active (HIGH) until 
the interrupt request is acknowledged by the 80186 
CPU. In the edge-sense mode, if the level remains 
high after the interrupt is acknowledged, the input is 
disabled and no further requests will be generated. 
The input level must go LOW for at least one clock 
cycle to re-enable the input. In the level-trigger 
mode, no such provision is made: holding the inter
rupt input HIGH will cause continuous interrupt re
quests. 

Interrupt Vectoring 

The 80186 Interrupt Controller will generate interrupt 
vectors for the integrated OMA channels and the in
tegrated Timers. In addition, the Interrupt Controller 
will generate interrupt vectors for the external inter
rupt lines if they are not configured in Cascade or 
Special Fully Nested. Mode. The interrupt vectors 
generated are fixed and cannot be changed (see Ta
ble 4). 

Interrupt Controller Registers 

The Interrupt Controller register model is shown in 
Figure 24. It contains 15 registers. All registers can 
both be read or written unless specified otherwise. 

In-Service Register 

This register can be read from or written into. The 
format is shown in Figure 25. It contains the In-Serv
ice bit for each of the interrupt sources. The In-Serv
ice bit is set to indicate that a source's service rou
tine is in progress. When an In-Service bit is set, the 
interrupt controller will not generate interrupts to the 

80186 

CPU when it receives interrupt requests from devic
es with a lower programmed priority level. The TMR 
bit is the In-Service bit for all three timers;. the DO 
and 01 bits are the In-Service bits for the two OMA 
channels; the 10-13 are the In-Service bits for the 
external interrupt pins. The IS bit is set when the 
processor acknowledges an interrupt request either 
by an interrupt acknowledge or by reading the poll 
register. The IS bit is reset at the end of the interrupt 
service routine by an end-of-interrupt command. 

Interrupt Request Register 

The internal interrupt sources have interrupt request 
bits inside the interrupt controller. The format of this 
register is shown in Figure 25. A read from this regis
ter yields the status of these bits. The TMR bit is the 
logical OR of all timer interrupt requests. DO and 01 
are the interrupt request bits for the OMA channels. 

The state of the external interrupt input pins is also 
indicated. The state of the external interrupt pins is 
not a stored condition inside the interrupt controller, 
therefore the external interrupt bits cannot be writ
ten. The external interrupt request bits are set when 
an interrupt request is given to the interrupt control
ler, so if edge-triggered mode is selected, the bit in 
the register will be HIGH only after an inactive-to-ac
tive transition. For internal interrupt sources, the reg
ister bits are set when a request arrives and are re
set when the processor acknowledges the requests. 

Writes to the interrupt request register will affect the 
DO and 01 interrupt request bits. Setting either bit 
will cause the corresponding interrupt request while 
clearing either bit will remove the corresponding in
terrupt request. All other bits in the register are read
only. 

• 
INTI l..o...._......1--"""1- • - . - . 

8259A sa• -
.__ __ 1N-TA_1J"--.,......,._ __ _,:::: 8259A . • 

::=:= INTERRUPT SOURCES 
210451-12 

Figure 23 •. Cascade and Special Fully Nested Mode Interrupt Controller Connections 
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Mask Register 

This is a 16-bit register that contains a mask bit for 
each interrupt source. The format for this register is 
shown in Figure 25. A one in a bit position corre
sponding to a particular source masks the source 
from generating interrupts. These mask bits are the 
exact same bits which are used in the individual con
trol registers; programming a mask bit using the 
mask register will also change this bit in the individu
al control registers, and vice versa. 

INT3 CONTROL REGISTER 

INT2 CONTROL REGISTER 

INT1 CONTROL REGISTER 

INTO CONTROL REGISTER 

OMA 1 CONTROL REGISTER 

OMA 0 CONTROL REGISTER 

TIMER CONTROL REGISTER 

INTERRUPT STATUS REGISTER 

INTERRUPT REQUEST REGISTER 

IN-SERVICE REGISTER 

PRIORITY MASK REGISTER 

MASK REGISTER 

POLL STATUS REGISTER 

POLL REGISTER 

EOI REGISTER 

OFFSET 

3EH 

3CH 

3AH 

38H 

36H 

34H 

32H 

30H 

2EH 

2CH 

2AH 

28H 

26H 

24H 

22H 

Figure 24. Interrupt Controller Registers 
(Master Mode) 

15 14 10 9 8 

Priority Mask Register 

This register masks all interrupts below a particular 
interrupt priority level. The format of this register is 
shown in Figure 26. The code in the lower three bits 
of this register inhibits interrupts of priority lower (a 
higher priority number) than the code specified. For 
example, 100 written into this register masks inter
rupts of level five (101), six (110), and seven (111). 
The register is reset to seven (111) upon RESET so 
no interrupts are masked due to priority number. 

Interrupt Status Register 

This register contains general interrupt controller 
status information. The format of this register is 
shown in Figure 27. The bits in the status register 
have the following functions: 

OHL T: OMA Halt Transfer; setting this bit halts all 
OMA transfers. It is automatically set when
ever a non-maskable interrupt occurs, and it 
is reset when an IRET instruction is execut
ed. This bit allows prompt service of all non
maskable interrupts. This bit may also be set 
by the programmer. 

IRTx: These three bits represent the individual tim~ 
er interrupt request bits. These bits differen
tiate between timer interrupts, since the tim
er IR bit in the interrupt request register is 
the "OR" function of all timer interrupt re
quest. Note that setting any one of these 
three bits initiates an interrupt request to the 
interrupt controller. 

7 6 5 2 1 0 

I o o I • • I o I o I o I 13 I 12 I 11 DO 0 I TMR I 

Figure 25. In-Service, Interrupt Request, and Mask Register Formats 

15 14 3 2 1 0 

o o I • • I 

Figure 26. Priority Mask Register Format 

15 14 7 6 5 4 3 2 1 0 
ioHLTI o I • I o 0 I 0 I 0 I 0 I IRT2 I IRT1 I IRTO I 

Figure 27. Interrupt Status Register Format (Master Mode) 
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Timer, OMA O, 1; Control Register 

These registers are the control words for all the in
ternal interrupt sources. The format for these regis
ters is shown in Figure 28. The three bit positions 
PRO, PR1, and PR2 represent the programmable pri
ority level of the interrupt source. The MSK bit inhib
its interrupt requests from the interrupt source. The 
MSK bits in the individual control registers are the 
exact same bits as are in the Mask Register; modify
ing them in the individual control registers will also 
modify them in the Mask Register, and vice versa. 

INTO-INT3 Control Registers 

These registers are the control words for the four 
external input pins. Figure 29 shows the format of 
the INTO and INT1 Control registers; Figure 30 
shows the format of the INT2 and INT3 Control reg
isters. In Cascade Mode or Special Fully Nested 
Mode, the control words for INT2 and INT3 are not 
used. 

The bits in the various control registers are encoded 
as follows: 

PR0-2: Priority programming information. Highest 
Priority = 000, Lowest Priority = 111 

L TM: Level-trigger mode bit. 1 = level-triggered; 
O = edge-triggered. Interrupt Input levels 
are active high. In level-triggered mode, an 
interrupt is generated whenever the exter
nal line is high. In edge-triggered mode,· an 
interrupt will be generated only when this 

15 14 

o o I • 

level is preceded by an inactive-to-active 
transition on the line. In both cases, the 
level must remain active until the interrupt 
is acknowledged. 

MSK: Mask bit, 1 = mask; 0 = non-mask. 

C: Cascade mode bit, 1 = cascade; O = di
rect 

SFNM: Special Fully Nested Mode bit, 1 = SFNM 

EOI Register 

The end of the interrupt register is a command regis
ter which can only be written into. The format of this 
register is shown in Figure 31. It initiates an EOI 
command when written to by the 80186 CPU. 

The bits in the EOI register are encoded as follows: 

Sx: Enc.oded information that specifies an in
terrupt source vector type as shown in Ta-. 
ble 4. For example, tO reset the In-Service 
bit for OMA channel 0, these bits should be 
set to 0101 O, since the vector type for OMA 
channel 0 is 10. 

NOTE: 

To resetthe single In-Service bit for any of 
the three timers, the vector type for timer 0 
(8) should be written in this register. 

4 3 2 1 0 
0 I MSK I PR2 I PR1 I PRO I 

Figure 28. Timer/OMA Control Registers Formats 

15 14 7 6 5 4 3 2 1 0 

o o I • o lsFNMI c I LTM I MSK I PR2 I PR1 I PRO I 

Figure 29. INTO/INT1 Control Register Formats 

15 14 5 4 3 2 1 0 

o o I • I 0 I LTM I MSK I PR2 I PR1 I PRO I 

Figure 30. INT2/INT3 Control Register Formats 
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NSPEC/: A bit that determines the type of EOI com-
SPEC mand. Nonspecific = 1, Specific = 0. 

Poll and Poll Status Registers 

These registers contain polling information. The for
mat of these registers is shown in Figure 32. They 
can only be read. Reading the Poll register consti
tutes a software poll. This will set the IS bit of the 
highest priority pending interrupt. Reading the poll 
status register will not set the IS bit of the highest 
priority pending interrupt; only the status of pending 
interrupts will be provided. 

Encoding of the Poll and Poll Status register bits are 
as follows: 

Sx: Encoded information that indicates the 
vector type of the highest priority inter
rupting source. Valid only when INTREQ 
= 1. 

INTREQ: This bit determines if an interrupt request 
is present. Interrupt Request = 1; no In
terrupt Request = 0. 

SLAVE MODE OPERATION 

When Slave Mode is used, the internal 80186 inter
rupt controller will be used as a slave controller to an 
external master interrupt controller. The internal 
80186 resources will be monitored by the internal 
interrupt controller, while the external controller 

15 14 13 

ISPEC/ I NSPEC 0 I 0 I . 

functions as the system master interrupt controller. 
Upon reset, the 80186 will be in Master Mode. To 
provide for slave mode operation bit 14 of the relo
cation register should be set. 

Because of pin limitations caused by the need to 
interface to an external 8259A master, the internal 
interrupt controller will no longer accept external in
puts. There are however, enough 80186 interrupt 
controller inputs (internally) to dedicate one to each 
timer. In this mode, each timer interrupt source has 
its own mask bit, IS bit, and control word. 

In Slave Mode each peripheral must be assigned a 
unique priority to ensure proper interrupt controller 
operation. Therefore, it is the programmer's respon
sibility to assign correct priorities and initialize inter
rupt control registers before enabling interrupts. 

These level assignments must remain fixed in the 
Slave Mode of operation. 

Slave Mode External Interface 

The configuration of the 80186 with respect to an 
external 8259A master is shown in Figure 33. The 
INTO (pin 45) input is used as the 80186 CPU inter
rupt input. IRQ (pin 41) functions as an output to 
send the 80186 slave-interrupt-request to one of the 
8 master-PIG-inputs. 

5 4 3 2 0 . I 0 I S4 S3 S2 Sl so 

Figure 31. EOI Register Format 

15 14 13 5 4 3 2 0 

l~~~I 0 I 0 I . . I 0 I S4 S3 S2 Sl so 

Figure 32. Poll and Poll Status Register Format 
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INTO 
Vee 
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CPU 8259A --(42) INTA -INTAO -
80C186 

(44) 
SELECT 

CASCADE 
PIC ADDRESS 

(41) DECODER 

210451-13 

Figure 33. Slave Mode Interrupt Controller Connections 

Correct master-slave interface requires decoding of 
the slave addresses (CAS0-2). Slave 8259As do this 
internally. Because of pin limitations, the 80186 
slave address will have to be decoded externally. 
SELECT (pin 44) is used as a slave-select input. 
Note that the slave vector address is transferred in
ternally, but the READY input must be supplied ex
ternally. 

INTAO (pin 42) is used as an acknowledge output, 
suitable to drive the INT A input of an 8259A. 

Interrupt Nesting 

Slave Mode operation allows nesting of interrupt re
quests. When an interrupt is acknowledged, the pri
ority logic masks off all priority levels except those 
with equal or higher priority. 

Vector Generation in the Slave Mode 

Vector generation in Slave Mode is exactly like that 
of an 8259A or 82C59A slave. The interrupt control
ler generates an 8-bit vector type number which the 
CPU multiplies by four to use as an address into the 
vector table. The five most significant bits of this 
type number are user-programmable while the three 
least significant bits are defined according to 
Figure 34. The significant five bits of the vector are 
programmed by writing to the Interrupt Vector regis
ter at offset 20H. 

Specific End-of-Interrupt 

In Slave Mode the specific EOI command operates 
to reset an in-service bit of a specific priority. The 
user supplies a 3-bit priority-level value that points to 
an in-service bit to be reset. The command is exe
cuted by writing the correct value in the Specific EOI 
register at offset 22H. 

Interrupt Controller Registers 
in the Slave Mode 

All control and command registers are located inside 
the internal peripheral control block. Figure 34 
shows the offsets of these registers, 

End-of-Interrupt Register 

The end-of-interrupt register is a command register 
which can only be written. The format of this register 
is shown in Figure 35. It initiates an EOI command 
when written by the 80186 CPU. 

The bits in the EOI register are encoded as follows: 

VT x= Three least-significant vector type bits corre
sponding to the source for which the IS bit is 
to be reset. Figure 34 indicates these bits. 
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In-Service Register 

This register can be read from or written into. It con
tains the in-service bit for each of the internal inter
rupt sources. The format for this register is shown in 
Figure 36. Bit positions 2 and 3 correspond to the 
DMA channels; positions 0, 4, and 5 correspond to 
the integral timers. The source's IS bit is set when 
the processor acknowledges its interrupt request. 

Interrupt Request Register 

This register indicates which internal peripherals 
have interrupt requests pending. The format of this 
register is shown in Figure 36. The interrupt request 
bits are set when a request arrives from an internal 
source, and are reset when the processor acknowl
edges the request. As in Master Mode, DO and D1 
are read/write; all other bits are read only. 

Mask Register 

This register contains a mask bit for each interrupt 
source. The format for this register is shown in Fig
ure 36. If the bit in this register corresponding to a 
particular interrupt source is set, any interrupts from 
that source will be masked. These mask bits are ex
actly the same bits which are used in the individual 
control registers, i.e., changing the state of a mask 
bit in this register will also change the state of the 
mask bit in the individual interrupt control register 
corresponding to the bit. 

Control Registers 

These registers are the control words for all the in
ternal interrupt sources. The format of these regis
ters is shown in Figure 37. Each of the timers and 
both of the OMA channels have their own Control 
Register. 

15 14 13 8 
0 0 0 I . . I 0 I 

The bits of the Control Registers are encoded as 
follows: 

prx: 3-bit encoded field indicating a priority level 
for the source. 

msk: mask bit for the priority level indicated by pr x 
bits. 

7 
0 

TIMER2 CONTROL REGISTER 
(VECTOR TYPE xxxxx101) 

TIMER1 CONTROL REGISTER 
(VECTOR TYPE xxxxx100) 

OMA 1 CONTROL REGISTER 
(VECTOR TYPE xxxxx011) 

DMAO CONTROL REGISTER 
{VECTOR TYPE xxxxx01 O) 

TIMERO CONTROL REGISTER 
(VECTOR TYPE xxxxxOOO) 

INTERRUPT STATUS REGISTER 

INTERRUPT-REQUEST REGISTER 

IN-SERVICE REGISTER 

PRIORITY-LEVEL MASK REGISTER 

MASK REGISTER 

SPECIFIC EOI REGISTER 

INTERRUPT VECTOR REGISTER 

OFFSET 

3AH 

3BH 

36H 

34H 

32H 

30H 

2EH 

2CH 

2AH 

2BH 

22H 

20H 

Figure 34. Interrupt Controller Registers 
(Slave Mode) 

6 5 4 3 2 1 0 
0 I 0 I 0 I 0 I VT2 I VT1 I VTO I 

Figure 35. Specific EOI Register Format 

15 14 13 8 7 6 5 4 3 2 0 

I 0 0 0 I . . I 0 I 0 I 0 ITMR2ITMR1i 01 DO 0 ITMRol 

Figure 36. In-Service, Interrupt Request, and Mask Register Format 
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Interrupt Vector Register 

This register provides the upper five bits of the inter
rupt vector address. The format of this register is 
shown in Figure 38. The interrupt controller itself 
provides the lower three bits of the interrupt vector 
as determined by the priority level of the interrupt 
request. 

The format of the bits in this register is: 

tx: 5-bit field indicating the upper five bits of the 
vector address. 

Priority-Level Mask Register 

This register indicates the lowest priority-level inter
rupt which will be serviced. 

The encoding of the bits in this register is: 

mx: 3-bit encoded field indication priority-level val
ue. All levels of lower priority will be masked. 

Interrupt Status Register 

This register is defined as in Master Mode except 
that OHL T is not implemented. (See Figure 27). 

Interrupt Controller and Reset 

Upon RESET, the interrupt controller will perform 
the following actions: 

• All SFNM bits reset to 0, implying Fully Nested 
Mode. 

• All PR bits in the various control registers set to 1. 
This places all sources at lowest priority (level 
111 ). 

• All L TM bits reset to 0, resulting in edge-sense 
mode. 

• All Interrupt Service bits reset to 0. 

• All Interrupt Request bits reset to 0. 

• All MSK (Interrupt Mask) bits set to 1 (mask). 

• All C (Cascade) bits reset to O (non-Cascade). 

• All PRM (Priority Mask) bits set to 1, implying no 
levels masked. 

• Initialized to Master Mode. 

15 14 13 8 7 6 5 4 3 2 1 0 

o o I o I • • I o I o I o I o 0 I MSK I PR2 I PR1 I PRO I 

Figure 37. Control Word Format 

15 14 13 8 7 6 5 4 3 2 1 0 
0 0 0 I . . I 0 I 14 13 I 12 I 11 10 I 0 0 0 I 

Figure 38. Interrupt Vector Register Format 

15 14 13 8 7 6 5 4 3 2 0 
0 0 0 I . . I 0 I 0 0 0 I 0 I 0 I m2 m1 mo 

Figure 39. Priority Level Mask Register 

24-36 



80186 

18MHz 

_C_D_1 
Yee 

X1 X2 

G 
ucs 

.-------, 
RESET ADDRESS 

RES _..,_ 
""' 

74LS373 ROM 
ADO- LATCH t---' 

i 
AD15 ~ !--, 

ALE STB OE c ~ :n 
801118 

] 

IR h 
PROGRAM 

RAM 

MCI0-3 )I 
BHE t-- t--..=.i 

SRDY tr+sv 
ARDY 

NMI h -t---1 
HOLD n ~ 

)I 
LOW RAM 

cs 

TMRINO !----HY J' 
TMROUTO _1_ 

t : 
CLOCK 

~ 74LS245 
.__,, 

D0-07 ~ TRANSCEIVER 

iiEN 
~ ~ llE 

SERIAL T 
uo 

DTJR j_ 
~ 

,lii'-f': 
l!ti.~ 
ERMINAL m 

A1 
A2 

INTO J 

k=>8DI 
DISK 

INTERFACE 
INT1 HARDWARE 

SK 

llel4 
DRQO 

210451-14 

Figure 40. Typical 80186 Computer 

24-37 



infel® 

Vee 

80186 

16MHz 

_dD_b_ 
X1 X2 

ucs~---------------------+1 
iii>~-~--------------------i 

ALE 1----1f---t------i 
LCSl----1~-+------i 

BHE,____,........, _____ ~ 
WJll----1...-+------i 

~ 
74LS373 1JF1 
LATCH 

~ STB 0£ 
..!!.B _gj ::r -;. 

Ci 
RESET 

ROM 

LOW 
RAM 

Ci 

_f\_ 

ADll-AD19 1~~--'--'-----~ g 74LS373 
LATCH 

h 

80188 

NMlh 

HOLDr.! 

~~ tm-1--' 

~ 74LS245 L-nK,.,___.._,.>D" -
TRANSCEIVER J 'l"A 

T OE 

~SO-Si mi 
'----,..--' 8289 

BUS 
~ CLK ARBITER ,.K,,._-~~>'- ~~~=ION 
~ J )~--<>----ISYSB/~ 

iiii 1 
LOCKl----------+-----1 .. ILOCK RESB ~V 

SRDY~G~ ~ 
ARDY~'-_,[,__ __ "-f" ____________ XACK 
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80186 

ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature under Bias ...... 0°C to 70°C 

NOTICE: This is a production data sheet. The specifi
cations are subject to change without notice. 

•WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 

Storage Temperature .......... -65°C to + 150°C 

Voltage on any Pin with 
Respect to Ground .............. -1.0V to + 7V 

Power Dissipation ........................... 3W 

D.C. CHARACTERISTICS (TA= o•cto +70°C, Vee= 5V ±10%) 
Applicable to 80186 (8 MHz), 80186-1 O (1 O MHz). 

Symbol Parameter Min Max Units Test Conditions 

V1L Input Low Voltage -0.5 +0.8 v 

VtH Input High Voltage 2.0 Vee+ 0.5 v 
(All except X1 and (RES) 

V1H1 Input High Voltage (RES) 3.0 Vee+ o.5 v 

Vol Output Low Voltage 0.45 v la = 2.5 mA for SO-S2 
la = 2.0 mA for all other Outputs 

VoH Output High Voltage 2.4 v 10 a = -400 µA 

Ice Power Supply Current 600* mA TA= -40°c 

550 mA TA= o·c 

415 mA TA= +70°c 

lu Input Leakage Current ±10 µA ov < v,N <Vee 

ILO Output Leakage Current ±10 µA 0.45V < VouT < Vee 

VcLO Clock Output Low 0.6 v la= 4.0 mA 

VcHO Clock Output High 4.0 v loa = -200 µA 

Vcu Clock Input Low Voltage -0.5 0.6 v 

VcHI Clock Input High Voltage 3.9 Vee+ 1.0 v 

C1N Input Capacitance 10 pF 

C10 1/0 Capacitance 20 pF 
'For extended temperature parts only. 

24-39 



inteL 80186 

PIN TIMINGS 

A.C. CHARACTERISTICS (TA= 0°Cto +70°C, Vee= 5V ±10%) 

80186 Timing Requirements All Timings Measured At 1.5V Unless Otherwise Noted. 

80186 80186-10 

Symbol Parameter (8 MHz) (10 MHz) Units 
Test 
Conditions 

Min Max Min Max 

TovcL Data in Setup (AID) 20 15 ns 

Tcwx Data in Hold (AID) 10 8 ns 

TARYHCH Asynchronous Ready 20 15 ns 
(ARDY) Active Setup 
Time(1) 

TARYLCL ARDY Inactive Setup 35 25 ns 
Time 

TcLARX ARDY Hold Time 15 15 ns 

TARYCHL Asynchronous Ready 15 15 ns 
Inactive Hold Time 

TsRYCL Synchronous Ready 20 20 ns 
(SRDY) Transition 
Setup Time (2) 

TcLSRY SRDY Transition 15 15 ns 
Hold Time (2) 

THVCL HOLD Setup (1) 25 20 ns 

T1NVCH INTR, NMI, TEST, 25 25 ns 
TIM IN, Setup (1). 

T1NVCL DRQO, DRQ1, Setup (1) 25 20 ns 

80186 Master Interface Timing Responses 

TCLAV Address Valid Delay 5 55 5 44 ns CL= 20-200 pF 

TcLAX Address Hold 10 10 ns all Outputs. 

TcLAZ Address Float Delay TcLAX 35 TcLAX 30 
(Except T CLTMV) 

ns @ 8 & 10 MHz 

TcHCZ Command Lines 45 40 ns 
Float Delay 

TcHCV Command Lines Valid 55 45 ns 
Delay (after Float) 

TLHLL ALE Width TcLCL -35 TcLCL -30 ns 

TcHLH ALE Active Delay 35 '30 ns 

TcHLL ALE Inactive Delay 35 30 ns 

TLLAX Address Hold from TcHcL-25 TcHCL -20 ns 
ALE Inactive 

Tcwv Data Valid Delay 10 44 10 40 ns 

TcLDOX Data Hold Time 10 10 ns 

TwHDX Data Hold after WR TcLCL -40 TcLCL -34 ns 

TcvcTV Control Active Delay 1 5 50 5 40 ns 

TcHCTV Control Active Delay 2 10 55 10 44 ns 

TcvCTX Control Inactive Delay 5 55 5 44 ns 

TcvoEx DEN Inactive Delay 10 70 10 56 ns 
(Non-Write Cycle) 

1. To guarantee recognition at next clock. 
2. To guarantee proper operation. 
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80186 

PIN TIMINGS (Continued) 

A.C. CHARACTERISTICS (TA= 0°C to + 70°C, Vee= 5V ± 10%) (Continued) 

80186 Master Interface Timing Responses (Continued) 

80186 80186·10 

Symbol Parameter (8 MHz) (10 MHz) Units 
Test 

Conditions 
Min Max Min Max 

TAZRL Address Float to 0 0 ns 
RD Active 

TcLRL RD Active Delay 10 70 10 56 ns 

TcLRH RD Inactive Delay 10 55 10 44 ns 

TRHAV RD Inactive to TcLCL -40 TcLCL -40 ns 
Address Active 

TcLHAV HLDA Valid Delay 5 50 5 40 ns 

TRLRH RD Width 2TcLCL -50 2TcLCL -46 ns 

TwLWH WR Width 2TcLCL -40 2TcLcL-34 ns 

TAVLL Address Valid to TcLcH-25 TcLcH-19 ns 
ALE Low 

TcHSV Status Active Delay 10 55 10 45 ns 

TcLSH Status Inactive Delay 10 65 10 50 ns 

TcLTMV Timer Output Delay 60 48 ns 100pFmax 
@8& 10 MHz 

TcLRO Reset Delay 60 48 ns 

TcHQSV Queue Status Delay 35 28 ns 

TcHDX Status Hold Time 10 10 ns 

TAVCH Address Valid to 10 10 ns 
Clock High 

TcLLV LOCK Valid/Invalid 5 65 5 60 ns 
Delay 

80186 Chip-Select Timing Responses 

TcLCSV Chip-Select 66 45 ns 
Active Delay 

Tcxcsx Chip-Select Hold from 35 35 ns 
Command Inactive 

TcHCSX Chip-Select 5 35 5 32 ns 
Inactive Delay 

80186 CLKIN Requirements 

TcKtN CLKIN Period 62.5 250 50 250 ns 

TcKHL CLKIN Fall Time 10 10 ns 3.5 to 1.0V 

TcKLH CLKIN Rise Time 10 10 ns 1.0 to 3.5V 

TcLCK CLKIN Low Time 25 20 ns 1.5V 

TcHCK CLKIN High Time 25 20 ns 1.5V 

80186 CLKOUT Timing (200 pF load) 

Tctco CLKINto 50 . 25 ns 
CLKOUTSkew 

TcLCL CLKOUT Period 125 500 100 500 ns 

TcLCH CLKOUT Low Time % TcLCL -7.5 % TcLCL -6.0 ns 1.5V 

TcHCL CLKOUT High Time % TcLCL -7.5 '/. TcLCL -6.0 ns 1.5V 

TcH1cH2 CLKOUT Rise Time 15 12 ns 1.0 to 3.5V 

TCL2CL1 CLKOUT Fall Time 15 12 ns 3.5 to 1.0V 
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80186 

EXPLANATION OF THE AC SYMBOLS 

Each timing symbol has from 5 to 7 characters. The 
first character is always a "T" (stands for time). The 
other characters, depending on their positions, 
stand for the name of a signal or the logical status of 
that signal. The following is a list of all the charac
ters and what they stand for. 

A: Address 
ARY: Asynchronous Ready Input 
C: Clock Output 
CK: Clock Input 
CS: Chip Select 
CT: Control (OT /R, DEN, ... ) 
D: Data Input 
DE: DEN 
H: Logic Level High 

IN: Input (DRQO, TIMO, ... ) 
L: Logic Level Low or ALE 
0: Output 
OS: Queue Status (QS1, QS2) 
R: RD signal, RESET signal 
S: Status (SO, S1, S2) 
SRY: Synchronous Ready Input 
V: Valid 
W: WR Signal 
X: No Longer a Valid Logic Level 
Z: Float 

Examples: 

TcLAV -Time from Clock low to Address valid 
T CHLH - Time from Clock high to ALE high 
T CLCSV - Time from Clock low to Chip Select valid 
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WAVEFORMS 

MAJOR CYCLE TIMING 

WRITE C'ICLE 

iijj,tNTA, 
DT/R = YoH 

INTA C'ICLE 

Jm, WI!, Ill!( = YOH 

CLKOUT 

BHE/S,, 
A,.ISg-A,.IS., 

ALE 

AD,,-AO,, 

DT/li 

SO~REHAll'-DT/R =Yoe. 
RO, WR, INTA, DEN = YoH 

80186 

fl 

--
210451-23 
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WAVEFORMS (Continued) 

MAJOR CYCLE TIMING (Continued) 

TCH1CH2 

CU<OUT 

BHE/S7,A11/Sl-A11/S3 

ALE 

READ CYCLE 

DT/R 

PCS, 

Mel ------Lei, -TCLCSV -ucs 
(NOTE3) 

210451-24 

NOTES: 
1. INT A occurs one clock later in slave mode. 
2. Status inactive just prior to T 4. 
3. If latched A 1 and A2 are selected instead of PCS5 and PCS6, only T CLCSV is applicable. 
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WA V.EFORMS (Continued) 

CLKOUT 

CLKOUT 

NMI, 
TEST, 

INT0-3 
TIM ERIN 

CLKOUT 

QSO,QS1 

TCLLV 

TINVCH 

-------

TCHQSV 

80186 

24-45 

DRQO, 
DRQ1----.. 

TINVCL 

RESET----11-----

TCLLV 

210451-30 

210451-31 
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WAVEFORMS (Continued) 

CLKOUT 

CLKOUT 

.. 
INT0-3 

TIMER IN 

- TCLLV -

TINVCH -

80186 

- TCLLV 

210451-25 

DRQO;;:.'----. 
DR01 

210451-26 
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80186 

WAVEFORMS (Continued) 

READY TIMING 
T, T, 

TARYHCH- - -rcLARX 

AROY 

----~~Ii~'~ AROY J TARYLCL-

210451-29 
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intel® 80186 

WAVEFORMS (Continued) 

HOLD/HLDA TIMING (Entering Hold) 

CLKOUT 

HOLD 

HLDA 

AD15·ADO, 
DEN 80186 

A19/S6 • A16/S3, 
RD, WR, BHE/S7, 80186 

DT/R, S2. SO, --------n---~-"1 
LOCK 

HOLD/HLDA TIMING (Leaving Hold) 

CLKOUT 

HOLD 

HLDA 

AD15·ADO, 
DEN 

TcLAZ 

T CHCZ 

80186 
A19/S6 • A16/S3, TcHCV 

Ro, WR, BHE/$7, ------------n----+--1 80186 
DT/R, S2. so, !'--------

LOCK 
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intel .. 80186 

WAVEFORMS (Continued) 

TIMER ON 80186 

14---TCKIN- TCLCK 

CLKIN 

(X1) 

CLKOUT 

TIMERIN 

I 

---' 

TCKHL TCKLH TCHCK 

TCICO 

TINVCH 

~uw~ 

TIMEROUT 14----------2y, to sy, CLOCKS i1 
---------11 

80186 EXPRESS 

The Intel EXPRESS system offers enhancements to 
the operational specifications of the 80186 micro
processor. EXPRESS products are designed to 
meet the needs of those applications whose operat
ing requirements exceed commercial standards. 

The EXPRESS program includes the commercial 
standard temperature range with burn-in and an ex
tended temperature range without burn-in. 

With the commercial standard temperature range 
operational characteristics are guaranteed over the 
temperature range of o•c to + 70°C. With the ex
tended temperature range option, operational char
acteristics are guaranteed over the range of - 40°C 
to +85°C. 

The optional burn-in is dynamic, for a minimum time 
of 160 hours at + 12s·c with Vee = 5.5V ± 0.25V, 
following guidelines in MIL-STD-883, Method 1015. 

210451-27 

Package types and EXPRESS versions are identified 
by a one- or two-letter prefix to the part number. The 
prefixes are listed in Table 16. All A.C. and D.C. 
specifications not mentioned in this section are the 
same for both commercial and EXPRESS parts. 

Table 16. Prefix Identification 

Prefix 
Package Temperature 

Burn-In 
Type Range 

A PGA Commercial No 

N PLCC Commercial No 

R LCC Commercial No 

TA PGA Extended No 

QA PGA Commercial Yes 

QR LCC Commercial Yes 

NOTE: 
Not all package/temperature range/speed combinations 
are available. 

24-49 



80186 

80186 EXECUTION TIMINGS 

A determination of 80186 program execution timing 
must consider the bus cycles necessary to prefetch 
instructions as well as the number of execution unit 
cycles necessary to execute instructions. The fol
lowing instruction timings represent the minimum ex
ecution time in clock cycles for each instruction. The 
timings given are based on the following assump
tions: 

• The opcode, along with any data or displacement 
required for execution of a particular instruction, 
has been prefetched and resides in the queue at 
the time it is needed. 

• No wait states or bus HOLDS occur. 

• All word-data is located on even-address bound
aries. 

All instructions which involve memory accesses can 
also require one or two additional clocks above the 
minimum timings shown due to the asynchronous 
handshake between the bus interface unit (SIU) and 
execution unit. 

All jumps and calls include the time required to fetch 
the opcode of the next instruction at the destination 
address. 

With a 16-bit SIU, the 80186 has sufficient bus per
formance to ensure that an adequate number of pre
fetched bytes will reside in the queue most of the 
time. Therefore, actual program execution time will 
not be substantially greater than that derived from 
adding the instruction timings shown. 
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80186 

INSTRUCTION SET SUMMARY 

Function Format 
Clock 

Comments 
Cycles 

DATA TRANSFER 
MOY= Move: 

Register to Register/Memory 1000100w mod reg rim 2/12 

Register I memory to register 1000101w mod reg rim 2/9 

Immediate to register/memory 1100011w mod 000 rim data dataifw=1 12-13 8/16-bit 

Immediate to register 1 011 w reg data data if w= 1 3-4 8/16-bit 

Memory 10 accumulator 1010000w addr-low addr-high 8 

Accumula1or to memory 1010001w addr-low addr-high 9 

Register I memory to segment register 10001110 mod 0 reg rim 2/9 

Segment register to register/memory 10001100 mod Oreg rim 2/11 

PUSH= Push: 

Memory 1 1 1 1 1 1 1 1 mod 11 O rim 16 

Register 0101oreg 10 

Segment register 9 

POP= Pop: 

Memory 10001111 modOOOr/m 20 

Register 0 1011 reg 10 

Segment register 000reg111 (reg7"01) 8 

XCHG = Exchange: 

fl Register I memory with register 1000011w mod reg rim 4/17 

Register with accumulator 10010reg 3 

IN = Input from: 

Fixed port 111001ow port 10 

Variable port 111011 Ow 8 

OUT = Output to: 

Fixed port 1110011w port 9 

Variable port 1110111 w 7 

XLAT = Translate byte to AL 11010111 11 

LEA = Load EA to regis1er 10001101 mod reg rim 6 

LOS = Load pointer to DS 11000101 mod reg r/m (mod7"11) 18 

LES = Load pointer to ES 11000100 mod reg rim (mod7"11) 18 

LAHF = Load AH with flags 10011111 2 

SAHF = Store AH into flags 1001111 0 3 

PUSHF = Push flags 10011100 9 

POPF = Pop flags 10011101 8 

Shaded areas indicate instructions not available in 8086, 8088 microsystems. 
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80186 

INSTRUCTION SET SUMMARY (Continued) 

Function Format 
Clock 

Comments 
Cycles 

DATA TRANSFER (Continued) 
SEGMENT = Segment Override: 

cs I 00101110 I 2 

SS I 00110110 I 2 

OS I 00111110 I 2 

ES I 00100110 I 2 

ARITHMETIC 
ADD= Add: 

Reg/memory with regis1er to either I OOOOOOdw I mod reg rim I 3/10 

Immediate to register/memory I 100000sw I modOOO rim I data I data ifs w=01 I 4/16 

Immediate to accumulator I 0000010w I data I dataifw=1 I 3/4 8/16-bit 

ADC = Add with carry: 

Reg/ memory with register to either I 000100dw I mod reg rim I 3/10 

Immediate to register/memory I 100000sw I mod O 1 0 rim I data I dataifsw=01 I 4/16 

Immediate to accumulator I 0001010w I data I dataifw=1 I 3/4 8/16-bit 

INC = Increment: 

Register/memory I 1 111 1 1 1 w I mod 0 O 0 rim I 3/15 

Register I 01000reg I 3 

SUB = Subtract: 

Reg/memory and register to either I 001010dw I mod reg rim I 3/10 

Immediate from register/memory I 100000sw I mod101 rim I data I data ifs w=01 I 4/16 

Immediate from accumulator I 001011ow I data I dataifw=1 I 3/4 8/16-bit 

SBB = Subtract with borrow: 

Reg/ memory and register to either I 000110dw mod reg rim I 3/10 

Immediate from register/memory I 100000sw mod O 11 rim I data I data ifs w=01 I 4/16 

Immediate from accumulator I 0001110w data I data if w= 1 I 3/4 8/16-bit 

DEC = Decrement 

Register I memory I 1111111w mod001 rim I 3/15 

Register I 01001 reg 3 

CMP = Compare: 

Register I memory with register I 0011101w I mod reg rim I 3/10 

Register with register/memory I 0011100w I mod reg rim I 3/10 

Immediate with register/memory 100000sw mod 111 rim I data I data ifs w=01 I 3/10 

Immediate with accumulator 0011110w data I dataifw=1 I 3/4 8/16-bit 

NEG = Change sign register/memory 1111011w mod 011 rim I 3/10 

AAA = ASCII adjust for add 00110111 8 

DAA = Decimal adjust for add 00100111 4 

AAS = ASCII adjust for subtract I 00111111 7 

DAS = Decimal adjust for subtract I 00101111 4 

MUL = Multiply (unsigned): I 1111011w mod 100 rim I 
Register-Byte 26-28 
Register-Word 35-37 
Memory-Byte 32-34 
Memory-Word 41-43 

Shaded areas indicate instructions not available in 8086, 8088 microsystems. 
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infel. 80186 

INSTRUCTION SET SUMMARY (Continued) 

Function Fonnat 

ARITHMETIC (Continued) 

IMUL = Integer multiply (signed): 11 1 1 O 11 w mod 1 O 1 rim 

Clock 
Cycles 

Register-Byte 25-28 
Register-Word 34-37 
Memory-Byte 31-34 
Memory-Word 40-43 

.. s1o11tlg~~-Xz~~wi'.i~~l1iiii~iiliiJ~il~~Ilii!ii!lilat 1'Ji~;· 

DIV = Divide (unsigned): 

Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 

IDIV = Integer divide (signed): 

Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 

AAM = ASCII adjust for multiply 

AAD = ASCII adjust for divide 

1111 0 1 1 w mod 1 1 0 rim 

1 1 1 1 O 1 1 w mod 1 1 1 rim 

11010100 00001010 

11010101 00001010 

CBW = Convert byte to word 1 O O 1 1 O O O 

CWD = Convert word to double word 1 0 0 1 1 0 0 1 

LOGIC 
Shift/Rotate Instructions: 

29 
38 
35 
44 

44-52 
53-61 
50-58 
59-67 

19 

15 

2 

4 

Register/Memoryby1 1101 OOOw I modTTTr/m 2/,15 

Register/Memory by CL I 1101001 w I modTTTr/m I 5+n/17+n 

Comments 

lnllf1R'i!.11Y'':l1ii1L.11n.·m ·w · .. w jljlktrllii!.l~m'Wiz~tit~?.~li&ll'I•••·•· U•IFJ:!lli• p~ )~,'till.8·~44 ¥~~!'lli:~wm:~<~f.~ml?.'W\&9FERW£ -~~ 

TTT Instruction 
000 AOL 
001 ROA 
01 0 RCL 
011 RCA 
1 00 SHL/SAL 
101 SHA 
111 SAR 

AND= And: 

Reg/memory and register to either 001000dw mod reg rim 

Immediate to register/memory 1 oooooow mod 1 00 rim data dataifw=1 

Immediate to accumulator 0010010w data dataifw=1 

TEST= And function to flags, no resu~lt=-----~----~ 

Register/memory and register I 1 0 0 0 0 1 0 w mod reg rim 
::::::======!:======:::::!-~~~~~~~ 

Immediate data and register/memory I 11 1 101 1 w mod 00 O rim data dataif w=1 
:=:======:::========::========::---~~~~ 

Immediate data and accumulator I 1 0 1 0 1 0 0 w data 

OR=Or: 

Reg/memory and register to either 

Immediate to register/memory 

Immediate to accumulator 

000010dw modreg rim 

1 OOOOOOw mod001 rim 

0000110w data 

dataifw=1 

data 

dataifw=1 

Shaded areas .indicate instructions not available in 8086, 8088 microsystems. 
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dataffw=1 

3/10 

4/16 

3/4 8/16-bit 

3/10 

4/10 

3/4 8/16-bit 

3/10 

4/16 

3/4 8/16-bit 



80'186 

INSTRUCTION SET SUMMARY (Continued) 

Function 

LOGIC (Continued) 
XOR = Exclusive or: 

Reg/memory and register to either 

Immediate to register/memory 

Immediate to accumulator 

NOT = Invert register/memory 

STRING MANIPULATION 

MOVS = Move byte/word 

CMPS = Compare byte/word 

SCAS = Scan byte/word 

LOOS = Load byte/wd to ALI AX 

STOS = Store byte/wd from AL/ AX 

001100dw 

1000000w 

0011010w 

1111011w 

101001ow 

1010011 w 

1010111 w 

1010110w 

Format 

modreg rim 

mod 110 rim data 

<jata dataifw=1 

modO 1 O rim 

Repeated by count in ex (REP/REPE/REPZ/REPNE/REPNZ) 

MOVS = Move string 11110010 1010010w 

CMPS = Compare string 1111001 z 1010011 w 

SCAS = Scan string 1111001 z 1010111 w 

LOOS = Load string 1111001 0 1010110w 

STOS = Store string 1111001 0 1010101 w 

CONTROL TRANSFER 

CALL= Call: 

Direct within segment 11101000 I disp-low disp-high 

Register I memory 1111f111 I modO 1 o rim 
indirect within segment 

Direct intersegment 10011010 segment offset 

segment selector 

Indirect intersegment 11111111 mod011 rim (mod* 11) 

JMP = Unconditional jump: 

Short/long 11101011 disp-low 

Direct within segment 11101001 disp-low disp-high 

Register/memory 11111111 mod 1 00 rim 
indirect within segment 

Direct intersegment 1110101 0 segment offset 

segment selector 

Indirect intersegment 11111111 mod 1O1 rim l (mod* 11) 

Shaded areas indicate instructions not available in 8086, 8088 microsystems. 
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Clock 
Comments 

Cycles 

3/10 

dataifw=1 4/16 

3/4 8/16-blt 

3/10 

14 

22 

15 

12 

10 

8+8n 

5+22n 

5+15n 

6+11n 

6+9n 

15 

13/19 

23 

38 

14 

14 

11/17 

14 

26 



infel .. 80186 

INSTRUCTION SET SUMMARY (Continued) 

Function Format 
Clock 

Comments 
Cycles 

NTROL TRANSFER (Continued) 
RET = Return from CALL: 

Within segment 11000011 16 

Within seg adding immed to SP 11000010 data-low data-high 18 

lntersegment 11 001 011 . 22 

lntersegment adding immediate to SP I 11oo1 01 o data-low data-high 25 

E/JZ = Jump on equal/zero 0111 01 00 disp 4/13 JMPnot 

JL/JNGE = Jump on less/not greater or equal 011111 00 disp 4/13 
taken/JMP 

taken 

JLE/JNG = Jump on less or equal/not greater 0111111 0 disp 4/13 

JB/JNAE = Jump on below/not above or equal 0111 001 0 disp 4/13 

JBE/JNA = Jump on below or equal/not above 0111 011 0 disp 4/13 

JP/JPE = Jump on parity/parity even 01111 01 0 disp 4/13 

JO = Jump on overflow 01110000 disp 4/13 

JS = Jump on sign 01111 000 disp 4/13 

JNE/JNZ = Jump on not equal/not zero 01110101 disp 4/13 

JNUJGE = Jump on not less/greater or equal 01111101 disp 4/13 

JNLE/JG = Jump on not less or equal/greater 01111111 disp 4/13 

JNB/JAE = Jump on not below/above or equal 0111 0011 disp 4/13 

JNBE/JA = Jump on not below or equal/above 01110111 disp 4/13 

JNP/JPO = Jump on not par/par odd 01111011 disp 4/13 

JNO = Jump on not overflow 0111 0001 disp 4/13 

JNS = Jump on not sign 01111001 disp 4/13 

fl JCXZ = Jump on ex zero 111000.11 disp 5/15 

LOOP = Loop ex times 11100010 dlsp 6/16 LOOP not 

LOOPZ/LOOPE = Loop while zero/equal 11100001 disp 6/16 
taken/LOOP 

taken 

INT = Interrupt: 

Type specified 11001101 lyPe 47 

Type3 110011 00 45 WINT. taken/ 

INTO = Interrupt on overflow 11001110 4814 
if INT.not 

taken 

Shaded areas indicate instructions not available in 8086, 8088 microsystems. 
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infel. 80186 

INSTRUCTION SET SUMMARY (Continued) 

Function Format 
Clock 

Commenta 
Cycle& 

PROCESSOR CONTROL 

CLC = Clear carry 11111 000 2 

CMC = Complement carry 111101 01 2 

STC = Set carry 11111001 2 

CLD = Clear direction 11111100 2 

STD = Set direcition 11111101 2 

CLI = Clear interrupt 11111010 2 

STI = Set interrupt 11111011 2 

HLT =Halt 11110100 2 

WAIT= Wait 10011011 6 tt'i'ES'i'= 0 

LOCK = Bus lock prefix 11110000 2 

ESC = Processor Extension Escape 11011 TTT modLLL rim I 6 

(TTT LLL are opcode to processor extension) 

NOP = No Operation I 10010000 I 3 

Shaded areas indicate instructions not available in 8086, 8088 microsystems. 

FOOTNOTES 

The Effective Address (EA) of the memory operand 
is computed according to the mod and rim fields: 
if mod = 11 then rim is treated as REG field 
if mod = 00 then DISP = O', disp-low and disp-high are absent 
if mod = 01 then DISP = disp-low sign-extended to 16-blts, disp-high 
is absent 
if·mod = 10 then DISP = disp-high: disp-low 
if rim = 000 then EA= (BX)+ (SI)+ DISP 
if rim = 001 then EA = (BX) + (DI) + DISP 
if rim = 010 then EA= (BP) + (SI)+ DISP 
tt rim = 011 then EA = (BP)+ (DI) + DISP 
if rim = 100 then EA = (SI) + DISP 
if rim = 101 then EA = (DI) + DISP 
if rim= 110 then EA = (BP)+ DISP• 
tt rim= ·111 then EA = (BX) + DISP 

DISP follows 2nd byte of instruction (before data if 
required) 

*except if mod = 00 and r/m 
disp-high: disp-low. 

:110 then EA 

EA calculation time is 4 clock cycles for all modes, 
and is included in the execution times given whenev
er appropriate. 

Segment Override Prefix 

0 0 1 reg 0 

reg is assigned according to the following: 

reg . Segment 
Register 

00 ES 
01 cs 
10 SS 
11 OS 

REG is assigned according to the following table: 

16-Bit (w = 1) 
OOOAX 
001 ex 
010DX 
011 BX 
100SP 
101 BP 
110 SI 
111 DI 

8-Bit(w = 0) 
OOOAL 
001CL 
010 DL 
011 BL 
100AH 
101 CH 
110 DH 
111 BH 

The physical addresses of all operands addressed 
by the BP register are computed using the SS seg
ment register. The physical addresses of the desti
nation operands of the string primitive operations 
(those addressed by the DI register) are computed 
using the ES segment, which may not be overridden. 
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REVISION HISTORY 

The sections significantly revised since version ·010 are: 

Pin Description Table Added note to TEST pin requiring proper RESET at power-up to configure pin 
as input. 

Renamed pin 44 to INT1/SELECT and pin 41 to INT3/INTA1/IRQ to better 
describe their functions in Slave Mode. 

Initialization and Processor Added reminder to driveRES pin LOW during power-up. 
Reset 

Major Cycle Timing Clarified applicability of T CLCSV to latched A 1 and A2 in footnote. 
Waveform 

HOLD/HLDA Timing Redrawn to indicate correct relationship of HOLD inactive to HLDA inactive. 
Waveforms 

Slave Mode Operation The three low order bits associated with vector generation and performing EOI 
are not alterable; however, the priority levels are programmable. This informa
tion is a clarification only. 

The sections significantly revised since version -009 are: 

Pin Description Table 

Interrupt Vector Table 

A.C. Characteristics 

Explanation of the 
A.C. Symbols 

Major Cycle Timing 
Waveforms 

Various descriptions rewritten for clarity. 

Redrawn for clarity. 

Added reminder that T SRYCL and T CLSRY must be met. 
New section. 

T CLRO indicated. 

The sections significantly revised since version -008 are: 

Pin Description Table Noted RES to be low more than 4 clocks. Connections to X1 and X2 clarified. 

OMA Control Bit Descriptions 

Interrupt controller, etc. 

Interrupt Request Register 

Execution Timings 

Moved and clarified note concerning TC condition for ST /STOP clearing during 
unsynchronized transfers. 

Renamed iRMX Mode to Slave Mode. 

Noted that DO and 01 are read/write, others read-only. 

Effect of bus width clarified. 

The sections significantly revised since the October, 1986 version -007 are: 

A.C. Characteristics Deleted column for 12.5 MHz devices. Intel never marketed a 12.5 MHz 80186. 

The sections significantly revised since the February, 1986 version -007 are: 

A.C. Characteristics Several timings changed in anticipation of test change (all listed in ns): T CLAV 
(min.) at 10 MHz from 50 to 44; Tcvcrv (min.) at 8 MHz from 10 to 5; Tcvcrv 
(max.) from 70 to 50 at 8 MHz and 56 to 40 at 1 O MHz. 
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80C186 
CHMOS HIGH INTEGRATION 16-BIT MICROPROCESSOR 

• Operation Modes Include: • Completely Object Code Compatible 
- Enhanced Mode Which Has 'with All Existing 8086/8088 Software 

- DRAM Refresh Control Unit and Also Has 10 Additional Instructions 
- Power-Save Mode Over 8086/8088 
- Direct Interface to New Numerics • Complete System Development 

Coprocessor Support 
- Compatible Mode -All 8086 and NMOS 80186 Software 

- NMOS 80186 Pin-for-Pin Development Tools Can Be Used for 
Replacement for Non-Numerics SOC 186 System Development 
Applications - ASM 86 Assembler, PL/M-86, 

• Integrated Feature Set Pascal-86, FORTRAN-86, C-86 and 
- Enhanced 80C86/C88 CPU System Utilities 
- Clock Generator - In-Circuit-Emulator (ICE™-186) 
- 2 Independent OMA Channels • High Performance Numeric 
- Programmable Interrupt Controller Coprocessing Capability through 
- 3 Programmable 16-Bit Timers 80C187 Interface 
- Dynamic RAM Refresh Control Unit 
- Programmable Memory and • Available in 68-Pin: 

Peripheral Chip Select Logic - Plastic Leaded Chip Carrier (PLCC) 
- Programmable Wait State Generator - Ceramic Pin Grid Array (PGA) 
- Local Bus Controller - Ceramic Leadless Chip Carrier 
- Power Save Mode (JEDEC A Package) 
- System-Level Testing Support (High (See Packaging Outlines and Dimensions, Order Number 

Impedance Test Mode) 
231369) 

• Available in 16 MHz (80C186-16), • Available in EXPRESS Extended 

12.5 MHz (80C186-12) and 10 MHz Temperature Range ( - 40°C to + 85°C) 

(80C186) Versions • Available in Military: 

• Direct Addressing Capability to 1 Mbyte - Different Specifications 

Memory and 64 Kbyte 1/0 -10 MHz (M80C186-10) and 12.5 MHz 
(MSOC186-12) Versions 

(See MBOC186 data sheet, Order Number 270500 for specifica-
lions) 

The Intel 80C186 is a CH MOS high integration microprocessor. In has features which are new to the 80186 
family which include a DRAM refresh control unit, power-save mode and a direct numerics interface. When 
used in "compatible" mode, the 80C186 is 100% pin-for-pin compatible with the NMOS 80186 (except for 
8087 applications). The "enhanced" mode of operation allows the full feature set of the 80C186 to be used. 
The 80C186 is upward compatible with 8086 and 8088 software and fully compatible with 80186 and 80188 
software. 
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intel.. 80C186 

Ceramic Leadless Chip Carrier (JEDEC Type A) 

Contacts Facing Up 

'"""""""""""" .. "'''1351 ····-·····-··-·-·····-·-··-··-··-·-····-·····-· 

'si21 ~I. ~; ~ 
~= PCS6/A2 

ARDY :; t: PCS5/A1 
CLKOUT : : ; • PCS4 

RESET :i XX X ~: PC§3 

X2 :J XX X ~,. ~--- V~s~S~~ 
v~! :1 SEE 

ALE/QSO :J XX X ;· PCSO 
RD/OSMD :: ::= RES 

WR/OS1 :l • - ;: TWROUT1 
Bii[ ·; ::: TMROUTO 

A18 56 :; ::: TMR IN 1 

A18/ss :j ;: TMR IND 
A17 /54 :J r: ORQI 
A16/S3 :J ~ii DRQO 

·-·-··-····--··--··--·-··-···········-·-· '1""""""""""""""""' 

Ceramic Pin Grid Array 

Pins Facing Up 

@®@@@@@@@ 
@@@@@@@@@@@> 
@@ @@ 

~~o~~ @® @@ 
@@ @@ 
@@ @@ 
@@ @@ 
@@@@@@©©00@ 

@@@@©0008 

Pins Facing Down 

:,~!: :~1 :~j1 ·:~: ·:~: :,~1) :~'.-i· '.~?: @: 
':~~; :~~:. ·:~,' ·:~: :~) :~~(· :'1i1 .:~; :_~: ;~~:· ~~' 

:~', ·'.~~; 

:~~! ·:~?: 

·:~.: :~"~'t 

·'.if!: :~_1) 

:A~~ ·:~~: 
:~~I':~~: 
·¥~,' :~}·:· 

xxx xxx xxx xxx 
xxx xxx ·-

:~'· ·'.~?: 

::~1> :,3A: 

':??.1 :~.~' 

(~?: :?~· 

:~-~) '~1: 

:?~· ·~~: 
·:~}; :7_Q. 

:~:· :X· ·:.~-: :~~:· (~.'· :!9> :'!#.1 ,:{1: .:;_~: :fa· :·~~:· 

::D :j> ·:.~:, -:"-/: (~~: :J_l) :!~:· ,y~: ·:~?: 

270354-2 

PIN NO.I MARK 
270354-3 

34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 

Plastic Leaded Chip Carrier 

Contacts Facing Up Contacts Facing Down 

xxx xxx xxx xxx xxx xxx ·-
18 'd:ii!!n!!ril!nl!n!!n:!!n!!n!!n!!ril!nl!n!!n:!!n!!n!!n!!r~,, 

1716151413121110 9 8 7 6 5 4 3 2 1 1 
PIN N0.1 MARI( 

Figure 2. 80C186 Pinout Diagrams 
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infel .. 80C186 

Table 1. 80C186 Pin Description 

Symbol Pin No. Type Name and Function 

Vee 9 I System Power: + 5 volt power supply. 
43 I 

Vss 26 I System Ground. 
60 I 

RESET 57 0 RESET Output indicates that the 80C186 CPU is being reset, and can be 
used as a system reset. It is active HIGH, synchronized with the 
processor clock, and lasts an integer number of clock periods 
corresponding to the length of the RES signal. Reset goes inactive 2 ' 
clockout periods after RES goes inactive. When tied to the TEST /BUSY 
pin, RESET forces the 80C186 into enhanced mode. RESET is not 
floated during bus hold. 

X1 59 I Crystal Inputs X1 and X2 provide external connections for a fundamental 
X2 58 0 mode or third overtone parallel resonant crystal for the internal oscillator. 

X1 can connect to an external clock instead of a crystal. In this case, 
minimize the capacitance on X2. The input or oscillator frequency is 
internally divided by two to generate the clock signal (CLKOUT). 

CLKOUT 56 0 Clock Output provides the system with a 50% duty cycle waveform. All 
device pin timings are specified relative to CLKOUT. CLKOUT is active 
during reset and bus hold. 

RES 24 I An active RES causes the 80C186 to immediately terminate its present 
activity, clear the internal logic, and enter a dormant state. This signal 
may pe asynchronous to the 80C186 clock. The 80C186 begins fetching 
instruqtions approximately 6% clock cycles after RES is returned HIGH. 
For proper initialization, Vee must be within specifications and the clock 
signal must be stable for more than 4 clocks with RES held LOW. RES is 
internally synchronized. This input is provided with a Schmitt-trigger to 
facilitate power-on RES generation via an RC network. 

TEST/BUSY 47 110 The TEST pin is sampled during and after reset to determine whether the 
80C186 is to enter Compatible or Enhanced Mode. Enhanced Mode 
requires TEST to be HIGH on the rising edge of RES and LOW four 
CLKOUT cycles later. Any other combination will place the 80C186 in 
Compatible Mode. During power-up, active RES is required to configure 
TEST /BUSY as an input. A weak internal pullup ensures a HIGH state 
when the input is not externally driven. 

TEST-In Compatible Mode this pin is configured to operate as TEST. 
This pin is examined by the WAIT instruction. If the TEST input is HIGH 
when WAIT execution begins, instruction execution will suspend. TEST 
will be resampled every five clocks until it goes LOW, at which time 
execution will resume. If interrupts are enabled while the 80C186 is 
waiting for TEST, interrupts will be serviced. 

BUSY-In Enhanced Mode, this pin is configured to operate as BUSY. 
The BUSY input is used to notify the 80C186 of Numerics Processor 
Extension activity. Floating point instructions executing in the 80C186 
sample the BUSY pin to determine when the Numerics Processor is 
ready to accept a new command. BUSY is active HIGH. 

TMR INO 20 I Timer Inputs are used either as clock or control signals, depending upon 
TMR IN 1 21 I the programmed timer mode. These inputs are active HIGH (or LOW-to-

HIGH transitions are counted) and internally synchronized. Timer Inputs 
must be tied HIGH when not being used as clock or retrigger inputs. 

TMROUTO 22 0 Timer outputs are used to provide single pulse or continous waveform 
TMROUT1 23 0 generation, depending upon the timer mode selected. These outputs are 

not floated during a bus hold. 
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Table 1. 80C186 Pin Description (Continued) 

Symbol Pin No. Type Name and Function 

DRQO 18 I OMA Request is asserted HIGH by an external device when it is ready 
DR01 19 I for OMA Channel 0 or 1 to perform a transfer. These signals are level-

triggered and internally synchronized. 

NMI 46 I The Non-Maskable Interrupt input causes a Type 2 interrupt. An NMI 
transition from LOW to HIGH is latched and synchronized internally, and 
initiates the interrupt at the next instruction boundary. NMI must be 
asserted for at least one CLKOUT period. The Non-Maskable Interrupt 
cannot be avoided by programming. 

INTO 45 I Maskable Interrupt Requests can be requested by activating one of 
INT1 /SELECT 44 I these pins. When configured as inputs, these pins are active HIGH. 
INT2/INTAO 42 1/0 Interrupt Requests are synchronized internally. INT2 and INT3 may be 
INT3/INTA 1 /IRO 41 1/0 configured to provide active-LOW interrupt-acknowledge output signals. 

All interrupt inputs may be configured to be either edge- or level-
triggered. To ensure recognition, all interrupt requests must remain 
active until the interrupt is acknowledged. When Slave Mode is selected, 
the function of these pins changes (see Interrupt Controller section of 
this data sheet). 

A19/S6 65 0 Address Bus Outputs (16-19) and Bus Cycle Status (3-6) indicate the 
A18/S5 66 0 four most significant address bits during T 1. These signals are active 
A17/S4 67 0 HIGH. 
A16/S3 68 0 During T 2, T 3, T w. and T 4, the S6 pin is LOW to indicate a CPU-initiated 

bus cycle or HIGH to indicate a OMA-initiated bus cycle. During the 
same T-states, S3, 54, and S5 are always LOW. These outputs are 
floated during bus hold or reset. 

AD15 1 1/0 Address/Data Bus (0-15) signals constitute the time multiplexed 
AD14 3 110 memory or 1/0 address CT1) and data CT2. Ta, Tw. and T4) bus. The 
AD13 5 110 bus is active HIGH. Ao is analogous to BHE for the lower byte of the 
AD12 7 110 data bus, pins 07 through Do. It is LOW during T 1 when a byte is to be 
AD11 10 110 transferred onto the lower portion of the bus in memory or 110 
AD10 12 110 operations. These pins are floated during a bus hold or reset. 

AD9 14 l/Q 
ADS 16 1/0 
AD7 2 1/0 
AD6 4 1/0 
AD5 6 1/0 
AD4 ~ 1/0 
AD3 11 1/0 
AD2 13 1/0 
AD1 15 1/0 
ADO 17 1/0 
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Table 1. 80C186 Pin Description (Continued) 

Symbol Pin No. Type Name and Function 

SHE 64 0 The SHE (Bus High Enable) signal is analogous to AO in that it is used to 
enable data on to the most significant half of the data bus, pins D15-D8. 
SHE will be LOW during T1 when the upper byte is transferred and wi_ll_ 
remain LOW through T 3 AND T W· BHE does not need to be latched. SHE 
will float during HOLD or RESET. 

In Enhanced Mode, BHE will also be used to signify DRAM refresh cycles. A 
refresh cycle is indicated by both BHE and AO being HIGH. 

BHE and AO Encodings 

BHEValue AO Value Function 

0 0 Word Transfer 
0 1 Byte Transfer on upper half of data bus (D15-D8) 
1 0 Byte Transfer on lower half of data bus (D,-Do) 
1 1 Refresh 

ALE/QSO 61 0 Address Latch Enable/ Queue Status 0 is provided by the 80C186 to latch 
the address. ALE is active HIGH., with addresses guaranteed valid on the 
trailing edge. 

WR/QS1 63 0 Write Strobe/Queue Status 1 indicates that the data on the bus is to be 
written into a memory or an 1/0 device. It is active LOW, and floats during 
bus hold or reset. When the 80C186 is in queue status mode, the ALE/QSO 
and WR/QS1 pins provide information about processor/instruction queue 
interaction. 

QS1 QSO Queue Operation 

0 0 No queue operation 
0 1 First opcode byte fetched from the queue 
1 1 Subsequent byte fetched from the queue 
1 0 Empty the queue 

RD/QSMD 62 0/1 Read Strobe is an active LOW signal which indicates that the 80C186 is 
performing a memory or 1/0 read cycle. It is guaranteed not to JE LOW 
before the AID bus is floated. An internal pull-up ensures that RD/QSMD is 
HIGH during RESET. Following RESET the pin is sampled to determine 
whether the 80C186 is to provide ALE, RD, and WR, or queue status 
information. To enable Queue Status Mode, RD must be connected to GND. 
RD will float during bus HOLD. 

ARDY 55 I Asynchronous Ready informs the 80C186 that the addressed memory space 
or 1/0 device will complete a data transfer. The ARDY pin accepts a rising 
edge that is asynchronous to CLKOUT and is active HIGH. The falling edge 
of ARDY must be synchronized to the 80C186 clock. Connecting ARDY 
HIGH will always assert the ready condition to the CPU. If this line is unused, 
it should be tied LOW to yield control to the SRDY pin. 

SRDY 49 I Synchronous Ready informs the 80C186 that the addressed memory space 
or 1/0 device will complete a data transfer. The SRDY pin accepts an active-
HIGH input synchronized to CLKOUT. The use of SRDY allows a relaxed 
system timing over ARDY. This is accomplished by elimination of the one-
half clock cycle required to internally synchonize the ARDY input signal. 
Connecting SRDY high will always assert the ready condition to the CPU. If 
this line is unused, it should be tied LOW to yield control to the ARDY pin. 
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Table 1. 80C186 Pin Description (Continued) 

Symbol Pin No. Type Name and Function 

LOCK 48 0 LOCK output indicates that other system bus masters are not to gain 
control of the system bus. LOCK is active LOW. The LOCK signal is 
requested by the LOCK prefix instruction and is activated at the 
beginning of the first data cycle associated with the instruction 
immediately following the LOCK prefix. It remains active until the 
completion of that instruction. No instruction prefetching will occur 
while LOCK is asserted. LOCK floats during bus hold or reset. 

so 52 0 Bus cycle status SO-S2 are encoded to provide bus-transaction 
S1 53 0 information: 

S2 54 0 80C186 Bus Cycle Status Information 

S2 S1 so Bus Cycle Initiated 

0 0 0 Interrupt Acknowledge 
0 0 1 Read 1/0 
0 1 0 Write 1/0 
0 1 1 Halt 
1 0 0 Instruction Fetch 
1 0 1 Read Data from Memory 
1 1 0 Write Data to Memory 
1 1 1 Passive (no bus cycle) 

The status pins float during HOLD. 
S2 may be used as a logical M/10 indicator, and S1 as a OT /R 
indicator. 

HOLD 50 I HOLD indicates that another bus master is requesting the local bus. 
HLDA 51 0 The HOLD input is active HIGH. The 80C186 generates HLDA (HIGH) 

in response to a HOLD request. Simultaneous with the issuance of 
HLDA, the 80C186 will float the local bus and control lines. After 
HOLD is detected as being LOW, the 80C186 will lower HLDA. When 
the 80C186 needs to run another bus cycle, it will again drive the local 
bus and control lines. 

In Enhanced Mode, HLDA will go low when a DRAM refresh cycle is 
pending in the 80C186 and an external bus master has control of the fl 
bus. It will be up to the external master to relinquish the bus by 
lowering HOLD so that the 80C186 may execute the refresh cycle. 

ucs 34 0/1 Upper Memory Chip Select is an active LOW output whenever a 
memory reference is made to the defined upper portion (1 K-256K 
block) of memory. UCS does not float during bus hold. The address 
range activating UCS is software programmable. 

UCS and LCS are sampled upon the rising edge of RES. If both pins 
are held low, the 80C186 will enter ONCE Mode. In ONCE Mode all 
pins assume a high impedance state and remain so until a subsequent 
RESET. UCS has a weak internal pullup that is active during RESET to 
ensure that the 80C186 does not enter ONCE mode inadvertently. 
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Table 1. 80C186 Pin Description (Continued) 

Symbol Pin No. Type Name and Function 

LCS 33 0/1 Lower Memory Chip Select is active LOW whenever a memory reference 
is made to the defined lower portion (1 K-256K) of memory. LCS does 
not float during bus HOLD. The address range activating LCS is software 
programmable. 

UCS and LCS are sampled upon the rising edge of RES. If both pins are 
held low, the 80C186 will enter ONCE Mode. In ONCE Mode all pins 
assume ~h impedance state and remain so until a subsequent 
RESET. LCS has a weak internal pullup that is active only during RESET 
to ensure that the 80C186 does not enter ONCE mode inadvertently. 

MCSO/PEREQ 38 0/1 Mid-Range Memory Chip Select signals are active LOW when a memory 
MCS1/ERROR 37 011 reference is made to the defined mid-range portion of memory 

MCS2 36 0 (8K-512K). These lines do not float during bus HOLD. The address 

MCS3/NPS 35 0 ranges activating MCS0-3 are software programmable. 

In Enhanced Mode, MCSO becomes a PEREQ input (Processor 
Extension Request). When connected to the Numerics Processor 
Extension, this input is used to signal the 80C186 when to make numeric 
data transfers to and from the NPX. MCS3 becomes NPS (Numeric 
Processor Select) which may only be activated by communication to the 
Numerics Processor Extension. MCS1 becomes ERROR in enhanced 
mode and is used to signal numerics coprocessor errors. 

MCSO/PEREQ and MCS1 /ERROR have weak internal pullups which are 
active during reset. 

PCSO 25j 0 Peripheral Chip Select signals 0-4 are active LOW when a reference is 
PCS1 27 0 made to the defined peripheral area (64K byte 1/0 or 1 MByte memory 
PCS2 28 0 space). These lines do not float during bus HOLD. The address ranges 

PCS3 29 0 activating PCS0-4 are software programmable. 

PCS4 30 0 

PCS5/A1 31 0 Peripheral Chip Select 5 or Latched A 1 may be programmed to provide a 
sixth peripheral chip select, or to provide an internally latched A 1 signal. 
The address range activating PCS5 is software-programmable. PCS5/ A 1 
does not float during bus HOLD. When programmed to provide latched 
A 1, this pin will retain the previously latched value during HOLD. 

PCS6/A2 32 0 Peripheral Chip Select 6 or Latched A2 may be programmed to provide a 
seventh peripheral chip select, or to provide an internally latched A2 
signal. The address range activating PCS6 is· software-programmable. 
PCS6/ A2 does not float during bus HOLD. When programmed to provide 
latched A2, this pin will retain the previously latched value during HOLD. 

DT/R 40 0 Data Transmit/Receive controls the direction of data flow through an 
external data bus transceiver. When LOW, data is transferred to the 
80C186. When HIGH the 80C186 places write data on the data bus. DT I 
R floats during a bus hold or reset. 

DEN 39 0 Data Enable is provided as a data bus transceiver output enable. DEN is 
active LOW during each memory and _!!0 access (including 80C187 
access). DEN is HIGH whenever OT /R changes state. During RESET, 
DEN is driven HIGH for one clock, then floated. DEN also floats during 
HOLD. 
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FUNCTIONAL DESCRIPTION 

Introduction 

The following Functional Description describes the 
base architecture of the 80C186. The 80C186 is a 
very high integration 16-bit microprocessor. It com
bines 15-20 of the most common microprocessor 
system components onto one chip. The 80C186 is 
object code compatible with the 8086/8088 micro
processors and adds 1 O new instruction types to the 
8086/8088 instruction set. 

The 80C186 has two major modes of operation, 
Compatible and Enhanced. In Compatible Mode the 
80C186 is completely compatible with NMOS 
80186, with the exception of 8087 support. The En
hanced mode adds three new features to the system 
design. These are Power-Save control, Dynamic 
RAM refresh, and an asynchronous Numerics Co
processor interface. 

16-BIT 
REGISTER 

NAME 

AH 

OH 

0 7 

AL 

OL 

SPECIAL 
REGISTER 
FUNCTIONS 

MULTIPLY /DIVIDE 
1/0 INSTRUCTIONS 

80C186 BASE ARCHITECTURE 

The 8086, 8088, 80186, and 80188 family all contain 
the same basic set of registers, instructions, and ad
dressing modes. The 80C186 processor is upward 
compatible with the 8086 and 8088 CPUs. 

Register Set 

The 80C186 base architecture has fourteen regis
ters as shown in Figures 3a and 3b. These registers 
are grouped into the following categories. 

General Registers 

Eight 16-bit general purpose registers may be used 
for arithmetic and logical operands. Four of these 
(AX, BX, CX, and DX) can be used as 16-bit registers 
or split into pairs of separate 8-bit registers. 

15 

cs GODE SEGMENT SELECTOR 

OS DATA SEGMENT SELECTOR 

SS STACK SEGMENT SELECTOR 

ES EXTRA SEGMENT SELECTOR 

BYTE 
ADDRESSABLE 
(8-BIT 
REGISTER 
NAMES 
SHOWN) 

l AX 

DX 

ex 

BX 

CH CL LOOP/SHIFT /REPEAT /COUNT ~ 
BP 

I 

I 

SP 

15 

BH BL 

GENERAL 
REGISTERS 

) 

STATUS FLAGS: 

SEGMENT REGISTERS 

BASE REGISTERS 

15 

F 

I 
STATUS WORD 

INDEX REGISTERS 

IP INSTRUCTION POINTER 

ST ACK POINTER STATUS AND CONTROL 
REGISTERS 

Figure 3a. 80C186 Register Set 

CARRY---------------------, 
PARITY -------------------, 

------- INTERAUPTENABLE 
--------- DIRECTION FLAG 

~ INTEL RESERVED 

Figure 3b. Status Word Format 
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Segment Registers 

Four 16-bit special purpose registers select, at any 
given time,· the segments of memory that are imme
diately addressable for code, stack, and data. (For 
usage, refer to Memory Organization.) 

Base and Index Registers 

Four of the general purpose registers may also be 
used to determine offset addresses of operands in 
memory. These registers may contain base address
es or indexes to particular locations within a seg
ment. The addressing mode selects the specific reg
isters for operand and address calculations. 

Status and Control Registers 

Two 16-bit special purpose registers record or alter 
certain aspects of the 80C186 processor state. 
These are the Instruction Pointer Register, which 
contains the offset address of the next sequential 
instruction to be executed, and the Status Word 
Register, which contains status and control flag bits 
(see Figures 3a and 3b). 

Status Word Description 

The Status Word records specific characteristics of 
the result of logical and arithmetic instructions (bits 
0, 2, 4, 6, 7, and 11) and controls the operation of 
the 80C186 within a given operating mode (bits 8, 9, 
and 10). The Status Word Register is 16-bits wide. 
The function of the Status Word bits is shown in 
Table 2. 

Instruction Set 

The instruction set is divided into seven categories: 
data transfer, arithmetic, shift/rotate/logical, string 
manipulation, control transfer, high-level instruc
tions, and processor control. These categories are 
summarized in Figure 4. 

An 80C186 instruction can reference anywhere from 
zero to several operands. An operand can reside in 
a register, in the instruction itself, or in memory. Spe
cific operand addressing modes are discussed later 
in this data sheet. 

Memory Organization 

Memory is organized in sets of segments. Each seg
ment is a linear contiguous sequence of up to 64K 
(216) 8-bit bytes. Memory is addressed using a two
component address (a pointer) that consists of a 16-
bit base segment and a 16-bit offset. The 16-bit 
base values are contained in one of four internal 
segment register (code, data, stack, extra). The 

Table 2. Status Word Bit Functions 

Bit Name Function Position 

0 CF Carry Flag-Set on high-order 
bit carry or borrow; cleared 
otherwise 

2 PF Parity Flag-Set if low-order 8 
bits of result contain an even 
number of 1-bits; cleared 
otherwise 

4 AF Set on carry from or borrow to 
the low order four bits of AL; 
cleared otherwise 

6 ZF Zero Flag-Set if result is zero; 
cleared otherwise 

7 SF Sign Flag-Set equal to high-
order bit of result (0 if positive, 
1 if negative) 

8 TF Single Step Flag-Once set, a 
single step interrupt occurs 
after the next instruction 
executes. TF is cleared by the 
single step interrupt. 

9 IF Interrupt-enable Flag-When 
set, maskable interrupts will 
cause the CPU to transfer 
control to an interrupt vector 
specified location. 

10 DF Direction Flag-Causes string 
instructions to auto decrement 
the appropriate index register 
when set. Clearing DF causes 
auto increment. 

11 OF Overflow Flag-Set if the 
signed result cannot be 
expressed within the number 
of bits in the destination 
operand; cleared otherwise 

physical address is calculated by shifting the base 
value LEFT by four bits and adding the 16-bit offset 
value to yield a 20-bit physical address (see Figure 
5). This allows for a 1 MByte physical address size. 

All instructions that address operands in memory 
must specify the base segment and the 16-bit offset 
value. For speed and compact instruction encoding, 
the segment register used for physical address gen
eration is implied by the addressing mode used (see 
Table 3). These rules follow the way programs are 
written (see Figure 6) as independent modules that 
require areas for code and data, a stack, and access 
to external data areas. 

Special segment override instruction prefixes allow 
the implicit segment register selection rules to be 
overridden for special cases. The stack, data, and 
extra segments may coincide for simple programs. 
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GENERAL PURPOSE MOVS Move byte or word string 

MOV Move byte or word INS Input bytes or word string 
PUSH Push word onto stack OUTS Output bytes or word string 
POP Pop word off stack 

CMPS Compare byte or word string 
PUSH A Push all registers on stack 

SCAS Scan byte or word string 
POPA Pop all registers from stack 

LODS Load byte or word string 
XCHG Exchange byte or word 

STOS Store byte or word string 
XLAT Translate byte 

INPUT/OUTPUT REP Repeat 

IN Input byte or word REPE/REPZ Repeat while equal/zero 

OUT Output byte or word REPNE/REPNZ Repeat while not equal/not zero 

ADDRESS OBJECT LOGICALS 

LEA Load effective address NOT "Not" byte or word 

AND "And" byte or word 
LDS Load pointer using DS 

OR "Inclusive or" byte or word 
LES Load pointer using ES 

XOR "Exclusive or" byte or word 
FLAG TRANSFER TEST "Test" byte or word 

LAHF Load AH register from flags SHIFTS 
SAHF Store AH register in flags SHL/SAL Shift logical/ arithmetic left byte or word 

PUSHF Push flags onto stack SHA Shift logical right byte or word 

POPF Pop flags off stack SAR Shift arithmetic right byte or word 

ADDITION ROTATES 

ADD Add byte or word AOL Rotate left byte or word 

ADC Add byte or word with carry ROA Rotate right byte or word 

RCL Rotate through carry left byte or word 
INC Increment byte or word by 1 

RCA Rotate through carry right byte or word 
AAA ASCII adjust for addition 

FLAG OPERATIONS 
DAA Decimal adjust for addition 

STC Set carry flag 
SUBTRACTION 

CLC Clear carry flag 
SUB Subtract byte or word 

CMG Complement carry flag 
SBB Subtract byte or word with borrow 

STD Set direction flag 
DEC Decrement byte or word by 1 

GLD Clear direction flag 
NEG Negate byte or word 

STI Set interrupt enable flag 
CMP Compare byte or word cu Clear interrupt enable flag 
AAS ASCII adjust for subtraction 

EXTERNAL SYNCHRONIZATION 
DAS Decimal adjust for subtraction 

HLT Halt until interrupt or reset 
MULTIPLICATION 

m 
WAIT Wait for TEST pin active 

MUL Multiply byte or word unsigned 
ESC Escape to extension processor 

IMUL Integer multiply byte or word 
LOCK Lock bus during next instruction 

AAM ASCII adjust for multiply 
NO OPERATION 

DIVISION 
NOP No operation 

DIV Divide byte or word unsigned 
HIGH LEVEL INSTRUCTIONS 

IDIV Integer divide byte or word 
ENTER Format stack for procedure entry 

AAD ASCII adjust for division 
LEAVE Restore stack for procedure exit 

CBW Convert byte to word 
BOUND Detects values outside prescribed range 

CWD Convert word to doubleword 

Figure 4. 80C186 lnstruct1on Set 
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CONDITIONAL TRANSFERS JO Jump if overflow 

JA/JNBE Jump if above/not below nor equal JP/JPE Jump if parity/parity even 

JAE/JNB Jump if above or equal/not below JS Jump if sign 

JB/JNAE Jump if below/not above nor equal UNCONDITIONAL TRANSFERS 

JBE/JNA Jump if below or equal/not above CALL Call procedure 

JC Jump if carry RET Return from procedure 

JE/JZ Jump if equal/zero JMP Jump 

JG/JN LE Jump if greater/not less nor equal ITERATION CONTROLS 

JGE/JNL Jump if greater or equal/not less LOOP Loop 

JL/JNGE Jump if less/not greater nor equal LOOPE/LOOPZ Loop if equal/zero 

JLE/JNG Jump if less or equal/not greater LOOP NE/ LOOPNZ Loop if not equal/not zero 

JNC Jump if not carry JCXZ Jump if register ex = 0 

JNE/JNZ Jump if not equal/not zero INTERRUPTS 

JNO Jump if not overflow INT Interrupt 

JNP/JPO Jump if not parity/parity odd INTO Interrupt if overflow 

JNS Jump if not sign IRET Interrupt return 

Figure 4. 80C186 Instruction Set (Continued) 

To access operands that do not reside in one of the 
four immediately available segments, a full 32-bit 
pointer can be used to reload both the base (seg· 
ment) and offset values. 

.;HIFT LEFT 4 BITS I 
1 2 3 4 15EGMENT} BASE 

I· • ! • I 15 g· LOGICAL 
2 3 A~ORESS 

I I OFFSET 19 i 0 
0 0 2 2 

[~I. ·I· 15 • 0 2 

15 0 

I· 2 3 6 ·I PHYSICAL ADDRESS 

19 0 

TO MEMORY 270354-5 

Figure 5. Two Component Address 

Table 3. Segment Register Selection Rules 

Memory Segment Implicit Segment 
Reference Register Selection Rule Needed Used 

Instructions Code (CS) Instruction prefetch and 
immediate data. 

Stack Stack (SS) All stack pushes and 
pops; any memory 
references which use BP 
Register as a base 
register. 

External Extra (ES) All string instruction 
Data references which use 
(Global) the DI register as an 

index. 
Local Data Data (OS) All other data references. 
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Addressing Modes 

The 80C186 provides eight categories of addressing 
modes to specify operands. Two addressing modes 
are provided for instructions that operate on register 
or immediate operands: 

• Register Operand Mode: The operand is located 
in one of the 8- or 16-bit general registers. 

• Immediate Operand Mode: The operand is in
cluded in the instruction. 

Six modes are provided to specify the location of an 
operand in a memory segment. A memory operand 
address consists of two 16-bit components: a seg
ment base and an offset. The segment base is sup
plied by a 16-bit segment register either implicitly 
chosen by the addressing mode or explicitly chosen 
by a segment override prefix. The offset, also called 
the effective address, is calculated by summing any 
combination of the following three address ele
ments: 

• the displacement (an 8- or 16-bit immediate value 
contained in the instruction); 

• the base (contents of either the BX or BP base 
registers); and 

• the index (contents of either the SI or DI index 
registers). 

Any carry out from the 16-bit addition is ignored. 
Eight-bit displacements are sign extended to 16-bit 
values. 

Combinations of these three address elements de
fine the six memory addressing modes, described 
below. 

• Direct Mode: The operand's offset is contained in 
the instruction as an 8- or 16-bit displacement el
ement. 

• Register Indirect Mode: The operand's offset is in 
one of the registers SI, DI, BX, or BP. 

• Based Mode: The operand's offset is the sum of 
an 8- or 16-bit displacement and the contents of 
a base register (BX or BP). 

• Indexed Mode: The operand's offset is the sum 
of an 8- or 16-bit displacement and the contents 
of an index register (SI or DI). 

• Based Indexed Mode: The operand's offset is the 
sum of the contents of a base register and an 
Index register. 

• Based indexed Mode with Displacement" The op
erand's offset is the sum of a base register's con
tents, an index register's contents, and an 8- or 
16-bit displacement. 

Data Types 

The 80C186 directly supports the following data 
types: 

• Integer: A signed binary numeric value contained 
in an 8-bit byte or a 16-bit word. All operations 
assume a 2's complement representation. 
Signed 32- and 64-bit integers are supported us
ing a Numeric Data Coprocessor with the 
80C186. 

• Ordinal· An unsigned binary numeric value con
tained in an 8-bit byte or a 16-bit word. 

• Pointer: A 16- or 32-bit quantity, composed of a 
16-bit offset component or a 16-bit segment base 
component in addition to a 16-bit offset compo
nent. 

• String: A contiguous sequence of bytes or words. 
A string may contain from 1 to 64K bytes. 

• ASCII: A byte representation of alphanumeric and 
control characters using the ASCII standard of 
character representation. 

• BCD: A byte (unpacked) representation of the 
decimal digits 0-9. 

• Packed BCD: A byte (packed) representation of 
two decimal digits (0-9). One digit is stored in 
each nibble (4-bits) of the byte. 

• Floating Point" A signed 32-, 64-, or 80-bit real 
number representation. (Floating point operands 
are supported using a Numeric Data Coprocessor 
with the 80C186.) 

In general, individual data elements must fit within 
defined segment limits. Figure 7 graphically repre
sents the data types supported by the 80C186. 

110-space 

The 1/0 space consists of 64K 8-bit or 32K 16-bit 
ports. Separate instructions address the 1/0 space 
with either an 8-bit port address, specified in the in
struction, or a 16-bit port address in the DX register. 
8-bit port addresses are zero extended such that 
A15-A8 are LOW. 1/0 port addresses OOF8(H) 
through OOFF(H) are reserved. 

Interrupts 

An interrupt transfers execution to a new program 
location. The old program address (CS:IP) and ma
chine state (Status Word) are saved on the stack to 
allow resumption of the interrupted program. Inter
rupts fall into three classes: hardware initiated, INT 
instructions, and instruction exceptions. Hardware 
initiated interrupts occur in response to an external 
input and are classified as non-maskable or maska
ble. 
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NOTE: 
*Supported by using a Numeric Data Coprocessor with 
the 80C186. 

Figure 7. 80C186 Supported Data Types 

Programs may cause an interrupt with an. INT in
struction. Instruction exceptions occur when an un
usual condition, which prevents further instruction 
processing, is detected while attempting to execute 
an instruction. If the exception was caused by exe
cuting an ESC instruction with the ESC trap bit set in 
the relocation register, the return instruction will 
point to the ESC instruction, or to the segment over
ride prefix immediately preceding the ESC instruc-

tion if the prefix was present. In all other cases, the 
return address from an exception will point at the 
instruction immediately following the instruction 
causing the exception. 

A table containing up to 256 pointers defines the 
proper interrupt service routine for each interrupt. In
terrupts 0-31, some of which are used for instruc
tion exceptions, are reserved. Table 4 shows the 
80C186 predefined types and default priority levels. 
For each interrupt, an 8-bit vector must be supplied 
to the 80C186 which identifies the appropriate table 
entry. Exceptions supply the interrupt vector inter
nally. In addition, internal· peripherals and noncas
caded external interrupts will ·generate their own 
vectors through the internal interrupt controller. INT 
instructions contain or imply the vector and allow 
access to all 256 interrupts. Maskable hardware ini
tiated interrupts supply the 8-bit vector to the CPU 
during an interrupt acknowledge bus sequence. 
Non-maskable hardware interrupts use a predefined 
internally supplied vector. 

Interrupt Sources 

The 80C186 can service interrupts generated by 
software or hardware. The software interrupts are 
generated by specific instructions (INT, ESC, unused 
OP, etc.) or the results of conditions specified by 
instructions (array bounds check, INTO, DIV, IDIV, 
etc.). All interrupt sources are serviced by an indirect 
call through an element of a vector table. This vector 
table is indexed by using the interrupt vector type 
(Table 4), multiplied by four. All hardware-generated 
interrupts are sampled at the end of each instruc
tion. Thus, the software interrupts will begin service 
first. Once the service routine is entered and inter
rupts are enabled, any hardware source of sufficient 
priority can interrupt the service routine in progress. 

Those pre-defined 80C186 interrupts which cannot 
be masked by programming are described below. 

DIVIDE ERROR EXCEPTION (TYPE 0) 

Generated when a DIV or IDIV instruction quotient 
cannot be expressed in the number of bits in the 
destination. 

SINGLE-STEP INTERRUPT (TYPE 1) 

Generated after most instructions if the TF flag in 
the status word is set. This interrupt allows programs 
to execute one instruction at a time. Interrupts will 
not be generated after prefix instructions (e.g., REP), 
instructions which modify segment registers (e.g., 
POP OS), or the WAIT instruction. Vectoring to the 
single-step interrupt service routine clears the TF bit. 
An IRET instruction in the interrupt service routine 
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Table 4. 80C186 Interrupt Vectors 

Interrupt Vector Vector Default Related Appllcable 
Name Type Address Priority Instructions Notes 

Divide Error Exception 0 OOH 1 DIV,IDIV 1 

Single Step Interrupt 1 04H 1A All 2 

Non-Maskable Interrupt (NMI) 2 08H 1 All 

Breakpoint Interrupt 3 OCH 1 INT 1 

INTO Detected Overflow Exception 4 10H 1 INTO 1 

Array Bounds Exception 5 14H 1 BOUND 1 

Unused Opcode Exception 6 18H 1 Undefined 1 
Opcodes 

ESC Opcode Exception 7 1CH 1 ESCOpcodes 1, 3 
(Coprocessor) 

Timer O Interrupt 8 20H 2A 4 

Timer 1 Interrupt 18 48H 2B 4,6 

Timer 2 Interrupt 19 4CH 2C 4,6 

Reserved 9 24H 3 

OMA O Interrupt 10 28H 4 6 

OMA 1 Interrupt 11 2CH 5 6 

INTO Interrupt 12 30H 6 

INT1 Interrupt 13 34H 7 

INT2 Interrupt 14 38H 8 

INT3 Interrupt 15 3CH 9 

Numerics Coprocessor Exception 16 40H 1 ESCOpcodes 1, 5 
(Numerics 
Coprocessor) 

Reserved 17 44H 

Reserved 20-31 50H ... ?CH 

NOTES: m 
Default priorities for the interrupt sources are used only if the user does not program each source to a unique priority level. 
1. Generated as a result of an instruction execution. 
2. Performed in the same manner as 8086. 
3. An ESC (coprocessor) opcode will cause a trap if the 80C186 is in compatible mode or if the processor is in Enhanced 
Mode with the proper bit set in the peripheral control block relocation register. The BOC186 Is not directly compatible with 
the 80186 in this respect. 
4. All three timers constitute one source of request to the interrupt controller. As such, they share the same priority level with 
respect to other interrupt sources. However, the timers have a defined priority order among themselves (2A > 29 > 2C). 
5. Numerics coprocessor exceptions are detected by the 80C186 upon execution of a subsequent numerics instruction. 
6. The vector type numbers for these sources are programmable in Slave Mode. 

restores the TF bit to logic "1" and transfers control 
to the next instruction to be single-stepped. 

NON·MASKABLE INTERRUPT-NM! (TYPE 2) 

An external interrupt source which is serviced re
gardless of the state of the IF bit. No external inter
rupt acknowledge sequence is performed. The IF bit 
is cleared at the beginning of an NMI interrupt to 
prevent maskable interrupts from being serviced. A 
typical use of NMI would be to activate a power fail
ure routine. 

BREAKPOINT INTERRUPT (TYPE 3) 

A one-byte version of the INT instruction. It uses 12 
as an index into the service routine address table 
(because it is a type 3 interrupt). 

INTO DETECTED OVERFLOW EXCEPTION 
(TYPE4) 

Generated during an INTO instruction if the OF bit is 
set. 
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ARRAY BOUNDS EXCEPTION (TYPE 5) 

Generated during a BOUND instruction if the array 
index is outside the array bounds. The array bounds 
are located in memory at a location indicated by one 
of the instruction operands. The other operand indi
cates the value of the index to be checked. 

UNUSED OPCODE EXCEPTION (TYPE 6) 

Generated if execution is attempted on undefined 
opcodes. 

ESCAPE OPCODE EXCEPTION (TYPE 7) 

Generated if execution is attempted of ESC opcodes 
(DSH-DFH). In compatible mode operation, ESC 
opcodes will always generate this exception. In en
hanced mode operation, the exception will be gener
ated only if a bit in the relocation register is set. The 
return address of this exception will point to the ESC 
instruction causing the exception. If a segment over
ride prefix preceded the ESC instruction, the return 
address will point to the segment override prefix. 

NOTE: 
SOC1S6 processing of ESC (numerics coprocessor) 
opcodes differs substantially from the S01 S6. 

NUMERICS COPROCESSOR EXCEPTION 
(TYPE 16) 

An interrupt generated in response to an unmasked 
error in the SOC1 S7 Numerics Coprocessor' Exten
sion. In general, the SOC1S7 does not detect an er
ror until the instruction after the error occurred. A 
numerics coprocessor error is signalled to the 
SOC1S7 on its ERROR input pin. 

Hardware-generated interrupts are divided into two 
groups: maskable interrupts. and non-maskable in
terrupts. The SOC1 S6 provides maskable hardware 
interrupt request pins INTO-INT3. In addition, mask
able interrupts may be generated by the SOC1 S6 in
tegrated OMA controller and the integrated timer 
unit. The vector types for these interrupts is shown 
in Table 4. Software enables these inputs by setting 
the interrupt flag bit (IF) in the Status Word. The in
terrupt controller is discussed in the peripheral sec
tion of this data sheet. 

Further maskable interrupts are disabled while serv
icing an interrupt because the IF bit is reset as part 
of the response to an interrupt or exception. The 
saved Status Word will reflect the enable status of 
the processor prior to the interrupt. The interrupt flag 
will remain zero unless specifically set. The interrupt 
return instruction restores the Status Word, thereby 

restoring the original status of IF bit. If the interrupt 
return re-enables interrupts, and another interrupt is 
pending, the SOC1 S6 will immediately service the 
highest-priority interrupt pending, i.e., no instructions 
of the main line program will be executed. 

Initialization and Processor Reset 

Processor initialization is accomplished by driving 
the RES input pin LOW. RES must be LOW during 
power-up to ensure proper device initialization. RES 
forces the SOC1 S6 to terminate all execution and 
local bus activity. No instruction or bus activity will 
occur as long as RES is active. After RES becomes 
inactive and an internal processing interval elapses, 
the SOC1 S6 begins execution with the instruction at 
physical location FFFFO(H). RES also sets some 
registers to predefined values as shown in Table 5. 

Table 5. 80C186 lnitlal Register State 
after RESET 

Status Word 
Instruction Pointer 
Code Segment 
Data Segment 
Extra Segment 
Stack Segment 
Relocation Register 
UMCS 

F002(H) 
OOOO(H) 
FFFF(H) 
OOOO(H) 
OOOO(H) 
OOOO(H) 
20FF(H) 
FFFB(H) 

80C186 CLOCK GENERATOR 

The BOC1 S6 provides an on-chip clock generator for 
both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide
by-two counter, synchronous and asynchronous 
ready inputs, and reset circuitry. 

Oscillator 

The 80C1S6 oscillator circuit is designed to be used 
either with a parallel resonant fundamental or third
overtone mode crystal, depending upon the frequen
cy range of the application as shown in Figure Be. 
This is used as the time base for the SOC1 S6. The 
crystal frequency chosen should be twice the re
quired processor frequency. Use of an LC or RC cir
cuit is not recommended. 

The output of the oscillator is not directly available 
outside the SOC1 S6. The two recommended crystal 
configurations are shown in Figures Sa and Sb. 
When used in third-overtone mode the tank circuit 
shown in Figure Bb is recommended for stable oper
ation. The sum of the stray capacitances and load-
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Figure 8. 80C186 Oscillator Configurations (see text) 

ing capacitors should equal the values shown. It is 
advisable to limit stray capacitance between the X1 
and X2 pins to less than 10 pF. While a fundamen
tal-mode circuit will require approximately 1 ms for 
start-up, the third-overtone arrangement may require 
1 ms to 3 ms to stabilize. 

Alternately, the oscillator may be driven from an ex
ternal source as shown in Figure 8d. The configura
tion shown in Figure Be is not recommended. 

Intel recommends the following values for crystal se
lection parameters. 

Temperature Range: 
ESR (Equivalent Series Resistance): 
Co (Shunt Capacitance of Crystal): 

o to 1o·c 
40fi max 

7.0 pF max 

C1 (load Capacitance): 
Drive Level: 

Clock Generator 

20pF±2pF 
1 mW max 

The 80C186 clock generator provides the 50% duty 
cycle processor clock for the 80C186. It does this by 
dividing the oscillator output by 2 forming the sym
metrical clock. If an external oscillator is used, the 
state of the clock generator will change on the fall
ing edge of the oscillator signal. The CLKOUT pin 
provides the processor clock signal for use outside 
the 80C186. This may be used to drive other system 
components. All timings are referenced to the output 
clock. 
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READY Synchronization 

The 80C186 provides both synchronous and asyn
chronous ready inputs. Asynchronous ready syn
chronization is accomplished by circuitry which sam
ples ARDY in the middle of T 2, T 3, and agai'lJrl the 
middle of each T w until ARDY is samplec811GH. 
One-half CLKOUT cycle of resolution time is used 
for full synchronization of a rising ARDY signal. A 
high-to-low transition on ARDY may be used as an 
indication of the not ready condition but it must be 
performed synchronously to CLKOUT either in the 
middle of T 2. T 3, or T w. or at the falling edge of T 3 
orTw. 

A second ready input (SRDY) is provided to inter
face with externally synchronized ready signals. This 
input is sampled at the end of T 2, T 3 and again at 
the end of each T w until it is sampled HIGH. By 
using this input rather than the asynchronous ready 
input, the half-clock cycle resolution time penalty is 
eliminated. This input must satisfy set-up and hold 
times to guarantee proper operation of the circuit. 

In addition, the 80C186, as part of the integrated 
chip-select logic, has the capability to program WAIT 
states for memory and peripheral blocks. This is dis
cussed in the Chip Select/Ready Logic description. 

RESET Logic 

The 80C186 provides both a RES input pin and a 
synchronized RESET outpu!.£!!! for use with other 
system components. The RES input pin on the 
80C186 is provided with hysteresis in order to facili
tate power-on Reset generation via an RC network. 
RESET output is guaranteed to remain active for at 
least five clocks given a RES input of at least six 
clocks. RESET may be delayed up to approximately 
two and one-half clocks behind RES. 

LOCAL BUS CONTROLLER 

The 80C186 provides a local bus controller to gener
ate the local bus control signals. In addition, it em
ploys a HOLD/HLDA protocol for relinquishing the 
local bus to other bus masters. It also provides out
puts that can be used to enable external buffers and 
to direct the flow of data on and off the local bus .. 

Memory /Peripheral Control 

The 80C186 E!2vides ALE, RD, and WR bus control 
signals. The RD and WR signals are used to strobe 
data from memory or 1/0 to the 80C186 or to strobe 
data from the 80C186 to memory or 1/0. The ALE 
line provides a strobe to latch the address when it is 
valid. The 80C186 local bus controller does not pro-

vide a memory/1/0 signal. If this is required, use the 
S2 signal (which will require external latching), make 
the memory and 1/0 spaces nonoverlapping, or use 
only the integrated chip-select circuitry. 

Transceiver Control 

The 80C186 generates two control signals for exter
nal transceiver chips. This capability allows the addi
tion of transceivers .for extra buffering wi~out adding 
external logic. These control lines, OT /R and DEN, 
are generated to control the flow of data through the 
transceivers. The operation of these signals is 
shown in Table 6. 

Table 6. Transceiver Control Signals Description 

Pin Name Function 

DEN Enables the output drivers of the 
(Data Enable) transceivers. It is active LOW 

during memory, 1/0, numeric 
processor extension, or INTA 
cycles. 

DT/R Determines the direction of travel 
(Data Transmit/ through the transceivers. A HIGH 
Receive) level directs data away from the 

processor during write 
operations, while a LOW level 
directs data toward the processor 
during a read operation. 

Local Bus Arbitration 

The 80C186 uses a HOLD/HLDA system of local 
bus exchange. This provides an asynchronous bus 
exchange mechanism. This means multiple masters 
utilizing the same bus can operate at separate clock 
frequencies. The 80C186 provides a single HOLD/ 
HLDA pair through which all other bus masters may 
gain control of the local bus. External circuitry must 
arbitrate which external device will gain control of 
the bus when there is more than one alternate local 
bus master. When the 80C186 relinquishes control 
of the local bus, it floats DEN, RD, WR, S0-52, 
LOCK, ADO-AD15, A16-A19, BHE, and DT/R to 
allow another master to drive these lines directly. 

The 80C186 HOLD latency time, i.e:, the time be
tween HOLD request and HOLD acknowledge, is a 
function of the activity occurring in the processor 
when the HOLD request is received. A HOLD re
quest is second only to DRAM refresh requests in 
priority of activity requests the. processor may re
ceive. Any bus cycle in progress will be completed 
before the 80C186 relinquishes the bus. This implies 
that if a HOLD request is received just as a OMA 
transfer begins, the HOLD latency can be as great 
as 4 bus cycles. This will occur if a. OMA word trans-
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fer operation is taking place from an odd address to 
an odd address. This is a total of 16 clock cycles or 
more if WAIT states are required. In addition, if 
locked transfers are performed, the HOLD latency 
time will be increased by the length of the locked 
transfer.. 

If the 80C186 has relinquished the bus and a refresh 
request is pending, HLDA is removed (driven low) to 
signal the remote processor that the 80C186 wishes 
to regain control of the bus. The 80C186 will wait 
until HOLD is removed before taking control of the 
bus to run the refresh cycle. 

Local Bus Controller and Reset 

During RESET the local bus controller will perform 
the following action: 

• Drive DEN, RD, and WR HIGH for one clock cy
cle, then float them. 

• Drive SO-S2 to the inactive state (all HIGH) and 
then float. 

• Drive LOCK HIGH and then float. 

• Float AD0-15, A 16-19, BHE, DT /R. 
• Drive ALE LOW 

• Drive HLDA LOW. 

RD/QSMD, UCS, LCS, MCSO/PEREQ, MCS1 I 
ERROR, and TEST /BUSY pins have internal pullup 
devices which are active while RES is applied. Ex
cessive loading or grounding certain of these pins 
causes the 80C186 to enter an alternative mode of 
operation: 

• RD/QSMD low results in Queue Status Mode. 

• UCS and LCS low results in ONCE™ Mode. 

• TEST /BUSY low (and high later) results in En
hanced Mode. 

INTERNAL PERIPHERAL INTERFACE 

All the 80C186 integrated peripherals are controlled 
by 16-bit registers contained within an internal 256-
byte control block. The control block may be 
mapped into either memory or 110 space. Internal 
logic will recognize control block addresses and re
spond to bus cycles. During bus cycles to internal 
registers, the bus controller will signal the operation 
externally (i.e., the RD, WR, status, address, data, 
etc., lines will be driven as in a normal bus cycle), 
but 015-0. SRDY, and ARDY will be ignored. The 
base address of the control block must be on an 
even 256-byte boundary (i.e., the lower 8 bits of the 
base address are all zeros). All of the defined regis
ters within this control block may be read or written 
by the 80C186 CPU at any time. 

The control block base address is programmed by a 
16-bit relocation register contained within the control 
block at offset FEH from the base address of the 
control block (see Figure 9). It provides the upper 12 
bits of the base address of the control block. The 
contrp) block is effectively an internal chip select 
ranget'and must abide by all the rules concerning 
chip selects (the chip select circuitry is discussed 
later in this data sheet). Any access to the 256 bytes 
of the control block activates an internal chip select. 

Other chip selects may overlap the control block 
only if they are programmed to zero wait states and 
ignore external ready. In addition, bit 12 of this regis
ter determines whether the control block will be 
mapped into 1/0 or memory space. If this bit is 1, the 
control block will be located in memory space. If the 
bit is 0, the control block will be located in 1/0 
space. If the control register block is mapped into 
110 space, the upper 4 bits of the base address 
must be programmed as O (since 1/0 addresses are 
only 16 bits wide). 

In addition to providing relocation information for the 
control block, the relocation register contains bits 
which place the interrupt controller into Slave Mode, 
and cause the CPU to interrupt upon encountering 
ESC instructions. At RESET, the relocation register 
is set to 20FFH, which maps the control block to 
start at FFOOH in 1/0 space. An offset map of the 
256-byte control register block is shown in Figure 
10. 

CHIP-SELECT/READY GENERATION 
LOGIC 

The 80C186 contains logic which provides program
mable chip-select generation for both memories and 
peripherals. In addition, it can be programmed to 
provide READY (or WAIT state) generation. It can 
also provide latched address bits A 1 and A2. The 
chip-select lines are active for all memory and 1/0 
cycles in their programmed areas, whether they be 
generated by the CPU or by the integrated OMA unit. 

Memory Chip Selects 

The 80C186 provides 6 memory chip select outputs 
for 3 address areas; upper memory, lower memory, 
and midrange memory. One each is provided for up
per memory and lower memory, while four are pro
vided for midrange memory. 

The range for each chip select is user-programma
ble and can be set to 2K, 4K, BK, 16K, 32K, 64K, 
128K (plus 1 K and 256K for upper and lower chip 
selects). In addition, the beginning or base address 
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1s 14 13 12 11 10 9 a 7 s s 4 3 2 o 
OFFSET: FEH I ET JSLAVEtW®'ERJ X JM/IOJ Relocation Address Bits R19-RB 

ET = ESC Trap I No ESC Trap (1 /0) 
M/10 = R(MistR block located in Memory/ 1/0 Space (1 /0) 
SLAVE/MA TE = Configures interrupt controller for Slave/Master Mode (1 /0) 

Figure 9. Relocation Register 

Relocation Register 

OMA Descriptors Channel 1 

OMA Descriptors Channel o 

Chip-Select Control Registers 

Time 2 Control Registers 

Time 1 Control Registers 

Time O Control Registers 

Interrupt Controller Registers 

OFFSET 

FEH 

DAH 

DOH 

CAH 

COH 

ABH 

AOH 

SSH 

SOH 

5EH 

5BH 

SSH 

50H 

3EH 

20H 

Figure 10. Internal Register Map 

of the midrange memory chip select may also be 
selected. Only one chip select may be programmed 
to be active for any memory location at a time. All 
chip select sizes are in bytes, whereas 80C186 
memory is arranged in words. This means that if, for 
example, 16 64K x 1 memories are used, the memo
ry block size will be 128K, not 64K. 

Upper Memory CS 

The 80C186 provides a chip select, called UCS, for 
the top of memory. The top of memory is usually 
used as the system memory because after reset the 
80C186 begins executing at memory location 
FFFFOH. 

The upper limit of memory defined by this chip select 
is always FFFFFH, while the lower limit is program
mable. By programming the lower limit, the size of 
the select block is also defined. Table 7 shows the 
relationship between the base address selected and 
the size of the memory block obtained. 

Table 7; UMCS Programming Values 

Starting 
Memory UMCSValue 

Address 
{Base 

Block {Assuming 

Address) 
Size RO=R1 =R2=0) 

FF COO 1K FFF8H 
FF800 2K FFB8H 
FFOOO 4K FF38H 
FEOOO 8K FE38H 
FCOOO 16K FC38H 
F8000 32K F838H 
FOOOO 64K F038H 
EOOOO 128K E038H 
coooo 256K C038H 

The lower limit of this memory block is defined in the 
UMCS register (see Figure 11). This register is at 
offset AOH in the internal control block .. The legal 
values for bits 6-13 and the resulting. starting ad
dress and memory block sizes are given ih Table 7. 
Any combination of bits 6-13 not shown in Table 7 
will result in undefined operation. After reset, the 
UMCS register is programmed for a 1 K area. It must 
be reprogrammed if a larger upper memory area is 
desired. 

The internal generation of any 20-bit address whose 
upper 16 bits are equal to or greater than the UMCS 
value (with bits 0-5 as "O") asserts UCS. UMCS bits 
R2-RO specify the ready mode for the area of mem
ory defined by the chip select register, as explained 
later. 

Lower Memory CS 

The 80C186 provides a chip select for low memory 
called LCS .. The bottom of memory contains the in
terrupt vector table, starting at location OOOOOH. 
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The lower limit of memory defined by this chip select 
is always OH, while the upper limit is programmable. 
By programming the upper limit, the size of the 
memory block is defined. Table B shows the relation
ship between the upper address selected and the 
size of the memory block obtained. 

Table 8. LMCS Programming Values 

Upper 
Memory LMCSValue 

Block (Assuming 
Address 

Size RO=R1=R2=0) 

003FFH 1K 003SH 
007FFH 2K 007SH 
OOFFFH 4K OOFBH 
01FFFH BK 01FSH 
03FFFH 16K 03FSH 
07FFFH 32K 07FSH 
OFFFFH 64K OFFSH 
1FFFFH 12SK 1FFSH 
3FFFFH 256K 3FFSH 

The upper limit of this memory block is defined in the 
LMCS register (see Figure 12) at offset A2H in the 
internal control block. The legal values for bits 6-15 
and the resulting upper address and memory block 
sizes are given in Table S. Any combination of bits 
6-15 not shown in Table Swill result in undefined 
operation. After RESET, the LMCS register value is 
undefined. However, the LCS chip-select line will not 
become active until the LMCS register is accessed. 

Any internally generated 20-bit address whose up
per 16 bits are less than or equal to LMCS (with bits 
0-5 "1") will assert LCS. LMCS register bits R2-RO 
specify the READY mode for the area of memory 
defined by this chip-select register. 

Mid-Range Memory CS 

The SOC1 S6 provides four MCS lines which are ac
tive within a user-locatable memory block. This 
block can be located within the SOC1 S6 1 M byte 
memory address space exclusive of the areas de
fined by UCS and LCS. Both the base ad-

dress and size of this memory block are programma
ble. 

The size of the memory block defined by the mid
range select lines, as shown in Table 9, is deter
mined by bits S-14 of the MPCS register (see Figure 
13). This register is at location ASH in the internal 
control block. One and only one of bits S-14 must 
be set at a time. Unpredictable operation of the MCS 
lines will otherwise occur. Each of the four chip-se
lect lines is active for one of the four equal contigu
ous divisions of the mid-range block. If the total 
block size is 32K, each chip select is active for SK of 
memory with MCSO being active for the first range 
and MCS3 being active for the last range. 

The EX and MS in MPCS relate to peripheral func
tionality as described in a later section. 

Table 9. MPCS Programming Values 

Total Block Individual MPCSBits 
Size Select Size 14-8 

SK 2K 0000001B 
16K 4K 0000010B 
32K SK 0000100B 
64K 16K 0001000B 
12BK 32K 0010000B 
256K 64K 0100000B 
512K 12SK 1000000B 

The base address of the mid-range memory block is 
defined by bits 15-9 of the MMCS register (see Fig
ure 14). This register is at offset A6H in the internal 
control block. These bits correspond to bits II 
A 19-A 13 of the 20-bit memory address. Bits ~ 
A 12-AO of the base address are always 0. The base 
address may be set at any integer multiple of the 
size of the total memory block selected. For exam-
ple, if the mid-range block size is 32K (or the size of 
the block for which each MCS line is active is BK), 
the block could be located at 10000H or 1SOOOH, 
but not at 14000H, since the first few integer multi-
ples of a 32K memory block are OH, SOOOH, 
1 OOOOH, 1 SOOOH, etc. After RESET, the contents of 
both registers are undefined. However, none ofthe 
MCS lines will be active until both the MMCS and 
MPCS registers are accessed. 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

OFFSET: AOH I 1 I 1 u u I u I u I u u u u 1 I 1 I 1 I R2 I R1 I RO I 
A19 A10 

Figure 11. UMCS Register 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

OFFSET: A2H I 0 I 0 u I u I u I u I u I u I u I u I R2 I R1 I RO I 
A19 A10 

Figure 12. LMCS Register 
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

OFFSET: ASH I 1 I MS I MS I M4 I M3 I M2 I M1 I MO I EX I MS I 1 I 1 I 1 I R2 I R1 I RO I 

Figure 13. MPCS Register 

15 9 3 0 

OFFSET: ASH I u I u I u I u I u I u I u I 1 I 1 I 1 I 1 I 1 I 1 I R2 I R1 I RO I 
A19 A13 

Figure 14. MMCS Register 

MMCS bits R2-RO specify READY mode of opera
tion for all four mid-range chip selects. 

The 512K block size for the mid-range memory chip 
selects is a special. case. When using 512K, the 
base address would have to be at either locations 
OOOOOH or 80000H. If it were to be programmed at 
OOOOOH when the LCS line was programmed, there 
would be an internal conflict between the LCS ready 
generation logic and the MCS ready generation log
ic. Likewise, if the base address were programmed 
at 8QOOOH, there would be a conflict with the UCS 
ready generation logic. Since the LCS chip-select 
line does not become active until programmed, while 
the UCS line is active at reset, the memory base can 
be set only at OOOOOH. If this base address is select
ed, however, the LCS range must not be pro
grammed. 

In Enhanced Mode, three of the four MCS pins be
come handshaking pins for· the 80C187 Numerics 
Processor Extension. MCS2 is still available as a 
chip select covering one-fourth the mid-range ad
dress block, subject to the usual programming of the 
MPCS and MMCS registers. 

Peripheral Chip Selects 

The 80C186 can generate chip selects for up to sev
en peripheral devices. These chip selects are active 
for seven contiguous blocks of 128 bytes above a 

programmable base address. The base address 
may be located in either memory or 1/0 space. 

Seven CS lines called PCS0-6 are generated by the 
80C186. The base address is user-programmable; 
however it can only be a multiple of 1 K bytes, i.e., 
the least significant 10 bits of the starting address 
are always O. 

PCS5 and PCS6 can also be programmed to provide 
latched address bits A 1 and A2. If so programmed, 
they cannot be used as peripheral selects. These 
outputs can be connected directly to the AO and A 1 
pins used for selecting internal registers of external 
8-bit peripheral chips. This scheme simplifies the ex
ternal hardware because the peripheral registers 
can be located on even boundaries in 110 or memo
ry space. 

The starting address of the peripheral chip-select 
block is defined by the PACS register (see Figure 
15). The register is located at offset A4H in the inter
nal control block. Bits 15-6 of this register corre
spond to bits 19-1 O of the 20-bit Programmable 
Base Address (PBA) of the peripheral chip-select 
block. Bits 9-0 of the PBA of the peripheral chip-se
lect block are all zeros. If the chip-select block is 
located in 1/0 space, bits 12-15 must be pro
grammed zero, since the 1/0 address is only 16 bits 
wide. Table 10 shows the address range of each 
peripheral chip select with respect to the PBA con
tained in PACS register. 

15 s 3 0 

OFFSET: A4H I u I u I u I u I u. I u I u I u u I u I 1 I 1 I 1 I R2 I R1 I RO I 
A19 A10 

Figure 15. PACS Register 
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The user should program bits 15-6 to correspond to 
the desired peripheral base location. PACS bits 0-2 
are used to specify READY mode for PCSO-PCS3. 

Table 10. PCS Address Ranges 

PCS Line Active between Locations 

PCSO PBA -PBA+127 
PCS1 PBA + 128-PBA + 255 
PCS2 PBA + 256-PBA + 383 
PCS3 PBA + 384-PBA + 511 
PCS4 PBA + 512-PBA + 639 
PCS5 PBA + 640-PBA + 767 
PCS6 PBA + 768-PBA + 895 

The mode of operation of the peripheral chip selects 
is defined by the MPCS register (which is also used 
to set the size of the mid-range memory chip-select 
block, see Figure 13). The register is located at off
set ASH in the internal control block. Bit 7 is used to 
select the function of PCS5 and PCS6, while bit 6 is 
used to select whether the peripheral chip selects 
are mapped into memory or 1/0 space. Table 11 
describes the programming of these bits. After RE
SET, the contents of both the MPCS and the PACS 
registers are undefined, however none of the PCS 
lines will be active until both of the MPCS and PACS 
registers are accessed. 

Table 11. MS, EX Programming Values 

Bit Description 

MS 1 = Peripherals mapped into memory space. 
O = Peripherals mapped into 1/0 space. 

EX O = 5 PCS lines. A 1 , A2 provided. 
1 = 7 PCS lines. A 1, A2 are not provided. 

MPCS bits 0-2 specify the READY mode for PCS4-
PCS6 as outlined below. 

READY Generation Logic 

The BOC186 can generate a READY si~I internally 
for each of the memory or peripheral CS lines. The 
number of WAIT states to be inserted for each pe
ripheral or memory is programmable to provide 0-3 
wait states for all accesses to the area for which the 
chip select is active. In addition, the BOC186 may be 
programmed to either ignore external READY for 
each chip-select range individually or to factor exter
nal READY with the integrated ready generator. 

READY control consists of 3 bits for each CS line or 
group of lines generated by the BOC186. The inter
pretation of the READY bits is shown in Table 12. 
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Table 12. READY Bits Programming 

R2 R1 RO Number of WAIT States Generated 

0 0 0 0 wait states, external ADY 
also used. 

0 0 1 1 wait state inserted, external ROY 
also used. 

0 1 0 2 wait states inserted, external ADY 
also used. 

0 1 1 3 wait states inserted, external ADY 
also used. 

1 0 0 0 wait states, external ROY 
ignored. 

1 0 1 1 wait state inserted, external ROY 
ignored. 

1 1 0 2 wait states inserted, external RDY 
ignored. 

1 1 1 3 wait states inserted, external ROY 
ignored. 

The internal ready generator operates in parallel 
with external READY, not in series if the external 
READY is used (R2 = 0). For example, if the inter
nal generator is set to insert two wait states, but 
activity on the external READY lines will insert four 
wait states, the processor will only insert four wait 
states, not six. This is because the two wait states 
generated by the internal generator overlapped the 
first two wait states generated by the external ready 
signal. Note that the external ARDY and SRDY lines 
are always ignored during cycles accessing internal 
peripherals. 

R2-RO of each control word specifies the READY 
mode for the corresponding block, with the excep-
tion of the peripheral chip selects: R2-RO of PACS II 
set the PCS0-3 READY mode, R2-RO of MPCS set • 
the PCS4-6 READY mode. 

Chip Select/Ready Logic and Reset 

Upon RESET, the Chip-Select/Ready Logic will per
form the following actions: 

• All chip-select outputs will be driven HIGH. 

• Upon leaving RESET, the UCS line will be pro
grammed to provide chip selects to a 1 K block 
with the accompanying READY control bits set at 
011 to insert 3 wait states in conjunction with ex
ternal READY (i.e., UMCS resets to FFFBH). 

• No other chip select or READY control registers 
have any predefined values after RESET. They 
will not become active until the CPU accesses 
their control registers. Both the PACS and MPCS 
registers must be accessed before the PCS lines 
will become active. 
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OMA CHANNELS 

The 80C186 OMA controller provides two indepen
dent high-speed OMA channels. Data transfers can 
occur between memory and 1/0 spaces (e.g., Mem
ory to 1/0) or within the same space (e.g., Memory 
to Memory or 1/0 to 1/0). Data can be transferred 
either in bytes (8 bits) or in words (16 bits) to or from 
even or odd addresses. Each OMA channel main
tains both a 20-bit source and destination pointer 
which can be optionally incremented or decrement
ed after each data transfer (by one or two depending 
on byte or word transfers). Each data transfer con
sumes 2 bus cycles (a minimum of 8 clocks), one 
cycle to fetch data and the other to store data. 

OMA Operation 

Each channel has six registers in the control block 
which define each channel's operation. The control 
registers consist of a 20-bit Source pointer (2 
words), a 20-bit destination pointer (2 words), a 

TRANSFER COUNTER CH. 1 

DEST. ADRS. POINTER CH. 1 

SRC. ADRS. POINTER CH. 1 

TRANSFER COUNTER CH. 0 

DEST. ADRS. POINTER CH. 0 

SRC. ADRS. POINTER CH. 0 

16-bit Transfer Count Register, and a 16~bit Control 
Word. The format of the OMA Control Blocks is 
shown in Table 13. The Transfer Count Register 
(TC) specifies the number of OMA transfers to be 
performed. Up to 64K byte or word transfers can be 
performed with automatic termination. The Control 
Word defines the channel's operation (see Figure 
17). All registers may be modified or altered during 
any OMA activity. Any changes made to these regis
ters will be reflected immediately in OMA operation. 

Table 13. OMA Control Block Format 

Register Name 

Control Word 
Transfer Count 
Destination Pointer (upper 4 

bits) 
Destination Pointer 
Source Pointer (upper 4 bits) 
Source Pointer 

ADDER CONTROL 
LOGIC 

OMA 
CONTROL 

LOGIC 

TIMER REQUEST 

REQUEST 
SELECTION 

LOGIC 

Register Address 

Ch.O Ch.1 

CAH DAH 
C8H D8H 
C6H D6H 

C4H D4H 
C2H D2H 
COH DOH 

CHANNELCONTROLWORD1 

CHANNEL CONTROL WORD 0 

270354-9 

Figure 16. OMA Unit Block Diagram 
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15 14 13 12 11 10 9 B 7 6 5 4 3 2 0 
T 
D 

M/ DESTINATION M/ SOURCE TC INT SYN p R x CHG/ ST/ at 
iO DEC INC iO DEC INC a ~STI5P w 
X = DON'T CARE. 

Figure 17. DMA Control Register 

OMA Channel Control Word Register 

Each OMA Channel Control Word determines the 
mode of operation for the particular 80C186 OMA 
channel. This register specifies: 

• the mode of synchronization; 

• whether bytes or words will be transferred; 

• whether interrupts will be generated after the last 
transfer; 

• whether OMA activity will cease after a pro
grammed number of OMA cycles; 

• the relative priority of the OMA channel with re
spect to the other OMA channel; 

• whether the source pointer will be incremented, 
decremented, or maintained constant after each 
transfer; 

• whether the source pointer addresses memory or 
1/0 space; 

• whether the destination pointer will be increment
ed, decremented, or maintained constant after 
each transfer; and 

• whether the destination pointer will address 
memory or 1/0 space. 

The OMA channel control registers may be changed 
while the channel is operating. However, any chang
es made during operation will affect the current OMA 
transfer. 

OMA Control Word Bit Descriptions 

DEST: M/10 Destination pointer is in memory (1) 
or 1/0 (0) space. 

DEC Decrement destination pointer by 1 
or 2 (depends on B/W) after each 
transfer. 

INC Increment destination pointer by 1 
or 2 (depends on B/W) after each 
transfer. 

If both INC and DEC are specified, 
the pointer will remain constant af
ter each cycle. 

SOURCE: M/10 Source pointer is in memory (1) or 
1/0 (0) space. 

DEC Decrement source pointer by 1 or 2 
(depends on B/W) after each trans
fer. 

TC: 

INT: 

SYN: 

P: 

INC Increment source pointer by 1 or 2 (de
pends on B/W) after each transfer. 

If both INC and DEC are specified, the 
pointer will remain constant after each 
cycle. 

If set, OMA will terminate when the con
tents of the transfer count register 
reach zero. The ST /STOP bit will also 
be reset at this point. If cleared, the 
OMA controller will ·decrement the 
transfer count register for each OMA 
cycle, but OMA transfers will not stop 
when the transfer count register reach
es zero. 

Enable interrupts to CPU upon transfer 
count termination. 

00 No synchronization. 

NOTE: 

When unsynchronized transfers are 
specified, the TC bit will be ignored and 
the ST /STOP bit will be cleared upon 
the transfer count reaching zero, stop
ping the channel. 

01 Source synchronization. 

1 O Destination synchronization. 

11 Unused. 

Channel priority relative to other chan
nel during simultaneous requests. 

O Low priority. 

1 High priority. 

Channels will alternate cycles if both 
are set at same priority level. 

TDRQ: Enable/Disable (1 /0) OMA requests 
from timer 2. 

CHG/NOCHG: Change/Do not change (1 /0) 
ST /STOP bit. If this bit is set when writ
ing to the control word, the ST /STOP 
bit will be programmed by the write to 
the control word. If this bit is cleared 
when writing the control word, the 
ST /STOP bit will not be altered. This bit 
is not stored; it will always be read as 0. 

ST /STOP: Start/Stop (1/0) channel. 

B/W: Byte/Word (0/1) transfers. 
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OMA Destination and Source Pointer 
Registers 

Each OMA channel maintains a 20-bit source and a 
20-bit destination pointer. Each of these pointers 
takes up two full 16-bit registers in the peripheral 
control block. For each OMA channel to be used, all 
four pointer registers must be initialized. The lower 
four bits of the upper register contain the upper four 
bits of the 20-bit physical address (see Figure 18). 
These pointers may be individually incremented or 
decremented after each transfer. If word ·transfers 
are performed the pointer is incremented or decre
mented by two. 

Each pointer may point into either memory or 1/0 
space. Since the upper four bits of the address are 
not automatically programmed to zero, the user 
must program them in order to address the normal 
64K 1/0 space. Since the OMA channels can per
form transfers to or from odd addresses, there is no 
restriction on values for the pointer registers. Higher 
transfer rates can be achieved if all word transfers 
are performed to or from even addresses so that 
accesses will occur in single bus cycles. 

OMA Transfer Count Register 

Each OMA channel maintains a 16-bit transfer count 
register (TC). The register is decremented after ev
ery OMA cycle, regardless of the state of the TC bit 
in the OMA Control Register. If the TC bit in the OMA 
control word is set or if unsynchronized transfers are 
programmed, however, OMA activity will terminate 
When the transfer count register reaches zero. 

HIGHER 
REGISTER 
ADDRESS 

LOWER 
REGISTER 
ADDRESS 

xxx 

A15-A12 

15 

OMA Requests 

Data transfers may be either source or destination 
synchronized, that is either the source of the data or 
the destination of the data may request the data 
transfer. In addition, OMA transfers may be unsyn
chronized; that is, the transfer will take place contin
ually until the correct number of transfers has oc
curred. When source or unsynchronized transfers 
are performed, the OMA channel may begin another 
transfer immediately after the end of a previous 
OMA transfer. This allows a complete transfer to 
take place every 2 bus cycles or eight clock cycles 
(assuming no wait states). When destination syn
chronization is performed, data will not be fetched 
from the source address until the destination device 
signals that it is ready to receive it. When destination 
synchronized transfers are requested, the OMA con
troller will relinquish control of the bus after every 
transfer. If no other bus activity is initiated, another 
OMA cycle will begin after two processor clocks. 
This allows the destination device time to remove its 
request if another transfer is not desired. Since the 
OMA controller will relinquish the bus, the CPU can 
initiate a bus cycle. As a result, a complete bus cycle 
will often be inserted between destination synchro
nized transfers. Table 14 shows the maximum OMA 
transfer rates. 

xxx 

Table 14. Maximum OMA 
Transfer Rates at CLKOUT = 16 MHz 

Type of 
Synchronization CPU Running CPU Halted 

Selected 

Unsynchronized 4.0MBytes/sec 4.0MBytes/sec 
Source Synch 4.0MBytes/sec 4.0MBytes/ sec 
Destination Synch 2. 7MBytes/ sec 3.2MBytes/sec 

xxx A19-A16 

A11-A8 A7-A4 A3-AO 

0 

XXX = DON'T CARE 

Figure 18. OMA Pointer Register Format 
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OMA Acknowledge 

No explicit OMA acknowledge pulse is provided. 
Since both source and destination pointers are 
maintained, a read from a requesting source, or a 
write to a requesting destination, should be used as 
the OMA acknowledge signal. Since the chip-select 
lines can be programmed to be active for a given 
block of memory or 1/0 space, and the OMA point
ers can be programmed to point to the same given 
block, a chip-select line could be used to indicate a 
OMA acknowledge. 

OMA Priority 

The OMA channels may be programmed to give one 
channel priority over the other, or they may be pro
grammed to alternate cycles when both have OMA 
requests pending. OMA cycles always have priority 
over internal CPU cycles except between locked 
memory accesses or word accesses to odd memory 
locations; also an external bus hold takes priority 
over an internal OMA cycle. Because an interrupt 
request cannot suspend a OMA operation and the 
CPU cannot access memory during a OMA cycle, 
interrupt latency time will suffer during sequences of 
continuous OMA cycles. An NMI request, however, 
will cause all internal OMA activity to halt. This al
lows the CPU to quickly respond to the NMI request. 

OMA Programming 

OMA cycles will occur whenever the ST /STOP bit of 
the Control Register is set. If synchronized transfers 
are programmed, a DRQ must also be generated. 

TIMER 0 

MODE/CONTROL 
WORD 

MODE/CONTROL 
WORD 

Therefore the source and destination transfer point
ers, and the transfer count register (if used) must be 
programmed before the ST /STOP bit is set. 

Each OMA register may be modified while the chan
nel is operating. If the CHG/NOCHG bit is cleared 
when the control register is written, the ST /STOP bit 
of the control register will not be modified by the 
write. If multiple channel registers are modified, it is 
recommended that a LOCKED string transfer be 
used to prevent a OMA transfer from occurring be
tween updates to the channel registers. 

OMA Channels and Reset 

Upon RESET, the state of the OMA channels will be 
as follows: 

• The ST /STOP bit for each channel will be reset 
to STOP. 

• Any transfer in progress is aborted. 

• The values of the transfer count registers, source 
pointers, and destination pointers are indetermi
nate. 

TIMERS 

The 80C186 provides three internal 16-bit program
mable timers (see Figure 19). Two of these are high
ly flexible and are connected to four external pins (2 
per timer). They can be used to count external 
events, time external events, generate nonrepetitive 
waveforms, etc. The third timer is not connected to 
any external pins, and is useful for real-time coding 
and time delay applications. In addition, the third tim
er can be used as a prescaler to the other two, or as 
a OMA request source. 

Tl 
INT. 
RED. 

T20UT 

TIMER2 

MAX COUNT VALUE 

MDDEICONTRDL 
WORD 

DMA 
RED. 

T2 
INT. 
RED. 

CLOCK/4 

INTERNAL ADDRESS/DATA BUS 

ALL 18 BIT REGISTERS 

270354-10 

Figure 19. Timer Block Diagram 
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Timer Operation 

The timers are controlled by 11 16-bit registers in 
the peripheral control block. The configuration of 
these registers is shown in Table 15. The count reg
ister contains the current value of the timer. It can be 
read or written at any time independent of whether 
the timer is running or not. The value of this register 
will be incremented for each timer event. Each of the 
timers is equipped with a MAX COUNT register, 
which defines the maximum count the timer will 
reach. After reaching the MAX COUNT register val
ue, the timer count value will reset to zero during 
that same clock, i.e., the maximum count value is 
never stored in the count register itself. Timers 0 and 
1 are, in addition, equipped with a second MAX 
COUNT register, which enables the timers to alter
nate their count between two different MAX COUNT 
values. If a single MAX COUNT register is used, the 
timer output pin will switch LOW for a single clock, 1 
clock after the maximum count value has been 
reached. In the dual MAX COUNT register mode, the 
output pin will indicate which MAX COUNT register 
is currently in use, thus allowing nearly complete 
freedom in selecting waveform duty cycles. For the 
timers with two MAX COUNT registers, the AIU bit in 
the control register determines which is used for the 
comparison. 

Each timer gets serviced every fourth CPU-clock cy
cle, and thus can operate at speeds up to one-quar
ter the internal clock frequency (one-eighth the crys
tal rate). External clocking of the timers may be done 
at up to a rate of one-quarter of the internal CPU
clock rate. Due to internal synchronization and pipe
lining of the timer circuitry, a timer output may take 
up to 6 clocks to respond to any individual clock or 
gate input. 

Since the count registers and the maxim.um count 
registers are all 16 bits wide, 16 bits of resolution are 
provided. Any Read or Write access to the timers will 
add one wait state to the minimum four-clock bus 
cycle, however. This is needed to synchronize and 
coordinate the internal data flows between the inter
nal timers and the internal bus. 

The timers have several programmable options. 

• All three timers can be set to halt or continue on 
a terminal count. 

15 14 13 12 11 
EN INH INT RIU 0 

• Timers 0 and 1 can select between internal and 
external clocks, alternate between MAX COUNT 
registers and be set to retrigger on external 
events. 

• The timers may be programmed to cause an in
terrupt on terminal count. 

These options are selectable via the timer mode/ 
control word. 

Timer Mode/Control Register · 

The mode/control register (see Figure 20) allows 
the user to program the specific mode of operation 
or check the current programmed status for any of 
the three integrated timers. 

Table 15. Timer Control Block Format 

Register Name 
Register Offset 

Tmr.O Tmr.1 Tmr.2 

Mode/Control Word 56H SEH 66H 
MaxCountB 54H SCH not present 
Max Count A 52H · SAH 62H 
Count Register SOH 58H 60H 

EN: 

The enable bit provides programmer control over 
the timer's RUN/HALT status. When set, the timer is 
enabled to increment subject to the input pin con
straints in the internal clock mode (discussed previ
ously). When cleared, the timer will be inhibited from 
counting. All input pin transistions during the time EN 
is zero will be ignored. If CONT is zero, the EN bit is 
automatically cleared upon maximum count. 

INH: 

The inhibit bit allows for selective updating of the 
enable (EN) bit. If INH is a one during the write to the 
mode/control word, then the state of the EN bit will 
be modified by the write. If INH is a zero during the 
write, the EN bit will be unaffected by the operation. 
This bit is not stored; it will always be a O on a read. 

INT: 

When set, the INT bit enables interrupts 'from the 
timer, which will be generated on every terminal 

5 4 3 2 1 0 
MC RTG p EXT ALT I CONT I 

Figure 20. Timer Mode/Control Register 
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count. If the timer is configured in dual MAX COUNT 
register mode, an interrupt will be generated each 
time the value in MAX COUNT register A is reached, 
and each time the value in MAX COUNT register B is 
reached. If this enable bit is cleared after the inter
rupt request has been generated, but before a pend
ing interrupt is serviced, the interrupt request will still 
be in force. (The request is latched in the Interrupt 
Controller). 

AIU: 

The Register In Use bit indicates which MAX 
COUNT register is currently being used for compari
son to the timer count value. A zero value indicates 
register A. The AIU bit cannot be written, i.e., its 
value is not affected when the control register is writ
ten. It is always cleared when the ALT bit is zero. 

MC: 

The Maximum Count bit is set whenever the timer 
reaches its final maximum count value .. If the timer is 
configured in dual MAX COUNT register mode, this 
bit will be set each time the value in MAX COUNT 
register A is reached, and each time the value in 
MAX COUNT register B is reached. This bit is set 
regardless of the timer's interrupt-enable bit. The 
MC bit gives the user the ability to monitor tfmer 
status through software instead of through inter
rupts. 

Programmer intervention is required to clear this bit. 

RTG: 

Retrigger bit is only active for internal clocking (EXT 
= 0). In this case it determines the control function 
provided by the input pin. 

If RTG = 0, the input level gates the internal clock 
on and off. If the input pin is HIGH, the timer will 
count; if the input pin is LOW, the timer will hold its 
value. As indicated previously, the input signal may 
be asynchronous with respect to the 80C186 clock. 

When RTG = 1, the input pin detects LOW-to-HIGH 
transitions. The first such transition starts the timer 
running, clearing the timer value to zero on the first 
clock, and then incrementing thereafter. Further 
transitions on the input pin will again reset the timer 
to zero, from which it will start counting up again. If 
CONT = 0, when the timer has reached maximum 
count, the EN bit will be cleared, inhibiting further 
timer activity. 

P: 

The prescaler bit is ignored unless internal clocking 
has been selected (EXT = 0). If the P bit is a zero, 
the timer will count at one-fourth the internal CPU 
clock rate. If the P bit is a one, the output of timer 2 
will be used as a clock for the timer. Note that the 
user must initialize and start timer 2 to obtain the 
prescaled clock. 

EXT: 

The external bit selects between internal and exter
nal clocking for the timer. The external signal may 
be asynchronous with respect to the 80C186 clock. 

If this bit is set, the timer will count LOW-to-HIGH 
transitions on the input pin. If cleared, it will count an 
internal clock while using the input pin for control. In 
this mode, the function of the external pin is defined 
by the RTG bit. The maximum input to output tran
sition latency time may be as much as 6 clocks. 
However, clock inputs may be pipelined as closely 
together as every 4 clocks without losing clock puls
es. 

ALT: 

The ALT bit determines which of two MAX COUNT 
registers is used for count comparison. If ALT = 0, 
register A for that timer is always used, while if ALT 
= 1, the comparison will alternate between register 
A and register B when each maximum count is 
reached. This alternation allows the user to change 

used, and thus provides a method of generating ~ 
one MAX COUNT register while the other is being m 
non-repetitive waveforms. Square waves and pulse 
outputs of any duty cycle are a subset of available 
signals obtained by not changing the final count reg-
isters. The ALT bit also determines the function of 
the timer output pin. If ALT is zero, the output pin will 
go LOW for one clock, the clock after the maximum 
count is reached. If ALT is one, the output pin will 
reflect the current MAX COUNT register being used 
(0/1 for B/ A). 

CONT: 

Setting the CONT bit causes the associated timer to 
run continuously, while resetting it causes the timer 
to halt upon maximum count. If CONT = O and 
ALT = 1, the timer will count to the MAX COUNT 
register A value, reset, count to the register B value, 
reset, and halt. 

Not all mode bits are provided for timer 2. Certain 
bits are hardwired as indicated below: 

ALT = 0, EXT = 0, P = 0, RTG = 0, RIU = 0 
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Count Registers 

Each of the three timers has a 16-bit count register. 
The contents of this register may be read or written 
by the processor at any time. If the register is written 
while the timer is counting, the new value will take 
effect in the current count cycle. 

The count registers should be programmed before 
attempting to use the timers since they are not auto
matically initialized to zero. 

Max Count Registers 

Timers 0 and 1 have two MAX COUNT registers, 
while timer 2 has a single MAX COUNT register. 
These contain the number of events the timer will 
count. In timers O and 1, the MAX COUNT register 
used can alternate between the two max count val
ues whenever the current maximum count is 
reached. A timer resets when the timer count regis
ter equals the max count value being used. If the 
timer count register or the max count register is 
changed so that the max count is less than the timer 
count, the timer does not immediately reset. Instead, 
the timer counts up to OFFFFH, "wraps around" to 
zero, counts up to the max count value, and then 
resets. 

Timers and Reset 

Upon RESET, the state of the timers will be as fol
lows: 

• All EN (Enable) bits are reset preventing timer 
counting. 

• For Timers 0 and 1, the AIU bits are reset to zero 
and the ALT bits are set to one. This results in the 
, Timer Out pins going HIGH. 

• The contents of the count registers are indetermi
nate. 

INTERRUPT CONTROLLER 

The 80C186 can receive interrupts from a number of 
sources, both internal and external. The internal in
terrupt controller serves to merge these requests on 
a priority basis, for individual service by the CPU. 

Internal interrupt sources (Timers and OMA chan
nels) can be disabled by their own control registers 
or by mask bits within the interrupt controller. The 
80C186 interrupt controller has its own control regis
ter that sets the mode of operation for the controller. 

The interrupt controller will resolve priority among 
requests that are pending simultaneously. Nesting is 
provided so interrupt service routines for lower priori
ty interrupts may be interrupted by higher priority in
terrupts. A block diagram of the interrupt controller is 
shown in Figure 21. 

The 80C186 has a special Slave Mode in which the 
internal interrupt controller acts as a slave to an ex
ternal master. The controller is programmed into this 
mode by setting bit 14 in the peripheral control block 
relocation register. (See Slave Mode section.) 

MASTER MODE OPERATION 

Interrupt Controller External Interface 

Five pins are provided for external interrupt sources. 
One of these pins is NMI, the non-maskable inter
rupt. NMI is generally used for unusual events such 
as power-fail interrupts. The other four pins may be 
configured in any of the following ways: 

• As four interrupt lines with internally generated 
interrupt vectors. 

• As an interrupt line and interrupt acknowledge 
line pair (Cascade Mode) with externally generat
ed interrupt vectors plus two interrupt input lines 
with internally generated vectors. 

• As two pairs of interrupt/interrupt acknowledge 
lines (Cascade Mode) with externally generated 
interrupt vectors. 

External sources in the Cascade Mode use external
ly generated interrupt vectors. When an interrupt is 
acknowledged, two INTA cycles are initiated and the 
vector is read into the 80C186 on the second cycle. 
The capability to interface to external 82C59A pro
grammable interrupt controllers is provided when 
the inputs are configured in Cascade Mode. 
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Interrupt Controller Modes of 
Operation 

The basic modes of operation of the interrupt con
troller in Master Mde are similar to the 82C59A. The 
interrupt controller responds identically to internal in
terrupts in all three modes: the difference is only in 
the interpretation of function of the four external in
terrupt pins. The interrupt controller is set into one of 
these three modes by programming the correct bits 
in the INTO and INT1 control registers. The modes of 
interrupt controller operation are as follows: 

Fully Nested Mode 

When in the fully nested mode four pins are used as 
direct interrupt requests as in Figure 22. The vectors 
for these four inputs are generated internally. An in
service bit is provided for every interrupt source. If a 
lower-priority device requests an interrupt while the 
in service bit (IS) is set, no interrupt will be generat
ed by the interrupt controller. In addition, if another 
interrupt request occurs from the same interrupt 
source while the in-service bit is set, no interrupt will 
be generated by the interrupt controller. This allows 
interrupt service routines to operate with interrupts 
enabled, yet be suspended only by interrupts of 
higher priority than the in-service interrupt. 

When a service routine is completed, the proper IS 
bit must be reset by writing the proper pattern to the 
EOI register. This is required to allow subsequent 
interrupts from this interrupt source and to allow 
servicing of lower-priority interrupts. An EOI com-

mand is executed at the end of the service routine 
just before the return from interrupt instruction. If the 
fully nested structure has been upheld, the next 
highest-priority source with its IS bit set is then serv
iced. 

Cascade Mode 

The 80C186 has four interrupt pins and two of them 
have dual functions. In the fully nested mode the 
four pins are used as direct interrupt inputs and the 
corresponding vectors are generated internally. In 
the Cascade Mode, the four pins are configured into 
interrupt input-dedicated acknowledge signal pairs. 
The interconnection is shown in Figure 23. INTO is 
an interrupt input interfaced to an 82C59A, while 
INT2/INTAO serves as the dedicated interrupt ac
knowledge signal to that peripheral. The same is 
true for INT1 and INT3/INTA1. Each pair can selec
tively be placed in the Cascade Mode by program
ming the proper value into INTO and INT1 control 
registers. The use of the dedicated acknowledge 
signals eliminates the need for the use of external 
logic to generate INTA and device select signals. 

The primary Cascade Mode allows the capability to 
serve up to 128 external interrupt sources through 
the use of external master and slave 82C59As. 
Three levels of priority are created, requiring priority 
resolution in the 80C186 interrupt controller, the 
master 82C59As, and the slave 82C59As. If an ex
ternal interrupt is serviced, one IS bit is set at each 
of these levels. When the interrupt service routine is 
completed, up to thre!il end-of-interrupt commands 
must be issued by the programmer. 

TIMER TIMER TIMER 
0 1 2 

DMA INTO/INTI/ 
1 mm 

TIMER 
CONTROL REG. 

DMAO · 
CONTROL REG. 

DMA1 
CONTROL REG. 

EXT.INPUTO 
CONTROL REG. 

EXT.INPUT1 
CONTROL REG. 

EXT.INPUT2 
CONTROL REG. 

INTERRUPT 
PRIORITY 
RESOLVER 

INTERRUPT 
REQUEST TO 
PROCESSOR 

INTERRUPT 
REQUEST REG. 

I+---~ ==:':i 
l+----<.i IN-SERVICE 

REG. 
PRIOR. LEIL 
MASK REG. 

Figure 21. Interrupt Controller Block Diagram 
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INTO 

INT1 

80C186 

INT2 

INT3 

INTERRUPT SOURCE 

INTERRUPT SOURCE 

INTERRUPT SOURCE 

INTERRUPT SOURCE 

270354-22 

Figure 22. Fully Nested (Direct) Mode Interrupt 
Controller Connections 

Special Fully Nested Mode 

This mode is entered by setting the SFNM bit in 
INTO or INT1 control register. It enables complete 
nestability with external 82C59A masters. Normally, 
an interrupt request from an interrupt source will not 
be recognized unless the in-service bit for that 
source is reset. If more than one interrupt source is 
connected to an external interrupt controller, all of 
the interrupts will be funneled through the same 
80C186 interrupt request pin. As a result, if the ex
ternal interrupt controller receives a higher-priority 
interrupt, its interrupt will not be recognized by the 
80C186 controller until the 80C186 in-service bit is 
reset. In Special Fully Nested Mode, the 80C186 in
terrupt controller will allow interrupts from an exter
nal pin regardless of the state of the in-service bit for 
an interrupt source in order to allow multiple inter
rupts from a single pin. An in-service bit will continue 
to be set, however, to inhibit interrupts from other 
lower-priority 80C186 interrupt sources. 

Special procedures should be followed when reset
ting IS bits at the end of interrupt service routines. 
Software polling of the IS register in the external 
master 82C59A is required to determine if there is 
more than one bit set. If so, the IS bit in the 80C186 
remains active and the next interrupt service routine 
is entered. 

Operation in a Polled Environment 

The controller may be used in a polled mode if inter
rupts are undesirable. When polling, the processor 
disables interrupts and then polls the interrupt con
troller whenever it is convenient. Polling the interrupt 
controller is accomplished by reading the Poll Word 
(Figure 32). Bit 15 in the poll word indicates to the 
processor that an interrupt of high enough priority is 
requesting service. Bits 0-4 indicate to the proces
sor the type vector of the highest-priority source re
questing service. Reading the Poll Word causes the 
In-Service bit of the highest priority source to be set. 

It is desirable to be able to read the Poll Word infor
mation without guaranteeing service of any pending 

interrupt, i.e., not set the indicated in-service bit. The 
80C186 provides a Poll Status Word in addition to 
the conventional Poll Word to allow this to be done. 
Poll Word information is duplicated in the Poll Status 
Word, but reading the Poll Status Word does not set 
the associated in-service bit. These words are locat
ed in two adjacent memory locations in the register 
file. 

Master Mode Features 

Programmable Priority 

The user can program the interrupt sources into any 
of eight different priority levels. The programming is 
done by placing a 3-bit priority level (0-7) in the con
trol register of each interrupt source. (A source with 
a priority level of 4 has higher priority over all priority 
1.evels from 5 to 7. Priority registers containing values 
lower than 4 have greater priority). All interrupt 
sources have preprogrammed default priority levels 
(see Table 4). 

If two reqllests with the same programmed priority 
level are pending at once, the priority ordering 
scheme shown in Table 4 is used. If the serviced 
interrupt routine reenables interrupts, other interrupt 
requests can be serviced. 

End-of-Interrupt Command 

The end-of-interrupt (EOI) command is used by the 
programmer to reset the In-Service (IS) bit when an 
interrupt service routine is completed. The EOI com
mand is issued by writing the proper pattern to the 
EOI register. There are two types of EOI commands, 
specific and nonspecific. The nonspecific command 
does not specify which IS bit is reset. When issued, 
the interrupt controller automatically resets the IS bit 
of the highest priority source with an active service 
routine. A specific EOI command requires that the 
programmer send the interrupt vector type to the in
terrupt controller indicating which source's IS bit is 
to be reset. This command is used when the fully 
nested structure has been disturbed or the highest 
priority IS bit that was set does not belong to the 
service routine in progress. 

Trigger Mode 

The four external interrupt pins can be programmed 
in either edge- or level-trigger mode. The control 
register for each external source has a level-trigger 
mode (L TM) bit. All interrupt inputs are active HIGH. 
In the edge sense mode or the level-trigger mode, 
the interrupt request must remain active (HIGH) until 
the interrupt request is acknowledged by the 
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80C186 CPU. In the edge-sense mode, if the level 
remains high after the interrupt is acknowledged, the 
input is disabled and no further requests will be gen
erated. The input level must go LOW for at least one 
clock cycle to re-enable the input. In the level-trigger 
mode, no such provision is made: holding the inter
rupt input HIGH will cause continuous interrupt re
quests. 

Interrupt Vectoring 

The 80C186 Interrupt Controller will generate inter
rupt vectors for the integrated OMA channels and 
the integrated Timers. In addition, the Interrupt Con
troller will generate interrupt vectors for the external 
interrupt lines if they are not configured in Cascade 
or Special Fully Nested Modes. The interrupt vectors 
generated are fixed and cannot be changed (see Ta
ble 4). 

Interrupt Controller Registers 

The Interrupt Controller register model is shown in 
Figure 24. It contains 15 registers. All registers can 
both be read or written unless specified otherwise. 

In-Service Register 

This register can be read from or written into. The 
format is shown in Figure 25. It contains the In-Serv
ice bit for each of the interrupt sources. The In-Serv
ice bit is set to indicate that a source's service rou
tine is in progress. When an In-Service bit is set, the 
interrupt controller will not generate interrupts to the 
CPU when it receives interrupt requests from devic
es with a lower programmed priority level. The TMR 
bit is the In-Service bit for all three timers; the DO 
and 01 bits are the In-Service bits for the two OMA 
channels; the 10-13 are the In-Service bits for the 
external interrupt pins. The IS bit is set when the 

processor acknowledges an interrupt request either 
by an interrupt acknowledge or by reading the poll 
register. The IS bit is reset at the end of the interrupt 
service routine by an end-of-interrupt command. 

Interrupt Request Register 

The internal interrupt sources have interrupt request 
bits inside the interrupt controller. The format of this 
register is shown in Figure 25. A read from this regis
ter yields the status of these bits. The TMR bit is the 
logical OR of all timer interrupt requests. DO and 01 
are the interrupt request bits for the OMA channels. 

The state of the external interrupt input pins is also 
indicated. The state of the external interrupt pins is 
not a stored condition inside the interrupt controller, 
therefore the external interrupt bits cannot be writ
ten. The external interrupt request bits are set when 
an interrupt request is given to the interrupt control
ler, so if edge-triggered mode is selected, the bit in 
the register will be HIGH only after an inactive-to-ac
tive transition. For internal interrupt sources, the reg
ister bits are set when a request arrives and are re
set when the processor acknowledges the requests. 

Writes to the interrupt request register will affect the 
DO and 01 interrupt· request bits. Setting either bit 
will cause the corresponding interrupt request while 
clearing either bit will remove the corresponding in
terrupt request. All other bits in the register are read
only. 

Mask Register 

This is a 16-bit register that contains a mask bit for m 
each interrupt source. The format for this register is 
shown in Figure 25. A one in a bit position corre-

..--....,,.,1N""To" .... _V_c_c_,.--.,+_--- 82C59A 

80C186 

----- . 
• 

----1 82C59A 

-------- INTERRUPT SOURCES 
270354-12 

Figure 23. Cascade and Special Fully Nested Mode Interrupt Controller Connections 
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sponding to a particular source masks the source 
from generating interrupts. These mask bits are the 
exact same bits which are used in the individual con
trol registers; programming a mask bit using the 
mask register will also change this bit in the individu
al control registers, and vice versa. 

INT3 CONTROL REGISTER 

INT2 CONTROL REGISTER 

INT1 CONTROL REGISTER 

INTO CONTROL REGISTER 

DMA 1 CONTROL REGISTER 

DMA 0 CONTROL REGISTER 

TIMER CONTROL REGISTER 

INTERRUPT STATUS REGISTER 

INTERRUPT REQUEST REGISTER 

IN-SERVICE REGISTER 

PRIORITY MASK REGISTER 

MASK REGISTER 

POLL STATUS REGISTER 

POLL.REGISTER 

EOI REGISTER 

OFFSET 

3EH 

3CH 

3AH 

38H 

36H 

34H 

32H 

30H 

2EH 

2CH 

2AH 

28H 

26H 

24H 

22H 

Figure 24. Interrupt Controller Registers 
(Master Mode) 

15 14 10 9 8 

Priority Mask Register 

This register masks all interrupts below a particular 
interrupt priority level. The format of this register is 
shown in Figure 26. The code in the lower three bits 
of this register inhibits interrupts of priority lower (a 
higher priority number) than the code specified. For 
example, 100 written into this register masks inter
rupts of level five (101 ), six (110), and seven (111 ). 
The register is reset to sev.en (111) upon RESET so 
no interrupts are masked due to priority number. 

Interrupt Status Register 

This register contains general interrupt controller 
status information. The format of this register is 
shown in Figure 27. The bits in the status register 
have the following functions: 

OHL T: OMA Halt Transfer; setting this bit halts all 
OMA transfers. It is automatically set when
ever a non-maskable interrupt occurs, and it 
is reset when an IRET instruction is execut
ed. This bit allows prompt service of all non
maskable interrupts. This bit may also be set 
by the programmer. 

IRTx: These three bits represent the individual tim
er interrupt request bits. These bits differenti
ate between timer interrupts, since the timer 
IR bit in the interrupt request register is the 
"OR" function of all timer interrupt request. 
Note that setting any one of these three bits 
initiates an interrupt request to the interrupt 
controller. 

7 6 5 4 3 2 

I o I o I • • I o Q o I 1a I 12 I 11 10 I D1 DO 

Figure 25. In-Service, Interrupt Request, and Mask Register Formats 

15 14 3 2 1 0 

o o I • • I 

Figure 26. Priority Mask Register Format 

15 14 7 6 5 4 3 2 1 0 
IDHLTI 0 I • 0 o I o I o 0 i 1RT2 I 1RT1 I IRTO I 

Figure 27. Interrupt Status Register Format (Master Mode) 
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Timer, OMA 0, 1; Control Register 

These registers are the control words for all the in
ternal interrupt sources. The format for these regis
ters is shown in Figure 28. The three bit positions 
PRO, PR1, and PR2 represent the programmable pri
ority level of the interrupt source. The MSK bit inhib
its interrupt requests from the interrupt source. The 
MSK bits in the individual control registers are the 
exact same bits as are in the Mask Register; modify
ing them in the individual control registers will also 
modify them in the Mask Register, and vice versa. 

INTO-INT3 Control Registers 

These registers are the control words for the four 
external input pins. Figure 29 shows the format of 
the INTO and INT1 Control registers; Figure 30 
shows the format of the INT2 and INT3 Control reg
isters. In Cascade Mode or Special Fully Nested 
Mode, the control words for INT2 and INT3 are not 
used. 

The bits in the various control registers are encoded 
as follows: 

PR0-2: Priority programming information. Highest 
Priority = 000, Lowest Priority = 111 

L TM: Level-trigger mode bit. 1. = level-triggered; 
0 = edge-triggered. Interrupt Input levels 
are active high. !n level-triggered mode, an 
interrupt is generated whenever the exter
nal line is high. In edge-triggered mode, an 
interrupt will be generated only when this 

15 14 
0 I 0 I . 

MSK: 

C: 

level is preceded by an inactive-to-active 
transition on the line. In both cases, the 
level must remain active until the interrupt 
is acknowledged. 

Mask bit, 1 = mask; O = non-mask. 

Cascade mode bit, 1 = cascade; O = di
rect 

SFNM: Special Fully Nested Mode bit, 1 = SFNM 

EOI Register 

The end of the interrupt register is a command regis
ter which can only be written into. The format of this 
register is shown in Figure 31. It initiates an EOI 
command when written to by the 80C186 CPU. 

The bits in the EOI register are encoded as follows: 

Sx: Encoded information that specifies an in
terrupt source vector type as shown in Ta
ble 4. For example, to reset the In-Service 
bit for OMA channel 0, these bits should be 
set to 01010, since the vector type for OMA 
channel 0 is 10. 

NOTE: 

To reset the single In-Service bit for any of 
the three timers, the vector type for timer 0 
(8) should be written in this register. 

NSPEC/: A bit that determines the type of EOI com-
SPEC mand. Nonspecific = 1, Specific = 0. 

4 3 2 1 0 
0 I MSK I PR2 I PR1 I PRO I 

Figure 28. Timer/OMA Control Registers Formats 

15 14 7 6 5 4 3 2 1 0 

I 0 0 I . 0 JsFNMJ c I LTM I MSK I PR2 I PR1 I PRO I 

Figure 29. INTO/INT1 Control Register Formats 

15 14 5 4 3 2 1 0 
0 0 I . 0 I LTM I MSK I PR2 I PR1 I PRO I 

Figure 30. INT2/INT3 Control Register Formats 
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Poll and Poll Status Registers 

These registers contain polling information. The for
mat of these registers is shown in Figure 32. They 
can only be read. Reading the Poll register consti
tutes a software poll. This will set the IS bit of the 
highest priority pending interrupt. Reading the poll 
status register will not set the IS bit of the highest 
priority pending interrupt; only the status of pending 
interrupts will be provided. 

Encoding of the Poll arid Poll Status register bits are. 
as follows: 

Sx: Encoded information that indicatEls the 
vector type of the highest priority inter
rupting source. Valid only when INTREQ 
= 1. 

INTREQ: This bit determines if an interrupt request 
is present. Interrupt Request = 1; no In
terrupt Request =. o. 

SLAVE MODE OPERATION 

When Slave Mode is used, the internal 80C186 inter
rupt controller will be used as a slave controller to an 
external master interrupt controller. The internal 
80C186 resources will be monitored by the internal 
interrupt controller, while the external controller 
functions as the system master interrupt controller. 

15 14 13 

1sPEc11 NSPEC 0 I 0 I , • • 

Upon reset, the 80C186 will be in master mode. To 
provide for slave mode operation bit 14 of the relo
cation register should be set. 

Because of pin limitations caused by i:he need to 
interface to an external 82C59A master, the internal 
interrupt controller will no longer accept external in
puts. There are however, enough 80C186 interrupt 
controller inputs (internally) to dedicate one to each 
timer. In this mode, each timer interrupt source has 
its own mask bit, IS bit, and control word. 

In Slave Mode each peripheral must be assigned a 
unique priority to ensure proper interrupt controller 
operation. Therefore, it is the programmer's respon
sibility to assign correct priorities and initialize inter
rupt control registers before enabling interrupts. 

Slave Mode External Interface 

The configuration of the 80C186 with respect to an 
external 82C59A master is shown in Figure 33. The 
INTO (Pin 45) input is used as the 80C186 CPU inter
rupt input. IRQ (Pin 41) functions as an outpUt to 
send the 80C186 slave-interrupt-request to one of 
the 8 master-PIC-inputs. 

5 4 3 2 0 

• I 0 I S4 I S3 82 S1 so 

Figure 31. EOI Register Format 

15 14 13 5 4 3 2 0 

l~~I 0 I 0 I • . . • I 0 I S4 S3 I S2 81 so 

Figure 32. Poll and Poll Status Register Format 

24-94 



80C186 

rr=~~~(~4S~)--f-:::;~1- INTERRUPT SOURCES 
INTO Vee INT +---OR OTHER SLAVES 

CPU 82C59A = 
(42) INTA = 

.~~-1N_TA_0Jr---~a.;;.;.;;.p.....11+--~ 

80C186 

PIC 

270354-13 

Figure 33. Slave Mode Interrupt Controller Connections 

Correct master-slave interface requires decoding of 
the slave addresses (CAS0-2). Slave 82C59As do 
this internally. Because of pin limitations, the 
80C186 slave address will have to be decoded ex
ternally. SELECT (Pin 44) is used as a slave-select 
input. Note that the slave vector address is trans
ferred internally, but the READY input must be sup
plied externally. 

INTAO (Pin 42) is used as an acknowledge output, 
suitable to drive the INTA input of an 82C59A. 

Interrupt Nesting 

Slave Mode operation allows nesting of interrupt re
quests. When an interrupt is acknowledged, the pri
ority logic masks off all priority levels except those 
with equal or higher priority. 

Vector Generation in the Slave Mode 

Vector generation in Slave Mode is exactly like that 
of an 8259A or 82C59A slave. The interrupt control
ler generates an 8-bit vector type number which the 
CPU multiplies by four to use as an address into the 
vector table. The five most significant bits of this 
type number are user-programmable while the three 
least significant bits are defined according to Figure 
34. The significant five bits of the vector are pro
grammed by writing to the Interrupt Vector register , 
at offset 20H. 

Specific End:-ot-lnterrupt 

In Slave Mode the specific EOI command operates 
to reset an in-service bit of a specific priority. The 
user supplies a 3-bit priority-level value that points to 
an in-service bit to be reset. The command is exe
cuted by writing the correct value in the Specific EOI 
register at offset 22H. 

Interrupt Controller Registers 
in the Slave Mode 

All control and command registers are located inside 
the internal peripheral control block. Figure 34 
shows the offsets of these registers. 

End-of-Interrupt Register 

The end-of-interrupt register is a command register 
which can only be written. The format of this register 
is shown in Figure 35. It initiates an EOI command 
when written by the 80C186 CPU. 

The bits in the EOI register are encoded as follows: 

VT x= Three least-significant vector type bits corre
sponding to the source for which the IS bit is 
to be. reset. Figure 34 indicates these bits. 
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In-Service Register 

This register can be read from or written into. It con
tains the in-service bit for each of the internal inter
rupt sources. The format for this register is shown in 
Figure 36. Bit positions 2 and 3 correspond to the 
OMA channels; positions 0, 4, and 5 correspond to 
the integral timers. The source's IS bit is set when 
the processor acknowledges its interrupt request. 

Interrupt Request Register 

This register indicates which internal peripherals 
have interrupt requests pending. The format of this 
register is shown in Figure 36. The interrupt request 
bits are set when a request arrives from an internal 
source, and are reset when the processor acknowl
edges the request. As in Master Mode, DO and .01 
are read/write; all other bits are read only. · 

Mask Register 

This register contains a mask bit for each interrupt 
source. The format for this register is shown in Fig
ure 36. If the bit in this register corresponding to a 
particular interrupt source is set, any interrupts from 
that source will be masked. These mask bits are ex
actly the same bits which are used in the individual 
control registers, i.e., changing the state of a mask 
bit in this register will also change the state of the 
mask bit in the individual interrupt control register 
corresponding to the bit. 

Control Registers 

These registers are the control words for all the. in
ternal interrupt sources. T~e format of these regis
ters is shown in Figure 37. Each of the timers and 
both of the OMA channels have their own Control 
Register. 

15 14 13 8 

I 0 0 I 0 I . . I 0 I 

The bits of the Control Registers are encoded as 
follows: 

prx: 3-bit encoded field indicating a prioritY level 
for the source. 

msk: mask bit for the priority level indicated by prx 

7 
0 I 

bits. · 

TIMER 2 CONTROL REGISTER 
(VECTOR TYPE XXXXX101) 

TIMER 1 CONTROL REGISTER 
(VECTOR TYPE XxXxx100) 

DMA1 CONTROL REGISTER 
(VECTOR TYPE XXXXX011) 

DMAO CONTROL REGISTER 
(VECTOR TYPE XXXXX010) 

TIMERO CONTROL REGISTER 
(VECTOR TYPE XXXXXOOO) 

INTERRUPT.STATUS REGISTER 

INTERRUPT-REQUEST REGISTER 

IN-SERVICE REGISTER 

PRIORITY-LEVEL MASK REGISTER 

MASK REGISTER 

SPECIFIC EOI REGISTER 

INTERRUPT VECTOR REGISTER 

OFFSET 

3AH 

38H 

36H 

34H 

32H 

30H 

2EH 

2CH 

2AH 

2BH 

22H 

20H 

Figure 34. Interrupt Controller Registers 
·{Slave Mode) 

8 5 4 3 2 1 0 
0 I 0 I 0 I 0 IVT2ivnlVTDI 

Figure 35. Specific EOI Register Format 

15 14 13 8 7 6 5 4 3 2 0 
0 0 0 I . . I 0 I 0 0 I TMR2 I TMR1 I 01 DO 0 ITMRol 

Figure 36. In-Service, Interrupt Request, and Mask Register Format 
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Interrupt Vector Register 

This register provides the upper five bits of the inter
rupt vector address. The format of this register is 
shown in Figure 38. The interrupt controller itself 
provides the lower three bits of the interrupt vector 
as determined by the priority level of the interrupt 
request. 

The format of the bits in this register is: 

tx: 5-bit field indicating the upper five bits of the 
vector address. 

Priority-Level Mask Register 

This register indicates the lowest priority-level inter
rupt which will be serviced. 

The encoding of the bits in this register is: 

mx: 3-bit encoded field indication priority-level val
ue. All levels of lower priority will be masked. 

Interrupt Status Register 

This register is defined as in Master Mode except 
that OHL T is not implemented (see Figure 27). 

15 14 13 8 
0 0 0 I . . I 0 I 

Interrupt Controller and Reset 

Upon RESET, the interrupt controller will perform 
the following actions: 

• All SFNM bits reset to 0, implying Fully Nested 
Mode. 

• All PR bits in the various control registers set to 1. 
This places all sources at lowest priority (level 
111 ). 

• All L TM bits reset to 0, resulting in edge-sense 
mode. 

• All Interrupt Service bits reset to 0. 

• All Interrupt Request bits reset to 0. 

• All MSK (Interrupt Mask) bits set to 1 (mask). 

• All C (Cascade) bits reset to O (non-Cascade). 

• All PAM (Priority Mask) bits set to 1, implying no 
levels masked. 

• Initialized to Master Mode. 

7 6 5 4 3 2 1 0 
0 I 0 0 I 0 I MSK I PR2 I PR1 I PRO I 

Figure 37. Control Word Format 

15 14 13 8 7 6 5 4 3 2 0 

I 0 0 I 0 I . . I 0 I 14 13 I 12 I 11 I tO 0 I 0 I 0 I 

Figure 38. Interrupt Vector Register Format 

15 14 13 8 7 6 5 4 3 2 0 

I 0 0 I 0 I . . I 0 I 0 I 0 I 0 I 0 I 0 I m2 m1 mo 

Figure 39. Priority Level Mask Register 
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Enhanced Mode Operation 

In Compatible Mode the 80C186 operates with all 
the features of the NMOS 80186, with the exception 
of 8087 support (i.e. no numeric coprocessing is 
possible in Compatible Mode). Queue-Status infor
mation is still available for design purposes other 
than 8087 support. 

All the Enhanced Mode features are completely 
masked when in Compatible Mode. A write to any of 
the Enhanced Mode registers will have no effect, 
while a read will not return any valid da:ta. 

In Enhanced Mode, the 80C186 will operate with 
Power-Save, DRAM refresh, and numerics coproc
essor support in addition to all the Compatible Mode 
features. 

Entering Enhanced Mode 

If connected to a numerics coprocessor, this mode 
will be invoked automatically. Without an NPX, this 
mode can be entered by tying the RESET output 
signal from the 80C186 to the TEST /BUSY input. . 

Queue-Status Mode 

The queue-status mode is entered by strapping the 
RD pin low. RD is sampled at RESET and if LOW, 
the 80C186 will reconfigure the ALE and WR pins to 
be QSO and QS1 respectively. This mode is avail
able on the 80C186 in both Compatible and En
hanced Modes. 

DRAM Refresh Control Unit 
Description 

The Refresh Control Unit (RCU) automatically gen
erates DRAM refresh bus cycles. The RCU operates 
only in Enhanced Mode. After a programmable peri
od of time, the RCU generates a memory read re
quest to the BIU. If the address generated during a 
refresh bus cycle is within the range of a properly 
programmed chip select, that chip select will be acti
vated when the BIU executes the refresh bus cycle. 
The ready logic and wait states programmed for that 
region will also be in force. If no chip select is acti
vated, then external ready is automatically required 
to terminate the refresh bus cycle. 

If the HLDA pin is active when a DRAM refresh re
quest is generated (indicating a bus hold condition), 
then the 80C186 will deactivate the HLDA pin in or
der to perform a refresh cycle. The circuit external to 
the 80C186 must remove the HOLD signal for at 
least one clock in order to execute the refresh cycle. 
The sequence of HLDA going inactive while HOLD is 
being held active can be used to signal a pending 
refresh request. 

All registers controlling DRAM refresh may be read 
and written in Enhanced Mode. When the processor 
is operating in Compatible Mode, they are deselect
ed and are therefore inaccessible. Some fields of 
these registers cannot be written and are always 
read as zeros. 

DRAM Refresh Addresses 

The address generated during a refresh cycle is de
termined by the contents of the MDRAM register 
(see Figure 40) and the contents of a 9-bit counter. 
Figure 41 illustrates the origin of each bit. 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

~~!!~~hHI MS I MS I M4 I M3 I M2 I M1 I MO I 0 I 0 
0 

Bits 0-8: Reserved, read back as 0. 

Bits 9-15: MO-M6, are address bits A13-A19 of the 20-bit memory refresh address. These bits should correspond to 
any chip select address to be activated for the DRAM partition. These bits are cleared to 0 on RESET. 

Figure 40. Memory Partition Register 

A19 A18 A17 A16 A15 A14 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 AO 

I MS I MS I M4 I M3 I M2 I M1 I MO I 0 I 0 I 0 I CAB I CA? I CA6 I cAS 1 CA4 I CA3 I CA2 I CA1 I CAO I 1 I 

M6-MO: Bits defined by MDRAM Register 

GAS-CAO: Bits defined by refresh address counter. These bits change according to a linear/feedback shift register; they 
do not directly follow a binary count. 

Figure 41. Addresses Generated by RCU 
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Bits 0-B: CO-CB, clock divisor register, holds the number of CLKOUT cycles between each refresh request. 

Bits 9-15: Reserved, read back as 0. 

Figure 42. Clock Pre-Scaler Register 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

~~:i~~HI E I 0 I 0 I 0 I 0 I 0 I 0 

Bits 0-B: TO-TB, refresh clock counter outputs. Read only. 

Bits 9-14: Reserved, read back as 0. 

Bit 15: Enable RCU, set to 0 on RESET. 

Figure 43. Enable RCU Register 

Refresh Control Unit Programming and 
Operation 

After programming the MDRAM and the CORAM 
registers (Figures 40 and 42), the RCU is enabled by 
setting the "E" bit in the EORAM register (Figure 
43). The clock counter (TO-TB of EORAM) will be 
loaded from CO-CB of CORAM during T 3 of instruc
tion cycle that sets the "E" bit. The clock counter is 
then decremented at each subsequent CLKOUT. 

A refresh is requested when the value of the counter 
has reached 1 and the counter is reloaded from 
CORAM. In order to avoid missing refresh requests, 
the value in the CORAM register should always be at 
least 1 B (12H). Clearing the "E" bit at anytime will 
clear the counter and stop refresh requests, but will 
not reset the refresh address counter. 

POWER-SAVE CONTROL 

Power Save Operation 

The BOC1 B6, when in Enhanced Mode, can enter a 
power saving state by internally dividing the proces
sor clock frequency by a programmable factor. This 
divided frequency is also available at the CLKOUT 

pin. The POCON register contains the two-bit fields 
for selecting the clock division factor and the enable 
bit. 

All internal logic, including the Refresh Control Unit 
and the timers, will have their clocks slowed down 
by the division factor. To maintain a real time count 
or a fixed DRAM refresh rate, these peripherals must 
be re-programmed when entering and leaving the 
power-save mode. 

The power-save mode is exited whenever an inter
rupt is processed by automatically resetting the en
able bit. If the power-save mode is to be re-entered 
after serving the interrupt, the enable bit will need to 
be set in software before returning from the interrupt 
routine. 

The internal clocks of the BOC1 B6 will begin to be 
divided during the T 3 state of the instruction cycle 
that sets the enable bit. Clearing the enable bit will 
restore full speed in the T 3 state of that instruction. 

At no time should the internal clock frequency be 
allowed to fall below 0.5 MHz. This is the minimum 
operational frequency of. the BOC1 B6. For example, 
an BOC1 B6 running with a 12 MHz crystal (6 MHz 
CLOCKOUT) should never have a clock divisor 
greater than eight. · 

24-99 



80C186 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

b~~~Hl~·E~I _o ~I _o_j.____o -'--o-'--o----'-1 _o _._I _o-'I'-. o__,__I _o -'--o-'IL..o----'-1 _o ..J..l _o_J.._I F_1 ..LI __JFo I 

Bits 0-1: 

Bits2-14: 

Clock Divisor Select 
F1 FO Division Factor 
0 0 divide by 1 
0 1 divide by 4 

0 divide by8 
divide by 16 

Reserved, read back as zero. 
Bit 15: Enable Power Save Mode. Set to zero on RESET. 

Figure 44: Power-Save Control Register 

Interface for 80C187 Numeric 
Processor Extension 

In Enhanced Mode, three of t.he mid-range memory 
chip selects are redefined according to Table 16 for · 
use with the 80C187. The fourth chip select, MCS2 
functions as in compatible mode, and may be pro
grammed for activity with ready logic and wait states 
accordingly. As in compatible mode, MCS2 will func
tion for one-fourth a programmed block size. 

Table 16. MCS Assignments 

Compatible 
Enhanced Mode 

Mode 

MCSO PEREQ Processor Extension Request 
MCS1 ERROR NPX Error 
MCS2 MCS2 Mid-Range Chip Select 

. MCS3 NPS Numeric Processor Select 

Four port addresses are assigned to the 80C186/ 
80C187 interface for 16-bit reads and writes. Table 
17 shows the port definitions. These ports are not 
accessible by using the 80C186 1/0 instructions. 
However, numerics operations will cause a PCS line 
to be activated if it is properly programmed for this 
1/0 range. 

Table 17. Numerics Coprocessor 1/0 Port 
Assignments ' 

l/OAddress Read Definition Write Definition 

OOF8H Status/Control Opcode 
OOFAH Data Data 
OOFCH reserved CS:IP, DS:EA 
OOFEH Opcode Status reserved 

ONCE™ Test Mode 

To facilitate testing and inspection .of devices when 
fixed into a target system, the 80C186 has a test 
mode available which allows all pins. to be placed in 
a high-impedance state. ONCE stands for "ON Cir
cuit Emulation". When placed in this mode, the 
80C186 will put all pins in the high-impedance state 
until RESET. 

The ONCE mode is selected by tying the UCS and 
the LCS LOW during RESET. These pins are sam
pled on the low-to-high transition of the RES pin. 
The UCS and the LCS pins have weak internal pull
up resistors similar to the RD and TEST /BUSY pins 
to guarantee normal operation. 
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Figure 45. Typical 80C186 Computer 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature under Bias .... o•c to + 70°C 

Storage Temperature .......... .....:55°c to + 150°C 

Voltage on Any Pin with 
Respect to Ground ............ -1.0V to + 7 .OV 

Package Power Dissipation .................... 1W 
Not to exceed the maximum allowable die tempera
ture based on thermal resistance of the package. 

D.C. CHARACTERISTICS 

•Notice: Stresses above those listed under "Abso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections. of this specification is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE: This data sheet is only valid for devices 
indicated in the Specification Level Markings sec
tion. Specifications contained in the following tables 
are subject to change. 

·TA = o·c to + 70°C, Vee = 5V ± 10% except Vee = 5V ± 5% at f > 12.5 MHz 

Symbol Parameter Min Max Units Test Conditions 

V1L Input Low Voltage (Except X1) -0.5 0.2Vcc - 0.3 v 
V1u Clock Input Low Voltage (X1) -0.5 0.6 v 
V1H Input High Volt~ 0.2 Vee+ o.9 Vee+ 0.5 v 

(All except X1, RES, 
ARDY, and SRDY) 

V1H1 Input High Voltage (RES) 3.0 Vee+ 0.5 v 
V1H2 Input High Voltage 0.2Vcc + 1.1 Vee+ o.5 v 

(SRDY, ARDY) 

V1H3 Clock Input High Voltage (X1) 3.9 Vee+ o.5 v 
Vol Output Low Voltage 0.45 v loL = 2.5 mA (SO, 1, 2) 

loL = 2.0 mA (others) 

VoH Output High Voltage 2.4 Vee v loH = -2.4 mA@ 2.4V (4) 

Vee - 0.5 Vee v loH = -200 µA@ Vee -0.5(4) 

Ice Power Supply Current 150 mA @ 16 MHz, o·c 
Vee = 5.25V (3) 

120 mA @ 12.5 MHz, o·c 
Vee= 5.5V (3) 

100. mA @ 10 MHz, o·c 
Vee = 5.5V (3) 

lu Input Leakage Current ±10 µA @ 0.5 MHz, 
0.45V s V1N s Vee 

ILO Output Leakage Current ±10 µA @0.5 MHz, 
0.45V s VouT s Vcc(1l 

VeLO Clock Output Low 0.45 v lcLO = 4.0mA 

VeHo Clock Output High Vee - 0.5 v lcHO = - 500 µA 

C1N Input Capacitance 10 pF @ 1 MHz(2) 

C10 Output or 1/0 Capacitance 20 pF @ 1 MHz(2) 

NOTES: 
1. Pins being floated during HOLD or by invoking the ONCE Mode. 
2. Characterization conditions are a) Frequency = 1 MHz; b) Unmeasured pins at GND; c) V1N at + 5.0V or 0.45V. This 
parameter is not tested. 
3. Current is measured with the device in RESET with X1 and X2 driven and all other non-power pins open. 
4. RD/QSMD, UCS, LCS, MCSO/PEREQ, MCS1 /ERROR, and TEST /BUSY pins have internal pullup devices. Loading some 
of these pins above loH = -200 µ,A can cause the 80C186 to go into alternative modes of operation. See the section on 
Local Bus Controller and Reset for details. 
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POWER SUPPLY CURRENT 

Current is linearly proportional to clock frequency 
and is measured with the device in RESET with X1 
and X2 driven and all other non-power pins open. 

Maximum current is given by Ice = 8.4 mA x freq. 
(MHz) + 15 mA. 

Typical current is given by Ice (typical) = 6.4 mA x 
freq. (MHz) + 4.0 mA. "Typicals" are based on a 
limited number of samples taken from early manu
facturing lots measured at Vee = 5V and room tem
perature. "Typicals" are not guaranteed. 
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80C186 

A. C. CHARACTERISTICS 

MAJOR CYCLE TIMINGS (READ CYCLE) 

0 0 
TA=O C to +70 C,Vcc= 5V±10%exceptVcc=5V± 5%atf>12.5MHz 

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 

All output test conditions are with CL= 50-200 pF (10 MHz) and CL= 50-100 pF (12.5-16 MHz). 

For A.C. tests, input VIL= 0.45V and V1H = 2.4V except at X1 .where ~H ="cc - 0.5V. 

Symbol Parameter 80C186 8oc1es-12 80C186-16 

Min Max Min Max Min Max 

80C186 GENERAL TIMING REQUIREMENTS (Listed More Than Once) 

TovcL Dai;i in Setup (AID) 15 15 15 

TcLDX Data in Hold_iA/Ql_ 3 3 3 
80C186 GENERAL TIMING RESPONSES_ (Listed More Than Once} 

TCHSV Status Active Delay 5 45 5 35 5 31 

TcLSH Status Inactive Delay 5 46 5 35 5 30 

TCLAV Address Valid Delay 5 44 5 36 5 33 

TCLAX Address Hold 0 0 0 

TCLDV Data Valid Dell!}'_ 5 40 5 36 5 33 

TCHDX Status Hold Time 10 10 10 

TcHLH ALE Active Delay 30 25 20 

TLHLL ALE Width TcLCL - 15 TcLCL - 15 TcLCL-15 

TCHLL ALE Inactive Delay 30 25 20 

TAVLL Address Valid to ALE Low TCLCH • 18 TcLCH - 15 TCLCH - 15 

TLLAX 
Address Hold from ALE 

TcHCL - 15 TCHCL - 15 TcHCL - 15 Inactive 

TAvr.~ Address Valid to Clock High 0 0 0 

TCLAZ Address Float Delay TCLAX 30 TCLAX 25 TcLAX 20 

TCLCSV Chip-Select Active Delay 3 42 3 33 3 30 

Tcxcsx 
Chip-Select Hold from 

TCLCH -10 TcLCH • 10 TcLCH - 10 Command Inactive 

TcHCSX Chip-Select Inactive Delay 5 35 5 30 5 25 

ToxoL DEN Inactive to DTiR Low 0 0 0 

TcvCTV Control Active Delay 1 3 44 3 37 3 31 

TcvDEX DEN lnctive Delay 5 44 5 37 5 31 

TCHCTV Control Active Delay 2 5 44 5 37 5 31 

TCLLV LOCK Valid/Invalid Delay 3 40 3 37 3 35 

80C186 TIMING RESPONSES_jRead C}'clttl 

TAZRL Address Float to RD Active 0 0 0 

TCLRL RD Active Delay 5 44 5 37 5 31 

TRLRH RD Pulse Width 2TcLCL -30 2TcLCL - 25 2TcLCL - 25 

TCLRH RD Inactive Delay 5 44 5 37 5 31 

TRHLH 
-

TCLCH - 14 TCLCH - 14 TcLCH - 14 RD Inactive to ALE High 

TRHAV RD Inactive to Address 
Active 

TCLCL - 15 TcLCL -15 TcLCL -15 
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A. C. CHARACTERISTICS 

READ CYCLE WAVEFORMS 

CLKOUT 

52·50 

BHE, 
A19/56 · A16/53 

ALE 
---1--J 

TcHLH 

RD 

TcLCSV 
LCS, MCS, UCS, --+-----+---.! 

PCS, NPS (Note 2) 

DEN 

DT/R 

80C186 

BHE, 56-S3 

TovcL 

T CLRL l+-+l<f-1----'T RLRH---+-OI 
TcLRH 

Tcxcsx 

TcvDEX 

:fcLDX 

LOCK 
-----..,.-~--------------------~.l.,l.-

NOTES: 

1. Status inactive in state preceding T 4 . 
3. For write cycle followed by read cycle. 
4. T 1 of next bus cycle. 
5. Changes in T-state preceding next bus cycle if followed by write. 

270354-35 
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intel. 80C186 

A. C. CHARACTERISTICS 

MAJOR CYCLE TIMINGS (WRITE CYCLE) 

0 0 
TA - o C to + 70 C, Vee= 5V ± 10% except Vee= 5V± 5% at f > 12.5 MHz 

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL= 50-200 pF (10 MHz) and CL= 50-100 pF (12.5-16 MHz). 
For A.C. tests, input V1L = 0.45V and V1H= 2.4V except at X1 where V1H= Vee· 0.5V. 

Symbol Parameter 1----eo_c_1_86.....,..._-+-__ eo_c_1_a_&-... 1_2_-t-__ a_oc_1_a_&-..,.1_&---1 unit Test 
Min Max Min Max Min Max Condition~ 

80C186 GENERAL TIMING RESPONSES{Llsted More Than Once) 

TeHSV Status Active Delay 5 45 5 35 5 31 ns 

TeHDX 

Status Inactive Delay 

Address Valid Delay 

Address Hold 

Data Valid Delay 

Status Hold Time 

ALE Active Delay 

ALE Width 

ALE Inactive Delay 

Address Valid to ALE Low 

Address Hold from ACE 
Inactive 

Address Valid to Clock High 

TcLDOX Data Hold Time 

TeveTV Control Active Delay 1 

TcvcTx Control Inactive Del~ 

TeLCSV Chip-Select Active Delay 

Tcxcsx 

TCHCSX 

ToxoL 

Chip-Select Hold from 
Command Inactive 

Chip-Select Inactive Delay 

DEN Inactive to DTIA Low 

5 46 5 35 5 30ns 

5 44 5 36 5 33ns 

0 0 0 ns 

5 40 5 36 5 33ns 

10 10 10 ns 

TeLeL - 15 TeLCL -15 TcLeL - 15 ns 

30 25 20 ns 

TeLCH -18 TeLCH -15 TcLCH - 15 ns 

TcHCL - 15 TCHCL - 15 TCHCL -15 ns 

0 0 0 ns 

3 3 3 ns 

3 44 3 37 3 31 ns 

3 44 3 37 3 31 ns 

3 42 3 33 3 30 ns 

TcLCH - 10 TcLCH -10 TCLCH -10 ns 

5 35 5 30 5 25 ns 

0 0 0 ns 

TcLLV LOCK Valid/Invalid Delay 3 40 3 37 3 35 ns 

80C186 TIMING RESPONSES~ite ~ cle)_ 

TwLWH WR Pulse Width 2TcLCL - 30 2TcLCL - 25 2TcLCL - 25 ns 

WR .Inactive to ALE High TCLCH -14 TcLCH -14 TCLCH - 14 ns 

Data Hold After WR TcLCL - 34 TcLCL -20 TCLCL - 20 ns 

TWHDEX WR Inactive to DEN Inactive TCLCH - 10 TCLCH - 10 TCLCH - 10 ns 
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A. C. CHARACTERISTICS 

WRITE CYCLE WAVEFORMS 

CLKOUT 

S2-SO 

BHE, 
A19/S6- A16/S3 

ALE 

WR 

LCS, MCS, UCS, --
PCS, NPS(Note 2) 

DEN 

DT/R 

NOTES: 

TcHLH 

TcLCSV 

1. Status inactive in state preceding T 4. 

80C186 

BHE,S6-S3 

2. If latched A1 and A2 are selected instead of J5"C"S5 and~. only T CLCSV is applicable. 
3. For write cycle followed by read cycle. 
4. T1 of next bus cycle. 
5. Changes in T-state preceding next bus cycle if followed by read, INTA, or halt 
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80C186 

A. C. CHARACTERISTICS 

MAJOR CYCLE TIMINGS (INTERRUPT ACKNOWLEDGE CYCLE) 

0 0 
TA= o C to + 70 C, Vee= 5V ± 10% except V cc= 5V± 5% at f> 12.5 MHz 

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL= 50-200 pF (10 MHz) and CL= 50-100 pF (12.5-16 MHz). 

For A.C. tests, input V 1L = 0.45V and v,H= 2.4V except at X1 where V1H= Vee- 0.5V. 

Symbol Parameter 80C186 80C186-12 80C186-16 

Min Max Min Max Min Max 

~OC186 GENERAL TIMING REQUIREMENTS (Listed More Than Once) 

TovcL Data in Setup (AID) 15 15 15 

TCLDX Data in Hold _tAl[)l 3 3 3 
80C186 GENERAL TIMING RESPONSES(i.isted More Than Once) 

TCHSV S1atus Active Delay 5 45 5 35 5 31 

TcLSH Status Inactive Delay 5 46 5 35' 5 30 

TcLAV Address Valid Delay 5 44 ,5 36 5 33 

TAVCH Address Valid to Clock High 0 0 0 

TCLAX Address Hold 0 0 0 

TCLDV Data Valid Del~ 5 40 5 36 5 33 

TcHDX Status Hold Time 10 10 10 

TcHLH ALE Active Delay 30 25 20 

TLHLL ALE Width TcLCL" 15 TCLCL - 15 TcLCL - 15 

TCHLL ALE Inactive Delay 30 25 20 

TAVLL Address Valid to ALE Low TcLCH - 18 TcLCH - 15 TcLCH -15 

TLLAX Address Hold to ALE 
TcHCL - 15 TcHCL - 15 TcHCL - 15 Inactive 

TCLAZ Address Float Delay TcLAX 30 TCLAX 25 TcLAX 20 

Tcvcrv Control Active Delay 1 3 44 3 37 3 31 

Tcvcrx Control Inactive Delay 3 44 3 37 3 31 

ToxoL DEN Inactive to DT/R Low 0 0 0 

TCHCTV Control Active Delay 2 5 44 5 37 5 31 

TcvDEX DEN lnctive Delay 
(Non-Write Cycles) 

5 44 5 37 5 31 

TCLLV LOCK Valid/Invalid Delay 3 40 3 37 3 35 
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80C186 

A. C. CHARACTERISTICS 

INTERRUPT ACKNOWLEDGE CYCLE WAVEFORMS 

CLKOUT 

SHE, 
A19/S6 • A16/S3 

ALE 

AD15 ·ADO 

NOTES: 

DEN 

DT/R 

LOCK 
(Note5) 

1. Status inactive in state preceding T 4. 

:r CVCTV (Note 3) 

Tcvcrv 

TcLLV 

TcHDX 

T CHCTV (Note 6) 

2. The data hold time lasts only until iNTA goes inactive, even if the INTA transition occurs prior to T CLDX (min). 
3. INTA occurs one clock later in Slave Mode. 
4. For write cycle followed by interrupt acknowledge cycle. 
5. LOCK is active upon T1 of the first interrupt acknowledge cycle and inactive upon T2 of the 

second interrupt acknowledge cycle. 
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infel. 

A. C. CHARACTERISTICS 

SOFTWARE HALT CYCLE TIMINGS 

80C186 

0 0 
TA=O C to +70 C,Vee= 5V±10%exceptVee=5V±5%atf>12.5MHz 

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL= 50-200 pF (10 MHz) and Ci. = 50~100 pF (12.5-16 MHz). 
For A.C. tests, input V1L = 0.45V and V1H = 2.4V except at X1 where V1H = Vee - O.SV. 

Symbol Parameter 80C186 80C186-12. 80C186-16 
Min Max Min Max Min Max 

80C186 GENERAL TIMING RESPONSES (Listed More Than Once) 

TeHSV. Status Active Delay 5 45 5 35 5 31 

TeLSH Status Inactive Delay· 5 46 5 35 5 30 

TeLAV Address Valid Oelfil'_ 5 44 5 36 5 33 

TeHLH ALE Active Delay 30 25 20 

TLHLL ALE Width TeLeL-15 TeLeL- 15 TeLeL-15 

TeHLL ALE Inactive Delay 30 25 20 

ToxoL DEN Inactive to DTiR Low 0 0 0 

TeHeTV Control Active Delay 2 5 44 5 37 5 31 

SOFTWARE HALT CYCLE WAVEFORMS 

CLKOUT 

A19/S6-A16/S3, 
AD1S-ADO INVALID ADDRESS 

ALE 

oxoL(Note 1) 

DT/R 

eHeTV 
NOTE: 

1. For write cycle followed by halt cycle. 
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A. C. CHARACTERISTICS 

CLOCK TIMINGS 

80C186 

0 0 
TA= O C to + 70 C, Vee= 5V ± 10% except Vee= 5V± 5% atf> 12.5 MHz 

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL= 50-200 pF (10 MHz) and CL= 50-100 pF (12.5-16 MHz). 
For A.C. tests, input V1L = 0.45V and V1H= 2.4Vexcept at X1 where V1H= Vee· 0.5V. 

Symbol Parametar 80C186 80C186-12 80C186-16 
Min Max Min Max Min Max 

Unit Test 
Conditions 

80C186 CLKIN REQUIREMENTS Measurements taken with following conditions: External clock input 10 X1 and X2 not 
connected (float) 

TeKIN CLKIN Period 50 1000 40 1000 31.25 1000 ns 

TeLeK CLKIN Low Time 20 16 13 ns 1.5v(2) 

TeHeK CLKIN High Time 20 16 13 ns 1.5v!2) 

TeKHL CLKIN Fall Time 5 5 5 ns 3.5 to 1.0V 

TeKLH CLKIN Rise Time 5 5 5 ns 1.0 to 3.5V 

80C186 CLKOUT TIMING 

Te1co CLKIN to CLKOUT Skew 25 21 17 ns 

TeLeL CLKOUT Period 100 2000 80 2000 62.5 2000 ns 

TeLeH 
0.5 TeLeL -8 0.5 TeLeL -7 0.5 TeLeL -7 ns Cc100pF(2) 

CLKOUT Low Time 
0.5 TeLeL -6 0.5 TeLeL -5 0.5 TeLeL -5 ns CL=50pF(3) 

TeHeL CLKOUT High Time 
0.5 TeLeL -8 0.5 TeLeL -7 0.5 TcLeL -7 ns C~100pF(4) 

0.5 TcLeL -6 0.5 TeLCL -5 0.5 TcLeL -5 ns Ce50pF(3) 

TeH1eH2 CLKOUT Rise Time 10 10 10 ns 1.010 3.5V 

TeL2eL1 CLKOUT Fall Time 10 10 10 ns 3.5to 1.0V 

NOTES: 
1. T CLeK and T eHeK (CLKIN Low and High times) should not have a duration less than 40% of T CKIN 
2. Tested under worst case conditions: Vee= 5.SV (5.25V@ 16 MHz). TA = 11f C. 
3. Not Tested. 
4. Tested under worst case conditions: Vee= 4.5V (4.75V@ 16 MHz). TA =cf C. 

CLOCK WAVEFORMS 

CLKOUT 

T eH1CH2 T el2CL1 

14----TeLe:i.r----..... ~----:r eHeL---...w 
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80C186 

A. C. CHARACTERISTICS 

READY, PERIPHERAL, AND QUEUE STATUS TIMINGS 

TA= o° C to + 70° C, Vee= 5V ± 10% except Vee= 5V± 5% at f> 12.5 MHz 

All timings are measured at 1.5V and 100 pF loading on CLKOUTunless otherwise noted. 
All output test conditions are with CL= 50-200 pF (10 MHz) and CL= 50-100 pF (12.5-16 MHz). 
For A.C. tests, input VIL= 0.45V and V1H= 2.4V except at X1 where V1H= V cc- o.sv. 

Symbol Parameter 80C186 80C18&-12 80C18&-16 

Min Max Min Max Min Max 

80C186 READY AND PERIPHERAL TIMING REQUIREMENTS 

TSRYCL Synchronous Ready(SRDY) 15 15 15 
Transition Setup Time (1) 

TCLSRY 
SRDY Transition Hold 15 15 15 
Time (1) 

TARYCH 
ARDY Resolution Transition 

15 15 15 Setup Time (2) 

TCLARX ARDY Active Hold Time (l) 15 15 15 

TARYCHL ARDY Inactive Holding Time 15 15 15 

TARYLCL Asynchronous Ready 
25 25 25 

(ARDY) Setup Time (1) 

TINVCH INTx, NMI, TEST/BUSY, 
15 15 15 

TMR IN Setup Time (2) 

TINVCL 
DRQO, DRQ1 Setup 

15 15 15 Time (2) 

80C186 PERIPHERAL AND QUEUE STATUS TIMING RESPONSES 

TCLTMV Timer Output Delay 40 33 27 

TCHQSV Queue Status Delay. 37 32 30. 

NOTES: 

1 . To guarantee proper operation. 
2. To guarantee recognition at clock edge. 

SYNCHRONOUS READY (SRDY) WAVEFORMS 

CLKOUT 

SRDY 
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80C186 

A. C. CHARACTERISTICS 
ASYNCHRONOUS READY (ARDY) WAVEFORMS 

CLKOUT 

ARDY 
(Normally Not 
Ready System) 

ARDY 1 (Normally Ready 

System) ------------~ 

PERIPHERAL AND QUEUE STATUS WAVEFORMS 

CLKOUT 

~T0·3,NMI, 
TEST, TIMERIN =48=G~ 

--"''°'1 ~ ::,........_I ~' --DRQO,DRQ1 

TcTLMV 

TIMEROUT 

QSO,QS1 

270354-43 
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80C186 

A. C. CHARACTERISTICS 

RESET AND HOLD/HLDA TIMINGS 

TA= o° C to + 70° C, Vee= 5V ± 10% except Vee= 5V ±5% at f> 12.5 MHz 

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL= 50-200 pF (10 MHz) and~ = 50-100 pF (12.5-16 MHz). 
For A.C. tests, input V1L = 0.45V and V1H= 2.4V except at X1 where v,H= V cc- O.SV. 

Symbol Parameter 80C186_ 80C186·12 80C186-1§_ 

Min Max Min Max Min Max 

80C186 RESET AND HOLDIHLDA TIMING REQUIREMENTS 

TRESIN RES Set~ 15 15 15 

THVCL HOLD Setup (1) 15 15 15 

80C186 GENERAL TIMING RESPONSESJ!-isted More Than OnceJ. 

TcLAZ Address Float Delay TcLAX 30 TCLAX 25 TCLAX 20 

TCLAV Address Valid Delay 5 44 5 36 5 33 

BOC186 RESET AND HOLDIHLDA TIMING RESPONSES 

TcLRO Reset Delay 40 33 27 

TcLHAV HLDA Valid Delay 3 40 3 33 3 25 

TcHCZ 
Command Lines Float 

40 33 28 
Delay 

TCHCV 
Command Lines Valid Delay 

44 36 32 (after Float) 

NOTE: 
1 . To guarantee recognition at next clock. 

RESET WAVEFORMS 

CLKOUT 

RESET 
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infel .. 

A. C. CHARACTERISTICS 

HOLD/HLDA WAVEFORMS (Entering Hold) 

CLKOUT 

HOLD 

HLDA 

AD15· ADO, 
DEN 

A19/S6 • A16/S3, 
RO, WR, SHE:, 
DTiR, S2- SO, 

LOCK 

80C186 

HOLD/HLDA WAVEFORMS (Leaving Hold) 

CLKOUT 

HOLD 

HLDA 

AD15·ADO, 
DEN 

A19/S6-A16/S3, 
RD, "WA, SHE, 
DTiR, S2 - SO, 

LOCK 

80C186 

T CHCZ 

m 
80C186 

80C186 

270354-45 
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infel. 80C186 

EXPLANATION OF THE AC SYMBOLS 

Each timing symbol has from 5 to 7 characters. The first character is always a 'T' (stands for time). The other 
characters, depending on their positions, stand for the name of a signal or the logical status of that signal. The 
following is a list of all the characters and what they stand for. 

A: Address 

ARY: Asynchronous Ready Input 

C: Clock Output 

CK: Clock Input 

CS: Chip Select 

CT: Control (OT /R, DEN, ... ) 

D: Data Input 

DE: DEN 

H: Logic Level High 

IN: Input (DRQO, TIMO, ... ) 

L: Logic Level Low or ALE 

0: Output 

QS: Queue Status (QS1, QS2) 

R: RD Signal, RESET Signal 

S:. Status (SO, S1, S2) 

SAY: Synchronous Ready Input 

V: Valid 

W: WR Signal 

X: No Longer a Valid Logic Level 

Z: Float 

Examples: 

TcLAv -Time from Clock low to Address valid 

T CHLH - Time from Clock high to ALE high 

T CLCSV - Time from Clock low to Chip Select valid 
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WAVEFORMS 

80C186 

Typical Output Delay Capacitive Derating 

";)' 

8 ,........,--,....-----,.---.,--, 

7 1-+--+--+----+--+--+-l 
X = hlgh-t~-low 

6 Ho= low-to-hlghf----+-+---1 

s 4t-t--t--t--+--t-,L",,--'>lr--t 

31-+--+--+----+--ti<---iiJ-l 

2 f-+----+----+-_;j--1-c!/",,,C-.2-.~-+-l 
o._..___.~~1e1__.~..___.__, 

50 75 100 125 150 175 

Capacitive Load (pf") 

Figure 47. Capacitive Derating Curve 
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Typical Rise and Fall Times for TTL Voltage Levels 

.. 

e,........,--,....----,.--,....-.,-, 

71-+--+--+----+--+--+-l 

6 

51-+--+--+---+-,....=-+-l 

s 4r--i----r---r-~rr--t---r---1 

31-::fc:::;;;;o-'f1""----f-::;.-"'l'"-----t--+-I 

21-cl~""IL-+--t--t--+-I 

50 75 100 125 150 175 

Capacitive Load (pf") 
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Figure 48. TTL Level Rise and Fall Times for Output Buffers 

Typical Rise and Fall Times for CMOS Voltage Levels 

16~---------~ 
14 _.Q 

12 y 
10 y 
aL~ 
6_2'~ 
4r-+~--1r~+-----1---t---1~ 
2 1--+----+--+X= 3.5V to 0.4V 
O O=f.4V j" 3.~ 

50 75 100 125 150 175 

Capacitive Load (pF) 
270354-33 

Figure 49. CMOS Level Rise and Fall Times for Output Buffers 
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infel. 80C186 

80C186 EXPRESS 

The Intel EXPRESS system offers enhancements to 
the operational specifications of the 80C186 micro
processor. EXPRESS products are designed to 
meet the needs of those applications whose operat
ing requirements exceed commercial standards. 

The 80C186 EXPRESS program includes an extend
ed temperature range. With the commercial stan
dard temperature range, operational characteristics 
are guaranteed over the temperature range of 0°c to 
+ 70°C. With the extended temperature range op
tion, operational characteristics are guaranteed over 
the range of - 40°C to + 85°C. 

Package types and EXPRESS versions are identified 
by a one or two-letter prefix to the part number. The 
prefixes are listed in Table 18. All AC and DC specifi
cations not mentioned in this section are the same 
for both commercial and EXPRESS parts. 

Table 18. Prefix Identification 

Prefix 
Package Temperature 

Type Range 

A PGA Commercial 

N PLCC Commercial 

R LCC Commercial 

TA PGA Extended 

TN PLCC Extended 

TR LCC Extended 

NOTE: 
Extended temperature versions of the 80C186 are not 
available at 16 MHz. 

80C186 EXECUTION TIMINGS 

A determination of 80C186 program execution tim
ing must consider the bus cycles necessary to pre
fetch instructions as well as the number of execution 
unit cycles necessary to execute instructions. The 
following instruction timings represent the minimum 
execution time in clock cycles for each instruction. 
The timings given are based on the following as
sumptions: 

• The opcode, along with any data or displacement 
required for execution of a particular instruction, 
has been prefetched and resides in the queue at 
the time it is needed. 

• No wait states or bus HOLDs occur. 

• All word-data is located on even-address bound
aries. 

All jumps and calls include the time required to fetch 
the opcode of the next instruction at the destination 
address. 

All instructions which involve memory accesses can 
require one or two additional clocks above the mini
mum timings shown due to the asynchronous hand
shake between the bus interface unit (BIU) and exe
cution unit. 

With a 16-bit BIU, the 80C186 has sufficient bus per
formance to ensure that an adequate number of pre
fetched bytes will reside in the queue most of the 
time. Therefore, actual program execution time will 
not be substantially greater than that derived from 
adding the instruction timings shown. 
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80C186 

INSTRUCTION SET SUMMARY 

Function Format 
Clock 

Comments 
Cycles 

DATA TRANSFER 
MOY= Move: 

Register to Register I Memory 1000100w mod reg r/m 2/12 

Register/memory to register 1000101w mod reg rim 2/9 

Immediate to register/memory 1100011 w mod 000 rim data data ifw= 1 12-13 8/16-bit 

Immediate to register 1O11 w reg data dataifw=1 3-4 8/16-bit 

Memory to accumulator 1010000w addr-low addr-high 8 

Accumulator to memory 1010001w addr-low addr-high 9 

Register/memory to segment register 1000111 0 mod Oreg rim 2/9 

Segment register to register I memory 10001100 mod Oreg rim 2/11 

PUSH= Push: 

Memory 11111111 mod 11 o rim 16 

Register 01010reg 10 

Segment register 9 

POP= Pop: 

Memory 10001111 mod O O O rim 20 

Register 01011 reg 10 

Segment register OOOreg111 (reg7'01) 8 

XCHG = Exchange: 

Register I memory with register 1000011w mod reg rim 4117 m Register with accumulator 10010reg 3 

IN = Input from: 

Fixed port 111001 Ow port 10 

Variable port 111011 Ow 8 

OUT = Output to: 

Fixed port 1110011 w port 9 

Variable port 1110111 w 7 

XLAT = Translate byte to AL 11010111 11 

LEA = Load EA to register 10001101 mod reg rim 6 

LOS = Load pointer to DS 11000101 mod reg rim (mod7'11) 18 

LES = Load pointer to ES 11000100 mod reg rim (mod7'11) 18 

LAHF = Load AH with flags 10011111 2 

SAHF = Store AH into flags 1001111 0 3 

PUSHF = Push flags 100111 00 9 

POPF = Pop flags 10011101 8 

Shaded areas indicate instructions not available in 8086, 8088 microsystems. 
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80C186 

INSTRUCTION SET SUMMARY (Continued) 

Function Format 
Clock 

Comments 
Cycles 

DATA TRANSFER (Continued) 
SEGMENT = Segment Override: 

cs I 00101110 I 2 

SS I 0011011 0 I 2 

OS I 0011111 0 I 2 

ES I 00100110 I 2 

ARITHMETIC 
ADD= Add: 

Reg/memory with register to either I OOOOOOdw I mod reg rim I 3/10 

Immediate to register/memory I 100000sw I modOOO rim I data I data ifs w=01 I 4/16 

Immediate to accumulator I 0000010w I data I dataif w=1 I 3/4 8/16-bit 

ADC = Add with carry: 

Reg/memory with register to either I 000100dw I mod reg rim I 3/10 

Immediate to register/memory I 100000sw I mod O 1 O rim I data I data ifs w=01 I 4/16 

Immediate to accumulator I 0001010w I data I dataifw=1 I 3/4 8/16-bit 

INC = Increment: 

Register I memory I 1111111w I modOOO rim I 3/15 

Register I 01000reg I 3 

SUB = Subtract: 

Reg/memory and register to either I 001010dw I mod reg r/m I 3/10 

Immediate from register/memory I 100000sw I mod 101 rim I data I data~sw=01 I 4/16 

Immediate from accumulator I 0010110w I data I dataifw=1 I 3/4 8/16-bit 

SBB = Subtract with borrow: 

Reg/memory and register to either I 00011 Odw mod reg rim I 3/10 

Immediate from register I memory I 100000sw mod011 rim I data I dataifsw=01 I 4/16 

Immediate from accumulator I 0001110w data I dataifw=1 I 3/4 8/16-bit 

DEC = Decrement 

Register I memory I 1111111 w mod001 rim I 3/15 

Register I 01001 reg 3 

CMP = Compare: 

Register I memory with register I 0011101 w I mod reg rim I 3/10 

Register with register I memory I 0011100w I mod reg rim I 3/10 

Immediate with register/memory I 100000sw I mod 111 r/m I data I dataifsw=01 I 3/10 

Immediate with accumulator I 001111 Ow I data I dataifw=1 I 3/4 8/16-bit 

NEG = Change sign register I memory I 1111011 w I modO 11 rim I 3/10 

AAA = ASCII adjust for add I 001101,11 I 8 

DAA = Decimal adjust for add I 00100111 I 4 

AAS = ASCII adjust for subtract I 00111111 I 7 

DAS = Decimal adjust for subtract I 00101111 I 4 

MUL = Multiply (unsigned): I 1111 011 w I mod 100 rim I 
Register-Byte 26-28 
Register-Word 35-37 
Memory-Byte 32-34 
Memory-Word 41-43 

Shaded areas indicate instructions not available in 8086, 8088 microsystems, 
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INSTRUCTION SET SUMMARY (Continued) 

Function Format 
Clock 

Comments 
Cycles 

ARITHMETIC (Continued) 

IMUL = Integer multiply (signed): 1111011w mod 1O1 rim 

Register-Byte 25-28 
Register-Word 34-37 
Memory-Byte 31-34 
Memory-Word 40-43 

sign 
IJfAlll&I'. 

DIV = Divide (unsigned): 1111011 w mod 11 o rim 

Register-Byte 29 
Register-Word 38 
Memory-Byte 35 
Memory-Word 44 

IDIV = Integer divide (signed): 1111011 w mod 111 rim 

Register-Byte 44-52 
Register-Word 53-61 
Memory-Byte 50-58 
Memory-Word 59-67 

AAM = ASCII adjust for multiply 11010100 00001010 19 

AAD = ASCII adjust for divide 11010101 00001010 15 

CBW = Convert byte to word 10011000 2 

CWD = Convert word to double word 10011001 4 

LOGIC 
Shift/Rotate Instructions: 

Register/Memory by 1 1101000w modTTTr/m 2/15 

Register/Memory by CL 1101001w modTTTr/m 5+n/17+n 

TTT Instruction Bl 000 AOL 
001 ROA 
010 RCL 
011 RCA 
100 SHL/SAL 
101 SHA 
111 SAR 

AND= And: 

Reg/memory and register to either 001000dw mod reg rim 3/10 

Immediate to register/memory 1000000w mod 100 rim data dataifw=1 4/16 

Immediate to accumulator 0010010w data dataifw=1 3/4 8/16-bit 

TEST= And function to flags, no result: 

Register/memory and register I 1000010w mod reg rim 3/10 

Immediate data and register/memory I 1111011 w mod 0 O 0 rim data dataifw=1 4/10 

Immediate data and accumulator I 1010100w data dataWw=1 3/4 8/16-bit 

OR=Or: 

Reg/memory and register to either 000010dw mod reg rim 3/10 

Immediate to register/memory 1000000w mod001 rim data dataifw=1 4/16 

Immediate to accumulator 0000110w data dataWw=1 3/4 8/16-bit 

Shaded areas indicate instructions not available in 8086, 8088 microsystems. 
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INSTRUCTION SET SUMMARY (Continued) 

Function 

LOGIC (Continued) 
XOR = Exclusive or: 

Reg/memory and register to either 

Immediate to register/memory 

Immediate to accumulator 

NOT = Invert register/memory 

STRING MANIPULATION 

MOVS = Move byte/word 

CMPS = Compare byte/word 

SCAS = Scan byte/word 

LOOS = Load byte/wd to AL/ AX 

STOS = Store byte/wd from AU AX 

Format 

001100dw modreg rim 

1 OOOOOOw mod 11 0 r/m data 

0011010w data dataHw=1 

1111O11 w mod O 1 O r/m 

1010010w 

10100·11 w 

1010111 w 

Repeated by count in ex (REP/REPE/REPZ/REPNE/REPNZ) 

MOVS = Move string 11110010 1010010w 

CMPS = Compare string 1111001 z 1010011 w 

SCAS = Scan string 1111001 z 1010111 w 

LOOS = Load string 11110010 101011 Ow 

STOS = Store string 11110010 1010101w 

CONTROL TRANSFER 

CALL= Call: 

Direct within segment 11101000 disp-Jow disp-high 

Register I memory 11111 1 11 mod010 r/m 
indirect within segment 

Direct intersegment 10011010 segment offset 

segment selector 

Indirect intersegment 11111111 mod011 rim (lllod * 11) 

JMP = Unconditional jump: 

Short/Jong 11101011 disp-low I 
Direct within segment 111 01 001 disp-low I disp-high 

Register/memory 11111111 mod100 rim I 
indirect within segment 

Direct intersegment 1110101 0 segment offset 

segment selector 

Indirect intersegment 11111111 mod 101 rim I (mod* 11) 

Shaded areas indicate instructions not available in 8086, 8088 microsystems. 
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dataHw=1 

Clock 
Cycles 

3/10 

4/16 

3/4 

3/10 

14 

22 

15 

12 

10 

8+8n 

5+22n 

5+15n 

8+11n 

6+9n 

15 

13/19 

23 

38 

14 

14 

11/17 

14 

26 

Comments 
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INSTRUCTION SET SUMMARY (Continued) 

Function 

CONTROL TRANSFER (Continued) 
RET = Ratum from CALL: 

Wijhin segment 

Wijhin sag adding immed to SP 

lntersegment 

lntersegment adding immediate to SP 

JE/JZ = Jump on equal/zero 

JL/JNGE = Jump on less/not greater or equal 

JLE/JNG = Jump on less or equal/not greater 

JB/JNAE = Jump on below/not above or equal 

JBE/JNA = Jump on below or equal/not above 

JP/JPE = Jump on parity/parity even 

JO = Jump on overflow 

JS = Jump on sign 

JNE/JNZ = Jump on not equal/not zero 

JNL/JGE = Jump on not less/greater or equal 

JNLE/ JG = Jump on not less or equal/ greater 

JNB/JAE = Jump on not below/above or equal 

JNBE/ JA = Jump on not below or equal/ above 

JNP/JPO = Jump on not par/par odd 

JNO = Jump on not overflow 

JNS = Jump on not sign 

JCXZ = Jump on CX zero 

LOOP = Loop CX times 

LOOPZ/LOOPE = Loop while zero/equal 

LOOPNZ/LOOPNE = Loop while not zero/equal 

INT = Interrupt 

Type specified 

Type3 

INTO = Interrupt on overflow 

IRET = Interrupt return 

Format 

11000011 

11000010 data-low 

11001 011 

11001010 data-low 

01110100 disp 

011111 00 disp 

0111111 0 disp 

01110010 disp 

0111 011 0 disp 

01111 01 0 disp 

01110000 disp 

01111 000 disp 

01110101 disp 

01111101 disp 

01111111 disp 

01110011 disp 

0111 0111 disp 

01111011 disp 

01110001 disp 

01111001 disp 

111 00011 disp 

11100010 disp 

11100001 disp 

11100000 

11001101 type 

110011 00 

11001.110 

data-high 

data-high 

Shaded areas indicate instructions not ava.ilable in 8086, 8088 microsystems. 
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Clock 
Cyclee 

16 

18 

22 

25 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/.13 

4/13 

4/13 

4/13 

4/13 

5/15 

6/16 

6/16 

6/16 

47 

45 

48/4 

28 

Commanta 

JMPnot 

taken/JMP 

taken 

LOOP not 

taken/LOOP 

taken 

HINT. taken/ 

if INT. not 
taken 
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INSTRUCTION SET SUMMARY (Continued) 

Function Format 
Clock 

Comments 
Cycles 

PROCESSOR CONTROL 

CLC = Clear carry I 11111 000 I 2 

CMC = Complement carry I 11110101 I 2 

STC = Set carry I 11111001 I 2 

CLO = Clear direction 11111100 I 2 

STD = Set direction 11111101 I 2 

CLI = Clear interrupt 1111101 0 I 2 

STI = Set interrupt 11111 011 I 2 

HLT =Halt 111101 00 I 2 

WAIT= Wait 10011011 I 6 i!TEST = 0 

LOCK = Bus lock prefix 11110000 I 2 

NOP = No Operation I 10010000 I 3 

(TTT LLL are opcode to processor extension) 

Shaded areas indicate instructions not available in 8086, 8088 microsystems. 

FOOTNOTES 

The Effective Address (EA) of the memory operand 
is computed according to the mod and rim fields: 
if mod 11 then rim is treated as a REG field 
if mod 00 then DISP = o•, disp-low and disp

if mod 

if mod 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 

high are absent 
01 then DISP = disp-low sign-ex
tended to 16-bits, disp-high is absent 
10 then DISP = disp-high: disp-low 
000 then EA = (BX) + (SI) + DISP 
001 then EA = (BX) + (DI) + DISP 
010 then EA = (BP) + (SI) + DISP 
011 then EA = (BP) + (DI) + DISP 
100 then EA = (SI) + DISP 
101 then EA = (DI) + DISP 
110 then EA = (BP) + DISP* 
111 then EA = (BX) + DISP 

DISP follows 2nd byte of instruction (before data if 
required) 

•except if mod = 00 and rim = 110 then EA = 
disp-high: disp-low. 

EA calculation time is 4 clock cycles for all modes, 
and is included in the execution times given whenev
er appropriate. 

Segment Override Prefix 

Joo1reg1 oj 

reg is assigned according to the following: 
Segment 

reg Register 
00 ES 
01 cs 
10 SS 
11 DS 

REG is assigned according to the following table: 
16-Bit (w = 1) S·Bit (w = 0) 

OOOAX 000 AL 
001 ex 001 CL 
010 DX 010 DL 
011 BX 011 BL 
100SP 100AH 
101 BP 101 CH 
110 SI 110 DH 
111 DI 111 BH 

The physical addresses of all operands addressed 
by the BP register are computed using the SS seg
ment register. The physical addresses of the desti
nation operands of the string primitive operations 
(those ad&essed by the DI register) are computed 
using the ES segment, which may not be overridden. 
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REVISION HISTORY 

The sections significantly revised since version -004 are: 

Pin Description Table Added note to TEST /BUSY pin requiring proper RESET at power-up to 
configure pin as input. 
Renamed pin 44 to INT1 /SELECT and pin 41 to INT3/INTA 1 /IRQ to better 
describe their functions in Slave Mode. 

Initialization and Processor Reset Added reminder to drive RES pin LOW during power-up. 

Read and Write Cycle Waveforms Clarified applicability of T CLCSV to latched A 1 and A2 in footnotes. 

Slave Mode Operation The three low order bits associated with vector generation and performing 
EOI are not alterable; however, the priority levels are programmable. This 
information is a clarification only. 

The sections significantly revised since version -003 are: 

Front Page Deleted references to burn-in devices. 

Local Bus Controller and Reset Clarified effects of excessive loading on pins with internal pullup devices. 
Equivalent resistance no longer shown. 

D.C. Characteristics Renamed Veu to V1L1· Renamed VeHI to V1H3. Changed VoH (min.) from 
0.8 Vee to Vee - 0.5V. Changed Ice (max.) from 180 mA to 150 mA at 
16 MHz, 150 mA to 120 mA at 12.5 mA, and 100 mA to 120 mA at 10 MHz. 
Changed Velo (max.) from 0.5V to 0.45V. Changed VcHo (min.) from 0.8 Vee 
to Vee - 0.5V. Clarified effect of excessive loading on pins with internal 
pullup devices. 

Power Supply Current Added equation and graph for maximum current. 

A.G. Characteristics Many timings changed (all listed in ns): T DVCL (min.) at 16 MHz from 1 Oto 15; 
T CLDX (min.) from 5 to 3; T CLAV (max.) at 10 MHz from 50 to 44; T CHev (max.) 
from 45 to 44 at 10 MHz, and from 37 to 36 at 12.5 MHz; hHLL (min.) from 
T eLCL - 30 to T CLCL - 15; T LLAX (min.) at 10 MHz from T CHCL - 20 to 
TeHCL - 15; T cveTV (max.) from 56 to 44 at 1 O MHz and from 47 to 37 at 
12.5 MHz; TevoEx (max.) from 56 to 44 at 10 MHz, 47 to 37at12.5 MHz, and I 
from 35 to 31 at 16 MHz; TRHAV (min.) from TcLCL - 40 at 10 MHz and • 
T CLCL - 20 at 12.5 MHz and 16 MHz to T CL.CL - 15 at all frequencies; 
T Rl.RH (min.) from 2 T eLeL - 46 to 2 T CLeL - 30 at 10 MHz, from 
2 TcLCL - 40to2TeLCL -25at12.5MHz,and2TeLeL -30to2TcLCL -25 
at 16 MHz; T WLWH (min.) from 2 T CLCL - 34 to 2 T eLeL - 30 at 10 MHz, and 
2 T eLeL - 30 to 2 T eLeL - 25 at 12.5 MHz; T AVLL (min.) from T eLCH - 19 
to TeLeH - 18 at 10 MHz; TeLSH (max.) at 10 MHz from 50 to 46; TcLTMV 
(max.) from 48 to 40 at 1 O MHz, 40 to 33 at 12.5 MHz, and 30 to 27 at 
16 MHz; T CLRO (max.) from 48 to 40 at 1 O MHz, 40 to 33 at 12.5 MHz, and 30 
to 27 at 16 MHz; T eHQSV (max.) from 28 to 37 at 1 O MHz, 28 to 32 at 
12.5 MHz, and 25 to 30 at 16 MHz; T CHDX (min.) from 5 to 1 O; T CLLV (max.) at 
1 O MHz from 45 to 40 and at 12.5 MHz from 40 to 37; T cLesv (max.) from 45 
to 42 at 1 O MHz; T CHCSX (max.) from 32 to 35 at 1 O MHz, 28 to 30 at 
12.5 MHz, and 23 to 25 at 16 MHz; and TeH1eH2 and TeL2CL1 (max.) at 
16 MHz from 8 to 10. Added new timings for T WHDEX· T RHLH· and T WHLH· 
Established min. timing for T CLeSV· 

Timing Waveforms Section rearranged to show waveforms on same or facing page relative to 
corresponding tabular data. T CLSRY drawn to same clock edge as T SRYCL· 
Drawing changed to indicate one less clock between HOLD inactive and 
HLDA inactive. 

Specification Level Markings New Section. 
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The sections significantly revised since version -002 are: 

Block Diagram 

Pin Description Table 

Interrupt Vector Table 

ESC Opcode Exception Descrip-

Redrawn to illustrate numerics coprocessor interface. 

Various descriptions rewritten for clarity. 

Redrawn for clarity. Interrupt Type 16 listed. 

tion Note added concerning ESC trap. 

Oscillator Configurations Deleted drive of X2 with inverted X1. 

RESET Logic Deleted paragraph concerning setup times for synchronization of multiple 
processors. 

Local Bus Arbitration Added description of HLDA when a refresh cycle is pending. 

Local Bus Controller and Reset Added description of pullup devices for appropriate pins. 

DMA Controller Added reminder to initialize transfer count registers and pointer registers. 

Timers 

ORAM Refresh Addresses 

D.C. Characteristics 

Power Supply Current 

A.G. Characteristics 

Added reminder to intialize count registers. 

Refresh address counter described in figure. 

V1H2 indicated for SRDY, ARDY. Ice (max.) now indicated for all devices. 

Typical Ice indicated. 

Input V1H test condition at X1 added. T CLDOX· T CVCTV· T CVCTX· T CLHAV· and 
TcLLV minimums reduced from 5 ns to 3 ns. TcLCH (min.) and TcHCL (min.) 
relaxed by 2 ns. Added reminder that T SRYCL and T CLSRY must be met. 

Explanation of the A.G. Symbols New Section. 

Major Cycle Timing Waveforms T DXDL indicated in Read Cycle. T CLRO indicated. 

Rise/Fall and Capacitive Derat-
ing Curves New Figures added. 

Instruction Set Summary ESC instruction clock count deleted. 
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The sections slgnlflcantly revised since version ·001 are: 

Pin Description Table 

Oscillator Configurations 

OMA Transfer Rate Table 

OMA Control Bit Descriptions 

Interrupt Controller, etc. 

Interrupt Request Register 

DRAM Refresh Addresses 

A.C. Characteristics , 

Execution Timings 

Noted RES to be low more than 4 clocks. 

Added reminder not to drive X2. 

Corrected to reflect 16 MHz capability. 

Moved and clarified note concerning TC condition for ST /STOP clearing dur
ing unsynchronized transfers. 

Renamed iRMX Mode to Slave Mode. 

Noted that DO and 01 are read/write, others read-only. 

Added figure to explain refresh address bits. 

Many timings changed (all listed in ns): T CLDX (min.) from 8 to 5; T SRYCL 
(min.) from 20 to 15; T HVCL (min.) from 20 to 15; T1NVCH (min.) from 25 to 15; 
T1NVCL (min.) from 20to15; TcLAv at 12.5 MHz from 4-33 to 5-36; TcLAv at 
16 MHz from 4-30 to 5-33; TcLAx (min.) to O; TcLDV (min.) at 10 MHz from 
10 to 5; TcLDV (min.) at 12.5 MHz from 10-33 to 5-36; TcLDV (min.) at 
16 MHz from 10-30 to 5-33; TcLDOX (min.) from 10 at 10 MHz and 8 at 
12.5 MHz to 5 at both frequencies; T CVCTV (max.) and T CHCTV (max.) at 
16 MHz from 25 to 31; TcHCTV (min.) and TcvDEX (min.) both from 10 at 
10 MHz and 8 at 12.5 MHz to 5 at both frequencies; T cvcrx (max.) at 16 MHz 
from 25 to 33; TcLRL at 10 MHz from 10-56 to 5-44; TcLRL at 12.5 MHz 
from 8-47 to 5-35; TcLRL (max.) at 16 MHz from 25 to 31; TcLRH (min.) at 
10 MHz from 10 to 5 and at 12.5 MHz from 8 to 5; TcHSV (min.) at 10 MHz 
from 10 to 5 and at 12.5 MHz from 8 to 5; TcHsv (max.) at 16 MHz from 25 to 
31; TcLSH (min.) at 10 MHz from 10 to 5 and at 12.5 MHz from 8 to 5; TcHosv 
(max.) at 12.5 MHz from 23 to 28 and at 16 MHz from 23 to 25; T CHDX (min.) 
at 10 MHz from 10 to 5 and at 12.5 MHz from 8 to 5; TAVCH (min.) to O; TcLLV 
(max.) at 10 MHz from 60 to 45 and at 12.5 MHz from 55 to 40 and at 16 MHz 
from 40 to 35; T DXDL (min.) to O; T cxcsx (min.) from 35 at 10 MHz and 29 at 
12.5 MHz and 25 at 16 MHz to TcLCH - 10 at all frequencies; TcHcsx (min.) 
at 12.5 MHz and 16 MHz from 4-23 to 5-28 and 5-23 respectively. 

Clarified effect of bus width. 

SPECIFICATION LEVEL MARKINGS 

Current 80C186 devices bear backside lot code information consisting of seven digits followed by letters. The 
second, third, and fourth digits comprise a manufacturing date code. This preliminary data sheet applies only 
to 80C186 devices with a date code corresponding to week 25 of 1989 (backside markings x925xxx XXX) or 
later. 
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80C186XL20,16,12,10 
16-BIT HIGH INTEGRATION EMBEDDED PROCESSOR 

• Low Power, Full St•tlc Version of • Speed Versions Available 
80C186 - 20 MHz (80C186XL20) 

• Operation Modes: -16 MHz (80C186XL 16) 

- Enhanced Mode -12.5 MHz (80C186XL 12) 

- DRAM Refresh Control Unit - 10 MHz (80C186XL) 

- Power-Save Mode • Direct Addressing Capability to 
- Direct Interface to 80C187 1 MByte Memory and 64 Kbyte 1/0 

- Compatible Mode • Complete System Development 
- NMOS 80186 Pin-for-Pin Support 

Replacement for Non-Numerics -All 8086 and 80C186 Software 
Applications Development Tools Can Be Used for 

• Integrated Feature Set 80C186XL System Developn:ient 
- Static, Modular CPU -ASM 86 Assembler, PL/M-86, 
- Clock Generator Pascal-86, Fortran-86, IC-86 and 
- 2 Independent DMA Channels System Utilltles 
- Programmable Interrupt Controller · - In-Circuit-Emulator (ICE™-186) 
-·a Programmable 16-Blt Timers • Available In 68-Pln: 
-Dynamic RAM Refresh Control Unit - Plastic Leaded Chip Carrier (PLCC) 
- Programmable Memory and - Ceramic Pin Grid Array (PGA) 

Peripheral Chip Select Logic - Ceramic Leadless Chip Carrier 
- Programmable Wait State Generator · (JEDEC A.Package) 
- Local Bus Controller 
- Power:Save Mode • Available in 80-Pin Quad Flat Pack 
- System-Level Testing Support (High (EIAJ) 

Impedance Test Mode) • Available in·EXPRESS Extended 

• Completely Object Code Compatible Temperature Rarige 
with Existing 8086/8088 Software and (- 4o•c to + 85°C) 
Has 10 Additional Instructions over 
8086/8088 

The Intel 80C186XL is a Modular Core re-implementation of the 80C186 Microprocessor. It offers higher speed 
and lower power consumption than the standard 80C186 but maintains 100% clock-for-clock functional com-
patibility. Packaging and pinout are also identical. 
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80C186XL20, 16, 12, 10 
16-BIT HIGH INTEGRATION EMBEDDED PROCESSOR 

CONTENTS PAGE CONTENTS PAGE 

INTRODUCTION ..................... 24-138 AC CHARACTERISTICS ............. 24-144 

80C186XL BASE ARCHITECTURE ... 24-138 
Major Cycle Timings (Read Cycle) ..... 24-144 

80C186XL Clock Generator ........... 24-138 
Major Cycle Timings (Write Cycle) ..... 24-146 

Bus Interface Unit ..................... 24-139 
Major Cycle Timings (Interrupt 

Acknowledge Cycle) ................ 24-148 

80C186XL PERIPHERAL Software Halt Cycle Timings ........... 24-150 
ARCHITECTURE ................... 24-139 Clock Timings ......................... 24-151 

Chip-Select/Ready Generation Logic .. 24-139 Ready, Peripheral and Queue Status 
OMA Unit ............................. 24-140 Timings ............................. 24-153 

Timer/Counter Unit ................... 24-140 Reset and Hold/HLDA Timings ........ 24-155 

Interrupt Control Unit .................. 24-140 AC TIMING WAVEFORMS ........... 24-157 
Enhanced Mode Operation ............ 24-140 

Queue-Status Mode ................... 24-140 EXPLANATION OF THE AC 
SYMBOLS .......................... 24-164 

DRAM Refresh Control Unit ........... 24-141 

Power-Save Control ................... 24-141 DERATING CURVES ................. 24-165 

Interface for BOC187 Math 
Coprocessor ........................ 24-141 

80C186XL EXPRESS ................. 24-166 

ONCE™ Test Mode ................... 24-141 80C186XL EXECUTION TIMINGS .... 24-166 

ABSOLUTE MAXIMUM RATINGS .... 24-142 INSTRUCTION SET SUMMARY ...... 24-167 

DC CHARACTERISTICS ............. 24-142 FOOTNOTES ......................... 24-172 

POWER SUPPLY CURRENT ......... 24-143 REVISION HISTORY ................. 24-1731 

ERRATA ............................. 24-173 

PRODUCT IDENTIFICATION ......... 24-173 
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80C186XL 

Ceramic Leadless Chip Carrier (JEDEC Type A) 

Contacts Facing Up 

wwwwwwwwwwwwwwww~ 
so [2! ... ucs 
51 :J : LCS 

:'
0
e : PCSB / A2 52 

ARDY 
CLKOUT 

RESET 
X2 
X1 

Yss 
ALE/QSO 
RD/QSMD 

WR/QS1 
BHE 

A18.S6 
A18/SS 
A17 /54 
A16/S3 

PIN NO. 1 
MARK 

:: 
:: 
:: 
:1 

:: 

:: 
.: 

: PCSS/ A1 
Z - PCS4 

! 
....J< 
Xx 
'°x «>x 
-x ux 
ox 
«>X 
a::x ·-· ----------------., .. 1111 U 111111 11111111 II 1111 1111 I 

~s~~~~~~8~~e~~c~g 
~<~~~c~c>~c~c<<cc 

: PCS3 
: PCS2 

PCS1 
Yss 
PCSO 
RES 
TMR OUT 1 
TMR OUTO 

_ TMR IN 1 
: TMR INO 
: DRQ1 
[a DRQO 
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Ceramic Pin Grid Array 

Pins Facing Up 
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Table 1. 80C186XL Pin Description 

LCC 

Symbol 
PGA QFP 

Type Name and Function 
PLCC Pin No. 

Pin No. 

Vee 9 33, 34, I System Power: + 5 volt power supply. 
43 72, 73 I 

Vss 26 12, 13, I System Ground. 
60 53 I 

RESET 57 18 0 RESET Output indicates that the 80C186XL CPU is being reset, 
and can be used as a system reset. It is active HIGH, synchronized 
with the processor clock, and lasts an integer number of clock 
periods corresponding to the length of the RES signal. Reset goes 
inactive 2 clockout periods after RES goes inactive. When tied to 
the TEST /BUSY pin, RESET forces the 80C186XL into enhanced 
mode. RESET is not floated during bus hold. 

X1 59 16 I Crystal Inputs X1 and X2 provide external connections for a 
X2 58 17 0 fundamental mode or third overtone parallel resonant crystal for 

the internal oscillator. X1 can connect to an external clock instead 
of a crystal. In this case, minimize the capacitance on X2. The input 
or oscillator frequency is internally divided by two to generate the 
clock signal (CLKOUT). 

CLKOUT 56 19 0 Clock Output provides the system with a 50% duty cycle waveform. 
All device pin timings are specified relative to CLKOUT. CLKOUT is 
active during reset and bus hold. 

RES 24 55 I An active RES causes the 80C186XL to immediately terminate its 
present activity, clear the internal logic, and enter a dormant state. 
This signal may be asynchronous to the 80C186XL clock. The 
80C186XL begins fetching instructions approximately 6% clock 
cycles after RES is returned HIGH. For proper initialization, Vee 
must be within specifications and the clock signal must be stable 
for more than 4 clocks with RES held LOW. RES is internally 
synchronized. This input is provided with a Schmitt-trigger to 
facilitate power-on RES generation via an RC network. m 

TES'f/BUSY 47 29 1/0 The TEST pin is sampled during and after reset to determine 
whether the 80C186XL is to enter Compatible or Enhanced Mode. 
Enhanced Mode requires TEST to be HIGH on the rising edge of 
RES and LOW four CLKOUT cycles later. Any other combination 
will place the 80C186XL in Compatible Mode. During power-up, 
active RES is required to configure TEST /BUSY as an input. A 
weak internal pullup ensures a HIGH state when the input is not 
externally driven. 

TEST-In Compatible Mode this pin is configured to operate as 
TEST. This pin is examined by the WAIT instruction. If the TEST 
input is HIGH when WAIT execution begins, instruction execution 
will suspend. TEST will be resampled every five clocks until it goes 
LOW, at which time execution will resume. If interrupts are enabled 
while the 80C186XL is waiting for TEST, interrupts will be serviced. 

BUSY-In Enhanced Mode, this pin is configured to operate as 
BUSY. The BUSY input is used to notify the 80C186XLof Math 
Coprocessor activity. Floating point instructions executing in the 
80C186XL sample the BUSY pin to determine when the Math 
Coprocessor is ready to accept a new command. BUSY is active 
HIGH. 
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Table 1. 80C186XL Pin Description (Continued) 

LCC 

Symbol PGA QFP 
Type Name and Function 

PLCC Pin No. 
Pin No. 

TMR INO 20 S9 I Timer Inputs are used either as clock or control signals, depending 
TMR IN 1 21 S8 I upon the programmed timer mode. These inputs are active HIGH (or 

LOW-to-HIGH transitions are counted) and internally synchronized. 
Timer Inputs must be tied HIGH when not being used as clock or 
retrigger inputs. 

TMROUTO 22 S? 0 Timer outputs are used to provide single pulse or continous 
TMROUT 1 23 S6 0 waveform generation, depending upon the timer mode selected. 

These outputs are not floated during a bus hold. 

DRQO 18 61 I DMA Request is asserted HIGH by an external device when it is 
DRQ1 19 60 I ready for DMA Channel o or 1 to perform a transfer. These signals 

are level-triggered and internally synchronized. 

NMI 46 30 I The Non-Maskable Interrupt input causes a Type 2 interrupt. An NMI 
transition from LOW to HIGH is latched and synchronized internally, 
and initiates the interrupt at the next instruction boundary. NMI must 
be asserted for at least one CLKOUT period. The Non-Maskable 
Interrupt cannot be avoided by programming. 

INTO 4S 31 I Maskable Interrupt Requests can be requested by activating one of 
INT1/SELECT 44 32 I these pins. When configured as inputs, these pins are active HIGH. 

INT2/INTAO 42 3S 1/0 Interrupt Requests are synchronized internally. INT2 and INT3 may 

INT3/INTA1/IRQ 41 36 1/0 be configured to provide active-LOW interrupt-acknowledge output 
signals. All interrupt inputs may be configured to be either edge- or 
level-triggered. To ensure recognition, all interrupt requests must 
remain active until the interrupt is acknowledged. When Slave Mode 
is selected, the function ol these pins changes (see Interrupt 
Controller section of this data sheet). 

A19/S6 6S 6 0 Address Bus Outputs (16-19) and Bus Cycle Status (3-6) indicate 
A18/SS 66 s 0 the four most significant address bits during T 1 · These signals are 

A17/S4 67 4 0 active HIGH. 

A16/S3 68 3 0 During T 2, T 3, T w and T 4, the S6 pin is LOW to indicate a CPU-
initiated bus cycle or HIGH to indicate a OMA-initiated or refresh bus 
cycle. During the same T-states, S3, S4 and SS are always LOW. 
These outputs are floated during bus hold or reset. 

AD1S 1 1 1/0 Address/Data Bus (0-1 S) signals constitute the time multiplexed 
AD14 3 79 1/0 memory or 1/0 address (T 1) and data (T 2. T 3, T wand T 4) bus. The 

AD13 s 77 1/0 bus is active HIGH. Ao is analogous to BHE for the lower byte of the 
AD12 7 ?S 1/0 data bus, pins D7 through Do. It is LOW during T 1 when a byte is to 

AD11 10 71 1/0 be transferred onto the lower portion of the bus in memory or 1/0 

AD10 12 69 1/0 operations. These pins are floated during a bus hold or reset. 

AD9 14 67 110 
AD8 16 65 1/0 
AD? 2 80 1/0 
AD6 4 78 1/0 
ADS 6 76 110 
AD4 8 74 1/0 
AD3 11 70 1/0 
AD2 13 68 1/0 
AD1 1S 66 1/0 
ADO 17 64 1/0 
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Table 1. 80C186XL Pin Description (Continued) 

LCC 

Symbol 
PGA QFP 

Type Name and Function 
PLCC Pin No. 

Pin No. 

BHE 64 7 0 The BHE (Bus High Enable) signal is analogous to AO in that it is used to 
enable data on to the most significant half of the data bus, pins D15-D8. 
BHE will be LOW during T 1 when the upper byte is transferred and will 
remain LOW through T 3 AND T w. BHE does not need to be latched. BHE 
will float during HOLD or RESET. 

In Enhanced Mode, BHE will also be used to signify DRAM refresh cycles. A 
refresh cycle is indicated by both BHE and AO being HIGH. 

BHE and AO Encodings 

BHE AO 
Function 

Value Value 

0 0 Word Transfer 
0 1 Byte Transfer on upper half of data bus (D15-D8) 
1 0 Byte Transfer on lower half of data bus (D7-Do) 
1 1 Refresh 

ALE/QSO 61 10 0 Address Latch Enable/Queue Status 0 is provided by the 80C186XL to 
latch the address. ALE is active HIGH, with addresses guaranteed valid on 
the trailing edge. 

WR/QS1 63 8 0 Write Strobe/Queue Status 1 indicates that the data on the bus is to be 
written into a memory or an 1/0 device. It is active LOW, and floats during 
bus hold or reset. When the 80C186XL is in Queue Status Mode, the ALE/ 
QSO and WR/QS1 pins provide information about processor/instruction 
queue interaction. 

QS1 QSO Queue Operation 

0 0 No queue operation 
0 1 First opcode byte fetched from the queue 
1 1 Subsequent byte fetched from the queue 
1 0 Empty the queue m 

RD/QSMD 62 9 0/1 Read Strobe is an active LOW signal which indicates that the 80C186XL is 
performing a memory or 110 read cycle. It is guaranteed not to go LOW 
before the AID bus is floated. An internal pull-up ensures that RD/QSMD is 
HIGH during RESET. Following RESET the pin is sampled to determine 
whether the 80C186XL is to provide ALE, RD, and WR, or queue status 
information. To enable Queue Status Mode, RD must be connected to 
GND. RD will float during bus HOLD. 

ARDY 55 20 I Asynchronous Ready informs the 80C186XL that the addressed memory 
space or 1/0 device will complete a data transfer. The ARDY pin accepts a 
rising edge that is asynchronous to CLKOUT and is active HIGH. The falling 
edge of ARDY must be synchronized to the 80C186XL clock. Connecting 
ARDY HIGH will always assert the ready condition to the CPU. If this line is 
unused, it should be tied LOW to yield control to the SRDY pin. 

SRDY 49 27 I Synchronous Ready informs the 80C186XL that the addressed memory 
space or 1/0 device will complete a data transfer. The SRDY pin accepts an 
active-HIGH input synchronized to CLKOUT. The use of SRDY allows a 
relaxed system timing over ARDY. This is accomplished by elimination of 
the one-half clock cycle required to internally synchonize the ARDY input 
signal. Connecting SRDY high will always assert the ready condition to the 
CPU. If this line is unused, it should be tied LOW to yield control to the 
ARDYpin. 
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'.fable 1. 80C186XL Pin Description (Continued) 

LCC 

Symbol PGA QFP 
Type Name and Function 

PLC.C Pin No. 
Pin No. 

LOCK 48 28 0 LOCK output indicates that other system bus masters are not to gain 
control of the system bus. LOCK is active LOW. The LOCK signal is 
requested by the LOCK prefix instruction and is activated at the 
beginning of the first data cycle associated with the instruction 
immediately following the LOCK prefix. It remains active until the 
completion of that instruction. No instruction prefetching will occur 
while LOCK is asserted. LOCK floats during bus hold or reset: 

so 52 23 0 Bus cycle status SO-S2 are encoded to provide bus-transaction 
S1 53 22 0 information: 
S2 54 21 0 80C186XL Bus Cycle Status Information 

82 51 so Bus Cycle Initiated 

0 0 0 Interrupt Acknowledge 
0 0 1 Read 1/0 
0 1 0 Write 1/0 
0 1 1 Halt 
1 0 0 Instruction Fetch 
1 0 1 Read Data from Memory 
1 1 0 Write Data to Memory 
1 1 1 Passive (no bus cycle) 

The status pins float during HOLD. 
S2 may be used as a logical M/10 indicator, and S1 as a DT /A 
indicator. 

HOLD 50 26 I HOLD indicates that another bus master is requesting the local bus. 
HLDA 51 25 0 The HOLD input is active HIGH. The 80C186XL generates HLDA 

(HIGH) in response to a HOLD request. Simultaneous with the · 
issuance of HLDA, the 80C186XL will float the local bus and control 
lines. After HOLD is detected as being LOW, the 80C186XL will lower 
HLDA. When the 80C186XL needs to run another bus cycle, it will 
again drive the local bus and control lines. 

In Enhanced Mode, HLDA will go low when a DRAM refresh cycle is 
pending in the 80C186XL and an external bus master has control of 
the bus. It will be up to the external master to relinquish the bus by 
lowering HOLD so that the 80C186XL may execute the refresh cycle. 

ucs 34 45 0/1 Upper Memory Chip Select is an active LOW, output whenever a 
memory reference is made to the defined upper portion (1 K-256K 
block) of memory. UCS does not float during bus hold. The address 
range.activating UCS is software programmable. 

iJCS and LCS are sampled up<>n the rising edge of RES. If both pins 
are held low, the 80C186XL will enter ONCE Mode. In ONCE Mode 
all pins assume a hig~dance state and remain so until a 
subsequent RESET. U S has a weak internal pullup that is active 
during RESET to ensure that the 80C186XL does not enter ONCE 
Mode inadvertently. 

LC5 3,3 46 0/1 Lower Memory Chip Select is active LOW whenever a memory 
reference is made to the defined lower portion (1 K-256K) of 
memory. LCS does not float during bus HOLD. The address range 
activating LCS.is software programmable. 
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Table 1. 80C186XL Pin Description (Continued) 

CLCC 

Symbol 
PGA QFP 

Type Name and Function 
PLCC Pin No. 

Pin No. 

LCS UCS and LCS are sampled upon the rising edge of RES. If both pins 
(Continued) are held low, the 80C186XL will enter ONCE Mode. In ONCE Mode 

all pins assume a high impedance state and remain so until a 
subsequent RESET. LCS has a weak internal pullup that is active 
only during RESET to ensure that the 80C186XL does not enter 
ONCE mode inadvertently. 

MCSO/PEREQ 38 39 011 Mid-Range Memory Chip Select signals are active LOW when a 
MCS1/ERROR 37 40 011 memory reference is made to the defined mid-range portion of 
MCS2 36 41 0 memory (8K-512K). These lines do not float during bus HOLD. The 

MCS3/NPS 35 42 0 address ranges activating MCS0-3 are software programmable. 

In Enhanced Mode, MCSO becomes a PEREQ input (Processor 
Extension Request). When connected to the Math Coprocessor, this 
input is used to signal the 80C186XL when to make numeric data 
transfers to and from the coprocessor. MCS3 becomes NPS 
(Numeric Processor Select) which may only be activated by 
communication to the 80C187. MCS1 becomes ERROR in 
Enhanced Mode and is used to signal numerics coprocessor errors. 

MCSO/PEREQ and M()ST /ERROR have weak internal pullups 
which are active during reset. 

PCSO 25 54 0 Peripheral Chip Select signals 0-4 are active LOW when a 
PCS1 27 52 0 reference is made to the defined peripheral area (64K byte 1/0 or 1 
PCS2 28 51 0 MByte memory space). These lines do not float during bus HOLD. 

PCS3 29 50 0 The address ranges activating PCS0-4 are software programmable. 

PCS4 30 49 0 

PCS5/A1 31 48 0 Peripheral Chip Select 5 or Latched A 1 may be programmed to 
provide a sixth peripheral chip select, or to provide an internally 
latched A 1 signal. The address range activating PCS5 is software-
programmable. PCS5/ A 1 does not float during bus HOLD. When 
programmed to provide latched A 1, this pin will retain the previously 
latched value during HOLD. m 

PCS6/A2 32 47 0 Peripheral Chip Select 6 or Latched A2 may be programmed to 
provide a seventh peripheral chip select, or to provide an internally 
latched A2 signal. The address range activating PCS6 is software-
programmable. PCS6/ A2 does not float during bus HOLD. When 
programmed to provide latched A2, this pin will retain the previously 
latched value during HOLD. 

DT/R 40 37 0 Data Transmit/Receive controls the direction of data flow through 
an external data bus transceiver. When LOW, data is transferred to 
the 80C186XL. When HIGH the 80C186XL places write data on the 
data bus. OT /R floats during a bus hold or reset. 

DEN 39 38 0 Data Enable is provided as a data bus transceiver output enable. 
DEN is active LOW during each memory and 1/0 access (including 
80C187 access). DEN is HIGH whenever OT /R changes state. 
During RESET, DEN is driven HIGH for one clock, then floated. DEN 
also floats during HOLD. 

N.C. - 2, 11, 14 - Not connected. To maintain compatibility with future products, do 
15, 24, 43, not connect to these pins. 
44,62,63 
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[External Clock Source >- X1 

(3a) 

N.C. X2 

80C186XL 

272032-13 

Note 1: 

Note 1 

.::r: 200 pF 

272032-11 
(3b) 

XTAL Frequency L 1 Value 
20 MHz 12.0 µH ± 20% 
25 MHz 8.2 µH ± 20% 
32 MHz 4.7 µH ±20% 
40 MHz 3.0 µH ± 20% 

LC network is only required when using a third 
overtone crystal. 

Figure 3. 80C186XL Oscillator Configurations (see text) 

INTRODUCTION 

The following Functional Description describes the 
base architecture of the 80C186XL. The 80C186XL 
is a very high integration 16-bit microprocessor. It 
combines 15-20 of the most common microproces
sor system components onto one chip. The 
80C186XL is object code compatibl'e with . the 
8086/8088 microprocessors and adds 1 O new in
struction types to the 8086/8088 instruction set. 

The 80C186XL has two major modes of operation, 
Compatible and Enhanced. In Compatible Mode the 
80C186XL is completely compatible with NMOS 
80186, with the exception of 8087 support. The En
hanced mode adds three new features to the system 
design. These are Power-Save control, Dynamic 
RAM refresh, and an asynchronous Numerics Co
processor interface. 

80C186XL BASE ARCHITECTURE 

80C186XL Clock Generator 

The 80C186XL provides an on-chip clock generator 
for both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide
by-two counter, synchronous and asynchronous 
ready inputs, and reset circuitry. 

The 80C186XL oscillator circuit is designed to be 
used either with a parallel resonant fundamental or 

third-overtone mode crystal, depending upon the 
frequency range of the application. This is used as 
the time base for the 80C186XL. 

The output of the oscillator is not directly available 
outside the 80C186XL. The recommended crystal 
configuration is shown in Figure 3b. When used in 
third-overtone mode, the tank circuit is recommend
ed for stable operation. Alternately, the oscillator 
may be driven from an external source as shown in 
Figure 3a. 

The crystal or clock frequency chosen must be twice 
the required processor operating frequency due to 
the internal divide by two counter. This counter is 
used to drive all internal phase clocks and the exter
nal CLKOUT signal. CLKOUT is a 50% duty cycle 
processor clock and can be used to drive other sys
tem components. All AC Timings are referenced to 
CLKOUT. 

Intel recommends the following values for crystal se
lection parameters. 

Temperature Range: Application Specific 

ESR (Equivalent Series Resistance): 600 max 

Co (Shunt Capacitance of Crystal): 7.0 pF max 

C1 (Load Capacitance): 20 pF ± 5 pF 

Drive Level: 2mWmax 
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Bus Interface Unit 

The 80C186XL provides a local bus controller to 
generate the local bus control signals. In addition, it 
employs a HOLD/HLDA protocol for relinquishing 
the local bus to other bus masters. It also provides 
outputs that can be used to enable external buffers 
and to direct the flow of data on and off the local 
bus. 

The bus controller is responsible for generating 20 
bits of address, read and write strobes, bus cycle 
status information and data {for write operations) in
formation. It is also responsible for reading data 
from the local bus during a read operation. Synchro
nous and asynchronous ready input pins are provid
ed to extend a bus cycle beyond the minimum four 
states {clocks). 

The 80C186XL bus controller also generates two 
control signals {DEN and DT /A) when interfacing to 
external transceiver chips. This capability allows the 
addition of transceivers for simple buffering of the 
multiplexed address/ data bus. 

During RESET the local bus controller will perform 
the following action: 

• Drive DEN, RD and WR HIGH for one clock cy
cle, then float them. 

• Drive SO-S2 to the inactive state {all HIGH) and 
then float. 

• Drive LOCK HIGH and then float. 

• Float AD0-15, A 16-19, BHE, OT /A. 
• Drive ALE LOW 

• Drive HLDA LOW. 

RD/QSMD, UCS, LCS, MCSO/PEREQ, MCS1 I 
ERROR and TEST /BUSY pins have internal pullup 
devices which are active while RES is applied. Ex
cessive loading or grounding certain of these pins 
causes the 80C186XL to enter an alternative mode 
of operation: 

• RD/QSMD low results in Queue Status Mode. 

• UCS and LCS low results in ONCE™ Mode. 

• TEST /BUSY low {and high later) results in En
hanced Mode. 

80C186XL PERIPHERAL 
ARCHITECTURE 

All the 80C186XL integrated peripherals are con
trolled by 16-bit registers contained within an inter
nal 256-byte control block. The control block may be 
mapped into either memory or 110 space. Internal 
logic will recognize control block addresses and re
spond to bus cycles. An offset map of the 256-byte 
control register block is shown in Figure 4. 

Chip-Select/Ready Generation Logic 

The 80C186XL contains logic which provides pro
grammable chip-select generation for both memo
ries and peripherals. In addition, it can be pro
grammed to provide READY {or WAIT state) genera
tion. It can also provide latched address bits A 1 and 
A2. The chip-select lines are active for all memory 
and 1/0 cycles in their programmed areas, whether 
they be generated by the CPU or by the integrated 
OMA unit. 

The 80C186XL provides 6 memory chip select out
puts for 3 address areas; upper memory, lower 
memory, and midrange memory. One each is provid
ed for upper memory and lower memory, while four 
are provided for midrange memory. 

OFFSET 

Relocation Register FEH 

DAH 
DMA Descriptors Channel 1 

DOH 

CAH 
DMA Descriptors Channel 0 

GOH 

ABH 
Chip-Select Control Registers 

AOH 

66H 
Time 2 Control Registers 

60H 
SEH 

Time 1 Control Registers 
58H 
56H 

Time O Control Registers 
SOH 

3EH 
Interrupt Controller Registers 

20H 

Figure 4. Internal Register Map 

The 80C186XL provides a chip select, called UCS, 
for the top of memory. The top of memory is usually 
used as the system memory because after reset the 
80C186XL begins executing at memory location 
FFFFOH. 
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The 80C186XL provides a chip select for low memo
ry called res. The bottom of memory contains the 
interrupt vector table, starting at location OOOOOH. 

The 80C186XL provides four MCS lines which are 
active within a user-locatable memory block. This 
block can be located within the 80C186XL 1 Mbyte 
memory address space exclusive of the areas de
fined by UCS and res. Both the base address and 
size of this memory block are programmable. 

The 80C186XL can generate chip selects for up to 
seven peripheral devices. These chip selects are ac
tive for seven contiguous blocks of 128 bytes above 
a programmable base address. The base address 
may be located in either memory or 1/0 space. 

The 80C186XL can generate a READY signal inter
nally for each of the memory or peripheral CS lines. 
The number of WAIT states to be inserted for each 
peripheral or memory is programmable to provide 
0-3 wait states for all accesses to the area for 
which the chip select is active. In addition, the 
80C186XL may be programmed to either ignore ex
ternal READY for each chip-select range individually 
or to factor external READY with the integrated 
ready generator. 

Upon RESET, the Chip-Select/Ready Logic will per
form the following actions: 

• All chip-select outputs will be driven HIGH. 

• Upon leaving RESET, the UCS line will be pro
grammed to provide chip selects to a 1 K block 
with the accompanying READY control bits set at 
011 to insert 3 wait states in conjunction with ex
ternal READY (i.e., UMCS resets to FFFBH). 

• No other chip select or READY control registers 
have any predefined values after RESET. They 
will not become active until the CPU accesses 
their control retiisters. 

OMA Unit 

The 80C186XL OMA controller provides two inde
pendent high-speed OMA channels. Data transfers 
can occur between memory and 1/0 spaces (e.g., 
Memory to 1/0) or within the same space (e.g., 
Memory to Memory or 1/0 to 1/0). Data can be 
transferred either in. bytes (8 bits) or in words (16 
bits) to or from even or odd addresses. Each OMA 
channel maintains both a 20-bit source and destina
tion pointer which can be optionally if'1cremented or 
decremented 'after each data transfer (by one or two 
depending on byte or word transfers). Each data 
transfer consumes 2 bus cycles (a minimum of 8 
clocks), one cycle to fetch data and the other to 
store data. 

Timer/Counter Unit 

The 80C186XL provides three internal 16-bit pro
grammable timers. Two of these are highly flexible 
and are connected to four external pins (2 per timer). 
They can be used to count external events, time ex
ternal events, generate nonrepetitive waveforms, 
etc. The third timer is not connected to any external 
pins, and is useful for real-time coding and time de
lay applications. In addition, the third timer can be 
used as a prescaler to the other two, or as a OMA 
request source. 

Interrupt Control Unit 

The 80C186XL can receive interrupts from a number 
of sources, both internal and external. The 
80C186XL has 5 external and 2 internal interrupt 
sources (Timer/Couners and OMA). The internal in
terrupt controller serves to merge these requests on 
a priority basis, for individual service by the CPU. 

Enhanced Mode Operation 

In Compatible Mode the 80C186XL operates with all 
the features of the NMOS 80186, with the exception 
of 8087 support (i.e. no math coprocessing is possi
ble in Compatible Mode). Queue-Status information 
is still available for design purposes other than 8087 
support. 

All the Enhanced Mode features are completely 
masked when in Compatible Mode. A write to any of 
the Enhanced Mode registers will have no effect, 
while a read will not return any valid data. 

In Enhanced Mode, the 80C186XL will operate with 
Power-Save, DRAM refresh, and numerics coproc
essor support in addition to all the Compatible Mode 
features. 

If connected to a math coprocessor, this mode will 
be invoked automatically. Without an NPX, this 
mode can be entered by tying the RESET output 
signal from the 80C186XL to the TEST /BUSY input. 

Queue-Status Mode 

The queue-status mode is entered by strapping the 
RD pin low. RD is sampled at RESET and if LOW, 
the 80C186XL will reconfigure the ALE and WR pins 
to be QSO and QS1 respectively. This mode is avail
able on the 80C186XL in both Compatible and En
hanced Modes. 
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DRAM Refresh Control Unit 

The Refresh Control Unit (RCU) automatically gen
erates DRAM refresh bus cycles. The RCU operates 
only in Enhanced Mode. After a programmable peri
od of time, the RCU generates a memory read re
quest to the BIU. If the address generated during a 
refresh bus cycle is within the range of a properly 
programmed chip select, that chip select will be acti
vated when the SIU executes the refresh bus cycle. 

Power-Save Control 

The 80C186XL, when in Enhanced Mode, can enter 
a power saving state by internally dividing the proc
essor clock frequency by a programmable factor. 
This divided frequency is also available at the 
CLKOUT pin. 

All internal logic, including the Refresh Control Unit 
and the timers, have their clocks slowed down by 
the division factor. To maintain a real time count or a 
fixed DRAM refresh rate, these peripherals must be 
re-programmed when entering and leaving the pow
er-save mode. 

Interface for 80C187 Math 
Coprocessor 

In Enhanced Mode, three of the mid-range memory 
chip selects are redefined according to Table 2 for 

use with the 80C187. The fourth chip select, MCS2 
functions as in compatible mode, and may be pro
grammed for activity with ready logic and wait states 
accordingly. As in Compatible Mode, MCS2 will func
tion for one-fourth a programmed block size. 

Table 2. MCS Assignments 

Compatible 
Enhanced Mode 

Mode 

MCSO PEREQ Processor Extension Request 
MCS1 ERROR NPX Error 
MCS2 MCS2 Mid-Range Chip Select 
MCS3 NPS Numeric Processor Select 

ONCE™ Test Mode 

To facilitate testing and inspection of devices when 
fixed into a target system, the 80C186XL has a test 
mode available which allows all pins to be placed in 
a high-impedance state. ONCE stands for "ON Cir
cuit Emulation". When placed in this mode, the 
80C186XL will put all pins in the high-impedance 
state until RESET. 

The ONCE mode is selected by tying the UCS and 
the LCS LOW during RESET. These pins are sam
pled on the low-to-high transition of the RES pin. 
The UCS and the LCS pins have weak internal pull
up resistors similar to the RD and TEST /BUSY pins 
to guarantee ONCE Mode is not entered inadver
tently during normal operation. LCS and UCS must 
be held low at least one clock after RES goes high 
to guarantee entrance into ONCE Mode. 
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80C186XL 

ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature under Bias .... o•c to + 700C 

Storage Temperature .......... -65°C to+ 15o•c 

Voltage on Any Pin with 
Respectto Ground ............ -1.0V to + 7 .OV 

/Package Power Dissipation .................. 1W 
Not to exceed the maximum allowable die tempera
ture based on thermal resistance of the package. 

NOTICE: This data sheet contains information on 
products in the sampling and initial production phases 
of development. It is valid for the devices indicated in 
the revision history. The specifications are subject to 
change without notice. 

•WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 

NOTICE: The specifications are subject to change 
without notice. 

DC CHARACTERISTICS TA = o·c to + 70°C, Vee = 5V ± 10% 

Symbol Parameter Min Max Units Test Conditions 

V1L Input Low Voltage (Except X1) -0.5 o.2Vee - o.3 v 
V1L1 Clock Input Low Voltage (X1) -0.5 0.6 v 
V1H Input High Voltage 0.2Vee + 0.9 Vee+ o.5 v 

(All except X1 and RES) 

V1H1 Input High Voltage (RES) 3.0 Vee+ 0.5 v 
V1H2 Clock Input High Voltage (X1) 3.9 Vee+ 0.5 v 
Vol Output Low Voltage 0.45 v loL = 2.5 mA (SO, 1, 2) 

loL = 2.0 mA (others) 

VoH Output High Voltage 2.4 Vee v loH = -2.4 mA @ 2.4V (4) 

Vee-:- 0.5 Vee v loH = -200 p.A @Vee -0.5(4) 

Ice Power Supply Current 100 mA @20 MHz,OOC 
Vee= 5.5V(3) 

80 mA ®16MHz, o·c 
Vee= 5.5V(3l 

65 mA ® 12.5 MHz, o•c 
Vee = 5.5V (3) 

50 mA @ 10 MHz, o·c 
Vee = 5.5V (3) 

100 p.A @oco·c 
Vee= 5.5V 

IL.I Input Leakage Current ±10 p.A @0.5MHz, 
0.45V ::;; V1N ::;; Vee 

ILQ Output Leakage Current ±10 p.A @0.5MHz, 
0.45V ::;; VouT ::;; Vec(1) 

VeLO Clock Output Low 0.45 v leLO = 4.0mA 
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80C186XL 

DC CHARACTERISTICS (Continued) TA= o•c to +1o•c, Vee= 5V ±10% 

Symbol Parameter Min Max Units Test Conditions 

VcHO Clock Output High Vee - 0.5 v lcHO = -500 µ.A 

C1N Input Capacitance 10 pF @ 1 MHz(2) 

C10 Output or 1/0 Capacitance 20 pF @ 1 MHz(2) 

NOTES: 
1. Pins being floated during HOLD or by invoking the ONCE Mode. 
2. Characterization conditions are a) Frequency = 1 MHz; b) Unmeasured pins at GND; c) V1N at + 5.0V or 0.45V. This 
parameter is not tested. 
3. Current is measured with the device in RESET with X1 and X2 driven and all other non-power pins open. 
4. RD/~,~. U5"S, ~/PEREQ, MCS1/ERROR and TEST/BUSY pins have internal pullup devices. Loading some 
of these pins above loH = -200 µA can cause the 80C186XL to go into alternative modes of operation. See the section 
on Local Bus Controller and Reset for details. 

POWER SUPPLY CURRENT 

Current is linearly proportional to clock frequency 
and is measured with the device in RESET with X1 
and X2 driven and all other non-power pins open. 

Maximum current is given by Ice = 5 mA x freq. 
(MHz)+ IQL· 

laL is the quiescent leakage current when the clock 
is static. laL is typically less than 100 µ.A. 
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AC CHARACTERISTICS 

MAJOR CYCLE TIMINGS (READ CYCLE) 
TA= o•c to +1o•c, Vee= 5V ±10% 

80C186XL 

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL = 50 pF. 
For AC tests, input V1L = 0.45V and V1H = 2.4V except at X1 where V1H = Vee - 0.5V. 

Values 

Symbol Parameter 80C186XL 80C186XL12 Unit 

Min Max Min Max 

80C186XL GENERAL TIMING REQUIREMENTS (Listed More Than Once) 

TovcL Data in Setup (AID) 15 15 ns 

TcLDX Data in Hold (AID) 3 3 ns 

80C186XL GENERAL TIMING RESPONSES (Listed More Than Once) 

TcHSV Status Active Delay 3 45 3 35 ns 

TcLSH Status Inactive Delay 3 46 3 35 ns 

TcLAV Address Valid Delay . 3 44 3 36 ns 

TcLAX Address Hold 0 0 ns 

TcLDV Data Valid Delay 3 40 3 36 ns 

TcHOX Status Hold Time 10 10 ns 

TcHLH ALE Active Delay 30 25 ns 

Tl.HLL ALE Width TcLCL - 15 TcLCL - 15 ns 

TcHLL ALE Inactive Delay 30 25 ns 

TAVLL Address Valid to ALE Low TcLCH - 18 TcLCH - 15 ns 

TLLAX Address Hold from ALE TcHCL - .15 TcHCL - 15 ns 
Inactive 

TAVCH Address Valid to Clock High 0 0 ns 

TcLAZ Address Float Delay TcLAX 30 TcLAX 25 ns 

TcLCSV Chip-Select Active Delay 3 42 3 33 ns 

Tcxcsx Chip-Select Hold from TcLCH - 10 TcLCH - 10 ns 
Command Inactive 

TcHCSX Chip-Select Inactive Delay 3 35 3 30 ns 

ToxDL DEN Inactive to OT /R Low 0 0 ns 

Tcvcrv Control Active Delay 1 3 44 3 37 ns 

TcvoEX DEN Inactive Delay 3 44 3 37 ns 

TcHCTV Control Active Delay 2 3 44 3 37 ns 

TcLLV LOCK Valid/Invalid Delay 3 40 3 37 ns 

80C186XL TIMING RESPONSES (Read Cycle) 

TAZRL Address Float to RD Active 0 0 ns 

TcLRL RD Active Delay 3 44 3 37 ns 

TRLRH RD Pulse Width 2TcLCL - 30 2TcLCL - 25 ns 

TcLRH RD Inactive Delay 3 44 3 37 ns 

TRHLH RD Inactive to ALE High TcLCH - 14 TcLCH - 14 ns 

TRHAV RD Inactive to Address TcLCL - 15 TcLCL - 15 ns 
Active 
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AC CHARACTERISTICS 

MAJOR CYCLE TIMINGS (READ CYCLE) 
TA= o•cto +1o·c. Vee= 5V ±10% 

80C186XL 

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL = 50 pF. 
For AC tests, input V1L = 0.45V and V1H = 2.4V except at X1 where V1H = Vee - 0.5V. 

Values 

Symbol Parameter 80C186XL16 80C186XL20 Unit 

Min Max Min Max 

80C186XL GENERAL TIMING REQUIREMENTS (Listed More Than Once) 

ToveL Data in Setup (AID) 15 10 ns 

TeLox Data in Hold (AID) 3 3 ns 

80C186XL GENERAL TIMING RESPONSES (Listed More Than Once) 

TeHSV Status Active Delay 3 31 3 25 ns 

TeLSH Status Inactive Delay 3 30 3 25 ns 

TeLAV Address Valid Delay 3 33 3 27 ns 

TeLAX Address Hold 0 0 ns 

TeLDV Data Valid Delay 3 33 3 27 ns 

TeHDX Status Hold Time 10 10 ns 

TeHLH ALE Active Delay 20 20 ns 

TLHLL ALE Width TeLeL - 15 TeLeL - 15 ns 

TeHLL ALE Inactive Delay 20 20 ns 

TAVLL Address Valid to ALE Low TeLeH - 15 TeLeH - 10 ns 

TLLAX Address Hold from ALE TeHeL - 15 TeHeL - 10 ns 
Inactive 

TAveH Address Valid to Clock High 0 0 ns 

TeLAZ Address Float Delay TeLP,.X 20 TeLAX 20 ns 

TeLesv Chip-Select Active Delay 3 30 3 25 ns 

Texesx Chip-Select Hold from teLeH - 10 TeLeH - 10 ns 
Command Inactive 

TeHeSX Chip-Select Inactive Delay 3 25 3 20 ns 

ToxDL DEN Inactive to OT /R Low 0 0 ns 

TeveTv Control Active Delay 1 3 31 3 22 ns 

TevDEX DEN Inactive Delay 3 31 3 22 ns 

TeHeTV Control Active Delay 2 3 31 3 22 ns 

TeLLV LOCK Valid/Invalid Delay 3 35 3 22 ns 

80C186XL TIMING RESPONSES (Read Cycle) 

TAZRL Address Float to RD Active 0 0 ns 

TeLRL RD Active Delay 3 31 3 27 ns 

TRLRH RD Pulse Width 2TeLeL - 25 2TeLeL - 20 ns 

TeLRH RD Inactive Delay 3 31 3 27 ns 

TRHLH RD Inactive to ALE High TeLeH - 14 TeLeH - 14 ns 

TRHAV RD Inactive to Address TeLeL - 15 TeLeL - 15 ns 
Active ' 
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AC CHARACTERISTICS 

MAJOR CYCLE TIMINGS (WRITE CYCLE) 
TA'= 0°C to +70°C, Vee= 5V ±10% 

80C186XL 

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL = 50 pF. 
For AC tests, input V1L = 0.45V and V1H = 2.4V except at X1 where V1H = Vee - 0.5V. 

Values 

Symbol Parameter 80C186XL 80C186XL12 Unit 

Min Max Min Max 

80C186XL GENERAL TIMING RESPONSES (Listed More Than Once) 

TeHSV Status Active Delay 3 45 3 35 ns 

TeLSH Status Inactive Delay 3 46 3 35 ns 

TeLAv Address Valid Delay 3 44 3 36 ns 

TeLAx Address Hold 0 0 ns 

TeLDV Data Valid Delay 3 40 3 36 ns 

TeHDX Status Hold Time 10 10 ns 

TeHLH ALE Active Delay 30 25 ns 

TLHLL ALE Width TeLeL - 15 TeLeL - 15 ns 

TeHLL ALE Inactive Delay 30 25 ns 

TAVLL Address Valid to ALE Low TeLeH - 18 TeLeH - 15 ns 

TLLAX Address Hold from ALE TeHeL - 15 TeHeL - 15 ns 
Inactive 

TAveH Address Valid to Clock High 0 0 ns 

TeLoox Data Hold Time 3 3 ns 

Teverv Control Active Delay 1 3 44 3 37 ns 

Tcverx Control Inactive Delay 3 44 3 37 ns 

TeLesv Chip-Select Active Delay 3 42 3 33 ns 

Tcxesx Chip-Select Hold from TeLeH - 10 TeLeH - 10 ns 
Command Inactive 

TcHesx Chip-Select Inactive Delay 3 35 3 30 ns 

ToxDL DEN Inactive to DT /R Low 0 0 ns 

TcLLV LOCK Valid/Invalid Delay 3 40 3 37 ns 

80C186XL TIMING RESPONSES (Write Cycle) 

TwLWH WR Pulse Width 2TeLeL - 30 2TeLeL - 25 ns 

TwHLH WR Inactive to ALE High · TeLeH - 14 TeLeH - 14 ns 

TwHox Data Hold after WR TeLeL - 34 TeLeL - 20 ns 

TwHDEX WR Inactive to DEN Inactive TeLeH - 10 TeLeH - 10 ns 
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inteL 

AC CHARACTERISTICS 

MAJOR CYCLE TIMINGS (WRITE CYCLE) 
TA= o·c to +10°c, Vee= 5V ±10% 

80C186XL 

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL = 50 pF. 
For AC tests, input V1L = 0.45V and V1H = 2.4V except at X1 where V1H = Vee - 0.5V. 

Values 

Symbol Parameter 80C186XL16 80C186XL20 Unit 

Min Max Min Max 

80C186XL GENERAL TIMING RESPONSES (Listed More Than Once) 

TeHsv Status Active Delay 3 31 3 25 ns 

TeLSH Status Inactive Delay 3 30 3 25 ns 

TeLAv Address Valid Delay 3 33 3 27 ns 

TeLAx Address Hold 0 0 ns 

TeLDV Data Valid Delay 3 33 3 27 ns 

TeHDX Status Hold Time 10 10 ns 

TeHLH ALE Active Delay 20 20 ns 

TLHLL ALE Width TeLeL - 15 TeLeL - 15 ns 

TeHLL ALE Inactive Delay 20 20 ns 

TAVLL Address Valid to ALE Low TcLCH - 15 TcLCH - 10 ns 

TLLAX Address Hold from ALE TcHCL - 15 TeHCL - 10 ns 
Inactive 

TAVCH Address Valid to Clock High 0 0 ns 

TcLDOX Data Hold Time 3 3 ns 

Tcvcrv Control Active Delay 1 3 31 3 25 ns 

TcvCTX Control Inactive Delay 3 31 3 25 ns 

TcLCSV Chip-Select Active Delay 3 30 3 25 ns 

Texcsx Chip-Select Hold from TcLCH - 10 TeLeH - 10 ns 
Command Inactive 

TcHCSX Chip-Select Inactive Delay 3 25 3 20 ns 

ToxDL DEN Inactive to OT /R Low 0 0 ns 

TcLLV LOCK Valid/Invalid Delay 3 35 3 22 ns 

80C186XL TIMING RESPONSES (Write Cycle) 

TwLWH WR Pulse Width 2TcLCL - 25 2TcLCL - 20 ns 

TwHLH WR Inactive to ALE High TcLCH - 14 TcLCH - 14 ns 

TwHox Data Hold after WR TeLeL - 20 TeLCL - 15 ns 

TwHoEx WR Inactive to DEN Inactive TcLCH - 10 TcLeH - 10 ns 
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80C186XL 

AC CHARACTERISTICS 

MAJOR CYCLE TIMINGS (INTERRUPT ACKNOWLEDGE CYCLE) 
TA= o•c to +70°c. Vee= 5V ±10% 
All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL = 50 pF. 
For AC tests, input V1L = 0.45V and V1H = 2.4V except.at X1 where V1H = Vee - 0.5V. 

Values 

Symbol . Parameter 80C186XL 80C186XL12 Unit 

Min Max Min Max 

80C186XL GENERAL TIMING REQUIREMENTS (Listed More Than Once) 

ToveL Data in Setup (A/D) 15 15 ns 

TcLDX Data in Hold (AID) 3 3 ns 

80C186XL GENERAL TIMING RESPONSES (Listed More Than Once) 

TcHsv Status Active Delay 3 45 3 35 ns 

TcLSH Status Inactive Delay 3 46 3 35 ns 

TcLAV Address Valid Delay 3 44 3 36 ns 

TAveH Address Valid to Clock High 0 0 ns 

TeLAX Address Hold 0 0 ns 

Tcwv Data Valid Delay 3 40 3 36 ns 

TeHDX Status Hold Time 10 10 ns 

TeHLH ALE Active Delay 30 25 ns 

TLHLL ALE Width TeLeL - 15 TeLeL - 15 ns 

TcHLL ALE Inactive Delay 30 25 ns 

TAVLL Address Valid to ALELow TeLeH - 18 TeLeH - 15 ns 

TLLAX Address Hold to ALE TeHeL - 15 TeHeL - 15 ns 
Inactive 

TeLAZ Address Float Delay TeLAx 30 TeLAX 25 ns 

Tevcw Control Active Delay.1 3 44 3 37 ns 

Teverx Control Inactive Delay 3 44 3 37 ns 

ToxDL DEN Inactive to DT /R Low 0 0 ns 

TcHeTV Control Active Delay 2 3 44 3 37 ns 

TcvDEX DEN Inactive Delay 3 44 3 37 ns 
(Non-Write Cycles) 

TeLLV LOCK Valid/Invalid Delay 3 40 3 37 ns 
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infel .. 80C186XL 

AC CHARACTERISTICS 

MAJOR CYCLE TIMINGS (INTERRUPT ACKNOWLEDGE CYCLE) 
TA= 0°c to +70°C, Vee= 5V ±10% 
All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL = 50 pF. 
For AC tests, input V1L = 0.45V and V1H = 2.4V except at X1 where V1H = Vee - 0.5V. 

Values 

Symbol Parameter 80C186XL16 80C186XL20 Unit 

Min Max Min Max 

80C186XL GENERAL TIMING REQUIREMENTS (Listed More Than Once) 

ToveL Data in Setup (AID) 15 10 ns 

TeLDX Data in Hold (AID) 3 3 ns 

80C186XL GENERAL TIMING RESPONSES (Listed More -Than Once) 

TeHSV Status Active Delay 3 31 3 25 ns 

TeLSH Status Inactive Delay 3 30 3 25 ns 

TeLAV Address Valid Delay 3 33 3 27 ns 

TAVeH Address Valid to Clock High 0 0 ns 

TeLAX Address Hold 0 0 ns 

TeLDV Data Valid Delay 3 33 3 27 ns 

TeHDX Status Hold Time 10 10 ns 

TeHLH ALE Active Delay 20 20 ns 

TLHLL ALE Width TeLeL - 15 TeLeL - 15 ns 

TeHLL ALE Inactive Delay 20 20 ns 

TAVLL Address Valid to ALE Low TeLeH - 15 TeLeH - 10 ns 

TLLAX Address Hold to ALE TeHeL - 15 TeHeL - 10 ns 
Inactive 

TeLAZ Address Float Delay TeLAX 20 TeLAX 20 ns 

TeveTV Control Active Delay 1 3 31 3 25 ns 

TeveTx Control Inactive Delay 3 31 3 25 ns 

ToxoL DEN Inactive to OT /R Low 0 0 ns 

TeHeTV Control Active Delay 2 3 31 3 22 ns 

TevoEx DEN Inactive Delay 3 31 3 22 ns 
(Non-Write Cycles) 

TeLLV LOCK Valid/Invalid Delay 3 35 3 22 ns 
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AC CHARACTERISTICS 

SOFTWARE HALT CYCLE TIMINGS 
TA= o•cto +70°c, Vee= 5V ±10% 

80C186XL 

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL = 50 pF. , 
For AC tests, input V1L = 0.45V and V1H = 2.4V except at X1 where V1H = Vee - 0.5V. 

Values 

Symbol Parameter 80C186XL 80C186XL12 Unit 

Min Max Min Max 

80C186XL GENERAL TIMING REQUIREMENTS (Listed More Than Once) 

TcHSV Status Active Delay 3 45 3 35 ns 

TcLSH Status Inactive Delay 3 46 3 35 ns 

TcLAV Address Valid Delay 3 44 3 36 ns 

TcHLH ALE Active Delay 30 25 ns 

hHLL ALE Width TeLeL - 15 TeLCL - 15 ns 

TcHLL ALE Inactive Delay 30 25 ns 

ToxoL DEN Inactive to DT /R Low 0 0 ns 

TcHeTV Control Active Delay 2 3 44 3 37 ns 

Values 

Symbol ParameterTarget 80C186XL16 80C186XL20 Unit 

Min Max Min Max 

80C186XL GENERAL TIMING RESPONSES (Listed More Than Once) 

TcHsv Status Active Delay 3 31 3 25 ns 

TcLSH Status Inactive Delay 3 30 3 25 ns 

TcLAV Address Valid Delay 3 33 3 27 ns 

TcHLH ALE Active Delay 20 20 ns 

TLHLL ALE Width TcLCL - 15 TcLCL - 15 ns 

TcHLL ALE Inactive Delay 20 20 ns 

ToxoL DEN Inactive to DT /R Low 0 0 ns 

TcHeTV Control Active Delay 2 3 31 3 22 ns 
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infel .. 80C186XL 

AC CHARACTERISTICS 

CLOCK TIMINGS 
TA= o·c to +1o·c. Vee= 5V ±10% 
All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL = 50 pF. 
For AC tests, input V1L = 0.45V and V1H = 2.4V except at X1 where V1H = Vee - 0.5V. 

Values 

Symbol Parameter 80C186XL 80C186XL 12 Unit 

Min Max Min Max 

80C186XL CLKIN REQUIREMENTS(1) 

TeKIN CLKIN Period 50 00 40 00 ns 

TeLeK CLKIN Low Time 20 00 16 00 ns 

TeHeK CLKIN High Time 20 00 16 00 ns 

TeKHL CLKIN Fall Time 5 5 ns 

TeKLH CLKIN Rise Time 5 5 ns 

80C186XL CLKOUT TIMING 

Te1eo CLKIN to CLKOUT Skew 25 21 ns 

TeLeL CLKOUT Period 100 00 80 00 ns 

TeLeH CLKOUT Low Time 0.5TeLeL - 6 0.5TeLeL - 5 ns 

TeHeL CLKOUT High Time 0.5TeLeL - 6 0.5TeLeL - 5 ns 

TeH1eH2 CLKOUT Rise Time 10 10 ns 

TeL2eL1 CLKOUT Fall Time 10 10 ns 

NOTES: 
1. External clock applied to X1 and X2 not connected. 
2. T eLeK and T eHCK (CLKIN Low and High times) should not have a duration less than 40% of T eKtN· 
3. Tested under worst case conditions: Vee = 5.5V TA = 70'e. 
4. Tested under worst case conditions: Vee= 4.5V TA= o•c. 

24-151 

Test 
Conditions 

1.5V(2) 

1.5V(2) 

3.5to1.0V 

1.0to 3.5V 

CL = 100 pF(3) 

CL= 100 pF(4) 

1.0 t.o 3.5V 

3.5to 1.0V 



intel.. 80C186XL 

AC CHARACTERISTICS 

CLOCK TIMINGS 
TA= o•c to +70°c, Vee= 5V ±10% 
All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL = 50 pF. 
For AC tests, input V1L = 0.45V and V1H = 2.4V except at X1 where V1H = Vee - 0.5V. 

Values 

Symbol Parameter 80C186XL16 80C186XL20 Unit 

' Min Max Min Max 

80C186XL CLKIN REQUIREMENTS(1J 

TeKIN CLKIN Period 31.25 00 25 00 ns 

TcLeK CLKIN Low Time 13 00 10 00 ns 

TeHeK CLKIN High Time 13 00 10 00 ns 

TcKHL CLKIN Fall Time 5 5 ns · 

TcKLH CLKIN Rise Time 5 5 ns 

80C186XL CLKOUT TIMING 

Tc1eo CLKIN to CLKOUT Skew 17 17 ns 

TcLeL CLKOUT Period 62.5 50 ns 

TcLeH CLKOUT Low Time 0.5 TeLeL - 5 0.5 TeLeL - 5 ns 

TcHeL CLKOUT High Time 0.5TeLeL - 5 0.5TeLeL - 5 ns 

TcH1eH2 CLKOUT Rise Time 10 8 ns 

TcL2eL1 CLKOUT Fall Time 10 8 ns 

NOTES: 
1. External clock applied to X1 and X2 not connected. 
2. T eLeK and T eHeK (eLKIN Low and High times) should not have a duration less than 40% of T eKIN· 
3. Tested under worst case conditions: Vee = 5.5V. TA = 70°e. 
4. Tested under worst case conditions: Vee= 4.5V. TA = o•c. 
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inteL 80C186XL 

AC CHARACTERISTICS 

READY, PERIPHERAL AND QUEUE STATUS TIMINGS 
TA= 0°C to +70°C, Vee= 5V ±10% 
All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL = 50 pF. 
For AC tests, input V1L = 0.45V and V1H = 2.4V except at X1 where V1H = Vee - 0.5V. 

Values 

Symbol Parameter 80C186XL 80C186XL 12 Unit 

Min Max Min Max 

80C186XL READY AND PERIPHERAL TIMING REQUIREMENTS (Listed More Than Once) 

TsRveL Synchronous Ready (SRDY) 15 15 ns 
Transition Setup Time(1) 

TeLSRY SRDY Transition Hold Time(1) 15 15 ns 

TARYeH ARDY Resolution Transition 15 15 ns 
Setup Time(2) 

TeLARX ARDY Active Hold Time(1) 15 15 ns 

TARYeHL ARDY Inactive Holding Time 15 15 ns 

TARYLeL Asynchronous Ready 25 25 ns 
(ARDY) Setup Time(1) 

T1NVeH INTx, NMI, TEST /BUSY, 15 15 ns 
TMR IN Setup Time(2) 

T1NVeL DRQO, DRQ1 Setup Time(2) 15 15 ns 

80C186XL PERIPHERAL AND QUEUE STATUS TIMING RESPONSES 

TeLTMV Timer Output Delay 40 33 ns 

TeHQSV Queue Status Delay 37 32 ns 

NOTES: 
1. To guarantee proper operation. 
2. To guarantee recognition at clock edge. 
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80C186XL 

AC CHARACTERISTICS 

READY, PERIPHERAL, AND QUEUE STATUS TIMINGS 
TA= 0°Cto +70°C, Vee= 5V ±10% 
All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL = 50 pF. 
For AC tests, input V1L = 0.45V and V1H = 2.4V except at X1 where V1H = Vee - 0.5V. 

Values 

Symbol Parameter 80C186XL16 80C186XL20 Unit 

Min Max Min Max 

80C186XL READY AND PERIPHERAL TIMING REQUIREMENTS 

TsRYeL Synchronous Ready (SRDY) 15 10 ns 
Transition Setup Time(1) 

TcLSRY SRDY Transition Hold Time(1) 15 10 ns 

TARYeH ARDY Resolution Transition 15 10 ns 
Setup Time(2) 

TcLARX ARDY Active Hold Time(1) 15 10 ns 

TARYeHL ARDY Inactive Holding Time 15 10 ns 

TARYLeL Asynchronous Ready 25 15 ns 
(ARDY) Setup Time(1) 

T1NVeH INTx, NMI, TEST /BUSY, 15 10 ns 
TMR IN Setup Time(2) 

T1NVeL DRQO, DRQ1 Setup Time(2) 15 10 ns 

80C186XL PERIPHERAL AND QUEUE STATUS TIMING RESPONSES 

TcLTMV Timer Output Delay 27 22 ns 

TcHOSV Queue Status Delay 30 27 ns 

NOTES: 
1 . To guarantee proper operation. 
2. To guarantee recognition at clock edge. 
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AC CHARACTERISTICS 

RESET AND HOLD/HLDA TIMINGS 
TA= 0°Cto +70°C, Vee= 5V ±10% 

80C186XL 

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL = 50 pF. 
For AC tests, input V1L = 0.45V and V1H = 2.4V except at X1 where V1H = Vee - 0.5V. 

Values 

Symbol Parameter 80C186XL 80C186XL12 Unit 

Min Max Min Max 

80C186XL RESET AND HOLD/HLDA TIMING REQUIREMENTS 

TRESIN RES Setup 15 15 ns 

THveL HOLD Setup(1) 15 15 ns 

80C186XL GENERAL TIMING RESPONSES (Listed More Than Once) 

TeLAZ Address Float Delay TeLAx 30 TeLAx 25 ns 

TeLAv Address Valid Delay 3 44 3 36 ns 

80C186XL RESET AND HOLD/HLDA TIMING RESPONSES 

TeLRO Reset Delay 40 33 ns 

TeLHAV HLDA Valid Delay 3 40 3 33 ns 

TeHeZ Command Lines Float Delay 40 33 ns 

TeHeV Command Lines Valid Delay 
44 36 ns 

(after Float) 

NOTE: 
1. To guarantee recognition at next clock. 
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AC CHARACTERISTICS 

RESET AND HOLD/HLDA TIMINGS 
TA= 0°C to +70°C, Yee= 5V ±10% 

80C186XL 

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL = 50 pF. 
For AC tests, input V1L = 0.45V and V1H = 2.4V except at X1 where V1H = Vee - 0.5V. 

Values 

Symbol Parameter 80C186XL16 80C186XL20 Unit 

Min Max Min Max 

80C186XL RESET AND HOLD/HLDA TIMING REQUIREMENTS 

TRESIN RES Setup 15 15 ns 

THveL HOLD SetupC1 l 15 10 ns 

80C186XL GENERAL TIMING RESPONSES (Listed More Than Once) 

TeLAZ Address Float Delay TeLAX 20 TeLAX 20 ns 

TeLAV Address Valid Delay 3 33 3 22 ns 

80C186XL RESET AND HOLD/HLDA TIMING RESPONSES 

TeLRO Reset Delay 27 22 ns 

TeLHAV HLDA Valid Delay 3 25 3 22 ns 

TeHez Command Lines Float Delay 28 25 ns 

TeHCV Command Lines Valid Delay 32 26 ns 
(after Float) 

NOTE: 
1. To guarantee recognition at next clock. 
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AC CHARACTERISTICS 

READ CYCLE WAVEFORMS 

CLKOUT 

S2-SO 

BHE, 
A19/S6 • A16/S3 

RD 

TcLCSV 
LCS, MCS, UCS, --+---+--..! 

PCS, NPS (Note 2) 

LOCK 

80C186XL 

BHE, S6-S3 

TcvcTV 

-----...-....... --------------------.-....1.,l-
272032-22 

NOTES: 
1. Status inactive in state preceding T 4. 
2. If latched A1 and A2 are selected instead of PCS5 and PCS6, only T CLCSV is applicable. 
3. For write cycle followed by read cycle. 
4. T 1 of next bus cycle. 
5. Changes in T-state preceding next bus cycle if followed by write. 

Flgure6 
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AC CHARACTERISTICS 

WRITE CYCLE WAVEFORMS 

CLKOUT 

S2-SO 

BHE, 
A19/S6 • A16/S3 

ALE 

AD15·ADO 

WR 

LCS, MCS, UCS, 

PCS, NPS(Note 2) 

DEN 

DT/R 

LOCK 

NOTES: 

TcHLH 

TcLCSV 

1. Status inactive in state preceding T 4. 

80C186XL 

BHE, S6-S3 

Tcvcrx 

Tcvcrv 

2. If latched A1 and A2 are selected instead of ~ and PCSG, only T CLCSV is applicable. 
3. For write cycle followed by read cycle. 
4. T 1 of next bus cycle. 
5. Changes in T-state preceding next bus cycle if followed by read, INTA, or halt. 

Figure 7 
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80C186XL 

AC CHARACTERISTICS 

INTERRUPT ACKNOWLEDGE CYCLE WAVEFORMS 

CLKOUT 

S2-SO 

BHE, 
A19/S6- A16/S3 

NOTES: 

ALE 

AD15-ADO 

DEN 

DT/R 

LOCK 
(Note5) 

TcHLH 

T CVCTV (Note 3) 

Tcvcrv 

T DXDL (Note 4) 

TcLLV TcLLV 

T 
3 Tw 

TcHOX 

BHE, S6·S3 

TovcL 
T CLDX (Note 2) 

T CHCTV (Note 6) 

272032-26 

1. Status inactive in state preceding Tu:._ 
2. The data hold time lasts only until INTA goes inactive, even if the INTA transition occurs prior to TcLDX (min). 
3. INTA occurs one clock later in Slave Mode. 
4. For write cycle followed by interrupt acknowledge cycle. 
5. L0eK is active upon T 1 of the first interrupt aqknowledge cycle and inactive upon T 2 of the second interrupt acknowl
edge cycle. 
6. Changes in T-state preceding next bus cycle if followed by write. 

Figures 
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80C186XL 

AC CHARACTERISTICS 

SOFTWARE HALT CYCLE WAVEFORMS 

CLKOUT 

A19/S6-A16/S3, 
AD15-ADO 

ALE 

DT/R 

NOTE: 
1. For write cycle followed by halt cycle. 

oxoL<Note 1) _ 

Flgure9 
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infel. BOC186XL A\IWWA\OO©rg OOOIF@OOrMIA\ii"O@OO 

WAVEFORMS 

CLOCK WAVEFORMS 

Tele TeHeK 

X1 

CLKOUT 

T eH1eH2 
:reHeL 

272032-29 

Figure 10 

RESET WAVEFORMS 

CLKOUT 

RESET 

272032-37 

Figure 11 II 
SYNCHRONOUS READY (SRDY) WAVEFORMS 

CLKOUT 

SRDY 

272032-33 

Figure 12 
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infel. 80C186XL 

AC CHARACTERISTICS 
ASYNCHRONOUS READY (ARDY) WAVEFORMS 

CLKOUT 

ARDY 
(Normally Not 
Ready System) 

ARDY 1 (Normally Ready 

System) -------------i 

Figure 13 

PERIPHERAL AND QUEUE STATUS WAVEFORMS 

CLKOUT 

INT0·3, NMI, 
TEST, TIMERIN ~~ 

__ T,_,c,1 ~ ::~I __.__I __ 
DRQO, DRQ1 

TcLTMV 

TIMEROUT 

QSO,QS1 

Figure 14 272032-34 
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AC CHARACTERISTICS 

HOLD/HLDA WAVEFORMS (Entering Hold) 

CLKOUT 

HOLD 

HLDA 

AD15-ADO, 
DEN 

A19/S6 - A16/S3, 
RD, WR, Bfif:, 
DTiR, S2 - SO, 

LOCK 

HOLD/HLDA WAVEFORMS (leaving Hold) 

CLKOUT 

HOLD 

HLDA 

AD15-ADO, 
DEN 

80C186XL 

TcHCZ 

Figure 15 

Figure 16 272032-36 
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80C186XL 

EXPLANATION OF THE AC SYMBOLS 

Each timing symbol has from 5 to 7 characters. The first character is always a 'T' (stands for time). The other 
characters, depending on their positions, stand for the name of a signal or the logical status of that signal. The 
following is a list of all the characters and what they stand for. 

A: Address 

ARY: Asynchronous Ready Input 

C: Clock Output 

CK: Clock Input 

CS: Chip Select 

CT: Control (OT /R, D.EN, ... ) 

D: Data Input 

DE: DEN 

H: Logic Level High 

OUT: Input (DRQO, TIMO, ... ) 

L: Logic Level Low or ALE 

0: Output 

QS: Queue Status (QS1, QS2) 

A: RD Signal, RESET Signal 

S: Status (SO, Sf, S2) 

SAY: Synchronous Ready Input 

V: Valid 

W: WR Signal 

X: No Longer a Valid Logic Level 

Z: Float 

Examples: 

T CLAV - Time from Clock low to Address valid 

T CHLH - Time from Clock high to ALE high 

T CLCSV - Time from Clock low to Chip Select valid 
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DERATING CURVES 

80C186XL 

Typical Output Delay Capacitive Derating 
8 

7 

6 

5 

3 

2 

0 

H 
X = Jgh-tJ-1ow 
O =low-to-high 

::zJ 
rLl .2 

Y/ 
JP' 

50 75 100 125 150 175 

Capacitive Load (pf) 

Figure 17. Capacitive Deratlng Curve 

272032-39 

Typlcal Rise and Fall Times for TTL Voltage Levels 
a~~-.-~.--...... ~~--.~ 

7t-t~-+-~t---+~-t--t-f 

6 H X=~V to ~.av 
o=o.av to 2v+---+-~--+-1 

5 1-+--+--i,__-1-L__.~.._. 

41-t~-+-~t---::Jtl"--+--t-t 

3~~ 
2 >t"" L....-*"' 

50 75 100 125 150 175 

Capacitive Load (pf) 
272032-40 

Figure 18. TTL Level Rise and Fall Times for Output Buffers 

Typical Rise and Fall Times for CMOS Voltage Levels 
1&.....,.~-.-~.--....... ~..---.-. 

141-t~-+-~t---+~-t--,A-f 

12 ~ 
10 y 
8 l2 ~ 
_V~ 

2 t-+-+--+-X= 3.5V to 0.4V 
O O=J4V .r 3.~ 

50 75 100 125 150 175 

Capacitive Load (pf) 
272032-41 

Figure 19. CMOS Level Rise and Fall Times for Output Buffers 
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80C186XL 

80C186XL EXPRESS 

The Intel EXPRESS system offers enhancements to 
the operational specifications of the 80C186XL mi
croprocessor. EXPRESS products are designed to 
meet the needs of those applications whose operat
ing requirements exceed commercial standards. 

The 80C186XL EXPRESS program includes an ex
tended temperature range. With the commercial 
standard temperature range, operational character
istics are guaranteed over the temperature range of 
0°C to + 70°C. With the extended temperature range 
option, operational characteristics are guaranteed 
over the range of - 40°C to + 85°C. 

Package types and EXPRESS versions are identified 
by a one or two-letter prefix to the part number. The 
prefixes are listed in Table 3. All AC and DC specifi
cations not mentioned in this section are the same 
for both commercial and EXPRESS parts. 

Table 3. Prefix Identification 

Prefix 
Package Temperature 

Type Range 

A PGA Commercial 

N PLCC Commercial 

R LCC Commercial 

s QFP Commercial 

TA PGA Extended 

TN PLCC Extended 

TR LCC Extended 

TS QFP Extended 

80C186XL EXECUTION TIMINGS 

A determination of 80C186XL program execution 
timing must consider the bus cycles necessary to 
prefetch instructions as well as the number of exe
cution unit cycles necessary to execute instructions. 
The following instruction timings represent the mini
mum execution time in clock cycles for each instruc
tion. The timings given are based on the following 
assumptions: 

• The opcode, along with any data or displacement 
required for execution of a particular instruction, 
has been prefetched and resides in the queue at 
the time it is needed. 

• No wait states or bus HOLDs occur. 

• All word-data is located on even-address bound
aries. 

All jumps and calls include the time required to fetch 
the opcode of the next instruction at the destination 
address. 

All instructions which involve memory accesses can 
require one or two additional clocks above the mini
mum timings shown due to the asynchronous hand
shake between the bus interface unit (BIU) and exe
cution unit. 

With a 16-bit BIU, the 80C186XL has sufficient bus 
performance to ensure that an adequate number of 
prefetched bytes will reside in the queue most of the 
time. Therefore, actual program execution time will 
not be substantially greater than that derived from 
adding the instruction timings shown. 
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80C186XL 

INSTRUCTION SET SUMMARY 

Function Format 
Clock 

Comments 
Cyclee 

DATA TRANSFER 
MOY= Move: 

Register to Register /Memory I 1000100w modreg rim 2/12 

Register I memory to register I 1000101w modreg rim 2/9 

Immediate to register/memory I 1100011 w modOOO rim data I dataHw=1 I 12-13 8/16-bH 

Immediate to register I 1011 w reg data dataifw=1 I 3-4 8/16-bH 

Memory to accumulator I 101oooow addr-low addr-high I 8 

Accumulator to memory I 1010001w addr-low addr-high I 9 

Register/memory to segment register I 10001110 modOreg r/m I 2/9 

Segment register to register/memory I 10001100 modOreg rim I 2/11 

PUSH= Push: 

Memory I 11111111 I mod 11 0 rim I 16 

Register I 01010reg I 10 

Segment register I 0 0 0 reg 1 1 0 I 9 
1=~:· 

.-.~··· .. ·------·-· . T ] 

" )if "-=· 
•' 

POP= Pop: 

Memory I 10001111 I modOOO r/m I 20 

Register I 01 011 reg I 10 

Segment register I 000reg111 I (reg.-01) 8 

' [----,'\\ ,, > " M®h' 

XCHG = Exchange: 

Register/memory with register I 1000011w I mod reg r/m I 4/17 

Register wHh accumulator I 10010reg I 3 

IN = Input from: 

Fixed port I 1110010w • port I 10 

Variable port I 111011 Ow 8 

OUT = Output to: 

Fixed port I 1110011 w port I 9 

Variable port I 1110111w 7 

XLAT = Translate byte to AL I 11010111 11 

LEA = Load EA to register I 1 00011 01 mod reg rim I 6 

LDS = Load pointer to OS I 11000101 mod reg rim I (mod.-11) 18 

LES = Load pointer to ES I 11000100 mod reg rim I (mod.-11) 18 

LAHF = Load AH with flags I 1 0011111 2 

SAHF = Store AH into flags I 10011110 3 

PUSHF = Push flags I 10011100 9 

POPF = Pop flags I 10011101 8 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 

24-167 



80C186XL 

INSTRUCTION SET SUMMARY (Continued) 

Function Format 
Clock 

Comments 
Cycles 

DATA TRANSFER (Continued) 
SEGMENT = Segment Override: 

cs I 00101110 I 2 

SS I 00110110 I 2 

OS I 00111110 I 2 

ES I 00100110 I 2 

ARITHMETIC 
ADD= Add: ' 
Reg/memory with register to either I OOOOOOdw I mod reg rim I 3110 

Immediate to register/memory I 1ooooosw I modOOO rim I data I dataifsw=01 I 4116 

Immediate to accumulator I 000001ow I data I dataifw=1 I 3'/4 8/16·bit 

ADC = Add with carry: 

Reg/memory with register to either I 000100dw I modreg rim I 3110 

Immediate to register/memory I 100000sw I modO 1 O rim I data I dataifsw=01 I 4116 

Immediate to accumulator I 0001010w I data I dataifw=1 I 314 8/16·bit 

INC = Increment: 

'Register/memory I 1111111w I modOOO rim I 3115 

Register I 01000reg I 3 

SUB = Subtract: 

Reg/memory and register to either I 001010dw I mod reg rim I 3110 

Immediate from register/memory I 100000sw I mod 1 01 rim I data I dataifsw=01 I 4116 

Immediate from accumulator I 0010110w I data I dataifw=1 I 3/4 811El·blt 

SBB = Subtract with ,l>Orrow: 
Reg/memory and register to either I 000110dw mod reg rim I 3110 

Immediate from register/ memory I 100000sw modO 11 r/m I data I dataifsw=01 I 4/16 

Immediate from accumulator I 0-00111 Ow data I dataifw=1 I 3/4 8/16·blt 

DEC = Decrement 

Regist~r/memory I 1111111w mod001 rim I 3/15 

Register I 01001 reg 3 

CMP = Compare: 

ReQister/memory with register I 0011101 w I mod reg rim 3/10 

Register with register/memory I 0011100w I mod reg rim 3/10 

Immediate with register /memory I 100000sw I mod 111 rim data I dataifsw=01 I 3/10 

Immediate with accumulator I 0011110w I data dataifw=1 I 3/4 8/16-bit 

NEG = Change sign register /memory I 1111011W I mod011 rim 3/10 

AAA = ASCII adjust for add I 0011 0111 I 8 

DAA, = Decimal adjust for add I 00100111 I ' 4 

AAS = ASCII adjust for subtract I 00111111 I 7 

DAS = Decimal adjust for subtract I 00101111 I 4 

MUL = Multiply (unsigned): I 1111 011 w I mod 100 rim I 
Register·Byte 28-28 
Register·Word 35-37 
Memo,Y·Byte 32-34 
Memory· Word 41-43 

Shaded areas indicate instructions not-available in 8086/BOBB microsystems. 
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infel. 80C186XL 

INSTRUCTION SET SUMMARY (Continued) 

Function Format 
Clock 

Comments 
Cycles 

ARITHMETIC (Continued) 

IMUL = Integer multiply (signed): I 1111011 w I mod 1 01 rim I 
Register-Byte 25-28 
Register-Word 34-37 
Memory-Byte 31-34 
Memory-Word 40-43 

·JE~;l~liiU!ti~ :I ,,1:i ~~t,fir~fifmllj;im:ra #;31\,,i!UB~,4$ €iiiAiil :iiiir}I 
29-3:i" · 

.··rb$~~01: 

DIV = Divide (unsigned): I 1111011 w I mod 11 0 rim I 
Register-Byte 29 
Register-Word 38 
Memory-Byte 35 
Memory-Word 44 

IDIV = Integer divide (signed): I 1111011 w I mod 111 rim I 
Register-Byte 44-52 
Register-Word 53-61 
Memory-Byte 50-58 
Memory-Word 59-67 

AAM = ASCII adjust for multiply I 1t010100 I 00001010 I 19 

AAD = ASCII adjust for divide I 11010101 I 00001010 I 15 

CBW = Convert byte to word I 10011000 I 2 

CWD = Convert word to double word I 1 0011001 I 4 

LOGIC 
Shift/Rotate Instructions: 

Register/Memory by 1 I 1101000w I modTTTr/m I 2/15 

Register/Memory by CL I 1101001w I modTTTr/m I 5+n/17+n 

-'" .·3'"f 

t~1llf111iMi'i-----~ .. -",· ;·w; " "" '· '" ' "'~ ' ., ' ' • > , ' ' ' 

TTT Instruction 
000 AOL 
001 ROA 
010 RCL 
011 RCA 
100 SHL/SAL 
101 SHA 
111 SAR 

AND= And: 

Reg/memory and register to either I 001000dw I modreg rim I 3/10 

Immediate to register/memory I 1000000w I mod100 rim I data I dataHw=1 I 4/16 

Immediate to accumulator I 0010010w I data I dataHw=1 I 3/4 8/16-blt 

TEST= And function to flags, no result: 

Register/memory and register I 100001ow I mod reg rim I 3/10 

Immediate data and register/memory I 1111011w I modOOO rim I data I dataifw=1 I 4/10 

Immediate data and accumulator I 1010100w I data I dataHw=1 I 3/4 8/16-blt 

OR=Or: 

Reg/memory and register to either I 000010dw I modreg r/m I 3/10 

Immediate to register/memory I 1000000w I modOO 1 rim I data I datailw=1 I 4/16 

Immediate to accumulator I 000011-ow I data I dataHw=1 I 3/4 8/16-bi\ 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 
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80C186XL 

INSTRUCTiON SET SUMMARY (Continued) 

Function 

LOGIC (Continued) 
XoR = Excluelve or: 

Reg/memory and regiSter to either 

Immediate to register/memory 

Immediate to accumulator 

NOT = Invert register/memory 

STRING MANIPULATION 

MOVS = Move byte/word 

CMPS = Compare byte/word 

SCAS = Scan byte/word 

LODS = Load byte/wd to AL/ AX 

STOS = Store byte/wd from ALI AX 

Format 

001100dw mod reg rim 

1 OOOOOOw mod 11 0 rim data 

0011010w data dataHw=1 

.1 1 1 1 o 1 1 w mod o 1 o rim 

1010010w 

1010011w 

1010111 w 

Repeated by count in ex (REP/REPE/REPZ/REPNE/REPNZ) 

MOVS = Move string 11110010 1010010w 

CMPS = Compare string 1 f11001 z 1010011w 

SCAS = Scan string 1111001 z 1010111w 

LODS = Load string 1111001 0 1010110w 

STOS. = Store string 11110010 1010101w 

CONTROL TRANSFER 

CALL= call: 

Direct within segment 11101000 disp-low disp-high 

Register/memory 11111111 mod01 o rim 
indirect within segment 

Direct intersegment 10011010 segment offset 

segment selector 

Indirect intersegmerrt 111 1111 1 modO 11 rim (mod¢ 11) 

JMP = Unconditional Jump: 

Short/long 11101011 disp-low 

Direct within segment 11101001 disp-low disp-high 

Register/memory 11111111 mod100 rim 
indirect within segment 

Direct intersegment I 11101010 segment offset 

segment selector 

Indirect intersegment 1111 1111 mod1 0 i rim I (mod¢ 11) 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 

24-170 

Clock 
Comments 

Cycles 

3/10 

dataifw=1 4/16 

3/4 8/16-bit 

3/10 

14 

22· 

15 

12 

10 

8+8n 

5+22n 

5+15n 

6+11n 

6+9n 

15 

13/19 

23 

38 

14 

14 

11/17 

14 

26 



intet 80C186XL 

INSTRUCTION SET SUMMARY (Continued) 

Function 

CONTROL TRANSFER (Continued) 
RET = Return from CALL: 

Within segment 

Within seg adding immed to SP 

lntersegment 

lntersegment adding immediate to SP 

JE/JZ = Jump on equal/zero 

JL/JNGE = Jump on less/not greater or equal 

JLE/JNG = Jump on less or equal/not greater 

JB/JNAE = Jump on below/not above or equal 

JBE/JNA = Jump on below or equal/not above 

JP/JPE = Jump on parity/parity even 

JO = Jump on overflow 

JS = Jump on sign 

JNE/JNZ = Jump on not equal/not zero 

JNU JGE = Jump on not less/ greater or equal 

JNLE/ JG = Jump on not less or equal/ greater 

JNB/JAE = Jump on not below/above or equal 

JNBE/JA = Jump on not below or equal/above 

JNP/JPO = Jump on not par/par odd 

JNO = Jump on not overflow 

JNS = Jump on not sign 

JCXZ = Jump on CX zero 

LOOP = Loop CX times 

LOOPZ/LOOPE = Loop while zero/equal 

LOOPNZ/LOOPNE = Loop while not zero/equal I 

INT = Interrupt: 

Type specified 

Type3 

INTO = Interrupt on overflow 

IRET = Interrupt return 

Format 

11 000011 

11000010 data-low 

11001 011 

11001010 data-low 

011101 00 disp 

011111 00 disp 

0111111 0 disp 

01110010 disp 

0111011 0 disp 

0111101 0 disp 

01110000 disp 

01111000 disp 

01110101 disp 

01111101 disp 

01111111 disp 

01110011 disp 

01110111 disp 

01111 011 disp 

01110001 disp 

01111001 disp 

11100011 disp 

11100010 disp 

11100001 disp 

11100000 

11001101 type 

11001100 

11 00111 0 

£@W£00©~ 0001r@OOIMJ£'ii0@00 

Clock 
Cycles 

16 

data-high 18 

22 

data-high 25 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

5/15 

6/16 

6/16 

6/16 

47 

45 

48/4 

28 

Commenta 

JMPnot 

taken/JMP 

taken 

LOOP not 
taken/LOOP 

taken 

if INT. taken/ 

if INT.not 
taken· 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 
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infel .. 80C186XL 

INSTRUCTION SET SUMMARY (Continued) 

Function Format 
Clock 

Comments 
Cycles 

PROCESSOR CONTROL 

CLC = Clear carry. 11111 000 I 2 

CMC = CompJement carry 11110101 I 2 

STC = Set carry 11111001 I 2 

CLD = Clear dlr8ctlon 111'111 00 I 2 

STD = Set direction 11111101 2 

CLI '= Clear interrupt I 11111010 2 

STI = Set interrupt I 11111011 2 

HLT =Halt . I 11110100 2 

WAIT= Wait I 10011011 6 itTES'i' = o 

LOCK = Bus lock prefix I 11110000 2 
\ 

I 
, 

NOP = N~ Operation 10010000 3 

(TTT LLL are opcode to processor extension) 

Shaded areas indicate 1nstruct1ons not available in 8086/8088 microsystems. 

FOOTNOTES 

The Effective Address (EA) of the memory operand 
is computed· according to the mod and rim fields: 
if mod 11 then rim is treated as a REG field 
if mod 00 then DISP = 0", disp-low and disp

if mod 

if mod 
if rim 
if rim 
ifrlm 
if rim 
if rim 
if rim 
if rim 
if rim 

high are absent. 
01 then DISP == disp-low sign-ex
tended to 16-bits, disp-high is absent 
1 o then DISP = disp-high: disp-low 
000 then EA = (BX) + (SI) + DISP 
001 then EA = (BX) + (DI) + DISP 
010 then EA = (BP) + (SI) + DISP 
011 then EA = (BP) + (DI) + DISP 
100 then EA = (SI) + DISP 
101 then EA = (DI) + DISP 

== 110 then EA = (BP) + DISP" 
111 then EA = (BX) + DISP 

DISP follows 2nd byte of instruction (before data if 
required) 

•except if mod = 00 and rim = 110 then EA = 
disp-high: disp-low. 

EA calculation time is 4 clock cycles for all modes, 
and is included in the execution times given whenev
er appropriate. 

Segment Override Prefix 

I O O 1 reg 1 1 O I 

reg is assigned according to the following: 

Segment 
reg Register 
00 ES 
01 cs 
10 SS 
11 OS 

REG is assigned according to the following table: 
16-Blt (w = 1) 8-Blt (w = 0) 

OOOAX OOOAL 
001 ex 001 CL 
010 DX 010DL 
011 BX 011 BL 
100SP 100AH 
101 BP 101 CH 
110SI 110 DH 
111 DI 111 BH 

The physical addresses of all operands addressed 
by the BP register ~re computed using the SS seg
ment register. The physical addresses of the desti
nation operands of the string primitive operations 
(those addressed by the DI register) are computed 
using the ES segment, which may not be overridden. 

i 
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infel .. 80C186XL 

REVISION HISTORY 

The following changes were made between the -001 
and -002 versions of the 80C186XL data sheets. 
The -002 data sheet applies to any 80C188XL with a 
"B" alpha character after the FPO number. The FPO 
number location is show in Figure 2. 

1. Much of the information provided in the -001 ver
sion of the data sheet has been removed. Detail 
descriptions of part functionality may be found in 
the 80C186XL User's Manual. 

2. All AC Timing waveforms were combined at the 
end of the AC Characteristics section. 

3. T WHLH for the 80C186XL 12 was changed from 
T CLCH - 1 O to T CLCH - 14 due to a previous 
typographical error. 

4. T RESIN for the 80C186XL20 was change from 
10 ns to 15 ns. 

5. Output test conditions were changed from CL = 
50-200 pF to CL = 50 pF to reflect newer test 
equipment. Note: this has no effect on AC Timing 
specifications. 

ERRATA 

An A or B step 80C186XL has the following errata. 
The A or B step 80C186XL can be identified by the 
presence of an "A" or "B" alpha character, respec
tively, next to the FPO number. The FPO number 
location is shown in Figure 2. 

1. An internal condition with the interrupt controller 
can cause no acknowledge cycle on the INTA1 
line in response to INT1. This errata only occurs 
when Interrupt 1 is configured in cascade mode 
and a higher priority interrupt exists. This errata 
will not occur consistently, it is dependent on in
terrupt timing. · 

PRODUCT IDENTIFICATION 

Intel 80C186XL devices are marked with a 9-charac
ter alphanumeric Intel FPO number underneath the 
product number. This data sheet (272032-002) is 
valid for 80C186XL devices with an "A" or "B" as 
the ninth character in the FPO number, as illustrated 
in Figure 2. 
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80C186EA20,16,12 
16-BIT HIGH INTEGRATION EMBEDDED PROCESSOR 

• 80C186 Upgrade for Power Critical 
Applications 

• Full Static Operation 
• True CMOS Inputs and Outputs 

• Integrated Feature Set 
-Static 186 CPU Core 
- Power Save, Idle and Powerdown 

Modes 
- Clock Generator 
- 2 Independent OMA Channels 
- 3 Programmable 16-Blt Timers 
- Dynamic RAM Refresh Control Unit 
- Programmable Memory and 

Peripheral Chip Select Logic 
- Programmable Walt State Generator 
- Local Bus Controller 
- System-Level Testing Support 

(High Impedance Test Mode) 

• Speed Versions Available: 
- 20 MHz (80C186EA20) 
-16 MHz (80C186EA16) 
-12.5 MHz (80C186EA12) 

• Direct Addressing Capability to 
1 Mbyte Memory and 64 Kbyte 1/0 

• Complete System Development 
Support ' 
-All 8086/8088 and 80C186 Family 

Software Development Tools Can Be 
Used for 80C186EA System 
Development 
- ASM86 Assembler, iC-86, 

Pascal-86, Fortran-86, PL/M·86 and 
System Utilities 

- In-Circuit-Emulator (ICE™-186) 

• Operation Includes Numerics Mode for 
Direct Interface to 80C187 Numerics 
Coprocessor 

• Available in the Following Packages: 
- 68-Pin Plastic Leaded Chip Carrier 

(PLCC) 
- 80-Pin EIAJ Quad Flat Pack (QFP) 

The BOC1 B6EA is a CH MOS high integration embedded microprocessor. The BOC186EA includes all of the 
features of an "Enhanced Mode" 80C186 while adding the additional capabilities of Idle and Powerdown 
Modes. In Numerics Mode, the BOC186EA interfaces directly with an BOC187 Numerics Coprocessor. 
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16-Bit High Integration Embedded Processor 
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INTRODUCTION 

The 80C186EA is the second product in a new gen
eration of low-power, high-integration microproces
sors. It enhances the existing 80C186 family by ot
tering new features and new operating modes. The 
80C186EA is object code compatible with the 
80C186/80C188 embedded processor. 

The feature set of the 80C186EA meets the needs 
of low-power, space-critical applications. Low-power 
applications benefit from the static design of the 
CPU core and the integrated peripherals. Minimum 
current consumption is achieved by providing a Pow
erdown Mode that halts operation of the device, and 
freezes the clock circuits. Peripheral design en
hancements ensure that non-initialized peripherals 
consume little current. 

Space-critical applications benefit from the inte
gration of commonly used system peripherals. Two 
flexible OMA channels perform CPU-independent 
data transfers. A flexible chip select unit simplifies 
memory and peripheral interfacing. The interrupt unit 
provides sources tor up to 128 external interrupts 
and will prioritize these interrupts with those generat
ed from the on-chip peripherals. Three general pur
pose timer/counters round out the feature set of the 
80C186EA. 

OVERVIEW 

Figure 1 shows a block diagram of the 80C186EA. 
The Execution Unit (EU) is an enhanced 8086 CPU 
core that includes: dedicated hardware to speed up 
effective address calculations, enhance execution 
speed for multiple-bit shift and rotate instructions 
and for multiply and divide instructions, string move 
instructions that operate at full bus bandwidth, ten 
new instructions, and static operation. The Bus Inter
face Unit (BIU) is the same as that found on the 
original 80C186 family products. An independent in
ternal bus is used to allow communication between 
the BIU and internal peripherals. 

80C186EA CORE ARCHITECTURE 

Bus Interface Unit 

The 80C186EA core incorporates a bus controller 
that generates local bus control signals. In addition, 
it employs a HOLD/HLDA protocol to share the local 
bus with other bus masters. 

The bus controller is responsible for generating 20 
bits of address, read and write strobes, bus cycle 
status information and data (for write operations) in-

. formation. It is also responsible for reading data off 
the local bus during a read operation. SRDY and 
ARDY input pins are provided to extend a bus cycle 
beyond the minimum four states (clocks). 

The 80C186EA local bus controller also generates 
two control signals (DEN and OT /R) when interfac
ing to external transceiver chips. This capability al
lows the addition of transceivers for simple buffering 
of the mulitplexed address/data bus. 

Clock Generator 

The 80C166EA provides an on-chip clock generator 
for both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide
by-two counter, and two low-power operating 
modes. 

The oscillator circuit is designed to be used with ei
ther a parallel resonant fundamental or third-over
tone mode crystal network. Alternatively, the oscilla
tor circuit may be driven from an external clock 
source. Figure 2 shows the various operating modes 
of the 80C186EA oscillator circuit. 

The crystal or clock frequency chosen must be twice 
the required processor operating frequency due to 
the internal divide-by-two counter. This counter is 
used to drive all internal phase clocks and the exter
nal CLKOUT signal. CLKOUT is a 50% duty cycle 
processor clock and can be used to drive other sys
tem components. All AC timings are referenced to 
CLKOUT. 

The following parameters are recommended when 
choosing a crystal: 

Temperature Range: Application Specific 
ESR (Equivalent Series Resistance): 60fi max 
CO (Shunt Capacitance of Crystal): 7.0 pF max 
CL (Load Capacitance): 20 pF ± 5 pF 
Drive Level: 2 mW max 
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(A) Crystal Connection (B) Clock Connection 

NOTE: 
The L1 C1 net'lllork is only required when using a third-overtone crystal. 

Figure 2. 80C186EA Clock Configurations 

80C186EA PERIPHERAL 
ARCHITECTURE 

The 80C186EA has integrated several common sys
tem peripherals with a CPU core to create a com
pact, yet powerful system. The integrated peripher
als are designed to be flexible and provide logical 
interconnections between supporting units (e.g., the 
interrupt control unit supports interrupt requests 
from the timer/counters or OMA channels). 

The list of integrated peripherals include: 

• 4~1nput Interrupt Control Unit 

• 3-Channel Timer/Counter Unit 

• 2-Channel OMA Unit 

• 13-0utput Chip-Select Unit 

• Refresh Control Unit 

• Power Management logic 

The registers associated with each integrated peri
heral are contained within a 128 x 16 register file 
called the Peripheral Control Block (PCB). The PCB 
can be located in either memory or 1/0 space on 
any 256 byte address boundary. 

Figure 3 provides a list of the registers associated 
with the PCB when the processor's Interrupt Control 
Unit is in Master Mode. In Slave Mode, the defini
tions of some registers change. Figure 4 provides 
register definitions specific to Slave Mode. 

Interrupt Control Unit 

The 80C186EA can receive interrupts from a num
ber of sources, both internal and external. The Inter
rupt Control Unit (ICU) serves to merge these re
quests on a priority basis, for individual service by 
the CPU. Each interrupt source can be independent
ly masked by the Interrupt Control Unit or all inter
rupts can be globally masked by the CPU. 

Internal interrupt sources include the Timers and 
· OMA channels. External interrupt sources come 
from the four input pins INT3:0. The NMI interrupt · 
pin is not controlled by the ICU and is passed direct
ly to the CPU. Although the timers only have one 
request input to the ICU, separate vector types are 
generated to service individual interrupts within the 
Timer Unit. 

Timer/Counter Unit 

The 80C186EA Timer/Counter Unit (TCU) provides 
three 16-bit programmable timers. Two of these are 
highly flexible and are connected to external pins for 
control or clocking. A third timer is not connected to 
any external pins and can only be clocked internally. 
However, it can be used to clock the other two timer 
channels. The TCU can be used to count.external 
events, time external events, generate non-repeti
tive waveforms, generate timed interrupts, etc. 
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PCB 
Function 

Offset 
PCB 

Function 
Offset 

PCB 
Function 

Offset 
PCB 

Function 
Offset 

OOH Reserved 40H Reserved SOH Reserved COH DMAOSrc. Lo 

02H Reserved 42H Reserved S2H Reserved C2H DMAOSrc. Hi 

04H Reserved 44H Reserved S4H Reserved C4H DMAO Dest. Lo 

06H Reserved 46H Reserved S6H Reserved C6H DMAO Dest. Hi 

OSH Reserved 4SH Reserved SSH Reserved CSH DMAOCount 

OAH Reserved 4AH Reserved SAH Reserved CAH DMAO Control 

OCH Reserved 4CH Reserved SCH Reserved CCH Reserved 

OEH Reserved 4EH Reserved SEH Reserved CEH Reserved 

10H Reserved 50H Timer 0 Count 90H Reserved DOH DMA1 Src. Lo 

12H Reserved 52H Timer O Compare A 92H Reserved D2H DMA1 Src. Hi 

14H Reserved 54H Timer O Compare B 94H Reserved D4H DMA1 Dest. Lo 

16H Reserved 56H Timer O Control 96H Reserved D6H DMA1 Dest. Hi 

1SH Reserved 5SH Timer 1 Count 9SH Reserved DSH DMA1 Count 

1AH Reserved 5AH Timer 1 Compare A 9AH Reserved DAH OMA 1 Control 

1CH Reserved 5CH Timer 1 Compare B 9CH Reserved OCH Reserved 

1EH Reserved 5EH Timer 1 Control 9EH Reserved DEH Reserved 

20H Reserved 60H Timer 2 Count AOH UMCS EOH Refresh Base 

22H End of Interrupt 62H Timer 2 Compare A2H LMCS E2H Refresh Time 

24H Poll 64H Reserved A4H PACS E4H Refresh Control 

26H Poll Status 66H Timer 2 Control A6H MMCS E6H Reserved 

2SH Interrupt Mask 6SH Reserved ASH MPCS ESH Reserved 

2AH Priority Mask 6AH Reserved AAH Reserved EAH Reserved 

2CH In-Service 6CH Reserved ACH Reserved ECH Reserved 

2EH Interrupt Request 6EH Reserved AEH Reserved EEH Reserved 

30H Interrupt Status ?OH Reserved BOH Reserved FOH Power-Save 

32H Timer Control 72H Reserved B2H Reserved F2H Power Control 

34H DMAO Int. Control 74H Reserved B4H Reserved F4H Reserved 

36H OMA 1 Int. Control 76H Reserved B6H Reserved F6H Step ID 

3SH INTO Control ?SH Reserved BSH Reserved FSH Reserved 

3AH INT1 Control ?AH Reserved BAH Reserved FAH Reserved 

3CH INT2 Control ?CH Reserved BCH Reserved FCH Reserved 

3EH INT3 Control ?EH Reserved BEH Reserved FEH Relocation 

Figure 3. 80C186EA Peripheral Control Block Registers 
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PCB Function 
Offset 

20H Interrupt Vector 

22H SpecificEOI 

24H Reserved 

26H Reserved 

28H Interrupt Mask 

2AH Priority Mask 

2C In-Service 

2E Interrupt Request 

30 Interrupt Status 

32 TMRO Interrupt Control 

34 DMAO Interrupt Control 

36 OMA 1 Interrupt Control 

38 TMR1 Interrupt Control 

3A TMR2 Interrupt Control 

3C Reserved 

3E Reserved 

Figure 4. 80C186EA Slave Mode Peripheral 
Control Block Registers 

DMA Control Unit 

The 80C186EA OMA Contol Unit provides two. inde- · 
pendent high-speed OMA channels. Data transfers 
can occur between memory and 1/0 space in any 
combination: memory to memory, memory to 1/0, 
1/0 to 110 or 1/0 to memory. Data can be trans
ferred either in bytes or words. Transfers 1Tiay pro
ceed to or from either even or odd addresses, but 
even•aligned word transfers proceed. at a faster rate. 
Each data transfer consumes two bus cycles {a mini
mum of eight clocks), one cycle to fetch data and 
the other to store data. The chip-select/ready logic 
may be programmed to point to the memory or 110 
space subject to OMA transfers in order to provide 
hardware chip select lines. OMA cycles run at higher 
priority than general processor execution cycles. 

Chip-Select Unit 

The 80C186EA Chip-Select Unit integrates logic 
which provides up to 13 programmable chip-selects 
to access both memories and Peripherals. In addi
tion, each chip-select can be programmed to auto
matically terminate a bus cycle independent of the 
condition of the SRDY and ARDY input pins. The 
chip-select lines are available for all memory and 
1/0 bus cy9les, whether they are generated by the 
CPU, the OMA unit, or the Refresh Control Unit. 

Refresh Control Unit 

The Refresh Control Unit {RCU) automatically gen
erates a periodic memory read bus cycle to keep 
dynamic or pseudo-static memory refreshed. A 9-bit 
counter controls the number of clocks between re
fresh requests. 

A 9-bit address generator is maintained by the RCU 
with the address presented on the A9:1 address 
lines during the refresh bus cycle. Address bits 
A19:13 are programmable to allow the refresh ad
dress block to be located on any 8 Kbyte boundary. 

Power Management 

The 80C186EA has three operational modes to con
trol the power consumption of the device. They are 
Power Save Mode, Idle Mode, and Powerdown 
Mode. 

Power Save Mode divides the processor clock by a 
programmable value to take advantage of the fact 

· that current is linearly proportional to frequency. An 
unmasked interrupt, NMI, or reset will cause the 
80C186EA to exit Power Save Mode. 

Idle Mode freezes the clocks of the Execution Unit 
and the Bus Interface Unit at a logic zero state while 
all peripherals operate normally. 

Powerdown Mode freezes all internal clocks at a 
logic zero level and disables the crystal oscillator. All 
internal registers hold their values provided Vee is 
maintained. Current consumption is reduced to tran
sistor leakage only. 
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80C187 Interface 

The 80C187 Numerics Coprocessor may be used to 
extend the 80C186EA instruction set to include 
floating point and advanced integer instructions. 
Connecting the 80C186EA RESOUT and TEST/ 
BUSY pins to the 80C187 enables Numerics Mode 
operation. In Numerics Mode, three of the four Mid
Range Chip Select (MCS) pins become handshaking 
pins for the interface. The exchange of data and 
control information proceeds through four dedicated 
110 ports. 

If an 80C187 is not present, the 80C186EA config
ures itself for regular operation at reset. 

ONCE™ Test Mode 

To facilitate testing and inspection of devices when 
fixed into a target system, the 80C186EA has a test 
mode available which forces all output and input/ 
output pins to be placed in the high-impedance 
state. ONCE stands for "ON Circuit Emulation". The 
ONCE mode is selected by forcing the UCS and LCS 
pins LOW (0) during a processor reset (these pins 
are weakly held to a HIGH (1) level) while RESIN is 
active. 

DIFFERENCES BETWEEN THE 
80C186 AND THE 80C186EA 

The 80C186EA is intended as a direct functional up
grade for 80C186 designs. In many cases, it will be 
possible to replace an existing 80C186 with little or 
no hardware redesign. The following sections de
scribe differences in pinout, operating modes, and 
AC and DC specifications to keep in mind. 

Pinout Compatibility 

The 80C186EA requires a PDTMR pin to time the 
processor's exit from Powerdown Mode. The original 
pin arrangement for the 80C186 in the PLCC pack
age did not have any spare leads to use for PDTMR, 
so the DT /R pin was sacrificed. The arrangement of 
all the other leads in the 68-lead PLCC is identical 
between the 80C186 and the 80C1 86EA. DT /R may 
be readily synthesized by latching the S1 status out
put. Therefore, upgrading a PLCC 80C186 to PLCC 
80C186EA is particularly straightforward. You must 
connect a capacitor to the 80C186EA PDTMR pin in 
order to use Powerdown Mode. 

The 80-lead QFP (EIAJ) pinouts are distinctly differ
ent between the 80C186 and the 80C186EA. In ad
dition to the PDTMR pin, the 80C186EA has more 
power and ground pins and the overall arrangement 
of pins was shifted. A new circuit board layout for the 
80C186EA is required. 

Operating Modes 

The 80C186 has two operating modes, Compatible 
and Enhanced. Compatible Mode is a pin-to-pin re
placement for the NMOS 80186, except for numeri
cs coprocessing. In Enhanced Mode, the processor 
has a Refresh Control Unit, the Power-Save feature 
and an interface to the 80C187 Numerics Coproces
sor. The MCSO, MCS1, and MCS3 pins change their 
functions to constitute handshaking pins for the 
80C187. 

The 80C186EA allows all non-80C187 users to use 
all the MCS pins for chip-selects. In regular opera
tion, all 80C186EA features (including those of the 
Enhanced Mode 80C186) are present except for th.e 
interface to the 80C187. Numerics Mode disables 
the three chip-select pins and reconfigures them for 
connection to the 80C187. 

TTL vs CMOS Inputs 

The inputs of the 80C186EA are rated for CMOS 
switching levels for improved noise immunity, but the 
80C186 inputs are rated for TTL switching levels. In 
particular, the 80C186EA requires a minimum V1H of 
3.5V to recognize a logic one while the 80C186 re
quires a minimum V1H of only 1.9V (assuming 5.0V 
operation). The solution is to drive the 80C186EA 
with true CMOS devices, such as those from the HG 
and AC logic families, or to use pullup resistors 
where the added current draw is not a problem. 

Timing Specifications 

80C186EA timing relationships are expressed in a 
simplified format over the 80C1 86. The AC perform
ance of an 80C186EA at a specified frequency will 
be very close to that of an 80C186 at the same fre
quency. Check the timings applicable to your design 
prior to replacing the 80C186. 
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PACKAGE INFORMATION 

This section describes the pins, pinouts, and thermal 
characteristics for the 80C186EA in the Plastic 
Leaded Chip Carrier (PLCC) package and Quad Flat 
Pack (QFP) package. For complete package specifi
cations and information, see the Intel Packaging 
Outlines and Dimensions Guide (Order Number: 
231369). 

Pin Descriptions 

Each pin or logical set of pins is described in Table 
2. There are three columns for each entry in the Pin 
Description Table. 

The Pin Name column contains a mnemonic that 
describes the pin function. Negation of the signal 
name (for example, RESIN) denotes a signal that is 
active low. 

The Pin Type column contains two kinds of informa
tion. The first symbol indicates whether a pin is pow
er (P), ground (G), input only (1), output only (0) or 
input/output (1/0). Some pins have multiplexed 
functions (for example, A 19/S6). Additional symbols 
indicate additional characteristics for each pin. Table 
1 lists all the possible symbols for this column. 

Input pins may be either synchronous or asynchro
nous. Asynchronous pins require that setup and hold 
times be met only in order to guarantee recognition 
at a particular clock edge. Synchronous pins require 
that setup and hold times be met to guarantee prop
er operation. For example, missing the setup or hold 
time for the SRDY pin (a synchronous input) will re
sult in a system failure or lockup. Input pins may also 
be edge- or level-sensitive. The possible character
istics for input pins are S(E), S(L), A(E) and A(L). 

Output states are dependent upon the current activi
ty of the processor. There are four operational 
states that are different from regular operation: bus 
hold, reset, Idle Mode and Powerdown Mode. Ap
propriate characteristics for these states are also in
dicated in this. column, with the legend for all possi
ble characteristics in Table 1. 

Finally, the Pin Description column contains a text 
description of each pin. 

As an example, consider AD15:0. 110 signifies the 
pins are bidirectional. S(L) signifies that the input 
function is synchronous and level-sensitive. H(Z) 
signifies that, as outputs, the pins are high-imped
ance upon acknowledgement of bus hold. R(Z) sig
nifies that the pins float during reset. P(X) signifies 
that the pins retain their states during Powerdown 
Mode. 
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Table 1. Pin Description Nomenclature 

Symbol Description 

p Power Pin (Apply +Vee Voltage) 
G Ground (Connect to Vss) 
I Input Only Pin 
0 Output Only Pin 
1/0 Input/Output Pin 

S(E) Synchronous, Edge Sensitive 
S(L) Synchronous, Level Sensitive 
A(E) Asynchronous, Edge Sensitive 
A(L) Asynchronous, Level Sensitive 

H(1) Output Driven to Vee during Bus Hold 
H(O) Output Driven to Vss during Bus Hold 
H(Z) Output Floats during Bus Hold 
H(Q) Output Remains Active during Bus Hold 
H(X) Output Retains Current State during Bus Hold 

R(WH) Output Weakly Held at Vee during Reset 
R(1) Output Driven to Vee during Reset 
R(O) Output Driven to Vss during Reset 
R(Z) Output Floats during Reset 
R(Q) Output Remains Active during Reset 
R(X) Output Retains Current State during Reset 

1(1) Output Driven to Vee during Idle Mode 
1(0) Output Driven to Vss during Idle Mode 
l(Z) Output Floats during Idle Mode 
l(Q) Output Remains Active during Idle Mode 
l(X) Output Retains Current State during Idle Mode 

P(1) Output Driven to Vee during Powerdown Mode 
P(O) Output Driven to Vss during Powerdown Mode 
P(Z) Output Floats during Powerdown Mode 
P(Q) Output Remains Active during Powerdown Mode 
P(X) Output Retains Current State during Powerdown Mode I 
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Table 2. 80C186EA Pin Descriptions 

Name Type Description 

Vee p POWER connections consist of six pins which must be shorted 
externally to a Vee board plane. 

Vss G GROUND connections consist of five pins which rnust be shorted 
externally to a Vss board plane. 

CLKIN I CLocK INput is an input for an external clock. An external oscillator 
A(E) operating at two times the required 80C186EA operating frequency 

can be connected to CLKIN. For crystal operation, CLKIN (along with 
OSCOUT) are the crystal connections to an internal Pierce oscillator. 

OSCO UT 0 OSCiiiator OUTput is only used when using a crystal to generate the 
H(Q) external clock. OSCOUT (along with CLKIN) are the crystal 
R(Q) connections toan internal Pierce oscillator. This pin is not to be used 
P(Q) as 2X clock output for non-crystal applications (i.e., this pin is N.C. for 

non-crystal applications). OSCOUT does not float in ONCE mode. 

CLKOUT 0 CLocK OUTput provides a timing reference for inputs and outputs of 
H(Q) the processor, and is one-half the input clock (CLKIN) frequency. 
R(Q) CLKOUT has a 50% duty cycle and transistions every falling edge of 
P(Q) CLKIN. 

RESIN I RESet IN causes the 80C186EA to immediately terminate any bus 
A(L) cycle in progress and assurne an initialized state. All pins will be 

driven to a known state, and RESOUT will also be driven active. The 
rising edge (low-to-high) transition synchronizes CLKOUT with CLKIN 
before the 80C186EA begins fetching opcodes at memory location 
OFFFFOH. 

RESOUT 0 RESet OUTput that indicates the 80C186EA is currently in the reset 
H(O) state. RESOUT will remain active as long as RESIN remains active. 
R(1) When tied to the TEST /BUSY pin, RESOUT forces the 80C186EA 
P(O) into Numerics Mode. 

PDTMR 110 Power-Down TiMeR pin (normally connected to an external 
A(L) capacitor) that determines the amount of time the 80C186EA waits 

H(WH) after an exit from power down before resuming normal operation. The 
R(Z) duration of time required will depend on the startup characteristics of 
P(1) the crystal oscillator. 

NMI I Non-Maskable Interrupt input causes a Type 2 interrupt to be 
A(E) serviced by the CPU. NMI is latched internally. 

TEST/BUSY I TEST /BUSY is sampled upon reset to determine whether the 
A(E) 80C186EA is to enter Numerics Mode. In regular operation, the pin is 

TEST. TEST is used during the execution of the WAIT instruction to 
suspend CPU operation until the pin is sampled active (low). In 
Numerics Mode, the pin is BUSY. BUSY notifies the 80Ct86EA of 
80C187 Numerics Coprocessor activity. 

AD15:0 1/0 These pins provide a multiplexed Address and Data bus. During the 
S(L) address phase of the bus cycle, address bits 0 through 15 are 
H(Z) presented on the bus and can be latched using ALE. 8- or 16-bit data 
R(Z) information is transferred during the data phase of the bus cycle. 
P(X) 

A18:16 H(Z) These pins provide multiplexed Address during the address phase of 
A19/S6 R(Z) the bus cycle. Address bits 16 through 19 are presented on these 

P(X) pins and can be latched using ALE, A 18: 16 are driven to a logic 0 
during the data phase of the bus cycle. Also during the data phase, 
S6 is driven to a logic O to indicate a CPU-initiated bus cycle or logic 1 
to indicate a OMA-initiated bus cycle or a refresh cycle. 
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Table 2. 80C186EA Pin Descriptions (Continued) 

Name Type Description 

S2:0 0 Bus cycle Status are encoded on these pins to provide bus transaction 
H(Z) information. S2:0 are encoded as follows: 
R(Z) S2 S1 so Bus Cycle Initiated 
P(1) 0 0 0 Interrupt Acknowledge 

0 0 1 Read 1/0 
0 1 0 Write 1/0 
0 1 1 Processor HALT 
1 0 0 Queue Instruction Fetch 
1 0 1 Read Memory 
1 1 0 Write Memory 
1 1 1 Passive (no bus activity) 

ALE/QSO 0 Address Latch Enable output is used to strobe address information into a 
H(O) transparent type latch during the address phase of the bus cycle. In Queue 

R(O) Status Mode, QSO provides queue status information along with QS 1. 

P(O) 

BHE 0 Byte High Enable output to indicate that the bus cycle in progress is 
H(Z) transferring data over the upper half of the data bus. BHE and AO have the 
R(Z) following logical encoding: 

P(X) AO BHE Encoding 
0 0 Word Transfer 
0 1 Even Byte Transfer 
1 0 Odd Byte Transfer 
1 1 Refresh Operation 

RD/QSMD 1/0 ReaD output signals that the accessed memory or 110 device must drive 
H(Z) data information onto the data bus. Upon reset, this pin has an alternate 

R(WH) function. As QSMD, it enables Queue Status Mode when grounded. In 

P(1) Queue Status Mode, the ALE/QSO and WR/QS1 pins provide the following 
information about processor/instruction queue interaction: 

QS1 QSO Queue Operation 
0 0 No Queue Operation 
0 1 First Opcode Byte Fetched from the Queue m 
1 1 Subsequent Byte Fetched from the Queue 
1 0 Empty the Queue 

WR/QS1 0 WRite output signals that data available on the data bus are to be written 
H(Z) into the accessed memory or 1/0 device. In Queue Status Mode, QS1 

R(Z) provides queue status information along with QSO. 

P(1) 

ARDY I Asychronous ReaDY is an input to signal for the end of a bus cycle. ARDY 
A(L) is asynchronous on rising CLKOUT and synchronous on falling CLKOUT. 

S(L) ARDY or SRDY must be active to terminate any 80C186EA bus cycle, 
unless they are ignored due to correct programming of the Chip Select Unit. 

SRDY I Synchronous ReaDY is an input to signal for the end of a bus cycle. ARDY 
S(L) or SRDY must be active to terminate any 80C186EA bus cycle, unless they 

are ignored due to correct programming of the Chip Select Unit. 

DEN 0 Data ENable output to control the enable of bidirectional transceivers when 
H(Z) buffering an 80C186EA system. DEN is active only when data is to be 

R(Z) transferred on the bus. 

P(1) 
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Table 2. 80C186EA Pin Descriptions (Continued) 

Name Type Description 

DT/R 0 Data Transmit/Receive output controls the dire~ion of a bi-directional 
H(Z) buffer when buffering an 80C186EA system. DT /R is only available for the 
R(Z) QFP (EIAJ) package (S80C186EA). 

P(X) 

LOCK 1/0 LOCK output indicates that the bus cycle in progress is not to be 
H(Z) interrupted. The 80C186EA will not service other bus requests (such as 

R(WH) HOLD) while LOCK is active. This pin is configured as a weakly held high 

P(1) input while RESIN is active and must not be driven low. 

HOLD I HOLD request input to signal that an external bus master wishes to gain 
A(L) control of the local bus. The 80C186EA will relinquish control of the local 

bus between instruction boundaries not conditioned by a LOCK prefix. 

HLDA 0 HoLD Acknowledge output to indicate that the 80C186EA has relinquish 
H(1) control of the local bus. When HLDA is asserted, the 80C186EA will (or 
R(O) has) floated its data bus and control signals allowing another bus master to 

P(O) drive the signals directly. 

ucs 0 Upper Chip Select will go active whenever the address of a memory or 1/0 
H(1) bus cycle is within the address limitations programmed by the user. After 
R(1) reset, UCS is configured to be active for memory accesses between 

P(1) OFFCOOH and OFFFFFH. During a processor reset, UCS and LCS are used 
to enable ONCE Mode. 

LCS 0 Lower Chip Select will go active whenever the address of a memory bus 
H(1) cycle is within the address limitations programmed by the user. LCS is 
R(1) inactive after a reset. During a processor reset, UCS and LCS are used to 

P(1) enable ONCE Mode. 

MCSO/PEREQ 1/0 These pins provide a multiplexed function. If enabled, these pins normally 
MCS1/ERROR H(1) comprise a block of Mid-Range Chip Select outputs which will go active 
MCS2 R(1) whenever the address of a memory bus cycle is within the address 

MCS3/NCS P(1) limitations programmed by the user. In Numerics Mode, three of the pins 

A(L) become handshaking pins for the 80C187. The CoProcessor REQuest 
input signals that a data transfer is pending. ERROR is an input which 
indicates that the previous numerics coprocessor operation resulted in an 
exception condition. An interrupt Type 16 is generated when ERROR is 
sampled active at the beginning of a numerics operation. Numerics 
Coprocessor Select is an output signal generated when the processor 
accesses the 80C187. 

PCS4:0 0 Peripheral Chip Selects go active whenever the address of a memory or 
H(1) 1/0 bus cycle is within the address limitations programmed by the user. 
R(1) 
P(1) 

PCS5/A1 0 These pins provide a multiplexed function. As additional Peripheral Chip 
PCS6/A2 H(1)/H(X) Selects, they go active whenever the address of a memory or 1/0 bus 

R(1) cycle is within the address limitations by the user. They may also be 

P(1) programmed to provide latched Address A2:1 signals. 

TOO UT 0 Timer OUTput pins can be programmed to provide a single clock or 
T10UT H(Q) continuous waveform generation, depending on the tinier mode selected; 

R(1') 
P(Q) 

TOIN I Timer INput is used either as clock or control signals, depending on the 
T11N A(L) timer mode selected. 

A(E) 
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Table 2. 80C186EA Pin Descriptions (Continued) 

Name Type Description 

DRQO I OMA ReQuest is asserted by an external request when it is prepared for a 
DRQ1 A(L) OMA transfer. 

INTO I Maskable INTerrupt input will cause a vector to a specific Type interrupt 
INT1 /SELECT A(E,L) routine. To allow interrupt expansion, INTO and/or INT1 can be used with 

INTAO and INTA1 to interface with an external slave controller. INT1 
becomes SELECT when the ICU is configured for Slave Mode. 

INT2/INTAO 1/0 These pins provide multiplexed functions. As inputs, they provide a 
INT3/INTA1/IRQ A(E,L) maskable INTerrupt that will cause the CPU to vector to a specific Type 

/H(1) interrupt routine. As outputs, each is programmatically controlled to 

R(Z) provide an INTerrupt Acknowledge handshake signal to allow interrupt 

/P(1) expansion. INT3/INTA1 becomes IRQ when the ICU is configured for 
Slave Mode. 

N.C. - No Connect. For compatibility with future products, do not connect to 
these pins. 

80C186EA PINOUT Tables 5 and 6 list the 80C186EA pin names with 
package location for the 80-pin Quad Flat Pack 
(EIAJ) component. Figure 6 depicts the complete 
80C186EA (EIAJ QFP package) as viewed from the 
top side of the component (i.e., contacts facing 
down). 

Tables 3 and 4 list the 80C186EA pin names with 
package location for the 68-pin Plastic Leaded Chip 
Carrier (PLCC) component. Figure 9 depicts the 
complete 80C186EA pinout (PLCC package) as 
viewed from the top side of the component (i.e., con
tacts facing down). 

Table 3. PLCC Pin Names with Package Location 

Address/Data Bus Bus Control Processor Control 

Name Location Name Location Name Location 

ADO 17 ALE/QSO 61 RESIN 24 
AD1 15 SHE 64 RESOUT 57 
AD2 13 so 52 CLKIN 59 
AD3 11 S1 53 OSCOUT 58 
AD4 8 S2 54 CLKOUT 56 
AD5 6 RD/QSMD 62 TEST/BUSY 47 
AD6 4 
AD? 2 

WR/QS1 63 PDTMR 40 

AD8 16 ARDY 55 NMI 46 

AD9 14 SRDY 49 INTO 45 

AD10 12 DEN 39 INT1 /SELECT 44 

AD11 10 LOCK 48 INT2/INTAO 42 

AD12 7 HOLD 50 INT3/INTA1/ 41 

AD13 5 HLDA 51 IRQ 

. AD14 3 
AD15 1 Power 
A16 68 Name Location 
A17 67 
A18 66 Vss 26,60 

A19/S6 65 Vee 9,43 
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1/0 

Name Location 

ucs 34 
LCS 33 
MCSO/PEREQ 38 
MCS1/ERROR 37 
MCS2 36 
MCS3/NCS 35 

PCSO 25 
PCS1 27 
PCS2 28 
PCS3 29 
PCS4 30 
PCS5/A1 31 
PCS6/A2 32 

TOO UT 22 
TOIN 20 
T10UT 23 
T11N 21 

DRQO 18 
DRQ1 19 
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Location 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

Name 

AD15 
AD7 
AD14 
AD6 
AD13 
AD5 
AD12 
AD4 

Vee 
AD11 
AD3 
AD10 
AD2 
AD9 
AD1 
ADS 
ADO 

AD15 

AD7 

AD14 

ADS 

AD13 

ADS 

AD12 

AD4 

Vee 
AD11 

AD3 

AD10 

AD2 

AD9 

AD1 

AD8 

ADO 

80C186EA 

Table 4. PLCC Package Locations with Pin Name 

Location 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

• I 

Name Location Name 

DRQO 35 MCS3/NCS 
DRQ1 36 MCS2 
TOIN 37 MCS1/ERROR 
T11N 38 MCSO/PEREQ 
TOOUT 39 I DEN 

T10UT 40 
RESIN 41 
~ 

Vss 42 
~ 43 
PCS2 44 
PCS3 45 
PCS4 46 
PCS5/A1 47 
PCSS/A2 48 
[CS 49 
ucs 50 

51 

N80e186EA 
XXXXXXXXA (See Note) 

(TOP) 

PDTMR 
INT3/INTA1/ 
IRQ 
INT2/INTAO 

Vee 
INT1 /SELECT 
INTO 
NMI 
TEST/BUSY 
LOCK 
SROY 
HOLD 
HLDA 

0 0 :!!: :!!: !; !; I:!: Ii;: ~ I;;; 1:.::: 1::: 1~ :c "' ll'.J ll'.l g ~Q e ; o o ~ u > ~ u u u , ~ ~ ~ 

Location 

52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 

HLDA 

HOLD 

SRDY 

LOCK 

TEST/BUSY 

NMI 

INTO 

INTI/SELECT 

Vee 
INT2/INTAO 

INT3/INTA1/IRQ 

PDTMR 

DEN 

MCSO/PEREQ 

MCS1/ERROR 

MCS2 

MCS3fNCs 

Name 

so 
S1 
S2 
ARDY 
CLKOUT 
RESOUT 
OSCO UT 
CLKIN 

Vss 
ALE/QSO 
RD/QSMD 
WR/QS1 
BHE 
A19/S6 
A18 
A17 
A16 

Q 0 - ~ ~ ~ ~ ~ I~ I~ ... ... ~ ~ 
NOTE: 272019-6 
The nine-character alphanumeric code (XXXXXXXXA) underneath the product number is the Intel FPO number. 

Figure 5. 68·Lead PLCC Pinout Diagram 
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Table 5. QFP (EIAJ) Pin Name with Package Location 

Address/Data Bus Bus Control Processor Control 1/0 

Name Location Name Location Name Location Name Location 

ADO 64 ALE/QSO 10 RESIN 55 ucs 45 
AD1 66 SHE 7 RESOUT 18 LCS 46 
AD2 68 so 23 CLKIN 16 MCSO/PEREQ 40 
AD3 70 S1 22 OSCOUT 17 MCS1/ERROR 41 
AD4 74 S2 21 CLKOUT 19 MCS2 42 
AD5 76 
AD6 78 
AD? 80 

RD/QSMD 9 
WR/QS1 8 
ARDY 20 

TEST/BUSY 29 
PDTMR 38 
NMI 30 

MCS3/NCS 43 

PCSO 54 
PCS1 52 

ADS 65 
AD9 67 

SRDY 27 
DT/R 37 

INTO 31 
INT1 /SELECT 32 

PCS2 51 
PCS3 50 

AD10 69 DEN 39 INT2/INTAO 35 PCS4 49 
AD11 71 
AD12 75 LOCK 28 

INT3/INTA 1 I 36 
IRQ 

PCS5/A1 48 
PCS6/A2 47 

AD13 77 HOLD 26 N.C. 11, 14, TOO UT 57 
AD14 79 HLDA 25 15, 63 TOIN 59 
AD15 1 T10UT 56 
A16 3 Power T11N 58 
A17 4 Name Location DRQO 61 
A18 5 
A19/S6 6 Vss 12, 13, 24, 

DRQ1 60 

53,62 

Vee 2, 33, 34, 
44, 72, 73 

m 
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Table 6. QFP (EIAJ) Package Location with Pin Name• 

Location Name Location Name Location Name Location 

1 AD15 21 S2 41 ~/~ 61 
2 Vee 22 Sf 42 ~ 62 
3 A16 23 so 43 ~/NeS 63 
4 A17 24 Vss 44 Vee 64 
5 A18 25 HLDA 45 ~ 65 
6 A19/S6 26 HOLD 46 LOS 66 
7 l3FIE 27 SRDY 47 PCS'6/A2 67 
8 WR/QS1 28 rneK 48 ~/A1 .68 
9 RD/~ 29 TEST/BUSY 49 J5CS4 69 

10 ALE/QSO 30 NMI 50 ~ 70 
11 N.C. 31 INTO 51 ~ 71 
12 Vss 32 INT1 /SE[ECT 52 ~ 72 
13 Vss 33 Vee 53 Vss 73 
14 N.C .. 34 Vee 54 ~ 74 
15 N.C. 35 I NT2/'JfiliAO 55 R'E'SIN 75 
16 CLKIN 36 INT311NTA1/ 56 T10UT 76 
17 OSCO UT IRQ 57 TOO UT 77 
18 RESOUT 37 DT/R 58 T11N 78 
19 CLKOUT 38 PDTMR 59 TOIN 79 
20 ARDY 39 DEN 60 DRQ1 80 

40 ~/PEREQ 

64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48 47 46 45 44 43 4·2 41 

ADS 40 MCSO/PEREQ 

ADI 

AD9 

AD2 

ADIO 

AD3 

ADI 1 

Yee 
Vee 
AD4 

ADl2 

AD5 

ADl3 

AD6 

ADl4 

AD7 

39 DEN 

38 PDTMR 

37 DT/R 

38 INT3/INTAl/IRQ 

. 35 INT2/INTA0 

34 Vee 

33 Vee 
• S80C186EA 
I XXXXXXXXA (See Nole) 

32 INTI/SELECT 

INT9 

30 NMI 

(TOP) i'Es'f /BUSY 

28 IliCK 
SRDY 

HOLD 

HLDA 

., 8 !!! .... ., "' I"' ;;; ~ o .; "' Ill .; .; z .... .... .... ,,.. I"' 1- 10 "' 
~>~~<~i~~~Z~>ZZ~§5e~~~~~ 

~ 1a:: a W" CJ ~ fl ..J 

< io Iii! :;;;! "' u 

Name 

DRQO 

Vss 
N.C. 
ADO 
ADS 
AD1 
AD9 
AD2 
AD10 
AD3 
AD11 

Vee 
Vee 
AD4 
AD12 
ADS 
AD13 
AD6 
AD14 
AD7 

NOTE: 272019-7 
The nine-character alphanumeric code (XXXXXXXXA) underneath the product number is the Intel FPO number. 

Figure 6. Quad Flat Pack (EIAJ) Pinout Diagram 
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PACKAGE THERMAL 
SPECIFICATIONS 

The 80C186EA is specified for operation when Tc 
(the case temperature) is within the range of o•c to 
85°C (PLCC package) or o·c to 106°C (QFP-EIAJ) 
package. Tc may be measured in any environment 
to determine whether the 80C186EA is within the 
specified operating range. The case temperature 
must be measured at the center of the top surface. 

TA (the ambient temperature) can be calculated 
from 6cA (thermal resistance from the case to ambi
ent) with the following equation: 

Typical values for 6cA at various airflows are given 
in Table 7 for the 68-pin Plastic Leaded Chip Carrier 
(PLCC) package. 

Table 8 shows the maximum TA allowable (without 
exceeding Tc) at various airflows and operating fre
quencies. P (the maximum power consumption, 
specified in watts) is calculated by using the maxi
mum ICC as tabulated in the DC specifications and 
Vee of 5.5V. 

Table 7. Thermal Resistance (6cA) at Various Airflows (in °C/Watt) 

Airflow Linear ft/min (m/sec) 

0 200 400 600 800 1000 
(0) (1.01) (2.03) (3.04) (4.06) (5.07) 

[ 6cA (PLCC) 29 25 21 19 17 16.5 

r 6cA (QFP) 66 63 60.5 59 58 57 

Table 8. Maximum TA at Various Airflows (in °C) 

Airflow Linear ft/min (m/sec) 

TF 0 200 400 600 800 1000 
i-------=-- (0) (1.01) (2.03) (3.04) (4.06) (5.07) (MHz) 

TA (PLCC) 25 78 80 81 82 82.5 83 
32 74 76 78 79 79.5 80 
40 70 72 74 75 76 76.5 

TA(QFP) 25 84 85.5 86 87 87 87.5 
32 77.5 79 80 80.5 81 81.5 
40 70 71.5 73 74 74 75 
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ELECTRICAL SPECIFICATIONS 

Absolute Maximum Ratings* 

Storage Temperature ......... : - 65°C to + 150"C 

Case Temperature under Bias ... - 65°C to + 150"C 

Supply Voltage with Respect 
to Vss ................ : ...... -0.5V to +6.5V 

Voltage on Other Pins with Respect 
to Vss .................. -0.5V to Vee + 0.5V 

Operating Conditions 
Symbol Parameter 

Vee Supply Voltage 

TF Input Clock Frequency 
80C186EA20. 
80C186EA16 
80C186EA12 

Tc Case Temperature under Bias 
N80C186EA (PLCC) . 
SBOC186EA (QFP) 

Recommended Connections 

Power and . ground connections must be made to 
multiple Vee and Vss pins. Every 80C186EA based 
circuit board should contain separate power (V cc> 
and ground (Vss) planes. All Vee and Vss pins must 
be connected to the appropriate plane. Pins identi
fied as "N~C." must not be connected in the system. 
Decoupling capacitors should be placed near the 
80C186EA. The value and type of decoupling capac-

NOTICE: This data sheet contains information on 
products in the sampling and initial production phases 
of development. It is valid for the devices indicated in 
the revision history. The specifications are subject to 
change without notice. · 

•WARNING: Stressing the deviee beyond the "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex
tended exposure beyond the "Operating Conditions" 
may affect device reliability. · 

Min Max Units 

4.5 5.5 v 

0 40 MHz 
0 32 MHz 
0 25 MHz 

0 +100 ·c 
0 +114 ·c 

itors is application and board layout dependent. The 
processor can cause transient power surges when 
its 'output buffers transition, particularly when con
nected to large capacitive loads. 

Always connect any unused input pins to an appro
priate signal level. In particular, unused interrupt pins 
(NMI; INT3:0) should be connected to Vss to avoid 
unwanted interrupts. Leave any unused output pin 
or any "N.C." pin unconnected. 
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DC SPECIFICATIONS 
Symbol Parameter Min Max Units Conditions 

V1L Input Low Voltage for All Pins -0.5 0.3Vcc v 
V1H Input High Voltage for All Pins 0.7Vcc Vee+ 0.5 v 
Vol Output Low Voltage 0.45 v loL = 3 mA (min) 

VoH Output High Voltage Vee - 0.5 v loH = - 2 mA (min) 

VHYR Input Hysterisis on RESIN 0.30 v 
l1u Input Leakage Current (except . ±10 p.A OV ~ V1N ~Vee 

RD/QSMD, UCS, LCS, MCSO/PEREQ, 
MCS1 /ERROR, LOCK and TEST /BUSY) 

l1L2 Input Leakage Current -275 p.A V1N = 0.7Vcc 
(RD/CIBMD, ucs, ICS, MCSO/PEREQ, (Note 1) 
MCS1, ERROR, LOCK and TEST /BUSY 

loL Output Leakage Current 
±10 p.A 

0.45 ~ VouT :5: Vee 
(Note2) 

Ice Supply Current Cold (RESET) 
80C186EA20 100 mA (Note 3) 
80C186EA16 80 mA 
80C186EA12 62.5 mA 

110 Supply Current In Idle Mode 
80C186EA20 70 mA 
80C186EA16 56 mA 
80C186EA12 44 mA 

lpc Supply Current In Powerdown Mode 
80C186EA20 100 p.A 
80C186EA16 100 p.A 
80C186EA12 100 p.A 

CouT Output Pin Capacitance 0 15 pF TF = 1 MHz (Note 4) 

C1N Input Pin Capacitance 0 15 pF TF = 1 MHz 

NOTES: 
1. RD/QSMD, OCS, LCS, MCSO/PEREQ, ~/ERFiOR, U5CK and TEST/BUSY have internal pullups that are only acti
vated during RESET. Loading these pins above loL = -'-275 µ,A will cause the 80C186EA to enter alternate modes of 
operation. 
2. Output pins are floated using HOLD or ONCE Mode. 
3. Measured at worst case temperature and Vee with all outputs loaded as specified in the AC Test Conditions, and with the 
device in RESET (RESIN held low). RESET is worst case for Ice. 
4. Output capacitance is the capacitive load of a floating output pin. 
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Ice VERSUS FREQUENCY AND VOLTAGE 

The current (Ice) consumption of the 80C186EA is 
essentially composed of two components; lpo and 
Ices. 

lpo is the quiescent current that represents internal 
device leakage, and is measured with all inputs or 
floating outputs at GND or Vee (no clock applied to 
the device). lpo is equal to the Powerdown current 
and is typically less than 50 µA. 

Ices is the switching current used to charge and 
discharge parasitic device capacitance when chang
ing logic levels. Since Ices is typically much greater 
than lp0, lpo can often be ignored when calculating 
Ice. 

Ices is related to the voltage and frequency at which 
the device is operating. It is given by the formula: 

Power = V x I = V2 X CoEV X f 

: . I = Ice = Ices = v x CoEv x f 
Where: V = Device operating voltage (Vee) 

CoEv = Device capacitance 

f = Device operating frequency 

Ices = Ice = Device current 

Measuring CoEv on a device like the 80C186EA 
would be difficult. Instead, CoEv is calculated using 
the above formula by measuring Ice at a known Vee 
and frequency (see Table 9). Using this CoEv value, 
Ice can be calculated at any voltage and frequency 
within the specified operating range. 

EXAMPLE: Calculate the typical Ice when operating 
at 20 MHz, 4.8V. 

Ice= Ices= 4.8 x 0.515 x 20;:::; 49 mA 

PDTMR PIN DELAY CALCULATION 

The PDTMR pin provides a delay between the as
sertion of NMI and the enabling of the internal 
clocks when exiting Powerdown. A delay is required 
only when using the on-chip oscillator to allow the 
crystal or resonator circuit time to stabilize. 

NOTE: 
The PDTMR pin function does not apply when 
RESIN is asserted (i.e., a device reset during Pow
erdown is similar to a cold reset and RESIN must 
remain active until after the oscillator has stabi
lized). 

To calculate the value of capacitor required to pro
vide a desired delay, use the equation: 

440 x t = Cpo (5V, 25°C) 

Where: t = desired delay in seconds 

Cpo = capacitive load on PDTMR in mi
crofarads 

EXAMPLE: To get a delay of 300 µs, a capacitor 
value of Cpo = 440 x (300 x 10-6) = 0.132 µFis 
required. Round up to standard (available) capaci
tive values. 

NOTE: 
The above equation applies to delay times greater 
than 1 O µs and will compute the TYPICAL capaci
tance needed to achieve the desired delay. A delay 
variance of +50% or -25% can occur due to 
temperature, voltage, and device process ex
tremes. In general, higher Vee and/or lower tem
perature will decrease delay time, while lower Vee 
and/ or higher temperature will increase delay time. 

Table 9. Coev Values 

Parameter Typ Max Units Notes 

CoEv (Device in Reset) 0.515 0.905 mA/V*MHz 1, 2 

CoEV (Device in. Idle) 0.391 0.635 mA/V*MHz 1, 2 

1. Max CoEv is calculated at -40'C, all floating outputs driven to Vee or GND, and all 
outputs loaded to 50 pF (including CLKOUT and OSCOUT). 
2. Typical CoEv is calculated at 25'C with all outputs loaded to 50 pF except CLKOUT and 
OSCOUT, which are not loaded. 
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AC SPECIFICATIONS 

AC Characteristics-80C186EA20. 
Symbol Parameter Min Max Units Notes 

INPUT CLOCK 

TF CLKIN Frequency 0 40 MHz 1 

Tc CLKIN Period 25 00 ns 1 

TcH CLKIN High Time 10 00 ns 1, 2 

Tel CLKIN Low Time 10 00 ns 1, 2 

TcR CLKIN Rise Time 1 8 ns 1, 3 

TcF CLKIN Fall Time 1 8 ns 1, 3 

OUTPUT CLOCK 

Teo CLKIN to CLKOUT Delay 0 17 ns 1, 4 
T CLKOUT Period 2*Tc ns 1 
TpH CLKOUT High Time (T/2) - 5 (T/2) + 5 ns 1 
Tpl CLKOUT Low Time (T/2) - 5 (T/2) + 5 ns 1 
TpR CLKOUT Rise Time 1 6 ns 1, 5 
TpF CLKOUT Fall Time 1 6 ns 1, 5 

OUTPUT DELAYS 

TcHOV1 ALE, S2:0, DEN, DT /R, BHE, 3 22 ns 1,4,6, 7 
LOCK, A19:16 

TcHOV2 MCS3:0, LCS, UCS, PCS6:0, NCS, RD, WR 3 27 ns 1,4,6,8 

TcLOV1 BHE, DEN, LOCK, RESOUT,HLDA, 3 22 ns 1, 4, 6 
TOOUT, T10UT, A19:16 

Tcwv2 RD, WR, MCS3:0, LCS, UCS, PCS6:0, 3 27 ns 1, 4, 6 
AD15:0, NCS, INTA1:0, S2:0 

TcHOF RD, WR, BHE, DT /R, 0 25 ns 1 
LOCK, S2:0, A19:16 

TcLOF DEN, AD15:0 0 25 ns 1 

SYNCHRONOUS INPUTS 

TcHIS TEST, NMI, INT3:0, T1 :OIN, ARDY 10 ns 1, 9 
m 

TcHIH TEST, NMI, INT3:0, T1 :OIN, ARDY 3 ns 1, 9 

Tcus AD15:0, ARDY, SRDY, DRQ1:0 10 ns 1, 10 

TcuH AD15:0, ARDY, SRDY, DRQ1:0 3 ns 1, 10 

Tcus HOLD, PEREQ, ERROR 10 ns 1, 9 

TcuH HOLD, PEREQ, ERROR 3 ns 1, 9 

Tcus RESIN (to CLKIN) 10 ns 1, 9 

TcuH RESIN (from CLKIN) 3 ns 1, 9 

NOTES: 
1. See AC Timing Waveforms, for waveforms and definition. 
2. Measured at V1H for high time, V1L for low time. 
3. Only required to guarantee Ice· Maximum limits are bounded by Tc. T CH and T CL· 
4. Specified for a 50 pF load, see Figure 12 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 13 for rise and fall times outside 50 pF. 
6. See Figure 13 for rise and fall times. 
7. TcHov1 applies to BHE, LOCK and A19:16 only after a HOLD release. 
8. T CHOV2 applies to RD and WR only alter a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper 80C186EA operation (SRDY, AD15:0). 
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AC SPECIFICATIONS (Continued) 

AC Characteristics-80C186EA 16 

Symbol Parameter Min Max Units ·Notes 

INPUT CLOCK 

TF CLKIN Frequency 0 32 MHz 1 
Tc CLKIN Period 31.25 00 ns 1 
TcH CLKIN High Time 10 00 ns 1, 2 
TcL CLKIN Low Time 10 00 ns 1, 2 
TcR CLKIN Rise Ti.me 1 8. ns 1, 3 
TcF CLKIN Fall Time 1 8 ns 1, 3 

OUTPUT CLOCK 

Teo CLKIN to CLKOUT Delay 0 20 ns 1, 4 
T CLKOUT Period 2*Tc ns 1 
TpH CLKOUT High Time (T/2) - 5 (T/2) + 5 ns 1 
TpL CLKOUT Low Time (T/2) - 5 (T/2) + 5 ns 1 
TpR CLKOUT Rise Time 1 6 ns 1, 5 
TpF CLKOUT Fall Time 1 6 ns 1, 5 

OUTPUT DELAYS 

TcHOV1 ALE, S2:0, DEN, DT/R, BHE, ·. 3 23 ns 1, 4, 6, 7 
LOCK, A19:16 

TcHOV2 MCS3:0, LCS, UCS, PCS6:0, NCS, RD, WR 3 28 ns 1,4,6, 8 

TcLOV1 BHE, DEN, LOCK, RESOUT, HLDA, 3 23 ns 1, 4, 6 
TOOUT, T10UT, A19:16 

TcLOV2 RD, WR, MCS3:0 .• LCS, UCS, PCS6:0, 3 , 28 ns 1,4, 6 
AD15:0, NCS, INTA 1 :0, S2:0 

TcHOF RD, WR, BHE, OT /R, 0 25 ns 1 
LOCK, S2:0, A19:16 

TcLOF DEN,AD15:0 0 25 n.s 1 

SYNCHRONOUS INPUTS 

TcHIS TEST, NMI, INT3:0, T1 :OIN, ARDY 10 ns 1, 9 

TcH1H TEST, NMl, INT3:0, T1:01N, ARDY 3 ns 1, 9 

Tcus AD15:0, ARDY, SRDY, DRQ1 :0 10 ns 1, 10 

TcuH AD15:0, ARDY, SRDY, DRQ1 :O 3 ns 1, 10 

Tcus HOLD, PEREQ, ERROR 10 ns 1, 9 

TcuH HOLD,PEREQ,ERROR 3 ns 1, 9 

Tcus RESIN (to CLKIN) 10 ns 1, 9 

TcuH RESIN (from CLKIN) 3 ns 1, 9 

NOTES: 
1. See AC Timing Waveforms, for waveforms and definition. 
2. Measured at V1H for high time, V1L for low time. 
3. Only required to guarantee Ice. Maximum limits are bounded by Tc. T CH and T CL· 
4. Specified for a 50 pF load, see Figure 12 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 13 for rise and fall times outside 50 pF: 
6. See Figure 13 for rise and fall times. 
7. TcHov1 applies to~. I:reR and A19:16 only after a HOLD release. 
8. T CHOV2 applies to RD and WR only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper 80C186EA operation (SRDY, AD15:0). 
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AC SPECIFICATIONS (Continued) 

AC Characteristics-SOC 186EA 12 

Symbol Parameter Min Max Units Notes 

INPUT CLOCK 

TF CLKIN Frequency 0 25 MHz 1 
Tc CLKIN Period 40 00 ns 1 
TcH CLKIN High Time 12 00 ns 1, 2 
Tel CLKIN Low Time 12 00 ns 1, 2 
TcR CLKIN Rise Time 1 8 ns 1, 3 
TcF CLKIN Fall Time 1 8 ns 1, 3 

OUTPUT CLOCK 

Teo CLKIN to CLKOUT Delay 0 23 ns 1, 4 
T CLKOUT Period 2*Tc ns 1 
TpH CLKOUT High Time (T/2)-5 (T/2) + 5 ns 1 
TpL CLKOUT Low Time (T/2)-5 (T/2) + 5 ns 1 
TpR CLKOUT Rise Time 1 6 ns 1, 5 
TpF CLKOUT Fall Time 1 6 ns 1,5 

OUTPUT DELA VS 

TcHOV1 ALE, S2:0, DEN, OT /R, BHE, 3 25 ns 1, 4, 6, 7 
LOCK, A19:16 

TcHOV2 MCS3:0, LCS, UCS, PCS6:0, NCS, RD, WR 3 30 ns 1, 4, 6, 8 

TcLOV1 BHE, DEN, LOCK, RESOUT, HLDA, 3 25 ns 1, 4, 6 
TOOUT, T10UT, A19:16 

TcLOV2 RD, WR, MCS3:0, LCS, UCS, PCS6:0, 3 30 ns 1, 4, 6 
AD15:0, NCS, INTA1:0, S2:0 

TcHOF RD, WR, BHE, OT /A, 0 25 ns 1 
LOCK, S2:0, A19:16 

TcLOF DEN, AD15:0 0 25 ns 1 

SYNCHRONOUS INPUTS 

TcHIS TEST, NMI, INT3:0, T1 :OIN, ARDY 10 ns 1, 9 

TcHIH TEST, NMI, INT3:0, T1 :QIN, ARDY 3 ns 1, 9 

Tcus AD15:0, ARDY, SRDY, DRQ1 :0 10 ns 1, 10 

TcuH AD15:0, ARDY, SRDY, DRQ1 :0 3 ns 1, 10 

Tcus HOLD, PEREQ, ERROR 10 ns 1, 9 

TcuH HOLD,PEREQ,ERROR 3 ns 1, 9 

Tcus RESIN (to CLKIN) 10 ns 1, 9 

TcuH RESIN (from CLKIN) 3 ns 1, 9 

NOTES: 
1. See AC Timing Waveforms, for waveforms and definition. 
2. Measured at V1H for high time, V1L for low time. 
3. Only required to guarantee Ice- Maximum limits are bounded by Tc. T CH and T CL· 
4. Specified for a 50 pF load, see Figure 12 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 13 for rise and fall times outside 50 pF. 
6. See Figure 13 for rise and fall times. 
7. TcHOV1 applies to SHE, LOCK and A19:16 only after a HOLD release. 
8. T CHOV2 applies to RD and WR only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper 80C186EA operation (SRDY, AD15:0). 
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AC SPECIFICATIONS (Continued) 

Relative Timings (80C186EA20, 16, 12) 

Symbol Parameter Min Max Unit Notes 

RELATIVE TIMINGS 

TLHLL ALE Rising to ALE Falling T - 15 ns 

TAVLL Address Valid to ALE Falling %T- 10 ns 

TPLLL Chip Selects Valid to ALE Falling %T-10 ns 1 

TLLAX Address Hold from ALE Falling %T- 10 ns 

TLLWL ALE Falling to WR Falling %T- 15 ns 1 

TLLRL ALE Falling to RD Falling %T- 15 ns 1 

TRHLH RD Rising to ALE Rising %T- 10 ns 1 

TwHLH WR Rising to ALE Rising %T- 10 ns 1 

TAFRL Address Float to RD Falling 0 ns 

TRLRH RD Falling to RD Rising (2*T) - 5 ns 2 

TwLWH WR Falling to WR Rising (2*T) - 5 ns 2 

TRHAV RD Rising to Address Active T- 15 ns 

TwHDX Output Data Hold after WR Rising T - 15 ns 

TwHDEX WR Rising to DEN Rising %T- 10 ns 1 

TwHPH WR Rising to Chip Select Rising %T-10 ns 1, 4 

TRHPH RD Rising to Chip Select Rising %T-10 ns 1, 4 

TPHPL CS Inactive to CS Active %T-10 ns 1 

ToxDL DEN Inactive to OT /R Low 0 ns 5 

TovRH ONCE (UCS, LCS) Active to RESIN Rising T ns 3 

TRHOX ONCE (UCS, LCS) to RESIN Rising T ns 3 

NOTES: 
1. Assumes equal loading on both pins. 
2. Can be extended using wait states. 
3. Not tested. 
4. Not applicable to latched A2:1. These signals change only on falling T1. 
5. For write cycle followed by read cycle. 
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80C186EA 

AC TEST CONDITIONS 

The AC specifications are tested with the 50 pF load 
shown in Figure 7. See the Derating Curves section 
to see how timings vary with load capacitance. 

Specifications are measured at the Vcc/2 crossing 
point, unless otherwise specified. See AC Timing 
Waveforms, for AC specification definitions, test 
pins, and illustrations. 

AC TIMING WAVEFORMS 

OUTPUT 
PIN 

CL = 50 pF for all signals. 
272019-8 

Figure 7. AC Test Load 

272019-9 

Figure 8. Input and Output Clock Waveform 
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<9 ov MAX 

Vee 
g 

MAX 
VALID 503 VALID 

MIN 

ov Vee 

g VALID 503 503 VALID 

ov 
MAX 

Vcc---------
VALID FLOAT (NOTE) f---------i MAX 

ov----..o&.-'---'---' Vee----.......... ....-......... 

VALID FLOAT (NOTE) 

av~---...&.-'---'---' 
272019-10 

NOTE: 
20% Vee < Float < 80% Vee 

Figure 9. Output Delay and Float Waveform 

Vee-----------------------

503 eLKOUT (NOTE) 

ov 

g MIN 

MIN 

Vee 
VIH V1H 

VALID 
VIL VIL 

ov 

272019-11 

NOTE: 
RESIN measured to CLKIN, not CLKOUT 

Figure 10. Input Setup and Hold 
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Vee 

AD0:15, 
A19:16 

ov 

80C186EA 

503 

~,....._ __ __,_...., 

Vee 

Ro or WR 503 

ov--------9--------------------

Vee 
MCS3:0 

LCS, UCS, 
PCS6:0 

ov 

Vee 

DT/R 

ov 

503 

~SEE 
~(NOTE) 

503 

g 
g 
g 

503 

~ 
503 

g 
503 

cm 
Vee ------------------------------------------------r--------------

503 

OV 

UCS, LCS 

272019-12 

NOTE: 
T DXDL for write cycle followed by read cycle. 

Figure 11. Relative Signal Waveform 
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DERATING CURVES 

NOM+fi 
> 
"' ... 
• NOM+3 

! 
>- NOM+ 1 
< 
;:;! 
"' ... 
~ 
8 Vcc•5V 

NOM-1 TAM1=2s0 c 

50 100 150 

Ci_ (pF) 

272019-13 

Figure 12. Typical Output Delay Variations 
Versus Load capacitance 

RESET 

The 80C186EA will perform a reR~ operation any 
time the RESi1ii pin is active. The SIN pin is actu
ally synchronized before it is presented internally, 
which means that the clock must be operating be
fore a reset can take effect. From a power-on state, 
~ must be held active (low) in order to guaran
tee correct initialization of the 80C186EA. Failure to 
provide RESIN while the device Is powering up 
wlll result In unspecified operation of the device. 

Figure 14 shows the correct reset sequence when 
first applying power to the 80Ct86EA. An external 
clock connected to CLKIN must not exceed the Vee 
threshold being applied to the 80C186EA. This i$ 
normally not a problem if the clock driver is supplied 
with the same Vee that supplies the 80C186EA. 
When attaching a crystal to the device, RESi1ii must 
·remain active until both V cc and CLKOUT are stable 
(the length of time is application specific and de
pends on . the startup characteristics of the crystal 
circuit). The RESIN pin is designed to operate cor- · 
rectly using an RC. reset circuit, but the designer 

8 
...... • ..s 
>- 6 
< _, ... 
Q 

4 

2 
Vcc=5V 
TAllB • 2s0 c 

50 100 150 

Ci. (pF) 

272019-14 

Figure 13. Typical Rise and Fall Variations 
Versus Load Capacitance 

must ensure that the ramp time for V cc is not so 
long that RESi1ii is never really sampled at a logic 
low level when Vee reaches minimum operating 
conditions. · 

Figure 15 shows the timing sequence when RESi1ii 
is applied after V cc is stable and the device has 
been operating. Note that a reset will terminate all 
activity and return the 80C186EA to a known operat· 
ing state. Any bus operation that is in progress at the 
time RESi1ii is asserted will terminate immediately 
(note that most control signals will be driven to their 
inactive state first before floating). 

While RESIN is activM signals Ri)/QSMD, UCS, 
LCS, MCSO/PEREQ, CS1 /ERROR, LOCK, and 
TEST /BUSY are configured as . inputs and wea~~ 
held ~B by internal pullup transistors. Forcin~ 
and low selects ONCE Mode. Forcin9 QSMi5 
low selects Que1Je Status Mode. Forcing 'fE5f I 
BUSY high at reset and low four clocks later enables 
Numerics Mode. Forcing LOCK low is prohibited and 
results in unspecified operation. 
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NOTE: 
CLKOUT synchronization occurs approximately 1 y. CLKIN periods after RESIN is sampled low. 
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CLKOUT resynchronization occurs approximately 1 % CLKIN periods after RESIN is sampled low. If RESIN is sampled low while CLKOUT is transitioning high, then 
CLKOUT will remain high for two CLKIN periods. If RESIN is sampled low while CLKOUT is transitioning high, then CLKOUT will not be affected. 
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80C186EA 

BUS CYCLE WAVEFORMS 

Figures 16 through 22 present the various bus cycles that are generated by the 80C186EA. What is shown in 
the figure is the relationship of the various bus signals to CLKOUT. These figures along with the information 
present in AC Specifications allow the user to determine all the critical timing analysis needed for a given 
application. 

CLKOUT 

52:0 

ALE 

A19:16 

AD15:0 

DT/R 

NOTE: 

\ VALID I 
....____ _ ____,, 

A19:16 

VALID ~SEE NOTE)1 

\_ 

X VALID x _.........__ ___ _ 
A15:0 

VALID 

I -, 

272019-18 

During the data phase of the bus cycle, A19/S6 is driven high for a OMA or refresh cycle. 

Figure 16. Read, Fetch and Refresh Cycle Waveform 
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CLKOUT 

\~ 
ALE 

A19:16 
A19:16 

VALID 
(SEE NOTE) 

BHE x VALID ~ 
' 
' ' 
' •' I 

AD15:0 

: :x ' 
A15:0 :x : ... :. ""' : 

' x VALID 

MCS3:0, 

PCS6:0, 

LCS,UCS 

DT/R 

272019-19 

NOTE: 
During the data phase of the bus cycle, A19/S6 is driven high for a OMA cycle. 

Figure 17. Write Cycle Waveform 
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CLKOUT 

ALE 

A19:16 ~ .................. .,...X ........... ..-............ ---'-Nv-AL~10--------<N_m_E> __ ....,l~I .................................... --~ 
AD15:0 x INVALID (NOTE) II x 

272019-20 

NOTE: 
The 80C186EA drives these pins to O during Idle and Powerdown Modes. 

Figure 18. Halt Cycle Waveform 
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DT/R 

NOTE: 

' ·, 
' 

(NOTE) 

80C186EA 

., 
' 

'' 

· INTA occurs one clock later in Slave Mode. 

Figure 19. INTA Cycle Waveform 
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Figure 20. HOLD/HLDA Waveform 
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Figure 21. DRAM Refresh Cycle During Hold Acknowledge 
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NOTES: 

80C186EA 

CLKOUT 

' ' ' ' ' ' 

52:0 !\ VALID /! !\ VALID 

' 

ALE 

A19:16 

x VALID x 
AD15:0 ----~( ADD ) .. -<D _____ v_A_Ll_D _________ ( ADD }t------

ARDY 

© 

SRDY 
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DT/R 

' ' ' 

' ' ' 

© 

=1\ VALID /j\ 
' ' ' -------------------- ' --------
1 I : 
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' ' :0: 
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1. Generalized diagram for READ or WRITE. 
2. ARDY low by either edge causes a wait state. Only rising ARDY is fully synchronized. 

272019-24 

3. SRDY low causes a wait state. SRDY must meet setup and hold times to ensure correct device operation. 
4. Either ARDY or SRDY active high will terminate a bus cycle. 

Figure 22. Ready Waveform 
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REGISTER BIT SUMMARY 

Figures 23 through 30 present the bit definition of 
each register that is active (not reserved) in the Pe
ripheral Control Block (PCB). Each register can be 
thought to occupy one word (16-bits) of either mem
ory or 1/0 space, although not all bits in the register 
necessarily have a function. A register bit is not 

bit 

10 

11 

12 

13 

" x 
" NSPEC 

[OI (22H) 
RESET= 0 

1 • Enabl9 NonSp.clfic EOI 
(writ• only) 

bit 

0 

10 

11 

12 

13 

14 

15 

}, ..... , ......... 
V.ctor l)'f9 
(r.ad only} 

IREQ 
POLL (24-H) 

POLSTS (26H) 
RESET • 0 

1 • lnt.rrupt Requnt Prnent 
(r.ad only) 

guaranteed to return a specific logic value if an "X" 
appears for the bit definition (i.e., if a zero was writ
ten to the register bit it may not be returned as a 
zero when read). Furthermore, a 0 must be written to 
any bit that is indicated by an "X" to ensure compati
bility with future products or potential product chang
es. 

bit 

o TMR 

10 

11 

12 

13 

14 .. 
IMASK (28H) 

RESET"' oonm 
INSERV (2CH) 
REQST (2EH) 
RESET • O 

lnt•n"Upt MaskH 
t.,, lnt•rrupt ln-Servie41 

lnt•rrupt Requ..t.d 
(REQST 11 read only) 

bit 

0 

10 

11 

12 

13 

1• 

" 

}
Priorityl•nl 
0 - Highnt 
7 - Lownt 

PRMSK (2AH) 
RESET "' 0007H 

272019-25 

Figure 23. Interrupt Control Unit Registers (Master Mode) 

bit 

0 

10 

,, 
12 

13 .. 
15 1 = NMl Interrupt 

INTSTS (30H) 
RES£T • 0 

bit 

10 

11 

12 

13 

1• 

15 x 

}
PrlorltyL.vel 
0 - Hlghnt 
7-Lownt 

1 a Mask lnt•rrupt 
0 =Enable Interrupt 

TCUCON (32H) 
DMACON (34H) 
DMACON (31H) 

REStf = OOOFH 

bit 

0 

10 

11 

12 

13 

1• 

15 x 
!OCON (l8H) 
11CON (3AH) 

I• Mask Interrupt 
0 = Enobh Interrupt 
I .. LeYel Mode 
0 =Edge lrlod9 

1 = Enable Ca1c1:1d• Opercitlon 

RESET"' OOOFH 

Figure 24. Interrupt Control Unit Registers (Master Mode) 
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bit 

0 

10 

11 

12 

13 

1• 

}
Priority Lewi 
0 - Highest 
7 - Lownt 

1 = Mcisk lnt•rrupt 
0 =Enable Interrupt 
1 =Level Mod• 
0 =Ed~ Mode 

15 x 
12CON (3CH) 
13CON (3EH) 

RESET = OOOFH 
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bit 

x 

T2 }"-'"" of V.clor Type 

T3 

T4 

x 
x 

10 x 
11 x 
12 x 
13 .. 
15 x 

IVECTOA. (20H) 
RESET "' 0 

bit 

VTO 

VT1 

10 

11 

12 

13 .. 
" 

EOI (22H) 
RESET "' 0 

bit 

0 TMRO 

10 

11 

12 x 
13 x .. 
15 

SINTSTS (30) 
RESET= 0 

80C186EA 

bit } , ... ,. ...... , .. 
Veotor Ty1>9 
(write only) 

10 

11 

12 

13 

" 

bit 

} 1 = '""""" Requuted 

15 

TMRO l -·-1 • Interrupt ln-Servlc. 
lnl•rrupt Requ .. t9CI 
(SREQST I• rtoad only) 

ISMASK (28r 
RESET * D03DH 
SINSERV (2CH) 
SREQST (2EH) 

RESET ,. 0 

TOCON 
OOCOll 
D1CON 
T1CON 
T2CON 

1 "' Mo•k Interrupt 
0 = EnobMI lnt•rrupl 

bit 

PRMO 

} "'"It' ''"' PRM1 0 - Hi9h"t 
7 - Lo-.t 

x 
x 
x 
x 

10 x 
11 

12 x 
13 x .. 
" x 

SPRMSK (2..t.H) 
RESET'"' 0007H 

272019-27 

RESET = OOOFH 
272019-28 

Figure 25. Interrupt Control Unit Registers (Slave Mode) 
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intel .. 

10 

11 

" 
14 

15 

bit 

10 

11 

12 

" 
" 
15 

"Co~• 
Vahle 

TxCMT (50H, 58H, IOH) 
RESET=XXXXH 

1 = lgnoH RDY Pint 
o-U..RDYPln• 

UMCS (AOH) 
R£SET•FFfBH 

bit 

10 

11 

14 

15 

.,. 

10 

11 

" 
" 
15 

TxCMPA (52H, 5AH, 12H) 
TxCMP8 (54H, SCH) 

RES£T•XXXXH 

80C186EA 

bit 

0 

10 

11 

" 
" 
" 
15 

TOCOM (Sell) 
T1CON (SEH) 

1 "' Enabi. Contlnuou• 
Tlm91"0,_rotlOll 

1 = AtUrncite htW#n CMnpani A/8 
0 •Off Only Componi A 
1 • u .. Ext.ma! Clock 
0 •UH lnt.f>ncil aoek 
1 • u .. hdwnc:ll TlMER1 Clock 
O•UN lnterMI /•Clock 
1 =TIN Pin htrlgpr• Till'lllr 
O•TIN Pin Enobln TlrMr 

1 • Timer Componi OocurAd 

1 ,. Compare B In UN 
0 ooCompar. A In UN 

111Enable Compcllre Interrupt 

I •[noble Writ. tG START bit 

1•stortTlm1r~lon 
o"'stop r11 ... r Opel'Gtlon 

R£SET .. EN,RIUmO 

bit 

11 

" 
" 
14 

15 

Figure 26. Timer Control Unit Registers 

} Wolt-Sbrtt 
~(0-3) 

1 "'Ignore ROY Pin• 
0 •UM ROY Pins 

)

ffi 
Chlp-s.lecit 
Ending AilfdrMI 
(A17:10) 

LMCS (A2H) 
ma. XXXXH 

bit 

0 

10 

11 

" 
14 

15 

1=1gnor•RDYPlna 
0• UM ADY Pin. 

PACS (A4H) 
ma .. XXXXH 

;;cs 
Chlp-s.s.ct 
st1:1rtlngAcldrn1 
(A19:10) 

bit 

10 

11 

14 

" 

t = ionor. ROY Pina 
0 •UM ROY Pins 

lilCS 
Chlp-S•l.ot 
5t<;r1.lng Addrwt 
(A1t:13} 

MMCS (ASH} 
RESa • XXXXH 

Figure 27. Chip-Select Unit Registers 

24-214 

T2COM (HH) 

RtSET.,.EN•O 

bit 

10 

11 

14 

15 

1=Enob!.Contlnuou1 
TlnMr C>,.raUOfl 

1 • Tlm.r Compani Oocurrtd 

1•Enable Compani Interrupt 

t•Enobl• Write to START bit 

1 • S\Qrt Timer Operation 
O•Stop T!m.r o,.ratlon 

272019-29 

1 = lfnoHADY P11l8 
0 •Un ADY Pins 

1 "'Pwlphw1:1l1 In M•mory 
0 • PM'lph•rtli1In1/0 
1 • Edra PCS Un" 
0 ""At, A2 ProvtoHd 

MPCS (ABH) 
ma. XXXXH 

272019-31 



intel .. 

bit 

DSAO 

DSA1 
DSA2 
DSA3 
DSA4 

DSAS 
DSA6 
DSA7 DMA 

Sou roe 

DSAB Addrus 
(Low) 

DSA9 
10 DSA10 
11 DSA11 
12 DSA12 
13 DSA13 
14 DSA14 
15 DSA15 

OOSRCL (COH) 
01SRCL(DOH) 

RESET = XXXXH 

bit 

0 

10 

11 

12 

13 

15 

bit 

0 DSA16 

DSA17 }'" Sour09 

DSA18 Addr ... 
(High) 

DSA19 

x 
x 
x 
x 
x 
x 

10 x 
11 x 
12 x 
13 x 
14 x 
15 x 

DDSRCH (C2H) 
01 SRCH (D2H) 

RESET = XXXXH 

TCO 

TC1 
TC2 

TC3 

TC4 

TCS 

TC6 

TC7 OMA 
Transfer 

TC8 Count 

TC9 

TC10 

TC11 

TC12 

TC13 

TC14 

TC15 
OOTC (CBH) 
D1TC (DBH) 

RESET = XXXXH 

80C186EA 

bit 

0 

10 

11 

12 

13 

14 

15 

bit 

DDAO 

DDA1 
DDA2 
DDA3 
DDA4 

DDAS 
DDA6 
DDA7 OMA 

O..t!natlon 

DDA8 Addrua 
(Low) 

DDA9 
10 DDA10 
11 DDA11 
12 DDA12 
13 DDA13 
14 DDA14 
15 DDA15 

DODSTL (C4H) 
01DSTL(D•H) 

RESET = XXXXH 

WORD 

START 
CHG 

x 
IDRQ 

p 

SYNO 

SYN1 

INT 
TC 

INC 

DEC 

MEM 

INC 

DEC 

MEM 
DDCON (CAH) 
01CON (DAH) 

0 =Byte Transfers 
1 =Word Transfers 
0 = Stop OMA Transfers 
1 = Arm OMA Channel 
0 =Do Not Ch<lnge Start Bit 
1 =Change Start Bit 

1 =Enable Timer 2 Requests 
0 =Disable Timer 2 Requests 
1 =High Priority 
0 =Low Priority 

00 = Unsync 

} 0 1 = Source Sync 
10 = 0.st Sync 
11 = Reaerved 

1 =Int on TC 
O=No Int on TC 
1 =Stop on Terminal Count 
0 =Continue on Terminal Count 
1 =Increment SRC Pointer 
0 =No Increment 
1 =Decrement SRC Pointer 
O = No Decrement 
1 = SRC is in Memory 
O=SRC is in 1/0 
1 =Increment Out Pointer 
0 =No Increment 
1 =Decrement Dest Pointer 
O = No Decrement 
1 =Dest Is in Memory 
0 =Dest Is In 1/0 

RESET = START = 0 

Figure 28. OMA Unit Registers 

24-215 

bit 

0 DDA16 
DDA17 }'" 0.1tlnotion 

DDA18 Addr•H 
(High) 

DDA19 
x 
x 
x 
x 
x 
x 

10 x 

" x 
12 x 
13 x 
14 x 
15 x 

DODSTH (C6H) 
D1DSTH (06H) 

RESET = XXXXH 

272019-32 
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intet 

bit 

0 

11 

12 

13 

15 

bit 

0 x 
x 
x 
x 
x 
x 
x 
x 
x 

RA13 

10 RA14 

11 RAIS 

12 RAIS 

15 RA17 

14 RA18 

15 RA19 

RFBASE (EOH) 
RESET= OH 

Clock Divisor 

} 
00"' by 1 
01 =by -4 
10 = by 8 
11 =by 16 

80C186EA b.\IIDWb.\00©~ OOOl?©OO~b.\iiO©OO 

bit bit 

RCO 

RCt 

RC2 

RC3 
lnltlol Refr"h RC4 Requ .. t Clock Count 

RCS 

RCS 

RC7 

RCS 

x 
10 x 10 

11 x 11 ]~-·-- 12 x 12 9Jta A19:13 

13 x 13 

,. x .. 
15 x 15 

RFTIME (E2H} 
RESET= OH 

Figure 29. Refresh Control Unit Registers 

l'WRCoN (r2H) 
RESET"" 0 

1 = Enable Powerdown Mode 

1 = Enobl1 Idle Mode 

(uttlng both rnults 
in no aperotion) 

bit 

o IDB1 

11 

12 

15 

ST£PID (F&H) 
RESET= 1H for A-Step 

RCO 

RC1 

RC2 

RC3 

RC4 

RCS 

RCS 

RC7 

RCS 

x 
x 
x 
x 
x 
x 

REN 

RFCON (E-4H) 
RESET= OH 

Curr.nt RefrHh 
Clock Count 
(RMd Only) 

1 "" Enoble Refr"h 

bit 

10 

11 

12 

15 

AS 

TRAP 

RELREG (FEH) 
RESET "'' zorr 

272019-34 

Starting Addr•• 
for PCB 

I = PCB in Memory 
O=PCBinl/O 

1 = Slave Mode 
0 = MGSllor Mode 
1 = TRAP on ESC 
0 = Execute ESC 

272019-35 

Figure 30. Power Management, Relocation and Stepping Registers 
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80C186EA 

80C186EA EXPRESS 

The Intel EXPRESS program offers an extended 
temperature range as an enhancement to the 
BOC186EA operational specifications. EXPRESS 
products are designed to meet the needs of those 
applications whose operating requirements exceed 
commercial standards. 

With the standard commercial temperature range, 
operational characteristics are guaranteed over a 
temperature range corresponding to 0°c to + 70°C 
ambient. With the extended temperature range op
tion, operational characteristics are guaranteed over 
a temperature range corresponding to - 40°C to 
+ 85°C ambient. 

Package types and EXPRESS versions are identified 
by a one- or two-letter prefix to the part number. The 
prefixes are listed in Table 9. All AC and DC specifi
cations are the same for both commercial and EX
PRESS parts. 

Table 9. Prefix Identification 

Prefix 
Package Temperature 

Type Range 

N PLCC Commercial 

s QFP (EIAJ) Commercial 

TN PLCC Extended 

TS QFP (EIAJ) Extended 

80C186EA EXECUTION TIMINGS 

A determination of 80C186EA program execution 
timing must consider the bus cycles necessary to 
prefetch instructions as well as the number of exe
cution unit cycles necessary to execute instructions. 
The following instruction timings represent the mini
mum execution time in clock cycles for each instruc
tion. The timings given are based on the following 
assumptions: 

• The opcode, along with any data or displacement 
required for execution of a particular instruction, 
has been prefetched and resides in the queue at 
the time it is needed. 

• No wait states or bus HOLDS occur. 

• All word-data is located on even-address bound
aries. 

All jumps and calls include the time required to fetch 
the opcode of the next instruction at the destination 
address. 

All instructions which involve memory accesses can 
require one or two additional clocks above the mini
mum timings shown due to the asynchronous hand
shake between the bus interface unit (BIU) and exe
cution unit. 

With a 16-bit BIU, the BOC186EA has sufficient bus 
performance to ensure that an adequate number of 
prefetched bytes will reside in the queue most of the 
time. Therefore, actual program execution time will 
not be substantially greater than that derived from 
adding the instruction timings shown. 
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INSTRUCTION SET SUMMARY 

Function 

DATA TRANSFER 
MOY= Move: 

Register to Register/Memory 

Register/memory to register 

Immediate to register I memory 

Immediate. to register 

Memory to accumulator 

Accumulator to memory 

Register/memory to segment register 

Segment register to register/memory 

PUSH= Push: 

Memory 

Register 

Segment register 

POP= Pop: 

Memory 

Register 

Segment register 

XCHG = Exchange: 

Register /memory with register 

Register with accumulator 

IN = Input from: 

Fixed port 

Variable port 

OUT = Output to: 

Fixed port 

Variable port 

XLAT = Translate byte to AL 

LEA = Load EA to register 

LOS = Load pointer to OS 

LES = Load pointer to ES 

LAHF = Load AH with flags 

SAHF = Store AH into flags 

PUSHF = Push flags 

POPF = Pop flags 

1000100w 

1000101w 

1100011 w 

1O11 w reg 

101oooow 

1010001w 

1000111 0 

10001100 

11111111 

01010reg 

10001111 

O 1O11 reg 

000reg111 

1000011w 

10.01 0 reg 

111001 Ow 

111011 Ow 

1110011 w 

1110111w 

11010111 

10001101 

11000101 

11000100 

10011111 

1001111 0 

10011100 

10011101 

80C186EA 

Format 

mod reg rim 

mod reg rim 

mod 000 rim 

data 

addr-low 

addr-low 

modO reg rim 

modO reg ~Im 

mod 11 O rim 

modOOO rim 

mod reg rim 

port 

port 

mod reg rim 

mod reg rim 

mod reg rim 

data 

dataifw=1 

addr-high 

addr-high 

(mod7'11) 

(mod7'11) 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 
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datailw=1 

Clock 
Cycles 

2112 

2/9 

12-13 

3-4 

8 

9 

2/9 

2/11 

16 

10 

9 

20 

10 

8 

4/17 

3 

10 

8 

9 

7 

11 

6 

18 

18 

2 

3 

9 

8 

Comments 

8/16-bit 

8/16-bit 



infel., 80C186EA 

INSTRUCTION SET SUMMARY (Continued) 

Function Format 
Clock 

Comments 
Cycles 

DATA TRANSFER (Continued) 
SEGMENT = Segment override: 

cs I 00101110 I 2 

SS I 00110110 I 2 

OS I 00111110 I 2 

ES I 00100110 I 2 

ARITHMETIC 
ADD= Add: 

Reg/ memory with register to either I OOOOOOdw I mod reg rim I 3/10 

Immediate to register I memory I 100000sw I modOOO rim I data I data ifs w=01 I 4/16 

Immediate to accumulator I 0000010w I data I data if w= 1 I 3/4 8/16-bit 

ADC = Add with carry: 

Reg/ memory with register to either I 000100dw I mod reg rim I 3/10 

Immediate to register/memory I 100000sw I modO 1 O rim I data I data ifs w=01 I 4/16 

Immediate to accumulator I 0001010w I data I dataifw=1 I 3/4 8/16-bit 

INC = Increment: 

Register I memory I 1 1 1 1 111 w I modOOO rim I 3/15 

Register I 01000reg I 3 

SUB = Subtract: 

Reg/ memory and register to either I 001010dw I mod reg rim I 3/10 

Immediate from register/memory I 100000sw I mod101 rim I data I data ifs w=01 I 4/16 

Immediate from accumulator I 0010110w I data I data if w= 1 I 3/4 8/16-bit 

SBB = Subtract with borrow: 

Reg/ memory and register to either I 000110dw mod reg rim I 3/10 

Immediate from register/memory I 100000sw modO 11 rim I data I dataifsw=01 I 4/16 

Immediate from accumulator I 0001110w data I data ifw= 1 I 3/4 8/16-bit 

DEC = Decrement 

Register I memory I 1111111w mod O O 1 rim I 3/15 

Register I 01001reg 3 

CMP = Compare: 

Register I memory with register 0011101w mod reg rim I 3/10 

Register with register I memory 0011100w mod reg rim I 3/10 

Immediate with register/memory 100000sw mod111 rim I data I data ifs w=01 I 3/10 

Immediate with accumulator 0011110w data I dataifw=1 I 3/4 8/16-bit 

NEG = Change sign register/memory 1111011 w modO 11 rim I 3/10 

AAA = ASCII adjust for add 00110111 8 

DAA = Decimal adjust for add 00100111 4 

AAS = ASCII adjust for subtract 00111111 7 

DAS = Decimal adjust for subtract 00101111 4 

MUL = Multiply (unsigned): 1111011w mod 100 rim I 
Register-Byte 26-28 
Register-Word 35-37 
Memory-Byte 32-34 
Memory-Word 41-43 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 
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80C186EA 

INSTRUCTION SET SUMMARY (Continued) 

Function Format 
Clock 

Comments 
Cycles 

ARITHMETIC (Continued) 

IMUL = Integer multiply (signed): 1111011 w mod 1O1 rim 

Register-Byte 25-28 
Register-Word 34-37 
Memory-Byte 31-34 
Memory-Word 40-43 

-32 

DIV = Divide (unsigned): 1111011w mod 11 0 rim 

Register-Byte 29 
Register-Word 38 
Memory-Byte 35 
Memory-Word 44 

IDIV = Integer divide (signed): 1111011w mod 111 rim 

Register-Byte 44-52 
Register-Word 53-61 
Memory-Byte 50-58 
Memory-Word . 59-67 

AAM = ASCII adjust for multiply 11010100 00001010 19 

AAD = ASCII adjust for divide 11010101 00001010 15 

CBW = Convert byte to word 10011000 2 

CWD = Convert word to double word 10011001 4 

LOGIC 
Shift/Rotate Instructions: 

Register /Memory by 1 1101000w modTTTr/m 2/15 

Register/Memory by CL 5+n/17+n 

TTT Instruction 
000 AOL 
001 ROR 
01 0 RCL 
011 RCR 
100 SH LI SAL 
101 SHR 
1 11 SAR 

AND= And: 

Reg/ memory and register to either 001000dw mod reg rim 3/10 

Immediate to register/memory 1000000w mod100 rim data dataifw=1 4/16 

Immediate to accumulator 0010010w data dataifw=1 3/4 8/16-bit 

TEST= And function to flags, no result: 

Register/memory.and register I 1000010w mod reg rim 3/10 

Immediate data and register/memory I 1111011w modOOO rim data data ifw=1 4/10 

Immediate data and accumulator I 1010100w data dataifw=1 3/4 8/16-bit 
r: 

OR=Or: 

Reg/memory and register to either 000010dw modreg rim 3/10 

Immediate to register I memory 1000000w mod 001 rim data data ifw=1 4/16 

Immediate to accumulator 0000110w data data if w= 1 3/4 8/16-bit 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 
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80C186EA 

INSTRUCTION SET SUMMARY (Continued) 

Function 

LOGIC (Continued) 
XOR = Exclusive or: 

Reg/ memory and register to either 

Immediate to register/memory 

Immediate to accumulator 

NOT = Invert register I memory 

STRING MANIPULATION 

MOVS = Move byte/word 

CMPS = Compare byte/word 

SCAS = Scan byte/word 

LOOS = Load byte/wd to AL/ AX 

STOS = Store byte/wd from AL/ AX 

001100dw 

1000000w 

0011010w 

1111011 w 

1010010w 

1010011w 

1010111w 

1010110w 

1010101w 

Format 

mod reg rim 

mod 11 0 rim data 

data dataifw=1 

mod010r/m 

Repeated by count in ex (REP/REPE/REPZ/REPNE/REPNZ) 

MOVS = Move string 11110010 1010010w 

CMPS = Compare string 1111001z 1010011w 

SCAS = Scan string 1111001z 1010111w 

LOOS = Load string 11110010 1010110w 

STOS = Store string 11110010 1010101w 

CONTROL TRANSFER 

CALL= Call: 

Direct within segment 11101000 disp-low disp-high 

Register I memory 1 1 1 1 1 1 1 1 mod o 1 O rim 
indirect within segment 

Direct intersegment 1001101 0 segment offset 

segment selector 

Indirect intersegment 11111111 mod011 rim (mod* 11) 

JMP = Unconditional jump: 

Short/long 11101011 disp-low l 
Direct within segment 11101001 disp-low disp-high 

Register I memory 1 1 1 1 1 1 1 1 mod 1O0 rim 
indirect within segment 

Direct intersegment 1110101 0 segment offset 

segment selector 

Indirect intersegment 1 1 1 1 1 1 1 1 mod 1O1 rim I (mod* 11) 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 
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Clock 
Comments 

Cycles 

3/10 

• dataifw=1 4/16 

3/4 6/16-bit 

3/10 

14 

22 

15 

12 

10 

6+6n 

5+22n 

s+1sn 

6+11n 

6+9n 

15 BJ 
13/19 

23 

38 

14 

14 

11/17 

14 

26 



intel® 80C186EA 

INSTRUCTION SET SUMMARY (Continued) 

Function Format 

CONTROL TRANSFER (Continued) 
RET = Return from CALL: 

Within segment I 11000011 

Within seg adding immed to SP I 11000010 data-low 

lntersegment I 11001011 

lntersegment adding immediate to SP I 11001010 data-low 

JE/JZ = Jump on equal/zero I 01110100 disp 

JL/JNGE = Jump on less/not greater or equal I 01111100 disp 

JLE/JNG = Jump on less or equal/not greater I 01111110 disp 

JB/ JNAE = Jump on below I not above or equal I 0111001 0 disp 

JBE/ JNA = Jump on below or equal/ not above I 01110110 disp 

JP/JPE = Jump on parity/parity even I 0111 101 0 disp 

JO = Jump on overflow I 01110000 disp 

JS = Jump on sign I 01111000 disp 

JNE/JNZ = Jump on not equal/not zero I 01110101 disp 

JNL/ JGE = Jump on notless/ greater or equal I 0 111 1 1 0 1 disp 

JNLE/ JG = Jump on not less or equal/ greater I 0 11111 1 1 disp 

JNB/JAE = Jump on not below/above or equal I 01110011 disp 

JNBE/JA = Jump on not below or equal/above I 01110111 disp 

JNP/JPO = Jump on not par/par odd I 01111011 disp 

JNO = Jump on not overflow I 01110001 dlsp 

JNS = Jump on not sign I 01111001 disp 

JCXZ = Jump on ex zero I 11100011 disp 

LOOP = Loop CX times I 11100010 disp 

LOOPZ/LOOPE = Loop while zero/ equal I 11100001 disp 

LOOPNZ/LOOPNE = Loop while not zero/ equal I 11100000 

INT = Interrupt: 

Type specified 11001101 type 

Type3 11001100 

INTO = Interrupt on overflow 11001110 

IRET = Interrupt return 

&i!IDW&iOO©~ OOO[pi'@OOll"Al&iirO@OO 

Clock 
Cycles 

16 

data-high 18 

22 

data-high 25 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

5/15 

6/16 

6/16 

6/16 

47 

45 

4814 

28 

Comments 

JMP not 

taken/JMP 

taken 

LOOP not 

taken/LOOP 

taken 

if INT. taken/ 

if INT. not 
taken 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 
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intel .. 80C186EA 

INSTRUCTION SET SUMMARY (Continued) 

Function Format 
Clock 

Comments 
Cycles 

PROCESSOR CONTROL 

CLC = Clear carry I 11111 000 I 2 

CMC = Ccmplement carry I 11110101 I 2 

STC = Set carry 11111001 I 2 

CLD = Clear direction 111111 00 I 2 

STD = Set direction 11111101 I 2 

CLI = Clear interrupt 1111101 0 2 

STI = Set interrupt 11111011 2 

HLT =Halt 111101 00 2 

WAIT= Wait 10011 011 6 if 'i'ES'f = 0 

LOCK = Bus lock prefix 11110000 2 

NOP = No Operation 10010000 3 

(TTT LLL are opcode to processor extension) 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 

The Effective Address (EA) of the memory operand 
is computed according to the mod and rim fields: 
if mod 11 then rim is treated as a REG field 
if mod 00 then DISP = O*, disp-low and disp

if mod 

if mod 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 

high are absent 
01 then DISP = disp-low sign-ex
tended to 16-bits, disp-high is absent 
10 then DISP = disp-high: disp-low 
000 then EA = (BX) + (SI) + DISP 

~ 001 then EA = (BX) + (DI) + DISP 
010 then EA = (BP) + (SI) + DISP 
011 then EA = (BP) + (DI) + DISP 
100 then EA = (SI) + DISP 
101 then EA = (DI) + DISP 
110 then EA = (BP) + DISP* 
111 then EA = (BX) + DISP 

DISP follows 2nd byte of instruction (before data if 
required) 

*except if mod = 00 and rim = 110 then EA = 
disp-high: disp-low. 

EA calculation time is 4 clock cycles for all modes, 
and is included in the execution times given whenev
er appropriate. 

Segment Override Prefix 

lo o 1 reg 1 1 ol 

reg is assigned according to the following: 
Segment 

reg Register 
00 ES 
01 cs 
10 SS 
11 OS 

REG is assigned according to the following table: 
16-Blt (w = 1) &·Bit (w = 0) 

000 AX 000 AL II 
001 ex 001 CL • 
010 DX 010 DL 
011 BX 011 BL 
100SP 100AH 
101 BP 101 CH 
110SI 110DH 
111 DI 111 BH 

The physical addresses of all operands addressed 
by the BP register are computed using the SS seg
ment register. The physical addresses of the desti
nation operands of the string primitive operations 
(those addressed by the DI register) are computed 
using the ES segment, which may not be overridden. 

24-223 



infel .. 

NOTE: 

2.67 
(0.105) 

Units are mm/(inches). 

• 
80C186EA 

Figure 31. PLCC Principal Dimensions 
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24.2 * 0.1 
(0.953 * 0.004) 

25.15 * 0.15 
(0.99 * 0.006} 
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NOTE: 

80C186EA 

23.9:1:0.4(0.9.41 ±0.018) 

J l 

16.3±0.-4 
(D.642.to.a16) 

22.3 :t0.-4 (0.878 :1:0.016) 

--H- o.1s :1:0.as ca.aos :to.002> 

Units are mm (inches) unless specified. 

Figure 32. QFP (EIAJ) Principal Dimensions 
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REVISION HISTORY 

Intel 80C186EA devices are marked with a 9-charac
ter alphanumeric Intel FPO number underneath the 
product number. This data sheet (272019-001) is 
valid for 80C186EA devices with an "A" or "B" as 
the ninth character in the FPO number, as illustrated 
in Figure 5 for the 68-lead PLCC package and Figure 
6 for the 84-lead QFP (EIAJ) package. Such devices 
may also be identified by reading a value of 01 H or 
02H from the STEPID register. 

The following changes were made between the -001 
and -002 versions of the 80C188EA data sheets. 
The -002 data sheet applies to any 80C188EA with a 
"B" alpha character after the FPO number. The FPO 
number location is shown in Figures 5 and 6. 

1. Much of the information provided in the -001 ver
sion of the data sheet has been removed. Detail 
descriptions of part functionality may be found in 
the 80C188EA User's Manual. 

ERRATA 

An 80C186EA with a STEPID value of 01H or 02H 
has the following known errata. A device with a 
STEPID of 01 H or 02H can be visually identified by 
noting the presence of an "A" or "B" alpha charac
ter, repectively, next to the FPO number. The FPO 
number location is shown in Figures 5 and 6. 

1. An internal condition with the interrupt controller 
can cause no acknowledge cycle on the INTA1 
line in response to INT1. This errata only occurs 
when Interrupt 1 is configured in cascade mode 
and a higher priority interrupt exists. This errata 
will not occur consistantly, it is dependent on in
terrupt timing. 
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80C186EB-20, -16, -13, -8 
16-BIT HIGH-INTEGRATION EMBEDDED PROCESSOR 

• Full Static Operation 

• True CMOS Inputs and Outputs 

• - 40°C to + 85°C Operating Temperature Range 

• Integrated Feature Set • Low-Power Operating Modes: 
- Low-Power Static CPU Core - Idle Mode Freezes CPU Clocks but 
- Two Independent UARTs each with keeps Peripherals Active 

an Integral Baud Rate Generator - Powerdown Mode Freezes All 
- Two 8-Blt Multlplexed 1/0 Ports Internal Clocks 
- Programmable Interrupt Controller • Complete System Development 
- Three Programmable 16-Blt Support 

Timer/Counters -ASM86 Assembler, PL/M 86, Pascal 
- Clock Generator 86, Fortran 86, C-86, and System 
- Ten Programmable Chip Selects with Utilities 

Integral Walt-State Generator - In-Circuit Emulator (ICE™-186EB} 
...... Memory Refresh Control Unit 
- System Level Testing Support • Supports 80C187 Numeric Coprocessor 

(ONCE™ Mode} Interface (TN80C186EB Only} 

• Direct Addressing Capability to 1 Mbyte • Available In: 
Memory and 64 Kbyte 1/0 - 80-Pln. Quad Flat Pack (TS80C186EB} 

• Speed Versions Available: - 84-Pin Plastic Leaded Chip Carrier 

- 20 MHz (80C186EB-20} (TN80C186EB} 

-16 MHz (80C186EB-16} 
-13 MHz (80C186EB·13} 
- 8 MHz (80C186EB·8} 

The 80C186EB is a second generation CH MOS High-Integration microprocessor. It has features that are new 
to the 80C186 family and include a STATIC CPU core, an enhanced Chip Select decode unit, two independent 
Serial Channels, 1/0 ports, and the capability of Idle or Powerdown low power modes. 
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Figure 1. 80C186EB Block Diagram 
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INTRODUCTION 

The 80C186EB is the first product in a new genera
tion of low-power, high-integration microprocessors. 
It enhances the existing 186 family by offering new 
features and new operating modes. The 80C186EB 
is object code compatible with the 80C186/80C188 
microprocessors. 

The feature set of the 80C186EB meets the needs 
of low power, space critical applications. Low-Power 
applications benefit from the static design of the 
CPU core and the integrated peripherals. Minimum 
current consumption is achieved by providing a Pow
erdown mode that halts operation of the device, and 
freezes the clock circuits. Peripheral design en
hancements ensure that non-initialized peripherals 
consume little current. 

Space critical applications benefit from the inte
gration of commonly used system peripherals. Two 
serial channels are provided for services such as 
diagnostics, inter-processor communication, modem 
interface, terminal display interface, and many oth
ers. A flexible chip select unit simplifies memory and 
peripheral interfacing. The interrupt unit provides 
sources for up to 129 external interrupts and will pri
oritize these interrupts with those generated from 
the on-chip peripherals. Three general purpose tim
er/ counters and sixteen multiplexed 1/0 port pins 
round out the feature set of the 80C186EB. 

OVERVIEW 

Figure 1 shows a block diagram of the 80C186EB. 
The Execution Unit (EU) is an enhanced 8086 CPU 
core that includes: dedicated hardware to speed up 
effective address calculations, enhance execution 
speed for multiple-bit shift and rotate instructions 
and for multiply and divide instructions, string move 
instructions that operate at full bus bandwidth, ten 
new instruction, and full static operation. The Bus 
Interface Unit (BIU) is the same as that found on the 
original 186 family products, except the queue
status mode has been deleted and buffer interface 
control has been changed to ease system design 
timings. An independent internal bus is used to allow 
communication between the BIU and internal periph
erals. 

BUS INTERFACE UNIT 

The 80C186EB core incorporates a bus controller 
that generates local bus control signals. In addition, 
it employs a HOLD/HLDA protocol to share the local 
bus with other bus masters. 

The bus controller is responsible for generating 20 
bits of address, read and write strobes, bus cycle 
status information, and data (for write operations) in
formation. It is also responsible for reading data off 
the local bus during a read operation. A READY in
put pin is provided to extend a bus cycle beyond the 
minimum four states (clocks). 

The 80C186EB local bus controller also generates 
two control signals (DEN and OT /R) when interfac
ing to external transceiver chips. (Both DEN and 
OT /R are available on the TN80C186EB device, 
only DEN is available on the TS80C186EB device.) 
This capability allows the addition of transceivers for 
simple buffering of the mulitplexed address/ data 
bus. 

CLOCK GENERATOR 

The 80C186EB provides an on-chip clock generator 
for both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide
by-two counter, and two low-power operating 
modes. 

The oscillator circuit is designed to be used with ei
ther a parallel resonant fundamental or third-over-
tone mode crystal network. Alternatively, the oscilla- m 
tor circuit may be driven from an external clock 
source. Figure 2 shows the various operating modes 
of the 80C186EB oscillator circuit. 

The crystal or clock frequency chosen must be twice 
the required processor operating frequency due to 
the internal divide-by-two counter. This counter is 
used to drive all internal phase clocks and the exter
nal CLKOUT signal. CLKOUT is a 50% duty cycle 
processor clock and can be used to drive other sys
tem components. All AC timings are referenced to 
CLKOUT. 

24-229 



80C186EB 

____ _. OSCOUT 

80Cl86EB 

270803-3 

{A) Crystal Connection 

NOTE: 
The L1C1 network is only required when using a third
overtone crystal. 

IJ [E~xt~e~rn~o~I C~loc~kJs~o~ur~c~e >---~ CLKIN 

N.C. - OSCOUT 

80C186EB 

270803-4 

{B) Clock Connection 

Figure 2. 80C186EB Clock Configurations 

The following parameters are recommended when 
choosing a crystal: 

Temperature Range: Application Specific 
ESR (Equivalent Series Resistance): 400. max 
CO (Shunt Capacitance of Crystal): 7.0 pF max 
CL (Load Capacitance): 20 pF ± 2 pF 
Drive Level: 1 mW max 

80C186EB Peripheral Architecture 

The 80C186EB has integrated several common sys
tem peripherals with a CPU core to create a com
pact, yet powerful system. The integrated peripher
als are designed to be flexible and provide logical 
interconnections between supporting units (e.g., the 
interrupt control unit supports interrupt requests 
from the timer/counters or serial channels). 

The list of integrated peripherals includes: 

• 7-lnput Interrupt Control Unit 

• 3-Channel Timer/Counter Unit 

• 2-Channel Serial Communications Unit 

• 10-0utput Chip-Select Unit 

• 1/0 Port Unit 

• Refresh Control Unit 

• Power Management Unit 

The registers associated with each integrated peri
heral are contained within a 128 x 16 register file 
called the Peripheral Control Block (PCB). The PCB 
can be located in either memory or 1/0 space on 
any 256 Byte address boundary. 

Figure 3 provides a list of the registers associated 
with the PCB. The Register Bit Summary at the end 
of this specification individually lists all of the regis
ters and identifies each of their programming attri
butes. 

INTERRUPT CONTROL UNIT 

The 80C186EB can receive interrupts from a num
ber of sources, both internal and external. The inter
rupt control unit serves to merge these requests on 
a priority basis, for individual service by the CPU. 
Each interrupt source can be independently masked 
by the Interrupt Control Unit (ICU) or all interrupts 
can be globally masked by the CPU. 

Internal interrupt sources include the Timers and Se
rial channel 0. External interrupt sources come from 
the five input pins INT4:0. The NMI interrupt pin is 
not controlled by the ICU and is passed directly to 
the CPU. Although the Timer and Serial channel 
each hav~ only one request input to the ICU, sepa
rate vector types are generated to service individual 
interrupts within the Timer and Serial channel units. 

TIMER/COUNTER UNIT 

The 80C186EB Timer/Counter Unit (TCU) provides 
three 16-bit programmable timers. Two of these are 
highly flexible and are connected to external pins for 
control or clocking. A third timer is not connected to 
any external pins and can only be clocked internally. 
However, it can be used to clock the other two timer 
channels. The TCU can be used to count external 
events, time external events, generate non-repeti
tive waveforms, generate timed interrupts. etc. 
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PCB 
· Function 

Offset 
PCB 

Function 
Offset 

PCB 
Function 

Offset 
PCB 

Function 
Offset 

OOH Reserved 40H Timer2 Count 80H GCSOStart COH Reserved 

02H End Of Interrupt 42H Timer2 Compare 82H GCSOStop C2H Reserved 

04H Poll 44H Reserved 84H GCS1 Start C4H Reserved 

06H Poll Status 46H Timer2 Control 86H GCS1 Stop C6H Reserved 

08H Interrupt Mask 48H Reserved 88H GCS2Start CBH Reserved 

OAH Priority Mask 4AH Reserved BAH GCS2Stop CAH Reserved 

OCH In-Service 4CH Reserved BCH GCS3Start CCH Reserved 

OEH Interrupt Request 4EH Reserved BEH GCS3Stop CEH Reserved 

10H Interrupt Status 50H Reserved 90H GCS4Start DOH Reserved 

12H Timer Control 52H Porto Pin 92H GCS4Stop D2H Reserved 

14H Serial Control 54H Porto Control 94H GCS5Start D4H Reserved 

16H INT4 Control 56H Porto Latch 96H GCS5Stop D6H Reserved 

18H INTO Control 58H Port1 Direction 9BH GCS6.Start DBH Reserved 

1AH INT1 Control 5AH Port1 Pin 9AH GCS6Stop DAH Reserved 

1CH INT2 Control 5CH Port1 Control 9CH GCS7 Start OCH Reserved 

1EH INT3 Control 5EH Port1 Latch 9EH GCS7Stop DEH Reserved 

20H Reserved 60H SerialO Baud AOH LCS Start EOH Reserved 

22H Reserved 62H SerialO Count A2H LCSStop E2H Reserved 

24H Reserved 64H SerialO Control , A4H UCSStart E4H Reserved 

26H Reserved 66H SerialO Status A6H UCSStop E6H Reserved 

28H Reserved 

2AH Reserved 

2CH Reserved. 

68H SerialO RBUF 

6AH SerialO TBUF 

6CH Reserved 

ASH Relocation 

AAH Reserved 

ACH Reserved 

'EBH Reserved 

EAH Reserved 

ECH Reserved fl 
2EH Reserved 6EH Reserved AEH Reserved EEH Reserved 

30H TimerO Count ?OH Serial1 Baud BOH Refresh Base FOH Reserved 

32H TimerO Compare A 72H Serial1 Count B2H Refresh Time F2H Reserved 

34H TimerO Compare B 74H Serial1 Control B4H Refresh Control F4H Reserved· 

36H TimerO Control 76H Serial1 Status B6H Refresh Address F6H Reserved 

38H Timer1 Count 78H Serial1 RBUF BSH Power Control FBH Reserved 

3AH Timer1 Compare A ?AH Serial1 TBUF BAH Reserved FAH Reserved 

3CH Timer1 Compare B ?CH Reserved BCH Step ID FCH Reserved 

3EH Timer1 Control ?EH Reserved BEH Reserved FEH Reserved 

Figure 3. 80C186EB Peripheral Control Block Registers 
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SERIAL. COMMUNICATIONS UNIT 

The Serial Control Unit (SCU) of the 80C186EB con
tains two independent channels. Each channel is 
identical in operation except that only channel 0 is 
supported by the integrated interrupt controller 
(channel 1 has an external interrupt pin). Each 
channel has its own baud rate generator that is ,in
dependent of the Timer/Counter Unit, and can be 
internally or externally clocked at up to one half the 
80C186EB operating frequency. 

Independent baud rate generators are provided for 
each of the serial channels. For the asynchronous 
modes, the generator supplies an 8x baud clock to 
both the receive and transmit register logic. A 1 x 
baud clock· is provided in the synchronous mode. 

CHIP-SELECT UNIT 

The 80C186EB Chip-Select Unit (CSU) integrates 
logic which provides up to ten programmable chip
selects to access both memories and peripherals. In 
addition, each chip-select can be programmed to 
automatically insert additional clocks (wait-states) 
into the current bus cycle and automatically termi
nate a bus cycle independent of the condition of the 
READY input pin. 

1/0 PORT UNIT 

The 1/0 Port Unit (IPU) on the 80C186EB supports 
two 8-bit channels of input, output, or input/ output 
operation. Port 1 is multiplexed with the chip select 
pins and is output only. Most of Port 2 is multiplexed 
with the serial channel pins. Port 2 pins are limited to 
either an output or input function depending on the 
operation of the serial pin it is multiplexed with. 

REFRESH CONTROL UNIT 

The Refresh Control Unit (RCU) automatically gen
erates a periodic memory read bus cycle to keep 
dynamic or pseudo-static memory refreshed. A 9-bit 
counter controls the number of clocks between re
fresh requests. 

A 12-bit address generator is maintained by the RCU 
and is presented on the A12:1 address lines during 
the refresh bus cycle. Address bits A19:13 are pro
grammable to allow the refresh addres.s block to be 
located on any 8 Kbyte boundary. 

POWER MANAGEMENT UNIT 

The 80C186EB Power Management Unit (PMU) is 
provided to control the power consumption of the 
device. The PMU provides three power modes: Ac
tive, Idle, and Powerdown. 

Active Mode indicates that all · units on the 
80C186EB are functional and the device consumes 
maximum power (depending on the level of peripl\
eral operation). Idle· Mode freezes the clocks of the 
Execution and Bus units . at a logic zero state (all 
peripherals continue to operate normally). 

The Powerdown mode freezes all internal clocks at 
a logic zero level and disabl13s the crystal oscillator. 
All internal registers hold their values provided Vee 
is maintained. ·Current consumption is reduced to 
just transistor junction leakage. 

80C187 Interface 

The 80C186EB (PLCC package only) supports the , 
direct connection of the 80C187 Numerics Coproc
essor. 

ONCE™ Test Mode 

To facilitate testing and inspection of devices when 
fixed into a target system, the 80C186EB has a test 
mode available which forces all output and input/ 
output pins to be placed in the high-impedance 
state. ONCE stands for "ON Circuit Emulation". The 
ONCE mode is selected by forcing the A 19/00CE 
pin LOW (0) during a. processor reset (this pin is 
weakly held to a HIGH (1) level) while RESIN is ac
tive. 

PACKAGE INFORMATION 

This section describes the pins, pinputs, and thermal 
characteristics for the 80C186EB in the Plastic 
Leaded. Chip Carrier (PLCC) package and Quad Flat 
Pack (QFP) package. For complete package specifi
cations and information, see the Intel Packaging 
Outlines and Dimensions Guide (Order Number: 
231369). 
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Pin Descriptions Table 1. Pin Description Nomenclature 

The 80C186EB pins are described in this section. 
Table 1 presents the legend for interpreting the pin 
descriptions in Table 2. Figure 4 provides an exam
ple pin description entry. The "1/0" signifies that the 
pins are bidirectional (i.e., have both an input and 
output function). The "S" indicates that, as an input, 
the signal is synchronized to CLKOUT for proper op
eration. The "H(Z)" indicates that these pins will 
float while the processor is in the Hold Acknowledge 
state. R(Z) indicates that these pins will float while 
RESIN is low. P(X) Indicates that these pins will re
tain its current value when Idle. or Powerdown 
Modes are entered. 

Symbol Description 

All pins float while the processor is in the ONCE™ 
Mode, except OSCOUT (OSCOUT is required for 
crystal operation). 

Name Type Description 

AD15:0 1/0 These pins provide a multiplexed 
S(L) ADDRESS and DATA bus. During 
H(Z) the address phase of the bus 
R(Z) cycle, address bits 0 through 15 
P(X) are presented on the bus and can 

be latched using ALE. 8- or 16-bit 
data information are transferred 
during the data phase of the bus 
cycle. 

Figure 4. Example Pin Description Entry 
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I Input Only Pin 

0 Output Only Pin 

1/0 Pin can be either input or output 

- Pin "must be" connected as described 

S( .. ) Synchronous. Input must meet setup and 
hold times for proper operation of the 
processor. The pin is: 

S(E) edge sensitive 
S(L) level sensitive 

A( .. ) Asynchronous. Input must meet setup and 
hold only to guarantee recognition. The 
pin is: 

A(E) edge sensitive 
A(L) level sensitive 

H( .. ) While the processor's bus is in the Hold 
Acknowledge state, the pin: 

H(1) is driven to Vee 
H(O) is driven to Vss 
H(Z) floats 
H(Q) remains active 
H(X) retains current state 

R( .. ) While the processor's RES line is low, the 
pin: 

R(1) is driven to Vee 
R(O) is driven to Vss 
R(Z) floats 
R(WH) weak pullup 
R(WL) weak pulldown 

P( .. ) While Idle or Powerdown modes are 
active, the pin: 

P(1) is driven to Vee 
P(O) is driven to Vss 
P(Z) floats 
P(Q) remains active(1) 
P(X) retains current state 

NOTE: 
1. Any pin that specifies P(Q) are valid for Idle 

Mode. All pins are P(X) for Powerdown Mode. 
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Table 2. 80C186EB Pin Descriptions 

Name Type Description 

Vee POWER connections consist of four pins which must be shorted 
externally to a V cc board plane. 

Vss GROUND connections consist of six pins which must be shorted 
externally to a Vss board plane. ,, 

CLKIN I CLocK INput is an input for an external clock. An external oscillator 
A(E) operating at two times the required 80C186EB operating frequency 

can be connected to CLKIN. For crystal operation, CLKIN (along with 
OSCOUT) are the crystal connections to an internal Pierce oscillator. 

OSCO UT 0 OSCiiiator OUTput is only used when using a crystal to generate the 
H(Q) external clock. OSCOUT (along with CLKIN) are the crystal 
R(Q) connections to an internal Pierce oscillator. This pin is not to be used 
P(Q) as 2X clock output for non-crystal applications (i.e., this pin is N.C. for 

non-crystal applications). OSCOUT does not float in ONCE mode. 

CLKOUT 0 CLocK OUTput provides a timing reference for inputs and outputs of 
H(Q) the processor, and is one-half the input clock (CLKIN) frequency. 
R(Q) CLKOUT has a 50% duty cycle and transistions every falling edge of 
P(Q) CLKIN. 

~ I RESet IN causes the 80C186EB to immediately terminate any bus 
A(L) cycle in progress and assume an initialized state. All pins will be 

driven to a known state, and RESOUT will also be driven active. The 
rising edge (low-to-high) transition synchronizes CLKOUT with CLKIN 
before the 80C186EB begins fetching opcodes at memory location 
OFFFFOH. 

RESOUT 0 RESet OUTput that indicates the 80C186EB is currently in the reset 
H(O) state. RESOUT will remain active as long as RESIN remains active. 
R(1) 
P(O) 

PDTMR 110 Power-Down TIMeR pin (normally connected to an external 
A(L) capacitor) that determines the amount of time the 80C186EB waits 

H(WH) after an exit from power down before resuming normal operation. The 
R(Z) duration of time required will depend on the startup characteristics of 

P(1) the crystal oscillator. 

NMI I Non-Maskable Interrupt input causes a TYPE-2 interrupt to be 
A(E) serviced by the CPU. NMI is)atched internally. 

TEST/BUSY I TEST is used during the execution of the WAIT instruction to 
A(E) suspend CPU operation until the pin is sampled active (LOW). iESi 

is alternately known as BUSY when interfacing with an 80C187 
numerics coprocessor. 

AD15:0 110 These pins provide a multiplexed Address and Data bus. During the 
S(L) address phase of the bus cycle, address bits 0 through 15 are 
H(Z) presented on the bus and can be latched using ALE. 8- or 16-bit data 
R(Z) information is transferred during the data phase of the bus cycle. 

P(X) 

A18:16 These pins provide multiplexed Address during the address phase of 
A19/QNCE , H(Z) the bus cycle. Address bits 16 through 19 are presented on these 

R(WH) pins and can be latched using ALE. These pins a~e driven to a logic 0 
P(X) durisg the data phase of the bus cycle. During a processor reset 

(RE IN active), A 19/0NCE is used to enable ONCE mode. A 18:16 
must not be driven low during reset or imp.roper 80C186EB operation 
may result. 
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Table 2. 80C186EB Pin Descriptions (Continued) 

Name Type Description 

S2:0 0 Bus cycle Status are encoded on these pins to provide bus transaction 
H(Z) information. S2:0 are encoded as follows: 
R(Z) S2 S1 so Bus Cycle Initiated 
P(1) 0 0 0 Interrupt Acknowledge 

0 0 1 Read 1/0 
0 1 0 Write 1/0 
0 1 1 Processor HALT 
1 0 0 Queue Instruction Fetch 
1 0 1 Read Memory 
1 1 0 Write Memory 
1 1 1 Passive (no bus activity) 

ALE 0 Address Latch Enable output is used to strobe address information into a 
H(O) transparent type latch during the address phase of the bus cycle. 
R(O) 
P(O) 

BHE 0 Byte High Enable output to indicate that the bus cycle in progress is 
H(Z) transferring data over the upper half of the data bus. BHE and AO have the 
R(Z) following logical encoding: 

P(X) AO BHE Encoding 
0 0 Word Transfer 
0 1 Even Byte Transfer 
1 0 Odd Byte Transfer 
1 1 Refresh Operation 

RD 0 ReaD output signals that the accessed memory or 1/0 device must drive 
H(Z) data information onto the data bus. 
R(Z) 
P(1) 

WR 0 WRlte output signals that data available on the data bus are to be written 
H(Z) into the accessed memory or 1/0 device. 
R(Z) 
P(1) 

fl 
READY I READY input to signal the completion of a bus cycle. READY must be 

A(L) active to terminate any 80C186EB bus cycle, unless it is ignored by 
S(L) correctly programming the Chip-Select Unit. 

DEN 0 Data ENable output to control the enable of bi-directional transceivers 
H(Z) when buffering a 80C186EB system. DEN is active only when data is to be 
R(Z) transferred on the bus. 

P(1) 

DT/R 0 Data Transmit/Receive output controls the direction of a bi-directional 
H(Z) buffer when buffering an 80C186EB system. OT /R is only available for the 
R(Z) PLCC package (TN80C186EB). 

P(X) 

LOCK 110 LOCK output indicates that the bus cycle in progress is not to be 
H(Z) interrupted. The 80C186EB will not service other bus requests (such as 

R(WH) HOLD) while LOCK is active. This pin is configured as a weakly held high 

P(1) input while RESIN is active and must not be driven low. 
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Table 2. 80C186EB Pin Descriptions (Continued) 

Name Type Description 

HOLD I HOLD request input to signal that an external bus master wishes to gain 
A(L). control of the local bus. The 80C186EB will relinquish control of the local 

bus between instruction boundaries not conditioned by a LOCK prefix. 

HLDA 0 HoLD Acknowledge output to indicate that the 80C186EB has relinquish 
H(1) control of the local bus. When HLDA is asserted, the 80C186EB will (or has) 
R(O) floated its data bus and control signals allowing another bus master to drive 
P(O) the signals directly. 

NC5 0 Numerics Coprocessor Select output is generated when accessing a 
H(1) numerics coprocessor. NCS is not provided on the TS80C186EB. 
R(1) 
P(1) 

ERROR I ERROR input that indicates the last numerics coprocessor operation 
A(L) resulted in an .:ixception condition. An interrupt TYPE 16 is generated if 

ERROR is sampled active at the beginning of a numerics operation. 
ERROR is not. provided on the TS80C186EB. 

PEREQ I CoProcessor AEQuest signals that a data transfer between an External 
A(L) Numerics Coprocessor and Memory is pending. PEREQ is not provided on 

the TS80C186EB. 

rn;s 0 Upper. Chip Select will go active whenever the address of a memory or 110 
H(1) bus cycle is within the address limitations programmed by the user. After 
R(1) reset, rn;s is configured to be active for memory accesses between 
P(1) OFFCOOH and OFFFFFH. 

Les 0 Lower Chip Select will go active whenever the address of a memory bus 
H(1) cycle is within the address limitations programmed by the user. res is 
R(1) inactive after a reset. · 

P(1) 

P1.0/GCSO 0 These pins provide a multiplexed function. If enabled, each pin can provide 
P1.1/'GCST H(X)/H(1) a Generic Chip Select output which will go active whenever the address of 
P1.2/'GCS2 R(1) a memory or 110 bus cycle is within the address limitations programmed by 
P1.3/GOSS P(X)/P(1) the user. When not programmed as a Chip-Select, each pin may be used as 

P1.4/GCS4 a general purpose output Port. As an output port pin, the value of the pin 

P1.5/GCS5 
can be read internally. 

P1.6/GC'S6 
P1.7/GCS7 

TOO UT 0 Timer OUTput pins can be programmed to provide a single clock or 
T10UT H(Q) continuous waveform generation, depending on the timer mode selected. 

R(1) 
P(Q) 

TOIN I Timer INput is used either as clock or control signals, depending on the 
T11N A(L) timer mode selected. 

A(E) 
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Table 2. 80C186EB Pin Descriptions (Continued) 

Name Type Description 

INTO I Maskable INTerrupt input will cause a vector to a specific Type interrupt 
INT1 A(E,L) routine. To allow interrupt expansion, INTO and/or INT1 can be used with 
INT4 INTAO and INTA1 to interface with an external slave controller. 

INT2/INTAO 1/0 These pins provide a multiplexed function. As inputs, they provide a 
INT3/INTA1 A(E,L) maskable INTerrupt that will cause the CPU to vector to a specific Type 

/H(1) interrupt routine. As outputs, each is programmatically controlled to provide 

R(Z) an INTERRUPT ACKNOWLEDGE handshake signal to allow interrupt 

/P(1) expansion. 

P2.7 1/0 Bl-DIRECTIONAL, open-drain Port pins. 
P2.6 A(L) 

H(X) 
R(Z) 
P(X) 

CTSO I Clear-To-Send input is used to prevent the transmission of serial data on 
P2.4/CTS1 A(L) their respective TXD signal pin. CTS1 is multiplexed with an input only port 

function. 

TXDO 0 Transmit Data output provides serial data information. TXD1 is multiplexed 
P2.1/TXD1 H(X)/H(Q) with an output only Port function. During synchronous serial 

R(1) communications, TXD will function as a clock output. 

P(X)/P(Q) 

RXDO 1/0 Receive Data input accepts serial data information. RXD1 is multiplexed 
P2.0/RXD1 A(L) with an input only Port function. During synchronous serial communications, 

R(Z) RXD is bi-directional and will become an output for transmission or data 

H(Q) (TXD becomes the clock). 

P(X) 

P2.5/BCLKO I Baud CLocK input can be used as an alternate clock source for each of the 
P2.2/BCLK1 A(L)/A(E) integrated serial channels. BCLKx is multiplexed with an input only Port 

function, and cannot exceed a clock rate greater than one-half the 
operating frequency of the 80C186EB. 

P2.3/SINT1 0 Serial INTerrupt output will go active to indicate serial channel 1 requires 
H(X)/H(Q) service. SINT1 is multiplexed with an output only Port function. 

R(O) 
P(X)/P(Q) 
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80C186EB PINOUT 

Tables 3 ahd 4 list the 80C186EB pin names with 
package location for the 84-pin Plastic Leaded Chip 
Carrier (PLCC) component. Figure 5 depicts the 
complete 80C186EB pinout (PLCC package) as 
viewed from the top side of the component (i.e., con
tacts facing down). 

·Tables 5 and 6 list the 80C186EB pin names with 
package location for the 80-pin Quad Flat Pack 
(QFP) component. Figure 6 depicts the complete 
80C186EB (QFP package) as viewed from the top 
side of the component (i.e., contacts facing down). 

Table 3. PLCC Pin Names with Package Location 

Address/Data Bus Bus Control Processor Control 1/0 

Name Location Name Location Name Location Name Location 

ADO 61 ALE 6 RESIN 37 ucs ~o 
AD1 66 BHE 7 RESOUT 38 LCS 29 
AD2 68 so 10 CLKIN 41 P1.0/GCSO 28 
AD3 70 S1 9 OSCO UT 40 P1.1/GCS1 27 
AD4 72 S2 8 CLKOUT 44 P1.2/GCS2 26 
ADS 74 
AD6 76 
AD? 78 
ADS 62 

RD 4 
WR 5 

READY 18 

TEST/BUSY 14 

NCS 60 
PEREQ 39 

P1.3/GCS3 25 
P1.4/GCS4 24 
P1.5/GCSS 21 
P1.6/GCS6 20 

AD9 67 DEN 11 ERROR 3 P1.7/GCS7 19 
AD10 69 DT/R 16 PDTMR 36 TOO UT 45 
AD11 71 LOCK 15 NMI 17 TOIN 46 
AD12 73 HOLD 13 INTO 31 T10UT 47 
AD13 75 HLDA 12 INT1 32 T11N 48 
AD14 77 
AD15 79 Power 

INT2/INTAO 33 
INT3/INTA1 34 

RXDO 53 
TXDO 52 

A16 80 
A17 81 Name Location 

INT4 35 P2.5/BCLKO 54 
CTSO 51 

A18 82 
A19/0'NCE 83 

Vss 2,22,43 
63,65,84 

P2.0/RXD1 57 
P2.1/TXD1 58 

Vee 1, 23 P2.2/BCLK1 59 
42,64 P2.3/SINT1 55 

P2.4/CTS1 56 

P2.6 50 
P2.7 49 
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Table 4. PLCC Package Locations with Pin Name 

Location Name Location Name Location Name Location Name 

1 Vee 22 Vss 43 Vss 64 Vee 
2 Vss 23 Vee 44 CLKOUT 65 Vss 
3 ERROR 24 P1.4/GCS4 45 TOO UT 66 AD1 
4 RD 25 P1.3/GCS3 46 TOIN 67 AD9 
5 WR 26 P1.2/G'CS2 47 T10UT 68 AD2 
6 ALE 27 P1.1/GCSt 48 T11N 69 AD10 
7 BHE 28 P1.0/GCSO 49 P2.7 70 AD3 
8 "S2 29 [CS 50 P2.6 71 AD11 
9 Sf 30 ocs 51 CTSO 72 AD4 

10 so 31 INTO 52 TXDO 73 AD12 
11 DEN 32 INT1 53 RXDO 74 ADS 
12 HLDA 33 INT2/INTAO 54 P2.5/BCLKO 75 AD13 
13 HOLD 34 INT3/INTA1 55 P2.3/SINT1 76 ADS 
14 ~/BUSY 35 INT4 56 P2.4/C'i'ST 77 AD14 
15 LOCK 36 PDTMR 57 P2.0/RXD1 78 AD7 
16 DT/R 37 RESIN 58 P2.1/TXD1 79 AD15 
17 NMI 38 RESOUT 59 P2.2/BCLK1 80 A16 
18 READY 39 PEREQ 60 NCS 81 A17 
19 P1.7/GCS'7 40 OSCO UT 61 ADO 82 A18 
20 P1.6/GCS6 41 CLKIN 62 ADS 83 A19/0NCE 
21 P1.5/GCSS 42 Vee 63 Vss 84 Vss 
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NOTE: 

HLDA 

HOLD 

TEST/BUSY 

LOCK 

DT/R 

NMI 

READY 

P1.7/GCS7 

Pl.6/GCS6 

P1.5/GCS5 

Vss 
Vee 

P1.4/GCS4 

P1.3/GCS3 

Pl.2/GCS2 

P1.1/GCS1 

P1.0/GCSO 

LCS 

ucs 
INTO 

INT1 

80C186EB 

TN80C186EB16 
XXXXXXXXB (See Note) 

i@ @'78 '82 

33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 

~~~ °' 1~ 
,_ s ,_ z >!:!>ill~ 

,_ z ,_ !: .... ., I° 0 0 
::E II) :> :> S2 :> 0 :> c-i • II) Q Q 
,_ "" fil °' 0 ,_ 0 ,_ ... ,_ 

~ )( 

~ 
..... ~ a.. a.. <> 

c °' "" <> 0 ;:: °' a.. "" IL ..... ,_ 
... "' "' <> ,_ ,_ 
!: ~ 

This is the FPO number location (indicated by X's). 

Figure 5. 84-Pln Plastic Leaded Chip Carrier Pinout Diagram 
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AD12 

AD4 

AD11 

AD3 

AD10 

AD2 

AD9 

AD1 

Vss 
Vee 

Vss 
AD8 

ADO 

NCS 

P2.2/BCLK1 

P2.1/TXD1 

P2.0/RXD1 

P2.4./ffS1 

P2.3/SINT1 

P2.5/BCLKO 
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Table 5. QFP Pin Name with Package Location 

Address/Data Bus Bus Control Processor Control 110 

Name Location Name Location Name Location Name Location 

ADO 10 ALE 38 RESIN 68 ucs 61 
AD1 15 BHE 39 RESOUT 69 [CS 60 
AD2 17 so 42 CLKIN 71 P1.0/GCSO 59 
AD3 19 Sf 41 OSCO UT 70 P1.1/GCS'f 58 
AD4 21 82 40 CLKOUT 74 P1.2/GOS2 57 
ADS 23 
ADS 25 
AD7 27 
ADS 11 
AD9 16 

RD 36 
WR 37 
READY 49 

[)EN 43 

TEST 46 
PDTMR 67 
NMI 48 
INTO 62 
INT1 63 

P1.3/~ 56 
P1.4/~ 55 
P1.5/~ 52 
P1.6/GCSS 51 
P1.7/~ 50 

AD10 18 ~ 47 INT2/INTAO 64 TOO UT 75 
AD11 20 HOLD 45 INT3/INTA1 65 TOIN 76 
AD12 22 HLDA 44 INT4 66 T10UT 77 
AD13 24 T11N 78 
AD14 26 Power RXDO 3 
AD15 28 
A16 29 

Name Location 
TXDO 2 
P2.5/BCLKO 4 

A17 30 Vss 12, 14,33 CiSO 1 
A18 31 35,53, 73 P2.0/RXD1 7 
A19/0NCE 32 Vee 13, 34 P2.1/TXD1 8 

54,72 P2.2/BCLK1 9 
P2.3/SINT1 5 
P2.4/C'i'Sf 6 

P2.6 80 
P2.7 79 

fl 
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Table 6. QFP Package Location with Pin Names 

Location Name Location Name Location Name Location Name 

1 eTSO 21 AD4 41 51 61 ucs 
2 TXDO 22 AD12 42 so 62 INTO 
3 RXDO 23 AD5 43 DEN 63 INT1 
4 P2.5/BCLKO 24 AD13 44 HLDA 64 INT2/INTAO 
5 P2.3/SINT1 25 AD6 45 HOLD 65 INT3/INTA1 
6 P2.4/C'TST 26 AD14 46 TEST 66 INT4 
7 P2.0/RXD1 27 AD7 47 [QeK 67 PDTMR 
8 P2.1/TXD1 28 AD15 48 NMI 68 RESIN 
9 P2.2/BCLK1 29 A16 49 READY 69 RESOUT 

10 ADO 30 A17 50 P1.7/GCS'l 70 OSCO UT 
11 ADS 31 A18 51 P1.6/GeSS 71 CLKIN 
12 Vss 32 A19/0ReE 52 P1.5/GCS5 72 Vee 
13 Vee 33 Vss 53 Vss 73 Vss 
14 Vss 34 Vee 54 Vee 74 CLKOUT 
15 AD1 35 Vss 55 P1.4/GCS4 75 TOO UT 
16 AD9 36 'RD 56 P1.3/~ 76 TOIN 
17 AD2 37 WR 57 P1.2/GeS2 77 T10UT 
18 AD10 38 ALE 58 P1.1/Ge51 78 T11N 
19 AD3 3.9 ~ 59 P1.0/GCSO 79 P2.7 
20 AD11 40 52 60 [CS 80 P2.6 
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6-4 63 62 61 60 59 58 57 56 55 5-4 53 52 51 50 -49 0 -47 -46 -45 •• -43 -42 -41 

INT3/INTA 1 S2 

INT-4 •TS80C186EB16 BHE 

PDTMR I XXXXXXXXB (See Note) ALE 

RESIN 37 WR 

RESOUT Rii 
OSCOUT Vss 

CLKIN Vee 

Vee Vss 

Vss A 19/0NCE 

CLKOUT A18 

TOOUT A17 

TOIN A16 

T10UT AD15 

T11N AD7 

P2.7 ADl-4 

P2.6 INTEL® IC 1978 AD6 

I~ 8 8 0 ;: ~ 0 Ci 0 CD VIOVI.- "' "' 0 .., - ... "' II) .., 
"' "' 0 0 Vl(.)VIC 0 0 0 ;:; 0 ;:; 0 Ci >< >< ..J Vi ti ~ >< ..J <( <( > > > ~ <( <( c <( .. <( 

I- "' &l 
I- &l <( <( <( <( 

';;;- ~ ';:;- ' ' ' II) ~ ~ ~ N "' N a.. N 
a.. a.. 

270803-24 

NOTE: 
This is the FPO number location (indicated by X's). 

Figure 6. Quad Flat Pack Plnout Diagram m 
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PACKAGE THERMAL 
SPECIFICATIONS 

The 80C186EB is specified for operation when Tc 
(the case temperature) is within the range of -:-40"C 
to + 100°C (PLCC package) or - 40°C to + 114°C 
(QFP package). Tc may be measured in any envi
ronment to ·determine whether the 80C186EB is 
within the specified operating range. The case tem
perature must be measured at the center of the top 
surface. 

TA (the ambient temperature) can be calculated 
from BcA (thermal resistance from the case to ambi
ent) with the following equation: 

Typical values for fJcA at various airflows are given 
in Table 7 for the 84-pin Plastic Leaded Chip Carrier 
(PLCC) package. 

Table 8 shows the maximum TA allowable (without 
exceeding Tc) at various airflows and operating fre
quencies. P (the maximum power consumption, 
specified in watts) is calculated by using the maxi
mum ICC as tabulated in the DC specifications and 
Vee of 5.5V. 

Table 7. Thermal Resistance (fJcA) at Various Airflows (In "C/Watt) 

Alrflow Linear ft/min (m/sec) 

0 200 400 600 800 1000 
(0) (1.01) (2.03) (3.04) (4.06) (5.07) 

f fJcA (PLCC) 30 24 21 19 17 16.5 

[6cA (QFP) 58 '47 43 40 38 36 

Table 8. Maximum TA at Various Alrflows (In °C) 

Airflow Linear ft/min (m/sec) 

Tp 0 200 400 600 800 1000 
I--'-- (0) (1.01) (2.03) (3.04) (4.06) (5.07) (MHz) 

TA (PLCC) 16 91.5 93.5 94 94.5 95.5 95.5 
26 88.5 91 92 '92.5 93.5 93.5 
32 85 87.5 89.5 90.5 91.5 92 

TA(QFP) 16 98 101 102 103 103.5 104 
26 92 96 97.5 99 99.5 100 
32 85 90.5 92.5 94 95 96 
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ELECTRICAL SPECIFICATIONS 

Absolute Maximum Ratings 

Parameter Maximum Rating 

Storage Temperature .......... -65°C to + 150°C 

Case Temp Under Bias ......... -65°C to + 12o·c 

Supply Voltage 
with respect to Vss ............ -0.5V to + 6.5V 

Voltage on other Pins 
with respect to Vss ........ -0.5V to Vee + 0.5V 

OPERATING CONDITIONS 
Symbol Parameter 

Vee Supply Voltage 

TF Input Clock Frequency 
80C186EB-20 

80C186EB-16 

80C186EB-13 

80C186EB 

Tc Case Temperature Under Bias 

NOTICE: This data sheet contains information on 
products in the sampling and initial production phases 
of development. It is valid for the devices indicated in 
the revision history. The specifications are subject to 
change without notice. 

•WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 

Min Max Units 

4.5 5.5 v 

0 40 MHz 

0 32 MHz 

0 26.08 MHz 

0 16 MHz 

TN80C186EB-XX (PLCC) -40 +100 ·c 

TS80C186EB-XX (QFP) -40 + 114 ·c 

RECOMMENDED CONNECTIONS 

Power and ground connections must be made to 
multiple Vee and Vss pins. Every 80C186EB-based 
circuit board should include separate power (Vee) 
and ground (Vss) planes. Every Vee pin must be 
connected to the power plane, and every Vss pin 
must be connected to the ground plane. Pins identi
fied as "NC" must not be connected in the system. 
Liberal decoupling capacitance should be placed 
near the 80C186EB. The processor can cause tran
sient power surges when its output buffers tran
sition, particularly when connected to large capaci
tive loads. 

Low inductance capacitors and interconnects are 
recommended for best high frequency electrical per
formance. Inductance is reduced by placing the de- fD 
coupling capacitors as close as possible to the • 
80C186EB Vee and Vss package pins. 

Always connect any unused input to an appropriate 
signal level. In particular, unused interrupt inputs 
(INT0:4) should be connected to Vee through a pull
up resistor (in the range of 50 Kn). Leave any un
used output pin or any NC pin unconnected. 
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DC SPECIFICATIONS 

Symbol Parameter Min Max Units Notes 

V1L Input Low Voltage -0.5 o.3*Vcc v 
V1H Input High Voltage 0.7*Vcc Vee+ 0.5 v 
Vol Output Low Voltage 0.45 v loL = 3 mA (Min) 

VoH Output High Voltage Vee - 0.5 v loH = - 2 mA (Min) 

VHYR Input Hysterisis on RESIN 0.50 v 
lu1 Input Leakage Current for pins: 

AD15:0, READY, HOLD, RESIN, CLKIN, 
TEST, NMI, INT4:0, TOIN, T11N, RXDO, ±15 µA OV '.S: V1N '.S: Vee 
BCLKO, CTSO, RXD1, BCLK1, CTS1, 
P2.6, P2.7 

lu2 Input Leakage Current for pins: 
±0.275 ±7 mA OV '.S: V1N <Vee 

ERROR, PEREQ 

lus Input Leakage Current for pins: 
-0.275 -5.0 mA V1N = 0.7 Vee (Note 1) 

A19/0NCE, A18:16, LOCK 

ILO Output Leakage Current 
±15 µA 

0.45 '.S: VouT '.S: Vee 
(Note 2) 

Ice Supply Current Cold (RESET) 
80C186EB-20 108 mA (Note 3) 

80C186EB-16 90 mA (Note 3) 

80C186EB-13 73 mA (Note 3) 

80C186EB-8 45 mA (Note 3) 

l1D Supply Current Idle 
80C186EB-20 76 mA (Note 4) 

80C186EB-16 63 mA (Note 4) 

80C186EB-13 48 mA (Note 4) 

80C186EB-8 31 mA (Note 4) 

lpD Supply CurrentPowerdown 
80C186EB-20 100 µA (Note 5) 

80C186EB-16 100 µA (Note 5) 

80C186EB-13 100 µA (Note 5) 

80C186EB-8 100 µA (Note 5) 

CIN Input Pin Capacitance 0 15 pF TF = 1 MHz 

COUT Output Pin Capacitance 0 15 pF TF = 1 MHz (Note 6) 

NOTES: 
1. These pins have an internal pull-up device that is active while RESIN is low and ONCE Mode is not active. Sourcing more 
current than specified (on any of these pins) may invoke a factory test mode. 
2. Tested by outputs being floated by invoking ONCE Mode or by asserting HOLD. 
3. Measured with the device in RESET and at worst case frequency, Vee, and temperature with ALL outputs loaded as 
specified in AC Test Conditions, and all floating outputs driven to Vee or GND. 
4. Measured with the device in HALT (IDLE Mode active) and at worst case frequency, Vee. and temperature with ALL 
outputs loaded as specified in AC Test Conditions, and all floating outputs driven to Vee or GND. 
5. Measured with the device in HALT (Powerdown Mode active) and at worst case frequency, Vee. and temperature with 
ALL outputs loaded as specified in AC Test Conditions, and all floating outputs driven to Vee or GND. 
6. Output Capacitance is the capacitive load of a floating output pin. 
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Ice VERSUS FREQUENCY AND VOLTAGE 

The current (Ice) consumption of the 80C186EB is 
essentially composed of two components; lpo and 
Ices-

lpo is the quiescent current that represents internal 
device leakage, and is measured with all inputs or 
floating outputs at GND or Vee (no clock applied to 
the device). lpo is equal to the Powerdown current 
and is typically less than 50 µA 

Ices is the switching current used to charge and 
discharge parasitic device capacitance when chang
ing logic levels. Since Ices is typically much greater 
than lp0, lpo can often be ignored when calculating 
Ice-

Ices is related to the voltage and frequency at which 
the device is operating. It is given by the formula: 

Power = V X I = V2 X CoEV X f 

: . I = Ice = Ices = v x CoEv x f 
Where: V = Device operating voltage (Vee) 

CoEV = Device capacitance 

f = Device operating frequency 

Ices = Ice = Device current 

Measuring CoEv on a device like the 80C186EB 
would be difficult. Instead, CoEv is calculated using 
the above formula by measuring Ice at a known Vee 
and frequency (see Table 9). Using this CoEv value, 
Ice can be calculated at any voltage and frequency 
within the specified operating range. 

EXAMPLE: Calculate the typical Ice when operating 
at 10 MHz, 4.8V. 

Ice= Ices= 4.8 x 0.583 x 10::::: 28 mA 

PDTMR PIN DELAY CALCULATION 

The PDTMR pin provides a delay between the as
sertion of NMI and the enabling of the internal 
clocks when exiting Powerdown. A delay is required 
only when using the on-chip oscillator to allow the 
crystal or resonator circuit time to stabilize. 

NOTE: 
The PDTMR pin function does not apply when 
RESIN is asserted (i.e., a device reset during Pow
erdown is similar to a cold reset and RESIN must 
remain active until after the oscillator has stabi
lized). 

To calculate the value of capacitor required to pro
vide a desired delay, use the equation: 

440 X t = Cpo (5V, 25°C) 

Where: t = desired delay in seconds 

Cpo = capacitive load on PDTMR in mi
crofarads 

EXAMPLE: To get a delay of 300 µs, a capacitor 
value of Cpo = 440 x (300 x 10-6) = 0.132 µFis 
required. Round up to standard (available) capaci
tive values. 

NOTE: 
The above equation applies to delay times greater 
than 10 µs and will compute the TYPICAL capaci-
tance needed to achieve the desired delay. A delay 
variance of + 50% or - 25% can occur due to 
temperature, voltage, and device process ex
tremes. In general, higher Vee and/or lower tem
perature will decrease delay time, while lower Vee ft 
and/or higher temperature will increase delay time. g 

Table 9. Device Capacitance (CoEv) Values 

Parameter Typ Max Units Notes 

CoEV (Device in Reset) 0.583 1.02 mA/V*MHz 1, 2 

CoEV (Device in Idle) 0.408 0.682 mA/V*MHz 1, 2 

1. Max CoEV is calculated at -40°C, all floating outputs driven to Vee or GND, and all 
outputs loaded to 50 pF (including CLKOUT and OSCOUT). 
2. Typical CoEv is calculated at 25°C with all outputs loaded to 50 pF except CLKOUT and 
OSCOUT, which are not loaded. 
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AC SPECIFICATIONS 

AC Characteristics-80C186EB·20 

Symbol Parameter Min Max Units Notes 

INPUT CLOCK 

TF CLKIN Frequency 0 40 MHz 1 
Tc CLKIN Period 25 00 ns 1 
TcH CLKIN High Time 10 00 ns 1, 2 
Tel CLKIN Low Time 10 00 ns 1, 2 
TcR CLKIN Rise Time 1 8 ns 1, 3 
TcF CLKIN Fall Time 1 8 ns 1, 3 

OUTPUT CLOCK 

Teo CLKIN to CLKOUT Delay 0 17 ns 1, 4 
T CLKOUT Period 2*Tc ns 1 
TpH CLKOUT High Time (T/2)-5 (T/2) + 5 ns 1 
TpL CLKOUT Low Time (T/2) - 5 (T/2) + 5 ns 1 
TpR CLKOUT Rise Time 1 6 ns 1, 5 
TpF CLKOUT Fall Time 1 6 ns 1, 5 

OUTPUT DELA VS 

TcHOV1 ALE, S2:0, DEN, OT /R, BHE, 3 20 ns 1,4,6, 7 
LOCK, A19: 16 

TcHOV2 GCS0:7, LCS, UCS, NCS, RD, WR 3 25 ns 1,4,6,8 

TcLOV1 BHE, DEN, LOCK, RESOUT, HLDA, 3 20 ns 1, 4, 6 
TOOUT, T10UT, A19:16 

TcLOV2 RD, WR, GCS7:0, LCS, UCS, 3 25 ns 1, 4, 6 
AD15:0, NCS, INTA1:0, S2:0 

TcHOF RD, WR, BHE, OT /A, 0 25 ns 1 
LOCK, S2:0, A19:16 

TcLOF DEN, AD15:0 0 25 ns 1 

SYNCHRONOUS INPUTS 

TcHIS TEST, NMI, INT4:0, BCLK1:0, 10 ns 1, 9 
T1:01N, READY, CTS1:0, P2.6, P2.7 

TcHIH TEST, NMI, INT4:0, BCLK1:0, 3 ns 1, 9 
T1 :OIN, READY, CTS1 :0 

Tcus AD15:0, READY 10 ns 1, 10 

TcuH READY, AD15:0 3 ns 1, 10 

Tcus HOLD,PEREQ,ERROR 10 ns 1, 9 

TcuH HOLD,PEREQ,ERROR 3 ns 1, 9 

NOTES: 
1. See AC Timing Waveforms, for waveforms and definition. 
2. Measure at V1H for high time, V1L for low time. 
3. Only required to guarantee Ice- Maximum limits are bounded by Tc. T CH and T CL· 
4. Specified for a 50 pF load, see Figure 13 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 14 for rise and fall times outside 50 pF. 
6. See Figure 14 for rise and fall times. 
7. TcHov1 applies to BHE, LOCK and A19:16 only after a HOLD release. 
8. T CHOV2 applies to RD and WR only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper BOC186EB operation. 
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inteL 80C186EB 

AC SPECIFICATIONS (Continued) 

AC Characteristics-SOC 186EB-16 

Symbol Parameter 

INPUT CLOCK 

TF CLKIN Frequency 
Tc CLKIN Period 
TcH CLKIN High Time 
Tel CLKIN Low Time 

TcR CLKIN Rise Time 
TcF CLKIN Fall Time 

OUTPUT CLOCK 

Teo CLKIN to CLKOUT Delay 
T CLKOUT Period 
TpH CLKOUT High Time 
TpL CLKOUT Low Time 
TpR CLKOUT Rise Time 
TpF CLKOUT Fall Time 

OUTPUT DELA VS 

TcHOV1 ALE, S2:0, DEN, OT /R, BHE, 
LOCK, A19:16 

TcHOV2 GCS0:7, LCS, UCS, NCS, RD, WR 

TcLOV1 BHE, DEN, LOCK, RESOUT, HLDA, 
TOOUT, T10UT, A19:16 

TcLOV2 RD, WR, GCS7:0, LCS, UCS, 
AD15:0, NCS, INTA1:0, S2:0 

TcHOF RD, WR, BHE, OT /R, 
LOCK, S2:0, A19:16 

TcLOF DEN,AD15:0 

SYNCHRONOUS INPUTS 

TcHIS TEST, NMl, INT4:0, BCLK1:0, 
T1:01N, READY, CTS1:0, P2.6, P2.7 

TcHIH TEST, NMI, INT4:0, BCLK1:0, 
T1 :QIN, READY, CTS1 :0 

Tcus AD15:0, READY 

TcuH READY, AD15:0 

Tcus HOLD,PEREQ,ERROR 

TcuH HOLD,PEREQ,ERROR 

NOTES: 
1. See AC Timing Waveforms, for waveforms and definition. 
2. Measure at V1H for high time, V1L for low time. 

Min 

0 
31.25 

10 
10 
1 
1 

0 

(T/2) - 5 
(T/2) - 5 

1 
1 

3 

3 

3 

3 

0 

0 

10 

3 

10 

3 

10 

3 

Max 

32 
00 

00 

00 

8 
8 

20 
2*Tc 

(T/2) + 5 
(T/2) + 5 

6 
6 

22 

27 

22 

27 

25 

25 

3. Only required to guarantee Ice. Maximum limits are bounded by Tc. T CH and T CL· 
4. Specified for a 50 pF load, see Figure 13 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 14 for rise and fall times outside 50 pF. 
6. See Figure 14 for rise and fall times. 
7. TcHov1 applies to BHE, LOCK and A19:16 only after a HOLD release. 
8. T CHOV2 applies to RD and WR only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper 80C186EB operation. 
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Units Notes 

MHz 1 
ns 1 
ns 1, 2 
ns 1, 2 
ns 1, 3 
ns 1, 3 

ns 1, 4 
ns 1 
ns 1 
ns 1 
ns 1, 5 
ns 1, 5 

ns 1, 4, 6, 7 

ns 1, 4, 6, 8 

ns 1, 4, 6 

ns 1, 4, 6 

ns 1 

ns 1 

ns 1, 9 I 
ns 1, 9 

ns 1, 10 

ns 1, 10 

ns 1, 9 

ns 1, 9 



infel .. 80C186EB 

AC SPECIFICATIONS (Continued) 

AC Characteristics-80C186EB-13 

Symbol Parameter 

INPUT CLOCK 

TF CLKIN Frequency 
Tc CLKIN Period 
TcH CLKIN High Time 
Tel CLKIN Low Time 
TcR CLKIN Rise Time 
TcF CLKIN Fall Time 

OUTPUT CLOCK 

Teo CLKIN to CLKOUT Delay 
T CLKOUT Period 
TpH CLKOUT High Time 
TpL CLKOUT Low Time 
TpR CLKOUT Rise Time 
TpF CLKOUT Fall Time 

OUTPUT DELA VS 

TcHOV1 ALE, 52:0, DEN, DT /R, BHE, 
LOCK, A19:16 

TcHOV2 GCSO:?, ICS, UCS, NCS, RD, WR 

TcLOV1 BHE, DEN, LOCK, RESOUT, HLDA, 
TOOUT, T10UT, A19:16 

TcLOV2 RD, WR, GCS7:0, LCS, UCS, 
AD15:0, NCS, INTA1:0, 52:0 

TcHOF RD, WR, BHE, OT/A, 
LOCK, S2:0, A19:16 

TcLOF DEN,AD15:0 

SYNCHRONOUS INPUTS 

TcHIS TEST, NMI, INT4:0, BCLK1:0, 
T1:01N, READY, CTS1:0, P2.6, P2.7 

TcHIH TEST, NMl, INT4:0, BCLK1:0, 
T1:01N, READY, CTS1:0 

Tcus AD15:0, READY 

TcuH READY, AD15:0 

Tcus HOLD, PEREQ, ERROR 

TcuH HOLD, PEREQ, ERROR 

NOTES: 
1. See AC Timing Waveforms, for waveforms and definition. 
2. Measure at V1H for high time, V1L for low time. 

Min 

0 
38.34 

12 
12 
1 
1 

0 

(T/2) - 5 
(T/2) - 5 

1 
1 

3 

3 

3 

3 

0 

0 

10 

3 

10 

3 

10 

3 

Max 

26.08 
00 

00 

00 

8 
8 

23 
2*Tc 

(T/2) + 5 
(T/2) + 5 

6 
6 

25 

30 

25 

30 

25 

25 

3. Only required to guarantee Ice. Maximum limits are bounded by Tc. T CH and T CL· 
4. Specified for a 50 pF load, see Figure 13 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 14 for rise and fall times outside 50 pF. 
6. see Figure 14 for rise and fall times. 
7. TcHov1 applies to BHE, wc::K and A19:16 only after a HOLD release. 
8. T CHOV2 applies to RD and WR only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper 80C186EB operation. 
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Units Notes 

MHz 1 
ns 1 
ns 1, 2 
ns 1, 2 
ns 1, 3 
ns 1, 3 

ns 1, 4 
ns 1 
ns 1 
ns 1 
ns 1, 5 
ns 1, 5 

ns 1, 4, 6, 7 

ns 1,4, 6, 8 

ns 1,4, 6 

ns 1,4,6 

ns 1 

ns 1 

ns 1, 9 

ns 1, 9 

ns 1, 10 

ns 1,10 

ns 1, 9 

ns 1, 9 



80C186EB 

AC SPECIFICATIONS (Continued) 

AC Characteristics-80C186EB-8 

Symbol Parameter 

INPUT CLOCK 

TF CLKIN Frequency 
Tc CLKIN Period 
TcH CLKIN High Time 
Tel CLKIN Low Time 
TcR CLKIN Rise Time 
TcF CLKIN Fall Time 

OUTPUT CLOCK 

Teo CLKIN to CLKOUT Delay 
T CLKOUT Period 
TpH CLKOUT High Time 
Tpl CLKOUT Low Time 
TpR CLKOUT Rise Time 
TpF CLKOUT Fall Time 

OUTPUT DELA VS 

TcHOV1 ALE, S2:0, DEN, DT /R, BHE, 
LOCK, A19:16 

TcHOV2 GC&f:?, LCS, UCS, NCS, RD, WR 

TcLOV1 BHE, DEN, LOCi<, RESOUT, HLDA, 
TOOUT, T10UT, A19:16 

TcLOV2 RD, WR, GCS7:0, LCS, UCS, 
AD15:0, NCS, INTA1:0, S2:0 

TcHOF RD, WR, BHE, DT /R, 
LOCK, S2:0, A19:16 

TcLOF DEN,AD15:0 

SYNCHRONOUS INPUTS 

TcHIS TEST, NMI, INT4:0, BCLK1:0, 
T1:01N, READY, CTS1:0, P2.6, P2.7 

TcHIH TEST, NMI, INT4:0, BCLK1:0, 
T1:01N, READY, CTS1:0 

Tcus AD15:0, READY 

TcuH READY, AD15:0 

Tcus HOLD,PEREQ,ERROR 

TcuH HOLD,PEREQ,ERROR 

NOTES: 
1. See AC Timing Waveforms, for waveforms and definition. 
2. Measure at V1H for high time, V1L for low time. 

Min 

0 
62.5 
15 
15 
1 
1 

0 

(T/2) - 5 
(T/2) - 5 

1 
1 

3 

3 

3 

3 

0 

0 

10 

3 

10 

3 

10 

3 

Max 

16 
00 

00 

00 

8 
8 

27 
2*Tc 

(T/2) + 5 
(T/2) + 5 

6 
6 

30 

35 

30 

35 

30 

35 

3. Only required to guarantee Ice. Maximum limits are bounded by Tc. T CH and T CL· 
4. Specified for a 50 pF load, see Figure 13 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 14 for rise and fall times outside 50 pF. 
6. See Figure 14 for rise and fall times. 
7. TcHov1 applies to BHE, LOCK and A19:16 only after a HOLD release. 
8. T CHOV2 applies to RD and ~ only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper 80C186EB operation. 
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Units Notes 

MHz 1 
ns 1 
ns 1, 2 
ns 1, 2 
ns 1, 3 
ns 1, 3 

ns 1, 4 
ns 1 
ns 1 
ns 1 
ns 1, 5 
ns 1, 5 

ns 1,4, 6, 7 

ns 1,4, 6,8 

ns 1,4, 6 

ns 1,4,6 

ns 1 

ns 1 

ns 1, 9 II 
ns 1, 9 

ns 1,10 

ns 1,10 

ns 1, 9 

ns 1, 9 



80C186EB 

AC SPECIFICATIONS (Continued) 

Relative Timings (80C186EB·20, ·16, ·13, -8) 

Symbol Parameter Min Max Unit Notes 

RELATIVE TIMINGS 

TLHLL ALE Rising to ALE Falling T-15 ns 

TAVLL Address Valid to ALE Falling 1/zT- 10 ns 

TPLLL Chip Selects Valid to ALE Falling 1/zT- 10 ns 1 

TLLAX Address Hold from ALE Falling 1/zT - 10 ns 

TLLWL ALE Falling to WR Falling YzT-15 ns 1 

TLLRL ALE Falling to RD Falling 1/zT-15 ns ' 1 

TwHLH WR Rising to ALE Rising YzT - 10 ns 1 

TAFRL Address Float to RD Falling 0 ns 

TRLRH RD Falling to RD Rising (2*T) - 5 ns 2 

TwLWH WR Falling to WR Rising (2*T) - 5 ns 2 

TRHAV RD Rising to Address Active T- 15 ns 

TwHDX Output Data Hold after WR Rising T- 15 ns 

TwHPH WR Rising to Chip Select Rising YzT - 10 ns 1 

TRHPH RD Rising to Chip Select Rising 1/zT - 10 ns 1 

TPHPL e-s Inactive to e-s Active 1/zT - 10 ns 1 

TovRH ONCE Active to RESIN Rising T ns 3 

TRHOX ONCE Hold from RESIN Rising T ns 3 

NOTES: 
1. Assumes equal loading on both pins. 
2. Can be extended using wait states. 
3. NOt tested. 
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80C186EB 

AC SPECIFICATIONS (Continued) 

Serial Port Mode 0 Timings (80C186EB·20, 16, ·13, -8) 

Symbol Parameter Min Max Unit Notes 

TxLXL TXD Clock Period T (n + 1) ns 1, 2 

TxLXH TXD Clock Low to Clock High (n > 1) 2T- 35 2T + 35 ns 1 

TxLXH TXD Clock Low to Clock High (n = 1) T- 35 T + 35 ns 1 

TxHXL TXD Clock High to Clock Low (n > 1) (n - 1) T - 35 (n - 1) T + 35 ns 1, 2 

TxHXL TXD Clock High to Clock Low (n = 1) T- 35 T + 35 ns 1 

TavxH RXD Output Data Setup to TXD Clock High (n > 1) (n - 1) T - 35 ns 1, 2 

TavxH RXD Output Data Setup to TXD Clock High (n = 1) T- 35 ns 1 

TxHOX RXD Output Data Hold after TXD Clock High (n > 1) 2T- 35 ns 1 

TxHQX RXD Output Data Hold after TXD Clock High (n = 1) T- 35 ns 1 

TxHOZ RXD Output Data Float after Last TXD Clock High T + 20 ns 1 

TovxH RXD Input Data Setup to TXD Clock High T + 20 ns 1 

TxHDX RXD Input Data Hold .after TXD Clock High 0 ns 1 

NOTES: 
1. See Figure 12 for waveforms. 
2. n is the value of the BxCMP register ignoring the ICLK Bit (i.e., ICLK = O). 

fl 
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intef. 80C186EB 

AC TEST CONDITIONS 

The AC specifications are tested with the 50 pf load 
shown in Figure 7. See the Derating Curves section 
to see how timings·vary with load capacitance. 

OUTPUT 
PIN 

CL = 50 pF for all signals. 
270803-7 

Specifications are measured at the Vcc/2 crossing 
point, unless otherwise specified. See AC Timing 
Waveforms, for AC specification definitions, test 
pins, and illustrations. 

Figure 7. AC Test Load 

AC TIMING WAVEFORMS 

270803-8 

Figure 8. Input and Output Clock Waveform 
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BOC186EB 

ov 1------------i MAX 

Vcc~---'""1"'1--t--.-.....,1"""!" ....... ...P.,....----
1------------i MAX 

vAuD 503 VALID MIN 

ov~---....... i...i....1......._._._.i...:1..a.------

VALID 503 

1--------+ MAX 

Vcc~----------

VALID FLOAT (NOTE) 1-------- MAX 

ov~---....1.-'---'---' Vcc~-----~------

VALID FLOAT (NOTE) 

ov~---....1.--'---'---' 
270803-9 

NOTE: 
20% Vee < Float < 80% Vee 

Figure 9. Output Delay and Float Waveform 

503 CLKOUT 

ov 
MIN m 

MIN 

Vee 
VALID 

1------" MIN 

VIL• V1H MIN 

ov ...,....-..+. ..... -----.....i""""' ...... - Vee 
VALID 

270803-10 

Figure 10. Input Setup and Hold 
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intel. , BOC186EB 

CLKOUT 

Yee 

ALE 

ov 

Vee ------.+----!----
- AD0:15, 

50% 50% 
A19:16 

ov ------"---4----' 
~(A-----4+1 

Yee -------..;;;-4----•CE~----i 

Rii or WR 

ov --------9-------------:----------------------------~ 
~ ~ (A-----.1 

~ ~ -----Vee 

GCS7:0 

LCS, UCS ov 
50% 50% 

Yee -------------------------------------------------------------,-----------------

RESIN 50% 

A 19/0NCE 50% 50% 

270803-11 

Figure 11. Relative Signal Waveform 

TXD-\: 

TxLXH TxLXL 

;=\ ___ , 
TovxH TxHQX ~ 

RXD{out) bit 7 

TovxH TxHDX 

RXD{in) ~ 
270803-34 

Figure 12. Serial Port Mode O Waveform 
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80C186EB 

DERATING CURVES 

TYPICAL OUTPUT DELAY VARIATIONS VERSUS LOAD CAPACITANCE 

NOM+6 
> 
"' "' • NOM+ 3 

-;; 
.s .... NOM+ 1 
:5 ... 
0 ... NOM :::> 
IL ... 
:::> 
0 

NOM-1 

50 100 150 

Ci. (pf) 
270803-12 

Figure 13 

TYPICAL RISE AND FALL VARIATIONS VERSUS LOAD CAPACITANCE 

8 

G_ (pF) 
270803-13 

m 2 

50 100 150 

Figure 14 
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80C186EB 

RESET 

'.he 80C186EB will perform a reset operation any 
time the RESIN pin active. The RESIN pin is actually 
synchronized before it is presented internally, which 
means that the clock must be operating before a 
reset can take effect. From a power-on state, RESIN 
must be held active (low) in order to guarantee cor
rect initialization of the 80C186EB. Failure to pro

. vlde RESIN while the device Is powering up wlll 
result in unspecified operation of the device. 

Figure 15 shows the correct reset sequence when 
first applying power to the 80C186EB. An external 
clock connected to CLKIN must not exceed the Vee 
threshold being applied to the 80C186EB. This is 
n~rmally not a problem if the clock driver is supplied 
wrth the same Vee that supplies the 80C186EB. 
When attaching a crystal to the device, RESIN must 
remain active until both Vee and CLKOUT are stable 
(the length of time is application specific and de
p~nd.s on the startup characteristics of the crystal 
c1rcu1t). The RESiN pin is designed to operate cor
rectly using an ,RC reset circuit, but the designer 

must ensure that the ramp time for V cc is not so 
long that RESIN is never really sampled at a logic 
low level when Vee reaches minimum operating 
conditions. . 

Figure 16 shows the timing sequence when RESIN 
is applied after V cc is stable and the device has 
been operating. Note that a reset will terminate all 
~ctivity and return the 80C186EB to a known operat
t~g state. An~ bus operation that is in progress at the 
time RESIN 1s asserted will terminate immediately 
(note that most control signals will be driven to their 
inactive state first before floating). 

While RESIN is active, bus signals LOCK, A19/ 
ONCE, and A18:16 are configured as inputs and 
wea~ly held high by internal.pullup transistors. Only 
19/ NCE can be overdriven to a low and is used to 
enable ONCE Mode. Forcing LOCK or A 18: 16 low at 
any time while RESIN is low is prohibited and will 
cause unspecified device operation. 
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infel. 80C186EB 

BUS CYCLE WAVEFORMS 

Figures 17 through 23 present the various bus cy
cles that are generated by the 80C186EB. What is 
shown in the figure is the relationship of the various 

bus signals to CLKOUT. These figures along with 
the information present in AC Spec,fications allow 
the user to determine all the critical timing analysis 
needed for a given application. 

MEMORY READ, 110 READ, INSTRUCTION FETCH, AND REFRESH WAVEFORM 

\'----

>------------'D15•0 VALID ,__. ____ ~ 

DT/R 

270803-17 

Figure 17 
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80C186EB 

MEMORY WRITE AND 1/0 WRITE CYCLE WAVEFORM 

CLKOUT 

ALE 

A19/0NCE, 

A18:16 

AD15:0 

GC7:0 

LCS,UCS 

DT/R 

\ 
VALID I 

....__,,_~------' 

x 

A19:16 

VALID 

: :x ::~::x: 

Figure 18 
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infel. 80C186EB 

HALT CYCLE WAVEFORM 

CLKOUT 

ALE 

'--0-11 __ / 
II \_ 

A19:16 ~x _____ NOTE--.---4!,l~_x 
AD15:0 NOTE !! 

270803-19 

NOTE: 
The address driven is typically the location of the next instruction prefetch. Under a majority of instruction sequences the 
AD15:0 bus will float, while the A19:16 bus remains driven and all bus control signals are driven to their inactive state. 

Figure 19 
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80C186EB 

CASCADE MODE INTERRUPT ACKNOWLEDGE CYCLE WAVEFORM 

CLKOUT 

ALE 

A19/0NCE, 

A18:16 

AD7:0 

RD,WR 

DT/R 

'· 

Flgure20 

24-264 
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infel® 80C186EB 

HOLD/HLDA CYCLE WAVEFORMS 

CLKOUT 

HOLD 

HLDA 

ALE 

A 19/0NCE, 

AD15:0 

GCS7:0, 

UCS, LCS 

RD, WR 

_...__..__._...__ .. _________ I I I I I I l I I ....... _..__._._._ 

/:,

0

1 

'\I I I I I I I I I { 
I I I I I I I I I I I : .,--:--i·"'"·i--:--,.-~--:--, 

_...,. ______ ... , t : : : : : : : : ··--------

I 

-~--~-+-~--~-r-~-~--: 
t I I t I I I l I 

I I I l I I ......... __ ....... __ 

' I 0 I 

__..,__x· _, -, , ,}~-+-~-t-~-+-t-~--i--{_,X, _. 
l 1 I I I I I I I I I 

I I I I I I I I I l I 

·x· ·x }: : : : : : : : : rI: · · · 
I I I I I I I I I I 

:- - ~ - ~ --:- -t- ~ --:---t- ~ --1 
I I I f I I I t I I _..,. ..... ___ ..... ._ ________ __. I t I I I I I I I 

0 0 I 
I 

I I I I I I I I I I I I 

I I l I I I I I I I ____________ _;,_..,;,,}I I I 1 I I 1 l I 11r-rl::l•\•\,~~~~~~~~---_-
DEN -:- -t- ~--t- • ~--t-- ~--r-- ~--, 

I I I I I I l I I I 
I I l I I l I I I J 

I I I I I I 

' _ _.,_..__..__._..__._._.._..,. I l I 1 I 1 1 l 1 I_ .... _..__.,_..__ 

} 

I I l I I I I I I I 
I I I I I I I I I I 

DT/R ·:··; ·i··;·~.1 ··; · ;··;·; ··, ---------------· : : ~ : : : : : : : 
270803-21 

Figure 21 
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infel .. 80C186EB 

REFRESH DURING HLDA CYCLE WAVEFORM 

NOTES: 

CLKOUT 

HOLD 

HLOA 

52:0 --~--~-~--~-~--~-~--~-~--~-~--

ALE 

A19/0NcE, 

A18:16 

' ' 
' ' 

' ' I I I I I I I I l ' ' • - .,. •• ,.. • .,- -r- - 'T - •1• - 'T- -.- - .,. • -,- - .,. • - .,--1"'--
I I t 1 1 I I I I 

I I l I l I 

I I I I I I 'ij 
I I t I I I I ............ ---·---------·- -1-- ·--

I\ 1 I 
' ' ' 
I ---••• 

I I I I I t I I ' ' ' ' 
I I l I I I 

I I t I I I I l I t t I l I l I J I I I 

AD1 s:o ---r--r--1--1--i--r--:--r- -:--r--:--+--: +--:--1- --1- -r---r--:- -· 
111111111111101111111 

GCS7:0, 

UCS, LCS 

I I I l I I I I t I I I I I t I I I I 1 
I I 1 I I I t I I I I I I l ,I I I 1 I I 
I I t I I I I I I I I I I I t I I I I l I I 

' I J I I I I I I I l I ' ' 
~ --~--~-~--~-~--~-~--~-~--~-~--! 

_. __ ,_ __ 
I l I I I I I I I t I I 

' 
DT/R 

I I I I l I I I I I 1 I .• .,. •• ,.. • .,. •. ,.. • ., .• ,.. • ., •• ,...'T--~-'T-·1 
l I I I t I I I I I I I 

I t I I I I I 

DEN ••• • •• ••• •'-•• • ••• "'• •'-•• ••'-••• • 1 
t I I I l I I I I I l I 

' ' 

' ' ..... ,.. .. 
' ' ' 

---· I 
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1. READY must be low by either edge to cause a wait state. 
2. Lighter lines indicate READ cycles, darker lines indicate WRITE cycles. 

Figure 22 
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READY CYCLE WAVEFORM 

CLKOUT 

ALE 

A19/0NCE, 

A18:16 

BHE 

LOCK 

80C186EB 

VALID VALID 

VALID 

AD15:0 -----f{ ADD }._-@ ______ VA_L_ID __________ _,( ADD }._ ____ _ 

I I I I 
I I 

READY 

,. 

DT/R =-_/\ I : : \L~------
270803-23 

NOTES: 
1. READY must be low by either edge to cause a wait state. 
2. Lighter lines indicate READ cycles, darker lines indicate WRITE cycles. 

Figure 23 
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REGISTER BIT SUMMARY 

Figures 24 through 31 present the bit definition of 
each register that is active (not reserved) in the Pe
ripheral COntrol Block (PCB). Each register can be 
thought to occupy one word (16-bits) of either mem
ory or 1/0 space, although not all bits in the register 
necessarily have a function. A register bit is not 

bit 

11 

12 

13 

} 
'"'"'"pt '""'"' Vector Type 
{write only) 

1 = £nab1e NonSpeelflc EOI 
(write only) 

bit 

0 

11 

12 

13 

" 
15 

POLL (04H) 
POLSTS (06H) 

RESET = 0 

1 = Interrupt Request Present 
(read only) 

guaranteed to return a specific logic value if an "X" 
appears for the bit definition (i.e., if a zero was writ
ten to the register bit it may not be returned as a 
zero when read). Furthermore, a O must be written to 
any bit that is indicated by an "X" to ensure compati
bility with future products or potential product chang
es. 

IMASK (08H) 
RESET = DOFOH 
INSERV (OCH) 

REQST (OE) 
RESET = 0 

Interrupt Masked 

1 = Interrupt In-Service 
Interrupt Requeeted 
(REQST 1• read only) 

bit 

10 

11 

12 

13 

15 

x 
x 
x 

} 
.Priority level 
0 - Highest 
7 - Lowest 

PRMSK (OAH) 
RESET = 0007H 

270803-26 

Figure 24. Interrupt Control Unit Registers 
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bit 

0 

" 
15 

10 

12 

13 

15 

TMRO 

STX 

x 

x 
x 
x 

x 

NMI 
INTSTS {10H) 

RESET = 0 

} '···~-requested 

1 = NMI Interrupt 

Timer 
Count 

TxCHT (30, 38, 40H) 
RESET =XXXXH 

80C186EB 

bit bit 

0 PRMO 
} ,,,.,lty '"'' } "'""'' ,.,., PRM1 0 - Highest 0 - Highest 

7 - LowHt 7 - Lowest 
PRM2 

MSK 1 = M&Sk Interrupt 1 = Muk Interrupt 
0 = Enable Interrupt 0 = Enable Interrupt 

1 = Level Mode 
0 = Edge Mode 

1 = Enable Ca$cede Opent.lion 

1 = Enable Nested Interrupts 

x 
10 

12 x 

" x 
x 

x " 
TCUCON (12H) IOCON (18H) 
SCUCON (UH) 11CON (1AH) 

RESET = OOOFH RESET = OOOFH 

Figure 25. Interrupt Control Unit Registers 

10 

12 

13 

15 

TxCMPA (32, 3A, 42H) 
TxClilPB (34, 3CH) 

RESET .. XXXXH 

Timer 
Compo re 
Value 

10 

12 

13 

1 =Enable C!>ntlnuous 
TlmerO~rQtlon 

1 : Alternate hhl'ffn Compare A/B 
0,. UH Only Compare A 
1 "'U" Externc:il Clock 
0 =UH lnl•rnal Clock 
1 =UH lnt.rnal TIMER2 CIQCk 
0"' UH lnt.rnol I 4 Clock 
I =TIN Pin Retrt;g•rs Tlm•r 
O ... TIH Pin EooblH nm ... 
1 = Tlm•r Compor• Ooc11rff 

I =Compo re 9 in UH 
0 = Compor• A In UH 

1 = Enobl• Compor• lnt.rrupt 

1 •Enobl• Writ. to START bit 

1 "'Stort Tim•r 0P9rotion 
0., Stop Tlm•r Opecrotlon 

TOCON (36H) 
TlCON (3EH) 

RESET"' EN, RIU .. 0 

Figure 26. Timer Control Unit Registers 
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bit 

0 

11 

12 

13 

" 

bit 

" 

" 

} "'""'' '""' 0 - Highest 
7 - Lowe't 

1 = Mask Interrupt 
0 = Enable Interrupt 
1 = Level Mode 
0 = Edge Mode 

x 
12CON (1CH) 
13CON (IEH) 
14CON (16H) 

RESET = OOOFH 

270603-27 

1 = Enobl• Contlm.10us 
Tlm•r O.,.ratlon 

1 ,. Enabl• Writ• to START bit 

1 ""Start Tlm•r OJMratloo 
0'"' Stop Tlm.r O,,.ratlon 

T2CON (.UH) 

RESETt£N•O 

270603-26 



btt 

10 

11 

12 

13 

14 

15 

bit 

0 

10 

12 

.. 
15 

P10lR (SOH) 
P2DIR (58H) 

RESET • XXrFH 

Port Pin Direction 

} I• Input 
0 = Output 
(PORT 2 ONLY) 

Boud•Rote 
Select 

1 = Un Internal Clock 
0 = Uff External Clock 

~=: ~~g=~ 
RESET= 0 

btt 

10 

11 

12 

13 

14 

15 

bit 

,. 

12 

14 

15 

PIPIN (52H) 
P2PIN (5AH) 

RESET "" XXFFH 

80C186EB 

~Pin 
Valuto 
(rMd only) 

bit 

10 

12 

13 

" 
15 

PICON (54H) 
P2COH (SCH} 

R£StT • XXF'FH 

Port Pin 
Control 
(0;,, Port) 
(1 "" P•ripherol) 

Figure 27.1/0 Port Unit Registers 

bit •• } •... ····· O - Syna CompierMnted value 
1 - 8blt 
2,3-9blt of CTSn# Pin 

·- 7blt ·1 = Overrun Error 

1 = Parity Enabled 
1 = Transmit Buffer 

Empty 
1 =Even Parity 1 = rrommlng Error 0 : Odd Pgrlty 

1 = Receiver Enabled s 1 = Transmit Interrupt 
Preunt 

1 = Enobte CTS Pin 
1 = Receive Interrupt 

PreHnt 
Baud-Rote 9th Doto Bit 9th Doto Bit or 
Count (Moclu2,3) Parity Error 

1 = Send Break 1 = Mblts Breck 
Detected 

1 = 2M + 3blts Break 
o.tected 

10 10 

11 11 

12 12 

13 13 

14 14 

15 15 

=~g=~ ~~~~~ ~~gg~ ~~:~ ~~~ ~;:~~ 
RESET= 0 RESET= 0 RESET = OOOBH 

Figure 28. Serial Communications Unit Registers 

24-270 

10 

12 

13 

15 

PLO 

PL1 

P1LTCH (56H) 
P2L TCH (5EH) 

RESET= XXFFH 

270803-29 

btt 

Transmit/ 
Rec.Ive 
Data Buffer 

10 

11 

12 

13 

14 

15 

SxRBUF (68, 78H} 
SxTBUF (6AH, 7AH) 

RESET= 0 

270803-30 



bit 

0 

10 

12 

13 

14 

" 

bit 

0 WSD 

WSl 

WS2 

WS3 

cso 

15 CS9 

} Wolt-Stoto 
Select (0-15) 

Chlp-S.i.ct 
Starting Addr .. • 
(A.19:10 M.mory) 
(A15:61/0) 

GCSxST (80, 84, 88, IO, 94, 91, tcH) 
LCSST (AOH) 
UCSST {A.4H) 

RESET= FFCFH 

RFBASE (BOH) 
RESET= OH 

bit 

10 

12 

13 

14 

" 

bit 

0 

10 

12 

13 

15 

80C186EB 

RDY 

MEM 

css 
CS9 

1 • Enabl• READY Pin 

1 • Decode M•mory Spaoe 
0 • Deooct. 1/0 Spaot 
1 = Olaobl• Stop Addr.11 

Compor• 

1 • Enabl• Chip-Set.ct 

Chlp-S•l.ot 
Stopping A.ddr••• 
(A.19:10 M1mory) 
(A.15:81/0) 

GCSxSP (82, ae. &A, II[, 92, •• 9A, 9EH) 
LCSSP {A2H} 
UCSSP (AfiH) 

RESET • FF"C3H (GCS:11SP, LCSSP) 
RESET = FFCFH (lJCS) 

Figure 29. Chip-Select Unit Registers 

RFTIME (82H) 
RESET~ OH 

Initial RefrMh 
R~u"t Clock Count 

bit 

0 

10 

12 

13 

" 
RFCON (84H) 
RESET • OH 

C1.1rrenthfr'ffh 
Clock Count 
(Read Only} 

Figure 30. Refresh Control Unit Registers 
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bit 

10 

12 

13 

AB 

A9 

AlD 

A11 

A12 

A13 

A14 

TRAP 

Starting Addr ... 
For PCB 

1 • PCB I• In M•mory Spao• 
0 = PCB I• In 1/0 Spooe 

1 = TRAP on ESC Opoode 
o "' Ex.cut• ESC Opc:od• 

RELREG (MH) 
RESET= OOffH 

270803-31 

bit 

Curr.nt R-1r"h 
"ddrns 

10 

12 

13 

14 

" 
RFAODR (BIH) 

RESCT • IFFFH 

270803-32 

m 



infel~ 80C186EB 

bit 

0 

10 

12 

13 

1• .. 
STEPID (BCH) 
RESET = XX02H 

} 
STEPPING 
IDENTlfl[R 
(read only} 

bit 

0 

10 

12 

13 

1• 

15 

PWRDN 1 =Enable PowerDown Mod• 

IDLE 1 ~Enable Idle Mode 

x (Ht.ting both rMults 
In no operation) 

x 
x 
x 
x 
x 

x 
x 
x 
x 
x 
x 
x 

270803-33 
PWRCON (88H) 

R£SET=O 

Figure 31. Power Management Unit Registers 

80C186EB EXECUTION TIMINGS 

A determination of 80C186EB program execution 
timing must consider the bus cycles necessary to 
prefetch instructions as well as the number of exe
cution unit cycles necessary to execute instructions. 
The following instruction timings represent the mini
mum execution time in clock cycles for each instruc
tion. The timings given are based on the following 
assumptions: 

• The opcode, along with any data or displacement 
required for execution of a particular instruction, 
has been prefetched and resides in the queue at 
the time it is needed. 

• No wait states or bus HOLDs occur. 

• All word-data is located on even-address bound
aries. 

All jumps and calls include the time required to fetch 
the opcode of the next instruction at the destination 
address. 

All instructions which involve memory accesses can 
require one or two additional clocks above the mini
mum timings shown due to the asynchronous hand
shake between the bus interface unit (BIU) and exe
cution unit. 

With a 16-bit BIU, the 80C186EB has sufficient bus 
performance to ensure that an adequate number of 
prefetched bytes will reside in the queue most of the 
time. Therefore, actual program execution time will 
not be substantially greater than that derived from 
adding the instruction timings shown. 
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INSTRUCTION SET SUMMARY 

Function Format 
Clock 

Comments 
Cycles 

DATA TRANSFER 
MOY= Move: 

Register to Register/Memory I 1000100w mod reg rim 2/12 

Register I memory to register I 1000101w mod reg rim 2/9 

Immediate to register I memory I 1100011 w mod 000 rim data I data ifw= 1 I 12-13 8/16-bil 

Immediate to register I 1O11 w reg data data if w= 1 I 3-4 8/16-bil 

Memory to accumulator I 1010000w addr-low addr-high I 8 

Accumulator to memory I 1010001w addr-low addr-high I 9 

Register I memory to segment register I 10001110 mod Oreg rim 2/9 

Segment register to register/memory I 10001100 mod Oreg rim 2/11 

PUSH= Push: 

Memory I 1 1 1 1 1 1 1 1 I mod 11 O rim I 16 

Register I 01010reg I 10 

Segment register I oooreg11 o I 9 

•,•·······zu•'' '''''' ·;:; .• ,:,;.: ..... m •• >'> .: .. >L i .:.L .s.: •KL :.x. ·'· ,,. t:2[ :.s. 
,. •.. LL :.•'.• ' .. :: . ')(. 

·-·~'~" 
::·:·<·.:.: ':('5L CJ, " .•. :::< .•.. ·:·:.•. '·''·'' . } •.........•. '''''''"' 

POP= Pop: 

Memory I 10001111 I modOOO rim I 20 

Register I 0 101 1 reg I 10 

Segment register I 000reg111 I (reg*01) 8 

li'L••••.: :• ' ,·. i/•••••••·•·•'•••"'''T'f ... .. , .. .,.,·.····· . ...•. ..., .. , . .:..i::CT % .. },. •n:.n. L>i •••• ;z···;::: rn <. r ···"''LJC Flh 
'''·'''' ...... ·· [!!]!,, 'TL 

XCHG = Exchange: 

Register I memory with register I 1000011w I mod reg rim I 4/17 

Register with accumulator I 10010reg I 3 m 
IN = Input from: 

Fixed port I 111 001 Ow I port I 10 

Variable port I 111011 ow I e 
OUT = Output to: 

Fixed port 1110011 w I port I 9 

Variable port 1110111w I 7 

XLAT = Translate byte to AL 11010111 11 

LEA = Load EA to register 10001101 mod reg rim I 6 

LOS = Load pointer to DS 11000101 mod reg rim I (mod*11) 18 

LES = Load pointer to ES 11000100 mod reg rim I (mod*11) 18 

LAHF = Load AH with flags 1 0 J 1 11 11 2 

SAHF = Store AH into flags 100 1111 0 3 

PUSHF = Push flags I 100111 00 9 

POPF = Pop flags I 10011101 8 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 

24-273 



80C186EB 

INSTRUCTION SET SUMMARY (Continued) 

Function Format 
Clock 

Comments 
Cycles 

DATA TRANSFER (Continued) 
SEGMENT = Segment Override: 

cs I 00101110 I 2 

SS I 00110110 I 2 

DS I 0011111 0 I 2 

ES I 00100110 I 2 

ARITHMETIC 
ADD= Add: 

Reg/memory with register to either I OOOOOOdw I modreg rim I 3/10 

Immediate to register/mel'!'ory I 100000sw I modOOO rim I data I dataifsw=01 I 4/16 

Immediate to accumulator I 0000010w I data I dataif w= 1 I 3/4 8/16-bit 

ADC = Add with carry: 

Reg/memory wtth register to either I 000100dw I mod reg rim I 3/10 

Immediate to register I memory I 100000sw I modO 1 O rim I data I dataifsw=01 I 4/16 

Immediate to accumulator I 0001010w I data I dataifw= 1 I 3/4 8/16-bit 

INC = Increment: 

Register/memory I 1111111w I modOOO rim I 3/15 

Register I 01000reg I 3 

SUB = Subtract: 

Reg/memory and register to either I 001010dw I mod reg rim I 3110 

Immediate from register/memory I 100000sw I mod101 rim I data I dataifsw=01 I 4/16 

Immediate from accumulator I 001011ow I data I dataifw=1 I 3/4 8/16-bit 

SBB = Subtract with borrow: 

Reg/ memory and register to either I 000110dw mod reg rim I 3/10 

Immediate from register/memory I 100000sw mod011 rim I data I data ifs w=01 I 4/16 

Immediate from accumulator I 0001110w data I datattw=1 I 3/4 8/16-bit 

DEC = Decrement 

Register/memory I 1111111w mod001 rim I 3/15 

Register I 01001 reg 3 

CMP = Compare: 

Register/memory with register I 0011101 w mod reg rim 3/10 

Register with register/memory I 00111oow mod reg r/m 3/10 

Immediate with register/memory I 100000sw mod111 rim data I dataifsw=01 I 3/10 

Immediate with accumulator I 001111 Ow data dataifw=1 I 3/4 8/16-bit 

NEG = Change sign register/memory I 1111011 w mod011 rim 3/10 

AAA = ASCII adjust for add I 00110111 8 

DAA = Decimal adjust for add I 00100111 4 

AAS = ASCII adjust for subtract I 00111111 I 7 

DAS = Decimal adjust for subtract I 00101111 I 4 

MUL = Multiply (unsigned): I 1111011 w I mod 100 rim I 
Register-Byte 26-28 
Register-Word 35-37 
Memory-Byte 32-34 
Memory-Word 41-43 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 
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INSTRUCTION SET SUMMARY (Continued) 

Function 

ARITHMETIC (Continued) 

IMUL = Integer multiply (signed): 

Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 

DIV = Divide (unsigned): 

Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 

IDIV = Integer divide (signed): 

Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 

AAM = ASCII adjust for multiply 

AAD = ASCII adjusttor divide 

CBW = Convert byte to word 

CWD = Convert word to double word 

LOGIC 
Shift/Rotate Instructions: 

Register/Memory by 1 

AND= And: 

Reg/memory and register to either 

Immediate to register/memory 

Immediate to accumulator 

TEST= And function to flags, no result: 

Register I memory and register I 
Immediate data and register/memory I 
Immediate data and accumulator I 
OR=Or: 

Reg/ memory and register to either 

Immediate to register/memory 

Immediate to accumulator 

Format 

1 1 1 1 o 1 1 w mod 1 o 1 rim 

1111011w mod 11 O rim 

1111011w mod 111 rim 

11010100 00001010 

11010101 00001010 

10011000 

10011001 

1101000w modTTTr/m 

TTT Instruction 
000 ROL 
001 ROR 
010 RCL 
011 RCR 
100 SHL/SAL 
101 SHR 
1 1 1 SAR 

001000dw modreg rim 

1000000w mod100 rim data 

0010010w data dataifw=1 

1000010w mod reg rim 

1111011w modOOO r/m data 

1010100w data data if w= 1 

000010dw modreg rim 

1000000w mod001 rim data 

0000110w data data ifw= 1 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 
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datailw=1 

dataifw=1 

datailw=1 

Clock 
Cycles 

25-28 
34-37 
31-34 
40-43 

29 
38 
35 
44 

44-52 
53-61 
50-58 
59-67 

19 

15 

2 

4 

2/15 

3/10 

4/16 

3/4 

3/10 

4/10 

3/4 

3/10 

4/16 

3/4 

Com men ta 

II 

8/16-bit 

8/16-bit 

8/16-bit 
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INSTRUCTION SET SUMMARY (Continued) 

Function 

LOGIC (Continued) 
XOR = Exclusive or: 

Reg/memory and register to either 

Immediate to register/memory 

Immediate to accumulator 

NOT = Invert register I memory 

STRING MANIPULATION 

MOVS = Move byte/word 

CMPS = Compare byte/word 

SCAS = Scan byte/word 

LOOS = Load byte/wd to ALI AX 

STOS = Store byte/wd from AL/ AX 

001100dw 

1000000w 

0011010w 

1111011w 

1010010w 

1010011w 

1010111w 

1010110w 

Format 

modreg rim 

mod 11 O rim data 

data data if w= 1 

mod0.1 O rim 

Repeated by count in CX (REP/REPE/REPZ/REPNE/REPNZ) 

MOVS = Move string 11110010 1010010w 

CMPS = Compare string 1111001z 1010011w 

SCAS = Scan string 1111001z 1010111w 

LOOS = Load string ' 11110010 1010110w 

STOS = Store string 11110010 1010101w 

CONTROL TRANSFER 

CALL= Call: 

Direct within segment 11101000 disp-low disp~high 

Register/memory 11111111 mod01 O rim 
indirect within segment 

Direct intersegment 10011010 segment offset 

segment selector 

Indirect intersegment 11111111 modO 11 rim (mod7' 11) 

JMP = Unconditional jump: 

Short/long 11101011 disp-low 

Direct within segment 11101001 disp-low disp-high 

Register/memory 11111111 mod100 rim 
indirect within segment 

Direct intersegment 11101010 segment offset 

segment selector 

Indirect intersegment 11111111 mod 101 rim I (mod7' 11) 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 
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Clock 
Comments 

Cycles 

3/10 

dataifw=1 4/16 

3/4 8/16-bit 

3/10 

14 

22 

15 

12 

10 

8+8n 

5+22n 

5+15n 

6+11n 

6+9n 

15 

13/19 

23 

38 

14 

14 

11/17 

14 

26 



80C186EB 

INSTRUCTION SET SUMMARY (Continued) 

Function Format 

CONTROL TRANSFER (Continued) 
RET = Return from CALL: 

Within segment 11000011 

Within seg adding immed to SP 11000010 data-low data-high 

lntersegment 11001011 

lntersegment adding immediate to SP 1100101 0 data-low data-high 

JE/JZ = Jump on equal/zero 011101 00 disp 

JL/JNGE = Jump on less/not greater or equal 011111 00 disp 

JLE/ JNG = Jump on less or equal/ not greater 0111111 0 disp 

JB/ JNAE = Jump on below I not above or equal 0111001 0 disp 

JBE/JNA = Jump on below or equal/not above 0111011 0 disp 

JP/JPE = Jump on parity/parity even 0111101 0 disp 

JO = Jump on overflow 01110000 disp 

JS = Jump on sign 01111000 disp 

JNE/JNZ = Jump on not equal/not zero 01110101 disp 

JNL/ JGE = Jump on not less/ greater or equal 01111101 disp 

JNLE/ JG = Jump on not less or equal/ greater 01111111 disp 

JNB/ JAE = Jump on not below I above or equal 01110011 disp 

JNBE/JA = Jump on not below or equal/above 01110111 disp 

JNP I JPO = Jump on not par I par odd 01111011 disp 

JNO = Jump on not overflow 01110001 disp 

JNS = Jump on not sign 01111001 disp 

JCXZ = Jump on ex zero 11100011 disp 

LOOP = Loop CX times 11100010 disp 

LOOPZ/LOOPE = Loop while zero/ equal 11100001 disp 

LOOPNZ/LOOPNE = Loop while not zero/equal 11100000 disp 

~-... ~~~;' 

INT;:;= Interrupt: 

Type specified 11001101 type 

Type3 110011 00 

INTO = Interrupt on overflow 1100111 0 

IRET = Interrupt return 11oo1111 I 
.,~o ,,;· oetEIQt ;;~:ooior~ · .. ··· 
Shaded areas indicate instructions not available in 8086/8088 microsystems. 
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Clock 
Cycles 

16 

18 

22 

25 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

5/15 

6/16 

6/16 

6/16 

47 

45 

48/4 

28 

Comments 

JMP not 

taken/JMP 

taken 

LOOP not 

taken/LOOP 

taken 

if NT. taken/ 

if INT.not 
taken 

Bl 
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INSTRUCTION SET SUMMARY (Continued) 

Function Format 
Clock 

Comments 
Cycles 

PROCESSOR CONTROL 

CLC = Clear carry 11111 000 2 

CMC = Complement carry 11110101 2 

STC = Set carry 11111001 2 

CLD = Clear direction 11111100 2 

STD = Set direction 11111101 2 

CLI = Clear interrupt 1111101 0 I 2 

STI = Set interrupt 11111011 2 

HLT =Halt I 111101 00 2 

WAIT= Wait I 10011011 6 if TEST= 0 

LOCK = Bus lock prefix I 11110000 2 

NOP = No Operation I 10010000 3 

(TTT LLL are opcode to processor extension) 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 

FOOTNOTES 

The Effective Address (EA) of the memory operand 
is computed according to the mod and rim fields: 
if mod 11 then rim is treated as a REG field 
if mod oo then DISP = o•, disp-low and disp

if mod 

if mod 
if r/m 
if rim 
if r/m 
if r/m 
if r/m 
if rim 
if r/m 
if r/m 

high are absent 
01 then DISP = disp-low sign-ex
tended to 16-bits, disp-high is absent 
10 then DISP = disp-high: disp-low 
000 then EA = (BX) + (SI) + DISP 
001 then EA = (BX) + (DI) + DISP 
010 then EA = (BP) + (SI) + DISP 
011 then EA = (BP) + (DI) + DISP 
100 then EA = (SI) + DISP 
101 then EA = (DI) + DISP 
110 then EA = (BP) + DISP* 
111 then EA = (BX) + DISP 

DISP follows 2nd byte of instruction (before data if 
required) 

•except if mod = 00 and rim = 110 then EA = 
disp-high: disp-low. 

EA calculation time is 4 clock cycles for all modes, 
and is included in the execution times given whenev
er appropriate. 

Segment Override Prefix 

I O 0 1 reg 1 1 0 I 

reg is assigned according to the following: 
Segment 

reg Register 
00 ES 
01 cs 
10 SS 
11 OS 

REG is assigned according to the following table: 
16-Bit (w = 1) 8-Blt (w = 0) 

OOOAX OOOAL 
001 ex 001 CL 
010 DX 010 DL 
011 BX 011 BL 
100 SP 100AH 
101 BP 101 CH 
110 SI 110 DH 
111 DI 111 BH 

The physical addresses of all operands addressed 
by the BP register are computed using the SS seg
ment register. The physical addresses of the desti
nation operands of the string primitive operat~ns 
(those addressed by the DI register) are computed 
using the ES segment, which may not be overridden. 
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MM 
(INCH) 

80C186EB 

Figure 32. PLCC Principal Dimensions 
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29.3 ±0.1 
(1.154 ±0.4) 

30.25 ±0.15 
( 1.19t0.005) 
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ERRATA 

An 80C186EB with a STEP ID value of 0001 H has 
the following known errata. A device with a STEPID 
of 0001 H can be visually identified by noting the ab
sence of an alpha character next to the FPO num
ber or by the presence of an "A" alpha character 
next to the FPO number. The FPO number location 
is shown in Figures 5 and 6. 

1. A 19/0NCE is not latched by the rising edge of 
RESIN. A19/0NCE must remain active (LOW) at 
all times to .remain in the ONCE™ Mode. Remov
ing A19/0NCE after RESIN is high will return all 
output pins to a driving state, however, the 
80C186EB will remain in a reset state. 

2. During interrupt acknowledge (INTA) bus cycles, 
the bus controller will ignore the state of the 
READY pin if the previous bus cycle ignored the 
state of the READY pin. This errata can only oc
cur if the Chip-Select Unit is being used. All active 
chip-selects must be programmed to use READY 
(ROY bit must be programmed to a 1) if wait
states are required for INT A bus cycles. 

3. CLKOUT will transition off the rising edge of 
CLKIN rather than the falling edge of CLKIN. This 
does not affect any bus timings other than T CD· 

4. RESIN has a hysterisis of only 130 mV. It is rec
ommended that RESIN be driven by a Schmitt 
triggered device to avoid processor lockup during 
reset using an RC circuit. 

5. SINT1 will only go active for one clock period 
when a receive or transmit interrupt is pending 
(i.e., it does not remain active until the S1 STS reg
ister is read). If SINT1 is to be connected to any of 
the 80C186EB interrupt lines (INTO-INT4), then it 
must be latched by user logic. 

An 80C186EB with a STEPID value of 0001H or 
0002H has the following known errata. Otherwise, 
an 80C186EB with a STEPID value of 0002H has no 
known errata (as of this publication). A device with a 
STEPID of 0002H can be visually identified by noting 
the presence of a "B" or "C" alpha character next 
to the FPO number. The FPO number location is 
shown in Figures 5 and 6. 

1. An internal condition with the interrupt controller 
can cause no acknowledge cycle on the INT A 1 
line in response to INT1. This errata only occurs 
when Interrupt 1 is configured in cascade mode 
and a higher priority interrupt exists. This errata 
will not occur consistantly, it is dependent on in
terrupt timing. 

REVISION HISTORY 

The following changes have been made between 
the -001 version and the -002 version of the 
80C186EB data sheet. The -002 data sheet applies 
to all devices with no alpha character or an "A" al
pha character after the FPO number (or by reading a 
STEPID of 0001 H). The FPO number location is 
shown in Figures 5 and 6. 

1 . Figure 1 was updated to correct for incorrect pin 
names (TXD1 and TEST /BUSY), and to rename 
the Powerdown Control Unit to the Power Man
agement Unit. 

2. Figure 3 was corrected to indicate that the STEP 
ID register is located at OBCH (not OBAH), and to 
rename the INTx control registers. 

3. Page 6, Power Control Unit was changed to 
Power Management Unit. 

4. Figure 4 was corrected to indicate that the 
AD15:0 are P(X) rather than P(Z). 

5. Table 1 was updated. The following list of pins 
either had changes to their TYPE field or their 
DESCRIPTION field. 
OSCOUT, PDTMR, AD15:0, A19:16, S2:0, DEN, 
LOCK, HLDA, P1.0-P1.7, TxOUT, INT4, SINT1. 

6. Figures 4 and 5 were updated to change pin 
name P2.3/SINT to P2.3/SINT1. 

7. PDTMR pin capacitance chart was added to 
page 21. 

8. TCD specification was changed to 20, 23, 27 ns 
for the -16, -13, and -8 devices respectively. 

9. Serial port timings on page 27 were updated. 

10. Figures 14 and 15 were updated to correctly 
identify the names of signals affected by RESIN. 

11. Correction of the text describing Figures 26 and 
27. 

12. Changes 14CON register location described in 
Figure 24. 

13. The description of P1 CON and P2CON in Figure 
26 was changed to indicate that a O selects the 
Port function, while a 1 selects the Peripheral 
function. 

14. Changed Figure 30 description to Power Man
agement Unit. 

15. Added RESIN hysterisis anamoly to errata de
scriptions. 
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The following changes have been made between 
the -002 version and the -003 version of the 
80C186EB data sheet. This -003 data sheet applies 
to any 80C186EB with a "B" alpha character after 
the FPO number. The FPO number location is 
shown in Figures 5 and 6. 

1. The data sheet was changed from a Product Pre
view version to an Advanced Information version. 

2. Figures 1, 5, 6, 8, 11, 12, 17, 22, 23, 24, 26, 29 
and 31 and Tables 3 and 4 were updated to cor
rect for errors. 

3. The DC specifications table has changed. Also, 
notes 3, 4 and 5 have been changed/ added. 

4. Graphs for Ice versus Frequency have been 
changed to equations with supporting text. 

!'. Graphs for PDTMR pin capacitance have been 
changed to equations with supporting text. 

6. AC Hold timings have been changed from 0 ns to 
3 ns. 

7. READY input setup time has been changed from 
13 ns to 10 ns. 

8. Serial port MODE 0 timings have been changed. 

9. Various typing errors have been corrected 
throughout the document. 

The following changes were made between the -003 
and -004 versions of the 80C186EB data sheets. 
The -004 data sheets applies to any 80C186EB with 
a "B" alpha character after the FPO number. The 
FPO number location is shown in Figures 5 and 6. 

1. 20 MHz Electrical, DC and AC Specifications were 
added to the appropriate sections. 

2. The following 80C186EB Core Architecture sec
tions were deleted: 
Register Set 
Instruction Set 
Memory Organization 
Addressing Modes 
Data Types 
Interrupts 

3. Most of the 80C186EB Peripheral Architecture 
sections were condensed along with the Register 
Bit Summary section. 

4. Most of the Tables and Figures have been renum
bered due to edits. 
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16-BIT HIGH-INTEGRATION EMBEDDED PROCESSOR 

• Full Static Operation 

• True CMOS Inputs and Outputs 

• - 40°C to + 85°C Operating Temperature Range 

• Integrated Feature Set: 
- Low-Power, Static, Enhanced 8086 

CPU Core 
- Two Independent OMA Supported 

UARTs, each with an Integral Baud 
Rate Generator 

- Four Independent OMA Channels 
- 24 Multiplexed 1/0 Port Pins · 
-Two 8259A Compatible 

Programmable Interrupt Controllers 
-Three Programmable 16-Bit Timer/ 

Counters 
- 32-Bit Watchdog Timer 
- Ten Programmable Chip Selects with 

Integral Wait-State Generator 
- Memory Refresh Control Unit 
- Power Management Unit 
- On-Chip Oscillator 
- System Level Testing Support 

(ONCE™ Mode) 

• Direct Addressing Capability to 1 Mbyte 
Memory and 64 Kbyte 1/0 

• Low-Power Operating Modes: 
- Idle Mode Freezes CPU Clocks but 

Keeps Peripherals Active 
- Powerdown Mode Freezes All 

Internal Clocks 
- Powersave Mode Divides All Clocks 

by Programmable Prescalar 

• Complete System Development 
Support 
-ASM86 Assembler, PL/M 86, 

Pascal86, Fortran 86, iC-86 and 
System Utilities 

- In-Circuit Emulator (ICE™-186EC) 

• Supports 80C187 Numerics Processor 
Extension 

• Package Types: 
-100-Pin EIAJ Quad Flat Pack (QFP) 

(S80C186EC) 
-100-Pin Plastic Quad Flat Pack 

(PQFP) (KU80C 186EC) 

• Speed Versions Available: 
-16 MHz (80C186EC-16) 
-13 MHz (80C186EC-13) 

The 80C186EC is a member of the 186 Integrated Processor Family. The 186 Integrated Processor Family Ill 
incorporates several different VLSI devices all of which share a common CPU architecture: the 8086/8088. Uii 
The 80C186EC uses the latest high density CH MOS technology to integrate several of the most common 
system peripherals with an enhanced 8086 CPU core to create a powerful system on a single monolithic 
silicon die. 
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16-Bit High-Integration Embedded Processor 
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INTRODUCTION 

The 186 Integrated Processor Family incorporates a 
wide range of VLSI devices tailored to suit the needs 
of embedded system designers. All 186 Family de
vices share a common CPU architecture: the indus
try standard 8086/8088. Code developed on other 
"X86" platforms can be ported with little or no modi
fication to any of the 186 Integrated Processor Fami
ly devices. 

Each of the 186 Integrated Processor Family devic
es adds a full complement of peripherals to the 
8086/8088 CPU core. The type of peripherals and 
level of integration vary between family members. A 
complete 186 Family system can often be designed 
with just the addition of RAM, ROM and simple glue 
logic. The space savings afforded by high-integra- · 
tion are critical as designers continue to strive for 
smaller size and portability. 

The 80C186EC is one of the highest integration 
members of the 186 Integrated Processor Family. 
Two serial ports are provided for services such as 
interprocessor communication, diagnostics and mo
dem interfacing. Four OMA channels allow for high 
speed data movement as well as support of the on
board serial ports. A flexible chip select unit simpli
fies memory and peripheral interfacing. The three 
general purpose timer/counters can be used for a 
variety of time measurement and waveform genera
tion tasks. A watchdog timer is provided to insure 
system integrity even in the most hostile of environ
ments. Two 8259A compatible .interrupt controllers 
handle internal interrupts, and, up to 57 external in
terrupt requests. A DRAM refresh unit and 24 multi
plexed 110 ports round out the feature set of the 
80C186EC. 

OVERVIEW 

Figure 1 shows a block diagram of the 80C186EC. 
The execution unit (EU) is an enhanced 8086 CPU 
core that includes: dedicated hardware to speed up 
effective address calculations, enhanced execution 
speed for multiple-bit shift and rotate instructions 
and for multiply and divide instructions, string move 
instructions that operate at full bus bandwidth, ten 
new instructions and full static operation. The bus 
interface unit (SIU) is the same as that found on the 
original 186 family products, except the queue
status mode has been deleted and buffer interface 
control has been changed to ease system design 
timings. An independent internal bus is used for 
communication between the SIU and on-chip periph
erals. 

80C186EC CORE ARCHITECTURE 

Bus Interface Unit 

The 80C186EC core incorporates a bus controller 
that generates local bus control signals. In addition, 
it employs a HOLD/HLDA protocol to share the local 
bus with other bus masters. 

The bus controller is responsible for generating 20 
bits of address, read and write strobes, bus cycle 
status information and data (for write operations) in
formation. It is also responsible for reading data 
from the local bus during a read operation. A ready 
input pin is provided to extend a bus cycle beyond 
the minimum four states (clocks). 

The 80C186EC bus controller also generates two 
control signals (DEN and OT /R) when interfacing to 
external transceiver chips. This capability allows the 
addition of transceivers for simple buffering of the 
multiplexed address/data bus. 

Clock Generator 

The 80C186EC provides an on-chip clock generator 
for both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide
by-two counter and three low-power operating 
modes. 

The oscillator circuit is designed to be used with ei
ther a parallel resonant fundamental or third-over· 
tone mode crystal network. Alternatively, the oscilla
tor circuit may be driven from an external clock 
source. Figure 2 shows the various operating modes 
of the 80C186EC oscillator circuit. 

The crystal or clock frequency chosen must be twice 
the required processor operating frequency due to 
the internal divide-by-two counter. This counter is 
used to drive all internal phase clocks and the exter
nal CLKOUT signal. CLKOUT is a 50% duty cycle 
processor clock and can be used to drive other sys
tem components. All AC timings are referenced to 
CLKOUT. 

The following parameters are recommended when 
choosing a crystal: 

Temperature Range: Application Specific 

ESR (Equivalent Series Res.): 

CO (Shunt Capacitance of Crystal): 

400 max 

7.0 pF max 

20pF ±2 pF 

1 mW(max) 

CL (Load Capacitance): 

Drive Level: 
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EXTERNAL CLOCK CLKIN 

NOT CONNECTED OSCO UT 

(A) CRYSTAL CONNECTION (B) CLOCK CONNECTION 
272027-3 

NOTE: 
1. The LC network is only required when using a third overtone crystal. 

Figure 2. 80C186EC Clock Connections 

80C186EC Peripheral Architecture 

The 80C186EC integrates several common system 
peripherals with a CPU core to create a compact, yet 
powerful system. The integrated peripherals are de
signed to be flexbile and provide logical interconnec
tions between supporting units (e.g., the OMA unit 
can accept requests from the Serial Communica
tions Unit). 

The list of integrated peripherals includes: 

- Two cascaded, 8259A compatible, Programma-
ble Interrupt Controllers 

- 3-Channel Timer/Counter Unit 

- 2-Channel Serial Communications Unit 

- 4-Channel OMA Unit 

- 10-0utput Chip-Select Unit 

- 32-bit Watchdog Timer Unit 

- 1/0 Port Unit 

- Refresh Control Unit 

- Power Management Unit 

The registers associated with each integrated pe
ripheral are contained within a 128 x 16-bit register 
file called the Peripheral Control Block (PCB). The 
base address of the PCB is programmable and can 
be located on any 256 byte address boundary in ei
ther memory or 1/0 space. 

Figure 3 provides a list of the registers associated 
with the PCB. The Register Bit Summary individually 
lists all of the registers and identifies each of their 
programming attributes. 
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PCB 
Function 

Offset 

·PCB 
Function 

Offset 
PCB 

Function 
Offset 

PCB 
Function 

Offset 

OOH Master PIG Port 0 40H T2Count SOH GCSO Start GOH OMA O Source Low 

02H Master PIG Port 1 42H T2Compare S2H GCSOStop C2H OMA O Source High 

04H Slave PIG Port 0 44H Reserved S4H GCS1 Start C4H OMA 0 Dest. Low 

06H Slave PIG Port 1 46H T2 Control S6H GCS1 Stop C6H OMA 0 Dest. High 

08H Reserved 4SH Port 3 Direction SSH GCS2 Start CSH DMAOCount 

OAH SCU Int. Req. Lich. 4AH Port 3 Pin State SAH GCS2Stop CAH OMA 0 Control 

OCH OMA Int. Req. Lich. 4CH Port 3 Mux Control SCH GCS3 Start CCH OMA Module Pri. 

OEH TCU Int. Req. Ltch. 4EH Port 3 Data Latch SEH GCS3Stop. CEH OMA Halt 

10H Reserved 50H Port 1 Direction 90H GCS4Start DOH OMA 1 Source Low 

12H Reserved 52H Port 1 Pin State 92H GCS4Stop D2H OMA 1 Source High 

14H Reserved 54H Port 1 Mux Control 94H GCS5Start D4H OMA 1 Dest. Low 

16H Reserved 56H Port 1 Data Latch 96H GCS5Stop D6H OMA 1 Dest. High 

18H Reserved 5SH Port 2 Direction 9SH GCS6Start DSH OMA 1 Count 

1AH Reserved 5AH Port 2 Pin State 9AH GCS6Stop DAH OMA 1 Control 

1CH Reserved 5CH Port 2 Mux Control 9CH GCS7 Start OCH Reserved 

1EH Reserved 5EH Port 2 Data Latch 9EH GCS7 Stop DEH Reserved 

20H WOT Reload High 60H SCUO Baud AOH LCS Start EOH OMA 2 Source Low 

22H WOT Reload Low 62H SCUOCount A2H LCSStop E2H OMA 2 Source High 

24H WOT Count High 64H SCU 0 Control A4H UCS Start E4H OMA 2 Dest. Low 

26H WOT Count Low 66H SCU O Status A6H UCSStop E6H OMA 2 Dest. High 

28H WOT Clear 68H SCUORBUF ASH Relocation Register ESH DMA2Count 

2AH WOT Disable 6AH SCU OTBUF AAH Reserved EAH OMA 2 Control 

2CH Reserved SCH Reserved ACH Reserved ECH Reserved 

2EH Reserved 6EH Reserved AEH Reserved EEH Reserved 

30H TO Count 70H SCU 1 Baud BOH Refresh Base Addr. FOH OMA 3 Source Low 

32H TO Compare A 72H SCU 1 Count B2H Refresh Time F2H OMA 3 Source High 

34H TO Compare B 74H SCU 1 Control B4H Refresh Control F4H OMA 3 Dest. Low 

46H TO Control 76H SCU 1 Status B6H Refresh Address F6H OMA 3 Dest. High 

38H T1 Count 7SH SCU 1 RBUF SSH Power Control FSH DMA3Count 

3AH T1 Compare A 7AH SCU 1 TBUF BAH Reserved FAH OMA 3 Control 

3CH T1 Compare B 7CH Reserved SCH Step ID FCH Reserved 

3EH T1 Control 7EH Reserved BEH Powersave FEH Reserved 

Figure 3. 80C186EC Peripheral Control Block Registers 
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Programmable Interrupt Controllers 

The 80C186EC utilizes two 8259A compatible Pro
grammable Interrupt Controllers (PIG) to manage 
both internal and external interrupts. The 8259A 
modules are configured in a master/slave arrange
ment. 

Seven of the external interrupt pins, INTO through 
INT6, are connected to the master 8259A module. 
The eighth external interrupt pin, INT?, is connected 
to the slave 8259A module. 

There are a total of 11 internal interrupt sources 
from the integrated peripherals: 4 Serial, 4 OMA and 
3 Timer/Counter. 

Timer/Counter Unit 

The 80C186EC Timer/Counter Unit (TCU) provides 
three 16-bit programmable timers. Two of these are 
highly flexible and are connected to external pins for 
external control or clocking. The third timer is not 
connected to any external pins and can only be 
clocked internally. However, it can be used to clock 
the other two timer channels. The TCU can be used 
to count external events, time external events, gen
erate non-repetitive waveforms or generate timed in
terrupts. 

Serial Communications Unit 

The Serial Communications Unit (SCU) of the 
80C186EC contains two independent channels. 
Each channel is identical in operation except that 
only channel O is directly supported by the integrat
ed interrupt controller (the channel 1 interrupts are 
routed to external interrupt pins). Each channel has 
its own baud rate generator and can be internally or 
externally clocked up to one half the 80C186EC op
erating frequency. Both serial channels can request 
service from the OMA unit thus providing block re
ception and transmission without CPU intervention. 

Independent baud rate generators are provided for 
each of the serial channels. For the asynchronous 
modes, the generator supplies an Bx baud clock to 
both the receive and transmit shifting register logic. 
A 1 x baud clock is provided in the synchronous 
mode. 

OMA Unit 

The four channel Direct Memory Access (OMA) Unit 
is comprised of two modules with two channels 
each. All four channels are identical in operation. 
OMA transfers can take place from memory to mem
ory, 1/0 to memory, memory to 1/0 or 1/0 to 1/0. 

OMA requests can be external (on the DRQ pins), 
internal. (from Timer 2 or a serial channel) or soft
ware initiated. 

The OMA Unit transfers data as bytes only. Each 
data transfer requires at least two bus cycles, one to 
fetch data and one to deposit. The minimum clock 
count for each transfer is 8, but this will vary depend
ing on synchronization and wait states. 

Chip-Select Unit 

The 80C186EC Chip-Select Unit (CSU) integrates 
logic which provides up to ten programmable chip
selects to access both memories and peripherals. In 
addition, each chip-select can be programmed to 
automatically insert additional clocks (wait states) 
into the current bus cycle, and/or automatically ter
minate a bus cycle independent of the condition of 
the READY input pin. 

1/0 Port Unit 

The 1/0 Port Unit on the 80C186EC supports two 8-
bit channels and one 6-bit channel of input, output or 
input/ output operation. Port 1 is multiplexed with the 
chip select pins and is output only. Port 2 is multi
plexed with the pins for serial channels 1 and 2. All 
Port 2 pins are input/output. Port 3 has a total of 6 
pins: four that are multiplexed with OMA and serial 
port interrupts and two that are non-multiplexed, 
open drain 1/0. 

Refresh Control Unit 

The Refresh Control Unit (RCU) automatically gen
erates a periodic memory read bus cycle to keep 
dynamic or pseudo-static memory refreshed. A 9-bit 
counter controls the number of clocks between re
fresh requests. 

A 12-bit address generator is maintained by the RCU 
and is presented on the A 12: 1 address lines during 
the refresh bus cycle. Address bits A19:13 are pro
grammable to allow the refresh address block to be 
located on any 8 Kbyte boundary. 

Watchdog Timer Unit 

The Watchdog Timer Unit (WOT) allows for graceful 
recovery from unexpected hardware and software 
upsets. The WOT consists of a 32-bit counter that 
decrements every clock cycle. If the counter reach
es zero before being reset, the WDTOUT pin is 
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pulled low for four clock cycles. Logically ANDing 
the WDTOUT pin with the power-on reset signal al
lows the WOT to reset the device in the event of a 
WOT timeout. If a less drastic method of recovery is 
desired, WDTOUT can be connected directly to NMI 
or one of the INT input pins. The WOT may also be 
used as a general purpose timer. 

Power Management Unit 

The 80C186EC Power Management Unit (PMU) is 
provided to control the power consumption of the 
device. The PMU provides four power management 
modes: Active; Powersave, Idle and Powerdown. 

Active Mode indicates that all units on the 
80C186EC are operating at % the CLKIN frequency. 

Idle Mode freezes the clocks of the Execution and 
Bus units at a logic zero state (all peripherals contin· 
ue to operate normally). 

The Powerdown Mode freezes all internal clocks at 
a logic zero level and disables the crystal oscillator. 

In Powersave Mode, all internal clock signals are di· 
vided by a programmable prescalar (up to 1/64 the 
normal frequency). Powersave Mode can be used 
with Idle Mode as well as during normal (Active 
Mode) operation. 

80C187 Interface 

The 80C186EC supports the direct connection of 
the 80C187 Numerics Processor Extension. The 
80C187 can dramatically improve the performance 
of calculation intensive applications. 

ONCE™ Test Mode 

To facilitate testing and inspection of devices when 
fixed into a target system, the 80C186EC has a test 
mode available which forces all output and input/ 
output pins to be placed in the high-impedance 
state. ONCE stands for "ON Circuit Emulation". 
The ONCE mode is selected by forcing the 
A 19/S6/0NCE pin low during a processor reset 
(this pin is weakly held high during reset to prevent 
inadvertant entrance into ONCE Mode). 

PACKAGE INFORMATION 

This section describes the pin functions, pinout and 
thermal characteristics for the 80C186EC in both the 
Plastic Quad Flat Pack (JEDEC PQFP) and the EIAJ 
Quad Flat Pack (QFP). For complete package speci· 

fications and information, see the Intel Packaging 
Outlines and Dimensions Guide (Order Number: 
231369). ' 

Pin Descriptions 

Each pin or logical set of pins is described in Table 
2. There are four columns for each entry in the Pin 
Description Table. The following sections describe 
each column. 

Column 1: Pin Name 

In this column is a mnemonic that de· 
scribes the pin function. Negation of the 
signal name (i.e. RESIN) implies that the 
signal is active low. 

Column 2: Pin Type 

A pin may .be either power (P), ground 
(G), input only (I), output only (0) or in· 
put/output (1/0). Please note that some 
pins have more than 1 function. 
A19/S6/0NCE, for example, is normally 
an output but functions as an input dur· 
ing reset. For this reason 
A 19/S6/0NCE is classified as an input/ 
output pin. '"' 

Column 3: Input Type (for I and 1/0 types only) 

There are two different types of input 
pins on the 80C186EC: asynchronous 
and synchronous. Asynchronous pins 
require that setup and hold times be met 
only to guarantee recognition. Synchro· 
nous input pins require that the setup 
and hold times be met to guarantee 
proper operation. Stated simply, missing 
a setup or hold on an asynchronous pin 
will result in something minor (i.e. a timer 
count will be missed) whereas missing a 
setup or hold on a synchronous pin will 
result in system failure (the system will 
"lock up"). 

An input pin may also be edge or level 
sensitive. 

Column 4: Output States (for 0 and 1/0 types 
only) 

The state of an output or 1/0 pin is de· 
pendent on the operating mode of the 
device. There are four modes of opera· 
tion that are different from normal active 
mode: Bus Hold, Reset, Idle Mode, Pow· 
erdown Mode. This column describes 
the output pin state in each of these 
modes. 

The legend for interpreting the information in the Pin 
Descriptions is shown in Table 1. 
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As an example, please refer to the table entry for 
AD12:0. The "110" signifies that the pins are bidirec
tional (i.e. have both an input and output function). 
The "S" indicates that, as an input the signal must 
be synchronized to CLKOUT for proper operation. 
The "H(Z)" indicates that these pins will float while 
the processor is in the Hold Acknowledge state. 
R(Z) indicates that these pins will float while RESIN 
is low. P(O) and 1(0) indicate that these pins will drive. 
0 when the device is in either Powerdown or Idle 
Mode. 

Some pins, the 1/0 Ports for example, can be pro
grammed to perform more than one function. Multi
function pins have a "/" in their signal name be
tween the different functions (i.e. P3.0/RXl1). If the 
input pin type or output pin state differ between func
tions, then that will be indicated by separating the 
state (or type) with a "/" (i.e. H(X)/H(Q)). In this 
example when the pin is configured as P3.0 then its 
hold output state is H(X); when configured as RXl1 
its output state is H(Q). 

Symbol 

p 
G 
I 
0 
1/0 

S(E) 
S(L) 
A(E) 
A(L) 

H(1) 
H(O) 
H(Z) 
H(Q) 
H(X) 

R(WH) 
R(1) 
R(O) 
R(Z) 
R(Q) 
R(X) 

1(1) 
1(0) 
l(Z) 
l(Q) 
l(X) 

P(1) 
P(O) 
P(Z) 
P(Q) 
P(X) 

All pins float while the processor is in the ONCE 
Mode (with the exception of OSCOUT). 

Table 1. Pin Description Nomenclature 

Description 

Power Pin (apply + Vee voltage) 
Ground (connect to Vss) 
Input only pin 
Output only pin 
Input/Output pin 

Synchronous, edge sensitive 
Synchronous, level sensitive 
Asynchronous, edge sensitive 
Asynchronous, level sensitive 

Output driven to Vee during bus hold 
Output driven to Vss during bus hold 
Output floats during bus hold 
Output remains active during bus hold 
Output retains current state during bus hold 

Output weakly held at Vee during reset 
Output driven to Vee during reset 
Output driven to Vss during reset 
Output floats during reset 
Output remains active during reset 
Output retains current state during reset 

Output driven to Vee during Idle Mode 
Output driven to Vss during Idle Mode 
Output floats during Idle Mode 
Output remains active during Idle Mode 
Output retains current state during Idle Mode 

Output driven to Vee during Powerdown Mode 
Output driven to Vss during Powerdown Mode 
Output floats during Powerdown Mode 
Output remains active during Powerdown Mode 
Output retains current state during Powerdown Mode 

24-291 

II 



80C186EC-16, -13 

Table 2. 80C186EC Pin Descriptions 

Pin Name 
Pin Input Output 

Pin Description 
Type Type States 

Vee p - - POWER + 5V ± 10% power supply connection 

Vss G - - GROUND 

CLKIN I A(E) - CLocK INput is the external clock input. An external 
oscillator operating at two times the required 80C186EC 
operating frequency can be connected to CLKIN. For 
crystal operation, CLKIN (along with OSCOUT) are the 
crystal connections to an internal Pierce oscillator. 

OSCO UT 0 - H(Q) OSCillator OUTput is only used when using a crystal to 
R(Q) generate the internal clock. OSCOUT (along with CLKIN) 
l(Q) are the crystal connections to an internal Pierce oscillator. 

P(X) This pin can not be used as 2X clock output for non-
crytsal applications (i.e. this pin is not connected for non-
crystal applications). 

· CLKOUT 0 - H(Q) CLocK OUTput provides a timing reference for inputs and 
R(Q) outputs of the processor, and is one-half the input clock 
l(Q) (CLKIN) frequency. CLKOUT has a 50% duty cycle and 

P(X) transitions every falling edge of CLKIN. 

RESIN I A(L) - RESet IN causes the 80C186EC to immediately terminate 
any bus cycle in progress and assume an initialized state. 
All pins will be driven to a known state, and RESOUT will 
also be driven active. The rising edge (low-to-high) 
transition synchronizes CLKOUT with CLKIN before the 
80C186EC begins fetching opcodes at memory location 
OFFFFOH. 

RESOUT 0 - H(O) RESet OUTput that indicates the 80C186EC is currently 
R(1) in the reset state. RESOUT will remain active as long as 
1(0) RESIN remains active. 

P(O) 

PDTMR 1/0 A(L) H(WH) Power-Down TiMeR pin (normally connected to an 
R(Z) external capacitor) that determines the amount of time the 

P(WH) 80C186EC waits after an exit from Powerdown before 

l(WH) resuming normal operation. The duration of time required 
will depend on the startup characteristics of the crystal 
oscillator. 

NMI I A(E) - Non-Maskable Interrupt input causes a TYPE-2 interrupt 
to be serviced by the CPU. NMI is latched internally. 

TEST/BUSY I A(E) - TEST is used during the execution of the WAIT instruction 
to suspend CPU operation until the pin is sampled active 
(LOW). TEST is alternately known as BUSY when 
interfacing with an 80C187 numerics coprocessor. 

A 19/S6/0NCE 1/0 A(L) H(Z) This pin drives address bit 19 during the address phase of 
R(WH) the bus cycle. During T2 and T3 this pin functions as 

1(0) status bit 6. S6 is low to indicate CPU bus cycles and high 

P(O) to indicate OMA or refresh bus cycles. During a processor 
reset (RESIN active) this pin becomes the ONCE input 
pin. Holding this pin low during reset will force the part into 
ONCE Mode. 
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Table 2. 80C186EC Pin Descriptions (Continued) 

Pin Name 
Pin Input Output 

Pin Description 
Type Type States 

A18/S5 1/0 A(L) H(Z) These pins drive address information during the address 
A17/S4 R(WH) phase of the bus cycle. During T2 and T3 these pins drive 

A16/S3 1(0) status information (which is always O on the 80C186EC). 

P(O) These pins are used as inputs during factory test; driving 
these pins low during reset will cause unspecified operation. 

AD15/CAS2 1/0 S(L) H(Z) These pins are part of the multiplexed ADDRESS and DAT A 
AD14/CAS1 R(Z) bus. During the address phase of the bus cycle, address bits 

AD13/CASO 1(0) 15 through 13 are presented on these pins and can be 

P(O) latched using ALE. 8- or 16-bit data information is transferred 
during the data phase of the bus cycle. Pins AD15:13/ 
CAS2:0 drive the 82C59 slave address information during 
interrupt acknowledge cycles. 

AD12:0 1/0 S(L) H(Z) These pins provide a multiplexed ADDRESS and DAT A bus. 
R(Z) During the address phase of the bus cycle, address bits 0 

1(0) through 12 are presented on the bus and can be latched 

P(O) using ALE. 8- or 16-bit data information is transferred during 
the data phase of the bus cycle. 

S2:0 0 - H(Z) Bus cycle Status are encoded on these pins to provide bus 
R(1) transaction information. S2:0 are encoded as follows: 
1(1) 
P(1) S2 S1 so Bus Cycle Initiated 

0 0 0 Interrupt Acknowledge 
0 0 1 Read 1/0 
0 1 0 Write 1/0 
0 1 1 Processor HALT 
1 0 0 Instruction Queue Fetch 
1 0 1 Read Memory 
1 1 0 Write Memory 
1 1 1 Passive (No bus activity) 

ALE 0 - H(O) Address Latch Enable output is used to strobe address 
R(O) information into a transparent type latch during the address m 
1(0) phase of the bus cycle. 

P(O) 

BHE 0 - H(Z) Byte High Enable output to indicate that the bus cycle in 
R(Z) progress is transferring data over the upper half of the data 
1(1) bus. BHE and AO have the following logical encoding: 

P(1) 
AO BHE Encoding 
0 0 Word transfer 
0 1 Even Byte transfer 
1 0 Odd Byte transfer 
1 1 Refresh operation 

RD 0 - H(Z) ReaD output signals that the accessed memory or 110 
R(Z) device should drive data information onto the data bus. 
1(1) 
P(1) 
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Table 2. 80C186EC Pin Descriptions (Continued) 

Pin Name 
Pin Input Output 

Pin De~cription 
Type Type States 

WR 0 - H(Z) WRite output signals that data available on the data bus are 
R(Z) to be written into the accessed memory or 110 device. 
1(1) 
P(1) 

READY I A(L) - READY input to signal the completion of a bus cycle. READY 
S(L) must be active to terminate any 80C186EC bus cycle, unless 

(Note 1) it is ignored by correctly programming the Chip-Select unit. 

DEN 0 - H(Z) Data ENable output to control the enable of bi-directional 
R(Z) transceivers when buffering a 80C186EC system. DEN is 
1(1) active only when data is to be transferred on the bus. 

P(1) 

DT/R 0 - H(Z) Data Transmit/Receive output controls the direction of a bi-
R(Z) directional buffer when buffering an 80C186EC system. 
l(X) 
P(X) 

LOCK 1/0 A(L) H(Z) LOCK output indicates that the bus cycle in progress is not 
R(Z) interruptable. The 80C186EC will not service other bus 
l(X) requests (such as HOLD) while LOCK is active. This pin is 

P(X) configured as a weakly held high input while RESIN is active 
and must not be driven low. 

HOLD I A(L) - HOLD request input to signal that an external bus master 
wishes to gain control of the local bus. The 80C186EC will 
relinquish control of the local bus between instruction 
boundaries that are not LOCKed. 

HLDA 0 - H(1) HoLD Acknowledge output to indicate that the 80C186EC 
R(O) has relinquished control of the local bus. When HLDA is 
1(0) asserted, the 80C186EC will (or has) floated its data bus and 

P(O) control signals allowing another bus master to drive the 
signals directly. 

NCS 0 - H(1) Numerics Coprocessor Select output is generated when 
R(1) acessing a numerics coprocessor. 
1(1) 
P(1) 

ERROR I A(L) - ERROR input that indicates the last numerics processor 
extension operation resulted in an exc0ption condition. An 
interrupt TYPE 16 is generated if ERR R is sampled active 
at the beginning of a numerics operation. Systems not using 
an 80C187 must tie ERROR to Vee· 

PEREQ I A(L) - Processor Extension REQuest signals that a data transfer 
between an 80C187 Numerics Processor Extension and 
Memory is pending. Systems not using an 80C187 must tie 
this pin to V55. 
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Table 2. 80C186EC Pin Descriptions (Continued) 

Pin Name 
Pin Input Output 

Pin Description 
Type Type States 

ucs 0 - H(1) Upper Chip Select will go active whenever the address of 
R(1) a memory or 1/0 bus cycle is within the address range 
1(1) programmed by the user. After reset, UCS is configured to 

P(1) be active for memory accesses between OFFCOOH and 
OFFFFFH. 

LCS 0 - H(1) Lower Chip Select will go active whenever the address 
R(1) of a memory or 1/0 bus cycle is within the address range 
1(1) programmed by the user. LCS is inactive after a reset. 

P(1) 

P1.0/GCSO 0 - H(X)/H(1) These pins provide a multiplexed function. If enabled, 
P1.1/GCS1 R(1) each pin can provide a General purpose Chip Select 
P1.2/GCS2 l(X)/1(1) output which will go active whenever the address of a 

P1.3/GCS3 P(X)/P(1) memory or 1/0 bus cycle is within the address limitations 

P1.4/GCS4 programmed by the user. When not programmed as a 

P1.5/GCS5 
Chip-Select, each pin may be used as a general purpose 

P1.6/GCS6 
output port. 

P1.7/GCS7 

TOOUT 0 - H(O) Timer OUTput pins can be programmed to provide single 
T10UT R(1) clock or continuous waveform generation, depending on 

1(0) the timer mode selected. 

P(X) 

TOIN I A(L) - Timer INput is used either as clock or control signals, 
T11N A(E) depending on the timer mode selected. This pin may be 

either level or edge sensitive depending on the 
programming mode. 

INT7:0 I A(L) - Maskable INTerrupt input will cause a vector to a specific 
A(E) Type interrupt routine. The INT6:0 pins can be used as 

cascade inputs from slave 8259A devices. The INT pins 
can be configured as level or edge sensitive. 

INTA 0 - H(1) INTerrupt Acknowledge output is a handshaking signal fl 
R(1) used by external 82C59A-2 Programmable Interrupt 
1(1) Controllers. 

P(1) 

P3.5 1/0 A(L) H(X) Bidirectional, open-drain port pins. 
P3.4 R(Z) 

l(X) 
H(X) 

P3.3/DMAl1 0 - H(X) OMA Interrupt output goes active to indicate that the 
P3.2/DMAIO R(O) channel has completed a transfer. DMAl1 and DMAIO are 

1(0) multiplexed with output only port functions. 

P(X) 

P3.1/TXl1 0 - H(X)/H(O) Transmit Interrupt output goes active to indicate that 
R(O) serial channel 1 has completed a transfer. TXl1 is 
1(0) multiplexed with an output only Port function. 

P(X) 
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Table 2. 80C186EC Pin Descriptions (Continued) 

Pin Name 
Pin Input Output 

Pin Description 
Type Type States 

P3.0/RXl1 0 - H(X)/H(Q) Receive Interrupt output goes active to indicate that 
R(O) serial channel 1 has completed a reception. RXl1 is 
l(Q) multiplexed with an output only port function. 

P(X) 

WDTOUT 0 - H(Q) WatchDog Timer OUTput is driven low for four clock 
R(1) cycles when the watchdog timer reaches zero. WDTOUT 
l(Q) may be ANDed with the power-on reset signal to reset the 

P(X) 80C186EC when the watchdog timer is not properly reset. 

P2.7/CTS1 110 A(L) H(X) Clear-To-Send input is used to prevent the transmission 
P2.3/CTSO R(Z) of serial data on the TXD signal pin. CTS1 and CTSO are 

l(X) multiplexed with an 110 Port function. 

P(X) 

P2.6/BCLK1 110 A(L)/ H(X) Baud CLocK input can be used as an alternate clock 
P2.2/BCLKO A(E) R(Z) source for each of the integrated serial channels. The 

l(X) BCLK inputs are multiplexed with 1/0 Port functions. The 

P(X) BCLK input frequency cannot exceed % the operating 
frequency of the 80C186EC. 

P2.5/TXD1 110 A(L) H(Q) Transmit Data output provides serial data information. 
P2.1/TXDO R(Z) The TXD outputs are multiplexed with 110 Port functions. 

l(X)/l(Q) During synchronous serial communications, TXD will 

P(X) function as a clock output. 

P2.4/RXD1 1/0 A(L) H(X)/H(Q) Receive Data input accepts serial data information. The 
P2.0/RXDO R(Z) RXD pins are multiplexed with 1/0 Port functions. During 

l(X)/l(Q) synchronous serial communications, RXD is bi-directional 

P(X) and will become an output for transmission of data (TXD 
becomes the clock). 

DRQ3:0 I A(L) - OMA ReQuest input pins are used to request a OMA 
transfer. The timing of the request is dependent on the 
programmed synchronization mode. 

NOTE: 
1. READY is A(E) for the rising edge of CLKOUT, S(E) for the falling edge of CLKOUT. 
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80C186EC Pinout 
' 

Tables 3 and 4 list the 80C186EC pin names with 
package location for the 100-pin Plastic Quad Flat 
Pack (PQFP) component. Figure 4 depicts the com
plete 80C186EC pinout (PQFP) package as viewed 
from the top side of the component (i.e. contacts 
facing down). 

Tables 5 and 6 list the 80C186EC pin names with 
package location for the 100-pin EIAJ Quad Flat 
Pack (QFP) component. Figure 5 depicts the com
plete 80C186EC (QFP package) as viewed from the 
top side of the component (i.e. contacts facing 
down). 

Table 3. 80C186EC PQFP Pill Functions with Location 

AD Bus Bus Control Processor Control 110 

Name Pin Name Pin Name Pin Name Pin 

ADO 73 ALE 52 RESIN. 8 ucs 88 
AD1 72 BHE 51 RESOUT 7 LCS 89 
AD2 71 so 78 CLKIN 10 
AD3 70 S1 79 OSCO UT 11 P1.7/GCS'7 90 
AD4 66 S2 80 CLKOUT 6 P1 .6/'G'CS6 91 
AD5 65 RD 50 TEST/BUSY 83 P1.5/GCS5 92 
AD6 64 WR 49 PEREQ 81 P1.4/GC54 93 
AD7 63 READY 85 NCS 35 P1.3/GCS3 94 
AD8 60 DEN 47 ERROR 84 P1.2/GCS2 95 
AD9 59 DT/R 46 PDTMR 9 P1.1/GCS1 96 
AD10 58 LOCK 48 NMI 82 P1.0/GCSO 97 
AD11 57 HOLD 44 INTO 30 
AD12 56 HLDA 45 INT1 31 P2.7/CTS1 23 
AD13/CASO 55 INTA 34 INT2 32 P2.6/BCLK1 22 
AD14/CAS1 54 INT3 33 P2.5/TXD1 21 
AD15/CAS2 53 
A16/S3 77 Power and Ground 

INT4 40 
INT5 · 41 

P2.4/RXD1 20 
P2.3/CTSO 19 

A17/S4 76 Name Pin INT6 42 P2.2/BCLKO 18 
A18/S5 75 
A 19iS6/0NCE 74 

Vee 13 
Vee 14 

INT7 43 P2.1/TXDO 17 
P2.0/RXDO 16 

Vee 38 
Vee 62 
Vee 67 
Vee 69 
Vee 86 
Vss 12 
Vss 15 

P3.5 29 
P3.4 28 
P3.3/DMAl1 27 
P3.2/DMAIO 26 
P3.1/TXl1 25 
P3.0/RXl1 24 

Vss 37 
Vss 39 
Vss 61 
Vss 68 
Vss 87 

TOIN 3 
TOO UT 2 
T11N 5 
T10UT 4 

DRQO 98 
DRQ1 99 
DRQ2 100 
DRQ3 1 

WDTOUT 36 
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Table 4. PQFP Pin Locations with Pin Name 

Pin Name Pin Name Pin Name Pin Name 

1 DRQ3 26 DMAIO/P3.2 51 BHE 76 A17/S4 
2 TOOUT 27 DMAl1/P3.3 52 ALE 77 A16/S3 
3 TOIN 28 P3.4 53 AD15 78 so 
4 T10UT 29 P3.5 54 AD14 79 Sf 
5 T11N 30 INTO 55 AD13 80 S2 
6 CLKOUT 
7 RESOUT 

31 INT1 .. 
32 INT2 

56 AD12 
57 AD11 

81 PEREQ 
82 NMI 

8 RE5iN 33 INT3 58 AD10 83 TEST 
9 PDTMR 34 INTA 59 AD9 84 ERROR 

10 CLKIN 35 NC5 60 ADS 85 READY 
11 OSCO UT 36 WDTOUT 61 Vss 86 Vee 
12 Vss 37 Vss 62 Vee 87 Vss 
13 Vee 38 Vee 63 AD7 88 ucs 
14 Vee 39 Vss 64 AD6 89 Les 
15 Vss 40 INT4· 65 AD5 90 PU/GCS7 
16 P2.0/RXDO 41 INT5 66 AD4 91 P1.6/GCS6 
17 P2.1/TXDO 42 INT6 67 Vee 92 P1.5/GCS5 
18 P2.2/BCLKO 43 INT7 68 Vss, 93 P1.4/Ge$4 
19 P2.3/CTSO 44 HOLD 69 Vee 94 P1.3/GCS3 
20 P2.4/RXD1 45 HLDA 70 AD3 95 P1.2/GC552 
21 P2.5/TXD1 46 OT/A' 71 AD2 96 P1.1/GCSf 
22 P2.6/BCLK1 47 DEN 72 AD1 97 P1.0/~ 
23 P2.7/~ 48 IoeK .73 ADO 98 DRQO 
'24 P3.0/RXl1 49 WR 74 A 19/86/0liJCE 99 DRQ1 
25 P3.1/TXl1 50 RD 75 A18/S5 100 DRQ2 
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DRQ3 
TO OUT 

TOIN 
T10UT 

T11N 
CLKOUT 
RESOUT 

RESIN 
PDTMR 
CLKIN 

OSCOUT 
Yss 
Yee 
Vee 
Yss 

P2.0/RXDO 
P2.1/TXDO 

P2.2/BCLKO 
P2.3fCTSO 
P2.4/RXD1 
P2.5/TXD1 

P2.6/BCLK1 
P2.7/Cffi 
P3.0/RXl1 
P3.1/TXl1 

BOC186EC-16, -13 

80C186EC 

TOP VIEW 

Figure 4. 100-Pln Plastic Quad Flat Pack Package (PQFP). 
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Yss 
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Table 5. QFP Pin Names with Package Location 

AD Bus Bus Control Processor Control 1/0 

Name Pin Name Pin Name Pin Name Pin 

ADO 76 ALE 55 RESIN 11 ucs 91 
AD1 75 BHE 54 RESOUT 10 LCS 92 
AD2 74 so 81 CLKIN 13 
AD3 73 S1 82 OSCO UT 14 P1.7/GCS7 93 
AD4 69 S2 83 CLKOUT 9 P1.6/GCS6 94 
ADS 68 RD 53 TEST/BUSY 86 P1.5/GCS5 95 
AD6 67 WR 52 PEREQ 84 P1.4/GCS4 96 
AD7 66 READY 88 NCS 38 P1.3/GCS3 97 
ADS 63 DEN 50 ERROR 87 P1.2/GCS2 98 
AD9 62 DT/R 49 PDTMR 12 P1.1/GCS1 99 
AD10 61 LOCK 51 NMI 85 P1.0/GCSO 100 
AD11 60 HOLD 47 INTO 33 
AD12 59 HLDA 48 INT1 34 P2.7/CTS1 26 
AD13/CASO 58 INTA 37 INT2 35 P2.6/BCLK1 25 
AD14/CAS1 57 INT3 36 P2.5/TXD1 24 
AD15/CAS2 56 
A16/S3 80 Power and Ground 

INT4 43 
INT5 44 

P2.4/RXD1 23 
P2.3/CTSO 22 

A17/S4 79 Name Pin INT6 45 P2.2/BCLKO 21 
A18/S5 78 
A 19/S6/0NCE 77 

Yee 16 

Vee 17 

INT? 46 P2.1/TXDO 20 
P2.0/RXDO 19 

Vee 41 

Vee 65 
Yee 70 

Yee 72 

Yee 89 

Yss 15 

Yss 18 

P3.5 32 
P3.4 31 
P3.3/DMAl1 30 
P3.2/DMAIO 29 
P3.1/TXl1 28 
P3.0/RXl1 27 

Yss 40 

Yss 42 

Yss 64 

Yss 71 

Yss 90 

TOIN 6 
TOO UT 5 
T11N 8 
T10UT 7 

DRQO 1 
DRQ1 2 
DRQ2 3 
DRQ3 4 

WDTOUT 39 
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Table 6. QFP Package Location with Pin Names 

Pin Name Pin Name Pin Name Pin Name 

1 DRQO 26 P2.7/CTS1 51 LOCK 76 ADO 
2 DRQ1 27 P3.0/RXl1 52 WR 77 A 19/S6/0NCE 
3 DRQ2 28 P3.1 /TXl1 53 RD 78 A18/S5 
4 DRQ3 29 DMAIO/P3.2 54 BHE 79 A17/S4 
5 TOO UT 30 DMAl1/P3.3 55 ALE 80 A16/S3 
6 TOIN 31 P3.4 56 AD15 81 so 
7 T10UT 32 P3.5 57 AD14 82 S1 
8 T11N 33 INTO 58 AD13 83 S2 
9 CLKOUT 34 INT1 59 AD12 84 PEREQ 

10 RE SO UT 35 INT2 60 AD11 85 NMI 
11 RESIN 36 INT3 61 AD10 86 TEST 
12 PDTMR 37 INTA 62 AD9 87 ERROR 
13 CLKIN 38 NCS 63 AD8 88 READY 
14 OSCO UT 39 WDTOUT 64 Vss 89 Vee 
15 Vss 40 Vss 65 Vee 90 Vss 
16 Vee 41 Vee 66 AD? 91 ucs 
17 Vee 42 Vss 67 AD6 92 LCS 
18 Vss 43 INT4 68 ADS 93 P1.7/GCS7 
19 P2.0/RXDO 44 INT5 69 AD4 94 P1.6/GCS6 
20 P2.1/TXDO 45 INT6 70 Vee 95 P1.5/GCS5 
21 P2.2/BCLKO 46 INT? 71 Vss 96 P1.4/GCS4 
22 P2.3/CTSO 47 HOLD 72 Vee 97 P1.3/GCS3 
23 P2.4/RXD1 48 HLDA 73 AD3 98 P1.2/GCS2 
24 P2.5/TXD1 49 DT/R 74 AD2 99 P1.1/GCS1 
25 P2.6/BCLK1 50 DEN 75 AD1 100 P1.0/GCSO 
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PACKAGE THERMAL 
SPECIFICATIONS 

The 80C186EC is specified for operation when Tc 
(the case temperature) is within the range of -40°C 
to + 1 oo•c. Tc may be measured in any environ
ment to determine whether the 80C186EC is within 
the specified operating range. The case temperature 
must be measured at the center of the top surface. 

TA (the ambient temperature) can be calculated 
from 8cA (thermal resistance from the case to ambi
ent) with the following equation: 

TA = TC - P • OcA 

Typical values for 8cA at various airflows are given 
in Table 7 for the 100-pin Quad Flat Pack (QFP) 
package. 

Table 8 shows the maximum TA allowable (without 
exceeding Tc) at various airflows and operating fre
quencies. P (the maximum power consumption
specified in Watts) is calculated by using the maxi
mum Ice and Vee of 5.5V. 

Table 7. Thermal Resistance (BcA) at Various Airflows (In °C/Watt) 

Airflow in ft/min (m/sec) 

0 200 400 600 800 1000 
(0) (1.01) (2.03) (3.04) (4.06) (5.07) 

f 

8cA(PQFP) 27.0 22.0 18.0 15.0 14.0 13.5 

8cA(QFP) 64.5 55.5 51.0 TBD TBD TBD 

Table 8. Maximum TA at Various Airflows (In °C) 

Airflow In ft/min (m/sec) 

TF 0 200 400 600 800 1000 
(MHz) (0) (1.01) (2.03) (3.04) (4.06) (5.07) 

[ 8cA (PQFP) TBD TBD TBD TBD TBD TBD TBD 

l 8cA (QFP) TBD TBD TBD TBD TBD TBD TBD 
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ELECTRICAL SPECIFICATIONS 

Absolute Maximum Ratings 

Storage Temperature .......... - 65°C to + 150°C 

Case Temperature Under Bias ... -65°C to+ 100°C 

Supply Voltage 
with Respect to Vss ........... -0.5V to +6.5V 

Voltage on Other Pins 
with Respect to Vss ...... -0.5V to Vee + 0.5V 

Operating Conditions 
Symbol Parameter 

Vee Supply Voltage 

TF Input Clock Frequency 
80C186EC-16 
80C186EC-13 

Tc Case Temperature Urider Bias 
KU80C186EC-XX (PQFP) 
S80C186EC-XX (QFP) 

Recommended Connections 

Power and ground connections must be made to 
multiple Vee and Vss pins. Every 80C186EC·based 
circuit board should include separate power (Vee) 
and ground (Vss) planes. Every Vee pin must be 
connected to the power plane, and every Vss pin 
must be connected to the ground plane. Liberal de
coupling capacitance should be placed near the 
80C186EC. The processor can cause transient pow
er surges when its output buffers transition, particu
larly when connected to large capacitive loads. 

NOTICE: This data sheet contains information on 
products in the sampling and initial production phases 
of development. The specifications are subject to 
change without notice. Verify with your local Intel 
Sales office that you have the latest data sheet be
fore finalizing a design. 

•WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 

Min Max Units 

4.5 5.5 v 

0 32 MHz 
0 26.08 MHz 

-40°c +100 ·c 
-40°c +100 ·c 

Low inductance capacitors and interconnects are 
recommended for best high frequency electrical per
formance. Inductance is reduced by placing the de
coupling capacitors as close as possible to the 
80C186EC Vee and Vss package pins. 

Always connect any unused input to an appropriate 
signal level. In particular, unused interrupt inputs 
(NMI, INTO:?) should be connected to Vss through a 
pull-down resistor. Leave any unused output pin un
connected. 

24-304 



80C186EC·16, ·13 

DC SPECIFICATIONS 
Symbol Parameter Min Max Units Notes 

V1L Input Low Voltage -0.5 o.3•Vcc v 
V1H Input High Voltage 0.7*Vcc Vee+ 0.5 v 
VoL Output Low Voltage 0.45 v loL = 3 mA (Min) 

VoH Output High Voltage Vee - 0.5 v loH = - 2 mA (Min) 

VHYR Input Hysteresis on RESIN 0.5 v 
lu Input Leakage Current for Pins: ±15 p.A 0,;:;; V1N,;:;; Vee 

AD15:0, READY, HOLD, RESIN, 
CLKIN, TEST /BUSY, NMI, INT7:0, 
TOIN, T1 IN, P2.7-P2.0, P3.5-P3.0, 
DRQ3:0, PEREQ, ERROR 

luu Input Leakage for Pins with Pullups -0.2 -5 mA V1N = 0.7Vcc 
Active During Reset: (Note

1
1) 

A19:16, LOCK 

ILQ Output Leakage for Floated Output ±15 p.A 0.45 s VouT s Vee 
Pins (Note 2) 

Ice Supply Current Cold (in RESET) (Note 3) 
80C186EC-16 85 mA 
80C186EC-13 70 mA 

110 Supply Current in Idle Mode (Note 4) 
80C186EC-16 60 mA 
80C186EC-13 50 mA 

lpo Supply Current in Powerdown Mode (Note 5) 
80C186EC-16 100 p.A 
BOC186EC-13 100 p.A 

C1N Input Pin Capacitance 0 15 pF TF = 1 MHz 

CouT Output Pin Capacitance 0 15 pF T F = 1 MHz (Note 6) 

NOTES: 
1. These pins have an internal pull-up device that is active while RESIN is low and ONCE Mode is not active. Sourcing more 
current than specified (on any of these pins) may invoke a factory test mode. 
2. Tested by outputs being floated by invoking ONCE Mode or by asserting HOLD. 
3. Measured with the device in RESET and at worst case frequency, Vee. and temperature with ALL outputs loaded as 
specified in AC Test Conditions, and all floating outputs driven to Vee or GND. 
4. Measured with the device in HALT (IDLE Mode active) and at worst case frequency, Vee. and temperature with ALL 
outputs loaded as specified in AC Test Conditions, and all floating outputs driven to Vee or GND. 
5. Measured with the device in HALT (Powerdown Mode active) and at worst case frequency, Vee. and temperature with 
ALL outputs loaded as specified in AC Test Conditions, and all floating outputs driven to Vee or GND. 
6. Output Capacitance is the capacitive load of a floating output pin. 
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Ice versus Frequency and Voltage 

The Ice consumed by the 80C186EC is composed 
of two components: 

1. lpo-The quiescent current that represents inter
nal device leakage. Measured with all inputs at 
either Vee or ground and no clock applied. 

2. Ices-The switching current used to charge and 
discharge internal parasitic capacitance when 
changing logic levels. Ices is related to· both the · 
frequency of operation and the device supply 
voltage (Vee). Ices is given by the formula: 

Power = V • I = V2 • Coev • f 

:. Ices = V • Coev • f 

Where: 

V = Supply Voltage (Vee) 

CoE.v = Device Capacitance 

f = Operating Frequency 

Measuring Cpo on a device like the 80C186EC 
would be difficult. Instead, Cpo is calculated using 
the above formula with Ice values measured at 
known Vee and frequency. Using the Cpo value, the 
user can calculate Ice at any voltage and frequency 
within the specified operating range. 

Example. Calculate typical Ice at 14 MHz, 5.2V Vee-

Ice = lpo + Ices 
= 0.1 mA + 5.2V • 0.77 • 14 MHz 

= 56.2 mA 

Parameter Target Typical 

CPD 0.77 

CPD (Idle Mode) 0.55 

NOTES: 

' 

PDTMR Pin Delay Calculation 

The PDTMR · pin provides a delay between the as
sertion of NMI and the enabling of the internal 
clocks when exiting Powerdown Mode. A delay is 
required only when using the on chip oscillator to 
allow the crystal or resonator circuit to stabilize. 

NOTE: 
The PDTMR pin function. does not apply when 
RESIN is asserted (i.e. a device reset while in Pow
erdown is similar to a cold reset and RESIN must 
remain active until after the oscillator has stabilized. 

To calculate the value of capacitor to use to provide 
a desired delay, use the equation: 

440 x t = Cp0 (5V, 25°C) 

Where: 

t = desired delay in seconds 
Cpo = capacitive load on PDTMR in microfarads 

Example. For a delay of 300 )ts, a capacitor value of 
Cpo = 440 x (300 x 10-6 = 0.132 µFis required. 
Round up to a standard (available) capacitor value. 

NOTE: 
The above equation applies to delay time longer 
than 10 µs and will compute the TYPICAL capaci
tance needed to achieve the desired delay. A delay 
variance of +50% to -25% can occur due to 
temperature, voltage, and device process ex
tremes. In general, higher Vee and/or lower tem
peratures will decrease delay time, while lower Vee 
and/or higher temperature will increase delay time. 

Target Max Units Notes 

1.37 mA/V*MHz 1, 2 

0.96 mA/V*MHz 1, 2 

1. Maximum Cpo is measured at -40-C with aHoutputs loaded as specified in the AC test conditions and the device in reset 
(or Idle Mode). Due to tester limitations, CLKOUT and OSCOUT also have 50 pF loads that increase Ice by V*C*F. 
2. Typical Cpo is calculated at 25°C assuming no loads on CLKOUT or OSCOUT and the device in reset (or Idle Mode). 
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AC SPECIFICATIONS 

AC Characteristics-80C186EC-16 

Symbol Parameter 
TARGET TARGET 

Unit Notes 
Min Max 

INPUT CLOCK 

TF CLKIN Frequency 0 32 MHz 1 
TC CLKIN Period 31.25 00 ns 1 
TCH CLKIN High Time 10 00 ns 1, 2 
TCL CLKIN Low Time 10 00 ns 1, 2 
TCR CLKIN Rise Time 1 10 ns 1, 3 
TCF CLKIN Fall Time 1 10 ns 1, 3 

OUTPUT CLOCK 

Teo CLKIN to CLKOUT Delay 0 20 . ns 1, 4 
T CLKOUT Period 2 *TC ns 1 
TpH CLKOUT High Time (T/2) - 5 (T/2) + 5 ns 1 
TpL CLKOUT Low Time (T/2) - 5 (T/2) + 5 ns 1 
TpR CLKOUT Rise Time 1 6 ns 1, 5 
TpF CLKOUT Fall Time 1 6 ns 1, 5 

OUTPUT DELA VS 

TcHOV1 ALE, S2:0, DEN, DT /R, 3 22 ns 1,4,6, 7 
BHE, LOCK, A19:16 

TcHOV2 GCS7:0, LCS, UCS, 
RD, WR, NCS, WDTOUT 

3 27 ns 1, 4, 6, 8 

TcLOV1 BHE, DEN, LOCK, RESOUT, 3 22 ns 1, 4, 6 
HLDA, TOOUT, T10UT, A19:16 

TcLOV2 RD, WR, GSC7:0, LCS, UCS, A015:0, 3 27 ns 1,4, 6 
NCS, INT A, S2:0 

TcHOF RD, WR, BHE, OT /R, LOCK, 0 25 ns 1 
S2:0, A19:16 

TcLOF DEN, AD15:0 0 25 ns 1 

INPUT REQUIREMENTS m 
TcHIS TEST, NMI, T1 IN, TOIN, READY, 10 ns 1, 9 

CTS1 :0, BCLK1 :0, P3.4, P3.5 

TcHIH TEST, NMI, T1 IN, TOIN, READY, 3 ns 1, 9 
CTS1 :0, DR01 :0, BCLK1 :0, P3.4, P3.5 

Tcus AD15:0, READY 10 ns 1, 10 

TcuH AD15:0, READY 3 ns 1, 10 

Tcus HOLD, RESIN, PEREQ, ERROR, DRQ3:0 10 ns 1, 9 

TcuH HOLD, RESIN, REREQ, ERROR, DRQ3:0 3 ns 1, 9 

NOTES: 
1. See AC Timing Waveforms, for waveforms and definition. 
2. Measure at V1H for high time, V1L for low time. 
3. Only required to guarantee Ice. Maximum limits are bounded by Tc. T CH and T CL· 
4. Specified for a 50 pF load, see Figure 16 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 17 for rise and fall times outside 50 pF. 
6. See Figure 17 for rise and fall times. 
7. TcHov1 applies to SHE, LOCK and A19:16 only after a HOLD release. 
8. T CHOV2 applies to RD and WR only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper 80C186EC operation. 
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AC Characteristics-SOC 186EC· 13 

Symbol Parameter 
TARGET TARGET 

Unit Notes 
Min Max 

INPUT CLOCK 

TF CLKIN Frequency 0 26.08 MHz 1 
TC CLKIN Period 38.34 00 ns 1 
TCH CLKIN High Time 12 00 ns 1, 2 
TCL CLKIN Low Time 12 00 ns 1, 2 
TCR CLKIN Rise Time 1 10 ns . 1, 3 
TCF CLKIN Fall Time 1 10 ns 1, 3 

OUTPUT CLOCK 

Teo CLKIN to CLKOUT Delay 0 23 ns 1, 4 
T CLKOUT Period 2 *TC ns 1 
TpH CLKOUT High Time (T/2) - 5 (T/2) + 5 ns 1 
TpL CLKOUT Low Time (T/2)-5 (T/2) + 5 ns 1 
TpR CLKOUT Rise Time 1 6 ns 1, 5 
TpF CLKOUT Fall Time 1 6 ns 1, 5 

OUTPUT DELA VS 

TcHOV1 ALE, S2:0, DEN, OT /R, BHE, LOCK, 3 25 ns 1, 4, 6, 7 
A19:16 

TcHov2 GCS7:0, LCS, UCS, RD, WR, NCS, 3 30 ns 1, 4, 6, 8 
WOT OUT 

TcLOV1 BHE, DEN, LOCK, RESOUT, HLDA, 3 25 ns 1, 4, 6 
TOOUT, T10UT, A19:16 

TcLov2 RD, WR, GCS7:0, LCS, UCS, AD15:0, 3 30 ns 1, 4, 6 
NCS, INTA, S2:0 

TcHOF RD, WR, BHE, DT/R, LOCK, 0 30 ns 1 
S2:0, A19:16 

TcLOF DEN, AD15:0 0 30 ns 1 

INPUT REQUIREMENTS 

TcHIS TEST, NMI, T1 IN, TOIN, READY, 10 ns 1, 9 
CTS1 :0, BCLK1 :0, P3.4, P3.5 

TcHIH TEST, NMI, T1 IN, TOIN, READY, 3 ns 1, 9 
CTS1:0, DRQ3:0, BCLK1:0, P3.4, P3.5 

Tcus AD15:0, READY 10 ns 1, 10 

TcuH AD15:0, READY 3 ns 1, 10 

Tcus HOLD, RESIN, PEREQ, ERROR, DRQ3:0 10 ns 1, 9 

TcuH HOLD, RESIN, REREQ, ERROR, DRQ3:0 3 ns 1, 9 

NOTES: 
1. See AC Timing Waveforms, for waveforms and definition. 
2. Measure at V1H for high time, V1L for low time. 
3. Only required to guarantee Ice- Maximum limits are bounded by Tc. T CH and T CL· 
4. Specified for a 50 pF load, see Figure 16 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 17 for rise and fall times outside 50 pF. 
6. See Figure 17 for rise and fall times. 
7. TcHov1 applies to BHE, LOCK and A19:16 only after a HOLD release. 
8. T CHOV2 applies to RD and WR only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper 80C186EC operation. 
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Relative Timings-80C 186EC· 16, 13 

Symbol Parameter 
TARGET TARGET 

Unit Notes 
Min Max 

RELATIVE TIMINGS 

TLHLL ALE Active Pulse Width T- 15 ns 

TAVLL AD Valid Setup before ALE Falls %T-10 ns 

TPLLL Chip Select Valid before ALE Falls %T-10 ns 1 

TLLAX AD Hold after ALE Falls %T-10 ns 

TLLWL ALE Falling to WR Falling %T-15 ns 1 

TLLRL ALE Falling to RD Falling %T ~ 15 ns 1 

TwHLH WR Rising to Next ALE Rising %T-10 ns 1 

TAFRL AD Float to RD Falling 0 ns 

TRLRH RD Active Pulse Width 2T- 5 ns 2 

TwLWH WR Active Pulse Width 2T- 5 ns 2 

TRHAX RD Rising to Next Address Active T-15 ns 

TwHDX Output Data Hold after WR Rising T-15 ns 

TwHPH WR Rise to Chip Select Rise %T-10 ns 1 

TRHPH RD Rise to Chip Select Rise %T-10 ns 1 

TPHPL Chip Select Inactive to Next Chip %T-10 ns 1 
Select Active 

TovRH ONCE Active Setup to RESIN Rising T ns 

TRHOX ONCE Hold after RESIN Rise T ns 

T1HIL INTA High to Next INTA Low 4T- 5 ns 4 
during INT A Cycle 

T1L1H INTA Active Pulse Width 2T- 5 ns 2,4 

Tcv1L CAS2:0 Setup before 2nd INTA BT ns 2,4 
Pulse Low 

T1LCX CAS2:0 Hold after 2nd INTA Pulse Low 4T ns 2,4 

TIRES Interrupt Resolution Time 150 ns 3 

T1RLH IA.Low Time to Reset Edge Detector 50 ns 

T1RHIF IA Hold Time after 1st INTA Falling 25 ns 4,5 

NOTES: 
1. Assumes equal loading on both pins. 
2. Can be extended using wait states. 
3. Interrupt resolution time is the delay between an unmasked interrupt request going active and the interrupt output of the 
8259A module going active. This is not directly measureable by the user. For interrupt pin INT7 the delay from an active 
signal to an active input to the CPU would actually be twice the TtRES value since the signal must pass through two 8259A 
modules. 
4. See INTA Cycle Waveforms for definition. 
5. To guarantee interrupt is not spurious. 
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Serial Port Mode O Timings-80C186EC-16, 13 

Symbol Parameter 
TARGET TARGET 

Unit Notes 
Min Max 

RELATIVE TIMINGS 

TxLXL TXD Clock Period T (n + 1) ns 1, 2 

TxLXH TXD Clock Low to Clock High (N > 1) 2T- 35 2T + 35 ns 1 

TxLXH TXD Clock Low to Clock High (N = 1) T- 35 T + 35 ns 1 

TxHXL TXD Clock High to Clock Low (N > 1) (n - 1) T - 35 (n-1)T+35 ns 1, 2 

TxHXL TXD Clock High to Clock Low (N = 1) T- 35 T + 35 ns 1 

TavxH RXD Output Data Setup to TXD (n - 1)T - 35 ns 1, 2 
Clock High (N > 1) 

TavxH RXD Output Data Setup to TXD T- 35 ns 1 
Clock High (N = 1) 

TxHQX RXD Output Data Hold after TXD 2T- 35 ns 1 
Clock High (N > 1) 

TxHQX RXD Output Data Hold after TXD T- 35 ns 1 
Clock High (N = 1) 

TxHQZ RXD Output Data Float after Last T + 20 ns 1 
TXD Clock High 

TovxH RXD Input Data Setup to TXD T + 20 ns 1 
Clock High 

TxHox RXD Input Data Setup after TXD 0 ns 1 
Clock High 

NOTES: 
1. See Figure 15 for Waveforms. 
2. n is the value in the BxCMP register ignoring the ICLK bit. 

24-310 



80C186EC·16, ·13 

AC TEST CONDITIONS 

The AC specifications are tested with the 50 pF load 
shown in Figure 6. See the Derating Curves section 
to see how timings vary with load capacitance. 

OUTPUT 
PIN 

CL = 50 pF for all signals 
272027-6 

Specifications are measured at the Vcc/2 crossing 
point, unless otherwise specified. See AC Timing 
Waveforms for AC specification definitions, test pins 
and illustrations. 

Figure 6. AC Test Load 

AC TIMING WAVEFORMS 

•••••• Vee 

CLKIN 

CLKOUT 
...... ov 

---i---(9 
i---...;;_ __ 

272027-7 

Figure 7. Input and Output Clock Waveforms 
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ov t--------i MAX 

Vcc-----.-i.-..................... ...i. .... ----
1---------i MAX 

vALID !!O" VALID MIN 

ov-----.... .i...i..i. .... -.i..i. .... a....----- ------.+~~-i-~~.+.-----vcc 

VALID 50" 50" VALID 

Vcc--------------
vALID 1-------~ MAX 

ov------..a.-'---'--1 

Vee 

OV 

VALID 

ov-----""""'-'---'---' 
FLOAT (NOTE) 

272027-8 

Figure 8. Output Delay and Float Waveforms 

50" CLKOUT 

ov 
MIN 

MIN 

MIN 
VALID 

VIL• VIH Y1t• V1H MIN 

--..+.--------i.--- Vee 
VALID 

272027-9 

Figure 9. Input Setup and Hold 

INTx -0,.T'R_L_H ----E._T1R_H_•r ___ _ 

INTA I "'--___, 272027-40 

Figure 10. Relative Interrupt Signal Timings 
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CLKOUT 

ALE 

ov 

v~ -------..+----i.---. 
AD0:15, 

A19:16 
503 503 

OV ------.....t-----1----' 
v~ -----------i.---~cir-~-,-----{ 

RD or WR 503 

9 

9 
503 

ov -----··· 9-········-···-···········'····--------------
~ 

v~ 

GCS7:0 

LCS, UCS 
ov 

9 
503 

503 

503 

503 

Vee .•••••••••••••••••••••••••.•••••••••••••••••••••••••••••••••. ,...----------------

503 

A19/0NCE 

272027-10 

Figure 11. Relative Signal Waveform 

, . TxLXH 

TXD 

RXD (out) 

TovxH·~--

RXD(in) --G9--
272027-11 

Figure 12. Serial Port Mode 0 Waveform 
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DERATING CURVES 

NOM+I 
> .. ... 
• NOM+3 

'ii' ..s ,... 
j 

NOM+ 1 

... 
0 
.... NOM 

"' IL .... 
"' 0 

NOM-1 

50 100 150 

G_ (pF) 
272027-12 

Figure 13. Typical Output Delay Variations versus Load Capacitance 

a 

6 

4 

2 

50 100 150 

G_ (pF) 
272027-13 

Figure 14. Typical Rise and Fall Variations versus Load Capacitance 

RESET 

The 80C186EC will perform a reset operation any 
time the RESiN pin is active. The RESIN pin is syn
chronized before it is presented internally, which 
means that the clock must be operating before a 
reset can take effect. From a power-on state, RESiN 
must be held active (low) in order to guarantee cor
rect initialization of the 80C186EC. Failure to pro
vide RESiN while the device is powering up wlll 
result In unspecified operation of the device. 

Figure 15 shows the correct reset sequence when 
first applying power to the 80C186EC. An external 
clock connected to CLKIN must not exceed the Vee 
threshold being applied to the 80C186EC. This is 
normally not a problem if the clock driver is supplied 
with the same Vee that supplies the 80C186EC. 
When attaching a crystal to the device, RESIN must. 
remain active until both Vee and CLKOUT are stable 
(the length of time is application specific and de
pends on the startup characteristics of the crystal 
circuit). The RESiN pin is designed to operate cor-

rectly using a RC reset circuit, but the designer must 
ensure that the ramp time for Vee is not so long that 
RESIN is never sampled at a logic low level when 
Vee reaches mi.nimum operating conditions. 

Figure 16 shows the timing sequence when RESIN 
is applied after V cc is stable and the device has 
been operating. Note that a reset will terminate all 
activity and return the 80C186EC to a known operat
ing state. Any bus operation that is in progress at the 
time RESiN is asserted will terminate immediately 
(note that most control signals will be driven to their 
inactive state first before floating). 

While RESIN is active, bus signals LOCK, 
A19/S16/0NCE and A18:16 are configured as in
puts and weakly held high by internal pullup transis
tors. Only A19/0NCE can be overdriven to a low 
and is used to enable the ONCETM Mode. Fo~cing 
LOCK or A 18:16 low at any time while RESIN is low 
is prohibited and will cause unspecified device oper
ation. 
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80C186EC-16, -13 

BUS CYCLE WAVEFORMS 

Figures 17 through 23 present the various bus cy
cles that are generated by the 80C186EC. What is 
shown in the figure is the relationship of the various 

bus signals to CLKOUT. These figures along with 
the information present in Section 4.5, AC Specifica
tions, allow the user to determine all the critical tim
ing analysis needed for a given application. 

...___----#/ 

GC7:0 

LCS, UCS 

DT/R 

___..... __ V-ALID __ :x 
>--------------{ 015:0 VALID 

272027-17 

Figure 17. Memory Read, 1/0 Read, Instruction Fetch and Refresh Waveform 
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CLKOUT 

ALE 

A19/0NCE, 

A18:16 

AD15:0 

GC7:0 

LCS,UCS 

DT/R 

aoc1a&Ec-1s, -13 b.\[Q)\V/b.\00©~ OOOIF~OOlM!b.\'U'O@OO 

\ 
VALID I 

'--:-~-----'· 

A19:16 

VALID 

x VALID 

I 

"':"~ : '. x : :::: '. x ; 
I I J, 

: 

Figure 18. Memory Write and 1/0 Write Cycle Waveform 
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inteL 80C186EC-16, -13 

CLKOUT 

ALE 

\ __ 0_11 __ / 

SI \_ 
A19:16 x NOTE 2 II 

AD15:0 x NOTES 1, 2 II x 
272027-19 

NOTES: 
1. Address information is invalid. If previous bus cycle was a read, then the AD15:0 lines will float during T1. Otherwise, 
the AD15:0 lines will continue to drive during T1 (data is invalid). All other control lines are in their inactive state. 
2. All address lines drive zeros while in Powerdown or Idle Mode. 

Figure 19. Halt Cycle Waveform 
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CLKOUl 

ALE 

AD15:13/ 
CAS.2:0 

AD7:0 

LOCK 

DT/R 

DEN 

A19:16, 
AD12:8 

BHE 

RD, 
WR 

I 

80C186EC•16, ·13 

l+--+--+--+--+--l TCVIL }--.__-t---+----<,.i.,..._--( 

CAS (SLAVE ID) VALID 

I A 12:8 ARE ONKNbWN • 
A\9:16, ARE,DRIV,EN LPW t 

Figure 20. Interrupt Acknowledge Cycle Waveform 
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CLKOUT 

HOLD 

HLDA 

I I 

S2:0 

____ ..__ ........ _..__..__.__ 1 t I I I I I I I,_..__._ .... _..__ 

I '\I 1 I I I I I l { 
I I I I I 1 I I l I 

: i--:--;-i·;--:·-,--i--:--1 
---.,.......,...., ..... -.JI : : : : : : : : \, ...... -....,-.,.......,--

1 I I 1 I 
I 

ALE 

I I 
1111 l 11 ,._.,. __ 

t I I l I I I { x \ I I I I I I I :·lll:--:-:·:--:--;-:--:--1 ' 
1 I I I I I I I I 1\,._ .. _.._ ___ .... .._ __ 

A 19/0NcE, 

I I I I I I I I I I I I t 

BHE __,.._...,.:&,_., -..........: : __.,Jr-+ +-H--H-H--~~x ..,.....,..--: , 
AD15:0 

GCS7:0, 

UCS, LCS 

Ro,WR 

I t I t I I t I I I I I I 

'x' 'x }: : : : : : : : : :IT' , , I I I I I I I I I I 

:- -~ -~ --:- -... ~ --:- -~ -~ --: _...,.._....,.._ ......... ________ _...~ : : : : : :' : : : 
I I I I I 

I 

I I 

-·--·-~----~--~-~----~--! I I I 

I I I 
I 

I 
I I I I I I I I I I I 

} 
t I I I l I I l I t~r .... 

1

1:: \"· .. ::::::::::: 

I I I I I I I 1 I 1 

-:--t---:--t---1--r· -1--r- ~- -, 
I I I I l I I J I I 

--------------' I 1 I I l I I I I I 
t l I I I I I l I I I 
I I I I I I 1 I I 

_ .... _..__ ..... _._...__ .......... _..... I 1 I I I I I I t I,......,_ ........ _ ..... _ 

LOCK, } I I I I I I I l I I 
I I I I I I l I I t 

DT/R ;··i·~--i·;··;·;··;·;-·1 
---_,..-,... ..... -------'· I I I I I I I I I I I I I ' ' I I I 

272027-21 

Figure 21. HOLD/HLDA Cycle Waveforms 
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CLKOUT 

HOLD 

HLOA 

52:0 ·-~--~-~--~-~--~-~--~-~--~-~--! I f I 

' 

ALE 

' 
Al9/0NCE, I I I I I I I I I : . -., .. ,. . ., .. ,. . .,. .. ,. ~ .,.--.-~ ,.--,--,.--

A18:16 

I t I I l I I I I I I l/ 
I I I I I J I I l I t l -- ·- ... ---------------- ... -_, __ . --· I I I I I t I I I I I I 

I I I I I I I 

I l I l I I I I I I I 1 I 

' ..... ,,. .. 

' ' 
' ' .,--r---

'\I 1 ' ' ' 
l -----· 

11111111111110 

Ao1s:o ---r·-r-,--.r-i--r--l--r--:--+--:-- 1 
--: --i--r-.,--r-J--:---

, l I I I 1 I l l I I 

I I I I I I I l I 

GCS7:0, 

UCS, LCS 

I r I I I I I I r I I 

' 

' ' ' 
RD --~- -~ -~- -~-~ --:--7 • -:--7- -~ -7--1 

I I I' 

' 

' 
DT/R 

I I I I I I I I I I I I 
~ . ., .. ,. . ., .. ,. . .,. .. ,. . .,. .. ,. . .,. .. ~-,.--, 

l I I f I I I I I I I I 

' 

DEN ••• • ·•·•· ·• • "••'- ••• •'- • •••1• • •• • 1 
I I I I I I t I I I I I 

' ' ., 

Figure 22. Refresh during HLDA Waveforms 

24-322 

' ' -.--,. ... 
' ' 

---' 

272027-22 



CLKOUT 

ALE 

A19/0NCE, 

A18:16 

80C186EC-16, -13 

VALID VALID 

VALID ~E x 'x 
LOCK __ _,_,... .... .,&..1i..-_., .... ..,__,.. .... ,_..__,. .... _._,._., .... ..,._,. .... ,.......,&..a.., .... .,.._,....., .... ..,._ 

I 

AD1S:O ----~{ ADD }•-@~ _____ v_A_Ll_D _________ --1{ ADD ) .. -----

1 l l I 

READY 

GCS7:0, 

UCS, LCS 
=1 \..._ ___ V-ALID-----'/ j\..._ __ _ 

RD,WR 

I I t I I I 

DT/R 

DEN 
@ @ 

272027-23 

NOTES: 
1. READY must be low by either edge to cause a wait state. 
2. Lighter lines indicate READ cycles, darker lines indicate WRITE cycles. 

Figure 23. READY Cycle Waveforms 
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80C186EC-16, -13 

REGISTER BIT SUMMARY 

Figures 24 through 37 present the bit definition of 
each register that is active (not reserved) in the Pe
ripheral Control Block (PCB). Each register can be 
thought to occupy one word (16-bits) of either mem
ory or 1/0 space, although not all bits in the register 
necessarily have a function. A register bit is not 
guaranteed to return a specific logic value if an "X" 

Bit 

0 

4 

8 

10 

11 

12 

13 

14 

15 

IC4 

SNGL 

0 

LTIM 

1 

0 

0 

0 

0 

x 
x 
x 
x 
x 
x 
x 

O= NO ICW4 NEEDED 
1 = ICW4 NEEDED 
O= CASCADE MODE 
1 = ONLY 8259A IN SYSTEM 

O= EDGE TRIGGER 
1 = LEVEL TRIGGER 

ICW1 (OOH, 04H) 
RESET= XXXXH 

appears for the bit definition (i.e., if a zero was writ
ten to the register bit it may not be returned as a 
zero when read). Furthermore, a O must be written to 
any bit that is indicated by an "X" to ensure compati
bility with future products or potential product chang
es. Any register bit that has a specific value in it (a 
"O" or a "1 "), must be written to that value in order 
to guarantee prc:iper operation of the 80C186EC. 

Bit 

0 

3 

5 

7 

10 

11 

12 

13 

14 

15 

0 

0 

0 

T3 
T4 
TS 
T6 
T? 
x 
x 
x 
x 
x 
x 
x 
x 

ICW2 (02H, 06H) 
RESET = XXXXH 

HIGH ORDER 5 BITS 
OF THE VECTOR TYPE 

272027-24 

Figure 24. 8259A Module Initialization Command Words (ICWs) 
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inteL 

Bit 

0 so 
S1 

S2 

S3 
O= IR INPUT DOES 

NOT HAVE A SLAVE S4 
1 = IR INPUT HAS A SLAVE 

SS 

S6 

7 S7 
l..J 

x 
x 

10 x 
11 x 
12 x 
13 x 

x 
15 x 
ICW3[MASTER] (02H) 

RESET = XXXXH 

''' S7 MUST 8£ SET 
roR PROPER DEVICE 
OPERATION 

80C186EC-16, -13 

Bit 

100 

101 

ID2 

0 

0 

0 

0 

0 

x 
x 

10 x 
11 x 
12 x 
13 x 
u x 
15 x 

ICW3[SLAVE] (06H) 
RESET = XXXXH 

'" MUST BE WRITTEN TO 
XX07H FOR PROPER 
DEVICE OPERATION 

Bit 

2 

9 

10 

11 

12 

13 

15 

1 

AEOI 

0 

0 

SFNM 

0 

0 

0 

x 
x 
x 
x 
x 
x 
x 
x 

O= NORMAL EOI 
1= AUTO EOI 

O= NOT SPECIAL YULL Y 
NESTED MODE 

1 = SPECIAL FULLY NESTED 
MODE 

ICW4 (02H, 06H) 
RESET = XXXXH 

272027-25 

Figure 25. 8259A Module Initialization Command Words (ICWs) (Continued) 

Bit 

10 

11 

12 

13 

14 

15 

MO 

t.41 

t.42 

t.43 

t.44 

MS 

t.46 

t.47 

x 
x 
x 
x 
x 
x 
x 
x 

OCW1(02H,04H) 
RESET = XXXXH 

O= INPUT IS NOT MASKED 
1 =INPUT IS MASKED 

Bil 

0 

10 

11 

12 

13 

14 

15 

LO 

L1 

L2 

0 

0 

EOI 

SL 

R 

x 
x 
x 
x 
x 
x 
x 
x 

} 
IR LEVEL TO 
ACT ON 

} 
001 = NON SPECIFIC EOI 
0 11 = SPECIFIC [01 
101=ROTATE ON NS EOI 
100= SET ROTATE IN AEOI 
000= CLEAR ROTATE IN AEOI 
111= ROTATE ON SPEC EOI 
11 O= SET PRIORITY COMMAND 
010= NO OPERATION 

OCW2 (OOH, 04H) 
RESET = XXXXH 

Bit 

10 

11 

12 

13 

15 

RIS 

RR 

p 

1 

0 

SIAM 

ESMM 

0 

x 
x 
x 
x 
x 
x 
x 
x 

}
00,01=NO ACTION 
1 O= READ IR REG ON NEXT RD 
11 =READ IS REG ON NEXT RD 

O= NO POLL COMMAND 
1 = POLL COMMAND 

}
00,01=NO ACTION 
1 O= RESET SPECIAL MASK 
11 =SET SPECIAL MASK 

OCW3 (OOH, 04H) 
RESET = XXXXH 

272027-26 

Figure 26. 8259A. Module Operation Command Words 
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Bit 
0 

5 

8 

10 

11 

12 

13 

14 

15 

;~~-~~ REQUEST INTERRUPT 
1 = CHANNEL REQUESTS 

INTERRUPT 

DMOIR 

DM11R 
DM21R 

DM31R 

x 
x 
x 
x 

J •·o•--n CORRESPONDING 
IR BIT 

1= MODIFICATION OF 
CORRESPONDING IR 
BIT ALLOWED 

MSKO 

MSK1 

MSK2 
,MSK3 

x 
x 
x 
x 

DMAIRL (OCH) 
RESET = XOXOH 

Bit 
0 

2 

5 

7 

10 

11 

12 

13 

14 

15 

80C186EC·16, ·13 

TOIR 

T11R 
T21R 

x 
x 
x 
x 
x 

MSKO 

MSK1 

MSK2 
x 
x 
x 
x 
x 

} 
O= TIMER DOES NOT 

REQUEST INTERRUPT 
1 = TIMER REQUESTS 

INTERRUPT 

} 

O= CANNOT MODIFY 
CORRESPONDING 
IR BIT 

1 = MODIFICATION or 
CORRESPONDING IR 
BIT ALLOWED 

TIMIRL (OEH) 
RESET = XOXOH 

Bit 

0 

10 

11 

12 

13 

14 

15 

TXOIR 

RXOIR 

TX11R 

RX11R 
x 
x 
x 
x 

MSKO 

MSK1 

MSK2 
MSK3 

x 
x 
x 
x 

SCUIRL (OAH) 

l O= CHANNEL DOES NOT 
REQUEST INTERRUPT 

1 = CHANNEL REQUESTS 
INTERRUPT 

l O= CANNOT MODIFY 
CORRESPONDING 
IR BIT 

1 = MODIFICATION or 
CORRESPONDING IR 
BIT ALLOWED 

' RESET = XOXOH 

272027-27 

Figure 27. Interrupt Request Latch Registers 

Bit 

0 

10 

11 

12 

13 

14 

15 

•• WRO 

WR1 

WR2 

WR3 
WR4 

WRS 

WR6 

WR7 
WRB 

WR9 

WR10 

WR11 

WR12 

WR13 
WR14 

WR15 
WDTRLDL (22H) 
RESET = FFFFH 

WOT 
RELOAD 
COUNT 
(LOW) 

Bit 

10 

11 

12 

13 

15 

.. 
WR16 

WR17 

WR18 

WR19 
WR20 

WR21 

WR22 

WR23 
WR24 

WR25 

WR26 

WR27 

WR28 

WR29 
WR30 

WR31 
WDTRLDH (20H) 
RESET = OOOOH 

WOT 
RELOAD 
COUNT 
(HIGH) 

Bit 

0 wco 
WC1 

WC2 

WC3 
WC4 

wcs 
WC6 

WC7 

Bit 

0 WC16 

WC17 

WC18 

WC19 
WC20 

WC21 

WC22 

WC23 
WOT COUNT WOT COUNT 

WCB (LOW) (HIGH) WC24 
WC9 WC25 

WC10 10 10 WC26 

WC11 11 11 WC27 
WC12 12 12 WC28 

WC13 13 13 WC29 

WC14 14 14 WC30 
15 15 WC15 WC31 

WDTCNTL (26H) WDTCNTH (24H) 
RESET = FFFFH RESET = OOOOH 

272027-28 

Figure 28. Watchdog Timer Registers 

24-326 



... 
0 TCO 

15 TC15 

hCHT (30, 38, 40H) 
RESET= XXXXH 

bit 

0 PDO 

PD1 

PD2 

PD3 

PD4 

PDS 

PD6 

PD7 

x 
x 

10 x 

" x 
12 x 
13 x 
14 

15 

PXDIR 
RESET • XXf'FH 

TlrMr 
Count 
Value 

Port Pin Dlreotlon 
1 =Input 
O ""Output 

15 TC15 

TxCMPA (32, 3A, 42H) 
TlCCMPB (34, 3CH) 

RESET •XXXXH 

Tlmtr 
Compo.-. 
Value 

80C186EC-16, -13 

•1t 
0 

ID 

11 

12 

" 
" 

CONT 1 = Enobl• Contlnuo1.11 
Timer Ofieratlon 

1 "'Alternate Bet-n Compare A/8 
0 • u .. Only Compare A 
I •Un Ut.rnol Cloak 
o = u .. lnt.mol Clock 
I • u .. lnt.rnol TIWER2 Clock 
O • Uu lnt.rnol / 4 CIDQk 
1 =TIN Pin Retrlgg•n Timer 
0 •TIN Pin EnablH Timer 

I •Timer Compa.-. Oooured 

1 =Compare 8 Jn Un 
0 •Compare A In UM 

1 •Enable Compare Interrupt 

1 •Enabi. Writ. to START bit 

15 EN ~:;~~Ji::; ::::11:~ 
TOCON (31H) 
T1CON (3EH) 

RESET• EH, RIU s 0 

Figure 29. Timer Control Unit Registers 

bit bit 

0 PPO 0 PCO 

PP1 PC1 

PP2 PC2 

PP3 Pott Pin PC3 Por1 Pin 
Control State (0. Port) PP4 Cr.ad only) PC4 (1 = 1'9rlpharal) 

PPS PCS 

PP6 PC6 

PP7 PC7 

x x 
x x 

10 x 10 x 
11 x " x 
12 x 12 x 
13 x 13 x 

x x 
15 x 15 x 

PXPIN PXCON 
RESET • XXXXH RESET "' XXf'FH 

Figure 30. 1/0 Port Unit Registers 

24-327 

bit 

0 

ID 

11 

12 

13 

CONT 1 =Enable Continuous 
Timer 0Ptratlon 

1 • Tlmw Compo,.. Ooourff 

1 •Enable Compo.-. Interrupt 

1 '" Enable Write to STA.RT bit 

15 EN ~:;~~ ; 1
1::::; g::::: 

T2CON (-46H) 
RESET .. EN• 0 

bit 

0 

10 

" 
12 

13 .. 
15 

272027-29 

PLO 

PL1 

PL2 

PL3 Port Pin 

PL4 Latch 

PLS 

PL6 

PL7 

x 
x 
x 
x 
x 
x 
x 
x 

PXLTCH 
RESET = XXF'FH 

272027-30 
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.. 

10 

11 

12 

13 

" 
" 

laud-Rat. ...... 

1 - ..... Internal C1oo1c 
0 • U• External Clock 

IOCMP (IOH) 
81CMP (70H) 
RESET"• O 

I 

80C186EC-16, ·13 ~IID\V/~00©~ OOO!F@OOIMJ~irO@OO 

.. 

10 

11 

12 

13 ,. 
" llOCHf(l2H) 

81CNT (72H) 
R£S£I. 0 

laud-Rate 
Count 

bit 

0 

10 

11 

12 

13 ,. 
15 

SOCON( .. H) 
S1CON (7-4H) 
R£StT. 0 

1 = Parit)' Enablld 

1 • Ev.rt Parlt7 
0. Odd Parity 

1 • Rtalffr Enabled 

1 • Enab&e CTS Pin 

Ith Data Bit 
(llloclM 2,3) 

1 • Send BNak 

bR 

10 

11 

12 

13 

1• 
15 

1 • 0Mrr11n Error 

1 • TronsmH Buffer ..... , 
1 •Framl1:19Brror 

t = Tron11nH lnt«rupt -· 1 • Rtioef\le lntwrupt ...... 
Ith Dato Ill or 

Parlty£rror 
I • Mblt. BrHk ........ 
1 = 2M + 3bltll 8Nllk ........ 

som(HH) 
stm (71H) 

RESET • OOOIH 

Figure 31. Serial Communications Unit Registers 

bR 

10 

11 

12 

1• 

" 

wso 
WS1 

Chlp-w.ct 
starU119 Addrn1 
(Att:10 Mtmory) 
(A15:11/0) 

bit 

10 

11 

12 

13 

1• 

" 

RDY 

MEM 

I• Enob&e READY Pin 

1 = Deood9 Mtlmor7 Space 
0. Deoodli 1/0 Spaw 
1 = Dleat»le stop Addru1 

Compo~ 

1 • Enab19 Chlp-S.i.ct 

Chlp-Seleot 
sto,plng Addras 
(A19o10 -..,.) 
(A.15:11/0) 

GCSICST (10, H, II, 10, 9.4, II. ICH) GCSxST (12. ...... 1£, 12, ........ lat) 
LCSST (A.OH) 
UCSST (MH) 

RESET • fFCFH 

LCSSP (A.2H) 
UCSSP (AIH) 

R£str • FFC3H (GCSxSP, LCSSP) 
RESET = FFCFH (UCS) 

Figure 32. Chip-Select Unit Registers 

24-328 

bit 
0 

11 

12 

13 

" 
" 

SxRBUF (II. 71H) 
SxTBUF (1AH, 7AH) 

' RESET• 0 

Tranamlt/ -1 .. ........... 

272027-31 
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bit 

10 

11 

12 

13 

" 
15 

RA13 

RA14 

RA17 

RFBASE (BOH) 
RESET= OH 

l Rofmh '°""' J b;t. A13-A\9 

bit 

0 

10 

11 

12 

13 

14 

15 

PWPDM 
IDLE 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

PWRCON (BBH) 
RESET= 0 

80C186EC-16, ·13 

bit bit 

RCO RCO 

RC1 RC1 

RC2 

RC3 
lnltlal R•fr .. h Current R1fre1h 

RC4 Clock Count 
R9quHt Clock Count 

{Read Only) 
RCS 

RCS 

RC? RC? 

RCS RCS 

x 
10 10 

11 11 x 
12 12 x 
13 13 

15 15 REN 1 = Enobl• R1fr11h 

RFTIME (B2H) RFCON (B4H) 
RESET = OH RESET ,. OH 

Figure 33. Refresh Control Unit Registers 

1 =Enable PowerDown Mode 

1 =Enable Idle Mode 

(setting both results 
in no operation) 

Bil 

10 

11 

12 

13 

14 

15 

FD 

f1 

f2 

x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

PSEN 
PWRSA V (BEH) 

bit 

RA1 

Curr•nt RefrHh 

RA? Addreu 

10 RAIO 

11 RA11 

12 RA12 

13 

" x 
15 x 

RFADDR (B&H) 
RESET = 1 Ff"FH 

272027-33 

}·-·-000= by 1 
001=by 4 
010=by 8 
011=by16 
100=by 32 
101= by 64 
110= Reserved 
111= Reservtd 

1 = ENABLE POWERSAVE 
O= DISABLE POWERSAVE 

RESET = OXXOH 

272027-35 

272027-34 

Figure 34. Power Management Unit Registers 
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intet 80C186EC-16, -13 ~IWW~OO©~ OOO!?@OOIMJ~'iJO@OO 

Bit Bit Bit Bit 

DSAO DSA16 0 DDA16 

DSA1 DSA17 DDA1 DDA17 }- }-DSA2 DSA18 SOURCE DDA2 DDA18 DESTINATION 
ADDRESS ADDRESS 

DSA3 DSA19 (HIGH) DDA3 DDA19 (HIGH) 

DSA4 x DDA4 x 
DSA5 x DDA5 x 
DSA6 x DDA6 x 
DSA7 x DDA7 x 

OMA OMA 
DSAB SOURCE x DDAB DESTINATION • x 

ADDRESS ADDRESS 

DSA9 (LOW) x .. DDA9 (LOW) x 
10 DSA10 10 x 10 DDA10 10 x 
11 DSA11 11 x 11 DDA11 11 x 
12 DSA12 12 x 12 DDA12 12 x 
13 DSA13 13 x 13 DDA13 13 x 
14 14 x 14 DDA14 14 x 
15 15 x 15 DDA15 15 x 

OxSRCL DxSRCH DxDSTL DxDSTH 
RESET= XXXXH RESET = XXXXH RESET = XXXXH RESET = XXXXH 

(COH, DOH, EOH, FOH) (C2H, D2H, E2H, f2H) (C.(H, D.t.H, E.t.H, f4H) (C6H, D6H, E6H, F6H) 
272027-36 

Figure 35. OMA Unit Registers 

Bit Bit Bit Bit 

TCO x D= BYTE TRANSFERS 
0 DMAPA 1 = MODULE A IS HIGH 0 HOMA 1= HALT OMA MODULE A 1 = WORD TRANSFERS PRIORITY 

TC1 STRT 0= STOP OMA TRANSFERS x HDMB 1= HALT OMA MODULE B 1 = ARM OMA CHANNEL 

TC2 CHG O= DO NOT CHANGE ST ART BIT DMAPB 1 = t.CODULE B IS HIGH x 1 = CHANGE ST ART BIT PRIORITY 

TC3 x x x 
TC4 IDRQ 1 = INTERNAL REQUEST x x O= EXTERNAL REQUEST 

TC5 p 1 = HIGH PRIORITY x x O= LOW PRIORITY 

TC6 SYNO } OO=UNSYNC x x 0 1 = SOURCE SYNC 

TC7 OMA SYN1 
1 O= DEST SYNC x HNMI I= HALT BOTH MODULES 
11 = RESERVED DURING NMI SERVICE 

TRANSFER 
1= INT ON TC O= TIMER 2 REQUEST TC8 COUNT INT O= NO INT ON TC IRQA 1 = UARTO REQUEST HMA 
1 = STOP ON TERMINAL COUNT } MUST SET TO CHANGE 

TC9 TC O= CONTINUE ON TERMINAL COUNT x HMB HOMA OR HDMB BITS 

10 TC10 10 INC 1 =INCREMENT SRC POINTER 
10 IRQB O= TIMER 2 REQUEST 

10 x O= NO INCREMENT 1 = UART 1 REQUEST 

11 TC11 11 DEC 1 =DECREMENT SRC POINTER 11 x 11 x O= NO DECREMENT 

12 TC12 12 MEM 1 = SRC IS IN MEMORY 12 x 12 x O= SRC IS IN 1/0 

13 TC13 13 INC 1 =INCREMENT DEST POINTER 13 x 13 x O= NO INCREMENT 

14 TC14 14 DEC 1 = DECREMENT OEST POINTER 
14 x 14 x O= NO DECREMENT 

15 TC15 15 MEM 1 = DEST IS IN MEMORY 
15 x 15 HMI MUST SET TO MODIFY HNMI O= DEST IS IN 1/0 

DxTC DxCON DMAPRI DMAHALT 
RESET = XXXXH RESET = XXXXH RESET = XXXOH RESET = OOOOH 

(CBH, DBH, ESH, F'BH) (CHANNEL DISABLED) (CCH) (CEH) 
(CAH,DAH, EAH, FAH) 

272027-37 

Figure 36. OMA Unit Registers (Continued) 
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inteL 80C186EC-16, -13 

bit 

10 

11 

12 

13 

15 

}"'"~ IDENTIFIER 
(read only) 

!081 

1082 

!083 

1084 

x 
x 

x 
x 
x 

x 
x 
x 
x 
x 
x 

x 
STEPID (BCH) 
RESET= XX02H 

272027-38 

bit 

10 

11 

12 

13 

14 

AS 

A9 

A10 

A11 

A12 

A13 

A14 

A15 

A16 

A17 

A18 

A19 

MEM 
x 
x 

Starting Address 
f'or PCB 

0 "" PCB is In 1/0 Space 

t 5 TRAP ~ ~ ~~::u;; i~ g:;:;: 
RELREG (ASH) 

RESa == OOFFH 

272027-39 

Figure 37. Relocation and Stepping Identifier Registers 

80C186EC EXECUTION TIMINGS 

A determination of 80C186EC program execution 
timing must consider the bus cycles necessary to 
prefetch instructions as well as the number of exe
cution unit cycles necessary to execute instructions. 
The following instruction timings represent the mini
mum execution time in clock cycles for each instruc
tion. The timings given are based on the following 
assumptions: 

• The opcode, along with any data or displacement 
required for execution of a particular instruction, 
has been prefetched and resides in the queue at 
the time it is needed. 

• No wait states or bus HOLDs occur. 

• All word-data is located on even-address bound
aries. 

All jumps and calls include the time required to fetch 
the opcode of the next instruction at the destination 
address. 

All instructions which involve memory accesses can 
require one or two additional clocks above the mini
mum timings shown due to the asynchronous hand
shake between the bus interface unit (BIU) and exe
cution unit. 

With a 16-bit BIU, the 80C186EC has sufficient bus 
performance to ensure that an adequate number of 
pref etched bytes will reside in the queue most of the 
time. Therefore, actual program execution time will 
not be substantially greater than that derived from 
adding the instruction timings shown. 
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80C186EC-16, ·13 

INSTRUCTION SET SUMMARY 

Function Format 
Clock 

Comments 
Cycles 

DATA TRANSFER 
MOV =Move: 

Register to Register /Memory I 1000100w mod reg rim 2/12 

Register I memory to register, I 1000101w mod reg rim 2/9 

Immediate to register/memory 1100011w mod 000 rim data I data~w=1 I 12-13 8/16-bit 

Immediate to register 1011wreg data dataifw=1 I 3-4 8/16-bit 

Memory to accumulator 1010000w addr-low addr-high I 8 

Accumulator to memory 1010001w addr-low addr-high I 9 

Register I memory to segment register 10001110 modO reg rim 2/9 

Segment register to register/memory 10001100 modO reg rim I 2/11 

PUSH= Push: 

Memory I 11111111 I mod 11 O rim I 16 

Register I 01010reg I 10 

Segment register [~reg.J....!..Q_J 9 
,,, 

''" 
,,, ,,,,, 

b,, ;,d',,A, ,, ''' 
·'"""'""''''""··" :r' ,.:·,·r·· 2·· ;gq:\;&E' . ,,. "'''·'''''· •. : .. :JL .. ,,·.,,,,,,,,,,,,. ,:T 

'·'' f'''"'''""' ' 
POP= Pop: 

Memory I 10001111 l modOOO rim I 20 

Register I 01011 reg I 10 

Segment register I 000reg111 I (reg7'01) 8 

/J; :.a· •.. £. 
.. ,,. • <t .}(' 
,,, 

XCHG = Exchange: 

Register/memory with register I 1000011w I mod reg rim I 4/17 

Register with accumulator I 10010reg I 3 

IN = Input from: 

Fixed port I 1110010w port I 10 

Variable port I 1110110w 8 

OUT = Output to: 

Fixed port I 1110011w port I 9 

Variable port I 1110111w 7 

XLAT = Translate byte to AL I 11010111 11 

LEA = Load EA to register I 10001101 mod reg rim I 6 

LOS = · Load pointer to DS I 11000101 mod reg rim I (mod7'11) 18 

LES = Load pointer to ES I 11000100 mod reg rim I (mod7'11) 18 

LAHF = Load AH with flags I 10011111 2 

SAHF = Store AH into flags I 10011110 3 

PUSHF = Push flags I 10011100 9 

POPF = Pop flags I 10011101 I 8 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 
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inteL 80C186EC·16, ·13 

INSTRUCTION SET SUMMARY (Continued) 

Function Format 
Clock 

Comments 
Cycles 

DATA TRANSFER (Continued) 
SEGMENT = Segment Override: 

cs I 00101110 I 2 

SS I 00110110 I 2 

OS I 0011111 0 I 2 

ES I 00100110 I 2 

ARITHMETIC 
ADD= Add: 

Reg/memory with register to either I OOOOOOdw I mod reg rim I 3/10 

Immediate to register/memory I 100000sw I modOOO rim I data I data ifs w=01 I 4/16 

Immediate to accumulator I 0000010w I data I dataifw=1 I 3/4 8/16-bit 

ADC = Add with carry: 

Reg/memory with register to either I 000100dw I mod reg rim I 3/10 

Immediate to register /memory I 100000sw I mod O 1 O rim I data I data ifs w=01 I 4/16 

Immediate to accumulator I 0001010w I data I dataifw=1 I 3/4 8/16-bit 

INC = Increment: 

Register I memory I 1111111w I modOOO rim I 3/15 

Register I 01000 reg I 3 

SUB = Subtract: 

Reg/ memory and register to either I 001010dw I mod reg rim I 3/10 

Immediate from register/memory I 100000sw I mod 1O1 rim I data I data ifs w=01 I 4/16 

Immediate from accumulator I 0010110w I data I dataifw=1 I 3/4 8/16-bit 

SBB = Subtract with borrow: 

Reg/ memory and register to either I 000110dw mod reg rim I 3/10 

Immediate from register/memory I 100000sw mod011 rim I data I data ifs w = 01 I 4/16 

Immediate from accumulator I 0001110w data I data ifw=1 I 3/4 8/16-bit 

DEC = Decrement 

Register I memory I 1 1 1 1 111 w mod001 rim I 3/15 

Register I 01001 reg 3 

CMP = Compare: 

Register I memory with register I 0011101w mod reg rim 3/10 

Register with register/memory I 0011100w mod reg rim 3/10 

Immediate with register I memory I 100000sw mod111 rim data I data ifs w=01 I 3/10 

Immediate with accumulator I 0011110w data dataifw=1 I 3/4 8/16-bit 

NEG = Change sign register/memory I 1111011 w mod011 rim 3/10 

AAA = ASCII adjust for add I 00110111 8 

DAA = Decimal adjust for add I 00100111 4 

AAS = ASCII adjust for subtract I 00111111 7 

DAS = Decimal adjust for subtract I 00101111 I 4 

MUL = Multiply (unsigned): I 1111011w I mod 100 rim I 
Register-Byte 26-28 
Register-Word 35-37 
Memory-Byte 32-34 
Memory-Word 41-43 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 
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infel. 80C186EC-16, ·13 

INSTRUCTION SET SUMMARY (Continued) 

Function Format 

ARITHMETIC (Continued) 

IMUL = Integer multiply (signed): 1111011w mod 101 rim 

Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 

DIV = Divide (unsigned): 1111011w mod 11 O rim 

Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 

IDIV = Integer divide (signed): 1111011w mod 111 rim 

Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 

AAM = ASCII adjust for multiply 11010100 00001010 

AAD = ASCII adjust for divide 11010101 00001010 

CBW = Convert byte to word 10011000 

CWD = Convert word to double word 10011001 

LOGIC 
Shift/Rotate Instructions: 

Register/Memory by 1 1101000w modTTTr/m 

Register/Memory by CL 

TTT Instruction 
000 AOL 
001 ROA 
01 0 RCL 
011 RCA 
100 SHL/SAL 
101 SHA 
111 SAR 

AND= And: 

Reg/ memory and register to either 001000dw mod reg rim 

Immediate to register/memory 1 OOOOOOw mod100 rim data 

Immediate to accumulator 0010010w data dataifw=1 

TEST= And function to flags, no resu,...11_: -------.------. 

Register/memory and register I 1OoOO1 Ow mod reg rim 
:=:::====:::::::======:::::..-~~~~~~~ 

Immediate data and register/memory I 1111011 w modOOO rim data dataifw=1 
:=:::====:::::::=======!=======::::--~~--' 

Immediate data and accumulator I 1 O 1 O 1 O O w 'data dataifw=1 

OR=Or: 

Reg/ memory and register to either 000010dw mod reg rim 

Immediate to register/memory 1 OOOOOOw mod001 rim data dataifw=1 

Immediate to accumulator 0000110w data dataifw=1 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 
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Clock 
Comments 

Cycles 

25-28 
34-37 
31-34 
40-43 

-32 

29 
38 
35 
44 

44-52 
53-61 
50-58 
59-67 

19 

15 

2 

4 

2/15 

5+n/17+n 

3/10 

4/16 

3/4 8/16-bit 

3/10 

4/10 

3/4 8/16-bit 

3/10 

4/16 

3/4 8/16-bit 



infel~ 80C186EC·16, ·13 

INSTRUCTION SET SUMMARY (Continued) 

Function 

LOGIC (Continued) 
XOR = Exclusive or: 

Reg/ memory and register to either 

Immediate to register/memory 

Immediate to accumulator 

NOT = Invert register I memory 

STRING MANIPULATION 

001100dw 

1000000w 

0011010w 

1111011 w 

MOVS = Move byte/word 1 O 1 O O 1 Ow 

CMPS = Compare byte/word 1 O 1 O O 1 1 w 

SCAS = Scan byte/word 1 o 1 o 1 1 1 w 

LOOS = Load byte/wd to AL/ AX 1 0 1 0 1 1 0 w 

STOS = Store byte/wd from AL/ AX 1 0 1 0 1 0 1 w 

:;t!f~~i~~~~l: 

Format 

mod reg r/m 

mod 11 O r/m data 

data dataifw=1 

mod O 1 O rim 

Repeated by count in CX (REP /REPE/REPZ/REPNE/REPNZ) 

MOVS = Move string 

CMPS = Compare string 

SCAS = Scan string 

LOOS = Load string 

STOS = Store string 

:~,~~,~~:. 
Ti\ 'f, ' \'.t '' },,.~ 

... ~·~,~~~t:·~ 
CONTROL TRANSFER 

CALL= Call: 

Direct within segment 

Register/memory 
indirect within segment 

Direct intersegment 

Indirect intersegment 

JMP = Unconditional jump: 

Short/long 

Direct within segment 

Register I memory 
indirect within segment 

Direct intersegment 

Indirect intersegment 

1111001 0 

1111001 z 

1111001 z 

1111001 0 

1111001 0 

11101000 

11111111 

1001101 0 

11111111 

11101011 

11101001 

11111111 

1110101 0 

11111111 

1010010w 

1010011 w 

1010111 w 

101011 Ow 

1010101 w 

disp-low disp-high 

mod 01 0 rim 

segment offset 

segment selector 

mod011 rim (mod9' 11) 

disp-low 

disp-low disp-high 

mod 1 O O rim 

segment offset 

segment selector 

mod 101 rim I (mod* 11) 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 

24-335 

Clock 
Comments 

Cycles 

3/10 

dataifw=1 4/16 

3/4 8/16-bit 

3/10 

14 

22 

15 

12 

10 

8+8n 

5+22n 

5+15n 

6+11n 

6+9n 

15 m 
13/19 

23 

38 

14 

14 

11 /17 

14 

26 



infel. 80C186EC·16, ·13 

INSTRUCTION SET' SUMMARY (Continued) 

Function 

CONTROL TRANSFER (Continued) 
RET = Return from CALL: 

Within segment 

Within seg adding immed to SP 

lntersegment 

lntersegment adding immediate to SP 

JE/JZ = Jump on equal/zero 

JL/JNGE = Jump on less/not greater or equal 

JLE/JNG = Jump on less or equal/not greater 

JB/JNAE = Jump on below/not above or equal 

JBE/JNA = Jump on below or equal/not above 

JP/JPE = Jump on parity/parity even 

JO = Jump on overflow 

JS = Jump on sign 

JNE/JNZ = Jump on not equal/not zero 

JNL/JGE = Jump on not less/greater or equal 

JNLE/JG = Jump on not less or equal/greater 

JNB/JAE = Jump on not below/above or equal 

JNBE/JA = Jump on not below or equal/above 

JNP/ JPO = Jump on not par/par odd 

JNO = Jump on not overflow 

JNS = Jump on not sign 

JCXZ = Jump on ex zero 

LOOP = Loop ex times 

LOOPZ/LOOPE = Loop while zero/equal 

INT = Interrupt: 

Type specified 

Type3 

INTO = Interrupt on overflow 

IRET = Interrupt return 

11000011 

11000010 

11001 011 

1100101 0 

01110100 

01111100 

0111111 0 

01110010 

01110110 

01111010 

01110000 

01111000 

01110101 

01111101 

01•111111 

01110011 

01110111 

01111 011 

01110001 

01111 001 

11100011 

11100010 

11100001 

11001101 

11001100 

11001110 

Format 

data-low 

data-low 

disp 

disp 

disp 

disp 

disp 

dlsp 

disp 

disp 

disp 

disp 

disp 

disp 

disp 

disp 

disp 

disp. 

disp 

disp 

disp 

type 

£©\Y1£00@[g OOOIP©OOIMl£'1f0©00 

data-high 

data-high 

Clock 
Cycles 

16 

18 

22 

25 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

5/15 

6/16 

6/16 

47 

45 

48/4 

28 

Comments 

JMPnot 

taken/JMP 

taken 

LOOP not' 

taken/LOOP 

·taken 

if INT. taken/ 

if INT.not 
taken 

Shaded areas indicate instructions not available in 8086/8088 microsystems.· 
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infel .. 80C186EC·16, ·13 

INSTRUCTION SET SUMMARY (Continued) 

Function Fonnat 
Clock 

Comments 
Cycles 

PROCESSOR CONTROL 

CLC = Clear carry 11111 000 2 

CMC = Complement carry 11110101 2 

STC = Set carry 11111 001 2 

CLD = Clear direction , , , , 11 00 2 

STD = Set direction 111,, 101 2 

CLI = Clear interrupt 11111010 2 

STI = Set interrupt 1, 1, 10,1 2 

HLT =Halt 11110100 2 

WAIT= Wait 10011 011 6 H~=O 

LOCK = Bus lock prefix 11110000 2 

NOP = No Operation 10010000 3 

(TTT LLL are opcode to processor extension) 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 

The Effective Address (EA) of the memory operand 
is computed according to the mod and rim fields: 
if mod 11 then rim is treated as a REG field 
if mod oo then DISP = o•, disp-low and disp

if mod 

if mod 
. if rim 

if rim 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 

high are absent 
01 then DISP = disp-low sign-extended 
to 16-bits, disp-high is absent 
10 then DISP = disp-high: disp-low 
000 then EA = (BX) + (SI) + DISP 
001 then EA = (BX) + (DI) + DISP 
010 then EA = (BP) + (SI) + DISP 
011 then EA = (BP) + (DI) + DISP 
100 then EA = (SI) + DISP 
101 then EA = (DI) + DISP 
110 then EA = (BP) + DISP* 
111 then EA = (BX) + DISP 

DISP follows 2nd byte of instruction (before data if 
required) 

•except if mod= 00 and rim= 110 then EA= 
disp-high: disp-low. 

EA calculation time is 4 clock cycles for all modes, 
and is included in the execution times given whenev
er appropriate. 

Segment Override Prefix 

I 0 0 1 reg 1 1 0 I 
reg is assigned according to the following: 

Segment 
reg Register 
00 ES 
01 cs 
10 SS 
11 OS 

REG is assigned according to the following table: 
16-Blt (w = 1) 8-Blt (w = 0) 

OOOAX OOOAL 
001 ex 001 CL 
010 DX, 010 DL 
011 BX 011 BL 
100SP 100AH 
101 BP 101 CH 
110 SI 110 DH 
111 DI 111 BH 

The physical addresses of all operands addressed 
by the BP register are computed using the SS seg
ment register. The physical addresses of the desti
nation operands of the string primitive operations 
(those addressed by the DI register) are computed 
using the ES segment, which may not be overridden. 
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SOL 186EA-13, -8 
16-BIT HIGH INTEGRATION EMBEDDED PROCESSOR 

• 3V Operation, Vee= 2.7V-5.5V 

• Full Static Operation 

• True CMOS Inputs and Outputs 

• Integrated Feature Set 
-Static 1S6 CPU Core 
- Power Save, Idle and Powerdown 

Modes 
- Clock Generator 
- 2 Independent OMA Channels 
- 3 Programmable 16-Bit Timers 
- Dynamic RAM Refresh Control Unit 
- Programmable Memory and 

Peripheral Chip Select Logic 
- Programmable Wait State Generator 
- Local Bus Controller 
- System-Level Testing Support 

(High Impedance Test Mode) 

• Speed Versions Available: 
-13 MHz (SOL 1S6EA·13) 
- S MHz (SOL 1S6EA·S) 

• Direct Addressing Capability to 
1 Mbyte Memory and 64 Kbyte 1/0 

• Complete System Development 
Support 
-All SOS6/SOSS and SOC1S6 Family 

Software Development Tools Can Be 
Used for SOL 1S6EA System 
Development 
- ASMS6 Assembler, iC-S6, 

Pascal·S6, FORTRAN·S6, PL/M·S6 
and System Utilities 

- In-Circuit-Emulator (ICE™·1S6) 

• Available in the Following Packages: 
- 6S·Pin Plastic Leaded Chip Carrier 

(PLCC) 
- SO-Pin EIAJ Quad Flat Pack (QFP) 

• Available in EXPRESS Extended 
Temperature Range (- 40°C to + S5°C) 

The SOL 1 S6EA is the 3V version of the SOC1 S6EA Embedded Processor. By reducing V cc. further power 
savings can be realized over the standard SOC1 S6EA, making the SOL 1 S6EA ideal for battery-powered porta
ble applications. 

24-33S 
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SOL 186EA·13, -8 

INTRODUCTION 

The SOL 1 S6EA is the second member of the 1 S6 
Integrated Processor Family to go to 3V operation, 
following the SOL 1 S6EB. The SOL 1 S6EA is the 3V 
version of the SOC1 S6EA. The SOL 1 S6EA is func
tionally compatible with the industry standard 
SOC1S6 embedded processor. Current SOC1S6 us
ers can easily upgrade their designs to use the 
SOL 1 S6EA and benefit from the reduced power con
sumption of 3V operation. 

The feature set of the SOL 1 S6EA meets the needs of 
battery-powered applications. Battery-powered ap
plications benefit from the static CPU core and pe
ripherals. Minimum current consumption is achieved 
by combining low voltage operation along with the 
features of the power management unit, thus maxi
mizing battery life. Peripheral design enhancements 
ensure that non-initialized peripherals consume little 
current. 

Space-critical applications benefit from the inte
gration of commonly used system peripherals. Two 
flexible OMA channels perform CPU-independent 
data transfers. A flexible chip select unit simplifies 
memory and peripheral interfacing. The interrupt unit 
provides sources for up to 12S external interrupts 
and will prioritize these interrupts with those generat
ed from the on-chip peripherals. Three general pur
pose timer/counters round out the feature set of the 
SOL1S6EA. 

OVERVIEW 

Figure 1 shows a block diagram of the SOL 1 S6EA. 
The Execution Unit (EU) is an enhanced SOS6 CPU 
core that includes: dedicated hardware to speed up 
effective address calculations, enhance execution 
speed for multiple-bit shift and rotate instructions 
and for multiply and divide instructions, string move 
instructions that operate at full bus bandwidth, ten 
new instructions, and static operation. The Bus Inter
face Unit (BIU) is the same as that found on the 
original SOC1 S6 family products. An independent in
ternal bus is used to allow communication between 
the BIU and internal peripherals. 

Differences between the 
80C186 and the SOL 186EA 

The SOL 1 S6EA is intended as a direct functional up
grade for SOC1S6 designs. In many cases, it will be 
possible to replace an existing SOC1 S6 with little or 
no hardware redesign. The following sections de
scribe differences in pinout, operating modes, and 
AC and DC specifications to keep in mind. 

Pinout Compatibility 

The SOL 1 S6EA requires a PDTMR pin to time the 
processor's exit from Powerdown Mode. The original 
pin arrangement for the SOC1 S6 in the PLCC pack
age did not have any spare leads to use for PDTMR, 
so the DT /R pin was sacrificed. The arrangement of 
all the. other leads in the 6S-lead PLCC is identical 
between the SOC1 S6 and the SOL 1 S6EA. DT /R may 
be readily synthesized by latching the S1 status out
put. Therefore, upgrading a PLCC SOC1 S6 to PLCC 
SOL 1 S6EA is particularly straightforward. You must 
connect a capacitor to the SOL 1 S6EA PDTMR pin in 
order to use Powerdown Mode. 

The SO-lead QFP (EIAJ) pinouts are distinctly differ
ent between the SOC1 S6 and the SOL 1 S6EA. In addi
tion to the PDTMR pin, the SOL 1 S6EA has more 
power and ground pins and the overall arrangement 
of pins was shifted. A new circuit board layout for the 
SOL 1 S6EA is required. 

Operating Modes 

The SOC1 S6 has two operating modes, Compatible 
and Enhanced. Compatible Mode is a pin-to-pin re
placement for the NMOS S01 S6, except for numeri
cs coprocessing. In Enhanced Mode, the processor 
has a Refresh Control Unit and the Power-Save fea
ture. 

In regular operation, all SOL 1 S6EA features (includ
ing those of the Enhanced Mode SOC1 S6) are pres
ent. 
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PACKAGE INFORMATION 

This section describes the pins, pinouts, and thermal 
characteristics for the SOL 186EA in the Plastic Lead
ed Chip Carrier (PLCC) package and Quad Flat Pack 
(QFP) package. For complete package specifica
tions and information, see the Intel Packaging Out
lines and Dimensions Guide (Order Number: 
231369). 

Pin Descriptions 

Each pin or logical set of pins is described in Table 
2. There are three columns for each entry in the Pin 
Description Table. 

The Pin Name column contains a mnemonic that 
describes the pin function. Negation of the signal 
name (for example, RESIN) denotes a signal that is 
active low. 

The Pin Type column contains two kinds of informa
tion. The first symbol indicates whether a pin is pow
er (P), ground (G), input only (I), output only (0) or 
input/output (1/0). Some pins have multiplexed 
functions (for example, A 19/S6). Additional symbols 
indicate additional characteristics for each pin. Table 
4 lists all the possible symbols for this column. 

Input pins may be either synchronous or asynchro
nous. Asynchronous pins require that setup and hold 
times be met only in order to guarantee recognition 
at a particular clock edge. Synchronous pins require 
that setup and hold times be met to guarantee prop
er operation. For example, missing the setup or hold 
time for the SRDY pin (a synchronous input) will re
sult in a system failure or lockup. Input pins may also 
be edge- or level-sensitive. The possible character
istics for input pins are S(E), S(L), A(E) and A(L). 

Output states are dependent upon the current activi
ty of the processor. There are four operational 
states that are different from regular operation: bus 
hold, reset, Idle Mode and Powerdown Mode. Ap
propriate characteristics for these states are also in
dicated in this column, with the legend for all possi
ble characteristics in Table 1. 

Finally, the Pin Description column contains a text 
description of each pin. 

As an example, consider AD15:0. 1/0 signifies the 
pins are bidirectional. S(L) signifies that the input 
function is synchronous and level-sensitive. H(Z) 
signifies that, as outputs, the pins are high-imped
ance upon acknowledgement of bus hold. R(Z) sig
nifies that the pins float during reset. P(X) signifies 
that the pins retain their states during Powerdown 
Mode. 
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Table 1. Pin Description Nomenclature 

Symbol Description 

p Power Pin (Apply +Vee Voltage) 
G Ground (Connect to Vss) 
I Input Only Pin 
0 Output Only Pin 
110 Input/Output Pin 

S(E) Synchronous, Edge Sensitive 
S(L) Synchronous, Level Sensitive 
A(E) Asynchronous, Edge Sensitive 
A(L) Asynchronous, Level Sensitive 

H(1) Output Driven to Vee during Bus Hold 
H(O) Output Driven to Vss during Bus Hold 
H(Z) Output Floats during Bus Hold 
H(Q) Output Remains Active during Bus Hold 
H(X) Output Retains Current State during Bus Hold 

R(WH) Output Weakly Held at Vee during Reset 
R(1) Output Driven to Vee during Reset 
R(O) Output Driven to Vss during Reset 
R(Z) Output Floats during Reset 
R(Q) Output Remains Active during Reset 
R(X) Output Retains Current State during Reset 

1(1) Output Driven to Vee during Idle Mode 
1(0) Output Driven to Vss during Idle Mode 
l(Z) Output Floats during Idle Mode 
l(Q) Output Remains Active during Idle Mode 
l(X) Output Retains Current State during Idle Mode 

P(1) Output Driven to Vee during Powerdown Mode 
P(O) Output Driven to Vss during Powerdown Mode 
P(Z) Output Floats during Powerdown Mode 
P(Q) Output Remains Active during Powerdown Mode 
P(X) Output Retains Current State during Powerdown Mode 
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Table 2. SOL 186EA Pin Descriptions 

Name Type Description 

Vee p POWER connections consist of six pins which must be shorted externally to a V cc 
board plane. 

Vss G GROUND connections consist of five pins which must be shorted externally to a 
Vss board plane. 

CLKIN I CLocK INput is an input for an external clock. An external oscillator operating at 
A(E) two times the required SOL 1S6EA operating frequency can be connected to CLKIN. 

For crystal operation, CLKIN (along with OSCOUT) are the crystal connections to 
an internal Pierce oscillator. 

OSCOUT 0 OSCillator OUTput is only used when using a crystal to generate the external 
H(Q) clock. OSCOUT (along with CLKIN) are the crystal connections to an internal 
R(Q) Pierce oscillator. This pin is not to be used as 2X clock output for non-crystal 

P(Q) applications (i.e., this pin is N.C. for non-crystal applications). OSCOUT does not 
float in ONCE mode. 

CLKOUT 0 CLocK OUTput provides a timing reference for inputs and outputs of the 
H(Q) processor, and is one-half the input clock (CLKIN) frequency. CLKOUT has a 50% 
R(Q) duty cycle and transistions every falling edge of CLKIN. 

P(Q) 

RESIN I RESet IN causes the SOL 1 S6EA to immediately terminate any bus cycle in 
A(L) progress and assume an initialized state. All pins will be driven to a known state, 

and RESOUT will also be driven active. The rising edge (low-to-high) transition 
synchronizes CLKOUT with CLKIN before the SOL 1 S6EA begins fetching opcodes 
at memory location OFFFFOH. 

RESOUT 0 RESet OUTput that indicates the SOL 1 S6EA is currently in the reset state. 
H(O) RESOUT will remain active as long as RESIN remains active. 
R(1) 
P(O) 

PDTMR 1/0 Power-Down TIMeR pin (normally connected to an external capacitor) that 
A(L) determines the amount of time the SOL 1S6EA waits after an exit from power down 

H(WH) before resuming normal operation. The duration of time required will depend on the 

R(Z) startup characteristics of the crystal oscillator. 

P(1) 

NMI I Non-Maskable Interrupt input causes a Type 2 interrupt to be serviced by the 
A(E) CPU. NMI is latched internally. 

TEST I TEST is used during the execution of the WAIT instruction to suspend CPU 
A(E) operation until the pin is sampled active (low). 

AD15:0 1/0 These pins provide a multiplexed Address and Data bus. During the address 
S(L) phase of the bus cycle, address bits 0 through 15 are presented on the bus and can 
H(Z) be latched using ALE. S- or 16-bit data information is transferred during the data 

R(Z) phase of the bus cycle. 

P(X) 

A1S:16 H(Z) These pins provide multiplexed Address during the address phase of the bus 
A19/S6 R(Z) cycle. Address bits 16 through 19 are presented on these pins and can be latched 

P(X) using ALE. A 1S:16 are driven to a logic O during the data phase of the bus cycle. 
Also during the data phase, S6 is driven to a logic Oto indicate a CPU-initiated bus 
cycle or logic 1 to indicate a OMA-initiated bus cycle or a refresh cycle. 
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Table 2. SOL 186EA Pin Descriptions (Continued) 

Name Type Description 

S2:0 0 Bus cycle Status are encoded on these pins to provide bus transaction 
H(Z) information. S2:0 are ·encoded as follows: 
R(Z) S2 S1 so Bus Cycle Initiated 
P(1) 0 0 0 Interrupt Acknowledge 

0 0 1 Read 1/0 
0 1 0 Write 110 
0 1 1 Processor HALT 
1 0 0 Queue Instruction Fetch 
1 0 1 Read Memory 
1 1 0 Write Memory 
1 1 1 Passive (no bus activity) 

ALE/QSO 0 Address Latch Enable output is used to strobe address information into a 
H(O) transparent type latch during the address phase of the bus cycle. In Queue Status 
R(O) Mode, QSO provides queue status information along with QS1. 

P(O) 

BHE 0 Byte High Enable output to indicate that the bus cycle in progress is transferring 
H(Z) data over the upper half of the data bus. BHE and AO have the following logical 
R(Z) encoding: 

P(X) AO BHE Encoding 
0 0 Word Transfer 
0 1 Even Byte Transfer 
1 0 Odd Byte Transfer 
1 1 Refresh Operation 

RD/QSMD 1/0 ReaD output signals that the accessed memory or 1/0 device must drive data 
H(Z) information onto the data bus. Upon reset, this pin has an alternate function. As 

R(WH) QSMD, it enables Queue Status Mode when grounded. In Queue Status Mode, 

P(1) the ALE/QSO and WR/QS1 pins provide the following information about 
processor/instruction queue interaction: 

QS1 QSO Queue Operation 
0 0 No Queue Operation 
0 1 First Opcode Byte Fetched from the Queue 
1 1 Subsequent Byte Fetched from the Queue 
1 0 Empty the Queue 

WR/QS1 0 WRite output signals that data available on the data bus are to be written into the 
H(Z) accessed memory or 1/0 device. In Queue Status Mode, QS1 provides queue 
R(Z) status information along with QSO. 

P(1) 

ARDY I Asychronous ReaDY is an input to signal for the end of a bus cycle. ARDY is 
A(L) asynchronous on rising CLKOUT and synchronous on falling CLKOUT. ARDY or 
S(L) SRDY must be active to terminate any SOL 1 S6EA bus cycle, unless they are 

ignored due to correct programming of the Chip Select Unit. 

SRDY I Synchronous ReaDY is an input to signal for the end of a bus cycle. ARDY or 
S(L) SRDY must be active to terminate any SOL 1 S6EA bus cycle, unless they are 

ignored due to correct programming of the Chip Select Unit. 

DEN 0 Data ENable output to control the enable of bidirectional transceivers when 
H(Z) buffering an SOL 1 S6EA system. DEN is active only when data is to be transferred 
R(Z) on the bus. 

P(1) 
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Table 2. SOL 186EA Pin Descriptions (Continued) 

Name Type Description 

DT/R 0 Data Transmit/Receive output controls t~ direction of a bi-directional buffer 
H(Z) when buffering an BOL 186EA system. DT /R is only available for the QFP (EIAJ) 
R(Z) package (SSOL 186EA). 

P(X) 

LOCK 1/0 LOCK output indicates that the bus cycle in progress is not to be interrupted. 
H(Z) The BOL 1 S6EA will not service other bus requests (such as HOLD) while LOCK 

R(WH) is active. This pin is configured as a weakly held high input while RESIN is active 

P(1) and must not be driven low. 

HOLD I HOLD request input to signal that an external bus master wishes to gain control 
A(L) of the local bus. The SOL 1 S6EA will relinquish control of the local bus between 

Instruction boundaries not conditioned by a LOCK prefix. 

HLDA 0 HoLD Acknowledge output to indicate that the SOL 1 S6EA has relinquish 
H(1) control of the local bus. When HLDA is asserted, the SOL 1 S6EA will (or has) 
R(O) floated its data bus and control signals allowing another bus master to drive the 

P(O) signals directly. 

ucs 0 Upper Chip Select will go active whenever the address of a memory or 1/0 bus 
H(1) cycle is within the address limitations programmed by the user. After reset, UCS 
R(1) is configured to be active for memory accesses between OFFCOOH and 

P(1) OFFFFFH. During a processor reset, UCS and LCS are used to enable ONCE 
Mode. 

LCS 0 Lower Chip Select will go active whenever the address of a memory bus cycle 
H(1) is within the address limitations pr0~-ammed by the user. LCS is inactive after a 
R(1) reset. During a processor reset, U and [CS are used to enable ONCE Mode. 

P(1) 

MCSO. 0 If enabled, these pins comprise a block of Mid-Range Chip Select outputs 
MCS1 H(1) which will go active whenever the address of a memory bus cycle is within the 

MCS2 R(1) address limitations programmed by the user. 

MCS3 P(1) 
A(L) 

PCS4:0 0 Peripheral Chip Selects go active whenever the address of a memory or 1/0 I 
H(1) bus cycle is within the address limitations programmed by the user. 
R(1) 
P(1) 

PCS5/A1 0 These pins provide a multiplexed function. As additional Peripheral Chip 
PCS6/A2 H(1)/H(X) Selects, they go active whenever the address of a memory or 1/0 bus cycle is 

R(1) within the address limitations by the user. They may also be programmed to 

P(1) provide latched Address A2:1 signals. 

TOO UT 0 Timer OUTput pins can be programmed to provide a single clock or continuous 
T10UT H(Q) waveform generation, depending on the timer mode selected. 

R(1) 
P(Q) 

TOIN I Timer INput is used either as clock or control signals, depending on the timer 
T11N A(L) mode selected. 

A(E) 
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Table 2. 80L 186EA Pin Descriptions (Continued) 

Name Type Description 

DRQO I OMA ReQuest is asserted by an external request when it is prepared for a 
DRQ1 A(L) OMA transfer. 

INTO I Maskable INTerrupt input will cause a vector to a specific Type interrupt 
INT1 /SEIEei' A(E,L) routine. To allow interrupt expansion, INTO and/or INT1 can be used with 

INTAO and INTA1 to interface with an external slave controller. INT1 
becomes SELECT when the ICU is configured for Slave Mode. 

INT2ilNTAO 110 These pins provide multiplexed functions. As inputs, they provide a 
INT3/INTA1/IRQ A(E,L) maskable INTerrupt that will cause the CPU to vector to a specific Type 

/H(1) interrupt routine. As outputs1 each is programmatically controlled to provide 

R(Z) an INTerrupt Acknowledge handshake signal to allow interrupt expansion. 

/P(1) INT3/INTA1 becomes IRQ when the ICU is configured for Slave Mode. 

N.C. - No Connect. For compatibility with future products, do not connect to these 
pins. 

SOL 186EA PINOUT 

Tables 3 and 4 list the 80L186EA pin names with 
package location for the 68-pin Plastic Leaded Chip 
Carrier (PLCC) component. Figure 2 depicts the 
complete SOL 186EA pinout (PLCC package) as 
viewed from the top side of the component (i.e., con
tacts facing down). 

Tables 5 and 6 list the 80L186EA pin names with 
package location for the 80-pin Quad Flat Pack 
(EIAJ) component. Figure 2 depicts the complete 
80l186EA (EIAJ QFP package) as viewed from the 
top side of the component (i.e., contacts facing 
down).· 

Table 3. PLCC Pin Names with Package Location 

Address/Data Bus Bus Control Processor Control 1/0 

Name Location Name Location Name Location Name Location 
I 

ADO 17 ALE/QSO 61 RESIN 24 ocs 34 
I AD1 15 BHE 64 RESOUT 57 [CS 33 

AD2 13. so 52 CLKIN 59 MC50 38 
AD3 11 S1 53 OSCO UT 58 MesT 37 
AD4 8 S2 54 CLKOUT 56 MCS2 36 
ADS 6 
AD6 4 
AD7 2 
ADB 16 
AD9 14 
AD10 12 
AD11 10 
AD12 7 
AD13 5 
AD14 3 
AD15 1 

RD/OSMD 62 
WR/QS1 63 

ARDY 55 
SRDY 49 

DEN 39 
LOCK 48 

HOLD 50 
HLDA 51 

Power 

TEST 47 

PDTMR 40 

NMI 46 
INTO 45 
INT1 /SELECT 44 
INT2/INTAO 42 
INT3/INT A 1 / 41 
IRQ 

~ 35 
peso 25 
j5CSf 27 
J5CS2 28 
PCS3 29 
PeS4 30. 
PCSS/A1 31 
PCS6/A2 32 

TO OUT 22 
TOIN 20 
T10UT 23 

A16 68 
A17 67 
A18 66 
A19/S6 65 

Name Location 

Vss 26,60 

Vee 9,43 

T11N 21 

DRQO 18 
DRQ1 19 
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Location 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

NOTE: 

Name 

AD15 
AD7 
AD14 
ADS 
AD13 
ADS 
AD12 
AD4 
Vee 
AD11 
AD3 
AD10 
AD2 
AD9 
AD1 
ADS 
ADO 

AD15 

AD7 
AD14 

AD& 

AD13 

ADS 

AD12 

AD4 

Vee 

AD11 

AD3 

ADID 

AD2 
AD9 

ADI 

ADI 

ADO 

SOL 186EA-13, ·8 

Table 4. PLCC Package Locations with Pin Name 

Location Name Location Name 

18 DRQO 35 ~ 
19 DRQ1 36 MCS2 
20 TOIN 37 MCS1 
21 T11N 38 MCSO 
22 TOOUT 39 DEN 
23 T10UT 40 PDTMR 
24 RESIN 41 INT3/INTA1/ 
25 j5C5Q IRQ 
26 V55 42 INT2/INTAO 
27 PCS1 43 Vee 
28 Pes2 44 INT1 /SELECT 
29 PCS3 45 INTO 
30 PCS4 46 NMI 
31 i'CSSIA1 47 TEST 
32 ~/A2 48 LOCK 
33 [CS 49 SRDY 
34 ucs 50 HOLD 

51 HLDA 

• N80L186EA 

I XXXXXXXXA (See Note) 

(TOP) 

Location Name 

52 so 
53 'ST 
54 S2 
55 ARDY 
56 CLKOUT 
57 RESOUT 
58 OSCO UT 
59 CLKIN 
60 V55 
61 ALE/QSO 
62 m:>10SMD 
63 WR/QS1 
64 BHE 
65 A19/S6 
66 A18 
67 A17 
68 A16 

HLDA 

HOLD 

SRDY 

LOCK 

TEST 

NMI 
INTO 

INTI/SELECT 

Vee 

INT2/INTAO 

INT3/INTAl/IRO 

PDTMR 

DEN 

MCSO 
MCSI 

MCS2 

MCS3 

272021-3 

The nine-character alphanumeric code (XXXXXXXXA) underneath the product number is the Intel FPO number. 

Figure 2. 68-Lead PLCC Plnout Diagram 
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Table 5. QFP (EIAJ) Pin Name with Package Location 

Address/Data Bus Bus Control Processor Control 1/0 

Name Location Name Location Name Location Name Location 

ADO 64 ALE/QSO 10 RESIN 55 ucs 45 
AD1 66 SHE 7 RE SO UT 18 LCS 46 
AD2 68 00 23 CLKIN 16 MCSO 40 
AD3 70 S1 22 OSCO UT 17 MCS1 41 
AD4 74 
AD5 76 
AD6 78 
AD? 80 
ADS 65 
AD9 67 
AD10 69 

82 21 

RD/QSMD 9 
WR/QS1 8 
ARDY 20 
SRDY 27 
DT/R 37 
DEN 39 

CLKOUT 19 
TEST 29 
PDTMR 38 
NMI 30 
INTO 31 
INT1 /SELECT 32 
INT2/INTAO 35 

MCS2 42 
MCS3 43 

PCSO 54 
PCS1 52 
PCS2 51 
PCS3 50 
PCS4 49 

AD11 71 
AD12 75 
AD13 77 

LOCK 28 

HOLD 26 

INT3/INTA1/ 36 
IRQ 
N.C. 11, 14, 

PCS5/A1 48 
PCS6/A2 47 
TOO UT 57 

AD14 79 HLDA 25 15, 63 TOIN 59 
AD15 1 T10UT 56 
A16 3 Power T11N 58 
A17 4 Name Location DRQO 61 
A18 5 
A19/S6 6 Vss 12, 13, 24, 

DRQ1 60 

53,62 

Vee 2, 33, 34, 
44, 72, 73 
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Table 6. QFP (EIAJ) Package Location with Pin Names 

Location Name Location Name Location -Name Location 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

AD15 21 S2 41 MCS1 61 
Vee 22 51 42 Mes2 62 
A16 23 so 43 MCS3 63 
A17 24 Vss 44 Vee 64 
A18 25 HLDA 45 DCS 65 
A19/S6 26 HOLD 46 [CS 66 
BHE 27 SRDY 47 PCS6/A2 67 
WR/QS1 28 LOCK 48 PCS5/A1 68 
RD/QSMD 29 TEST 49 PCS4 69 
ALE/QSO 30 NMI 50 PCS3 70 
N.C. 31 INTO 51 i5CS2 71 

Vss 32 INT1 /SELECT 52 PCSf 72 
Vss 33 Vee 53 Vss 73 
N.C. 34 Vee 54 ~ 74 
N.C. 35 INT2/INTAO 55 RESIN 75 
CLKIN 36 INT3/INTA1/ 56 T10UT 76 
OSCO UT IRQ 57 TOOUT 77 
RESOUT 37 DT/R 58 T11N 78 
CLKOUT 38 PDTMR 59 TOIN 79 
ARDY 39 DEN 60 DR01 80 

40 MeSO 

64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48 47 46 45 44 43 42 41 

ADS 65 40 MCSO 

~1 ~ ~ 

AD9 

ADZ 

ADIO 

AD3 

AD11 

Vee 

Vee 

AD4 

AD12 

ADS 

AD13 

AD& 

AD14 

AD7 

I S80L 186EA 
I XXXXXXXXA (See Note) 

(TOP) 

38 PDTMR 

37 DT/R 

36 INT3/INTA 1/IRQ 

35 INT2/INT AO 

34 Vee 

33 Vee 

32 INTI/SELECT 

INTO 

NMI 

29 'ffii' 
28 LOCK 

27 SRDY 

26 HOLD 

25 HLDA 

Name 

DROO 
Vss 
N.C. 
ADO 
ADS 
AD1 
AD9 
AD2 
AD10 
AD3 
AD11 
Vee 
Vee 
AD4 
AD12 
ADS 
AD13 
ADS 
AD14 
AD7 

272021-4 
NOTE: 
The nine-character alphanumeric code (XXXXXXXXA) underneath the product number is the Intel FPO number. 

Figure 3. Quad Flat Pack (EIAJ) Pinout Diagram 
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PACKAGE THERMAL 
SPECIFICATIONS 

The SOL 1 S6EA is specified for operation when Te 
(the case temperature) is within the range of o•c to 
S5'C (PLCC package) or o·c to 106°C (QFP-EIAJ) 
package. Te may be measured in any environment 
to determine whether the SOL 1 S6EA is within the 
specified operating range. The case temperature 
must be measured at the center of the top surface. 

TA (the ambient temperature) can be calculated 
from 9eA (thermal resistance from the case to ambi
ent) with the following equation: 

Typical values for fJeA at various airflows are given 
in Table 7 for the 6S-pin Plastic Leaded Chip Carrier 
(PLCC) package. 

Table S shows the maximum TA allowable (without 
exceeding Tc) at various airflows and operating fre
quencies. P (the maximum power consumption, 
specified in watts) is calculated by using the maxi
mum ICC as tabulated in the DC specifications and 
Vee of 5V. 

Table 7. Thermal Resistance (9cA) at Various Airflows (in °C/Watt) 

Airflow Linear ft/min (m/sec) 

0 200 400 600 800 1000 
(0) (1.01) (2.03) (3.04) (4.06) (5.07) 

[9eA (PLCC) 29 25 21 19 17 16.5 

rfJeA (QFP) 66 ' 63 60.5 59 5S 57 

Table 8. Maximum TA at Various Airflows (In °C) 

Airflow Linear ft/min (m/sec) 

TF 0 200 400 600 800 1000 
r-- (0) (1.01) (2.03) (3.04) (4.06) (5.07) (MHz) 

TA (PLCC) 25 7S so S1 S2 82.5 83 
32 74 76 7S 79 79.5 so 
40 70 72 74 75 76 76.5 

TA(QFP) 25 84 S5.5 S6 87 S7 S7.5 
32 77.5 79 80 S0.5 81 81.5 
40 70 71.5 73 74 74 75 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS* 

Storage Temperature .......... - 65°C to + 150°C 

Case Temperature under Bias ... -65°C to+ 150°C 

Supply Voltage with Respect 
to Vss ....................... -0.5V to + 6.5V 

Voltage on Other Pins with Respect 
to Vss .................. -0.5V to Vee+ 0.5V 

OPERATING CONDITIONS 
Symbol Parameter 

Vee Supply Voltage 

TF Input Clock Frequency 
80L186EA13 
80L186EA8 

Tc Case Temperature under Bias 
NSOL 186EA (PLCC) 
SSOL 186EA (QFP) 

RECOMMENDED CONNECTIONS 

Power and ground connections must be made to 
multiple Vee and Vss pins. Every SOL186EA based 
circuit board should contain separate power (Vee) 
and ground (Vss) planes. All Vee and Vss pins must 
be connected to the appropriate plane. Pins identi
fied as "N.C." must not be connected in the system. 
Decoupling capacitors should be placed near the 
SOL 186EA. The value and type of decoupling capac-

NOTICE: This data sheet contains information on 
products in the sampling and initial production phases 
of development. It is valid for the devices indicated in 
the revision history. The specifications are subject to 
change without notice. 

•WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 

Min Max Units 

2.7 5.5 v 

0 26 MHz 
0 16 MHz 

0 +100 ·c 
0 +114 ·c 

itors is application and board layout dependent. The 
processor can cause transient power surges when 
its output buffers transition, particularly when con
nected to large capacitive loads. 

Always connect any unused input pins to an appro-
priate signal level. In particular, unused interrupt pins 
(NMI, INT3:0) should be connected to Vss to avoid 
unwanted interrupts. Leave any unused output pin Ill 
or any "N.C." pin unconnected. IQii 
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DC SPECIFICATIONS 
Symbol Parameter Min Max Units Conditions 

V1L Input Low Voltage -0.5 0.3*Vcc v 
V1H Input High Voltage 0.7*Vcc Vee+ 0.5 v 
Vol Output Low Voltage 0.45 v loL = 1.6 mA (Min) 

VoH Output High Voltage Vee - 0.5 v loH = -1 mA (Min) 

VHYR Input Hysterisis on RESIN 0.30 v 
lu1 Input Leakage Current (except ±10 µA OV s V1N s Vee 

RD/QSMD, UCS, LCS, MCSO, 
MCS1, LOCK and TEST) 

l1L2 Input Leakage Current -275 µA V1N = 0.7 Vee (Note 1) 
(RD/QSMD, UCS, LCS, MCSO, 
MCS1, LOCK and TEST) 

loL Output Leakage Current 
±10 µA 

0.45 s VouT s Vee 
(Note 2) 

Ices Supply Current (RESET; 5.5V) 
SOL 1 S6EA-13 mA (Note 3) 
SOL1S6EA-S 40 mA (Note 3) 

lcca Supply Current (RESET, 2. 7V) 
SOL 1 S6EA-13 mA (Note3) 
SOL1S6EA-S 20 mA (Note 3) 

lios Supply Current Idle (5.5V) 
SOL 1 S6EA-13 mA 
SOL1S6EA-S 2S mA 

lio3 Supply Current Idle (2.7V) 
SOL 1 S6EA-13 mA 
SOL1S6EA-B 14 mA 

lpos Supply Current Powerdown (5.5V) 
SOL 1 S6EA-13 100 µA 
SOL1S6EA-S 100 µA 

lpoa Supply Current Powerdown (2. 7V) 
SOL 1 S6EA-13 50 µA 
SOL1S6EA-S 50 µA 

C1N Input Pin Capacitance 0 15 pF TF = 1 MHz(Note4) 

CouT Output Pin Capacitance 0 15 pF TF = 1 MHz 

NOTES: 
1. RD/QSMD, DCS, LCS, MCSO, MCS1, LOCK and TEST have internal pullups that are only activated during RESET. 
Loading these pins above loL = -275 µA will cause the BOL186EA to enter alternate modes of operation. 
2. Output pins are floated using HOLD or ONCE Mode. 
3. Measured at worst case temperature and Vee with all outputs loaded as specified in the AC Test Conditions, and with the 
device in RESET (RESIN held low). 
4. Output capacitance is the capacitive load of a floating output pin. 
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Ice VERSUS FREQUENCY AND VOLTAGE 

The current (Ice) consumption of the SOL 1S6EA is 
essentially composed of two components; lpo and 
Ices. 

lpo is the quiescent current that represents internal 
device leakage, and is measured with all inputs or 
floating outputs at GND or Vee (no clock applied to 
the device). lpo is equal to the Powerdown current 
and is typically less than 50 µA. 

Ices is the switching current used to charge and 
discharge parasitic device capacitance when chang
ing logic levels. Since Ices is typically much greater 
than lp0, lpo can often be ignored when calculating 
Ice. 

Ices is related to the voltage and frequency at which 
the device is operating. It is given by the formula: 

Power = V X I = V2 X CoEV X f 

: . I = Ice = Ices = v x CoEv x f 
Where: V = Device operating voltage (Vee) 

CoEv = Device capacitance 

f = Device operating frequency 

Ices = Ice = Device current 

Measuring CoEV on a device like the SOL 1 S6EA 
would be difficult. Instead, CoEv is calculated using 
the above formula by measuring Ice at a known V cc 
and frequency (see Table 9). Using this CoEv value, 
Ice can be calculated at any voltage and frequency 
within the specified operating range. 

EXAMPLE: Calculate the typical Ice when operating 
at 20 MHz, 4.SV. 

Ice= Ices= 4.S x 0.515 x 20:::: 49 mA 

PDTMR PIN DELAY CALCULATION 

The PDTMR pin provides a delay between the as
sertion of NMI and the enabling of the internal 
clocks when exiting Powerdown. A delay is required 
only when using the on-chip oscillator to allow the 
crystal or resonator circuit time to stabilize. 

NOTE: 
The PDTMR pin function does not apply when 
RESIN is asserted (i.e., a device reset during Pow
erdown is similar to a cold reset and RESIN must 
remain active until after the oscillator has stabi
lized). 

To calculate the value of capacitor required to pro
vide a desired delay, use the equation: 

440 x t = Cpo (5V, 25°C) 

Where: t = desired delay in seconds 

Cpo = capacitive load on PDTMR in ml· 
crofarads 

EXAMPLE: To get a delay of 300 µs, a capacitor 
value of Cpo = 440 x (300 x 10-6) = 0.132 µF is 
required. Round up to standard (available) capaci
tive values. 

NOTE: 
The above equation applies to delay times greater 
than 10 µs and will compute the TYPICAL capaci-
tance needed to achieve the desired delay. A delay 
variance of +50% or -25% can occur due to 
temperature, voltage, and device process ex-
tremes. In general, higher Vee and/or lower tem
perature will decrease delay time, while lower Vee I 
and/ or higher temperature will increase delay time. ~ 

Table 9. CoEv Values 

Parameter Typ Max Units Notes 

CoEV (Device in Reset) 0.515 0.905 mA/V*MHz 1, 2 

CoEV (Device in Idle) 0.391 0.635 mA/V*MHz 1, 2 

1. Max CoEv is calculated at -40°C, all floating outputs driven to Vee or GND, and all 
outputs loaded to 50 pF (including CLKOUT and OSCOUT). 
2. Typical CoEV is calculated at 25'C with all outputs loaded to 50 pF except CLKOUT and 
OSCOUT, which are not loaded. 
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AC SPECIFICATIONS 

AC Characteristlcs-80L 186EA 13 
Symbol Parameter Min Max 

INPUT CLOCK 

TF CLKIN Frequency 0 2C 
Tc CLKIN Period 38.5 00 

TcH CLKIN High Time 12 00 

Tel CLKIN Low Time 12 00 

TcR CLKIN Rise Time 1 8 
TcF CLKIN Fall Time 1 8 

OUTPUT CLOCK 

Teo CLKIN to CLKOUT Delay 0 45 
T CLKOUT Period 2•Tc 
TpH CLKOUT High Time (T/2) - 5 (T/2) + 5 
TpL CLKOUT Low Time (T/2) - 5 (T/2) + 5 . 
TpR CLKOUT Rise Time 1 15 
TpF CLKOUT Fall Time 1 15 

OUTPUT DELA VS 

TcHOV1 ALE, LOCK 3 27 

TcHOV2 MCS3:0, [CS, 'OCS, PCS6:0, RD, WR 3 32 

TcHOV3 S2:0, DEN, DT/R, BHE, A19:16 3 30 

TcLOV1 LOCK, RESOUT, HLDA, 3 27 
TOOUT, T1 oui: 

TcLOV2 RD, WR, MCS3:0, LCS, UCS, PCS6:0, 3 32 
INTA1:0 

TcLOV3 BHE, fiEN, A19:16 3 30 

TcLOV4 AD15:0 3 34 

TcLOV5 S2:0 3 38 

TcHOF RD, WR, BHE, OT /A, 0 30 
LOCK, S2:0, A19:16 

TcLOF DEN,AD15:0 0 35 

NOTES: 
1. See AC Timing Wavefonna, for waveforms and definition. 
2. Measured at Vitt for high time, V1L for low time. 
3. Only required to guarantee Ice. Maximum limits are bounded by Tc. T CH and T CL· 
4. Specified for a 50 pF load, see Figure 9 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 10 for rise and fall times outside 50 pE 
s. Saa Figuie 1 O fo·r rise and fan tiff.es. 
7. Tcttov1 applies to~ and only after a HOLD release. 
8. T CHOV2 applies to RD and WR only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 

10. Setup and Hold ar~uired for proper SOL 186EA operation (SRDY, AD15:0). 
11. TcHOV3 applies to BHE and A19:16 only after a HOLD release. 
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Units Notes 

MHz 1 
ns 1 
ns 1, 2 
ns 1, 2 
ns 1, 3 
ns 1, 3 

ns 1, 4 
ns 1 
ns 1 
ns 1 
ns 1, 5 
ns 1, 5 

ns 1,4,6, 7 

ns 1,4,6,8 

ns 1, 4, 6, 11 

ns 1, 4,6 

ns 1,4,6 

ns 1,4,6 

ns 1,4,6 

ns 1,4,6 

ns 1 

ns 1 
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AC SPECIFICATIONS (Continued) 

AC Characteristics-SOL 186EA 13 (Continued) 

Symbol Parameter Min Max Units Notes 

SYNCHRONOUS INPUTS 

TcH1s TEST, NMI, INT3:0, T1 :OIN, ARDY 25 ns 1, 9 

TcH1H TEST, NMI, INT3:0, T1 :OIN, ARDY 3 ns 1, 9 

Tcus AD15:0, ARDY, SRDY, DRQ1 :0 25 ns 1, 10 

TcuH AD15:0, ARDY, SRDY, DRQ1 :0 3 ns 1, 10 

Tcus HOLD 25 ns 1, 9 

TcuH HOLD 3 ns 1, 9 

Tcus RESIN (to CLKIN) 25 ns 1, 9 

TcuH RESIN (from CLKIN) 3 ns 1, 9 

NOTES: 
1. See AC Timing Waveforms, for waveforms and definition. 
2. Measured at V1H for high time, V1L for low time. 
3. Only required to guarantee Ice· Maximum limits are bounded by Tc. T CH and T CL· 
4. Specified for a 50 pF load, see Figure 9 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 1 O for rise and fall times outside 50 pF. 
6. See Figure 1 O for rise and fall times. 
7. TcHOV1 applies to LOCK and only after a HOLD release. 
8. T CHOV2 applies to RD and WR only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 

10. Setup and Hold are required for proper 80L 186EA operation (SRDY, AD15:0). 
11. T CHOV3 applies to BHE and A 19: 16 only after a HOLD release. 

I 
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AC Sf'.»ECIFICATIONS (Continued) 

AC Characteristics-80L 186EA8 
Symbol Parameter Min Max Units Notes 

INPUT CLOCK 

TF CLKIN Frequency 0 2C MHz 1 
Tc CLKIN Period 38.5 00 ns 1 
TcH CLKIN High Time 12 00 ns 1, 2 
Tel CLKIN Low Time 12 00' ns 1, 2 
TcR CLKIN Rise Time 1 8 ns 1, 3 
TcF CLKIN Fall Time 1 8 ns 1, 3 

OUTPUT CLOCK 

Teo CLKIN to CLKOUT Delay 0 95 ns 1, 4 
T CLKOUT Period 2•Tc ns 1 
TpH CLKOUT High Time (T/2) - 5 (T/2) + 5 ns 1 
TpL CLKOUT Low Time (T/2) - 5 (T/2) + 5 ns 1 
TpR . CLKOUT Rise Time 1 15 ns 1, 5 
TpF CLKOUT Fall Time 1 15 ns 1, 5 

OUTPUT DELA VS 

TcHOV1 ALE, LOCK 3 27 ns 1,4,6, 7 

TcHOV2 MCS3:0, LC5, UC5, PCS6:0, RD, WR 3 32 ns 1,4, 6, 8 

TcHOV3 S2:0, DEN, DT/R, BHE, A19:16 3 30 ns 1,4,6,11 

TcLOV1 BHE, DEN, LOCK, RE50UT, HLDA, 3 27 ns 1,4, 6 
TOOUT, T10UT, A19:16 

TcLOV2 RD, WR, MCS3:0, LCS, 'UCS, PCS6:0, 3 35 ns 1, 4, 6 
INTA1:0 

TcLOV3 BHE, DEN, A19:16 3 30 ns 1, 4, 6 

TcLOV4 AD15:0 3 35 ns 1, 4, 6 

TcLOV5 52:0 3 40 ns 1,4,6 

TcHOF RD, WA, BHE, DT /A, 0 30 ns 1 
LOCK, 52:0, A19:16 

TcLOF DEN, AD15:0 0 35 ns 1 

NOTES: 
1. See AC Timing Waveforms, for waveforms and definition. 
2. Measured at V1H for high time, V1L for low time. 
3. Only required to guarantee Ice- Maximum limits are bounded by Tc. T CH and T CL· 
4. Specified for a 50 pF load, see Figure 9 for capacitive derating information. 
5. Specified for a 50 pF !cad, saa Figuia 1 O foi iise and fan times outside 50 pF. 
6. See Figure 1 O for rise and fall times. 
7. T CHOV1 applies to LOCK and only after a HOLD release. 
8. T CHOV2 applies to Ari and WR only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 

10. Setup and· Hold are required for proper BOL 186EA operation (SRDY, AD15:0). 
11. TcHOV3 applies to J3RE and A19:16 only after a HOLD release. 
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AC SPECIFICATIONS (Continued) 

AC Characteristics-SOL 186EA8 (Continued) 

Symbol Parameter Min Max Units Notes 

SYNCHRONOUS INPUTS 

TcHIS TEST, NMI, INT3:0, T1 :OIN, ARDY 25 ns 1, 9 

TcHIH TEST, NMI, INT3:0, T1 :OIN, ARDY 3 ns 1, 9 

Tcus AD15:0, ARDY, SRDY, DRQ1 :0 25 ns 1, 10 

TcuH AD15:0, ARDY, SRDY, DRQ1:0 3 ns 1, 10 

Tcus HOLD 25 ns 1, 9 

TcuH HOLD 3 ns 1, 9 

Tcus RESIN (to CLKIN) 25 ns 1, 9 

TcuH RESIN (from CLKIN) 3 ns 1, 9 

NOTES: 
1. See AC Timing Waveforms, for waveforms and definition. 
2. Measured at V1H for high time, V1L for low time. 
3. Only required to guarantee Ice- Maximum limits are bounded by Tc. T CH and T CL· 
4. Specified for a 50 pF load, see Figure 9 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 10 for rise and fall times outside 50 pF. 
6. See Figure 10 for rise and fall times. 
7. TcHOV1 applies to LOCK and only after a HOLD release. 
8. T CHOV2 applies to RD and WR only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 

10. Setup and Hold are required for proper BOL186EA operation (SRDY, AD15:0). 
11. TcHOV3 applies to BHE and A19:16 only after a HOLD release. 

m 
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AC SPECIFICATIONS (Continued) 

Relative Timings-SOL 188EA-13,-8 
Symbol Parameter Min Max Unit Notes 

RELATIVE TIMINGS 

TLHLL ALE Rising to ALE Falling T - 15 ns 

TAVLL Address Valid to ALE Falling %T-10 ns 

TPLLL Chip Selects Valid to ALE Falling %T-10 ns 1 

TLLAX Address Hold from ALE Falling %T- 10 ns 

hLWL ALE Falling to WR Falling %T-15 ns 1 

TLLRL ALE Falling to RD Falling %T- 15 ns 1 

TRHLH RD Rising to ALE Rising %T- 10 ns 1 

TwHLH WR Rising to ALE Rising %T- 10 ns 1 

TAFRL Address Float to RD Falling 0 ns 

TRLRH RD Falling to RD Rising (2*T) - 5 ns 2 

TwLWH WR Falling to WR Rising (2*T) - 5 ns 2 

TRHAV RD Rising to Address Active T- 15 ns 

TwHDX Output Data Hold after WR Rising T- 15 ns 

TwHDEX WR Rising to DEN Rising %T-10 ns 1 

TwHPH WR Rising to Chip Select Rising %T-10 ns 1, 4 

TRHPH RD Rising to Chip Select Rising %T- 10 ns 1, 4 

TPHPL CS Inactive to CS Active %T- 10 ns 1 

ToxoL DEN Inactive to DT /R Low 0 ns 5 

TovRH ONCE (UCS, LCS) Active to RESIN Rising T ns 3 

TRHOX ONCE (UCS, LCS) to RESIN Rising T ns 3 

NOTES: 
1 . Assumes equal loading on both pins. 
2. Can be extended using wait states. 
3. Not tested. 
4. Not applicable to latched A2:1. These signals change only on falling T1. 
5. For write cycle followed by read cycle. 
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AC TEST CONDITIONS 

The AC specifications are tested with the 50 pF load 
shown in Figure 4. See the Derating Curves section 
to see how timings vary with load capacitance. 

OUTPUT 
PIN 

CL = 50 pF for all signals. 
272021-5 

Specifications are measured at the Vcc/2 crossing 
point, unless otherwise specified. See AC Timing 
Waveforms, for AC specification definitions, test 
pins, and illustrations. 

Figure 4. AC Test Load 

AC TIMING WAVEFORMS 

272021-6 

Figure 5. Input and Output Clock Waveform 
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Vee _________ ,.·,.---------------

g 
1-----....::.----.i MAX ov 

Vee-----.-"""' ..................... ....i.. ... ----
!---------...! MAX 

VALID 503 VALID MIN 

ov----_._._...,..._._...,...._...__~--

VALID 503 

1--------..i MAX 

Vee----.... -.....-.......... 

VALID FLOAT (NOTE) 1--------..i MAX 

ov-----'----'i--...__, Vee---------

VALID FLOAT (NOTE) 

ov----_._..._...___, 
272021-7 

NOTE: 
20% Vee < Float < 80% Vee 

Figure 6. Output Delay and Float Waveform 

ov 

g MIN 

MIN 

Vee MIN 
VIH V1H 

VALID 
VIL VIL 

ov 
MIN 

""T"""l'"""r-'tr-------....i-~ ........ - Vee 
VIH 
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NOTE: 
RESIN measured to CLKIN, not CLKOUT 

Figure 7. Input Setup and Hold 
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Vee 

ALE 

ov 

Vee 

AD0:15, 
A19:16 

ov 

RD or WR 

503 

SOL 186EA·13, ·8 

503 
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~ ~ -----
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-----
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Vee ·-------··--·--·----------··--··--··--·-·-··--···--·--··-··-·r-------------------

RESIN 503 

ov 
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NOTE: 
T DXDL for write cycle followed by read cycle. 

Figure 8. Relative Signal Waveform 
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DERATING CURVES 

NOM+6 
> 
"' .. 
• NOM+ 3 . 
..5 
>- NOM+ 1 
:5 
"' 0 ... NOM 
~ ... 

Vcc•5V ::> 
0 

NOM-1 TA.MB= 25°C 

50 100 150 

Ci_ (pF) 
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Figure 9. Typical Output Delay Variations 
Versus Load Capacitance 

8 
,..,. 
..5 
>- 6 
:5 
ii!! 

" 
Vee =5V 

2 TAMB = 2soc 

50 100 150 

q_ (pF) 
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Figure 10. Typical Rise and Fall Variations 
Versus Load Capacitance 

SOL 186EA EXPRESS 

The Intel EXPRESS program offers an extended 
temperature range as an enhancement to the 
SOL 186EA operational . specifications. EXPRESS 
products are designed to meet the needs of those 
applications whose operating requirements exceed 
commercial standards . 

With the standard commercial temperature range, 
operational characteristics are guaranteed over a 
temperature range corresponding to o·c to + 70°C 
ambient. With the extended temperature range op
tion, operational characteristics are guaranteed over 
a temperature range corresponding to - 40°C to 
+ as•c ambient. 

Package types and EXPRESS versions are identified 
by a one- or two-letter prefix to the part number. The 
prefixes are listed in Table 10. All AC and DC specifi
cations are the same for both commercial and EX
PRESS parts. 

Table 10. Prefix Identification 

Prefix 
Package Temperature 

Type Range 

N PLCC Commercial 

s QFP(EIAJ) Commercial 

TN PLCC Extended 

TS QFP (EIAJ) Extended 
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NOTE: 

2.67 
(0.105) 

Units are mm/(inches). 

SOL 186EA-13, -8 

-..l I.- 1.27 -..l 1.-- 0.735 :I: 0.075 
I I co.o5o> 11 co.021 * 0.003> 

~~~~~~~~~...---

Figure 11. PLCC Prlnclpal Dimensions 
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24.2 :I: 0.1 
(0.953 :I: 0.004) 

25.15 :I: 0.15 
{o.n :1: o.ooe) 
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23.9 :t0.-4(0.9.f1 :t.0.016) 

J l 

16.3:t0.4 
(0.642:1:0.016) 

22.3 :t0 . .4(0.878 :1:0,016) 

-.II..- 0.15 :t0.05 (0.006 :t0.002) 

Units are mm (inches) unless specified. 

Figure 12. QFP (EIAJ) Principal Dimensions 
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1'.0 (0.551} 

17.9:1:0.4 
(0.705>0.016) 

o.a:to.2 
(0.031 i:0.008) 
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REVISION HISTORY 

Intel 80L 186EA devices are marked with a 9-charac
ter alphanumeric Intel FPO number underneath the 
product number. This data sheet (272021-001) is 
valid for 80L 186EA devices with an "A" as the ninth 
character in the FPO number, as illustrated in Figure 
2 for the 68-lead PLCC package and Figure 3 for the 
80-lead QFP (EIAJ) package. Such devices may 
also be identified by reading a value of 01 H from the 
STEPID register. 

The following changes were made from revision 
-001 to -002 of this data sheet: 

1. AC and DC specifications for 13 MHz parts were 
added. 

80L186EA 

An 80L 186EA with a STEPID value of 01 H or 02H 
has the following known errata. A device with a 
STEPID of 01 H or 02H can be visually identified by 
noting the presence of a "A" or "B" alpha character, 
respectively, next to the FPO number. The FPO 
number location is shown in Figures 2 and 3. 

1. An internal condition with the interrupt controller 
can cause no acknowledge cycle on the INTA1 
line in response to INT1. This errata only occurs 
when Interrupt 1 is configured in cascade mode 
and a higher priority input exists. This errata will 
not occur consistantly, it is dependent on interrupt 
timing. 
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16-BIT HIGH-INTEGRATION EMBEDDED PROCESSOR 

• 3V Operation, Vee = 2.7V-5.5V 
• Full Static Operation 

• True CMOS Inputs and Outputs 
• - 4D°C to + S5°C Operating Temperature Range 

• Integrated Feature Set 
- Low-Power Static CPU Core 
- Two Independent UARTs each with 

an Integral Baud Rate Generator 
- Two S·Blt Multiplexed 1/0 Ports 
- Programmable Interrupt Controller 
-Three Programmable 16·Bit 

Timer/Counters 
- Clock Generator 
- Ten Programmable Chip Selects with 

Integral Wait-State Generator 
- Memory Refresh Control Unit 
- System Level Testing Support 

(ONCE™ Mode) 

• Direct Addressing Capability to 1 Mbyte 
Memory and 64 Kbyte 1/0 

• Speed Version Available: 
- -13 MHz (SOL 1S6EB·13) 
- S MHz (SOL 1S6EB·S) 

• Low-Power Operating Modes: 
- Idle Mode Freezes CPU Clocks but 

keeps PeripherQls Active 
- Powerdown Mode Freezes All 

Internal Clocks 

• Complete System Development 
Support 
- ASMS6 Assembler, PL/M S6, Pascal 

S6, Fortran S6, C·S6, and System 
Utilities 

- In-Circuit Emulator (ICE™·1S6EB) 

• Available In: 
- SO-Pin Quad Flat Pack (TSSOL 1S6EB) 
- S4·Pin Plastic Leaded Chip Carrier 

(TNSOL 1 S6EB) 

The 80L186EB is the 3V version of the 80C186EB embedded processor. By reducing Vee. further power 
savings can be realized over the standard 80C186EB, making the SOL 186EB ideal for battery-powered porta
ble applications. 
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Figure 1. SOL 186EB Block Diagram 
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80L186EB 

INTRODUCTION 

The SOL 1 S6EB is the first product in a new genera
tion of low-power, high-integration microprocessors. 
It enhances the existing 1 S6 family by offering new 
features and new operating modes. The SOL 1 S6EB 
is object code compatible with the SOC1 S6/SOC1 SS 
microprocessors. 

The feature set of the SOL 186EB meets the needs of 
battery-powered applications. Battery-powered ap
plications benefit from the static CPU core and pe
ripherals. Minimum current consumption is achieved 
by combining low voltage operation along with the 
features of the power management unit, thus maxi
mizing battery life. Peripheral design enhancements 
ensure that non-initialized peripherals consume little 
current. 

Space critical applications benefit from the inte
gration of commonly used system peripherals. Two 
serial channels are provided for services such as 
diagnostics, inter-processor communication, modem 
interface, terminal display interface and many oth
ers. A flexible chip select unit simplifies memory and 
peripheral interfacing. The interrupt unit provides 
sources for up.to 129 external interrupts and will pri
oritize these interrupts with those generated from 
the on-chip peripherals. Three general purpose tim- · 
er/counters and E!ixteen multiplexed 110 port pins 
round out the feature set of the SOL 186EB. 

OVERVIEW 

Figure 1 shows a block diagram of the SOL 1 S6EB. 
The Execution Unit (EU) is an enhanced 8086 CPU 
core that includes: dedicated hardware to speed up 
effective address calculations, enhance execution 
speed for multiple-bit shift and rotate instructions 
and for multiply and divide instructions, string move 
instructions that operate at full bus bandwidth, ten 
new instructions and full static operation. The Bus 
Interface Unit (BIU) is the same as that found on the 
original 1 S6 family products, except the queue
status mode has been deleted and buffer interface 
control has been changed to ease system design 
timings. An independent internal bus is used to allow 
communication between the BIU and internal periph
erals. 

PACKAGE INFORMATION 

This section describes the pins, pinouts, and thermal 
characteristics for the SOL 186EB in the Plastic Lead
ed Chip Carrier (PLCC) package and Quad Flat Pack 
(QFP) package. For complete package specifica
tions and information, see the Intel Packaging Hand
book (Order Number: 240SOO). 
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SOL 186EB PINOUT 

Tables 1 and 2 list the 80L186EB pin names with 
package location for the 84-pin Plastic Leaded Chip 
Carrier (PLCC) component. Figure 2 depicts the 
complete SOL 186EB pinout (PLCC package) as 
viewed from the top side of the component (i.e., con
tacts facing down). 

Tables 3 and 4 list the SOL 186EB pin names with 
package location for the SO-pin Quad Flat Pack 

, (QFP) component. Figure 3 depicts the complete 
SOL 186EB (QFP package) as viewed from the top 
side of the component (i.e., contacts facing down). 

Table 1. PLCC Pin Names with Package Location 

Address/Data Bus Bus Control Processor Control 1/0 

Name Location Name Location Name Location Name Location 

ADO 61 ALE 6 RESIN 37 ucs 30 
AD1 66 BHE 7 RESOUT 38 LCS 29 
AD2 68 so 10 CLKIN 41 P1.0/GCSO 28 
AD3 70 S1 9 OSCOUT 40 P1.1/GCS'f 27 
AD4 72 S2 8 CLKOUT 44 P1.2/GCS2 26 
AD5 74 
AD6 76 
AD7 78 

RD 4 
WR 5 

TEST 14 

NC 60 

P1.3/GCS3 25 
P1.4/GCS4 24 
P1.5/GCS5 21 

ADS 62 
AD9 67 

READY 18 

DEN 11 

NC 39 
NC 3 

P1.6/GC:S6 20 
P1.7/GCS7 19 

AD10 69 DT/R 16 PDTMR 36 TOOUT 45 
AD11 71 LOCK 15 NMI 17 TOIN 46 
AD12 73 HOLD 13 INTO 31 T10UT 47 
AD13 75 HLDA 12 INT1 32 T11N 48 
AD14 77 INT2/INTAO 33 RXDO 53 
AD15 79 

A16 80 Power 
INT3/INTA1 34 
INT4 35 

TXDO 52 
P2.5/BCLKO 54 

A17 81 Name Location C'fSO 51 
A18 82 
A19/0NCE 83 

Vee 1, 23, 
42,64 

P2.0/RXD1 57 
P2.1/TXD1 58 

Vss 2, 22, 43, P2.2/BCLK1 59 

63,65,84 P2.3/SINT1 55 
P2.4/CTS1 56 

P2.6 50 
P2.7 49 
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Table 2. PLCC Package Locations with Pin Name 

Location Name Location Name Location Name Location Name 

1 Vee 22 Vss 43 Vss 64 Vee 
2 Vss 23 Vee 44 CLKOUT 65 Vss 
3 NC 24 P1.4/~ 45 TOO UT 66 AD1 
4 Fm 25 P1.3/GCS3 46 TOIN 67 AD9 
5 WR 26 P1.2/'GCS2 47 T10UT 68 AD2 
6 ALE 27 P1.1/~ 48 T11N 69 AD10 
7 Bffi: 28 P1.0/~ 49 P2.7 70 AD3 
8 52 29 [CS 50 P2.6 71 AD11 
9 81 30 ucs 51 CTSO 72 AD4 

10 so 31 INTO 52 TXDO 73 AD12 
11 DEN 32 INT1 53 RXDO 74 ADS 
12 HLDA 33 INT2/INTAO 54 P2.5/BCLKO 75 AD13 
13 HOLD 34 INT3/INfAT 55 P2.3/SINT1 76 AD6 
14 Tm 35 INT4 56 P2.4/CTS"f 77 AD14 
15 [OC'j( 36 PDTMR 57 P2.0/RXD1 78 AD7 
16 DT/R" 37 RESIN 58 P2.1/TXD1 79 AD15 
17 NMI 38 RESOUT 59 P2.2/BCLK1 80 A16 
18 READY 39 NC 60 NC 81 A17 
19 P1.7/~ 40 OSCO UT 61 ADO 82 A18 
20 P1.6/~ 41 CLKIN 62 ADS 83 A 19/0'iiiCE 
21 P1.5/~ 42 Vee 63 Vss 84 Vss 
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HLDA 

HOLD 

TEST/BUSY 

LOCK 

DT/R 

NMI 

READY 

P1.7 /GCS7 

P1.6/GCS6 

P1.5/GCS5 

Vss 

Vee 
P1.4/GCS4 

P1.3/GCS3 

P1.2/GCS2 

P1.0/GCSO 

LCS 

ucs 
INTO 

INT1 

80L186EB 

TN80L186EB16 
XXXXXXXXB (See Note) 

i@ C'78 '82 

33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 

'~ 
~ 

°' 1~ .... 0 .... z ~~ .... .... z .... ~ .... ., lo 0 0 .... 2 I/) 5 ..... ::> >2 ::> ::> i5 ::> ..... • Cl> 0 0 
~ ......... el 0 0 .... e .... N ,_ 

)( )( 

~ 
.... ... ... 0 

0 °' "' 0 "' 0 .... °' ... ..... ... .... .... .... 
N "' °' 0 0 ........ 
~ ~ 

NOTE: 
This is the FPO number location (indicated by X's). 

74 ADS 

73 AD12 

72 AD4 

71 AD11 

70 AD3 

69 AD10 

68 ADZ 

67 AD!I 

66 AD1 

65 Vss 

64 Vee 

63 Vss 

62 AD8 

ADO 

NCS 

59 P2.2/BCLK1 

58 P2.1 /TXD1 

57 P2.0/RXD1 

56 P2.4/CTS1 

55 P2.3/SINT 1 

54 P2.5/BCLKO 

270921-3 

Figure 2. 84-Pln Plastic Leaded Chip Carrier Plnout Diagram 
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Table 3. QFP Pin Name with Package Location 

Address/Data Bus Bus Control Processor Control 110 

,·Name Location Name Location Name Location Name Location 

ADO 10 ALE 38 RESIN 68 ucs 61 
AD1 15 BHE 39 RESOUT 69 LCS 60 
AD2 17 so 42 CLKIN 71 P1.0/GCSO 59 
AD3 19 81 41 OSCO UT 70 P1.1/GCS1 58 
AD4 21 52 40 CLKOUT 74 P1.2/GCS2 57 
AD5 23 RD 36 TEST 46 P1.3/GCS3 56 
ADS 25 
AD7 27 
ADS 11 

WR 37 
READY 49 

PDTMR 67 
NMI 48 
INTO 62 

P1.4/GCS4 55 
P1.5/GCS5 52 
P1.6/GCS6 51 

AD9 16 DEN 43 INT1 63 P1.7/GCS'f 50 
AD10 18 LOCK 47 INT2/INTAO 64 TOOUT 75 
AD11 20 HOLD 45 INT3/INTA1 65 TOIN 76 
AD12 22 HLDA 44 INT4 66 T10UT 77 
AD13 24 T11N 78 
AD14 26 
AD15 28 

Power 
RXDO 3 
TXDO 2 

A16 29 Name Location P2.5/BCLKO 4 
A17 30 
A18 31 
A19/0NCE 32 

Vee 13, 34, 
54, 72 

Vss 12, 14, 33, 
35,53, 73 

CTSO 1 
P2.0/RXD1 7 
P2.1/TXD1 8 
P2.2/BCLK1 9 
P2.3/SINT1 5 
P2.4/CTS1 6 

P2.6 80 
P2.7 79 
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Table 4. QFP Package Location with Pin Names 

Location Name Location Name Location Name Location Name 

1 Ci'SO 21 AD4 41 Sf 61 ~ 
2 TXDO 22 AD12 42 so 62 INTO 
3 RXDO 23 AD5 43 DEN 63 INT1 
4 P2.5/BCLKO 24 AD13 44 HLDA 64 INT2/INTAO 
5 P2.3/SINT1 25 AD6 45 HOLD 65 INT3/INTA1 
6 P2.4/C'f5f 26 AD14 46 TEST 66 INT4 
7 P2.0/RXD1 27 AD7 47 LOO< 67 PDTMR 
8 P2.1/TXD1 28 AD15 48 NMI 68 RESIN 
9 P2.2/BCLK1 29 A16 49 READY 69 RESOUT 

10 ADO 30 A17 50 P1.7/GCS7 70 OSCO UT 
11 ADS 31 A18 51 P1.6/GCSS 71 CLKIN 
12 Vss 32 A 19 IC'.5NCE 52 P1.5/GCSS 72 Vee 
13 Vee 33 Vss 53 Vss 73 Vss 
14 Vss 34 Vee 54 Vee 74 CLKOUT 
15 AD1 35 Vss 55 P1.4/GCS4 75 TOOUT 
16 AD9 36 RD 56 P1.3/GCS3 76 TOIN 
17 AD2 37 WR 57 P1.2/GCS2 77 T10UT 
18 AD10 38 ALE 58 P1.1/GCST 78 T11N 
19 AD3 39 BHE 59 P1.0/GCSO 79 P2.7 
20 AD11 40 "S2 60 [CS 80 P2.6 
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INT3/INTA1 

INT-4 

PDTMR 

RESiiii 
RESOUT 

OSCO UT 

CLKIN 

NOTE: 

Vee 

Vss 

CLKOUT 

TOOUT 

TOIN 

T10UT 

T11N 

P2.7 

P2.6 

1e 

80L186EB 

• TSSOL 186EB16 
I XXXXXXXXB (See Note) 

INTEL® IC> 1978 

8 8 0 ~~c~>< 0 .. en u en ...... "' .... 0 ., 
"" 

0 0 .,:.> ~ ~ ~ 0 0 0 
x x ..J iii<.>~~~ 

<( <( <( <( 0 <( .... "' &l 
<( 

' :;;. .... 0 - .......... 

"' ~ ~ ~ ~ ~ "' 0.. ... 

This is the FPO number location (indicated by X's). 

Figure 3. Quad Flat Pack Plnout Diagram 
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- ... .... "' ., 
Q 0 0 Q 
<( 

<( 0 <( 
<( <( 

270921-4 



infel. 80L186EB 

PACKAGE THERMAL 
SPECIFICATIONS 

The SOL 1 SSEB is specified for operation when Te 
(the case temperature) is within the range of -40°C 
to + 100°c (PLCC package) or -40°C to + 114°C 
(QFP package). Te may be measured in any envi
ronment to determine whether the SOL 1 S6EB is 
within the specified operating range. The case tem
perature must be measured at the center of the top 
surface. 

TA (the ambient temperature) can be calculated 
from 8eA (thermal resistance from the case to ambi
ent) with the following equation: 

Typical values for BeA at various airflows are given 
in Table 5 for the S4-pin Plastic Leaded Chip Carrier 
(PLCC) package. 

Table 6 shows the maximum TA allowable (without 
exceeding Tc) at various airflows and operating fre
quencies. P (the maximum power consumption, 
specified in watts) is calculated by using the maxi
mum ICC as tabulated in the DC specifications and 
Vee of 5V. · 

Table 5. Thermal Resistance (8cA) at Various Airflows (In °C/Watt) 

Airflow Linear ft/min (m/sec) 

0 200 400 600 800 1000 
(0) (1.01) (2.03) (3.04) (4.06) (5.07) 

r8eA (PLCC) 30 24 21 19 17 16.5 

r8eA (QFP) 5S 47 43 40 3S 36 

Table 6. Maximum TA at Various Airflows (in °C) 

Airflow Linear ft/min (m/sec) 

~ 0 200 400 600 800 1000 

(MHz) (0) (1.01) (2.03) (3.04) (4.06) (5.07) 

[TA (PLCC) 16 91.5 93.5 94 94.5 95.5 95.5 

rTA (QFP) 16 9S 101 102 103 103.5 104 
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ELECTRICAL SPECIFICATIONS 

Absolute Maximum Ratings 

Parameter Maximum Rating 

Storage Temperature .......... -65°C to + 150°C 

Case Temp Under Bias ......... -65°C to+ 120°c 

Supply Voltage wrt Vss .......... -0.5V to +6.5V 

Voltage.on other Pins 
with Respect to V ss ....... - 0.5V to V cc + 0.5V 

OPERATING CONDITIONS 
Symbol Parameter 

Vee Supply Voltage 

TF Input Clock Frequency 
SOL 1S6EB13 
SOL1S6EBS 

Tc Case Temperature Under Bias 
NSOL 1 S6EB (PLCC) 
SSOL 1 S6EB (QFP) 

RECOMMENDED CONNECTIONS 

NOTICE: This .data sheet contains information on 
products in the sampling and initial production ptiases 
of development. It is valid for the devices indicated in 
the revision history. The specifications are subject to 
change without notice. 

•WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 

Min Max Units 

2.7 5.5 v 

0 26 MHz 

0 16 MHz 

-40 +100 ·c 

-40 + 114 ·c 

Power and ground connections must be made to multiple Vee and Vss pins. Every SOL1S6EB-based circuit 
board should include separate power (Vee) and ground (Vss) planes. Every Vee pin must be connected to the 
power plane, and every Vss pin must be connected to the ground plane. Pins identified as "NC" must not be 
connected in the system. Liberal decoupling capacitance should be placed near the SOL 186EB. The processor 

· can cause transient power surges when its output buffers transition, particularly when connected to large 
capacitive loads. 

Low inductance capacitors and interconnects are recommended for best high frequency electrical perform
ance. Inductance is reduced by placing the decoupling capacitors as close as possible to the SOL 1 S6EB Vee 
and Vss package pins. 

Always connect any unused input to an appropriate signal level. In particular, unused interrupt inputs (INT0:4) 
should be connected to Vee through a pull-up resistor (in the range of 100 KO). Leave any unused output 
pin or any NC pin unconnected. 
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DC SPECIFICATIONS 
Symbol Parameter Min Max Units Notes 

V1L Input Low Voltage -0.5 0.3*Vcc v 

V1H Input High Voltage 0.7*Vcc Vee+ o.5 v 

Vol Output Low Voltage 0.45 v loL = 1.6 rnA (Min) (Note 1) 

VoH Output High Voltage Vee - 0.5 v loH = -1 rnA (Min) (Note 1) 

VHYR Input Hysterisis on RESIN 0.50 v 

lu1 Input Leakage Current for pins: ±15 µA ov s V1N s Vee 
AD15:0, READY, HOLD, RESIN, CLKIN, 
TEST, NMI, INT4:0, TOIN, T11N, RXDO, 
BCLKO, CTSO, RXD1, BCLK1, CTS1, 
SINT1, P2.6, P2.7 

lu2 Input Leakage Current for pins: -0.275 -5 µA V1N = 0.7 Vee (Note 2) 
A19/0NCE, A18:16, LOCK 

ILO Output Leakage Current ±15 µA 0.45 s VouT s Vee 
(Note 3) 

lcc5 Supply Current (RESET, 5.5V) 
80L186EB-13 70 mA (Note 4) 
80L186EB-8 45 mA (Note 4) 

lcc3 Supply Current (RESET, 2.7V) 
BOL 186EB-13 26 mA (Note 4) 
80L186EB-8 22 mA (Note 4) 

l1D5 Supply Current Idle (5.5V) 
SOL 1 S6EB-13 4S mA (Note 5) 
SOL1S6EB-S 31 mA (Note 5) 

l1D3 Supply Current Idle (2.7V) 
SOL1S6EB-13 24 mA (Note 5) 
SOL1S6EB-S 15 mA (Note 5) 

IPD5 Supply Current Powerdown (5.5V) 
SOL 1 S6EB-13 100 µA (Note 6) 
80L1S6EB-S 100 µA (Note 6) 

IPD3 Supply Current Powerdown (2. 7V) 
SOL 1 S6EB-13 30 µA (Note 6) 
SOL1S6EB-S 30 µA (Note 6) 

C1N Input Pin Capacitance 0 15 pF TF = 1 MHz 

CouT Output Pin Capacitance 0 15 pF T F = 1 MHz (Note 7) 

NOTES: 
1. loL and loH measured at Vee = 2.7V. 
2. These pins have an internal pull-up device that is active while RESIN is low and ONCE Mode is not active. Sourcing more 
current than specified (on any of these pins) may invoke a factory test mode. 
3. Tested by outputs being floated by invoking ONCE Mode or by asserting HOLD. 
4. Measured with the device in RESET and at worst case frequency, Vee. and temperature with ALL outputs loaded as 
specified in AC Test Conditions, and all floating outputs driven to Vee or GND. 
5. Measured with the device in HALT (IDLE Mode active) and at worst case frequency, Vee. and temperature with ALL 
outputs loaded as specified in AC Test Conditions, and all floating outputs driven to Vee or GND. 
6. Measured with the device in HALT (Powerdown Mode active) and at worst case frequency, Vee. and temperature with 
ALL outputs loaded as specified in AC Test Conditions, and all floating outputs driven to Vee or GND. 
7. Output Capacitance is the capacitive load of a floating output pin. 
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Ice VERSUS FREQUENCY AND VOLTAGE 

The current (Ice) consumption of the SOL 186EB is 
essentially composed of two components; lpo and 
Ices-

lpo is the quiescent current that represents internal 
device leakage, and is measured with all inputs or 
floating outputs at GND or Vee (no clock applied to 
the device). lpo is equal to the. Powerdown current 
and is typically less than 50 pA 

Ices is the switching current used to charge and 
discharge parasitic device capacitance when chang
ing logic levels. Since Ices is typically much greater 
than lpo. lpo can often be ignored when calculating 
Ice. 

Ices is related to the voltage and frequency at which 
the device is operating. It is given by the formula: 

Power = V x I = V2 X CoEv X f 

: . I = Ice = Ices = v x CoEV x f 

Where: V = Device operating voltage (Vee) 

CoEv = Device capacitance 

f = Device operating frequency 

Ices = Ice = Device current 

Measuring CoEV on a device like the 80C186EB 
would be difficult. Instead, CoEv is calculated using 
the above formula by measuring Ice at a known Vee 
and frequency (see Table 7). Using this CoEv value, 
Ice can be calculated at any voltage and frequency 
within the specified operating range. 

EXAMPLE: Calculate the typical Ice when operating 
at 8 MHz, 3V. 

Ice= Ices= 3 x 0.583 x a::::: 14mA 

PDTMR PIN DELAY CALCULATION 

The PDTMR pin provides a delay between the as
sertion of NMI and the enabling of the internal 
clocks when exiting Powerdown. A delay is required 
only when using the on-chip oscillator to allow the 
crystal or resonator circuit time to stabilize. 

NOTE: 
The PDTMR pin function does not apply when 
RESIN is asserted (i.e., a device reset du~ng Pow
erdown is similar to a cold reset and RE IN must 
remain active until after the oscillator has stabi
lized). 

To calculate the value of capacitor required to pro
vide a desired delay, use the equation: 

440 x t = Cpo (5V, 25°C) 

Where: t = desired delay in seconds 

Cpo = capacitive load on PDTMR in ml
crofarads 

EXAMPLE: To get a delay of 300 p.s, a capacitor 
valueofCpo = 440 x (300 x 10-6) = 0.132p.Fis 
required. Round up to standard (available) capaci
tive values. 

NOTE: 
The above equation applies to delay times greater 
than 1 O p.s and will compute the TYPICAL capaci
tance needed to achieve the desired delay. A delay 
variance of + 50% or - 25% can occur due to 
temperature, voltage, and device process ex
tremes. In general, higher Vee and/or lower tem
perature will decrease delay time, while lower Vee 
and/or higher temperature will increase delay time. 

Table 7. Device Capacitance (CoEv) Values 

Parameter Typ Max Units Notes 

CoEv (Device in Reset) 0.583 1.02 mA/V*MHz 1, 2 

CoEV (Device in Idle) 0.408 0.682 mA/V*MHz 1, 2 

NOTES: 
1. Max CoEv is calculated at -4Cl°C, all floating outputs driven to Vee or GND, and all 
outputs loaded to 50 pF (including CLKOUT and OSCOUT). 
2. Typical CoEv is calculated at 25°C with all outputs loaded to 50 pF except CLKOUT and 
OSCOUT, which are not loaded. 
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AC SPECIFICATIONS 

AC Characteristics-(SOL 186EB-8) 
Symbol Parameter Min Max Units Notes 

INPUT CLOCK 

TF CLKIN Frequency 0 16 MHz 1 
Tc CLKIN Period 62.5 00 ns 1 
TcH CLKIN High Time 15 00 ns 1, 2 
Tel CLKIN Low Time 15 00 ns 1, 2 
TcR CLKIN Rise Time 1 8 ns 1, 3 
TcF CLKIN Fall Time 1 8 ns 1, 3 

OUTPUT CLOCK 

Teo CLKIN to CLKOUT Delay 0 50 ns 1, 4 
T CLKOUT Period 2*Tc ns 1 
TpH CLKOUT High Time (T/2)-5 (T/2) + 5 ns 1 
TpL CLKOUT Low Time (T/2)-5 (T/2) + 5 ns 1 
TpR CLKOUT Rise Time 1 15 ns 1, 5 
TpF CLKOUT Fall Time 1 15 ns 1, 5 

OUTPUT DELA VS 

TcHOV1 ALE, S2:0, DEN, OT /R, BHE, 3 30 ns 1, 4, 6, 7 
LOCK, A19:16 

TcHOV2 GCS0:7, LCS, UCS, NCS, RD, WR 3 35 ns 1, 4, 6, 7 

TcLOV1 BHE, DEN, LOCK, RESOUT, HLDA, 3 30 ns 1, 4, 6 
TOOUT, T10UT, A19:16 

TcLOV2 RD, WR, GCS7:0, LCS, UCS, 3 35 ns 1, 4, 6 
AD15:0, NCS, INTA1:0, S2:0 

TcHOF RD, WR, BHE, OT /R, 0 30 ns 1 
LOCK, S2:0, A 19: 16 

TcLOF DEN, AD15:0 0 35 ns 1 

SYNCHRONOUS INPUTS 

TcHIS TEST, NMI, INT4:0, T1:01N, P2.6, P2.7 25 ns 1, 9 
READY, CTS1:0, BCLK1:0 

TcHIH TEST, NMI, INT4:0, T1:01N, BCLK1:0 3 ns 1, 9 
READY, CTS1:0 

Tcus AD15:0, READY 25 ns 1, 10 

TcuH READY, AD15:0 3 ns 1, 10 

Tcus HOLD 25 ns 1, 9 

TcuH HOLD 3 ns 1, 9 

NOTES: 
1. See AC Timing Waveforms, for waveforms and definition. 
2. Measure at V1H for high time, V1L for low time. 
3. Only required to guarantee Ice- Maximum limits are bounded by Tc. T CH and T CL· 
4. Specified for a 50 pF load, see Figure 1 o for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 11 for rise and fall times outside 50 pF. 
6. See Figure 11 for rise and fall times. 
7. TcHov1 applies to BHE, IOCR and A19:16 only after a HOLD release. 
8. T CHOV2 applies to RD and WR only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper 80L186EB operation. 
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AC SPECIFICATIONS 

AC Characteristics-(80L 186EB-13) 
Symbol Parameter Min Max 

INPUT CLOCK 

TF CLKIN Frequency 0 26 
Tc CLKIN Period 38.5 00 

TcH CLKIN High Time 15 00 

TcL CLKIN Low Time 15 00 

TcR CLKIN Rise Time 1 8 
TcF CLKIN Fall Time 1 8 

OUTPUT CLOCK 

Teo CLKIN to CLKOUT Delay 0 40 
T CLKOUT Period 2*Tc 
TpH CLKOUT High Time (T/2) - 5 (T/2) + 5 
TpL CLKOUT Low Time (T/2) - 5 (T/2) + 5 
TpR CLKOUT Rise Time 1 10 
TpF CLKOUT Fall Time 1 10 

OUTPUT DELA VS 

TcHOV1 ALE, S2:0, DEN, OT /R, BHE, 3 25 
LOCK, A19:16 

TcHOV2 GCS0:7, LCS, UCS, NCS, RD, WR 3 30 

TcLOV1 BHE, DEN, LOCK, RESOUT, HLDA, 3 25 
TOOUT, T10UT, A19:16 

TcLOV2 RD, WR, GCS7:0, LCS, UCS, A 15:8, 3 30 
AD7:0, NCS, INTA1:0 

TcLOV3 S2:0 3 35 

TcHOF RD, WR, BHE, DT /R, 0 30 
LOCK, S2:0, A19:16 

TcLOF DEN 0 35 

SYNCHRONOUS INPUTS 

TcHIS TEST, NMI, INT4:0, T1:01N, P2.6, P2.7 20 
READY, CTS1:0, BCLK1:0 

TcHIH TEST, NMI, INT4:0, T1:01N, BCLK1:0 3 
READY, CTS1:0 

Tcus AD15:0, READY 20 

TcuH READY, AD15:0 3 

Tcus HOLD 20 

TcuH HOLD 3 

NOTES: 
1. See AC Timing Waveforms, for waveforms and definition. 
2. Measure at V1H for high time, V1L for low time. 
3. Only required to guarantee Ice. Maximum limits are bounded by Tc. T CH and T CL· 
4. Specified for a 50 pF load, see Figure 10 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 11 for rise and fall times outside 50 pF. 
6. See Figure 11 for rise and fall times. 
7. TcHOV1 applies to SHE, LOCK and A19:16 only after a HOLD release. 
8. T CHOV2 applies to RD and WR only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper 80l186EB operation. 

24-380 

Units Notes 

MHz 1 
ns 1 
ns 1, 2 
ns 1, 2 
ns 1, 3 
ns 1, 3 

ns 1, 4 
ns 1 
ns 1 
ns 1 
ns 1, 5 
ns 1, 5 

ns 1, 4, 6, 7 

ns 1, 4, 6, 7 

ns 1, 4, 6 

ns 1, 4, 6 

ns 1, 4, 6 

ns 1 

ns 1 

ns 1, 9 

ns 1, 9 

ns 1, 10 

ns 1, 10 

ns 1, 9 

ns 1, 9 
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AC SPECIFICATIONS (Continued) 

Relative Timings (SOL 186EB-8, -13) 

Symbol Parameter Min Max Unit Notes 

RELATIVE TIMINGS 

TLHLL ALE Rising to ALE Falling T - 15 ns 

TAVLL Address Valid to ALE Falling %T-10 ns 

TPLLL Chip Selects Valid to ALE Falling %T-10 ns 1 

TLLAX Address Hold from ALE Falling %T-10 ns 

hLWL ALE Falling to WR Falling %T-15 ns 1 

TLLRL ALE Falling to RD Falling %T- 15 ns 1 

TwHLH WR Rising to ALE Rising %T- 10 ns 1 

TAFRL Address Float to RD Falling 0 ns 

TRLRH RD Falling to RD Rising (2*T) - 5 ns 2 

TwLWH WR Falling to WR Rising (2*T) - 5 ns 2 

TRHAX RD Rising to Address Active T - 15 ns 

TwHDX Output Data Hold after WR Rising T - 15 ns 

TwHPH WR Rising to Chip Select Rising %T- 10 ns 1 

TRHPH RD Rising to Chip Select Rising %T-10 ns 1 

TPHPL CS Active to CS Inactive %T- 10 ns 1 

TovRH ONCE Active to RESIN Rising 1T ns 

TRHOX ONCE Hold from RESIN Rising 1T ns 

NOTES: 
1. Assumes equal loading on both pins. 
2. Can be extended using wait states. 
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AC SPECIFICATIONS (Continued) 

Serial Port Mode o Timings (SOL 186EB-8, -13) 

Symbol Parameter Min Max Unit Notes 

TxLXL TXD Clock Period T(N + 1) ns 1, 2 

TxLXH TXD Clock Low to Clock High (N > 1) 2T- 35 2T + 35 ns 1, 2 

TxLXH TXD Clock Low to Clock High (N = 1) T- 35 T + 35 ns 1, 2 

TxHXL TXD Clock High to Clock Low (N > 1) T(N - 1) - 35 T(N - 1) + 35 ns 2 

TxHXL TXD Clock High to Clock Low (N = 1) T- 35 T + 35 ns 2 

TavxH RXD Output Data Setup to TXD Clock High (n > 1) T (n - 1) - 35 ns 1, 2 

TavxH RXD Output Data Setup to TXD Clock High (n = 1) T- 35 ns 1 

TxHQX RXD Output Data Hold after TXD Clock High (n > 1) 2T- 35 ns 1 

TxHQX RXD Output Data Hold after TXD Clock High (n = 1) T- 35 ns 1 

TxHQZ RXD Output Data Float after Last TXD Clock High T + 20 ns 1 

TovxH RXD Input Data Setup to TXD Clock High T + 20 ns 1 

TxHox RXD Input Data Hold after TXD Clock High 0 ns 1 

NOTES: 
1 . See Figure 9 for waveforms. 
2. n is the value of the BxCMP register ignoring the ICLK Bit (i.e., ICLK = 0). 
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AC TEST CONDITIONS 

The AC specifications are tested with the 50 pF load 
shown in Figure 4. See the Derating Curves section 
to see how timings vary with load capacitance. 

Specifications are measured at the Vcc/2 crossing 
point, unless otherwise specified. See AC Timing 
Waveforms, for AC specification definitions, test 
pins, and illustrations. 

AC TIMING WAVEFORMS 

OUTPUT 
PIN 

CL = 50 pF for all signals. 
270921-6 

figure 4. AC Test Load 

270921-7 

Figure 5. Input and Output Clock Waveform 
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MAX 
VALID 50% 50% VALID MIN 

ov Vee 

g VALID 50% 50% VALID 

ov 
I MAX 

Vee 9 
VALID FLOAT (NOTE) MAX 

ov Vee 

VALID FLOAT (NOTE) 

ov 
270921-8 

NOTE: 
20% Vee < Float < 80% Vee 

Figure 6. Output Delay and Float Waveform 
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1----+1 MIN 

VIL• V1H MIN 
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VALID 
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270921-9 

Figure 7. Input Setup and Hold 
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Figure 8. Relative Signal Waveform 
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Figure 9. Serlal Port Mode O Waveform 
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DERATING CURVES 

NOM+ 6 
> 
"' ...; 
@ NOM + 3 

.... 

.5 
>- NOM+ 1 ... .... ... 
Q 

I- NOM ::> .. 
I-
::> 
0 

NOM-1 
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c;_ (pF) 
270921-12 

Figure 10. Typical Output Delay Variations vs Load Capacitance 

8 
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2 

50 100 150 
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270921-13 

Figure 11. Typical Rise and Fall Variations vs Load Capacitance 
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Figure 12. PLCC Principal Dimensions 
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NOTE: 
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20(0.787) 

23.9:t0.4(0.941 :t0.016) 

22.3:t0.-4(0.878:t0.016) 

-H-o.1s:to.osco.005:to.002> 

Units are mm (inches) unless specified. 

Figure 13. QFP Principal Dimensions 
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ERRATA 

An SOL1S6EB with a STEPID value of 0001H has 
the following known errata. A device with a STEPID 
of 0001 H can be visually identified by noting the ab
sence of an alpha character next to the FPO num
ber or by the presence of an "A" alpha character 
next to the FPO number. The FPO number location 
is shown in Figures 2 and 3. 

1. A 19/0NCE is not latched by the rising edge of 
RESIN. A 19/0NCE must remain active (LOW) at 
all times to remain in the ONCE™ Mode. Remov
ing A 19/0NCE after RESIN is high will return all 
output pins to a driving state, however, the 
SOL 1 S6EB will remain in a reset state. 

2. During interrupt acknowledge (INTA) bus cycles, 
the bus controller will ignore the state of the 
READY pin if the previous bus cycle ignored the 
state of the READY pin. This errata can only oc
cur if the Chip-Select Unit is being used. All active 
chip-selects must be programmed to use READY 
(ADY bit must be programmed to a 1) if wait
states are required for INTA bus cycles. 

3. CLKOUT will transition off the rising edge of 
CLKIN rather than the falling edge of CLKIN. This 
does not affect any bus timings other than T CICO· 

4. RESIN has a hysterisis of only 130 mV. It is rec
ommended that RESIN be driven with a Schmitt 
triggered device to avoid processor lockup during 
reset when using an RC circuit. 

5. SINT1 will only go active for one clock period 
when a receive or transmit interrupt is pending 
(i.e., it does not remain active until the S1STS 
register is read). If SINT1 is to be connected to 
any of the SOL 1S6EB interrupt lines (INTO-INT4), 
then it must be latched by user logic. 

An SOL1SSEB with a STEPID value of 0001H or 
0002H has the following known errata. Otherwise, 
an SOL 1 SSEB with a STEPID value of 0002H has no 
known errata (as of this publication). A device with a 
STEPID of 0002H can be visually identified by noting 
the presence of a "B" or "C" alpha character next 
to the FPO number. The FPO number location is 
shown in Figures 2 and 3. 

1 . An internal condition with the interrupt controller 
can cause no acknowledge cycle on the INTA1 
line in response to INT1. This errata only occurs 
when Interrupt 1 is configured in cascade mode 
and a higher priority interrupt exists. This errata 
will not occur consistantly, it is dependent on in
terrupt timing. 

REVISION HISTORY 

The following changes have been made between 
the -001 version and this (-002) version of the 
SOL 1 S6EB data sheet. This -002 data sheet applies 
to any SOL 1 S6EB with a "B" alpha character after 
the FPO number. The FPO number location is 
shown in Figures 2 and 3. 

1 . The data sheet was changed from a Product Pre
view version to an Advance Information version. 

2. The DC specifications table has changed. Also, 
notes have been changed/ added. 

3. Graphs for Ice versus Frequency have been 
changed to equations with supporting text. 

4. Graphs for PDTMR pin capacitance have been 
changed to equations with supporting text. 

5. Serial port MODE O timings have been changed. 

6. Various typing errors have been corrected 
throughout the document. 

The following changes were made between the -002 
and -003 versions of the SOL 1 SSEB data sheets. 
The -003 data sheet applies to any SOL 1 SSEB with a 
"B" alpha character after the FPO number. The FPO 
number location is shown in Figures 2 and 3. 

1. 13 MHz Electrical, DC and AC Specifications were 
added to the appropriate sections. 

2. The timing J:Qwv3 was added to the AC Specifi
cations for S2:0. 

3. An errata appearing on both A and B steppings 
(INTA1) was added. 
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80-BIT MATH COPROCESSOR 

• High Performance 80-Bit Internal • Expands 80C186's Data Types to 
Architecture Include 32-, 64·, 80-Bit Floating-Point, 

• Implements ANSI/IEEE Standard 754· 32-, 64-Bit Integers and 18-Digit BCD 

1985 for Binary Floating-Point Operands 

Arithmetic • Directly Extends 80C186's Instruction 

• Upward Object-Code Compatible from Set to Trigonometric, Logarithmic, 

8087 Exponential, and Arithmetic 
Instructions for All Data Types 

• Fully Compatible with 387™DX and 
Full-Range Transcendental Operations 387™SX Math Coprocessors. • 

Implements all 387 Architectural for SINE, COSINE, TANGENT, 

Enhancements over 8087 ARCTANGENT, and LOGARITHM 

• Directly Interfaces with 80C186 CPU • Built-In Exception Handling 

• 80C186/80C187 Provide a Software/ • Eight 80-Bit Numeric Registers, Usable 

Binary Compatible Upgrade from as Individually Addressable General 

80186/82188/8087 Systems Registers or as a Register Stack 

• Available in 40-Pin CERDIP and 44-Pin 
PLCC Package 
(See Packaging Outlines and Dimensions, Order # 231369) 

The Intel 80C187 is a high-performance math coprocessor that extends the architecture of the 80C186 with 
floating-point, extended integer, and BCD data types. A computing system that includes the 80C187 fully 
conforms to the IEEE Floating-Point Standard. The 80C187 adds over seventy mnemonics to the instruction 
set of the 80C186, including support for arithmetic, logarithmic, exponential, and trigonometric mathematical 
operations. The 80C187 is implemented with 1.5 micron, high-speed CHMOS Ill technology and packaged in 
both a 40-pin CERDIP and a 44-pin PLCC package. The 80C187 is upward object-code compatible from the 
8087 math coprocessor and will execute code written for the 80387DX and 80387SX math coprocessors. 

24-390 
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79 78 64 
80C187 Data Registers 
63 0 

RO SIGN EXPONENT 
R1 
R2 
R3 
R4 
R5 
R6 
R7 

15 0 
CONTROL REGISTER 
STATUS REGISTER 

TAG WORD 

SIGNIFICAND 

15 0 
INSTRUCTION POINTER 

DATA POINTER 

Figure 2. Register Set 

FUNCTIONAL DESCRIPTION 

The 80C187 Math Coprocessor provides arithmetic 
instructions for a variety of numeric data types. It 
also executes numerous built-in transcendental 
functions {e.g. tangent, sine, cosine, and log func
tions). The 80C187 effectively extends the register 
and instruction set of the 80C186 CPU for existing 
data types and adds several new data types as well. 
Figure 2 shows the additional registers visible to pro
grams in a system that includes the 80C187. Essen
tially, the 80C187 can be treated as an additional 
resource or an extension to the CPU. The 80C186 
CPU together with an 80C187 can be used as a sin
gle unified system. 

A 80C186 system that includes the 80C187 is com
pletely upward compatible with software for the 
8086/8087. 

The 80C187 interfaces only with the 80C186 CPU. 
The interface hardware for the 80C187 is not imple
mented on the 80C188. 

PROGRAMMING INTERFACE 

The 80C187 adds to the CPU additional data types, 
registers, instructions, and interrupts specifically de
signed to facilitate high-speed numerics processing. 
All new instructions and data types are directly sup
ported by the assembler and compilers for high-level 
languages. The 80C187 also supports the full 
80387DX instruction set. 

All communication between the CPU and the 
80C187 is transparent to applications software. The 

CPU automatically controls the 80C187 whenever a 
numerics instruction is executed. All physical memo
ry and virtual memory of the CPU are available for 
storage of the instructions and operands of pro
grams that use the 80C187. All memory addressing 
modes are available for addressing numerics oper
ands. 

The end of this data sheet lists by class the instruc
tions that the 80C187 adds to the instruction set. 

NOTE: 
The 80C187 Math Coprocessor is also referred to 
as a Numeric Processor Extension {NPX) in this 
document. 

Data Types 

Table 1 lists the seven data types that the 80C187 
supports and presents the format for each type. Op
erands are stored in memory with the least signifi
cant digit at the lowest memory address. Programs 
retrieve these values by generating the lowest ad
dress. For maximum system performance, all oper
ands should start at even physical-memory address
es; operands may begin at odd addresses, but will 
require extra memory cycles to access the entire op
erand. 

Internally, the 80C187 holds all numbers in the ex
tended-precision real format. Instructions that load 
operands from memory automatically convert oper
ands represented in memory as 16-, 32-, or 64-bit 
integers, 32- or 64-bit floating-point numbers, or 18-
digit packed BCD numbers into extended-precision 
real format. Instructions that store operands in mem
ory perform the inverse type conversion. 
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Numeric Operands Register Set 

A typical NPX instruction accepts one or two oper
ands and produces one (or sometimes two) .results. 
In two-operand instructions, one operand is the con
tents of an NPX register, while the other may be a 
memory location. The operands of some instructions 
are predefined; for example, FSQRT always takes 
the square root of the number in the top stack ele
ment (refer to the section on Data Registers). 

Figure 2 shows the 80C187 register set. When an 
80C187 is present in a system, programmers may 
use these registers in addition to the registers nor
mally available on the CPU. 

DATA REGISTERS 

80C187 computations use the extended-precision 
real data type. 

Table 1. Data Type Representation In Memory 

Most Significant Byte HIGHEST ADDRESSED BYTE 
Data Range Precision ol1 ol1 0I1 oJ 1 ol1 ol1 0J1 Formats 7 

Word Integer ±104 16 Bits ] 1TWO S 
COMPLEMENT! 

15 0 

Short Integer ±109 32 Bits J !TWOS 
COMPLEMENT1 

31 0 

Long Integer ± 1018 64 Bits 
63 

± 1018 ~ x ld11 MAGNITUDE 
Packed BCD 18 Digits du, d,'!i du d,3 d1 1 d,, dw d~ do d, d, d, 

79 72 

Single Precision ± 10±38 24 Bits :I BIASED l S EXPONENT SIGNIFICAND J 
31 23\_ 0 

" 
Double Precision ± 10±308 53 Bits 1 BIASED I SIGNIFICAND EXPONENT 

63 5~ 
" 

Extended I± 10±4932 64 Bits 1 BIASED fil SIGNIFICAND 
EXPONENT Precision 

79 64 636 

NOTES: 
1. S = Sign bit (0 = Positive, 1 = Negative) 
2. dn = Decimal digit (two per byte) 
3. X = Bits have no significance; 80C187 ignores when loading, zeros when storing 
4 . .a. = Position of implicit binary point 
5. I = Integer bit of significand; stored in temporary real, implicit in single and double precision 
6. Exponent Bias (normalized values): 

Single: 127 (7FH) 
Double: 1023 (3FFH) 
Extended Real: 16383 (3FFFH) 

7. Packed BCD: (-1)8 (D17 ... Do) 
8. Real: (-1)8 (2E-BIA8) (Fo. F1 ... ) 
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The 80C187 register set can be accessed. either as 
a stack, with instructions operating on the top one or 
two stack elements, or as individually addressable 
registers. The TOP field in the status word identifies 
the current top-of-stack register. A "push" operation 
decrements TOP by one and loads a value. into the 
new top register. A "pop" operation stores the value 
from the current top register and then increments 
TOP by one. The 80C1 .87 register stack grows 
"down" toward lower-addressed registers. 

Instructions may address the data registers either 
implicitly or explicitly. Many instructions operate on 
the register at the TOP of the stack. These instruc
tions implicitly address the register at which TOP 
points. Other instructions allow the programmer to 
explicitly specify which register to use. This explicit 
addressing is also relative to TOP. 

TAG WORD 

The tag word marks the content of each numeric 
data register, as Figure 3 shows. Each two-bit tag 
represents one of the eight data registers. The prin
cipal function of the tag word is to optimize the 
NPX's performance and stack handling by making it 
possible to distinguish between empty and nonemp
ty register locations. It also enables exception han
dlers to identify special values (e,g. NaNs or denor
ma!s) in the contents of a stack location without the 
need to perform complex decoding of the actual 
data. 

STATUS WORD 

The 16-bit status word (in the status register) shown 
in Figure 4 reflects the overall state of the 80C187. It 
may be read and inspected by programs. 

15 

TAG(?) TAG (6) TAG (5) TAG (4) 

NOTE: 

Bit 15, the B-bit (busy bit) is included for 8087 com
patibility only. It always has the same value as the 
ES bit (bit 7 of the status word); it does not indicate 
the status of the BUSY output of 80C187. 

Bits 13-11 (TOP) point to the 80C187 register that 
is the current top-of-stack. 

The four numeric condition code bits (C3-C0) are 
similar to the flags in a CPU; instructions that per
form arithmetic operations update these bits to re
flect the outcome. The effects of these· instructions 
on the condition code are summarized in Tables 2 
through 5. 

Bit 7 is the error summary (ES) status bit. This bit is 
set if any unmasked exception bit is set; it is clear 
otherwise. If this bit is set, the ERROR signal is as
serted. 

Bit 6 is the stack flag (SF). This bit is used to distin
guish invalid operations due to stack overflow or un
derflow from other kinds of invalid operations. When 
SF . is set, bit 9 (C1) distinguishes between stack 
overflow (C1 = 1) and underflow (C1 = 0). 

Figure 4 shows the six exception flags in bits 5-0 of 
the status word. Bits 5-0 are set to indicate that the 
80C187 has detected an exception while executing 
an instruction. A later section entitled "Exception 
Handling" explains how they are set and used. 

Note that when a new value is loaded into the status 
word by the FLDENV or FRSTOR instruction, the 
value of ES (bit 7) and its reflection in the B-bit (bit 
15) are not derived from the values loaded from 
memory but rather are dependent upon the values of 
the exception flags (bits 5-0) in the status word and 
their corresponding masks in the control word. If ES 
is set in such a case, the ERROR output of the 
80C187 is activated immediately. 

0 

TAG (3) TAG (2) TAG (1) TAG (0) 

The index i of tag(i) is not top-relative. A program typically uses the "top" field of Status Word to determine 
which tag(i) field refers to logical top of stack. 
TAG VALUES: 

00 = Valid 
01 = Zero 
10 = QNaN, SNaN, Infinity, Denormal and Unsupported Formats 
11 = Empty 

Figure 3. Tag Word 
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"'°' "'""'' mrus _J STACK FLAG 

EXCEPTION FLAGS: 
PRECISION ---------' 
UNDERFLOW--------
OVERFLOW ----------' 
ZERO DIVIDE----------
DENORMALIZED OPERAND -------" 
INVALID OPERATION ---------" 

ES Is set H any unmasked exception bit is set; cleared oth8fWise. 
See Table 2 for interpretation of condition code. 
TOP values: 

000 = Register O is Top of Stack 
001 = Register 1 Is Top of Stack . 
111 = Register 7 Is Top of Stack 

For definitions of exceptions, refer to the section entiUed, 
"Exception Handling" 

Figure 4. Status Word 
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CONTROL WORD 

The NPX provides several processing options that are selected by loading a control word from memory into 
the control register. Figure 5 shows the format and encoding of fields in the control word. 

Table 2. Condition Code Interpretation 

Instruction CO(S) I C3(Z) C1(A) C2(C) 

FPREM, FPREM1 Three Least S!gnificant Reduction 
(See Table 3) Bits of Quotient o =Complete 

02 QO 01 1 = Incomplete 
orO/U 

FCOM, FCOMP, 
FCOMPP, FTST Result of Comparison Zero or Operand is not 
FUCOM, FUCOMP, (See Table~) O/U Comparable (Table 4) 
FUCOMPP, FICOM, 
FICOMP 

FXAM Operand Class Sign Operand Class 
(See Table 5) orO/U (Table 5) 

FCHS, FABS, FXCH, 
FINCSTP, FDECSTP, 
Constant Loads, 

UNDEFINED 
Zero 

UNDEFINED 
FXTRACT, FLO, orO/U 
FILD,FBLD, 
FSTP (Ext Real) 

FIST, FBSTP, 
FRNDINT, FST, 
FSTP, FADD, FMUL, 

UNDEFINED Roundup UNDEFINED 
FDIV, FDIVR, 

orO/U 
FSUB, FSUBR, 
FSCALE, FSORT, 
FPATAN, F2XM1, 
FYL2X, FYL2XP1 

FPTAN, FSIN, 
UNDEFINED 

Roundup Reduction 
FCOS, FSINCOS orO/U, O =Complete 

Undefined 1 = Incomplete 
ifC2 = 1 

FLDENV, FRSTOR Each Bit Loaded from Memory 

FLDCW, FSTENV, 
FSTCW, FSTSW, 

UNDEFINED 
FCLEX, FINIT, 
FSAVE 

O/U When both IE and SF bits of status word are set, indicating a stack exception, this bit distinguishes between 
stack overflow (Ct = t) and underflow (Ct = 0). 

Reduction If FPREM or FPREMt produces a remainder that is less than the modulus, reduction is complete. When 
reduction is incomplete the value at the top of the stack is a partial remainder, which can be used as input to 
further reduction. For FPTAN, FSIN, FCOS, and FSINCOS, the reduction bit is set if the operand at the top of 
the stack is too large. In this case the original operand remains at the top of the stack. 

. Roundup When the PE bit of the status word is set, this bit indicates whether one was added to the least significant bit of 
the result during the last rounding. 

UNDEFINED Do not rely on finding any specific value in these bits. 
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The low-order byte of this control word configures 
exception masking. Bits 5-0 of the control word 
contain individual masks for each of the six excep
tions that the 80C187 recognizes. 

The high-order byte of the control word configures 
the 80C187 operating mode, including precision, 
rounding, and infinity control. 

• The "infinity control bit" (bit 12) is not meaningful 
to the 80C187, and programs must ignore its val
ue. To maintain compatibility with the 8087, this 
bit can be programmed; however, regardless of 
its value, the 80C187 always treats infinity in the 
affine sense ( - oo < + oo ). This bit is initialized 
to zero both after a hardware reset and after the 
FINIT instruction. 

• The rounding control (RC) bits (bits 11 -10) pro
vide for directed rounding and true chop, as well 

as the unbiased round to nearest even mode 
specified in the IEEE standard. Rounding control 
affects only those instructions that perform 
rounding at the end of the operation (and thus 
can generate a precision exception); namely, 
FST, FSTP, FIST, all arithmetic instructions (ex
cept FPREM, FPREM1, FXTRACT, FASS, and 
FCHS), and all transcendental instructions. 

• The precision control (PC) bits (bits 9-8) can be 
used to set the 80C187 internal operating preci
sion of the significand at less than the default of 
64 bits (extended precision). This can be useful in 
providing compatibility with early generation arith
metic processors of smaller precision. PC affects 
only the instructions ADD, SUB, DIV, MUL, and 
SQRT. For all other instructions, either the preci
sion is determined by the opcode or extended 
precision is used. 

Table a. Condition Code Interpretation after FPREM and FPREM1 Instructions 

Condition Code Interpretation after 

C2 ca C1 co FPREM and FPREM 1 

Incomplete Reduction: 
1 x x x Further Iteration Required 

for Complete Reduction 

Q1 QO Q2 QMOD8 

0 0 0 0 
0 1 0 1 Complete Reduction: 

0 
1 0 0 2 CO, C3, C1 Contain Three Least 
1 1 0 3 Significant Bits of Quotient 
0 0 1 4 
0 1 1 5 
1 0 1 6 
1 1 1 7 

Table 4. Condition Code Resulting from Comparison 

Order ca C2 co 
TOP > Operand 0 0 0 
TOP < Operand 0 0 1 
TOP = Operand 1 0 0 
Unordered 1 1 1 

24-397 



80C187 

Table 5. Condition Code Defining Operand Class 

C3 C2 C1 

0 0 0 
0 0 0 
0 0 1 
0 0 1 
0 1 0 
0 1 0 
0 1 1 
0 1 1 
1 0 0 
1 0 0 
1 0 1 
1 0 1 
1 1 0 
1 1 1 

INSTRUCTION AND DATA POINTERS 

Because the NPX operates in parallel with the CPU, 
any exceptions detected by the NPX may be report
ed after the CPU has executed the ESC instruction 
which caused it. To allow identification of the failing 
numerics instruction, the 80C187 contains registers 
that aid in diagnosis. These registers supply the op
code of the failing numerics instruction, the address 
of the instruction, and the address of its numerics 
memory operand (if appropriate). 

The instruction and data pointers are provided for 
user-written exception handlers. Whenever . the 
80C187 executes a new ESC instruction, it saves 
the address of the instruction (including any prefixes 
that may be present), the address of the operand (if 
present), and the opcode. 

The instruction and data pointers appear in the for
mat shown by Figure 6. The ESC instruction 
FLDENV, FSTENV, FSAVE and FRSTOR are used 
to transfer these values between the registers and 
memory. Note that the value of the data pointer is 
undefined if the prior ESC instruction did not have a 
memory operand. 

Interrupt Description 

CPU interrupt 16 is used to report exceptional condi
tions while executing numeric programs. Interrupt 16 
indicates that the previous numerics instruction 
caused an unmasked exception. The address of the 
faulty instruction and the address of its operand are 
stored in the instruction pointer and data pointer reg
isters. Only ESC instructions can cause this inter-

co Value at TOP 

0 + Unsupported 
1 +NaN 
0 - Unsupported 
1 - NaN 
0 +Normal 
1 + Infinity 
0 - Normal 
1 - Infinity 
0 +o 
1 +Empty 
0 -0 
1 - Empty 
0 + Denormal 
1 - Denormal 

rupt. The CPU return address pushed onto the stack 
of the exception handler points to an ESC instruction 
(including prefixes). This instruction can be restarted 
after clearing the exception condition in the NPX. 
FNINIT, FNCLEX, FNSTSW, FNSTENV, and 
FNSAVE cannot cause this interrupt. 

Exception Handling 

The 80C187 detects six different exception condi
tions that can occur during instruction execution. Ta
ble 6 lists the exception conditions in order of prece
dence, showing for each the cause and the default 
action taken by the 80C187 if the exception is 
masked by its corresponding mask bit in the control 
word. 

Any exception that is not masked by the control 
word sets the corresponding exception flag of the 
status word, sets the ES bit of the status word, and 
asserts the ERROR signal. When the CPU attempts 
to execute another ESC instruction, interrupt 16 oc
curs. The exception condition must be resolved via 
an interrupt service routine. The return address 
pushed onto the CPU stack upon entry to the serv
ice routine does not necessarily point to the failing 
instruction nor to the following instruction. The 
80C187 saves the address of the floating-point in
struction that caused the exception and the address 
of any memory operand required by that instruction. 

If error trapping is required at the end of a series of 
numerics instructions (specifically, when the last 
ESC instruction modifies memory data and that data 
is used in subsequent nonnumerics instructions), it is 
necessary to insert the FNOP instruction to force the 
80C187 to check its ERROR input. 
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---------------- RESERVED 
.----------(INFINITY CONTROL} • 

1 .. ..--------- ROUNDING CONTROL 

ll!.........---1 - PRECISION CONTROL 

15 7 0 

Ix x xHRclPclx x1~1~1~1~1~1~1 
p.~ ·+ p. p. p. 

RESERVED --------.... 

EXCEPTION MARKS: 
PRECISION -------
UNDERFLOW--------_. 

OVERFLOW --------
ZERO DIVIDE---------_. 
DENORMALIZED OPERAND ______ _. 

INVALID OPERATION ----------' 

Precision Control Rounding Control 
00- 24 Bits (Single Precision) 00- Round to Nearest or Even 
01- (Reserved) 01- Round Down (toward - "'>l 
10- 53 Bits (Double Precision) 10- Round Up (toward + oo) 
11- 64 Bits (Extended Precision) 11- Chop (Truncate toward Zero) 

270640-4 

•The "infinity control" bit is not meaningful to the 80C187. To maintain compatibility with the 8087, this bit can be 
programmed; however, regardless of its value, the 80C187 treats infinity in the affine sense ( - oo < + oo ). 

Figure 5. Control Word 

15 7 0 

CONTROL WORD +o 

STATUS WORD +2 

TAG WORD +4 

INSTRUCTION POINTER1s .. o +6 

IP1e .. 1s Jo I OPCODE10 .. o +8 

OPERAND POINTER1s .. o +A 

OP19 .. 16 Io Io 0 0 0 0 0 0 0 0 0 0 +c 

Figure 6. Instruction and Data Pointer Image In Memory 
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Table 6. Exceptions 

Exception Cause 
Default Action 

(If Exception Is Mask~) 

Invalid Operation on a signalling NaN, Result is a quiet NaN, 
Operation unsupported format, inl'.feterminate integer indefinite, or 

form (0* oo, 0/0), ( + oo) BCD indefinite 
+ (- oo ), etc.), or stack 
overflow/underflow (SF is also set) 

i;>enormalized At least one of the operands is The operand is normalized, 
Operand denormalized, i.e. it has the smallest and normal processing 

exponent but a nonzero significand continues 

Zero Divisor The divisor is zero while the dividend Result is oo 

is a.noninfinite, nonzero number 

Overflow The result is too large in magnitude Result is largest finite 
to fit in the specified format value or oo 

Underflow The true result is nonzero but too small Result is denormalized 
to be represented in the specified format, and, or zero 
if underflow exception is masked, denormalization 
causes loss of accuracy 

Inexact The true result is not exactly representable Normal processing 
Result in the specified format (e.g. 1 /3); continues 
(Precision) the result is rounded according to the 

rounding mode 

lnltlallzatlon 

After FNINIT or RESET, the control word contains 
the value 037FH (all exceptions masked, precision 
control 64 bits, rounding to nearest) the same values 
as in an 8087 after RESET. For compatibility with the 
8087, the bit that used to indicate infinity control (bit 
12) is set to zero; however, regardless of its setting, 
infinity is treated in the affine sense. After FNINIT or 
RESET; the status word is initialized as follows: 

• All exceptions are set to zero. 

• Stack TOP is zero, so that after the first push the 
stack top will be register seven (111 B). 

• The condition code Ca-Co is unc;leflned. 

• The B-bit is zero. 

The tag word contains FFFFH (all stack locations 
are empty). 

80C186/80C187 initialization software should exe
cute an FNINIT instruction (i.e. an FINIT without a 
preceding WAIT) after RESET. The FNINIT is not 
strictly required for 80C187 software, but Intel 
recommends its use to help ensure upward compati
bility with other processors. 

8087 Compatiblllty 

This section summarizes the differences between 
the 80C187 and the 8087. Many changes have been 
designed into the 80C187 to directly support the 
IEEE standard in hardware. These changes result in 
increased performance by elminating the need for 

· software that supports the standard. 

GENERAL DIFFERENCES 

The 8087 instructions FENl/FNENI and FDISI/ 
FNDISI perform no useful function in the 80C187 
Numeric Processor Extension. They do not alter the 
state of the 80C187 Numeric Processor Extension. 
(They are treated similarly to FNOP, except that 
ERROR is not checked.) While 8086/8087 code 
containing these instructions can be executed on 
the 80C186/80C187, it is unlikely that the exception
handling routines containing these instructions will 
be completely portable to the 80C187 Numeric Proc
essor Extension. 

The 80C187 differs from the 8087 with respect to 
instruction, data, and exception synchronization. Ex
cept for the processor control instructions, all of the 
80C187 numeric instructions are automatically syn
chronized by the 80C186 CPU. When necessary, the 
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80C186 automatically tests the BUSY line from the 
80C187 Numeric Processor Extension to ensure that 
the 80C187 Numeric Processor Extension has com
pleted its previous instruction before executing the 
next ESC instruction. No explicit WAIT instructions 
are required to assure this synchronization. For the 
8087 used with 8086 and 8088 CPUs, explicit WAITs 
are required before each numeric instruction to en
sure synchronization. Although 8086/8087 pro
grams having explicit WAIT instructions will execute 
on the 80C186/80C187, these WAIT instructions 
are unnecessary. 

The 80C187 supports only affine closure for infinity 
arithmetic, not projective closure. 

Operands for FSCALE and FPATAN are no longer 
restricted in range (except for ± oo); F2XM1 and 
FPT AN accept a wider range of operands. 

Rounding control is in effect for FLO constant. 

Software cannot change entries of the tag word to 
values (other than empty) that differ from actual reg
ister contents. 

After reset, FINIT, and incomplete FPREM, the 
80C187 resets to zero the condition code bits C3-
Co of the status word. 

In conformance with the IEEE standard, the 80C187 
does not support the special data formats 
pseudozero, pseudo-NaN, pseudoinfinity, and un
normal. 

The denormal exception has a different purpose on 
the 80C187. A system that uses the denormal-ex
ception handler solely to normalize the denormal op
erands, would better mask the denormal exception 
on the 80C187. The 80C187 automatically normal
izes denormal operands when the denormal excep
tion is masked. 

EXCEPTIONS 

A number of differences exist due to changes in the 
IEEE standard and to functional improvements to 
the architecture of the 80C186/80C187: 

1. The 80C186/80C187 traps exceptions only on 
the next ESC instruction; i.e. the 80C186 does not 
notice unmasked 80C187 exceptions on the 
80C186 ERROR input line until a later numerics 
instruction is executed. Because the 80C186 
does not sample ERROR on WAIT and FWAIT 
instructions, programmers should place an FNOP 
instruction at the end of a sequence of numerics 
instructions to force the 80C186 to sample its 
ERROR input. . 

2. The 80C187 Numeric Processo.r Extension sig
nals exceptions through a dedicated ERROR line 
to the CPU. The 80C187 error signal does not 
pass through an interrupt controller (the 8087 INT 
signal does). Therefore, any interrupt-controller
oriented instructions in numerics exception han
dlers for the 8086/8087 should be deleted. 

3. Interrupt vector 16 must point to the numerics ex
ception handling routine. 

4. The ESC instruction address saved in the 80C187 
Numeric Processor Extension includes any lead
ing prefixes before the ESC opcode. The corre
sponding address saved in the 8087 does not 
include leading prefixes. 

5. When the overflow or underflow exception is 
masked, the 80C187 differs from the 8087 in 
rounding when overflow or underflow occurs. The 
80C187 produces results that are consistent with 
the rounding mode. 

6. When the underflow exception is masked, the 
80C187 sets its underflow flag only if there is also 
a loss of accuracy during denormalization. 

7. Fewer invalid-operation exceptions due to denor
mal operands, because the instructions FSQRT, 
FDIV, FPREM, and conversions to BCD or to inte
ger normalize denormal operands before pro
ceeding. 

8. The FSQRT, FBSTP, and FPREM instructions 
may cause underflow, because they support de
normal operands. 

9, The denormal exception can occur during the 
transcendental instructions and the FXTRACT in
struction. 

10. The denormal exception no longer takes prece- fl 
dence over all other exceptions. 

11. When the denormal exception is masked, the 
80C187 automatically normalizes denormal op
erands. The 8087 performs unnormal arithmetic, 
which might produce an unnormal result. 

12. When the operand is zero, the FXTRACT in
struction reports a zero-divide exception and 
leaves - oo in ST(1 ). 

13. The status word has a new bit (SF) that signals 
when invalid-operation exceptions are due to 
stack underflow or overflow. 

14. FLO extended precision no longer reports denor
mal exceptions, because the instruction is not 
numeric. 

15. FLO single/double precision when the operand 
is denormal converts the number to extended 
precision and signals the denormalized oper-
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and exception. When loading a signalling NaN, 
FLO single/double precision signals an invalid· 
operand exception. 

16. The 80C187 only generates quiet NaNs (as on 
the 8087); however, the 80C187 distinguishes 
between quiet NaNs and signalling NaNs. Sig
nalling NaNs trigger exceptions when they are 
used as operands; quiet NaNs do not (except for 
FCOM, FIST, and FBSTP which also raise IE for 
quiet NaNs). 

17. When stack overflow occurs during FPT AN and 
overflow is masked, both SJ(O) and ST(1) con
tain quiet NaNs. The 8087 leaves the ·original 
operand in ST(1) intact. 

18. When the scaling factor is ± oo, ·the FSCALE 
(ST(O), ST(1) instruction behaves as follows 

(ST(O) and ST(1) contain the scaled and scaling 
operands respectively): 

• FSCALE (0, oo) generates the invalid opera
tion exception. 

• FSCALE (finite, - oo) generates zero with the 
. same sign as the scaled operand. 

• FSCALE (finite, + oo) generates oo with the 
same sign as the scaled operand. 

The 8087 returns zero in the first case and rais
es the invalid-operation exception ·in the other 
cases. 

19. The 80C187 returns signed infinity/zero as the 
unmasked response to massive overflow/under
flow. The 8087 supports a limited range for the 
scaling factor; within this range either massive 
overflow/underflow do not occur or undefined 
results are produced. 

Table 7. Pin Summary 

Pin 
Function 

Active Input/ 
Name State Output 

CLK CLocK I 
CKM CIOQKing Mode I 
RESET System reset High I 

PEREQ Processor Extension High 0 
RE Quest 

BUSY Busy status High 0 
~ Error status Low 0 

015-Do Data pins High 1/0 
NPAD Numeric· Processcir ReaD Low I 
iiiPWR Numeric Processor WRite Low I 

NJ5S1 NPX select # 1 Low I 
NPS2 NPX select #2 High I 
CMDO CoMmanDO High I 
CMD1 CoMmanD1 High I 

Vee System power I 
Vss System ground I 
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HARDWARE INTERFACE 
In the following description of hardware interface, an 
overbar above a signal name indicates that the ac
tive or asserted state occurs when the signal is at a 
low voltage. When no overbar is present above the 
signal name, the signal is asserted when at the high 
voltage level. 

Signal Description 

In the following signal descriptions, the 80C187 pins 
are grouped by function as follows: 

1. Execution Control- CLK, CKM, RESET 

2. NPX Handshake- PEREQ, BUSY, ERROR 

3. Bus Interface Pins- D15-D0, NPWR, NPRD 

4. Chip/Port Select- NPS1, NPS2, CMDO, CMD1 

5. Power Supplies- Vee. Vss 

Table 7 lists every pin by its identifier, gives a brief 
description of its function, and lists some of its char
acteristics. Figure 7 shows the locations of pins on 
the CERDIP package, while Figure 8 shows the loca
tions of pins on the PLCC package. Table 8 helps to 
locate pin identifiers in Figures 7 and 8. 

Clock (CLK) 

This input provides the basic timing for internal oper
ation. This pin does not require MOS-level input; it 
will operate at either TTL or MOS levels up to the 
maximum allowed frequency. A minimum frequency 
must be provided to keep the internal logic properly 
functioning. Depending on the signal on CKM, the 
signal on CLK can be divided by two to produce the 
internal clock signal (in which case CLK may be up 
to 32 MHz in frequency), or can be used directly (in 
which case CLK may be up to 12.5 MHz). 

Clocking Mode (CKM) 

This pin is a strapping option. When it is strapped to 
Vee (HIGH), the CLK input is used directly; when 
strapped to Vss (LOW), the CLK input is divided by 
two to produce the internal clock signal. During, the 
RESET sequence, this input must be stable at least 
four internal clock cycles (i.e. CLK clocks when CKM 
is HIGH; 2 x CLK clocks when CKM is LOW) before 
RESET goes LOW. 
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Vss Vee 

N.C.• 2 CKM 

Vee 3 Vss 

Vss 4 Vee 

015 5 Vss 

014 6 RESET 

013 7 NPS1 

012 8 NPS2 

Vee 9 CLK 

Vss 10 80C187 CM01 

011 11 Vss 

010 12 CMOO 

Vee 13 NPWR 

Dg 14 NPRD 

03 15 ERROR 

07 16 BUSY 

05 17 PEREQ 

05 18 Do 

04 19 01 

03 20 02 

270640-5 
•N.C. = Pin Not Connected 

Figure 7. CERDIP Pin Configuration 

c.5 ~::18::18~ ::18::1<! z 0 > > > > 0 > > > z 

014 RESET 

013 38 NPS1 

012 37 NPS2 

Vee 36 CLK 

N.C.• 35 CM01 

V55 80C187 34 V55 

011 TOP VIEW•• 33 N.C.• 

010 32 CMOO 

Vee 31 NPWR 

Og 30 NPRO 

Os 17 29 ERROR 
18 19 20 21 22 23 24 25 26 27 28 

270640-6 
•N.C. = Pin Not Connected 
•*"Top View" means as the package is seen from the 

component side of the board. 

Figure 8. PLCC Pin Configuration 
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Table 8. PLCC Pin Cross-Reference 

Pin Name CERDIP Package PLCC Package 

BUSY 25 28 
CKM 39 44 
CLK 32 36 
CMDO 29 32 
CMD1 31 35 
Do 23 26 
01 22 25 
02 21 24 
03 20 22 
04 19 21 
05 18 20 
Ds 17 19 
07 16 18 
Os 15 17 
09 14 16 
010 12 14 
011 11 13 
012 8 9 
013 7 8 
014 6 7 
015 5 5 
ERROR 26 29 
No Connect 2 6, 11,23,33,40 
NPRO 27 30 
NPS1 34 38 
NPS2 33 37 
NPWR 28 31 
PEREQ 24 27 
RESET 35 39 
Vee 3,9,13,37,40 1,3, 10, 15,42 
Vss 1,4, 10,30,36,38 2,4, 12,34,41,43 

System Reset (RESET) 

A LOW to HIGH transition on this pin causes the 
80C187 to terminate its present activity and to enter 
a dormant state. RESET must remain active (HIGH) 
for at least four internal clock periods. (The relation 
of the internal clock period to CLK depends on 
CLKM; the internal clock may be different from that 
of the CPU.) Note that the 80C187 is active internal
ly for 25 clock periods after the termination of the 
RESET signal (the HIGH to LOW transition of RE
SET); therefore, the first instruction should not be 
written to the 80C187 until 25 internal clocks after 
the falling edge of RESET. Table 9 shows the status 
of the output pins during the reset sequence. After a 
reset, all output pins return to their inactive states. 

Table 9. Output Pin Status during Reset 

Output Value 
Pin Name during Reset 

BUSY HIGH 

ERROR HIGH 

PEREQ LOW 

015-0o TRI-STATE OFF 

Processor Extension Request (PEREQ) 

When active, this pin signals to the CPU that the 
80C187 is ready for data transfer to/from its data 
FIFO. When there are more than five data transfers, 
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PEREQ is deactivated after the first three transfers 
and subsequently after every four transfers. This sig
nal always goes inactive before BUSY goes inactive. 

Busy Status (BUSY) 

When active, this pin signals to the CPU that the 
80C187 is currently executing an instruction. This 
pin is active HIGH. It should be connected to the 
80C186's TEST /BUSY pin. During the RESET se
quence this pin is HIGH. The 80C186 uses this 
HIGH state to detect the presence of an 80C187. 

Error Status (ERROR) 

This pin reflects the ES bit of the status register. 
When active, it indicates that an unmasked excep
tion has occurred. This signal can be changed to 
inactive state only by the following instructions (with
out a preceding WAIT): FNINIT, FNCLEX, 
FNSTENV, FNSAVE, FLDCW, FLDENV, and 
FRSTOR. This pin should be connected to the 
ERROR pin of the CPU. ERROR can change state 
only when BUSY is active. 

Data Pins (D1s-Do) 

These bidirectional pins are used to transfer data 
and opcodes between the CPU and 80C187. They 
are normally connected directly to the correspond
ing CPU data pins. Other buffers/drivers driving the 
local data bus must be disabled when the CPU 
reads from the NPX. High state indicates a value of 
one. Do is the least significant data bit. 

Numeric Processor Write (NPWR) 

A signal on this pin enables transfers of data from 
the CPU to the NPX. This input is valid only when 
NPS1 and NPS2 are both active. 

Numeric Processor Read (NPRD) 

A signal on this pin enables transfers of data from 
the NPX to the CPU. This input is valid only when 
NPS1 and NPS2 are both active. 

Numeric Processor Selects (NPS1 and NPS2) 

Concurrent assertion of these signals indicates that 
the CPU is performing an escape instruction and en
ables the 80C187 to execute that instruction. No 

data transfer involving the 80C187 occurs unless the 
device is selected by these lines. 

Command Selects (CMDO and CMD1) 

These pins along with the select pins allow the CPU 
to direct the operation of the 80C187. 

System Power (V cc) 

System power provides the + SV ± 10% DC supply 
input. All Vee pins should be tied together on the 
circuit board and local decoupling capacitors should 
be used between Vee and Vss-

System Ground (Vss) 

All Vss pins should be tied together on the circuit 
board and local decoupling capacitors should be 
used between V cc and V SS· 

Processor Architecture 

As shown by the block diagram (Figure 1 ), the 
80C187 NPX is internally divided into three sections: 
the bus control logic (BCL), the data interface and 
control unit, and the floating-point unit (FPU). The 
FPU (with the support of the control unit which con
tains the sequencer and other support units) exe
cutes all numerics instructions. The data interface 
and control unit is responsible for the data flow to 
and from the FPU and the control registers, for re
ceiving the instructions, decoding them, and se
quencing the microinstructions, and for handling 

responsible for CPU bus tracking and interface. , 
some of the administrative instructions. The BCL is m 
BUS CONTROL LOGIC 

The BCL communicates solely with the CPU using 
1/0 bus cycles. The BCL appears to the CPU as a 
special peripheral device. It is special in two re
spects: the CPU initiates 1/0 automatically when it 
encounters ESC instructions, and the CPU uses re
served 1/0 addresses to communicate with the BCL. 
The BCL does not communicate directly with memo
ry. The CPU performs all memory access, transfer
ring input operands from memory to the 80C187 and 
transferring outputs from the 80C187 to memory. A 
dedicated communication protocol makes possible 
high-speed transfer of opcodes and operands be
tween the CPU and 80C187. 
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Table 10. Bus Cycles Definition 

NPS1 NPS2 CMDO CMD1 NPRD NPWR Bus Cycle Type 

x 0 x x 
1 x x x 
0 1 0 0 
0 1 0 0 
0 1 1 0 
0 1 1 0 
0 1 0 1 
0 1 0 1 
0 1 1 1 
0 1 1 1 

DATA INTERFACE AND CONTROL UNIT 

The data interface and control unit latches the data 
and, subject to BCL control, directs the data to the 
FIFO or the instruction decoder. The instruction de
coder decodes the ESC instructions sent to it by the 
CPU and generates controls that direct the data flow 
in the FIFO. It also triggers the microinstruction se
quencer that controls execution of each instruction. 
If the ESC instruction is FINIT, FCLEX, FSTSW, 
FSTSW AX, FSTCW, FSETPM, or FRSTPM, the 
control executes it independently of the FPU and the 
sequencer. The data interface and control unit is the 
one that generates the BUSY, PEREQ, and ERROR 
signals that synchronize 80C187 activities with the 
CPU. 

FLOATING-POINT UNIT 

The FPU executes all instructions that involve the 
register stack, including arithmetic, logical, transcen
dental, constant, and data transfer instructions. The 

x 
x 
1 
0 
0 
1 
1 
0 
0 
1 

x 80C187 Not Selected 
x 80C187 Not Selected 
0 Opcode Write to 80C187 
1 CW or SW Read from 80C187 
1 Read Data from 80C187 
0 Write Data to 80C187 
0 Write Exception Pointers 
1 Reserved 
1 Read Opcode Status 
0 Reserved 

data path in the FPU is 84 bits wide (68 significant 
bits, 15 exponent bits, and a sign bit) which allows 
internal operand transfers to be performed at very 
high speeds. 

Bus Cycles 
The pins NPS1, NPS2; CMDO, CMD1, · NPRD and 
NPWR identify bus cycles for the NPX. Table 10 de
fines the types of 80C187 bus cycles. 

80C187 ADDRESSING 

The NPS1, NPS2, CMDO, and CMD1 signals allow 
the NPX to identify which bus cycles are intended for 
the NPX. The NPX responds to 1/0 cycles when the 
1/0 address is OOF8H, OOFAH, OOFCH, or OOFEH. 
The correspondence betwen 1/0 addresses and 
control signals is defined by Table 11. To guarantee 
correct operation of the NPX, programs must not 
perform any 1/0 operations to these reserved port 
addresses. 

Table 11.1/0 Address Decoding 

l/OAddress 
80C187 Select and Command Inputs 

(Hexadecimal) NPS2 NPS1 CMD1 CMDO 

OOF8 1 0 0 0 
OOFA 1 0 0 1 
OOFC 1 0 1 0 
OOFE 1 0 1 1 
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CPU/NPX SYNCHRONIZATION 

The pins BUSY, PEREQ, and ERROR are used for 
various aspects of synchronization between the 
CPU and the NPX. 

BUSY is used to synchronize instruction transfer 
from the CPU to the 80C187. When the 80C187 rec
ognizes an ESC instruction, it asserts BUSY. For 
most ESC instructions, the CPU waits for the 
80C187 to deassert BUSY before sending the new 
opcode. 

The NPX uses the PEREQ pin of the CPU to signal 
that the NPX is ready for data transfer to or from its 
data FIFO. The NPX does not directly access mem
ory; rather, the CPU provides memory access serv
ices for the NPX. 

Once the CPU initiates an 80C187 instruction that 
has operands, the CPU waits for PEREQ signals that 
indicate when the 80C187 is ready for operand 
transfer. Once all operands have been transferred 
(or if the instruction has no operands) the CPU con
tinues program execution while the 80C187 exe
cutes the ESC instruction. 

In 8086/8087 systems, WAIT instructions are re
quired to achieve synchronization of both com
mands and operands. The 80C187, however, does 
not require WAIT instructions. The WAIT or FWAIT 
instruction commonly inserted by high-level compil
ers and assembly-language programmers for excep
tion synchronization is not treated as an instruction 
by the 80C186 and does not provide exception trap
ping. (Refer to the section "System Configuration for 
8087-Compatible Exception Trapping".) 

Once it has started to execute a numerics instruction 
and has transferred the operands from the CPU, the 
80C187 can process the instruction in parallel with 
and independent of the host CPU. When the NPX 
detects an exception, it asserts the ERROR signal, 
which causes a CPU interrupt. 

OPCODE INTERPRETATION 

The CPU and the NPX use a bus protocol that 
adapts to the numerics opcode being executed. 
Only the NPX directly interprets the opcode. Some 
of the results of this interpretation are relevant to the 
CPU. The NPX records these results (opcode status 
information) in an internal 16-bit register. The 
80C186 accesses this register only via reads from 
NPX port OOFEH. Tables 10 and 11 define the signal 
combinations that correspond to each of the follow
ing steps. 

1. The CPU writes the opcode to NPX port OOF8H. 
This write can occur even when the NPX is busy 
or is signalling an exception. The NPX does not 
necessarily begin executing the opcode immedi
ately. 

2. The CPU reads the opcode status information 
from NPX port OOFEH. 

3. The CPU initiates subsequent bus cycles accord
ing to the opcode status information. The opcode 
status information specifies whether to wait until 
the NPX is not busy, when to transfer exception 
pointers to port OOFCH, when to read or write op
erands and results at port OOFAH, etc. 

For most instructions, the NPX does not start exe
cuting the previously transferred opcode until the 
CPU (guided by the opcode status information) first 
writes exception pointer information to port OOFCH 
of the NPX. This protocol is completely transparent 
to programmers. 

Bus Operation 

With respect to bus interface, the 80C187 is fully 
asynchronous with the CPU, even when it operates 
from the same clock source as the CPU. The CPU 
initiates a bus cycle for the NPX by activating both 
NPS1 and NPS2, the NPX select signals. During the 
CLK period in which NPS1 and NPS2 are activated, 
the BOC187 also examines the NPRD and NPRW 
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input signals to determine whether the cycle is a 
read or a write cycle and examines the CMDO and 
CMD1 inputs to determine whether an opcode, oper
and, or control/status register transfer is to occur. 
The 80C187 activates its BUSY output some time 
after the leading edge of the NPRD or NPRW signal. 
Input and ouput data are referenced to the trailing 
edges of the NPRD and NPRW signals. 

The 80C187 activates the PEREQ signal when it is 
ready for ·data transfer. The 80C187 deactivates 
PEREQ automatically. 

System Configuration 

The 80C187 can be connected to the 80C186 CPU 
as shown by Figure 9. (Refer to the 80C186 Data 
Sheet for an explanation of the 80C186's signals.) 
This interface has the following characteristics: 

• The 80C187's NPS1, ERROR, PEREQ, and 
BUSY pins are connected directly to the corre
sponding pins of the 80C186. 

LATCH 

• The 80C186 pin MCS3/NPS is connected to 
NPS1; NPS2 is connected to Vee- Note that if the 
80C186 CPU's DEN signal is used to gate exter
nal data buffers, it must be combined with the 
NPS signal to insure numeric accesses will not 
activate these buffers. 

• The NPRD and NPRW pins are connected to the 
RD and WR pins of the 80C186. 

• CMD1 and CMDO come from the latched A2 and 
A1 of the 80C186, respectively. 

• The 80C187 BUSY output connects to the 
80C186 TEST /BUSY input. During RESET, the 
signal at the 80C187 BUSY output automatically 
programs the 80C186 to use the 80C187. 

• The 80C187 can use the CLKOUT signal of the 
80C186 to conserve board space when operating 
at 12.5 ·.MHz or less. In this case, the 80C187 
CKM input must be pulled HIGH. For operation in 
excess of 12.5 MHz, a double-frequency external 
oscillator for CLK input is needed. In this case, 
CKM must be pulled LOW. 

ADDRESS 15:0 

AD15:0 ........ 

ALE 1--1-~ 

80C186 

RESET--------

WR---------

RD---------
MCS3/NPS t-... ------M 
TEST/BUSY M-... -------t 

MCS1/ERROR M-... -------t 
MCSO/PEREQ M-----------1 

CLKOUT t------0 
I 

I 
I 

Al A2 

CMDO CMD1 

80C187 

RESET 

NPWR 
CKM 

NPRD 

NPS1 

BUSY 

ERROR 

PEREQ 
NPS2 

CLK 
D15-DO 

EXTERNAL 
OSCILLATOR DATA 15:0 

1X OR 2X 80C187 
INTERNAL FREQUENCY 

I -

Figure 9. 80C186/80C187 System Configuration 
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System Configuration for 80186/ 
80187-Compatible Exception Trapping 

When the 80C187 ERROR output signal is connect
ed directly to the 80C186 ERROR input, floating
point exceptions cause interrupt # 16. However, ex
isting software may be programmed to expect float
ing-point exceptions to be signalled over an external 
interrupt pin via an interrupt controller. 

MCS1/ERROR 

For exception handling compatible with the 80186/ 
82188/8087, the 80C186 can be wired to recognize 
exceptions through an external interrupt pin, as Fig
ure 1 O shows. (Refer to the 80C186 Data Sheet for 
an explanation of the 80C186's signals.) With this 
arrangement, a flip-flop is needed to latch BUSY 
upon assertion of ERROR. The latch can then be 
cleared during the exception-handler routine by forc
ing a PCS pin active. The latch must also be cleared 
at RESET in order for the 80C186 to work with the 
80C187. 

RESET 1-----..---------
8QC186 PCSx 

INTx14------

TEST/BUSY 

LATCH MCS3/PEREQ i.-----+--+-----1---+--1---. 
MCS3/NPS 

Ri5 

WR 

CLKOUT 

DATA 15-0 

• CLK 

A2 
19

_
0 
___ _.. CMD1 

A1 
CMDO NPRD 

80C187 _ 
NPS1 

CKM PEREQ 1----' 

NPS2 

BUSY 

ERROR 

*For input clocking options, refer to Figure 9. 

c 
D 0 

74 

s Ci 

c 
D 0 

s 

Figure 10. System Configuration for 8087-Compatible Exception Trapping 
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ELECTRIC.AL DATA 

Absolute Maximum Ratings* 

Case Temperature Under Bias (Tc) ... o•c to + 85°C 

Storage Temperature .......... - 65°C to + 150°C 

Voltage on Any Pin 
with Respectto Ground .... -0.5V to Vee + 0.5V 

Power Dissipation .......................... 1.5W 

Power and Frequency Requirements 

The typical relationship between Ice and the fre
quency of operation F is as follows: 

lceiyp = 55+ 5 • F mA where F is in MHz. 

When the frequency is reduced below the minimum 
operating frequency specified in the AC Characteris
tics table, the internal states of the 80C187 may be
come indeterminate. The 80C187 clock cannot be 
stopped; otherwise, Ice would increase significantly 
beyond what the equation above indicates. 

NOTICE: This is a production data sheet. The specifi
cations are subject to change without notice. 

•WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 

DC Characteristics Tc= o•cto +85°C, Vee= +5V ±10% 

Symbol Parameter Min Max Units Test Conditions 

V1L Input LOW Voltage -0.5 +0.8 v 

V1H Input HIGH Voltage 2.0 Vee +0.5 v 

V1cL Clock Input LOW Voltage -0.5 +0.8 v 

V1cH Clock Input HIGH Voltage 2.0 Vee +o.5 v 

Vol Output LOW Voltage 0.45 v loL = 3.0mA 

VoH Output HIGH Voltage 2.4 v loH = -0.4mA 

Ice Power Supply Current 156 mA 16MHz 
135 mA 12.5 MHz 

lu Input Leakage Current ±10 µA ov :s; V1N :s; Vee 

ILO 110 Leakage Current ±10 µA 0.45V :s; VouT :s; Vee - 0.45V 

C1N Input Capacitance 10 pF Fe= 1 MHz 

Co 1/0 or Output Capacitance 12 pF Fe= 1 MHz 

CcLK Clock Capacitance 20 pF Fe= 1 MHz 
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AC Characteristics 
Tc= o•cto +85°C, Vee= 5V ±10% 
All timings are measured at 1.5V unless otherwise specified 

12.5MHz 16MHz 
Test 

Symbol Parameter Min Max Min Max Conditions 
(ns) (ns) (ns) (ns) 

Tdvwh (t6) Data Setup to NPWR 43 33 
Twhdx (t7) Data Hold from NPWR 14 14 

Trlrh (t8) NPRD Active Time 59 54 
Twlwh (t9) NPWR Active Time 59 54 

Tavwl (t10) Command Valid to NPWR 0 0 
Tavrl (t11) Command Valid to NPRD 0 0 

T mhrl (t12) Min Delay from PEREQ Active 40 30 
to NPRD Active 

Twhax (t18) Command Hold from NPWR 12 8 
Trhax (t19) Command Hold from NPRD 12 8 

Tivcl (t20) NPRD,NPWR,RESETto 46 38 Note 1 
CLK Setup Time 

Tclih (t21) NPRD, NPWR, RESET from 26 18 Note 1 
CLK Hold Time, 

Trscl (t24) RESET to CLK Setup 21 19 Note 1 
Tclrs (t25) RESET from CLK Hold 14 9 Note 1 

Tcmdi (t26) Command Inactive Time 
Write to Write 69 59 
Read to Read 69 59 
Read to Write 69 59 
Write to Read 69 59 

NOTE: Bl 1. This is an asynchronous input. This specification is given for testing purposes only, to assure recognition at a specific CLK ~ 
edge. 
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Timing Responses 
All timings are measured at 1.5V unless otherwise specified 

12.SMHz 16MHz 

symbol Parameter Min Max Min Max 
(ns) (ns) (ns) (ns) 

Trhqz (t27) NPRD Inactive to Data Float• 1B 1B 
Tr~(t2B) NPRD Active to Data Valid 50 45 

Tilbh (t29) ERROR Active to Busy Inactive 104 104 

Twtbv (t30) Nf5WFi Active to Busy Active 80 so 

Tklml (t31) iiiPRb or NPWR Active 80 so 
to PEREQ Inactive 

T m_g_h (t32) Data Hold from iiiPRD Inactive 2 2 

T rtbh (t33) RESET Inactive to BUSY Inactive BO 60 

NOTES: 
0 The data float delay is not tested. 
2. The float condition occurs when the measured output current is less than loL on 015-Do. 
3. 015-0o loading: CL = 100 pF. 
4. BUSY loading: CL= 100 pF. 
5. On last data transfer of numeric instruction. 

Clock Timings 
12.5 MHz 

Symbol Parameter Min Max 
(ns) (ns) 

Tclcl (t1a) CLKPeriod CKM = 1 BO 250 
(t1B) CKM = 0 40 125 

Telch (t2a) CLKLowTime CKM = 1 35 
(t2b) CKM = 0 9 

Tchcl (t3a) CLK High Time CKM = 1 35 
(t3b) CKM = 0 13 

Tch2ch1'!t4) 10 

T ch1ch2(t5) 10 

NOTES: 
0 16 MHz operation is available only in divide-by-2 mode (CKM strapped LOW). 
6. At 1.5V 
7. At0.8V 
8. At2.0V 
9. CKM == 1: 3.7V to 0.8V at 16 MHz, 3.5V to 1.0V at 12.5 MHz 
10. CKM = 1: 0.8V to 3.7V at 16 MHz, 1.0V to 3.5V at 12.5 MHz 
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16MHz* 

Min Max 
(ns) (ns) 

NIA NIA 
31.25 125 

NIA 
7 

NIA 
9 

8 

B 

Test 
Conditions 

Note2 
Note3 

Note4 

Note4 

Notes 

Note3 

Test 
Conditions 

Notes 
Notes 

Notes 
Note7 

Notes 
Notes 

Note9 

Note 10 
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AC DRIVE AND MEASUREMENT 
POINTS-CLK INPUT 

AC SETUP, HOLD, AND DELAY TIME 
MEASUREMENTs-GENERAL 

-----t1aft1b ____ _ 

270640-9 

AC TEST LOADING ON OUTPUTS 

CLK 
INPUT 

OTHER 
DEVICE 
INPUT 

DEVICE 
OUTPUT 

DEVICE 

OUTPUT--------:J.. 

ICL 

DATA TRANSFER TIMING (INITIATED BY CPU) 

CMDO,CMD1 
NPS1,NPS2 

-lt-

!---ts 

VALID 

270640-11 

t,g 

l-t11--+I i--t27---I 
t-t2s- i--t32---I 

{ill: DATA OUT ~ 
VALID 

I+- t1o tg t18 

]k-- ~ 

l-t1-I 1-ts-

~(-
_J 

DATA MAY CHANGE DATA IN ~ DATA MAY CHANGE VALID 

t3o 

BUSY --------1-----------
24-413 

1.SV 

} ~" TRAN Sf ER 
OC186 fROM 8 

I~ .. TRAN Sf ER 
187 TO BOC 

270640-10 

I 
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DATA CHANNEL TIMING (INITIATED BY aoc1an 

CM01, CMD1 --!~ VALID =r 
NPS1, NPS2 --! ----------------- ------

~:3 __ (~: .,._}-
- P-t,_z_....,._-+ _____ t3-·=t-~t"t"-_-_-:_-_-:_-:_-_-:_-_-::_-_-:_-_-_-_-_-_-_-_-_-_--= 

270640-13 

ERFIDR OUTPUT TIMING 

270640-14 

CLK, RESET .TIMING (CKM = 1) 

I •1 I •21•1 I ~j-cL;-\ ___ 1--- f 
(IF CKM=1)-

~---------~t21! . · ~-~-o __ _ 
RESET ~ 

270640-15 

24-414 



infel. 80C187 

CLK, NPRD, NPWR TIMING (CKM = 1) 

CLK 
(IF CKM = 1),---~ 

NPRD 
NPWR --

CLK, RESET TIMING (CKM = 0) 

PHASE INDETERMINATE 

RESET 

RESET must meet timing shown to guarantee known phase of internal divide by 2 circuits. 

270640-16 

270640-17 

NOTE: . 
RESET, f.IF5WR, NJ5Rl5 inputs are asynchronous to CLK. Timing requirements are given for testing purposes only, to assure 
recognition at a specific CLK edge. 

CLK, NPRD, NPWR TIMING (CKM = 0) 

------~t21j_-L~...,._t_20 __ _ 

\\\\\ --~ 
270640-18 

RESET, BUSY TIMING 

RESET 

BUSY 
270640-19 
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80C187 EXTENSIONS TO THE CPU's 
INSTRUCTION SET 

Instructions for the 80C187 assume one of the five 
forms shown in Table 12. In all cases, instructions 
are at least two bytes long and begin with the bit 
pattern 11011 B, which identifies the ESCAPE class 
of instruction. Instructions that refer to memory oper
ands specify addresses using the CPU's addressing 
modes. 

MOD (Mode field) and R/M (Register/Memory spec
ifier) have the same interpretation as the corre
sponding fields of CPU instructions (refer to Pro
grammer's Reference Manual for the CPU). The 

DISP (displacement) is optionally present in instruc
tions that have MOD and RIM fields. Its presence 
depends on the values of MOD and RIM, as for in
structions of the CPU. 

The instruction summaries that follow assume that 
the instruction has been prefetched, decoded, and is 
ready for execution; that bus cycles do not require 
wait states; that there are no local bus HOLD re
quests delaying processor access to the bus; and 
that no exceptions are detected during instruction 
execution. Timings are given in internal 80C187 
clocks and include the time for opcode and data 
transfer between the CPU and the NPX. If the in
struction has MOD and R/M fields that call for both 
base and index registers, add one clock. 

Table 12. Instruction Formats 

Instruction 
Optional 

First Byte Second Byte Field 

1 11011 OPA 1 MOD 1 I OPB RIM DISP 

2 11011 MF OPA MOD OPB * R/M DISP 

3 11011 d p OPA 1 1 OPB * ST(i) 

4 11011 0 0 1 1 1 1 T OP 

5 11011 0 1 1 1 1 1 I OP 

15-11 10 9 8 7 6 5 4 3 2 1 0 

NOTES: 
OP = Instruction opcode, possibly split into two fields OPA and OPS 

MF = Memory Format d = Destination 
00- 32-Sit Real 0- Destination is ST(O) 
01- 32-Sit Integer 0- Destination is ST(i) 
10- 64-Sit Real R XOR d = 0- Destination (op) Source 
11- 16-Sit Integer R XOR d = 1- Source (op) Destination 

*In FSUS and FDIV, the low-order bit of OPS is the R (reversed) bit 

P = Pop ST(i) = Register Stack Element i 
0- Do not pop stack 000 = Stack Top 
1- Pop stack after operation 001 = Second Stack Element 

ESC=11011 : 

• 
111 = Eighth Stack Element 
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80C187 Extensions to the 80C186 Instruction Set 
Encoding 

Instruction Byte Byte Optional 32-Blt 
0 1 Bytes 2-3 Real 

DATA TRANSFER 

FLO= Load• 

Integer/real memory to ST(O) ESCMF1 MODOOOR/M DISP 40 

Long integer memory to ST(O) ESC111 MOD101 RIM DISP 

Extended real memory to ST(O) ESC011 MOD 101 R/M DISP 

BCD memory to ST(O) ESC111 MOD 100R/M DISP 

ST(i) to ST(O) ESC001 11000 ST(i) 

FST =Store 

ST(O) to integer/real memory ESCMF1 MOD010R/M DISP 58 

ST(O) to ST(i) ESC101 11010 ST(i) 

FSTP = Store and Pop 

ST(O) to integer/real memory ESCMF 1 MOD 011 RIM DISP 58 

ST(O) to long integer memory ESC111 MOD 111 RIM DISP 

ST(O) to extended real ESC011 MOD111 RIM DISP 

ST(O) to BCD memory ESC111 MOD 110 RIM DISP 

ST(O) to ST(i) ESC 101 11001 ST (i) 

FXCH = Exchange 

ST(i) and ST(O) ESC001 11001 ST(i) 

COMPARISON 

FCOM = Compare 

Integer/real memory to ST(O) ESCMFO MOD010R/M DISP 48 

ST(i) to ST(O) ESCOOO 11010ST(i) 

FCOMP = Compare and pop 

Integer/real memory to ST ESCMFO MOD011 R/M DISP 48 

ST(i) to ST(O) ESCOOO 11011 ST(i) 

FCOMPP = Compare and pop twice 

ST(1) to ST(O) ESC 110 11011001 

FTST = Test ST(O) ESC 001 11100100 

FXAM = Examine ST(O) ESC001 11100101 

CONSTANTS 

FLDZ = Load + 0.0 into ST(O) ESC001 11101110 

FLD1 = Load + 1.0 into ST(O) ESC001 11101000 

FLDPI = Load pi into ST(O) ESC001 11101011 

FLDL2T = Load log2(1 O) into ST(O) ESC001 11101001 

Shaded areas indicate instructions not available in 8087. 

NOTE: 
a. When loading single- or double-precision zero from memory, add 5 clocks. 
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Clock Count Range 
32·Blt 

Integer 

65-72 

90-101 

74 

296-305 

16 

93-107 

13 

93-107 

116-133 

83 

542-564 

14 

20 

78-85 

26 

78-85 

28 

28 

30 

22 

26 

42 

42 

64-Blt 
Real 

59 

73 

73 

67 

67 

16·Blt 
Integer 

67-71 

80-93 

80-93 

77-81 

77-81 

I 
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80C187 Extensions to the 80C186 Instruction Set (Continued) 

Instruction 

CONSTANTS (Continued) 

FLDL2E = Load log2(e) into ST(O) 

FLDLG2 = Load log10(2) into ST(O) 

FLDLN2 = Load log6 (2) into ST(O) 

ARITHMETIC 

FADD =Add 

Integer/real memory with ST(O) 

ST(i) and ST(O) 

FSUB = Subtract 

Integer/real memory with ST(O) 

ST(i) and ST(O) 

FMUL = Multiply 

Integer/real memory with ST(O) 

ST(i) and ST(O) 

FDIV = Divide 

Integer/real memory with ST(O) 

ST(i) and ST(O) 

FSQRTI = Square root 

FSCALE = Scale ST(O) by ST(1) 

FPREM = Partial remainder of 

FXTRACT = Extract components 
ofST(O) 

FABS = Absolute value of ST(O) 

FCHS = Change sign of ST(O) 

Encoding 

Byte Byte 
0 1 

ESC001 11101010 

ESC001 11101100 

ESC001 11101101 

ESCMFO MODOOOR/M 

ESCdPO 11000ST(i) 

ESCMFO MOD10RR/M 

ESCdPO 1110 R RIM 

ESCMFO MOD001 RIM 

ESCdPO 1100 1 RIM 

ESCMFO MOD11 RR/M 

ESCdPO 1111 RR/M 

ESC001 11111010 

ESC001 11111101 

ESC001 11110100 

ESC001 11100001 

ESC001 11100000 

Shaded areas indicate instructions not available in 8087. 

NOTES: 
b. Add 3 clocks to the range when d = 1. 
c. Add 1 clock to each range when R = 1. 
d. Add 3 clocks to the range when d = 0. 
e. typical = 54 (When d = 0, 48-56, typical = 51). 
f. Add 1 clock to the range when R = 1. 
g. 153-159 when R = 1. 
h. Add 3 clocks to the range when d = 1. 
i. -0 s: ST(O) s: +co. 
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Optional 32-Blt 
Bytes2-3 Real 

DISP 44-52 

OISP 44-52 

DISP 47-57 

DISP 108 

Clock Count Range 

32·Blt 64-Blt 
Integer Real 

42 

43 

43 

77-92 65-73 

25-33b 

77-92 65-73 

28-36d 

81-102 68-93 

31-59• 

140-1471 128 

90h 

124-131 

69-88 

72-78 

24 

26-27 

16-Blt 
Integer 

77-91 

77-91C 

82-93 

142-1469 
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80C187 Extensions to the 80C186 Instruction Set (Continued) 

Instruction 

TRANSCENDENTAL 

F2XM11 = 2ST(O) - 1 

FYL2xm = ST(1). log2(ST(O)) 

FYL2XP1n = ST(1) • 1og2(ST(O) + 1.0) 

PROCESSOR CONTROL 

FINIT = lnltialize NPX 

FSTSW AX ~ Store status word 

FLDCW = Load control word 

FSTCW = Store control word 

FSTSW = Store status word 

FCLEX· = Clear exceptions 

FSTENV = Store environment 

FLDENV = Load environment 

FSAVE = Save state 

FRSTOR = Restore state 

FINCSTP = Increment stack pointer 

FDECSTP - Decrement stack pointer 

FFREE = Free ST(i) 

FNOP = No operations 

Byte 
0 

ESC001 

ESC001 

ESC001 

ESC011 

ESC111 

ESC001 

ESC001 

ESC 101 

ESC011 

ESC001 

ESC001 

ESC101 

ESC101 

ESC001 

ESC001 

ESC101 

ESC001 

Shaded areas indicate instructions not available in 8087. 

NOTES: 

Encoding 

Byte 
1 

1111 0000 

1111 0001 

11111001 

11100011 

11100000 

MOD101 R/M 

MOD111 R/M 

MOD111 RIM 

11100010 

MOD110R/M 

MOD100R/M 

MOD110R/M 

MOD100R/M 

1111 0111 

1111 0110 

11000ST(i) 

1101 0000 

Optlonal 
Bytes2-3 · 

DISP 

DISP 

DISP 

DISP 

DISP 

DISP 

DISP 

Clock Count Range 

213-478 

122-540 

259-549 

35 

17 

23 

21 

21 

13 

146 

113 

550 

482 

23 

24 

20 

14 

j. These timings hold for operands in the range lxl < .w/4. For operands not in this range, up to 78 clocks may be needed to 
reduce the operand. 
k. 0 ,,;; I ST(O) I < 263. 
I. -1.0 :5: ST(O) :5: 1.0. 
m. 0,,;; ST(O) < oo, -oo < ST(1) < +oo. 
n. O ,,;; IST(Oll < (2 - v' (2))/2, - oo < ST(1) < + oo. 

DATA SHEET REVISION REVIEW 

The following list represents the key differences between the -002 and the -001 version of the 80C187 data 
sheet. Please review this summary carefully. 

1. Figure 10, titled "System Configuration for 8087-Compatible Exception Trapping", was replaced with a 
revised schematic. The previous configuration was faulty. Updated timing diagrams on Data Transfer Tim
ing, Error Output; and RESET /BUSY. 
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HIGH INTEGRATION 8-BIT MICROPROCESSOR 

• Integrated Feature Set 
- Enhanced 8086-2 CPU 
- Clock Generator 
- 2 Independent OMA Channels 
- Programmable Interrupt Controller 
- 3 Programmable 16-Blt Timers 
- Programmable Memory and 

Peripheral· Chip-Select Logic 
- Programmable Wait State Generator 
- Local Bus Controller 

• 16-Bit Internal Architecture with 8-Bit 
Data Bus Interface 

• High-Performance 8 MHz Processor 
- 2 MByte/Sec Bus Bandwidth 

Interface @8 MHz 

• Direct Addressing Capability to 
1 MByte of Memory and 64 KByte 1/0 

..... 

CLKOUT Vee OND 

CLOCK 
ERATOR 

11·811' 
AW 

11-arr 
GENERAL 

.... ·"=--...-="'_ ....... J 

Niii 

• Completely Object Code Compatible 
with All Existing 8086/8088 Software 
-10 New Instruction Types 

• Complete System Development. 
Support 
- Development Software: ASM86 

Assembler, PLIM~86, Pascal-86, 
Fortran-86, C-86, and System Utllltles 

..;... In-Circuit-Emulator (121CE™·186/188) 

• Numeric Coprocesslng Capablllty 
Through 8087 Interface 

• Available in 68 Pin: 
- Ceramic Leadless Chip Carrier (LCC) 
- Ceramic Pin Grid Array (PGA) 
- Plastic Leaded Chip Carrier (PLCC) 
(See Packaging Outlines and Dimensions, Order * 231369) 

• Available in EXPRESS 
- Standard Temperature with Burn-In 
- Extended Temperature Range 

INT2/lllT.Q 

.... 

PROGRAMMABLE 
INTERRUPT 

CONTllDLLER 

(-4D°C to + 85°C) 

TIMOUT1 TllROUTO 
TMRIN TMRIN 

1 • 

PROG-.E 
,,_ 

• 1 • 

=='RN. I 
MAX COUNT 
REGISTER A 

CONTROL REGISTERS 

INTERNAL- .-----rg::, 

IJl'/11 

IUS INTERFACE 
UNn 

Figure 1. 80188 Block Diagram 
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PROGRAMMABlE 
DMAUNIT 
• 1 ....... 

SOURCE POINTERS 

-=..,.. 
POINTERS 

1HIT 
....-COUNT 

CONTROL ........... 

210706-1 

May 1991 
Order Number: 210706-011 
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Ceramic Leadless Chip Carrier (JEDEC Type A) 
Contacts Facing Up Contacts Facing Down 

Pins Facing Up 

l~J~ 
~iHlii~~~Ui1IHH 

>OOC 
~gg~ 
~~g~ 
Sbcx ·-

2 
A1 

PCS4 
PCSi 
PCS2 
PCS1 
Yss 
l'CSii 
5.0UT1 
TMROUTO 
TMRINI 
TMRIND 
DRQI 
DROO 

Ceramic Pin Grid Array 

PIN NO.I MARK 

Pins Facing Down 

(~_i.• (~.· ~? .. @,• @.' (~_,. ~ .. ~-t., ~ .. 
~~I {~1 ~.' @,1 ~,I~} (~1 @J ~-,\ ~} ~} 
~,I ~~,I ~}~I 

~-~·~·t.• 

~~~) 
@-1 (~_i,1 

~~) 
~.'~~} 
~.'~°tJ 

xxx xxx xxx xxx xxx xxx ·-
(~jJ·~.' 
~!@ 

~·~·~.' 
~.·~.' 
~·~·~, 

(~_i·~J 

~,1 (~) (~) (~) (~) t!~.' (!~ ~~.' ~!) Ct!.' t!~J 
(~) (~) (~) (j) (~) Cf~) t!~.' :l~) f!) 

Plastlc Leaded Chip Carrier 
Contacts Facing Up Contacts Facing Down 

xxx xxx xxx xxx xxx xxx ·-
r:tr-... -"""' ..... _.....,_.....,..,..,,,s 

Figure 2. 80188 Plnout Diagram 
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.. 
•• 
32 .. .. 
29 
21 
27 
20 
25 .. 
23 
22 
21 
20 
19 
18 
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Table 1. 80188 Pin Description 

Symbol Pin No. Type Name and Function 
Vee 9 I SYSTEM POWER: + 5 volt power supply. 

43 I 

Vss 26 I SYSTEM GROUND 
60 I 

RESET 57 0 RESET OUTPUT: Indicates that the 80188 CPU is being reset, and 
can be used as a system reset. It is active HIGH, synchronized with 
the processor clock, and lasts an int~er number of clock periods 
corresponding to the length of1he R signal. 

X1 59 I CRYSTAL INPUTS: X1 and X2 provide external connections for a 
X2 58 0 fundamental mode parallel resonant crystal for the internal 

oscillator. Instead of using a crystal, an external clock may be 
applied to X1 while minimizing stray capacitance on X2 .. The input 
or oscillator frequency is internally divided by two to generate the 
clock signal (CLKOUT). 

CLKOUT 56 0 CLOCK OUTPUT: Provides the system with a 50% duty cycle 
waveform. All device pin timings are specified relative to CLKOUT. 

RES 24 I PROCESSOR RESET: Causes the 80188 to immediately terminate 
its present activity, clear the internal logic, and enter a dormant 
state. This signal may be asynchronous to the 80188 clock. The 
80188 b$9ins fetching instructions approximately 6% clock cycles 
after RE is returned HIGH. For proper initialization, Vee must be 
within specifications and the cloc~W~nal must be stable for more 
than 4 clocks with RES held low. is internally synchronized. 
This input is provided with a Schmitt-trigger to facilitate power~on 
RES generation via an RC network. When RES occurs, the 80188 

' will drive the status lines to an inactive level for one clock, and then 
float them. 

TEST 47 1/0 TEST: Is examined by the WAIT instruction. If the TESi input is 
HIGH when "WAIT" execution begins, instruction execution will 
suspend. TEST will be resampled until it goes LOW, at which time 
execution will resume. l.f interrupts are enabled while the 80188 is 
waiting for TEST, interrupts will be serviced. During power-up, 
active RES is required to configure TEST as an input. This pin is 
synchronized internally. 

TMR INO 20 I TIMER INPUTS: Are used either as clock or control signals, 
TMR IN 1 21 I depending upon the programmed timer mode. These inputs are 

active HIGH (or LOW-to-HIGH transitions are counted) and 
internally synchronized. · 

TMROUTO 22 0 TIMER OUTPUTS: Are used to provide single pulse or continuous 
TMROUT1 23 0 waveform generation, depending upon the timer mode selected. 
DRQO 18 I DMA REQUEST: Is asserted HIGH by an external device.when it is 
DRQ~ 19 I ready for OMA Channel o or 1 to perform a transfer. These signals 

are level-triggered and internally synchronized. 
NMI 46 I NON·MASKABLE INTERRUPT: Causes a Type 2 interrupt. An 

NMI transition from LOW to HIGH is latched and synchronized 
internally, and initiates the interrupt at the next instruction 
boundary. NMI must be asserted for at least one clock. The Non-
Maskable Interrupt cannot be avoided by programming. 

INTO 45 I MASKABLE INTERRUPT REQUESTS: Can be requested by 
INT1 /SELECT 44 I activating one .of these pins. When configured as inputs, these pins 
INT2/INTAO 42 1/0 are active HIGH. Interrupt Requests are synchronized internally. 
INT3/INTA 1 I 41 1/0 INT2 and INT3 may be configured to provide active-LOW interrupt-
IRQ acknowledge output signals. All interrupt inputs may be configured 

to be either edge- or level-triggered. To ensure recognition, all 
interrupt requests must remain active until the interrupt is 
acknowledged. When Slave Mode is selected, the function of these 
pins changes (see Interrupt Controller section of this data sheet). 
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Table 1. 80188 Pin Description (Continued) 

Symbol Pin No. Type Name and Function 

A19/S6 65 0 ADDRESS BUS OUTPUTS (16-19) and BUS CYCLE STATUS (3-
A18/S5 66 0 6): Indicate the four most significant address bits during T 1. These 
A17/S4' 67 0 signals are active HIGH. During T 2. T 3, T w. and T 4, the S6 pin is 
A16/S3 68 0 LOW to indicate a CPU-initiated bus cycle or HIGH to indicate a 

DMA-initiated bus cycle. During the same T-states, S3, S4, and 85 
are always LOW. The status pins float during bus HOLD or RESET. 

AD? 2 1/0 ADDRESS/DATA BUS (0-7): Signals constitute the time 
AD6 4 1/0 multiplexed memory or 110 address (T 1) and data (T 2. T 3, T w. and 
AD5 6 1/0 T 4) bus. The bus is active HIGH. 
AD4 8 1/0 
AD3 11 1/0 
AD2 13 1/0 
AD1 15 1/0 
ADO 17 1/0 

A15 1 0 ADDRESS-ONLY BUS (8· 15): Containing valid address from T 1-T 4. 
A14 3 0 The bus is active HIGH. 
A13 5 0 
A12 7 0 
A11 10 0 
A10 12 0 
A9 14 0 
AS 16 0 

87 64 0 This signal is HIGH to indicate that the 80188 has an 8-bit data bus. 
S7 floats during HOLD. 

ALE/Q80 61 0 ADDRESS LATCH ENABLE/QUEUE STATUS 0: Is provided by 
the 80188 to latch the address. ALE is active HIGH. Addresses are 
guaranteed to be valid on the trailing edge of ALE. The ALE rising 
edge is generated off the rising edge of the CLKOUT immediately 
preceding T 1 of the associated bus cycle, effectively one-half clock 
cycle earlier than in the 8088. The trailing edge is generated off the 
CLKOUT rising edge in T 1 as in the 8088. Note that ALE is never 
floated. 

WR/QS1 63 0 WRITE STROBE/QUEUE STATUS 1: Indicates that the data on 
the bus is to be written into a memory or an 1/0 device. WR is 
active for T 2, T 3, and T w of any write cycle. It is active LOW, and 
floats during HOLD. When the 80188 is in queue status mode, the 
ALE/QSO and WR/Q81 pins provide information about processor/ 
instruction queue interaction. 

QS1 QSO Queue Operation 

0 0 No Queue Operation 
0 1 First Opcode Byte Fetched 

from the Queue 
1 1 Subsequent Byte Fetched 

from the Queue 
1 0 Empty the Queue 
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Table 1. 80188 Pin Description (Continued) 

Symbol Pin No. Type Name and Function 

RD/QSMD 62 1/0 READ STROBE: Is an active LOW signal which indicates that the 
B01 BB is performing a memory or 1/0 read cycle. It is guaranteed not 
to go LOW be.fore the AID bus is floated. An internal pull-up ensures 
that RD is HIGH during RESET. Following RESET the pin is sampled 
to determine whether the 80188 is to provide ALE, RD, and WR, or 
qoeue status information. To enable Queue Status Mode, RD must 
be connected to GND. RD will float during bus HOLD. 

ARDY 55 I ASYNCHRONOUS READY: Informs the 801 BB that the addressed 
metnory space or 1/0 device will complete a data transfer. The 
ARDY pin accepts a rising edge that is asynchronous to CLKOUT 
and is active HIGH. The falling edge of ARDY must be synchronized 
to the 801BBclock. Connecting ARDY HIGH will always assert the 
ready condition tot.he CPU. If this line is unused, it should be tied 
LOW to yield control to the SRDY pin. 

SRDY 49 I SYNCHRONOUS READY: Informs the 8018B that the addressed 
memory space or 1/0 device will complete a data transfer. The 
SRDY pin accepts an active-HIGH input synchronized to CLKOUT; 
The use of SRDY allows a relaxed system timing over ARDY. This is 
accomplished by elimination of the one-half clock cycle required to 
internally synchronize the ARDY input signal. Connecting SRDY high 
will always assert the ready condition to the CPU. If this line is 
unused, it should be tied LOW to yield control to the ARDY pin. 

LOCK 48 0 LOCK: Output indicates that other system bus masters are'not..!2._ 
gain control ofthe system bus while LOCK is active LOW. The LOCK 
signal is requested by the LOCK prefix instruction and is activated at 
the beginning of the first data cycle associated with the instruction 
following the LOCK prefix. It remains active until the completion of 
that instruction. No instruction prefetching will occur while LOCK is 
asserted. When executing more than one LOCK instruction, always 
make sure there are 4 bytes of code between the end of the first 
LOCK instruction and the start of the second LOCK instruction. 
LOCK is active LOW, is driven HIGH for one clock during RESET, 
and then floated. 

so 52 0 BUS CYCLE STATUS SO-S2: Are encoded to provide bus-
Sf 53 0 transaction information: 
82 54 0 80188 Bus Cycle Status Information 

S2 S1 so Bus Cycle Initiated 

0 0 0 Interrupt Acknowledge 
0 0 1 Read 110 
0 1 0 Write 1/0 
0 1 1 Halt 
1 0 0 Instruction Fetch 
1 0 1 Read Data from Memory 
1 1 0 Write Data to Memory 
1 1 1 Passive (no bus cycle) 

The status pins float during HOLD. 
S2 may be used as a logical M/10 indicator, and S1 as a DT /R 
indicator. 
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Table 1. 80188 Pin Description (Continued) 

Symbol Pin No. Type Name and Function 
HOLD (input) 50 I HOLD: Indicates that another bus master is requesting the local bus. 
HLDA (output) 51 0 The HOLD input is active HIGH. HOLD may be asynchronous with 

respect to the 80188 clock. The 80188 will issue a HLDA in response 
to a HOLD request at the end of T 4 or Ti. Simultaneous with the 
issuance of HLDA, the 80188 will float the local bus and control 
lines. After HOLD is detected as being LOW, the 80188 will lower 
HLDA. When the 80188 needs to run another bus cycle, it will again 
drive the local bus and control lines. 

ucs 34 0 UPPER MEMORY CHIP SELECT: Is an active LOW output 
whenever a memory reference is made to the defined upper portion 
(1 K-256K block) of memory. This line is not floated during bus 
HOLD. The address range activating ~ is software programmable. 

LCS 33 0 LOWER MEMORY CHIP SELECT: Is active LOW whenever a 
memory reference is made to the defined lower portion (1 K-256K) 
of memory. This line is not floated during bus HOLD. The address 
range activating ms is software programmable. 

MCSO 38 0 MID-RANGE MEMORY CHIP SELECT SIGNALS: Are active LOW 
MCS1 37 0 when a memory reference is made to the defined mid-range portion 
MCS2 36 0 of memory (8K-512K). These lines are not floated during bus HOLD. 
MCS3 35 0 The address ranges activating ~-3 are software programmable. 

PCSO 25 0 PERIPHERAL CHIP SELECT SIGNALS 0-4: Are active LOW when 
PCS1 27 0 a reference is made to the defined peripheral area (64K byte 1/0 
PCS2 28 0 space). These lines are not floated during bus HOLD. The address 
PCS3 29 0 ·ranges activating PCS0-4 are software programmable. 
PCS4 30 0 
PCS5/A1 31 0 PERIPHERAL CHIP SELECT 5 or LATCHED A 1: May be 

programmed to provide a sixth peripheral chip select, or to provide 
an internally latched A 1 SWcsl. The address range activating i5CS5 is 
software programmable. 5/ A 1 does not float during bus HOLD. 
When programmed to provide latched A 1, this pin will retain the 
previously latched value during HOLD. 

PCS6/A2 32 0 PERIPHERAL CHIP SELECT 6 or LATCHED A2: May be 
programmed to provide a seventh peripheral chip select, or to 
se an internally latched A2 s~ The address range activating 

is software-programmable. . I A2 does not float during bus 

II 
HOLD. When programmed to provide latched A2, this pin will retain 
the previously latched value during HOLD. 

DT/R 40 0 DATA TRANSMIT/RECEIVE: Controls the direction of data flow 
through an external data bus transceiver. When LOW, data is 
transferred to the 80188. When HIGH the 80188 places write data on 
the data bus. 

DEN 39 0 DATA ENABLE: Is provided as a data bus transceiver outaElNnable. 
DEN is active LOW during each memory and 1/0 access. is 
HIGH whenever DT /Fi changes state. During RESET, i5EN is driven 
HIGH for one clock, then floated. DEN also floats during bus HOLD. 
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FUNCTIONAL DESCRIPTION 

Introduction 

The following Functional Description describes the 
base architecture of the 80188. The 80188 is a very 
high integration 8-bit microprocessor. It combines 
15-20 of the most common microprocessor system 
components onto one chip while providing twice the 
performance of the standard 8088. The 80188 is ob
ject code compatible with the 8086, 8088 microproc
essors and adds 10 new instruction types to the 
8086, 8088 instruction set. 

80188 BASE ARCHITECTURE 

The 8086, 8088, 80186, 80188 and 80286 family all 
contain the same basic set of registers, instructions, 
and addressing modes. The 80188 processor is up
ward compatible with the 8086, 8088, 80186, and 
80286 CPUs. 

Register Set 

The 80188 base architecture has fourteen registers 
as shown in Figures 3a and 3b. These registers are 
grouped into the following categories. 

GENERAL REGISTERS 

Eight 16-bit general purpose registers may be used 
for arithmetic and logical operands. Four of these 
(AX, BX, CX, and DX) can be used as 16-bit registers 
or split into pairs of separate 8-bit registers. 

BYTE 
.ADDRESSABLE 
(B·BIT 
REGISTER 
NAMES 
SHOWN) 

16-BIT 
REGISTER 

NAME 

I AX 

ox 

ex 

BX 

BP 

SI 

0 I 

SP 

15 

0 7 

AH AL 

OH OL 

CH CL 

BH BL 

GENERAL 
REGISTERS 

SPECIAL 
REGISTER 
FUNCTIONS 

MULTIPLY /DIVIDE 
1/0 INSTRUCTIONS 

LOOP/SHIFT/REPEAT/COUNT 

BASE REGISTERS 

INDEX REGISTERS 

STACK POINTER 

SEGMENT REGISTERS 

Four 16-bit special purpose registers select, at any 
given time, the segments of memory that are imme
diately addressable for code, stack, and data. (For 
usage, refer to Memory Organization.) 

BASE AND INDEX REGISTERS 

Four of the general purpose registers may also be 
used to determine offset addresses of operands in 
memory. These registers may contain base address
es or indexes to particular locations within a seg
ment. The addressing mode selects the specific reg
isters for operand and· address calculations. 

STATUS AND CONTROL REGISTERS 

Two 16-bit special purpose registers record or alter 
certain aspects of the 80188 processor state. These 
are the Instruction Pointer Register, which contains 
the offset address of the next sequential instruction 
to be executed, and the Status Word Register, which 
contains status and control flag bits (see Figures 3a 
and 3b). 

STATUS WORD DESCRIPTION 

The Status Word records specific characteristics of 
the result of logical and arithmetic instructions (bits 
0, 2, 4, 6, 7, and 11) and controls the operation of 
the 80188 within a given operating mode (bits 8, 9, 
and 10). The Status Word Register is 16-bits wide. 
The function of the Status Word bits is shown in 
Table 2. 

cs 

OS 

SS 

ES 

15 

~ 
15 

SEGMENT REGISTERS 

STATUS AND CONTROL 
REGISTERS 

CODE SEGMENT SELECTOR 

DATA SEGMENT SELECTOR 

ST ACK SEGMENT SELECTOR 

EXTRA SEGMENT SELECTOR 

STATUS WORD 

INSTRUCTION POINTER 

Figure 3a'. 80188 Register Set 
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STATUS FLAGS 

CARRY ---------------

PARITY 

AUXlUARYCAAAY -----------------, 

ZERO----------~ 

~ INTEL RESERVED 

CONTROL FLAGS 

~----- TRAP FLAG 

'-------- INTERRUPT ENABLE 

~-------- DIRECTIONFLAG 

Figure 3b. Status Word Format 
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Table 2. Status Word Bit Functions Instruction Set 
Bit 

Name 
Position 

0 CF 

2 PF 

4 AF 

6 ZF 

7 SF 

8 TF 

9 IF 

10 DF 

11 OF 

Function 

Carry Flag-Set on high-order 
bit carry or borrow; cleared 
otherwise 

Parity Flag-Set if low-order 
8 bits of result contain an even 
number of 1-bits; cleared 
otherwise 

Set on carry from or borrow to 
the low order four bits of AL; 
cleared otherwise 

Zero Flag-Set if result is zero; 
cleared otherwise 

Sign Flag-Set equal to high-
order bit of result (O if positive, 
1 if negative) 

Single Step Flag-Once set, a 
single step interrupt occurs 
after the next instruction 
executes. TF is cleared by the 
single step interrupt. 

Interrupt-Enable Flag-When 
set, maskable interrupts will 
cause the CPU to transfer 
control to an interrupt vector 
specified location. 

Direction Flag-Causes string 
instructions to auto decrement 
the appropriate index register 
when set. Clearing DF causes 
auto increment. 

Overflow Flag-Set if the 
signed result cannot be 
expressed within the number 
of bits in the destination 
operand; cleared otherwise 

The instruction set is divided into seven categories: 
data transfer, arithmetic, shift/rotate/logical, string 
manipulation, control transfer, high-level instruc
tions, and processor control. These categories are 
summarized in Figure 4. 

An 80188 instruction can reference anywhere from 
zero to several operands. An operand can reside in 
a register, in the instruction itself, or in memory. Spe
cific operand addressing modes are discussed later 
in this data sheet. 

Memory Organization 

Memory is organized in sets of segments. Each seg-
ment is a linear contiguous sequence of up to 64K m 
(216) 8-bit bytes. Memory is addressed using a two- ~ 
component address (a pointer) that consists of a 16-
bit base segment and a 16-bit offset. The 16-bit 
base values are contained in one of four internal 
segment registers (code, data, stack, extra). The 
physical address is calculated by shifting the base 

- value LEFT by four bits and adding the 16-bit offset 
value to yield a 20-bit physical address (see Figure 
5). This allows for a 1 MByte physical address size. 

All instructions that address operands in memory 
must specify the base segment and the 16-bit offset 
value. For speed and compact instruction encoding, 
the segment register used for physical address gen
eration is implied by the addressing mode used (see 
Table 3). These rules follow the way programs are 
written (see Figure 6) as independent modules that 
require areas for code and data, a stack, and access 
to external data areas. 

Special segment override instruction prefixes allow 
the implicit segment register selection rules to be 
overridden for special cases. The stack, data, and 
extra segments may coincide for simple programs. 
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GENERAL PURPOSE MOVS Move byte or word string 

MOV Move byte or word INS Input bytes or word string 
PUSH Push word onto stack OUTS Output bytes or word string 
POP Pop word off stack 

CMPS Compare byte or word string 
PUSHA Push all registers on stack 

SCAS Scan byte or word string 
POPA Pop all registers from stack 

XCHG Exchange byte or word 
LOOS Load byte or word string 

XLAT Translate byte 
STOS Store byte or word string 

INPUT /OUTPUT REP Repeat 

IN Input byte or word AEPE/AEPZ Repeat while equal/zero 

OUT Output byte or word AEPNE/AEPNZ Repeat while not equal/ not zero 

ADDRESS OBJECT LOGICALS 

LEA Load effective address NOT "Not" byte or word 

LOS Load pointer using DS AND "And" byte or word 

LES Load pointer using ES 
OR "Inclusive or" byte or word 

XOR "Exclusive or" byte or word 
FLAG TRANSFER 

TEST ''Test" byte or word 
LAHF load AH register from flags 

SHIFTS 
SAHF Store AH register in flags 

SHL/SAL Shift logical/ arithmetic left byte or word 
PUSHF Push flags onto stack SHA Shift logical right byte or word 
POPF Pop flags off stack SAA Shift arithmetic right byte or word 

ADDITION ROTATES 
ADD Add byte or word AOL Rotate left byte or word 

', ADC Add byte or word with carry ROA Rotate right byte or word 

INC Increment byte or word by 1 ACL Rotate through carry left byte or word 

MA ASCII adjust for addition RCA Rotate through carry right byte or word 

DM Decimal adjust for addition FLAG OPERATIONS 

SUBTRACTION STC Set carry flag 

SUB Subtract byte or word CLC Clear carry flag 

SBB Subtract byte or word with borrow CMC Complement carry flag 

DEC Decrement byte or word by 1 STD Set direction flag 

NEG Negate byte or word CLO Clear direction flag 

CMP Compare byte or word STI Set interrupt enable flag 

AAS ASCII adjust for subtraction CLI Clear interrupt enable flag 

DAS Decimal adjust for subtraction EXTERNAL SYNCHRONIZATION 

MULTIPLICATION HLT Halt until interrupt or reset 

MUL Multiply byte or word unsigned WAIT Wait for TEST pin active 

IMUL Integer multiply byte or word ESC Escape to extension processor 

MM ASCII adjust for multiply LOCK Lock bus during next instruction 

DIVISION NO OPERATION 

DIV Divide byte or word unsigned NOP No operation 

IDIV Integer divide byte or word HIGH LEVEL INSTRUCTIONS 

MD ASCII adjust for division ENTER Format stack for procedure entry 

CBW Convert byte to word LEAVE Restore stack for procedure exit 

CWD Convert word to doubleword BOUND Detects values outside prescribed range 

Figure 4. 80188 Instruction Set 

24-428 



infel .. 80188 

CONDITIONAL TRANSFERS JO Jump if overflow 

JA/JNBE Jump if above/not below nor equal JP/JPE Jump if parity/parity even 

JAE/JNB Jump if above or equal/not below JS Jump if sign 

JB/JNAE Jump if below/not above nor equal UNCONDITIONAL TRANSFERS 

JBE/JNA Jump if below or equal/not above CALL Call procedure 

JC Jump if carry RET Return from procedure 

JE/JZ Jump if equal/zero JMP Jump 

JG/JNLE Jump if greater/not less nor equal ITERATION CONTROLS 

JGE/JNL Jump if greater or equal/not less LOOP Loop 

JL/JNGE Jump if less/ not greater nor equal LOOPE/LOOPZ Loop if equal/zero 

JLE/JNG Jump if less or equal/not greater LOOPNE/LOOPNZ Loop if not equal/not zero 

JNC Jump if not carry JCXZ Jump if register ex = 0 

JNE/JNZ Jump if not equal/not zero INTERRUPTS 

JNO Jump if not overflow INT Interrupt 

JNP/JPO Jump if not parity/parity odd INTO Interrupt if overflow 

JNS Jump if not sign IRET Interrupt return 

Figure 4. 80188 Instruction Set (Continued) 

To access operands that do not reside in one of the 
four immediately available segments, a full 32·bit 
pointer can be used to reload both the base (seg· 
ment) and offset values. 

;HIFT LEFT 4 BITS' 
' 2 3 . I SEGMENT} BASE 

I· • ! ·I " 
o LOGICAL 

2 3 
ADDRESS 

I 0 0 2 2 'OFFSET 

" ' 0 

[~I, ·I· " I 0 
0 2 

" 0 

I· 2 3 • ·I PHYSICAL ADDRESS 

" 0 

TO MEMORY 210706-5 

Figure 5. Two Component Address 

Table 3. Segment Register Selection Rules 

Memory Segment lmpllclt Segment Reference Register Selection Rule Needed Used 

Instructions Code(CS) Instruction prefetch and 
immediate data. 

Stack Stack (SS) All stack pushes and 
pops; any memory 
references which use BP 
Register as a base 
register. 

External Extra (ES) All string instruction 
Data references which use 
(Global) the DI register as an 

index. 
Local Data Data(DS) All other data references. 
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Addressing Modes 

The 80188 provides eight categories of addressing 
modes to specify operands. Two addressing modes 
are provided for instructions that operate on register 
or immediate operands: 

• Register Operand Mode: The operand is located 
in one of the 8- or 16-bit general registers. 

• Immediate Operand Mode: The operand is in
cluded in the instruction. 

Six modes are provided to specify the location of an 
operand in a memory segment. A memory operand 
address consists of two 16-bit components: a seg
ment base and an offset. The segment base is sup
plied by a 16-bit segment register either implicitly 
chosen by the addressing mode or explicitly chosen 
by a segment override prefix. The offset, also called 
the effective address, is calculated by summing any 
combination of the following three address ele
ments: 

• the displacement (an 8- or 16-bit immediate value 
contained in the instruction); 

• the base (contents of either the BX or BP base 
registers); and 

• the index (contents of either the SI or DI index 
r~gisters). 

Any carry out from the 16-bit addition is ignored. 
Eight-bit displacements are sign extended to 16-bit 
values. 

Combinations of these three address elements de
fine the six memory addressing modes, described 
below. 

• Direct Mode: The operand's offset is contained in 
the instruction as an 8- or 16-bit displacement el
ement. 

• Register Indirect Mode: The operand's offset is in 
one of the registers SI, DI, BX, or BP. 

• Based Mode: The operand's offset is the sum of 
an 8- or 16-bit displacement and the contents of 
a base register (BX or BP). 

• Indexed Mode: The operand's offset is the sum 
of an .8- or 16-bit displacement and the contents 
of an index register (SI or DI). 

• Based Indexed Mode: The operand's offset is the 
sum of the contents of a base register and an 
index register. 

• Based Indexed Mode with Displacement: The op
erand's offset is the sum of a base register's con
tents, an index register's contents, and an 8- or 
16-bit displacement. 

Data Types 

The 80188 directly supports the following data 
types: 

• Integer: A signed binary numeric value contained 
in an 8-bit byte or a 16-bit word. All operations 
assume a 2's complement representation. 
Signed 32- and 64-bit integers are supported us
ing an 8087. Numeric Data Coprocessor with the 
80188. 

• Ordinal: An unsigned binary numeric value con
tained in an 8-bit byte or a 16-bit word. 

• Pointer: A 16- or 32-bit quantity, composed of a 
16-bit offset component or a 16-bit segment base 
component in addition to a 16-bit offset compo
nent. 

• String: A contiguous sequence of.bytes or words. 
A string may contain from 1 to 64K bytes. 

• ASCII: A byte representation of alphanumeric and 
control characters using the ASCII standard of 
character representation: 

• BCD: A byte (unpacked) representation of the 
decimal digits 0-9. 

• Packed BCD: A byte (packed) representation of 
two decimal digits (0-9). One digit is stored in 
each nibble (4-bits) of the byte. 

• Floating Point: A signed 32-, 64-, or 80-bit real 
number representation. (Floating point operands 
are supported using an 8087 Numeric Data Co
processor with the 80188.) 

In general, individual data elements must fit within 
defined segment limits. Figure 7 graphically repre
sents the data types supported by the 80188. 

l/OSpace 

The 1/0 space consists of 6.4K 8-bit or 32K 16-bit 
ports. Separate instructions address the 1/0 space 
with either an 8-bit port address, specified in the in
struction, or a 16-bit port address in the DX register. 
8-bit port addresses are zero extended such that 
A15-A8 are LOW. 1/0 port addresses OOF8(H) 
through OOFF(H) are reserved. , 

Interrupts 

An interrupt transfers execution to a new program 
location. The old program address (CS:IP) and ma
chine state (Status Word) are saved on the stack to 
allow resumption of the interrupted program. Inter
rupts fall into three classes: hardware initiated, INT 
instructions, and instruction exceptions. Hardware 
initiated interrupts occur in response to an external 
input and are classified as non-maskable or mask
able. 
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' 0 
SIGNED rrrrf'T'TT1 
BYTE~ 

SIGN BIT · L____J 
MAGNITUDE 

' 0 
UNSIGNED fTTTTTTT1 

BYTE L....:..._J 

~ 
MAGNITUDE 

1514 + 1 8 1 0 0 

s~~~~ 11'' I' r I I 1IIIt11 I 
SIGN BIT .,, 1._':""'Ms"":A°"'G"°'N1""Tu"'o=-e __, 

SIGNED 31 + J + 2 16 is t 1 o 

D~~:~~ 11 I I I I I I I I I I I I I I I I I I I' I I I I' I I' I I I 
SIGN BIT J l MSB 

~~~~ .. =A=GN=oy=u~OE~~~~~ 

+7 +6 +S +4 +3 +2 + 1 
SIGNED 63 48 n l2 31 1& 15 o 

w~~~ll I I I I 
SIGN BIT J l- MSB 

~~~~,.-A~G-No=ru=oe~-~~~~ 

I!"> + t 0 

UNS~~=g I' 'I I'' I I'' I I I I I I 
1L--MSB 

MAGNITUDE 

BINARY 7 +N o 
COOED fTTTT1'TT") 

DECIMAL L....:..._j 
(BCD) 01~7~ N 

1 +N o 

ASCII~ 
ASCII 

CHARACTER,.. 

1 +N o 
PACKED fTTTTTTT1 

BCD l__l__J 

l__J 
MOST 
SIGNIFICANT DIGIT 

7 + 1 0 7 0 

l"'l'''l"'l"'I 
BCD BCD 

DIGIT 1 DIGIT 0 

7 + 1 0 1 0 

1'"1'"1'"1'" I 
ASCII ASCII 

CHARACTER1 CHARACTERo 

1 + 1 0 7 0 0 

l'"l"'l"'l"'I 
l__J 
LEAST 

SIGNIFICANT DIGIT 

11s +N o 11s +t 011s 0 o 

STRING~ ••• J111 l 1 ' 1 ( 111 l 111 ) 

BYTE WORD N BYTE WORD 1 . BYTE WOAD 0 

31 + 3 +2 1615 + 1 0 

POINTER I ' I I I I I I I ' ' I I i i I I I I I I I I I I' I i I ' I I I 
SELECTOR OFFSET 

79+9 +8 +7 +6 +5 +4 +J +2 +1 

EXPONENT MAGNITUDE 

0 0 
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NOTE: 
*Supported using an 8087 Numeric Data Coprocessor 
with the 80188. 

Figure 7. 80188 Supported Data Types 

Programs may cause an interrupt with an INT in
struction. Instruction exceptions occur when an un
usual condition, which prevents further instruction 
processing, is detected while attempting to execute 
an instruction. If the exception was caused by exe
cuting an ESC instruction with the ESC trap bit set in 
the relocation register, the return instruction will 
point to the ESC instruction, or to the segment over
ride prefix immediately preceding the ESC instruc
tion if the prefix was present. In all other cases, the 

return address from an exception will point at the 
instruction immediately following the instruction 
causing the exception. 

A table containing up to 256 pointers defines the 
proper interrupt service routine for each interrupt. In
terrupts 0-31, some of which are used for instruc
tion exceptions, are reserved. Table 4 shows the 
80188 predefined types and default priority levels. 
For each interrupt, an 8-bit vector must be supplied 
to the 80188 which identifies the appropriate table 
entry. Exceptions supply the interrupt vector inter
nally. In addition, internal peripherals and noncas
caded external interrupts will generate their own 
vectors through the internal interrupt controller. INT 
instructions contain or imply the vector and allow 
access to all 256 interrupts. Maskable hardware ini
tiated interrupts supply the 8-bit vector to the CPU 
during an interrupt acknowledge bus sequence. 
Non-maskable hardware interrupts use a predefined 
internally supplied vector. 

Interrupt Sources 

The 80188 can service interrupts generated by soft
ware or hardware. The software interrupts are gen
erated by specific instructions (INT, ESC, unused 
OP, etc.) or the results of conditions specified by 
instructions (array bounds check, INTO, DIV, IDIV, 
etc.). All interrupt sources are serviced by an indirect 
call through an element of a vector table. This vector 
table is indexed by using the interrupt vector type 
(Table 4), multiplied by four. All hardware-generated 
interrupts are sampled at the end of each instruc-
tion. Thus, the software interrupts will begin service m 
first. Once the service routine is entered and inter-
rupts are enabled, any hardware source of sufficient ~ 
priority can interrupt the service routine in progress. 

Those pre-defined 80188 interrupts which cannot be 
masked by programming are described below. 

DIVIDE ERROR EXCEPTION (TYPE 0) 

Generated when a DIV or IDIV instruction quotient 
cannot be expressed in the number of bits in the 
destination. 

SINGLE-STEP INTERRUPT (TYPE 1) 

Generated after most instructions if the TF flag is 
set. Interrupts will not be generated after prefix in
structions (e.g., REP), instructions which modify seg
ment registers (e.g., POP DS), or the WAIT instruc
tion. 

NON-MASKABLE INTERRUPT-NM! (TYPE 2) 

An external interrupt source which cannot be 
masked. 
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Table 4. 80188 Interrupt Vectors 
Interrupt Vector Vector Default Related Applicable 

Name Type Address Priority Instructions Notes 
Divide Error 0 OOH 1 DIV, IDIV 1 

Exception 

Single Step 1 04H 1A All 2 
Interrupt 

Non-Maskable 2 08H 1 All 
Interrupt (NMI) 

Breakpoint 3 OCH 1 INT 1 
Interrupt 

INTO Detected 4 10H 1 INTO 1 
Overflow 
Exception 

Array Bounds 5 14H 1 BOUND 1 
Exception 

Unused Opcode 6 18H 1 Undefined 1 
Exception Opcodes 

ESCOpcode 7 1CH 1 ESCOpcodes 1,3 
Exception 

Timer O Interrupt 8 20H 2A 4,5 

Timer 1 Interrupt 18 48H 2B 4,5 

nmer 2 Interrupt 19 4CH 2C 4,5 

Reserved 9 24H 3 

OMA O Interrupt 10 28H 4 5 

OMA 1 Interrupt 11 2CH 5 5 

INTO Interrupt 12 30H 6 

INT1 Interrupt 13 34H 7 

INT2 Interrupt 14 38H 8 

INT3 Interrupt 15 3CH 9 

Reserved 16, 17 40H,44H 

Reserved 20-31 50H ... 7CH 

NOTES: 
Default priorities for the interrupt sources are used only if the user does not program each source into a unique priority level. 
1. Generated as a result of an instruction execution. 
2. Performed in same manner as 8088. 
3. An ESC opcode will cause a trap if the power bit is set in the peripheral control block relocation register. 
4. All three timers constitute one source of request to the interrupt controller. As such, they share the same priority level with 
respect to other interrupt sources. However, the timers have a defined priority order among themselves (2A > 2B > 2C). 
5. The vector type numbers for these sources are programmable in Slave Mode. 

BREAKPOINT INTERRUPT (TYPE 3) 

A one-byte version of the INT instruction. It uses 12 
as an index into the service routine address table 
(because it is a type 3 interrupt). 

INTO DETECTED OVERFLOW EXCEPTION 
(TYPE 4) 

Generated during an INTO instruction if the OF bit is 
set. 

ARRAY BOUNDS EXCEPTION (TYPE 5) 

Generated during a BOUND instruction if the array 
index is outside the array bounds. The array bounds 
are located in memory at a location indicated by one 
of the instruction operands. The other operand indi
cates the value of the index to be checked. 

UNUSED OPCODE EXCEPTION (TYPE 6) 

Generated if execution is attempted on undefined 
opcodes. 
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ESCAPE OPCODE EXCEPTION (TYPE 7) 

Generated if execution is attempted of ESC opcodes 
(D8H-DFH). This exception will only be generated if 
a bit in the relocation register is set. The return ad
dress of this exception will point to the ESC instruc
tion causing the exception. If a segment override 
prefix preceded the ESC instruction, the return ad
dress will point to the segment override prefix. 

Hardware-generated interrupts are divided into two 
groups: maskable interrupts and non-maskable in
terrupts. The 80188 provides maskable hardware in
terrupt request pins INTO-INT3. In addition, maska
ble interrupts may be generated by the 80188 inte
grated OMA controller and the integrated timer unit. 
The vector types for these interrupts are shown in 
Table 4. Software enables these inputs by setting 
the Interrupt Flag bit (IF) in the Status Word. The 
interrupt controller is discussed in the peripheral 
section of this data sheet. 

Further maskable interrupts are disabled while serv
icing an interrupt because the IF bit is reset as part 
of the response to an interrupt or exception. The 
saved Status Word will reflect the enable status of 
the processor prior to the interrupt. The interrupt flag 
will remain zero unless specifically set. The interrupt 
return instruction restores the Status Word, thereby 
restoring the original status of IF bit. If the interrupt 
return re-enables interrupts, and another interrupt is 
pending, the 80188 will immediately service the 
highest-priority interrupt pending, i.e., no instructions 
of the main line program will be executed. 

Non-Maskable Interrupt Request (NMI) 

A non-maskable interrupt (NMI) is also provided. 
This interrupt is serviced regardless of the state of 
the IF bit. A typical use of NMI would be to activate a 
power failure routine. The activation of this input 
causes an interrupt with an internally supplied vector 
value of 2. No external interrupt acknowledge se
quence is performed. The IF bit is cleared at the 
beginning of an NMI interrupt to prevent maskable 
interrupts from being serviced. 

Single-Step Interrupt 

The 80188 has an internal interrupt that allows pro
grams to execute one instruction at a time. It is 
called the single-step interrupt and is controlled by 
the single-step flag bit (TF) in the Status Word. Once 
this bit is set, an internal single-step interrupt will 
occur after the next instruction has been executed. 
The interrupt clears the TF bit and uses an internally 
supplied vector of 1. The IRET instruction is used to 
set the TF bit and transfer control to the next instruc
tion to be single-stepped. 

Initialization and Processor Reset 

Processor initialization is accomplished by driving 
the RES input pin LOW. RES must be LOW durin~ 
power-up to ensure proper device initialization, RE 
forces the 80188 to terminate all execution and local 
bus activity. No instruction or bus activity will occur 
as long as RES is active. After RES becomes inac
tive and an internal processing interval elapses, the 
80188 begins execution with the instruction at physi
cal location FFFFO(H). RES also sets some registers 
to predefined values as shown in Table 5. 

Table 5. 80188 Initial Register State after RESET 

Status Word F002(H) 
Instruction Pointer OOOO(H) 
Code Segment FFFF(H) 
Data Segment OOOO(H) 
Extra Segment OOOO(H) 
Stack Segment OOOO(H) 
Relocation Register 20FF(H) 
UMCS FFFB(H) 

THE 80188 COMPARED TO 
THE 80186 

The 80188 CPU is an 8-bit processor designed 
around the 80186 internal structure. Most internal 
functions of the 80188 are identical to the equivalent 
80186 functions. The 80188 handles the external 
bus the same way the 80186 does with the distinc
tion of handling only 8 bits at a time. Sixteen bit op
erands are fetched or written in two consecutive bus 
cycles. Both processors will appear identical to the fl 
software engineer, with the exception of execution ~ 
time. The internal register structure is identical and 
all instructions have the same end result. The differ-
ences between the 80188 and the 80186 are out-
lined below. Internally, there are three differences 
between the 80188 and the 80186. All changes are 
related to the 8-bit bus interface. 

• The queue length is 4 bytes in the 80188, where
as the 80186 queue contains 6 bytes, or three 
words. The queue was shortened to prevent 
overuse of the bus by the BIU when prefetching 
instructions. This was required because of the 
additional time necessary to fetch instructions 8 
bits at a time. 

• To further optimize the queue, the prefetching al
gorithm was changed. The 80188 BIU will fetch a 
new instruction to load into the queue each time 
there is a 1-byte hole (space available) in the 
queue. The 80186 waits until a 2-byte space is 
available. 
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• The internal execution time of the instruction is 
affected by the 8-bit interface. All 16-bit fetches 
and writes from/to memory take an additional 
four clock cycles. The CPU may also be limited 
by the speed of instruction fetches when a series 
of simple .operations occur. When the more so
phisticated instructions of the 80188 are being 
used, the queue has time to fill and the execution 
proceeds as fast as the execution unit will allow. 

The 80188 and 80186 are completely software com
patible by virtue of their identical execution units. 
Software that is system dependent may not be com
pletely transferable, but software that is not system 
dependent will operate equally well on an 80188 or 
an 80186. 

The hardware interface of the 80188 contains the 
major differences between the two CPUs. The pin 
assignments are nearly identical, however, with the 
following functional changes. 

• A8-A15-These pins are only address outputs 
on the 80188. These address lines are latched 
internally and remain valid throughout a bus cycle 
in· a manner similar to the 8085 upper address 
lines. 

• SHE has no meaning on the 80188 and has been 
eliminated. 

80188 Clock Generator 

The 80188 provides an on-chip clock generator for 
both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide
by-two counter, synchronous and asynchronous 
ready inputs, and reset circuitry. 

Oscillator 

The oscillator circuit of the 80188 is designed to be 
used with a parallel resonant fundamental mode 
crystal. This is used as the time base for the 80188. 
The crystal frequency selected will be double the 
CPU clock frequency. Use of an LC or RC circuit is 
not recommended with this oscillator. If an external 
oscillator is used, it can be connected directly to in
put pin X1 in lieu of a crystal. The output of the oscil
lator is not directly available outside the 80188. The 
recommended crystal configuration is shown in 
Figure 8. 

Intel recommends the following values for crystal se
lection parameters. 

Temperature Range: 
ESR (Equivalent Series Resistance): 
Co (Shunt Capacitance of Crystal): 
CL (Load Capacitance): 
Drive Level: 

o to 1o·c 
30!lmax 

7.0 pf max 
20pf±2pf 
1 mW max 

c::::J 18 MHz CRYSTAL 

x, r-------i 
80188 

210706-8 

Figure 8. Recommended 8 MHz 80188 
Crystal Configuration 

Clock Generator 

The 80188 clock generator provides the 50% duty 
cycle processor clock for the 80188. It does this by 
dividing the oscillator output by 2 forming the sym
metrical clock. If an external oscillator is used, the 
state of the clock generator will change on the fall
ing edge of the oscillator signal. The CLKOUT pin 
provides the processor clock signal for use outside 
the 80188. This may be used to drive other system 
components. All timings are referenced to the output 
clock. 

READY Synchronization 

The 80188 provides both synchronous and asyn
chronous ready inputs. Asynchronous ready syn
chronization is accomplished by circuitry which sam
ples ARDY in the middle of T 2, T 3, and again in the 
middle of each T w until ARDY is sampled HIGH. 
One-half CLKOUT cycle of resolution time is used 
for full synchronization of a rising ARDY signal. A 
high-to-low transition on ARDY may be used as an 
indication of the not ready condition but it must be 
performed synchronously to CLKOUT either in the 
middle of T 2. T 3, or T w. or at the falling edge of T 3 
orTw. 

A second ready input (SRDY) is provided to inter
face with externally synchronized ready signals. This 
input is sampled at the end of T 2, T 3, and again at 
the end of each T w until it is sampled HIGH. By 
using this input rather than the asynchronous ready 
input, the half-clock cycle resolution time penalty is 
eliminated. 

This input must satisfy set-up and hold times to guar
antee proper operation of the circuit. 
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In addition, the 80188, as part of the integrated chip
select logic, has the capability to program WAIT 
states for memory and peripheral blocks. This is dis
cussed in the Chip Select/Ready Logic description. 

RESET Logic 

The 80188 provides both a RES input pin and a syn
chronized RESET output ~in for use with other sys
tem components. The RE input pin on the 80188 is 
provided with hysteresis in order to facilitate power
on Reset generation via an RC network. RESET out
put is guaranteed to remain active for at least five 
clocks given a RES input of at least six clocks. RE
SET may be delayed u~ approximately two and 
one-half clocks behind RES. 

Multiple 801~rocessors may be synchronized 
through the RES input pin, since this input resets 
both the processor and divide-by-two internal count
er in the clock generator. In order to ensure that the 
divide-by-two counters all begin counting at the 
same time, the active going edge of RES must satis
fy a 25 ns setup time before the falling edge of the 
80188 clock input. In addition, in order to ensure that 
all CPUs begin executing in the same clock cycle, 
the reset must satisfy a 25 ns setup time before the 
rising edge of the CLKOUT signal of all the proces
sors. 

LOCAL BUS CONTROLLER 

The 80188 provides a local· bus controller to gener
ate the local bus control signals. In addition, it em
ploys a HOLD/HLDA protocol for relinquishing the 
local bus to other bus masters. It also provides out
puts that can be used to enable external buffers and 
to direct the flow of data on and off the local bus. 

Memory/Peripheral Control· 

The 80188 provides ALE, RD, and WR bus control 
signals. The RD and WR signals are used to strobe 
data from memory or 1/0 to the 80188 or to strobe 
data from the 80188 to memory or 1/0. The ALE line 
provides a strobe to latch the address when it is 
valid. The 80188 local bus controller does not pro
vide a meniory/1/0 signal. If this is required, use the 
S2 signal (which will require external latching), make 
the memory and 1/0 spaces nonoverlapping, or use 
only the integrated chip-select circuitry. 

Transceiver Control 

The 80188 generates two control signals for exter
nal transceiver chips. This capability allows the addi
tion of transceivers for extra buffering without adding 

external logic. These control lines, DT /R and DEN, 
are generated to control the flow of data through the 
transceivers. The operation of these signals is 
shown in Table 6. 

Table 6. Transceiver Control Signals Description 

Pin Name Function 

DEN (Data Enable) Enables the output 
drivers of the 
transceivers. It is active 
LOW during memory, 
1/0, or INTA cycles. 

DT /R (Data Transmit/ Determines the direction 
Receive) of travel through the 

transceivers. A HIGH 
level directs data away 
from the processor 
during write operations, 
while a LOW level directs 
data toward the 
processor during a read 
operation. 

Local Bus Arbitration 

The 80188 uses a HOLD/HLDA system of local bus 
exchange. This provides an asynchronous bus ·ex-
change mechanism. This means multiple masters 
utilizing the same bus can operate at separate clock 
frequencies. The 80188 provides a single HOLD/ 
HLDA pair through which all other bus masters may 
gain control of the local bus. External circuitry must 
arbitrate which external device will gain control of II 
the bus when there is more.than one alternate local • 
bus master~ When the 80188 rel!!!gyishes control of 
the local bus, it floats DEN, RD, WR, SO-S2, LOCK, 
ADO-AD?, A8-,A19, S7, and DT/R to allow another 
master to drive these lines directly. 

The 80188 HOLD latency time, i.e., the time be
tween HOLD request and HOLD acknowledge, is a 
function of the activity occurring in the processor 
when the HOLD request is received. A HOLD re
quest is the highest-priority activity request which 
the processor may receive: higher than instruction 
fetching or internal OMA cycles. However, if a OMA 
cycle is in progress, the 80188 will complete the 
transfer before relinquishing the bus. This implies 
that if a HOLD request is received just as a OMA 
transfer begins, the HOLD latency time can be as 
great as 4 bus cycles. This will occur if a OMA word 
transfer operation is taking place from an odd ad
dress to an odd address. This is a total of 16 clocks 
or more, if WAIT states are required. In addition, if 
locked transfers are performed, the HOLD latency 
time will be increased by the length of the locked 
transfer. 
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Local Bus Controller and Reset 

During RESET the local bus controller will perform 
the following actions: 

• Drive DEN, RD, and WR HIGH for one clock cy
cle, then float. 

NOTE: . 
RD is also provided with an internal pull-up device 
to prevent the processor from inadvertently enter
ing Queue Status Mode during RESET. 

• Drive SO-S2 to the inactive state (all HIGH) and 
then float. 

• Drive IOCK HIGH and then float. 

• Three-state AD0-7, A8-19, S7, OT/A. 

• Drive ALE LOW (ALE is never floated). 

• Drive HLDA LOW. 

INTERNAL PERIPHERAL INTERFACE 

All the 80188 integrated peripherals are controlled 
by 16-bit registers contained within an internal 256-
byte control block. The control block may be 
mapped into either memory or 1/0 space. Internal 
logic will recognize control block addresses and re
spond to bus cycles. During bus cycles to internal 
registers, the bus controller will signal the operation 
externally (i.e., the RD, WR, status, address, data, 
etc., lines will be driven as in a normal bus cycle), 
but D1-o. SRDY, and ARDY will be ignored. The 
base address of the control block must be on an 
even 256-byte boundary (i.e., the lower 8 bits of the 
base address are all zeros). All of the defined regis
ters within this control block may be read or written 
by the 80188 CPU at any time 

The control block base address is programmed by a 
16-bit relocation register contained within the control 
block at offset FEH from the base address of the 
control block (see Figure 9). It provides the upper 12 
bits of the base address of the control block. Note 
that mapping the control register block into an ad
dress range corresponding to a chip-select range is 
not recommended (the chip select circuitry is dis
cussed later in this data sheet. In addition, bit 12 of 
this register determines whether the control block 
will be mapped into 110 or memory space. If this bit 
is 1, the control block will be located in memory 
space. If the bit is o, the control block will be located 
in 1/0 space. If the control register block is mapped 
into 1/0 space, the upper 4 bits of the base address 
must be programmed as 0 (since 110 addresses are 
only 16 bits wide). 

Whenever mapping the 188 peripheral control block 
to another location, the programming of the reloca
tion register should be done with a byte write (i.e. 
OUT DX.AL). Any access to the control block is 
done 16.bits at a time. Thus, internally, the reloca
tion register will get written with 16 bits of the AX 
register while externally, the BIU will run only one 
8~bit bus cycle. If a word instruction is used (i.e. OUT 
DX,AX), the relocation register will be written on the 
first bus cycle. The Bus Interface Unit (BIU) will then 
run a second bus cycle which is unnecessary. The 
address of the second bus cycle will no longer be 
within the control block (i.e. the control block was 
moved on the first cycle), and therefore, will require 
the generation of an external ready signal to com
plete the cycle. For this reason we recommend byte 
operations to the relocation register. Byte instruc
tions may also be used for the other registers in the 
control block and will eliminate half of the bus cycles 
required if a word operation had been specified. 
Byte operations are only valid on even addresses 
though, and are undefined on odd addresses. 

In addition to providing relocation information for the 
control block, the relocation register contains bits 
which place the interrupt controller into Slave Mode, 
and cause the CPU to interrupt upon encountering 
ESC instructions. At RESET, the relocation register 
is set to 20FFH which maps the control block to start 
at FFOOH in 1/0 space. An offset map of the 
256-byte control register block is shown in Figure 
10. 

CHIP-SELECT /READY GENERATION 
LOGIC 

The 80188 contains logic which provides program
mable chip-select generation for both memories and 
peripherals. In addition, it can be programmed to 
provide READY (or WAIT state) generation. It can 
also provide latched address bits A 1 and A2. The 
chip-select lines are active for all memory and 1/0 
cycles in their programmed areas, whether they be 
generated by the CPU or by the integrated OMA unit. 

Memory Chip Selects 

The 80188 provides 6 memory chip select outputs 
for 3 address areas: upper memory, lower memory, 
and midrange memory. One each is provided for up
per memory and lower memory, while four are pro
vided for midrange memory. 

The range for each chip select is user-programma
ble and can be set to 2K, 4K, SK, 16K, 32K, 64K, 
128K (plus 1 K and 256K for upper and lower chip 
selects). In addition, the beginning or base address 
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 
OFFSET: FEH I ET I SLAVE/MAS'i'ER I X IM11ol RelocationAddressBitsR19-R8 

ET = ESC Trap I No ESC Trap (1 /0) 
M/10 = Re~ister block located in Memory I 110 Space (1 /0) 
SLAVE/MA TEA = Configure interrupt controller for Slave/MAS'FER Mode (1 /0) 

Figure 9. Relocation Register 

Relocation Register 

DMA Descriptors Channel 1 

DMA Descriptors Channel o 

Chip-Select Control Registers 

Timer 2 Control Registers 

Timer 1 Control Registers 

Timer O Control Registers 

Interrupt Controller Registers 

OFFSET 

FEH 

DAH 

DOH 

CAH 

GOH 

ABH 

AOH 

66H 

60H 

5EH 

5BH 

56H 

50H 

3EH 

20H 

Figure 10. Internal Register Map 

of the midrange memory chip select may also be 
selected. Only one chip select may be programmed 
to be active for any memory location at a time. All 
chip select sizes are in bytes. 

Upper Memory CS 

The 80188 provides a chip select, called UCS, for 
the top of memory. The top of memory is usually 
used as the system memory because after reset the 
80188 begins executing at memory location 
FFFFOH. 

The upper limit of memory defined by this chip select 
is always FFFFFH, while the lower limit is program
mable. By programming the lower limit, the size of 
the select block is also defined. Table 7 shows the 
relationship between the base address selected and 
the size of the memory block obtained. 

Table 7. UMCS Programming Values 

Starting 
Memory UMCSValue 

Address 
(Base 

Block (Assuming 

Address) 
Size RO=R1=R2=0) 

FF COO 1K FFFSH 
FF800 2K FFBSH 
FFOOO 4K FF38H 
FEOOO SK FE38i-t 
FCOOO 16K FC38H 
F8000 32K F838H 
FOOOO 64K F038H 
EOOOO 128K E038H 
coooo 256K C038H 

The lower limit of this memory block is defined in the 
UMCS register (see Figure 11 ). This register is at 
offset AOH in the internal control block. The legal 
values for bits 6-13 and the resulting starting ad
dress and memory block sizes are given in Table 7. 
Any combination of bits 6-13 not shown in Table 7 
will result in undefined operation. After reset, the 
UMCS register is programmed for a 1 K area. It must 
be reprogrammed if a larger upper memory area is 
desired. 

The internal generation of any 20-bit address whose 
upper 16 bits are equal to or greater than the UMCS 
value (with bits 0-5 as "O") asserts UCS. UMCS bits 
R2-RO specify the ready mode for the area of mem
ory defined by the chip select register, as explained 
later. 

Lower Memory CS 

The 80188 provides a chip select for low memory 
called LCS. The bottom of memory contains the in
terrupt vector table, starting at location OOOOOH. 
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The lower. limit of memory defined by this chip select 
is always OH, while the upper limit is programmable. 
By programming the upper limit, the size of the 
memory block is defined. Table S shows the relation
ship between the upper address selected and the 
size. of the memory block obtained. 

Table 8. LMCS Programming Values 

Upper 
Memory LMCSValue 

Address 
Block (Assuming 
Size RO= R1 = R2=0) 

003FFH 1K 003SH 
007FFH 2K 007SH 
OOFFFH 4K OOFSH 
01FFFH SK 01FSH 
03FFFH 16K 03FSH 
07FFFH 32K 07FSH 
OFFFFH 64K OFFSH 
1FFFFH 12SK 1FFSH 
3FFFFH 256K 3FFSH 

The upper limit of this memory block is defined in the 
LMCS register (see Figure 12) at offset A2H in the 
internal control block. The legal values for bits 6-15 
and the resulting upper address and memory block 
sizes are given in Table S. Any combination of bits 
6-15 not shown in Tables will result in undefined 
operation. After RESET, the LMCS register value is 
undefined. However, the LCS chip-select line will not 
become active until the LMCS register is accessed. 

Any internally generated 20-bit address whose up
per 16 bits are less than or equal to LMCS (with bits 
0-5 "1 ")will assert LCS. LMCS register bits R2-RO 
specify the READY mode for the area of memory 
defined by this chip-select register. 

Mid-Range Memory CS 

The S01 SS provides four MCS lines which are active 
within a user-locatable memory block. This bloc;k 
can be located within the S01 SS 1 M byte memory 
address space exclusive of the areas defined by 
UCS and LCS. Both the base address and size of 
this memory block are programmable. 

15 14 13 12 11 10 

OFFSET: AOH I 1 I 1 u I u I u I u I 
A19 

9 

u 

The size of the memory block defined by the mid
range select lines, as shown in Table 9, is deter
mined by bits S-14 of the MPCS register (see Figure 
13). This register is at location ASH in the internal 
control block. One and only one of bits S-14 must 
be set at a time. Unpredictable operation of the MCS 
lines will otherwise occur. Each of the four chip-se
lect lines is active for one of the four equal contigu
ous divisions of the mid-range block. If the total 
block size is 32K, each chip select is active for SK of 
memory with MCSO being active for the first range 
and MCS3 being active for the last range. 

The EX and MS in MPCS relate to peripheral func
tionality as described in a later section. 

Table 9. MPCS Programming Values 

Total Block Individual MPCSBits 
Size Select Size 14-8 

SK 2K 0000001B 
16K 4K 0000010B 
32K SK 0000100B 
64K 16K 0001000B 
12SK 32K 0010000B 
256K 64K 0100000B 
512K 12SK 1000000B 

The base address of the mid-range memory block is 
defined by bits 15-9 of the MMCS register (see Fig
ure 14). This register is at offset A6H in the internal 
control block. These bits correspond to bits 
A 19-A 13 of the 20-bit memory address. Bits 
A12-AO of the base address are always 0. The base 
address may be set at any integer multiple of the 
size of the total memory block selected. For exam
ple, if the mid-range block size is 32K (or the size of 
the block for which each MCS line is active is SK), 
the block could be located at 1 OOOOH or 1 SOOOH, 
but not at 14000H, since the first few integer multi
ples of a 32K memory block are OH, SOOOH, 
10000H, 1SOOOH, etc. After RESET, the contents of 
both of these registers are undefined. However, 
none of the MCS lines will be active until both the 
MMCS and MPCS registers are accessed. 

8 7 6 5 4 3 2 1 0 

u u u I 1 I 1 I 1 I R2 I R1 I RO I 
A10 

Figure 11. UMCS Register 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

OFFSET: A2H I 0 I 0 I u I u I u I u I u I u I u I u I 1 I 1 I 1 I R2 I R1 I RO I 
A19 A10 

Figure 12. LMCS Register 
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15 14 13 12 11 10 9 6 7 s 5 4 3 2 1 0 

OFFSET: ASH I 1 I MS I M5 I M4 I M3 I M2 I M1 I MO I EX I MS I 1 I 1 I 1 I R2 I R1 I RO I 

Figure 13. MPCS Register 

15 9 3 0 

OFFSET: ASH I u I u I u I u I u I u I u I 1 1 I 1 I 1 I 1 I 1 I R2 I R1 I RO I 
A19 A13 

Figure 14. MMCS Register 

MMCS bits R2-RO specify READY mode of opera
tion for all four mid-range chip selects. 

The 512K block size for the mid-range memory chip 
selects is a special case. When using 512K, the 
base address would have to be at either locations 
OOOOOH or 80000H. If it were to be programmed at 
OOOOOH when the [CS line was programmed, there 
would be an internal conflict between the LCS ready 
generation logic and the MCS ready generation log
ic. Likewise, if the base address were programmed 
at 80000H, there would be a conflict with the UCS 
ready generation logic. Since the LCS chip-select 
line does not become active until programmed, while 
the UCS line is active at reset, the memory base can 
be set only at OOOOOH. If this base address is select
ed, however, the LCS range must not be pro
grammed. 

Peripheral Chip Selects 

The 80188 can generate chip selects for up to seven 
peripheral devices. These chip selects are active for 
seven contiguous blocks of 128 bytes above a pro
grammable base address. The base address may be 
located in either memory or 1/0 space. 

Seven CS lines called PCS0-6 are generated by the 
80188. The base address is user-programmable; 

however it can only be a multiple of 1 K bytes, i.e., 
the least significant 10 bits of the starting address 
are always O. 

PCS5 and PCS6 can also be programmed to provide 
latched address bits A 1 and A2. If so programmed, 
they cannot be used as peripheral selects. These 
outputs can be connected directly to the AO and A 1 
pins used for selecting internal registers of 8-bit pe
ripheral chips. 

The starting address of the peripheral chip-select 
block is defined by the PACS register (see Figure 
15). The register is located at offset A4H in the inter-
nal control block. Bits 15-6 of this register corre-
spond to bits 19-1 O of the 20-bit Programmable 
Base Address (PBA) of the peripheral chip-select 
block. Bits 9-0 of the PBA of the peripheral chip-se-
lect block are all zeros. If the chip-select block is 
located in 1/0 space, bits 12-15 must be pro
grammed zero, since the 1/0 address is only 16 bits 
wide. Table 10 shows the address range of each 
peripheral chip select with respect to the PBA con- 1!11 
tained in PACS register. lllil 

15 s 5 3 0 
OFFSET: A4H I u I u I u I u 1- u u I u I u I u I u I 1 I 1 1 I R2 I R1 I RO I 

A19 A10 

Figure 15. PACS Register 
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The user should program bits 15-6 to correspond to 
the desired peripheral base location. PACS bits 0-2 
are used to specify READY mode for PCSO-PCS3. 

Table 10. PCS Address Ranges 

PCS Line Active between Locations 

PCSO PBA -PBA+127 
PCS1 PBA + 128-PBA + 255 
PCS2 PBA + 256-PBA + 383 
PCS3 PBA + 384-PBA + 511 
PCS4 PBA + 512-PBA + 639 
PCS5 PBA + 640-PBA + 767 
PCS6 PBA + 768-PBA + 895 

The mode of operation of the peripheral chip selects 
is defined by the MPCS register (which is also used 
to set the size of the mid-range memory chip-select 
block, see Figure 13). The register is located at off
set ASH in the internal control block. Bit 7 is used to 
select the function of PCS5 and PCS6, while bit 6 is 
used to select whether the peripheral chip selects 
are mapped into memory or 110 space. Table 11 
describes the programming of these bits. After RE
SET, the contents of both the MPCS and the PACS 
registers are undefined, however none of the PCS 
lines will be active until both of the MPCS and PACS 
registers are accessed. 

Table 11. MS, EX Programming Values 

Bit Description 

MS 1 = Peripherals mapped into memory space. 
0 = Peripherals mapped into 1/0 space. 

EX 0 = 5 PCS lines. A 1, A2 provided. 
1 = 7 PCS lines. A 1, A2 are not provided. 

MPCS bits 0-2 specify the READY mode for PCS4-
PCS6 as outlined below. 

READY Generation Logic 

The 80188 can generate a READY si~I internally 
for each of the memory or peripheral CS lines. The 
number of WAIT states to be inserted for each pe
ripheral or memory is programmable to provide 0-3 
wait states for all accesses to the area for which the 
chip select is active. In addition, the 80188 may be 
programmed to either ignore external READY for 
each chip-select range individually or to factor exter
nal READY with the integrated ready generator. 

READY control consists of 3 bits for each CS line or 
group of lines generated by the 8018£. The interpre
tation of the READY bits is shown in Table 12. 

Table 12. READY Bits Programming 

R2 R1 RO Number of WAIT States Generated 

0 0 0 0 wait states, external ROY 
also used. 

0 0 1 1 wait state inserted, external ROY 
also used. 

0 1 0 2 wait states inserted, external ROY 
also used. 

0 1 1 3 wait states inserted, external ROY 
also used. 

1 0 0 O wait states, external ROY 
ignored. 

1 0 1 1 wait state inserted, external ROY 
ignored. 

1 1 0 2 wait states inserted, external ROY 
ignored. 

1 1 1 3 wait states inserted, external ROY 
ignored. 

The internal READY generator operates in parallel 
with external READY, not in series if the external 
READY is used (R2 = O). For example, if the inter

. nal generator is set to insert two wait states, but 
activity on the external READY lines will insert four 
wait states, the processor will only insert four wait 
states, not six. This is because the two wait states 
generated by the internal generator overlapped the 
first two wait states generated by the external ready 
signal. Note that the external ARDY and SRDY lines 
are always ignored during cycles accessing internal 
peripherals. 

R2-RO of each control word specifies the READY 
mode for the corresponding block, with the excep
tion of the peripheral chip selects: R2-RO of PACS 
set the PCS0-3 READY mode, R2-RO of MPCS set 
the PCS4-6 READY mode. 

Chip Select/Ready Logic and Reset 

Upon RESET, the Chip-Select/Ready Logic will per
form the following actions: 

• All chip-select outputs will be driven HIGH. 

• Upon leaving RESET, the UCS line will be pro
grammed to provide chip selects to a 1 K block 
with the accompanying READY control bits set at 
011 to insert 3 wait states in conjunction with ex
ternal READY (i.e., UMCS resets to FFFBH). 

• No other chip select or READY control registers 
have any predefined values after RESET. They 
will not become active until the CPU accesses 
their control registers. Both the PACS and MPCS 
registers must be accessed before the PCS lines 
will become active. 
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OMA Channels 

The 80188 OMA controller provides two indepen
dent OMA channels. Data transfers can occur be
tween memory and 1/0 spaces (e.g., Memory to 1/0) 
or within the same space (e.g., Memory to Memory 
or 1/0 to 1/0). Each OMA channel maintains both a 
20-bit source and destination pointer which can be 
optionally incremented or decremented after each 
data transfer. Each data transfer consumes 2 bus 
cycles (a minimum of 8 clocks), one cycle to fetch 
data and the other to store data. This provides a 
data transfer rate of one MByte/sec at 8 MHz. 

OMA Operation 

Each channel has six registers in the control block 
which define each channel's operation. The control 
registers consist of a 20-bit Source pointer (2 
words), a 20-bit Destination pointer (2 words), a 16-
bit Transfer Count Register, and a 16-bit Control 
Word. 

20 BIT ADDERISUBTRACTOR 

TRANSFER COUNTER CH. 1 

DEST. ADRS. POINTER CH. 1 

SRC. ADAS. POINTER CH. 1 

TRANSFER COUNTER CH. 0 

DEST. ADAS. POINTER CH. 0 

SRC. ADAS. POINTER CH. 0 

The format of the OMA Control Blocks is shown in 
Table 13. The Transfer Count Register (TC) speci
fies the number of OMA transfers to be performed. 
Up to 64K byte transfers can be performed with au
tomatic termination. The Control Word defines the 
channel's operation (see Figure 17). All registers 
may be modified or altered during any OMA activity. 
Any changes made to these registers will be reflect
ed immediately in OMA operation. 

Table 13. OMA Control Block Format 

Register Name 
Register Address 

Ch.O Ch.1 

Control Word CAH DAH 
Transfer Count C8H 08H 
Destination Pointer (upper 4 C6H 06H 

bits) 
Destination Pointer C4H 04H 
Source Pointer (upper 4 bits) C2H D2H 
Source Pointer COH DOH 

ADDER CONTROL 
LOGIC TIMER REQUEST 

REQUEST 
SELECTION 

LOGIC 

OMA 
CONTROL 

LOGIC 

INTERRUPT 
REQUEST 

CHANNEL CONTROL WORD 1 

CHANNEL CONTROL WORD 0 

210706-9 

Figure 16. OMA Unit Block Diagram 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 
T 

M/ DESTINATION M/ SOURCE 
TC INT SYN p D 

iO DEC INC iO DEC INC R X N~~~G S~-gp X 
Q 

X ~ Don't Care 

Figure 17. OMA Control Register 
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OMA Channel Control Word Register 

Each OMA Channel Control Word determines the 
mode of operation for the particular 80188 OMA 
channel. This register specifies: 

• the mode of synchronization; 

• whether interrupts will be generated after the last 
transfer; 

• whether OMA activity will cease after a pro
grammed num.ber of OMA cycles; 

• the relative priority of the OMA channel with re
spect to the other OMA channel; 

• whether the source pointer will be incremented, 
dec~emented, or maintained constant after each 
transfer; 

• whether the source pointer addresses memory or 
110 space; 

• whether the destination pointer will be increment
ed, decremented, or maintained constant after 
each transfer; and 

• whether the destination pointer will address 
memory or 110 space~ 

The OMA channel control registers may be. changed 
while the channel is operating. However, any chang
es made during operation will affect the current OMA 
transfer. 

OMA Control Word Bit Descriptions 
DEST: M/R5 Destination pointer is in 

memory (1) or 110 (0) space. 
DEC Decrement destination point

er by 1 after each transfer. 
INC Increment destination point

er by 1 after each transfer. 
If both INC and DEC are 
specified, the pointer will riot 
be changed after each cycle. 

SOURCE: M/R5 Source pointer is in memory 
(1) or 110 (0) space. 

DEC Decrement source pointer by 
1 after each transfer. 

INC Increment source pointer by 
1 after each transfer. 
If both INC and DEC are 
specified, the pointer will not 
be changed after each cycle. 

TC: 

INT: 

SYN: 

If set, OMA wHI terminate when 
the contents of the transfer' 
cou~ister reach zero. The 
ST /STOP bit will also be reset at 
this point. If cleared, the OMA 
controller will decrement the 
transfer count register for each 
OMA cycle, but OMA transfers 
will not stop when the transfer 
count register reaches zero. 

Enable interrupts to CPU upon 
transfer count termination. 

00 No synchronization. 

NOTE: 

When unsynchronized transfers 
are specified, the TC bit will be 
ignored and the ST bit will be 
cleared upon the transfer count 
reaching zero, stopping the 
channel. 

01 Source Synchronization. 

10 Destination Synchronization. 

11 Unused. 

P: Channel priority relative to other 
channel during simultaneous re
quests. 

0 Low priority. 

1 High priority. 

Channels will alternate cycles if 
both are set at the same priority 
level. 

TORO: Enable/Disable (1 /0) OMA re
quests from Timer 2. 

CHG/~: Change/Do Not Change (1 /O) 
the ST/S'IT5P bit. If this bit is set 
when w~ing the control word, 
the ST I TOP bit will be pro
grammed by the write to the con
trol word. If this bit is cleared 
when w~ti'dl the control word, 
the ST I T P bit will not be al
tered. This bit is not stored; it will 
always be read as o. 

ST /Sf0i5: Start/Stop (1 /0) Channel. 
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OMA Destination and Source Pointer 
Registers 

Each OMA channel maintains a 20-bit source and a 
20-bit destination pointer. Each of these pointers 
takes up two full 16-bit registers in the peripheral 
control block. The lower four bits of the upper regis
ter contain the upper four bits of the 20-bit physical 
address (see Figure 18). These pointers may be indi
vidually incremented or decremented after each 
transfer. Each pointer may point into either memory 
or 1/0 space. Since the OMA channels can perform 
transfers to or from odd addresses, there is no re
striction on values for the pointer registers. 

OMA Transfer Count Register 

Each OMA channel maintains a 16-bit transfer count 
register (TC). The register is decremented after ev
ery OMA cycle, regardless of the state of the TC bit 
in the OMA Control Register. If the TC bit in the OMA 
control word is set or if unsynchronized transfers are 
programmed, OMA activity will terminate when the 
transfer count register reaches zero. 

OMA Requests 

Data transfers may be either source or destination 
synchronized, that is either the source of the data or 
the destination of the data may request the data 
transfer. In addition, OMA transfers may be unsyn-

HIGHER 
REGISTER 
ADDRESS 

LOWER 
REGISTER 
ADDRESS 

xxx 

A15-A12 

15 

XXX = Don't Care 

chronized; that is, the transfer will take place contin
ually until the correct number of transfers has oc
curred. When source or unsynchronized transfers 
are performed, the OMA channel may begin another 
transfer immediately after the end of a previous 
OMA transfer. This allows a complete transfer to 
take place every 2 bus cycles or eight clock cycles 
(assuming no wait states). When destination syn
chronized transfers are performed, data will not be 
fetched from the source address until the destina
tion device signals that it is ready to receive it. Also, 
the. OMA controller will relinquish control of the bus 
after every transfer. If no other bus activity is initiat
ed, another destination synchronized OMA cycle will 
begin after two processor clocks. This allows the 
destination device time to remove its request if an
other transfer is not desired. Since the OMA control
ler will relinquish the bus, the CPU can initiate a bus 
cycle. As a result, a complete bus cycle will often be 
inserted between destination synchronized trans
fers. Table 14 shows the maximum OMA transfer 
rates. 

Table 14. Maximum OMA Transfer 
Rates @ CLKOUT = 8 MHz 

Type of 
Synchronization CPU Running CPU Halted 

Selected 

Unsynchronized 1.0 MBytes/sec 1.0 MBytes/sec 
Source Synch 1.0 MBytes/sec 1.0 MBytes/sec 
Destination Synch 0.67 MBytes/sec 0.80 MBytes/sec 

xxx xxx A19-A16 

A11-AB A7-A4 A3-AO 

0 

Figure 18. OMA Pointer Register Format 
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OMA Acknowledge 

· No explicit OMA acknowledge pulse is provided. 
Since both source and destination pointers are 
maintained, a read from a requesting source, or a 
write to a requesting destination, should be used as 
the OMA acknowledge signal. Since the chip-select 
lines can be programmed to be active for a given 
block of memory or 1/0 space, and the OMA point
ers can be programmed to point to the same given 
block, a chip-select line could be used to indicate a 
OMA acknowledge. 

OMA Priority 

The OMA channels may be programmed to give one 
channel priority over the other, or they may be pro
grammed to alternate cycles when both have OMA 
requests pending. OMA cycles always have priority 
over internal CPU cycles except between locked 
memory accesses or word accesses to odd memory 
locations; also, an external bus hold takes priority 
over an internal OMA cycle. Because an interrupt 
request cannot suspend a OMA operation and the 
CPU cannot access memory during a OMA cycle, 
interrupt latency time will suffer during sequences of 
continuous OMA cycles. An NMI request, however, 
will cause all internal OMA activity to halt. This al
lows the CPU to quickly respond to the NMI request. 

OMA Programming 

OMA cycles will occur whenever the ST /STOP bit of 
the Control Register is set. If synchronized transfers 

TIMERO TIMER 1 

are programmed, a DRQ must also be generated. 
Therefore, the source and destination transfer point
ers, and the transfer count r§!ister (if used) must be 
programmed before the ST I TOP bit is set. 

Each OMA register may be modified while the chan
nel is operating. If the CHG/NOCHG bit is cleared 
when the control register is written, the ST /STOP bit 
of the control register will not be modified by the 
write. If multiple channel registers are modified, it is 
recommended that a LOCKED string transfer be 
used to prevent a OMA transfer from occurring be
tween updates to the channel registers. 

OMA Channels and Reset 

Upon RESET, the OMA channels will perform the 
following actions: 

• The ST /STOP bit for each channel will be reset 
to STOP. 

• Any transfer in progress is aborted. 

TIMERS 

The 80188 provides three internal 16-bit program
mable timers (see Figure 19). Two of these are high
ly flexible and are connected to four external pins (2 
per timer). They can be used to count external 
events, time external events, generate nonrepetitive 
waveforms, etc. The third timer is not connected to 
any external pins, and is useful for real-time coding 
and time delay applications. In addition, the third tim
er can be used as a prescaler to the other two, or as 
a OMA request source. 

T1 
INT. 
REQ. 

T20UT 

OMA 
REQ. 

T2 
INT. 
REQ. 

MAX COUNT VALUE MAX COUNT VALUE TIMER 2 
A A 

MAX COUNT VALUE CLOCK/4 MAX COUNT VALUE CLOCK/4 8 B MAX COUNT VALUE 

MODE/CONTROL 
WORD 

ALL 16 BIT REGISTERS 

MODE/CONTROL 
WORD 

INTERNAL ADDRESS/DATA BUS 

MODE/CONTROL 
WORD 

Figure 19. Timer Block Diagram 
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Timer Operation 

The timers are controlled by 11 16-bit registers in 
the peripheral control block. The configuration of 
these registers is shown in Table 15. The count reg
ister contains the current value of the timer. It can be 
read or written at any time independent of whether 
the timer is running or not. The value of this register 
will be incremented for each timer event. Each of the 
timers is equipped with a MAX COUNT register, 
which defines the maximum count the timer will 
reach. After reaching the MAX COUNT register val
ue, the timer count value will reset to zero during 
that same clock, i.e., the maximum count value is 
never stored in the count register itself. Timers 0 and 
1 are, in addition, equipped with a second MAX 
COUNT register, which enables the timers to alter
nate their count between two different MAX COUNT 
values. If a single MAX COUNT register is used, the 
timer output pin will switch LOW for a single clock, 2 
clocks after the maximum count value has been 
reached. In the dual MAX COUNT register mode, the 
output pin will indicate which MAX COUNT register 
is currently in use, thus allowing nearly complete 
freedom in selecting waveform duty cycles. For the 
timers with two MAX COUNT registers, the RIU bit in 
the control register determines which is used for the 
comparison. 

Each timer gets serviced every fourth CPU-clock cy
cle, and thus can operate at speeds up to one-quar
ter the internal clock frequency (one-eighth the crys
tal rate). External clocking of the timers may be done 
at up to a rate of one-quarter of the internal CPU
clock rate (2 MHz for an 8 MHz CPU clock). Due to 
internal synchronization and pipelining of the timer 
circuitry, a timer output may take up to 6 clocks to 
respond to any individual clock or gate input. 

15 14 13 12 11 
EN INH INT AIU 0 

Since the count registers and the maximum count 
registers are all 16 bits wide, 16 bits of resolution are 
provided. Any Read or Write access to the timers will 
add one wait state to the minimum four-clock bus 
cycle, however. This is needed to synchronize and 
coordinate the internal data flows between the inter
nal timers and the internal bus. 

The timers have several programmable options. 

• All three timers can be set to halt or continue on 
a terminal count. 

• Timers O and 1 can select between internal and 
external clocks, alternate between MAX COUNT 
registers and be set to retrigger on external 
events. 

• The timers may be programmed to cause an in
terrupt on terminal count. 

These options are selectable via the timer mode/ 
control word. 

Timer Mode/Control Register 

The mode/control register (see Figure 20) allows 
the user to program the specific mode of operation 
or check the current programmed status for any of 
the three integrated timers. 

Table 15. Timer Control Block Format 

Register Name 
Register Offset 

Tmr.O Tmr.1 Tmr.2 

Mode/Control Word 56H 5EH 66H 
Max Count B 54H SCH not present 
Max Count A 52H 5AH 62H 
Count Register 50H 58H 60H 

5 4 3 2 1 0 
MC RTG p EXT ALT I CONT I 

Figure 20. Timer Mode/Control Register 
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EN 

The enable bit provides programmer control over 
the timer's RUN/HALT status. When set, the timer is 
enabled to increment subject to the input pin con
straints in the internal clock mode (discussed previ
ously). When cleared, the timer will be inhibited from 
counting. All input pin transitions during the time EN 
is zero will be ignored. If CONT is zero, the EN bit is 
automatically cleared upon maximum count. 

The inhibit bit allows for selective updating of the 
enable (EN) bit. If INH is a one during the write to the 
mode/ control word, then the state of the EN bit will 
be modified by the write. If INH is a zero during the 
11111·ite, the EN bit will be unaffected by the operation. 
This bit is not stored; it will always be a O on a read. 

INT 

When set, the INT bit enables interrupts from the 
timer, which will be generated on every terminal 
count. If the timer is configured in dual MAX COUNT 
register mode, an interrupt will be generated each 
time the value in MAX COUNT register A is reached, 
and each time the value in MAX COUNT register B is 
reached. If this enable bit is cleared after the inter
rupt request has been generated, but before a pend
ing interrupt is serviced, the interrupt request will still 
be in force. (The request is latched in the Interrupt 
Controller.) 

RIU 

The Register In Use bit indicates which MAX 
COUNT register is currently being used for compari
son to the timer count value. A zero value indicates 
register A. The AIU bit cannot be written, i.e., its 
value is not affected when the control register is writ
ten. It is always cleared when the ALT bit is zero. 

MC 

The Maximum Count bit is set whenever the timer 
reaches its final maximum count value. If the timer is 
configured in dual MAX COUNT register mode, this 
bit will be set each time the value in MAX COUNT 
register A is reached, and each time the value in 
MAX COUNT register B is reached. This bit is set 
regardless of the timer's interrupt-enable bit. The 
MC bit gives the user the ability to monitor timer 
status through software instead of through inter
rupts. Programmer intervention is required to clear 
this bit. 

RTG 

Retrigger bit is only active for internal clocking 
(EXT = 0). In this case it determines the control 
function provided by the input pin. 

If RTG = 0, the input level gates the internal clock 
on and off. If the input pin is HIGH, the timer will 
count; if the input pin is LOW, the timer will hold its 
value. As indicated previously, the input signal may 
be asynchronous with respect to the 80188 clock. 

When RTG = 1, the input pin detects LOW-to-HIGH 
transitions. The first such transition starts the timer 
running, clearing the timer value to zero on the first 
clock, and then incrementing thereafter. Further 
transitions on the input pin will again reset the timer 
to zero, from which it will start counting up again. If 
CONT = 0, when the timer has reached maximum 
count, the EN bit will be cleared, inhibiting further 
timer activity. 

p 

Tt:ie prescaler bit is ignored unless internal clocking 
has been selected (EXT = 0). If the P bit is a zero, 
the timer will count at one-fourth the internal CPU 
clock rate. If the P bit is a one, the output of timer 2 
will be used as a clock for the timer. Note that the 
user must initialize and start timer 2 to obtain the 
prescaled clock. 

EXT 

The external bit selects between internal and exter
nal clocking for the timer. The external signal may 
be asynchronous with respect to the 80188 clock. 
If this bit is set, the timer will count LOW-to-HIGH 
transitions on the input pin. If cleared, it will count an 
internal clock while using the input pin for control. In 
this mode, the function of the external pin is defined 
by the RTG bit. The maximum input to output tran
sition latency time may be as much as 6 clocks. 
However, clock inputs may be pipelined as closely 
together as every 4 clocks without losing clock puls
es. 

ALT 

The ALT bit determines which of two MAX COUNT 
registers is used for count comparison. If ALT = O, 
register A for that timer is always used, while if 
ALT = 1, the comparison will alternate between reg
ister A and register B when each maximum count is 
reached. This alternation allows the user to change 
one MAX COUNT register while the other is being 
used, and thus provides a method of generating 
non-repetitive waveforms. Square waves and pulse 
outputs of any duty cycle are a subset of available 
signals obtained by not changing the final count reg
isters. The ALT bit also determines the function of 

24-446 



80188 

the timer output pin. If ALT is zero, the output pin will 
go LOW for one clock, the clock after the maximum 
count is reached. If ALT is one, the output pin will 
reflect the current MAX COUNT register being used 
(0/1 for 8/ A). 

CONT 

Settin"g the CONT bit causes the associated timer to 
run continuously, while resetting it causes the timer 
to halt upon maximum count. If CONT = 0 and ALT 
= 1, the timer will count to the MAX COUNT register 
A value, reset, count to the register B value, reset, 
and halt. 

Not all mode bits are provided for timer 2. Certain 
bits are hardwired as indicated below: 

ALT = 0, EXT = 0, P = 0, RTG = 0, AIU = 0 

Count Registers 

Each of the three timers has a 16-bit count register. 
The contents of this register may be read or written 
by the processor at any time. If the register is written 
while the timer is counting, the new value will take 
effect in the current count cycle. 

Max Count Registers 

Timers O and 1 have two MAX COUNT registers, 
while timer 2 has a single MAX COUNT register. 
These contain the number of events the timer will 
count. In timers O and 1, the MAX COUNT register 
used can alternate between the two max count val
ues whenever the current maximum count is 
reached. A timer resets when the timer count regis
ter equals the max count value being used. If the 
timer count register or the max count register is 
changed so that the max count is less than the timer 
count, the timer does not immediately reset. Instead, 
the timer counts up to OFFFFH, "wraps around" to 
zero, counts up to the max count value, and then 
resets. 

Timers and Reset 

Upon RESET, the Timers will perform the following 
actions: 

• All EN (Enable) bits are reset preventing timer 
counting. 

• For Timers 0 and 1, the AIU bits are reset to zero 
and the ALT bits are set to one. This results in the 
Timer Out pins going HIGH. 

INTERRUPT CONTROLLER 

The 80188 can receive interrupts from a number of 
sources, both internal and external. The internal in
terrupt controller serves to merge these requests on 
a priority basis, for individual service by the CPU. 

Internal interrupt sources (Timers and DMA chan
nels) can be disabled by their own control registers 
or by mask bits within the interrupt controller. The 
80188 interrupt controller has its own control regis
ter that sets the mode of operation for the controller. 

The interrupt controller will resolve priority among 
requests that are pending simultaneously. Nesting is 
provided so interrupt service routines for lower priori
ty interrupts may be interrupted by higher priority in
terrupts. A block diagram of the interrupt controller is 
shown in Figure 21. 

The 80188 has a special Slave Mode in which the 
internal interrupt controller acts as a slave to an ex
ternal master. The controller is programmed into this 
mode by setting bit 14 in the peripheral control block 
relocation register. (See Slave Mode section.) 

MASTER MODE OPERATION 

Interrupt Controller External Interface 

Five pins are provided for external interrupt sources. 
One of these pins is NMI, the non-maskable inter
rupt. NMI is generally used for unusual events such 
as power-fail interrupts. The other four pins may be 
configured in any of the following ways: 

• As four interrupt input lines with internally gener
ated interrupt vectors. 

• As an interrupt line and interrupt acknowledge 
line pair (Cascade Mode) with externally generat
ed interrupt vectors plus two interrupt input lines 
with internally generated vectors. 

• As two pairs of interrupt/interrupt acknowledge 
lines (Cascade Mode) with externally generated 
interrupt vectors. 

External sources in the Cascade Mode use external
ly generated interrupt vectors. When an interrupt is 
acknowledged, two INTA cycles are initiated and the 
vector is read into the 80188 on the second cycle. 
The capability to interface to external 8259A pro
grammable interrupt controllers is provided when 
the inputs are configured in Cascade Mode. 
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Interrupt Controller Modes of 
Operation 

The basic modes of operation of the interrupt con
troller in Master Mode are similar to the 8259A. The 
interrupt controller responds identically to internal in
terrupts in all three modes: the difference is only in 
the interpretation of function of the four external in
terrupt pins. The interrupt controller is set into one of 
these three modes by programming the correct bits 
in the INTO and INT1 control registers. The modes of 
interrupt controller operation are as follows: 

FULLY NESTED MODE 

When in the fully nested mode four pins are used as 
direct interrupt requests as in Figure 22. The vectors 
for these four inputs are generated internally. An in
service bit is provided for every interrupt source. If a 
lower-priority device requests an interrupt while the 
in-service bit (IS) is set, no interrupt will be generat
ed by the interrupt controller. In addition, if another 
interrupt request occurs from the same interrupt 
source while the in-service bit is set, no interrupt will 
be generated by the interrupt controller. This allows 
interrupt service routines to operate with interrupts 
enabled, yet be suspended only by interrupts of 
higher priority than the in-service interrupt. 

When a service routine is completed, the proper IS 
bit must be reset by writing the proper pattern to the 
EOI register. This is required to allow subsequent 
interrupts from this interrupt source and to allow 
servicing of lower-priority interrupts. An EOI com-

TIMER TIMER TIMER DMA OMA 
0 1 2 0 1 

INT3/ 
INTA1/ 

IRQ NMI 

INTERRUPT 
REQUEST REG. 

INTERRUPT 
MASl<REG. 
IN-SERVICE 

REG. 

210706-11 

Figure 21. Interrupt Controller Block Diagram 

mand is executed at the end of the service routine 
just before the return from interrupt instruction. If the 
fully nested structure has been upheld, the next 
highest-priority source with its IS bit set is then serv
iced. 

CASCADE MODE 

The 80188 has four interrupt pins and two of them 
have dual functions. In the fully nested mode the 
four pins are used as direct interrupt inputs and the 
corresponding vectors are generated internally. In 
the Cascade Mode, the four pins are configured into 
interrupt input-dedicated acknowledge signal pairs. 
The interconnection is shown in Figure 23. INTO is 
an interrupt input interfaced to an 8259A, while 
INT2/INTAO serves as the dedicated interrupt ac
knowledge signal to that peripheral. The same is 
true for INT1 and INT3/INT A 1. Each pair can selec
tively be placed in the Cascade Mode by program• 
ming the proper value into INTO and INT1 control 
registers. The use of the dedicated acknowledge 
signals eliminates the need for the use of external 
logic to generate INTA and device select signals. 

The primary Cascade Mode allows the capability to 
serve up to 128 external interrupt sources through 
the use of external master and slave 8259As. Three 
levels of priority are created, requiring priority resolu
tion in the 80188 interrupt controller, the master 
8259As, and the slave 8259As. If an external inter
rupt is serviced, one IS bit is set at each of these 
levels. When the interrupt service routine is complet
ed, up to three end-of-interrupt commands must be 
issued by the programmer. 

SPECIAL FULLY NESTED MODE 

This mode is entered by setting the SFNM bit in 
INTO or INT1 control register. It enables complete 
nestability with external 8259A masters. Normally, 
an interrupt request from an interrupt source will not 
be recognized unless the in-service bit for that 
source is reset. If more than one interrupt source is 
connected to an external interrupt controller, all of 
the interrupts will be funneled through the same 
80188 interrupt request pin. As a result, if the exter
nal interrupt controller receives a higher-priority in
terrupt, its interrupt will not be recognized by the 
80188 controller until the 80188 in-service bit is re
set. In Special Fully Nested Mode, the 80188 inter
rupt controller will allow interrupts from an external 
pin regardless of the state of the in-service bit for an 
interrupt source in order to allow multiple interrupts 
from a single pin. An in-service bit will continue to be 
set, however, to inhibit interrupts from other lower
priority 80188 interrupt sources. 
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Special procedures should be followed when reset
ting IS bits at the end of interrupt service routines. 
Software polling of the IS register in the external 
master 8259A is required to determine if there is 
more than one bit set. If so, the IS bit in the 80188 
remains active and the next interrupt service routine 
is entered. 

Operation in a Polled Environment 

The controller may be used in a polled mode if inter
rupts are undesirable. When polling, the processor 
disables interrupts and then polls the interrupt con
troller whenever it is convenient. Polling the interrupt 
controller is accomplished by reading the Poll Word 
(Figure 32). Bit 15 in the poll word indicates to the 
processor that an interrupt of high enough priority is 
requesting service. Bits 0-4 indicate to the proces
sor the type vector of the highest-priority source re
questing service. Reading the Poll Word causes the 
In-Service bit of the highest priority source to be set. 

It is desirable to be able to read the Poll Word infor
mation without guaranteeing service of any pending 
interrupt, i.e., not set the indicated in-service bit. The 
80188 provides a Poll Status Word in addition to the 
conventional Poll Word to allow this to be done. Poll 
Word information is duplicated in the Poll Status 
Word, but reading the Poll Status Word does not set 
the associated in-service bit. These words are locat
ed in two adjacent memory locations in the register 
file. 

r--;::IN::;T;::"O 1+--- INTERRUPT SOURCE 

INT1 M---- INTERRUPT SOURCE 

80188 

INT2 M---- INTERRUPT SOURCE 

INT3 M---- INTERRUPT SOURCE 

210706-28 

Figure 22. Fully Nested (Direct) Mode Interrupt 
Controller Connections 

Master Mode Features 

PROGRAMMABLE PRIORITY 

The user can program the interrupt sources into any 
of eight different priority levels. The programming is 
done by placing a 3-bit priority level (0-7) in the con
trol register of each interrupt source. (A source with 
a priority level of 4 has higher priority over all priority 
levels from 5 to 7. Priority registers containing values 
lower than 4 have greater priority). All interrupt 
sources have preprogrammed default priority levels 
(see Table 4). 

If two requests with the same programmed priority 
level are pending at once, the priority ordering 
scheme shown in Table 4 is used. If the serviced 
interrupt routine reenables interrupts, other interrupt 
requests can be serviced. 

END-OF-INTERRUPT COMMAND 

The end-of-interrupt (EOI) command is used by the 
programmer to reset the In-Service (IS) bit when an 
interrupt service routine is completed. The EOI com
mand is issued by writing the proper pattern to the 
EOI register. There are two types of EOI commands, 
specific and nonspecific. The nonspecific command 
does not specify which IS bit is reset. When issued, 
the interrupt controller automatically resets the IS bit 
of the highest priority source with an active service 
routine. A specific EOI command requires that the 
programmer send the interrupt vector type to the in
terrupt controller indicating which source's IS bit is 
to be reset. This command is used when the fully I 
nested structure has been disturbed or the highest ~ 
priority IS bit that was set does not belong to the 
service routine in progress. 

TRIGGER MODE 

The four external interrupt pins can be programmed 
in either edge- or level-trigger mode. The control 
register for each external source has a level-trigger 
mode (L TM) bit. All interrupt inputs are active HIGH. 
In the edge sense mode or the level-trigger mode, 
the interrupt request must remain active (HIGH) until 
the interrupt request is acknowledged by the 80188 
CPU. In the edge-sense mode, if the level remains 
high after the interrupt is acknowledged, the input is 
disabled and no further requests will be generated. 
The input level must go LOW for at least one clock 
cycle to re-enable the input. In the level-trigger 
mode, no such provision is made: holding the inter
rupt input HIGH will cause continuous interrupt re
quests. 
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INTERRUPT VECTORING 

The 80188 Interrupt Controller will generate intt:1rrupt 
vectors for the integrated_ OMA channels and the in
tegrated Timers. In addition, the Interrupt Controller 
will generate interrupt vectors for the external inter
rupt lines if they are not configured in Cascade or 
Special Fully Nested Modes. The interrupt vectors 
generated are fixed and cannot be changed (see Ta
ble 4). 

Interrupt Controller Registers 

The Interrupt Controller register model is shown in 
Figure 24. It contains 15 registers. All registers can 
both be read or written unless specified otherwise. 

IN-SERVICE REGISTER 

This register can be read from or written into. The 
format is shown in Figure 25. It contains the In-Serv
ice bit for each of the interrupt sources. The In-Serv
ice bit is set to indicate that a source's service rou
tine is in progress. When an In-Service bit is set, the 
interrupt controller will not generate interrupts to the 
CPU when it receives interrupt requests from devic
es with a lower programmed priority level. The TMR 
bit is the In-Service bit for all three timers; the DO 
and 01 bits are the In-Service bits for the two OMA 
channels; the 10-13 are the In-Service bits for the 
external interrupt pins. The IS bit is set when the 
processor acknowledges an interrupt request either 
by an interrupt acknowledge or by reading the poll 
register. The IS bit is reset at the end of the interrupt 
service routine by an end-of-interrupt command. 

INTERRUPT REQUEST REGISTER 

The internal interrupt sources have interrupt request 
bits inside the interrupt controller. The format of this 
register is shown in Figure 25. A read from this regis
ter yields the status of these bits. The TMR bit is the 
logical OR of all timer interrupt requests. DO. and 01 
are the interrupt request bits for the OMA channels. 

The state of the external interrupt input pins is also 
indicated. The state of the external interrupt pins is 
not a stored condition inside the interrupt controller, 
therefore the external interrupt bits cannot be writ
ten. The external interrupt request bits are set when 
an interrupt request is given to the interrupt control
ler, so if edge-triggered mode is selected, the bit in 
the register will be HIGH only after an inactive-to-ac
tive transition. For internal interrupt sources, the reg
ister bits are set when a request arrives and are re
set when the processor acknowledges the requests. 

Writes to to the interrupt request register will affect 
the DO and 01 interrupt request bits. Setting either 
bit will cause the corresponding interrupt request 
while clearing either bit will remove the correspond
ing interrupt request. All other bits in the register are 
read-only. 

MASK REGISTER 

This is a 16-bit register that contains a mask bit for 
each interrupt source. The format for this register is 
shown in Figure 25. A one in a bit position corre
sponding to a particular source masks the source 
from generating interrupts. These mask bits are the 
exact same bits which are used in the individual con
trol registers; programming a mask bit using the 
mask register will also change this bit in the individu
al control registers, and vice versa. 

210706-12 

Figure 23. Cascade and Special Fully Nested Mode Interrupt Controller Connections 
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INT3 CONTROL REGISTER 

INT2 CONTROL REGISTER 

INT1 CONTROL REGISTER 

INTO CONTROL REGISTER 

DMA 1 CONTROL REGISTER 

DMA 0 CONTROL REGISTER 

TIMER CONTROL REGISTER 

INTERRUPT STATUS REGISTER 

INTERRUP'r REQUEST REGISTER 

IN-SERVICE REGISTER 

PRIORITY MASK REGISTER 

MASK REGISTER 

POLL STATUS REGISTER 

POLL REGISTER 

EOI REGISTER 

OFFSET 

3EH 

3CH 

3AH 

38H 

36H 

34H 

32H 

30H 

2EH 

2CH 

2AH 

28H 

26H 

24H 

22H 

Figure 24. Interrupt Controller Registers 
(Master Mode) 

15 14 10 9 

80188 

8 

PRIORITY MASK REGISTER 

This register masks all interrupts below a particular 
interrupt priority level. The format of this register is 
shown in Figure 26. The code in the lower three bits 
of this register inhibits interrupts of priority lower (a 
higher priority number) than the code specified. For 
example, 100 written into this register masks inter
rupts of level five (101 ), six (110), and seven (111 ). 
The register is reset to seven (111) upon RESET so 
no interrupts are masked due to priority number. 

INTERRUPT STATUS REGISTER 

This register contains general interrupt controller 
status information. The format of this register is 
shown in Figure 27. The bits in the status register 
have the following functions: 

OHL T: OMA Halt Transfer; setting this bit halts all 
OMA transfers. It is automatically set when
ever a non-maskable interrupt occurs, and it 
is reset when an IRET instruction is execut
ed. This bit allows prompt service of all non
maskable interrupts. This bit may also be set 
by the programmer. 

IRTx: These three bits represent the individual tim
er interrupt request bits. These bits differen
tiate between timer interrupts, since the tim
er IA bit in the interrupt request register is 
the "OR" function of all timer interrupt re
quests. Note that setting any one of these 
three bits initiates an interrupt request to the 
interrupt controller. 

7 6 5 2 0 
0 o I • • I o 0 I 0 I ~ I ~ I M DO 0 I TMR I 

Figure 25. In-Service, Interrupt Request, and Mask Register Formats 

15 14 3 2 1 0 

I 0 0 I . . I 0 I PRM2I PRM1 I PRMol 

Figure 26. Priority Mask Register Format 

15 14 7 6 5 4 3 2 1 0 

IDHLTI 0 I . . I 0 I 0 I 0 I 0 I 0 I IRT2 I 1RT1 I 1RTO I 

Figure 27. Interrupt Status Register Format (non-RMX Mode) 
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TIMER, OMA 0, 1; CONTROL REGISTERS 

These registers are the control words for all the in
ternal interrupt sources, The format for these regis
ters is shown in Figure 28. The three bit positions 
PRO, PR1, and PR2 represent the programmable pri
ority level of the interrupt source. The MSK bit inhib
its interrupt requests from the interrupt source. The 
MSK bits in the individual control registers are the 
exact same bits as are in the Mask Register; modify
ing them in the individual control registers will also 
modify them in the Mask Register, and vice versa. 

INTO•INT3 CONTROL REGISTERS 

These registers are the control words for. the four 
external input pins. Figure 29 shows the format of 
the INTO and INT1 Control registers; Figure 30 
shows the format of the INT2 and INT3 Control reg
isters. In Cascade Mode or Special Fully Nested 
Mode, the control words for INT2 and INT3 are not 
used. 

The bits in the various control registers are encoded 
as follows: 

PR0-2: Priority programming information. Highest 
priority = 000, lowest priority = 111. 

L TM: Level-trigger mode bit. 1 = level-trig
gered; 0 = edge-triggered. Interrupt Input 
levels are active high. In level-triggered 
mode, an interrupt is generated whenever 
the external line is high. In edge-triggered 
mode, an interrupt will be generated only 

15 14 

o o I • 

MSK: 

C: 

SFNM: 

when this level is preceded by an inac
tive-to-active transition on the line. In both 
cases, the level must remain active until 
the interrupt is acknowledged. 

Mask bit, 1 = mask; 0 = non-mask. 

Cascade mode bit, 1 = cascade; 0 = di
rect. 

Special Fully Nested Mode bit, 1 = 
SFNM. 

EOI REGISTER 

The end of the interrupt register is a command regis
ter which can only be written into. The format of this 
register is shown in Figure 31. It initiates an EOI 
command when written to by the 80188 CPU. 

Jhe bits in the EOI register are encoded as follows: 

Sx: Encoded information that specifies an in
terrupt source vector type as shown in 
Table 4. For example, to reset the In
Service bit for OMA channel O, these bits 
should be set to 01010, since the vector 
type for OMA channel 0 is 1 O. 

NOTE: 
To reset the single In-Service bit for any of the 
three timers, the vector type for timer 0 (8) should 
be written in this register. 

NSPEC/: A bit that determines the type of EOI com-
SPEC mand. Nonspecific = 1, Specific = 0. 

4 3 2 1 0 .. • I 0 I MSK I PR2 I PR1 I PRO I 

Figure 28. Timer/OMA Control Register Formats 

15 14 7 6 5 4 3 2 1 0 

I o o I • • I o lsFNMI c I LTM I MSK I PR2 I PR1 I PRO I 

Figure 29. INTO/INT1 Control Register Formats 

15 14 5 4 3 2 1 0 

o I o I • • I 0 I LTM I MSK I PR2 I PR1 I PRO I 

Figure 30. INT2/INT3 Control Register Formats 
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POLL AND POLL STATUS REGISTERS 

These registers contain polling information. The for
mat of these registers is shown in Figure 32. They 
can only be read. Reading the Poll register consti
tutes a software poll. This will set the IS bit of the 
highest priority pending interrupt. Reading the poll 
status register will not set the IS bit of the highest 
priority pending interrupt; only the status of pending 
interrupts will be provided. 

Encoding of the Poll and Poll Status register bits are 
as follows: 

Sx: Encoded information that indicates the 
vector type of the highest priority inter
rupting source. Valid only when INTREQ 
= 1. 

INTREQ: This bit determines if an interrupt request 
is present. Interrupt Request = 1; no In
terrupt Request = 0. 

SLAVE MODE OPERATION 

When Slave Mode is used, the internal 80188 inter
rupt controller will be used as a slave controller to an 
external master interrupt controller. The internal 
80188 resources will be monitored by the internal 

15 14 13 

ISPEC/ I 
NSPEC 0 I 0 I . 

interrupt controller, while the external controller 
functions as the system master interrupt controller. 
Upon reset, the 80188 will be in Master Mode. To 
provide for slave mode operation bit 14 of the relo
cation register should be set. 

Because of pin limitations caused by the need to 
interface to an external 8259A master, the internal 
interrupt controller will no longer accept external in
puts. There are however, enough 801BB interrupt 
controller inputs (internally) to dedicate one to each 
timer. In this mode, each timer interrupt source has 
its own mask bit, IS bit, and control word. 

In Slave Mode each peripheral must be assigned a 
unique priority to ensure proper interrupt controller 
operation. Therefore, it is the programmer's respon
sibility to assign correct priorities and initialize inter
rupt control regisers before enable interrupts. 

Slave Mode External Interface 

The configuration of the B018B with respect to an 
external B259A master is shown in Figure 33. The 
INTO (pin 45) input is used as the B01BB CPU inter
rupt input. IRQ (pin 41) functions as an output to 
send the B01 BB slave-interrupt-request to one of the 
B master-PIG-inputs. 

5 4 3 2 0 . I 0 I S4 S3 S2 S1 so 

Figure 31. EOI Register Format 

15 14 13 5 4 3 2 0 

l~~cil 0 I 0 I . . I 0 I S4 S3 S2 S1 so 

Figure 32. Poll and Poll Status Register Format 
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(45) 
- INTERRUPT SOURCES 

INTO 
Vee 

INT - OR OTHER SLAVES 

CPU 8259A --(42) -INTAO -
80188 

(44) 
SELECT 

CASCADE 
PIC ADDRESS 

(41) DECODER 
IRQ 
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Figure 33. Slave Mode Interrupt Controller Connections 

Correct master-slave interface requires decoding of 
the slave addresses (CAS0-2). Slave 8259As do 
this internally. Because of pin limitations, the 80188 
slave address will have to be decoded externally. 
SELECT (pin 44) is used as a slave-select input. 
Note that the slave vector address is transferred in
ternally, but the READY input must be supplied ex
ternally. 

INTAO (pin 42) is used as an acknowledge output, 
suitable to drive the INTA input of an 8259A. 

Interrupt Nesting 

Slave Mode operation allows nesting of interrupt re
quests. When an interrupt is acknowledged, the pri
ority logic masks off all priority levels except those 
with equal or higher priority. 

Vector Generation in the 
Slave Mode 

Vector generation in Slave Mode is exactly like that 
of an 8259A or 82C59A slave. The interrupt control
ler generates an 8-bit vector type number which the 
CPU multiplies by four to use as an address into the 
vector table. The five most significant bits of this 
type number are user-programmable while the three 
least significant bits are defined according to Figure 
34. The significant five bits of the vector are pro
grammed by writing to the Interrupt Vector register 
at offset 20H. 

Specific End-of-Interrupt 

In Slave Mode the specific EOI command operates 
to reset an in-service bit of a specific priority. The . 
user supplies a 3-bit priority-level value that points to 
an in-service bit to be reset. The command is exe
cuted by writing the correct value in the Specific EOI 
register at offset 22H. 

Interrupt Controller Registers 
in the Slave Mode 

All control and command registers are located inside 
the internal peripheral control block. Figure 34 
shows the offsets of these registers. 

END-OF-INTERRUPT REGISTER 

The end-of-interrupt register is a command register 
which can only be written. The format of this register 
is shown in Figure 35. It initiates an EOI command 
when written by the 80188 CPU. 

The bits in the EOI register are encoded as follows: 

VTx: Three least-significant vector type bits corre
sponding to the source for which the IS bit is 
to be reset. Figure 34 indicates these bits. 
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IN-SERVICE REGISTER 

This register can be read from or written into. It con
tains the in-service bit for each of the internal inter
rupt sources. The format for this register is shown in 
Figure 36. Bit positions 2 and 3 correspond to the 
OMA channels; positions 0, 4, and 5 correspond to 
the integral timers. The source's IS bit is set when 
the processor acknowledges its interrupt request. 

INTERRUPT REQUEST REGISTER 

This register indicates which internal peripherals 
have interrupt requests pending. The format of this 
register is shown in Figure 36. The interrupt request 
bits are set when a request arrives from an internal 
source, and are reset when the processor acknowl
edges the request. As in Master Mode, DO and 01 
are read/write, all other bits are read only. 

. MASK REGISTER 

This register contains a mask bit for each interrupt 
source. The format for this register is shown in Fig
ure 36. If the bit in this register corresponding to a 
particular interrupt source is set, any interrupts from 
that source will be masked. These mask bits are ex
actly the same bits which are used in the individual 
control registers, i.e., changing the state of a mask 
bit in this register will also change the state of the 
mask bit in the individual interrupt control register 
corresponding to the bit. 

CONTROL REGISTERS 

These registers are the control words for all the in
ternal interrupt sources. The format of these regis
ters is shown in Figure 37. Each of the timers and 
both of the OMA channels have their own Control 
Register. 

15 14 13 8 
0 0 I 0 I . • . I 0 I 

The bits of the Control Registers are encoded as 
follows: 

prx: 3-bit encoded field indicating a priority level 
for the source. 

msk: mask bit .for the priority level indicated by pr x 
bits. 

7 
0 I 

TIMER 2 CONTROL REGISTER 
(VECTOR TYPE xxxxx 101) 

TIMER 1 CONTROL REGISTER 
(VECTOR TYPE xxxxx 100) . 

OMA 1 CONTROL REGISTER 
(VECTOR TYPE xxxxx 011) 

OMA 0 CONTROL REGISTER 
(VECTOR TYPE xxxxx 010) 

TIMER 0 CONTROL REGISTER 
(VECTOR TYPE xxxxx 000) 

INTERRUPT STATUS REGISTER 

INTERRUPT REQUEST REGISTER 

IN-SERVICE REGISTER 

PRIORITY-LEVEL MASK REGISTER 

MASK REGISTER 

SPECIFIC EOI REGISTER 

INTERRUPT VECTOR REGISTER 

OFFSET 

3AH 

38H 

36H 

34H 

32H 

30H 

2EH 

2CH 

2AH 

28H 

22H 

20H 

Figure 3 ... Interrupt Controller Registers 
(Slave Mode) 

6 5 4 3 2 1 0 
0 I 0 I 0 I 0 lvr2lvT1lvrol 

Figure 35. Specific EOI Register Format 

15 14 13 8 7 6 5 4 3 2 1 0 
0 0 I 0 I . . I 0 I 0 I 0 ITMR2ITMR11 01 DO 0 ITMROI 

Figure 36. In-service, Interrupt Request, and Mask Register Format 
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INTERRUPT VECTOR REGISTER 

This register provides the upper five bits of the inter
rupt vector address. The format of this register is 
shown in Figure 38. The interrupt controller itself 
provides the lower three bits of the interrupt vector 
as determined by the priority level of the interrupt 
request. 

The format of the bits in this register is: 

tx: 5-bit field indicating the upper five bits of the 
vector address. 

PRIORITY-LEVEL MASK REGISTER 

This register indicates the lowest priority-level inter
rupt which will be serviced. 

The encoding of the bits in this register is: 

mx: 3-bit encoded field indication priority-level val
ue. All levels of lower priority will be masked. 

INTERRUPT STATUS REGISTER 

This register is defined as in Master Mode except 
that OHL T is not implemented. (See Figure 27). 

Interrupt Controller and Reset 

Upon RESET, the interrupt controller will perform 
the following actions: 

• All SFNM bits reset to o, implying Fully Nested 
Mode. 

• All PR bits in the various control registers set to 1. 
This places all sources at lowest priority (level 
111). 

• All L TM bits reset to 0, resulting in edge-sense 
mode. 

• All Interrupt Service bits reset to 0. 

• All Interrupt Request bits reset to 0. 

• All MSK (Interrupt Mask) bits set to 1 (mask). 

• All C (Cascade) bits reset to O (non-Cascade). 

• All PRM (Priority Mask) bits set to 1, implying no 
levels masked. 

• Initialized to Master Mode. 

15 14 13 8 7 6 5 4 3 2 1 0 

I o o I o I • • • I 0 I 0 I 0 I 0 I 0 I MSK I PR2 I PR1 TIROJ 

figure 37. Control Word Format 

15 14 13 8 3 2 1 0 

o I o o I • • I o to o I o o I 

Figure 38. Interrupt Vector Register Format 

15 14 13 8 7 ,6 5 4 3 2 0 

I o o I o I • • • I o I o I o 0 I 0 I 0 I m2 I ml mo I 

Figure 39. Priority Level Mask Register 
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80188 

ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature under Bias .... o·c to + 70°C 

NOTICE: This is a production data sheet. The specifi
cations are subject to change without notice. 

•WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 

Storage Temperature .......... - 65°C to + 150°C 

Voltage on any Pin with 
Respect to Ground .............. -1.0V to + 7V 

Power Dissipation ........................ 3 Watt 

D.C. CHARACTERISTICS (TA= o•cto +70-C, Vee= 5V ±10%) 
Applicable to 80188 (8 MHz) 

Symbol Parameter Min Max Units 

V1L Input Low Voltage -0.5 +0.8 v 

V1H Input High Voltage 2.0 Vee+ o.5 v 
(All except X1 and RES) 

V1H1 Input High Voltage (RES) 3.0 Vee+ 0.5 v 

Veu X1 Input Low Voltage -0.5 0.6 v 

VcHI X1 Input High Voltage 3.9 Vee+ 1.0 v 

Vol Output Low Voltage 0.45 v 

VoH Output High Voltage 2.4 v 

Ice Power Supply Current 600* mA 

550 mA 

415 mA 

lu Input Leakage Current ±10 p.A 

ILO Output Leakage Current ±10 p.A 

VeLO Clock Output Low 0.6 v 

VcHO Clock Output High 4.0 v 

C1N Input Capacitance 10 pF 

C10 1/0 Capacitance 20 pF 
•For extended temperature parts only. 
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Test Conditions 

la = 2.5 mA for SO-~ 
la = 2.0 mA for all other outputs 

108 = -400µA 

TA= -40-C 

TA= o·c 

TA= +10°c 

ov < V1N <Vee 

0.45V < Vour < Vee 

la= 4.0mA 

10 a = - 200 p.A m 



80188 

PIN TIMINGS 

A.C. CHARACTERISTICS (TA= 0°cfo +10°c. Vee= sv ±10%) 
80188 Timing Requirements All Timings Measured At 1.5 Volts Unless Otherwise Noted 

80188 
Symbol Parameter (8 MHz) Units 

Min Max 

TovCL Data in Setup (AID) 20 ns 

TcLDX Data in Hold (A/D) 10 ns 

TARYHCH Asynchronous Ready 20 ns 
(ARDY) active setup 
time(1J 

TARYLCL ARDY inactive setup 35 ns 
time 

TcLARX ARDY hold time 15 ns 

TARYCHL Asynchronous Ready 15 ns 
inactive hold time 

TsRYCL Synchronous Ready 20 ns 
(SRDY) Transition 
Setup Time(2J 

TcLSRY SRDY Transition 15 ns 
Hold Time(2J 

THVCL HOL.D Setup(t) 25 ns 

T1NVCH INTR, NMI, TEST, 25 ns 
TMR IN, Setup(1J 

TJNVCL DRQO, DRQ1, Setup(1) 25 ns 

80188 Master Interface Timing Responses 

TcLAV Address Valid Delay 5 55 ns 

TcLAX Address Hold 10 ns 

TcLAZ Address Float Delay TcLAX 35 ns 

TcHCZ Command Lines 45 ns 
Float Delay 

TcHCV Command Lines Valid 55 ns 
Delay (after float) 

TLHLL ALE Width TcLCL -35 ns 

TcHLH ALE Active Delay 35 ns 

TcHLL ALE Inactive Delay 35 ns 

TLLAX Address Hold to TcHCL -25 ns 
ALE Inactive 

TcLDV Data Valid Delay 10 44 ns 

TcLDOX Data Hold Time 10 ns 

TwHOX Data Hold after WR TcLCL -40 ns 

Tcvcrv Control Active Delay 1 5 50 ns 

TcHCTV Control Active Delay 2 10 55 ns 

Tcvcrx Control Inactive Delay 5 55 ns 

TcvDEX DEN Inactive Delay 10 70 ns 
(Non-Write Cycle) 

1. To guarantee recognition at next clock. 
2. To guarantee proper operation. 
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Test 
Conditions 

CL= 20-200 pF 
all outputs (except T CLTMV) 
@BMHz 



intel.. 80188 

PIN TIMINGS (Continued) 

A.C. CHARACTERISTICS 
(TA= 0°Cto +70°C, Vee= 5V ±10%) (Continued) 

80188 Master Interface Timing Responses (Continued) 

80188 
Symbol Parameter (8 MHz) 

Min 

TAZRL Address Float to 0 
RD Active 

TcLRL RD Active Delay 10 

TcLRH RD Inactive Delay 10 

TRHAV RD Inactive to TcLCL -40 
Address Active 

TcLHAV HLDA Valid Delay 5 

TRLRH RD Width 2TcLCL -50 

TwLWH WR Width 2TcLCL -40 

TAVLL Address Valid to TcLCH -25 
ALE Low 

TcHSV Status Active Delay 10 

TcLSH Status Inactive Delay 10 

TcLTMV Timer Output Delay 

TcLRO Reset Delay 

TcHOSV Queue Status Delay 

TcHDX Status Hold Time 10 

TAVCH Address Valid to 10 
Clock High 

TcLLV IT5Cl< Valid/Invalid 5 
Delay 

80188 Chip-Select Timing Responses 

TcLCSV Chip-Select 
Active Delay 

Tcxcsx Chip-Select Hold from 35 
Command Inactive 

TcHCSX Chip-Select 5 
Inactive Delay 

80188 CLKIN Requirements 

TcKIN CLKIN Period 62.5 

TcKHL CLKIN Fall Time 

TcKLH CLKIN Rise nme 

TcLCK CLKIN Low Time 25 

TcHCK CLKIN High Time 25 
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Teat 
Units 

Conditions 
Max 

ns 

70 ns 

55 ns 

ns 

50 ns 

ns 

ns 

ns 

55 ns 

65 ns 

60 ns 100pF max 

60 ns 

35 ns 

ns 

ns 

65 ns 

66 ns 

ns 

35 ns 

250 ns 

10 ns 3.5to 1.0V 

10 ns 1.0to3.5V 

ns 1.5V 

ns 1.5V 



intel .. 80188 

PIN TIMINGS (Continued) 

A.C. CHARACTERISTICS (Continued) 
(TA= 0°Cto +70°C, Vee= 5V ±10%) (Continued) 

80188 CLKOUT Timing (200 pF load) 

80188 Test 
Symbol Parameter (8 MHz) Units Conditions 

Min Max 

Tc1co eLKINto 50 ns 
eLKOUTSkew 

TcLCL eLKOUT Period 125 500 ns 

TcLCH CLKOUT Low Time %TcLcL-7.5 ns 1.5V 

TcHCL eLKOUT High Time % TcLCL -7.5 ns 1.5V 

TcH1CH2 eLKOUT Rise Time 

Tcl2CL1 eLKOUT Fall Time 

Explanation of the AC Symbols 

Each timing symbol has from 5 to 7 characters. The 
first character is always a "T" (stands for time). The 
other characters, depending on their positions, 
stand for the name of a signal or the logical status of 
that signal. The following is a list of all the charac
ters and what they stand for. 

A: Address 

ARY: Asynchronous Ready Input 

C: Clock Output 

CK: Clock Input 

CS: Chip Select 

CT: Control (OT /R, DEN, ... ) 

D: Data Input 

DE: DEN 

H: Logic Level High 

IN: Input (DRQO, TIMO, ... ) 

15 ns 1.0 to 3.5V 

15 ns 3.5 to 1.0V 

L: Logic Level Low or ALE 

0: Output 

QS: Queue Status (QS1, QS2) 

R: RD Signal, RESET Signal 

S: Status (SO, S1, S2) 

SRY: Synchronous Ready Input 

V: Valid 

W: WR Signal 

X: No Longer a Valid Logic Level 

Z: Float 

Examples: 

T eLAv- Time from Clock Low to ·Address Valid 

T eHLH- Time from Clock High to ALE High 

T eLesv- Time from Clock LOW to Chp Select Valid 
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intel~ 80188 

WAVEFORMS 

Major Cycle Timing 

WRITE CYCLE 

RD,INTA, 
DT/R=VoH 

INTA CYCLE 

RD,WR,=VoH 

Tl T2 T3 Tw 

TCH1CHj_ '--_j~ ~C.L2CL1 
1--TCLCL- -,- -,,-

CLK OUT Jr--\ ~ H ir-\: 
__J, TCHSV l--I TCHCL jL..... (NOTE 2f'----/ 1-
VcL l ~ J::jTCLSH ~ 
--r--'""'""-t--_,i--_,i--_,-it.,.,.,,~""1----!~-i -- -· 

52-50 \ /){/ 11!1!11/ \ r- - - • 
TCLAVH HTCLDV 

TCLAX ~ TCHDX!-----i 
S7. __ ,,__-t-"'\.l.1-+---+-.,.I ...,..__ 

A19/S5-A15/S3 } S7, A 19-A 16 ~~-----s1_-_s3.._,.__-+-.....,'1'---
TCLAV l--i -A15-A8 -----J.Jr'\. ________ A_1_s-_A_B_(_FL_o_AT_D..,u_R_1N_G..;IN-TA_> ... .J,,~--

TLHLL TLLAX r--
ALE .I TAVLL) ..... •••• 

-T-C-HL-H~r::i.Jf ~~-i---tf.-""'"+-CH_L_L __________ ~--- •••• 

TCLAVl--I H TCILDV 
TCLAX H,_,_+-------+--""'~c_L_Do_x_.1-.,., 

ADrADo ______ J)( A7-AO .JI< DATA OUT }( 

TAVCH J..-1 ~ Tilix TWHDX 

TCVCTVl-f TCVtTX'--' -__ _,.__~~--~II I~ 
DEN 11 ..71 

TCVCTV-i--+---TWLWH--+-'"'I -------...------..-{I Ji-+--------

TCVCTXI--

TCLDX 1--
__ .,__-+~TCLAZ TDVCL~ ~ 

AD7-AD0 _, FLOAT A''\. POINTER _,»--+-FL-0-AT--< 

TCHCTV l:::j J\}-1. TCHCTV 

DT/R ' I 
TCVCTV 1:::1 _____J-/ l.t*~f------
~ "'I/ 

DEN -----+-----Tc_v_crv_· --Q,, TCVDEX~'~·~----

~ ~_i 
SOFTWARE HALT-DT/R=VoL• -----t-'\.,.1--------------t-,,_ __ _ 

- - - - )I{ INVALID ADDRESS 
RD,WR,INTA,DEN=VoH -----f-'l-"11'-'-------------+-+----

TCLAV~ ~TCHCSX 
PCS, ~TCLCSV TCXcsxi---i. 
MCS ----~-\_11 I 
LCS, ''-------------------J· 
ucs 
(NOTE3) 
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WAVEFORMS (Continued) 

Major Cycle Timing (Continued) 

TClt1Ctl2 

REAi) CYCLE 
TAVCH ~ -TAZRL 

M1ii 

~. 

-TCLCSV 
MB ------.1 
~ 

(N0TE3) 

210706-23 

NOTES: 
1. INTA occurs one clock later in Slave Mode. 
2. Status inactive just prior to T 4. 
3. If latched A 1 and A2 are selected instead of PCS5 and PCS6, only T CLCSV is applicable. 
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WAVEFORMS (Continued) 

CLKOUT 

TCLLV 

LOCK 

CLKOUT 

80188 

Tl NV CH NMI, 
TEST,-------'"\.Lrt--------------------------

INT0-3-------Jr""""-------------------------
TIM ERIN 

CLKOUT 

TCHQSV RESET --T"--~d.r-----

TCLRO 

QSO,QS1 
-----J'''"---------------------------~ 
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WAVEFORMS (Continued) 

READY TIMING 

TARYHCH 

AllDY 

AllDY----~-·~r~ 

80188 

TCHARYX 

TAllYLCL 

210706-29 
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WAVEFORMS (Continued) 

HOLD/HLDA TIMING (Entering Hold) 

CLKOUT _/\__f 

HOLD T-n 
HLDA 

A15-A8, 
AD7-ADO, 80188 

DEN 

A19/S6 - A16/S3, 
RD,WR,S7, 80188 

DT/R, 82- SO, 
LOCK 

HOLD/HLDA TIMING (Leaving Hold) 

CLKOUT 

HOLD 

HLDA 

A15-A8, 
AD7-ADO, 

DEN 

A19/S6 - A16/S3, 
RD,WR,S7, 

DT/R, S2 -SO, 
LOCK 

r, 

80188 

I T4 or T1 T1 T1 

T CHCZ 

r, r 1(r 4) T1 

fl 
f 

TcHCV 

80188 

210706-33 
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80188 

WAVEFORMS (Continued) 

Timer On 80188 

.....--TCKIN____. TCLCK 

CLKIN 

(XI) 

TCKHL 

,._.TCL2CL1 

TCICO CLKOUT ____ _J 

TIMEAIN 

I 
---' 

TINVCH 

TCLTMV 1-
TIMEAOUT '-----------2%to8%CLOCKS .y-
--.,-------1--;j 

80188 EXPRESS 

The Intel EXPRESS system offers enhancements to 
the operational specifications of the 80188 micro
processor. EXPRESS products are designed to 
meet the needs of those applications whose operat
ing requirements exceed commercial standards. 

The EXPRESS program includes the commercial 
standard temperature range with burn-in and an ex
tended temperature range without burn-in. 

With the commercial standard temperature range, 
operational characteristics are guaranteed over the 
temperature range of 0°C to 70°C. With the extend
ed temperature range option, operational character
istics are guaranteed over the range of -40°C to 
+85°C. 

The optional burn-in is dynamic, for a minimum time 
of 160 hours at 125°C with Vee = 5.5V ±0.25V, 
following guidelines in MIL-STD-883, Method 1015. 

210706-26 

Package types and EXPRESS versions are identified 
by a one or two-letter prefix to the part number. The 
prefixes are listed in Table 16. All AC and DC specifi
cations not mentioned in this section are the same 
for both commercial and EXPRESS parts. 

Table 16. Prefix Identification 

Prefix 
Package Temperature 

Burn-In 
Type Range 

A PGA Commercial No 

N PLCC Commercial No 

R LCC Commercial No 

TA PGA Extended No 

QR LCC Commercial Yes 

NOTE: 
Not all package/temperature range combinations are avail
able. 
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infel. 80188 

80188 EXECUTION TIMINGS 

A determination of 80188 program execution timing 
. must consider the bus cycles necessary to pref etch 
instructions as well as the number of execution unit 
cycles necessary to execute instructions. The fol
lowing instruction timings represent the minimum ex
ecution time in clock cycles for each instruction. The 
timings given are based on the following assump-
tions: · 

• The opcode, along with any data or displacement 
required for execution of a particular instruction, 
has been prefetched and resides in the queue at 
the time it is needed. 

• No wait states or bus HOLDs occur. 

All instructions which involve memory accesses can 
also require one or two additional clocks above the 
minimum timings shown due to the asynchronous 
handshake between the Bus Interface Unit (BIU) 
and execution unit. 

All jumps and calls include the time required to fetch 
the opcode of the next instruction at the destination 
address. 

The 80188 8-bit BIU is noticeably limited in its per
formance relative to the execution unit. A sufficient 
number of prefetched bytes may not reside in the 
prefetch queue much of the time. Therefore, actual 
program execution time may be substantially greater 
than that derived from adding the instruction timings 
shown. · 
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INSTRUCTION SET SUMMARY 

Function 

DATA TRANSFER 
MOV =Move: 

Regi$ter to register/memory 

Register/memory to register 

Immediate to register/memory 

Immediate to register 

Memory to accumulator 

Accumulator to memory 

Register/memory to segment register 

Segment register to register /memory 

PUSH= Push: 

Memory 

Register 

POP= Pop: 

Memory 

Register 

Segment register 

XCHG = Exchange: 

Register/memory with register 

Register with accumulator 

IN = Input from: 

Fixed port 

Variable port 

OUT = Output to: 

Fixed port 

Variable port 

XLAT =Translate byte to AL 

LEA = Load EA to register 

LDS = Load pointer to OS 

LES = Load pointer to ES 

LAHF = Load AH with flags 

SAHF = Store AH into flags 

PUSHF = Push flags 

10001oow 

1000101w 

1100011 w 

1011 w reg 

1010000w 

1010001w 

10001110 

10001100 

11111111 

01010reg 

10001111 

01011 reg 

000reg111 

1000011w 

10010reg 

111001 Ow 

111 011 Ow 

1110011 w 

1110111w 

11010111 

10001101 

11000101 

11000100 

10011111 

1001111 0 

10011100 

80188 

Format 

mod reg rim 

mod reg rim 

modOOO rim 

data 

addr-low 

addr-low 

mod Oreg rim 

modOreg rim 

mod 11 0 rim 

modOOO rim 

(reg9"01) 

mod reg rim 

port 

port 

mod reg rim 

mod reg rim 

mod reg rim 

data 

dataffw=1 

addr-high 

addr-high 

(mod9"11) 

(mod9"11) 

datailw=1 

Shaded areas indicate instructions not available in 8086, 8088 microsystems. 

Clock 
Cycles 

2/12' 

2/9' 

12/13' 

3/4 

8' 

9' 

2/13 

2/15 

20 

14 

13 

24 

14 

12 

4/17' 

3 

10' 

8' 

9' 

7' 

15 

6 

26 

26 

2 

3 

13 

Comments 

8/16-bit 

8/16-bit 

*Note: Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
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80188 

INSTRUCTION SET SUMMARY (Continued) 

Function Format 
Clock 

Comments 
Cycles 

DATA TRANSFER (Continued) 

POPF = Pop flags I 10011101 12 

SEGMENT = Segment Override: 

cs I 00101110 2 

SS I 0011011 0 2 

OS I 00111110 2 

ES I 00100110 2 

ARITHMETIC 
ADD= Add: 

Reg/memory with register to either I OOOOOOdw I mod reg rim I 3/10' 

Immediate to register/memory I 100000sw I modOOO rim I data I data ifs w=01 I 4/16' 

Immediate to accumulator I 0000010w I data I dataifw=1 I 3/4 8/16-bit 

ADC = Add with carry: 

Reg/ memory with register to either I 000100dw I mod reg rim I 3/10' 

Immediate to register I memory I 100000sw I modO 1 o rim I data I data ifs w=01 I 4/16' 

Immediate to accumulator I 0001010w I data I data if w=1 I 3/4 8/16-bit 

INC = Increment: 

Register/memory I 1111111w I modOOO rim I 3/15' 

Register I 01000 reg I 3 

SUB = Subtract: 

Reg/memory and register to either I 001010dw I mod reg rim I 3/10' 

Immediate from register/memory I 100000sw I mod101 rim I data I data ifs w= 01 I 4/16' 

Immediate from accumulator I 0010110w I data I dataifw=1 I 3/4 8/16-bit 

SBB = Subtract with borrow: 

Reg/memory and register to either I 000110dw I mod reg rim I 3/10' 

Immediate from register/memory I 100000sw I mod011 rim I data I data if sw=01 I 4/16' 

Immediate from accumulator I 0001110w I data I data if w=1 I 3/4 8/16-bit 

DEC = Decrement: 

Register /memory I 1111111 w I mod 001 rim I 3/15' 

Register I 01001reg I 3 

CMP = Compare: 

Register/memory with register 0011101w I mod reg rim 3/10' 

Register with register I memory 0011100w I mod reg rim 3/10' 

Immediate with register/memory 100000sw I mod111 rim data I data ifs w= 01 I 3/10' 

Immediate with accumulator 001111 Ow I data dataifw=1 I 3/4 8/16-bit 

NEG = Change sign register/memory 1111011 w I mod O 11 rim 3/10' 

AAA = ASCII adjust for add I 00110111 I 8 

DAA = Decimal adjust for add I 00100111 I 4 

AAS = ASCII adjust for subtract I 00111111 I 7 

DAS = Decimal adjust for subtract I 00101111 I 4 

Shaded areas indicate instructions not available in 8086, 8088 microsystems. 
*Note: Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
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80188 

INSTRUCTION SET SUMMARY (Continued) 

Function 

RITHMETIC (Continued) 

MUL = Multiply (unsigned): 

Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 

IMUL = Integer multiply (signed): 

Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 

DIV = Divide (unsigned): 

Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 

IDIV = Integer divide (signed): 

Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 

AAM = ASCII adjust for multiply 

AAD = ASCII adjust for divide 

CBW = Convert byte to word 

CWD = Convert word to double word 

LOGIC 
Shin/Rotate Instructions: 

Register/Memory by 1 

Register/Memory by CL 

AND= And: 

Reg/memory and register to either 

Immediate to register I memory 

Immediate to accumulator 

Format 

1111011w mod 100 rim 

11 1 1 O 1 1 w mod 1 O 1 rim 

~ 1 1 w mod 1 1 1 rim 

11010100 00001010 

11010101 00001010 

10011000 

10011001 

TTT Instruction 
000 ROL 
001 ROR 
010 RCL 
0 11 RCR 
100 SHL/SAL 
101 SHR 
1 1 1 SAR 

001000dw mod reg rim I 
1000000w mod100 rim I data 

0010010w data I data if w= 1 

dataifw=1 

Shaded areas indicate instructions not available in 8086, 8088 microsystems. 

Clock 
Cycle• 

26-28 
35-37 
32-34 
41-43' 

25-28 
34-37 
31-34 
40-43' 

29 
38 
35 
44' 

44-52 
53-61 
50-58 
59-67' 

19 

15 

2 

4 

2/15 

5+n/17+n 

3/10' 

4/16' 

3/4 

Comments 

8/16-bit 

*Note: Clock cycles shown for byte transfer. For word operations, add 4 clock cycles tor all memory transfers. 
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80188 

INSTRUCTION SET SUMMARY (Continued) 

Function Format 

LOGIC (Continued) 

TEST= And function to flags, no result: 

Register I memory and register I 1000010w mod reg rim 

Immediate data and register I memory I 1111011 w modOOO rim data 

Immediate data and accumulator I 1010100w data dataifw=1 

OR=Or: 

Reg/memory and register to either 000010dw mod reg rim 

Immediate to register/memory 1000000w mod O O 1 rim data 

Immediate to accumulator 0000110w data data if w=1 

XOR = Exclusive or: 

Reg/ memory and register to either 0011 OOdw mod reg r/m 

Immediate to register/memory 1000000w mod 11 O rim data 

Immediate to accumulator 001101Qw data dataifw=1 

NOT = Invert register/memory 1111011 w mod O 1 O r/m 

STRING MANIPULATION: 

MOVS = Move byte/word 1010010w 

CMPS = Compare byte/word 1010011w 

SCAS = Scan byte/word 1010111 w 

LOOS = Load byte/wd to AL/ AX 101011 Ow 

STOS = Store byte/wd from AL/ AX 1010101 w 

Repeated by count in ex (REP/REPE/REPZ/REPNE/REPNZ) 

MOVS = Move string 11110010 1010010w 

CMPS = Compare string 11 1 1 0 0 1 z 1010011w 

SCAS = Scan string 111100 1 z 1010111w 

LOOS = Load string 11110010 1010110w 

STOS = Store string 1111001 0 1010101w 

dataifw=1 

Clock 
Cycles 

3/10· 

4110• 

3/4 

3/10• 

dataifw=1 4/16• 

Comments 

8/16-bit 

3/4 8/16-bit 

3/10' 

dataifw=1 4/16• 

3/4 8/16-bit 

3/10' 

14' 

22' 

15' 

12' 

10' 

8+8n' 

5+ 22n• 

5+15n' 

6+11n"' 

6+9n• 

Shaded areas indicate instructions not available in 8086, 8088 microsystems. 
*Note: Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
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80188 

INSTRUCTION SET SUMMARY (Continued) 

Function Format 
Clock 

Commenta 
Cyclea 

CONTROL TRANSFER 

CALL= Call: 

Direct within segment I 11101000 I disp-low I disp-high I 19 

Register/memory I 11111111 I modO 1 O rim I 17/27 
indirect within segment 

Direct intersegment I 1001101 0 I segment offset I 31 

I segment selector I 
Indirect intersegment I 11111111 I mod011 rim I (mod* 11) 54 

JMP = Unconditional Jump: 

Short/long I 11101011 I disp-low I 14 

Direct within segment I 11101001 I disp-low I disp-high I 14 

Register/memory I 11111111 I mod100 rim I 11/21 
indirect within segment 

Direct intersegment I 1110101 0 segment offset I 14 

segment selector I 
Indirect intersegment I 11111111 mod 101 rim I (mod* 11) 34 

RET = Return from CALL: 

Within segment I 11000011 20 

Within seg adding immed to SP I 11000010 data-low I data-high I 22 

lntersegment I 11001011 30 

lntersegment adding immediate to SP I 11001010 data-low data-high I 33 

JE/JZ = Jump on equal/zero I 01110100 disp 4/13 JMPnot 

JL/JNGE = Jump on less/not greater or equal I 011111 00 disp 4/13 
taken/JMP 

taken 
JLE/JNG = Jump on less or equal/not greater I 0111111 0 disp 4/13 

JB/JNAE = Jump on below/not above or equal I 01110010 disp 4/13 

JBE/JNA = Jump on below or equal/not above I 0111011 0 disp 4/13 

JP/JPE = Jump on parity/parity even I 0111101 0 disp 4/13 

JO = Jump on overflow I 01110000 disp 4/13 

JS = Jump on sign I 01111 000 disp 4/13 

JNE/JNZ = Jump on not equal/not zero I 01110101 disp 4/13 

JNL/ JGE = Jump on not less/ greater or equal I 01111101 disp I 4/13 

JNLE/JG = Jump on not less or equal/greater I 01111111 disp I 4/13 

JNB/JAE = Jump on not below/above or equal I 01110011 disp I 4/13 

JNBE/ JA = Jump on not below or equal/ above I 01110111 disp I 4/13 

JNP/JPO =Jump on not par/par odd I 01111011 disp I 4/13 

Shaded areas indicate instructions not available in 086, 8088 microsystems. 
*Note: Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 

Function Format 
Clock 
Cycles 

CONTROL TRANSFER (Continued) 

JNO = Jump on not overflow 01110001 disp 4/13 

JNS = Jump on not sign 01111001 disp 4/13 

JCXZ = Jump on ex zero 11100011 disp 5/15 

LOOP = Loop CX times 11100010 disp 6/16 

LOOPZ/LOOPE = Loop while zero/equal 11100001 disp 6/16 

LOOPNZ/LOOPNE = Loop while not zero/equal I 11100000 6/16 

INT = Interrupt: 

Type specified 11001101 type 47 

Type3 110011 00 45 

INTO = Interrupt on overflow 11001110 48/4 

IRET = Interrupt return 1 1 O O 1 1 1 1 28 

Comments 

LOOP not 

taken/LOOP 

taken 

if INT. taken/ 

if INT.not 
taken 

,, ' \ ···~~~~--·;~ W•~t!:ttli.it~{f fll,,.fifflliQ'1i~'.!'~~.~1t;,~§~~~:,~;1'·h<tisx•~~11k;;;:!ML1i :;, .. ;.•w•"li£¥@•w.1 
PROCESSOR CONTROL 

CLC = Clear carry 11111 000 2 

CMC = Complement carry 11110101 2 

STC = Set carry 11111 001 2 

CLO = Clear direction 111111 00 2 

STD = Set direction 11111101 2 

CLI = Clear interrupt 11111010 2 

STI = Set interrupt 11111011 2 

HLT =Halt 11110100 2 

WAIT= Wa~ 10011011 6 if i'ES'f = 0 

LOCK = Bus lock prefix 11110000 2 

ESC = Processor Extension Escape 11011 TTT modLLL rim 6 

(TTT LLL are opcode to processor extension) 

NOP = No Operation I 10010000 I 3 

Shaded areas indicate instructions not available in 8086, 8088 microsystems. 
*Note: Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
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FOOTNOTES 

The Effective Address (EA) of the memory operand 
is computed according to the mod and rim fields: 

if mod = 11 then rim is treated as a REG field 

if mod = 00 then DISP = o•, disp-low and disp-high are 
absent 

if mod = 01 then DISP = disp-low sign-extended to 
1 S.bits, disp-high is absent 

if mod = 1 O then DISP = disp-high: disp-low 

if rim = 000 then EA = (BX) + (SI) + DISP 

if rim = 001 then EA = (BX) + (DI) + DISP 

if rim = 010 then EA = (BP) + (SI) + DISP 

if rim = 011 then EA = (BP) + (DI) + DISP 

if rim = 100 then EA = (SI) + DISP 

if rim = 101 then EA = (DI) + DISP 

if rim = 110 then EA= (BP) + DISP* 

if rim = 111 then EA = (BX) + DISP 

DISP follows 2nd byte of instruction (before data if 
required) 

•except if mod =- 00 and rim = 110 then EA = 
disp-high: disp-low. 

EA calculation time is 4 clock cycles for all modes, 
and is included in the execution times given whenev
er appropriate. 

Segment Override Prefix 

J 0 0 1 reg 1 1 O I 
reg is assigned according to the following: 

reg 

00 
01 
10 
11 

Segment 
Register 

ES 
cs 
SS 
OS 

REG is assigned according to the following table: 

16-Bit {W = 1) 
OOOAX 
001 ex 
010DX 
011 BX 
100SP 
101 BP 
110 SI 
111 DI 

8-Bit{w = 0) 
OOOAL 
001 CL 
010 DL 
011 BL 
100AH 
101 CH 
110 DH 
111 BH 

The physical addresses of all operands addressed 
by the BP register are computed using the SS seg
ment register. The physical addresses of the desti
nation operands of the string primitive operations 
(those addressed by the DI register) are computed 
using the ES segment, which may not be overridden. 
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REVISION HISTORY 

The sections significantly revised since version -010 are: 

Pin Description Table Added note to TEST pin requiring proper RESET at power-up to configure 
pin as input. 

Renamed pin 44 to INT1/SELECT and pin 41 to INT3/INTA1/IRQ to bet
ter describe their functions in Slave Mode. 

Initialization and Processor Reset Added reminder to drive RES pin LOW during power-up. 

Major Cycle Timing Waveform 

HOLD/HLDA Timing Waveforms 

Instruction Set Summary 

Slave Mode Operation 

Clarified applicability of T CLCSV to latched A 1 and A2 in footnote. 

Redrawn to indicate correct relationship of HOLD inactive to HLDA inac
tive. 

Corrected clock count for ENTER instruction. 

The three low order bits associated with vector generation and performing 
EOI are not alterable; however, the priority levels are programmable. This 
information is a clarification only. 

The sections significantly revised since version -009 are: 

Pin Description Table 

Interrupt Vector Table 

A.C. Characteristics 

Explanation of the A.C. Symbols 

Major Cycle Timing Waveforms 

Various descriptions rewritten for clarity. 

Redrawn for clarity. 

Added reminder that T SRYCL and T CLSRY must be met. 
New section. 

T CLRO indicated. 

The sections slgnlflcantly revised since version -008 are: 

Pin Description Table Noted RES to be low more than 4 clocks. Connections to X1 and X2 
clarified. 

OMA Control Bit Descriptions 

Interrupt Controller, etc. 

Interrupt Request Register 

Execution Timings 

A.C. Characteristics 

Moved and clarified note concerning TC condition for ST /'S'i'Oi5 clearing 
during unsynchronized transfers. 

Renamed iRMX Mode to Slave Mode. 

Noted that DO and 01 are read/write, others read-only. 

Clarified effect of bus width. 

10 MHz 80188 no longer offered. 

The sections significantly revised since version -007 are: 

A.C. Characteristics Several timings changed in anticipation of test change (all listed in ns): 
TcLAv (min.) at 10 MHz from 50 to 44; Tcvcrv (min.) at 8 MHz from 10 to 
5; Tcvcrv (max.) from 70 to 50 at 8 MHz and 56 to 40 at 10 MHz. 
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80C188 
CHMOS HIGH INTEGRATION 16-BIT MICROPROCESSOR 

• Operation Modes Include: • Direct Addressing Capability to 
- Enhanced Mode Which Has 1 MByte Memory and 64 KByte 1/0 

- DRAM Refresh Control Unit • Completely Object Code Compatible 
- Power-Save Mode with All Existing 8086/8088 Software 

- Compatible Mode and Also Has 10 Additional Instructions 
- NMOS 80188 Pin for Pin over 8086/8088 

Replacement for Non-Numerics 
Applications • Complete System Development 

• Integrated Feature Set 
Support 
-All 8088 and NMOS 80188 Software 

- Enhanced 80C86/C88 CPU Development Tools Can Be Used for 
- Clock Generator SOC 186 System Development 
- 2 Independent OMA Channels - ASM86 Assembler, PL/M-86, 
- Programmable Interrupt Controller Pascal-86, Fortran-86, C-86 and 
- 3 Programmable 16-Bit Timers System Utilities 
- Dynamic RAM Refresh Control Unit - In-Circuit-Emulator (ICE™-188) 
- Programmable Memory and 

Peripheral Chip Select Logic • Available in 68 Pin: 
- Programmable Wait State. Generator - Plastic Leaded Chip Carrier (PLCC) 
- Local Bus Controller - Ceramic Pin Grid Array (PGA) 
- Power Save Mode - Ceramic Leadless Chip Carrier 
- System-Level Testing Support (High (JEDEC A Package) 

Impedance Test Mode) (See Packaging Outlines and Dimensions, Order Number 
231369) 

• Available in 16 MHz (80C188-16), • Available in EXPRESS Extended 12.5 MHz (80C188-12) and 10 MHz 
Temperature Range (-40°C to +85°C) (80C188) Versions 

The Intel 80C188 is a CHMOS high integration microprocessor. It has features which are new to the 80186 
family which include a DRAM refresh control unit and power-save mode. When used in "compatible" mode, 
the 80C188 is 100% pin-for-pin compatible with the NMOS 80188 (except for 8087 applications). The "en
hanced" mode of operation allows the full feature set of the 80C188 to be used. The 80C188 is upward I 
compatible with 8086 and 8088 software and fully compatible with 80186 and 80188 software, except for ~ 
numerics applications. 
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Table 1. 80C188 Pin Description 

Symbol Pin No. fype Name and Function 

Vee 9 I System Power: + 5 volt power supply. 
43 I 

Vss 26 I System Ground. 
60 I 

RESET 57 0 RESET Output indicates that the 80C188 CPU is being reset, and can 
be used as a system reset. It is active HIGH, synchronized with the 
processor clock, and lasts an integer 5umber of clock periods 
corresponding to the lfrgt of the RE signal. Reset goes inactive 2 
clockout periods after E goes inactive. When tied to the TEST pin, 
RESET forces the 80C188 into enhanced mode. RESET is not floated 
during bus hold. 

X1 59 I Crystal Inputs X1 and X2 provide external connections for a 
X2 58 0 fundamental mode or third overtone parallel resonant crystal for the 

internal oscillator. X1 can connect to an external clock instead of a 
crystal. In this case, minimize the capacitance on X2. The input or 
oscillator frequency is internally divided by two to generate the clock 
signal (CLKOUT). 

CLKOUT 56 0 Clock Output provides the system with a 50% duty cycle waveform. 
All device pin timings are specified relative to CLKOUT. CLKOUT is 
active during reset and bus hold. 

RES 24 I An active RES causes the 80C188 to immediately terminate its 
present activity, clear the internal logic, and enter a dormant state. 
This signal may be asynchronous to the 80C188 clock. The 80C188 
begins fetching instructions approximately 6% clock cycles after RES 
is returned HIGH. For proper initialization, Vee must be within 
specifications and the clock sigSal must be stable for more than 4 

,' clocks with RES held LOW. RE is internally synchronized. This input 
is provided with a Schmitt-trigger to facilitate power-on RES 
generation via an RC network. 

TEST 47 110 The TESi pin is sampled during and after reset to determine whether 
the 80C188 is to enter Compatible or Enhanced Mode. Enhanced 
Mode requires TEST to be HIGH on the rising edge of RES and LOW 
four CLKOUT cycles later. Any other combination will place the 
80C188 in Compatible Mode. A weak internal pullup ensures a HIGH 
state when the pin is not driven. This pin is examined by the WAIT 
instruction. If the TEST input is HIGH when WAIT execution begins, 
instruction execution will suspend. TEST will be resampled every five 
clocks until it goes LOW, at which time execution will resume. If 
interrupts are enabled while the 80C188 is waiting for TEST, 
interrupts will be serviced. During power-up, active RES is required to 
configure TESi as an inpyt. , 

TMRINO 20 I Timer Inputs are used either as clock or control signals, depending 
TMR IN1 21 I upon the programmed tinier mode. These inputs are active HIGH (or 

LOW-to-HIGH transitions are counted) and internally synchronized. 
Timer Input$ must be tied HIGH when not being used as clock or 
retngger inputs. 

TMROUTO 22 0 Timer outputs are used to provide single pulse or continous waveform 
TMROUT1 23 0 generation, depending uP<>n the timer m9de selected.These outputs , 

- are not floated during a bus hold. 
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Table 1. 80C188 Pin Description (Continued) 

Symbol Pin No. Type Name and Function 

DRQO 18 I OMA Request is asserted HIGH by an external device when it is 
DRQ1 19 I ready for OMA Channel 0 or 1 to perform a transfer. These signals 

are level-triggered and internally synchronized. 

NMI 46 I The Non-Maskable Interrupt input causes a Type 2 interrupt. An 
NMI transition from LOW to HIGH is latched and synchronized 
internally, and initiates the interrupt at the next instruction 
boundary. NMI must be asserted for at least one CLKOUT period. 
The Non-Maskable Interrupt cannot be avoided by programming. 

INTO 45 I Maskable Interrupt Requests can be requested by activating one 
INT1 /SELECT 44 I of these pins. When configured as inputs, these pins are active 
INT2/INTAO 42 110 HIGH. Interrupt Requests are synchronized internally. INT2 and 

INT3/INTA1/IRQ 41 1/0 INT3 may be configured to provide active-LOW interrupt-
acknowledge output signals. All interrupt inputs may be configured 
to be either edge- or level-triggered. To ensure recognition, all 
interrupt requests must remain active until the interrupt is 
acknowledged. When slave mode is selected, the function of 
these pins changes (see Interrupt Controller section of this data 
sheet). 

A19/S6 65 0 Address Bus Outputs (16-19) and Bus Cycle Status (3-6) 
A18/S5 66 0 indicate the four most significant address bits during T 1. These 

A17/54 67 0 signals are active HIGH. During T 2. T 3, T w. and T 4, status 

A16/53 68 0 information is available on these lines as encoded below: 
During T 2. T 3, T w. and T 4, the 56 pin is LOW to indicate a CPU-
initiated bus cycle or HIGH to indicate a OMA-initiated bus cycle. 
During the same T-states, 53, 54, and 55 are always LOW. 
These outputs are floated during a bus hold or reset. 

A15 1 0 Address-Only Bus (15-8) contains valid addresses from T 1- T 4. 
A14 3 0 The bus is active high. These outputs are floated during a bus hold 

A13 5 0 or reset. 

A12 7 0 
A11 10 0 
A10 12 0 I 
A9 14 0 
AS 16 0 

AD7 2 1/0 Address/Data Bus (7-0) signals constitute the time multiplexed 
AD6 4 1/0 memory or 1/0 address (T1) and data (T2. T3, Tw. and T4) bus. 
ADS 6 1/0 The bus is active high. These pins are floated during a bus hold or 

AD4 8 110 reset. 

AD3 11 110 
AD2 13 110 
AD1 15 110 
ADO 17 110 

RFSH 64 0 In compatible mode, RFSH is HIGH. In enhanced mode, RFSH is 
asserted LOW to signify a refresh bus cycle. The RFSH output pin 
floats during bus hold or reset, regardless of operating mode. 
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Table 1. 80C186 Pin Description (Continued) 

Symbol Pin No. Type Name and Function 

ALE/QSO 61 0 Address Latch Enable/Queue Status 0 is provided by the 80C188 
to latch the address. ALE is active HIGH, with addresses 
guaranteed valid on the trailing edge. 

WR/QS1 63 0 Write Strobe/Queue Status 1 indicates that the data on the bus is 
to be written into a memory or an 110 device. It is active LOW, and. 
floats during bus hold or reset. When the 80C188 is in queue status 
mode, the ALE/QSO and WR/QS1 pins provide information about 
processor/instruction queue interaction. 

QS1 QSO Queue Operation 

0 0 No queue operation 
0 1 First opcode byte fetched from 

the queue 
1 1 Subsequent byte fetched from 

the queue 
1 0 Empty the queue 

RD/QSMD 62 0/1 Read Strobe is an active LOW signal which indicates that the 
80C188 is performing a memory or 1/0 read cycle. It is guaranteed 
not to go LOW before the AID bus is floated. An internal pull-up 
ensures that RD/QSMD is HIGH during RESET. Following RESET 
the pin is sampled to determine whether the 80C188 is to provide 
ALE, RD and WR, or queue status information. To enable Queue 
Status Mode, RD must be connected to GND. RD will float during 
bus HOLD. 

ARDY 55 I Asynchronous Ready informs the 80C188 that the addressed 
memory space or 110 device will complete a data transfer. The 
ARDY pin accepts a rising edge that is asynchronous to CLKOUT 
and is active HIGH. The falling edge of ARDY must be 
synchronized to the 80C188 clock. Connecting ARDY HIGH will 
always assert the ready condition to the CPU. If this line is unused, 
it should be tied LOW to yield control to the SRDY pin. 

SRDY 49 I Synchronous Ready informs the 80C188 that the addressed 
memory space or 1/0 device will complete a data transfer. The 
SRDY pin accepts an active-HIGH input synchronized to CLKOUT. 
The use of SRDY allows a relaxed system timing over ARDY. This 
is accomplished by elimination of the one-half clock cycle required 
to internally synchronize the ARDY input signal. Connecting SRDY 
high will always assert the ready condition to the CPU. If this line is 
unused, it should be tied LOW 'o yield control to the ARDY pin. 
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Table 1. 80C188 Pin Description (Continued) 

Symbol Pin No. Type Name and Function 
[OCR 48 0 rnCK output indicates that other system bus masters are not to gain 

control of the system bus. rnCK is active LOW. The LOCK signal is 
requested by the LOCK prefix instruction and is activated at the 
beginning of the first data cycle associated with the instruction 
immediately following the LOCK prefix. It remains active until the 
completion of that instruction. No instruction prefetching will occur 
while LOCK is asserted. LOCK floats during bus hold or reset. 

so 52 0 Bus cycle status SO-S2 are encoded to provide bus-transaction 
51 53 0 information: 
52 54 0 80C188 Bus Cycle Status Information 

S2 S1 so Bus Cycle Initiated 
0 0 0 Interrupt Acknowledge 
0 0 1 Read 110 
0 1 0 Write 110 
0 1 1 Halt 
1 0 0 Instruction Fetch 
1 0 1 Read Data from Memory 
1 1 0 Write Data to Memory 
1 1 1 Passive (no bus cycle) 

The status pins float dUring HOLD. 
52 may be used as a logical M/10 indicator, and S1 as a OT /R 
indicator. 

HOLD 50 I HOLD indicates that another bus master is requesting the local bus. 
HLDA 51 0 The HOLD input is active HIGH. The 80C188.generates HLDA 

(HIGH) in response to a HOLD request. Simultaneous with the 
issuance of HLDA, the 80C188 will float the local bus and control 
lines. After HOLD is detected as being LOW, the 80C188 will lower 
HLDA. When the 80C188 needs to run another bus cycle, it will again 
drive the local bus and control lines.· 

In Enhanced Mode, HLDA will go low when a DRAM refresh cycle is 
pending in the 80C188 and an external bus master has control of the 
bus. It will be up to the external master to relinquish the bus by 
lowering HOLD so that the 80C188 may execute the refresh cycle. I 

ocs 34 0/1 Upper Memory Chip Select is an active LOW output whenever a 
memory reference is made to the defined upper portion (1 K-256K 
block) of memory~ ~CS does not float during bus hold. The address 
range activating U S is software programmable. 

OCS and LCS are sampled upon the rising edge of RES. If both pins 
are held low, the 80C188 will enter ONCE Mode. In ONCE Mode all 
pins assume a high impedance state and remain so until a 
subsequent RESET. UCS has a weak internal pullup that is active 
during RESET to ensure that the 80C188 does not enter the ONCE 
mode inadvertently. 
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Table 1. 80C188 Pin Description (Continued) 

Symbol Pin No. Type Name and Function 

res 33 011 Lower Memory Chip Select is active LOW whenever a 
memory reference is made to the defined lower portion (1 K-
256K) of memory. LC5 does not float during bus HOLD. The 
address range activating LCS is software programmable. 

UCS and LCS are sampled upon the rising edge of RES. If 
both pins are held low, the 80C186 will enter ONCE Mode. In 
ONCE Mode all pins assume a high imp0~ance state and 
remain so until a subsequent RESET. L has a weak 
internal pullup that is active only during RESET to ensure that 
the 80C188 does not enter ONCE Mode inadvertently. 

MC50 38 0 Mid-Range Memory Chip Select signals are active LOW when 
MCS1 37 0 a memory reference is made to the defined mid-range portion 
MCS2 36 0 of memory (8K-512K). These lines do not float during bus 

MCS3 35 0 HOLD. The address ranges activating MCS0-3 are software 
programmable. 

PCSO 25 0 Peripheral Chip Select signals 0-4 are active LOW when a 
PCS1 27 0 reference is made to the defined peripheral area (64K 110 
PCS2 28 0 space or 1 Mbyte memory space). These lines do not float 
PCS3 29 0 during bus HOLD. The address ranges activating PCS0-4 are 

PCS4 30 0 software programmable. 

PCSS/A1 31 0 Peripheral Chip Select 5 or Latched A 1 may be programmed 
to provide a sixth peripheral chip select, or to provide an 
internally latched A 1 signal. The address range activating 
PCS5 is software-programmable. PCSS/ A 1 does not float 
during bus HOLD. When programmed.to provide latched A1, 
this pin will retain the previously latched value during HOLD. 

PCS6/A2 32 0 Peripheral Chip Select 6 or Latched A2 may be programmed 
to provide a seventh peripheral chip select, or to provide an 
internally latched A2 signal. The address range activating 
PCS6 is software-programmable. PC'S6/ A2 does not float 
during bus HOLD. When programmed to provide latched A2, 
this pin will retain the previously latched value during HOLD. 

DT/R 40 0 Data Transmit/Receive controls the direction of data flow 
through an external data bus transceiver. When LOW, data is 
transferred to the 80C188. When HIGH the 80C188 places 
write data on the· data bus. OT /A floats during a bus hold or 
RESET. 

DEN 39 0 Data Enable is provided as a data bus transceiver output 
enable. DEN is active LOW during each memory and 110 
access. DEN is HIGH whenever OT /A changes state. During 
RESET, DEN is driven HIGH for one clock, then floated. DEN 
also floats during HOLD. 
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FUNCTIONAL DESCRIPTION 

Introduction 

The following Functional Description describes the 
base architecture of the 80C188. The 80C188 is a 
very high integration 16-bit microprocessor. It com
bines 15-20 of the most common microprocessor 
system components onto one chip. The 80C188 is 
object code compatible with the 8086/8088 micro
processors and adds 1 o new instruction types to the 
8086/8088 instruction set. 

The 80C188 has two major modes of operation, 
Compatible and Enhanced: In Compatible Mode the 
80C188 is completely compatible with NMOS 
80188, with the exception of 8087 support. The En
hanced mode adds two new features to the system 
design. These are Power-Save control and Dynamic 
RAM refresh. 

80C188 BASE ARCHITECTURE 

The 8086, 8088, 80186, and 80188 families all con
tain the same basic set of registers, instructions, and 
addressing modes. The 80C188 processor is up
ward compatible with the 8086 and 8088 CPUs. 

Register Set 

The 80C188 base architecture has fourteen regis
ters as shown in Figures 3a and 3b. These registers 
are grouped into the following categories. 

General Registers 

Eight 16-bit general purpose registers may be used 
for arithmetic and logical operands. Four of 

these (AX, BX, ex, and DX) can be used as 16-bit 
registers or split into pairs of separate 8-bit registers. 

Segment Registers 

Four 16-bit special purpose registers select, at any 
given time, the segments of memory that are imme
diately addressable for code, stack, and data. (For 
usage, refer to Memory Organization.) 

Base and Index Registers 

Four of the general purpose registers may also be 
used to determine offset addresses of operands in 
memory. These registers may contain base address
es or indexes to particular locations within a seg
ment. The addressing mode selects the specific reg
isters for operand and address calculations. 

Status and Control Registers 

Two 16-bit special purpose registers record or alter 
certain aspects of the 80C188 processor state. 
These are the Instruction Pointer Register, which 
contains the offset address of the next sequential 
instruction to be executed, and the Status Word 
Register, which contains status and control flag bits 
(see Figures 3a and 3b). 

Status Word Description 

The Status Word records specific characteristics of 
the result of logical and arithmetic instructions (bits 
0, 2, 4, 6, 7, and 11) and controls the operation of m 
the 80G186 within a given operating mode (bits 8, 9, ~ 
and 10). The Status Word Register is 16-bits wide. 
The function of the Status Word bits is shown in 
Table 2. · 
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BYTE 
ADDRESSABLE 
(B·BIT 
REGISTER 
NAMES 
SHOWN) 

16-BIT 

REGISTER 

NAME 

x l: 
BX 

BP 

s I 

D I 

SP 

15 

0 7 

AH AL 

DH DL 

CH CL 

BH BL 

GENERAL 

REGISTERS 

SPECIAL 
REGISTER 
FUNCTIONS 

MULTIPLY /DIVIDE 
1/0 INSTRUCTIONS 

80C188 

} LOOP/SHIFT/REPEAT/COUNT 

) BASE REGISTERS 

) INDEX REGISTERS 

} STACK POINTER 

cs 

OS 

SS 

ES 

15 

~ 
15 

SEGMENT REGISTERS 

STATUS AND CONTROL 
REGISTERS 

Figure 3a. 80C188 Register Set 

STATUS FLAGS: 

CODE SEGMENT SELECTOR 

DATA SEGMENT SE~ECTOA 

STACK SEGMENT SELECTOR 

EXTRA SEGMENT SELECTOR 

STATUS WORD 

INSTRUCTION POINTER 

~::.~! ----------~-------------~ 

~ INTEL RESEAYED 

~-------- lNTERRUPTENABLE 
'----------- DIRECTIONFLAG 

Figure 3b. Status Word Format 
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Table 2. Status Word Bit Functions Instruction Set 
Bit Name 

Position 

0 CF 

2 PF 

4 AF 

6 ZF 

7 SF 

8 TF 

9 IF 

10 OF 

11 OF 

Function 

Carry Flag-Set on high-order 
bit carry or borrow; cleared 
otherwise 

Parity Flag-Set if low-order 8 
bits of result contain an even 
number of 1-bits; cleared 
otherwise 

Set on carry from or borrow to 
the low order four bits of AL; 
cleared otherwise 

Zero Flag-Set if result is zero; 
cleared otherwise 

Sign Flag-Set equal to high-
order bit of result (0 if positive, 
1 if negative) 

Single Step Flag-Once set, a 
single step interrupt occurs 
after the next instruction 
executes. TF is cleared by the 
single step interrupt. 

Interrupt-enable Flag-When 
set, maskable interrupts will 
cause the CPU to transfer 
control to an interrupt vector 
specified location. 

Direction Flag-Causes string 
instructions to auto decrement 
the appropriate index register 
when set. Clearing OF causes 
auto increment. 

Overflow Flag-Set if the 
signed result cannot be 
expressed within the number · 
of bits in the destination 
operand; cleared otherwise 

The instruction set is divided into seven categories: 
data transfer, arithmetic, shift/rotate/logical, string 
manipulation, control transfer, high-level instruc
tions, and processor control. These categories are 
summarized in Figure 4. · 

An 80C188 instruction can reference anywhere from 
zero to several operands. An operand can reside in 
a register, in the instruction itself, or in memory. Spe
cific operand addressing modes are discussed later 
in this data sheet. 

Memory Organization 

Memory is organized in sets of segments. Each seg
ment is a linear contiguous sequence of up to 64K 
(216) 8-bit bytes. Memory is addressed using a two
component address (a pointer) that consists of a 16-
bit base segment and a 16-bit offset. The 16-bit 
base values are contained in one of four internal 
segment register (code, data, stack, extra). The 
physical address is calculated by shifting the base 
value LEFT by four bits and adding the 16-bit offset 
value to yield a 20-bit physical address (see Figure 
5). This allows for a 1 MByte physical address size. 

All instructions that address operands in memory 
must specify the base segment and the 16-bit offset 
value. For speed and compact instruction encoding, 
the segment register used for physical address gen
eration is implied by the addressing mode used (see 
Table 3). These rules follow the way programs are 
written (see Figure 6) as independent modules that fl 
require areas for code and data, a stack, and access • 
to external data areas. 

Special segment override instruction prefixes allow 
the implicit segment register selection rules to be 
overridden for special cases. The stack, data, and 
extra segments may coincide for simple programs. 
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GENERAL PURPOSE MOVS Move byte or word string 

MOV Move byte or word INS Input bytes or word string 
PUSH Push word onto stack OUTS Output bytes or word string 
POP Pop word off stack 

PUSHA Push all registers' on stack 
CMPS Compare byte or word string 

SCAS " 
POPA Pop all registers from stack 

Scan byte or word string 

XCHG Exchange byte or word 
LOOS Load byte or word string 

XLAT Translate byte 
STOS Store byte or word string 

INPUT/OUTPUT REP Repeat 

IN Input byte or word REPE/REPZ Repeat while equal/zero 

OUT Output byte or word REPNE/REPNZ Repeat while not equal/not zero 

ADDRESS OBJECT LOGICALS 

LEA Load effective address NOT "Not" byte or word 

LOS Load pointer using OS 
AND "And" byte or word 

LES Load pointer using ES 
OR "Inclusive or" byte or word 

FLAG TRANSFER 
XOR "Exclusive or" byte or word 

TEST "Test" byte or word 
LAHF Load AH register from flags SHIFTS 
SAHF Store AH register in flags SHL/SAL Shift logical/ arithmetic left byte or word 

PUS HF Push flags onto stack SHR Shift logical right byte or word 

POPF Pop flags off stack SAR Shift arithmetic right byte or word 

ADDITION ROTATES 

ADD Add byte or word ROL Rotate left byte or word 

ADC Add byte or word with carry ROR Rotate right byte or word 

INC Increment byte or word by 1 
RCL Rotate through carry left byte or word 

AAA ASCII adjust for addition 
RCR Rotate through carry right byte or word 

DAA Decimal adjust for addition 
FLAG OPERATIONS 

SUBTRACTION 
STC Set carry flag 

SUB Subtract byte or word 
CLC Clear carry flag 

SBB Subtract byte or word with borrow 
CMC Complement carry flag 

DEC Decrement byte or word by 1 
STD Set direction flag 

NEG Negate byte or word 
CLO Clear direction flag 

CMP Compare byte or word 
STI Set interrupt enable flag 

AAS ASCII adjust for subtraction 
cu Clear interrupt enable flag 

DAS Decimal adjust for subtraction 
EXTERNAL SYNCHRONIZATION 

MULTIPLICATION 
HLT Halt until interrupt or reset 

MUL Multiply byte or word unsigned 
WAIT Wait for TESf pin active 

IMUL Integer multiply byte or word 
LOCK Lock bus during next instruction 

AAM ASCII adjust for multiply 
NO OPERATION 

DIVISION 
NOP No operation 

DIV Divide byte or word unsigned 
HIGH LEVEL INSTRUCTIONS 

IDIV Integer divide byte or word 
ENTER Format stack for procedure entry 

AAD ASCII adjust for division 
LEAVE Restore stack for procedure exit 

CBW Convert byte to word 
BOUND Detects values outside prescribed range 

CWD Convert word to doubleword 

Figure 4. 80C188 Instruction Set 

24-490 



infel .. 80C188 

CONDITIONAL TRANSFERS JO Jump if overflow 

JA/JNBE Jump if above/not below nor equal JP/JPE Jump if parity/parity even 

JAE/JNB Jump if above or equal/not below JS Jump if sign 

JB/JNAE Jump if below/not above nor equal UNCONDITIONAL TRANSFERS 

JBE/JNA Jump if below or equal/not above CALL Call procedure 

JC Jump if carry RET Return from procedure 

JE/JZ Jump if equal/zero JMP Jump 

JG/JNLE Jump if greater/not less nor equal ITERATION CONTROLS 

JGE/JNL Jump if greater or equal/ not less LOOP Loop 

JL/JNGE Jump if less/ not greater nor equal LOOPE/LOOPZ Loop if equal/zero 

JLE/JNG Jump if less or equal/not greater LOOPNE/LOOPNZ Loop if not equal/not zero 

JNC Jump if not carry JCXZ Jump if register ex = 0 

JNE/JNZ Jump if not equal/not zero INTERRUPTS 

JNO Jump if not overflow INT Interrupt 

JNP/JPO Jump if not parity/parity odd INTO Interrupt if overflow 

JNS Jump if not sign IRET Interrupt return 

Figure 4. 80C188 Instruction Set (Continued) 

To access operands that do not reside in one of the 
four immediately available segments, a full 32-bit 
pointer can be used to reload both the base (seg
ment) and offset values. 

TO MEMORY 

270432-6 

Figure 5. Two Component Address 

Table 3. Segment Register Selection Rules 

Memory Segment Implicit Segment Reference Register Selection Rule Needed Used 

Instructions Code(CS) Instruction prefetch and 
immediate data. 

Stack Stack (SS) All stack pushes and 
pops; any memory 
references which use BP 
Register as a base 
register. 

External Extra (ES) All string instruction 
Data references which use 
(Global) the DI register as an 

index. 
Local Data Data(DS) All other data references. 
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Addressing Modes 

The 80C188 provides E:)ight categories of addressing 
modes to specify operands. Two· addressing modes 
are provided for instructions that operate on register 
or'immediate operands: · 

• Register Operand Mode.'. The operand. is localed 
in one of the 8- or 16-bit general registers. 

• Immediate Operand Mode: The operand is in
cluded in the instruction. 

Six modes are provided to specify the location of an 
operand in a memory segment. A memory operand 
address consists of two 16-bit components: a seg
ment base and an offset. The segment base is sup
plied by a 16-bit segment register either implicitly 
chosen by the addressing mode or explicitly chosen 
by a segment override prefix. The offset, also called 
the effective address, is calculated by summing any 
combination of the following three address ele
ments: 

• the displacement (an 8- or 16-bit immediate value 
contained in the instruction); 

• the base (contents of either the BX or BP base 
registers); and 

• the index (contents of either the SI or DI index 
registers). 

Any carry out from the 16-bit addition is. ignored. 
Eigtit-bit displacements are sign extended to 16-bit 
values. 

Combinations of these three· address elements de
fine the six memory addressing modes, described 
below. 

• Direct Mode: The operand's offset is contained in 
the instruction as an 8- or 16-bit displacement el
ement. 

• Register Indirect Mode: The operand's offset is in 
one of the registers SI, DI, BX, or BP. 

• Based Mode: The operand's offset is the sum of 
an 8- or 16-bit displacement and the contents of 
a base register (BX or BP). 

• Indexed Mode: The operand's offset is the sum 
of an 8- or 16-bit displacement and the contents 
of an index register (SI or DI). 

• Based Indexed Mode: The operand's offset is the 
sum of the contents of a base register and an 
Index register. 

• Basedindexed Mode with Displacement: The op
erand's offset is the sum ofa base register's con
tents, an index register's contents, and an 8- or 
16-bit displacement. 

Data Types 

The 80C188 directly supports the following data 
types: 

• Integer: A signed binary numeric value contained 
in an 8-bit byte or a 16-bit word. All operations 
assume a 2's complement representation. 

• Ordinal: An unsigned binary numeric value con
,tained in an 8-bit byte or a 16-bit word. 

• Pointer: A 16- or 32-bit quantity, composed of a 
16-bit offset component or a 16-bit segment base 
component in addition to a 16-bit offset compo
nent. 

• String: A contiguous sequence of bytes or words. 
A string may contain from 1 to 64K bytes. 

• ASCII: A byte representation of alphanumeric and 
control characters using the ASCII standard of 
character representation. 

• BCD: A byte (unpacked) representation of the 
decimal digits 0-9. 

• Packed BCD: A byte (packed) representation of 
two decimal digits (0.-9). One digit is stored in 
each nibble (4-bits) of the byte. 

In general, individual data elements must fit within 
defined segment limits. Figure 7 graphically repre
sents the data types supported. by the 80C188. 

l/OSpace 

The 110 space consists of 64K 8-bit or 32K 16-bit 
ports. Separate instructions address the 110 space 
with either an 8-bit port address, specified in the in
struction, or a 16.bit port address in the DX register. 
8~bit port addresses are zero extended such that 
A1s-As are LOW. 110 port addresses OOF8(H) 
through OOFF(H) are reserved. 

Interrupts 

An interrupt transfers execution to a new program 
location. The old program addre~s (CS:IP) and ma
chine state (Status Word) are saved on the stack to 
allow resumption of the interrupted program. Inter
rupts fall into three classes: hardware initiated, INT 
instructions, and instruction exceptions. Hardware 
initiated interrupts occur in response to an external 
input and are classified as non-maskable or maska
ble. 

Programs may cause an interrupt with an INT in
struction. Instruction exceptions occur when an un
usual condition, which prevents further instruction, 
processing, is detected while attempting to execute 
an instruction. If the exception was caused by at
tempted execution of an ESC instruction, the return 
instruction will point to the ESC instruction, or to the 
segment override prefix immediately preceding 
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the ESC instruction if the prefix was present. In all 
other cases, the return address from an exception 
will point at the instruction immediately following the 
instruction causing the exception. 

7 0 
SIGNED IT"T""1 

BYTEll...:....J 

SIGN BIT.JL_._J 

MAGNITUDE 

7 0 
UNSIGNED fTTTTTTT'I 

BYTEL:......J 

1L.Mse 1 

MAGNITUDE 

+1 0 
1514 87 0 

s~~~gll 11I1; 'I; 11I111 I 
SIGN BIT.J .... L._M_se ___ ~ 

MAGNITUDE 

+1 0 
15 0 

UNS~~~g I'' I I I I I I I I I I I I I I 
1LMSB 

MAGNITUDE 

+N +1 0 
7 0 7 07 0 

BINARY fTTTTTTT1 I ii I I I ii I ~ ii I ii I I 
CODEDL:......J eee. . . 

DECIMAL BCD .._B_C_D ...... _B-CD__, 

(BCD) DIGIT N DIGIT 1 DIGIT 0 

+N +1 0 
7 0 7 07 0 

ASCllE:J •• • l'"l'"l'."'"'I 
ASCII ASCII ASCII 

CHARACTERN CHARACTER 1 CHARACTERo 

+N +1 ·O 
7 0 7 07 0 

PAC~~g E:J • • • I' ii I ii I I' ii I' ii I 
LJ LJ 
MOST LEAST 
SIGNIFICANT DIGIT SIGNIFICANT DIGIT 

+N +1 0 
715 0 715 0715 0 

STRINGE:] •. • l"'l"'l'"l'"I 
BYTE/WORD N BYTE/WORD 1 BYTE/WORD 0 

+3 +2 +1 0 
31 1615 0 

POINTER I' I I I I I I I I I I I I I I I I I I I ii I I I I I I I I 'I 
SELECTOR OFFSET 
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Figure 7. 80C188 Supported Data Types 

A table containing up to 256 pointers defines the 
proper interrupt service routine for each interrupt. In
terrupts 0-31, some of which are used for instruc
tion exceptions, are reserved. Table 4 shows the 
80C188 predefined types and default priority levels. 
For each interrupt, an 8-bit vector must be supplied 
to the 80C186 which identifies the appropriate table 
entry. Exceptions supply the interrupt vector inter
nally. In addition, internal peripherals and noncas
caded external interrupts will generate their own 
vectors through the internal interrupt controller. INT 
instructions contain or imply the vector and allow 
access to all 256 interrupts. Maskable hardware ini
tiated interrupts supply the 8-bit vector to the CPU 
during an interrupt acknowledge bus sequence. 
Non-maskable hardware interrupts use a predefined 
internally supplied vector. 

Interrupt Sources 

The 80C188 can service interrupts generated by 
software or hardware. The software interrupts are 
generated by specific instructions (INT, ESC, unused 
OP, etc.) or the results of conditions specified by 
instructions (array bounds check, INTO, DIV, IDIV, 
etc.). All interrupt sources are serviced by an indirect 
call through an element of a vector table. This vector 
table is indexed by using the interrupt vector type 
(Table 4), multiplied by four. All hardware-generated 
interrupts are sampled at the end of each instruc
tion. Thus, the software interrupts will begin service 
first. Once the service routine is entered and inter
rupts are enabled, any hardware source of sufficient 
priority can interrupt the service routine in progress. 

Those pre-defined 80C188 interrupts which cannot fl 
be masked by programming are described below. 

DIVIDE ERROR EXCEPTION (TYPE 0) 

Generated when a DIV or IDIV instruction quotient 
cannot be expressed in the number of bits in the 
destination. 

SINGLE-STEP INTERRUPT (TYPE 1) 

Generated after most instructions if the TF flag in 
the status word is set. This interrupt allows programs 
to execute one instruction at a time. Interrupts will 
not be generated after prefix instructions (e.g., REP), 
instructions which modify segment registers (e.g., 
POP DS), or the WAIT instruction. Vectoring to the 
single-step interrupt service routine clears the TF bit. 
An IRET instruction in the interrupt service routine 
restores the TF bit to logic "1" and transfers control 
to the next instruction to be single-stepped. 
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NON-MASKABLE INTERRUPT-NM! (TYPE 2) 

An external interrupt source which is serviced re
gardless of the state of the IF bit. No external ac
knowledge sequence is performed. The IF bit is 

cleared at the beginning of an NMI interrupt to pre
vent maskable interrupts from being serviced. A typi
cal use of NMI would be to activate a power failure 
routine. 

Table 4. 80C188 Interrupt Vectors 

Interrupt Vector Vector Default Related Appllcable 
Name Type Address Priority Instructions Notes 

Divide Error 0 OOH 1 DIV,IDIV 1 
Exception 

Single Step 1 04H 1A All 2 
Interrupt 

Non-Maskable 2 08H 1 All 
Interrupt (NMI) 

Breakpoint 3 OCH 1 INT 1 
Interrupt 

INTO Detected 4 10H 1 INTO 1 -
Overtlow 
Exception 

Array Bounds 5 14H 1 BOUND 1 
Exception 

Unused-Opcode 6 18H 1 Undefined 1 
Exception Opcodes 

ESCOpcOde 7 1CH 1 ESCOpcodes 1, 3 
Exception 

Timer O Interrupt 8 20H 2A 4,5 

Timer 1 Interrupt 18 48H 2B 4,5 

. Timer 2 Interrupt 19 4CH 2C 4,5 

Reserved 9 24H 3 

OMA 0 Interrupt 10 28H 5 5 

OMA 1 Interrupt 11 2CH 5 5 

INTO Interrupt 12 30H 6 

INT1 Interrupt 13 34H 7 i 

INT2 Interrupt 14 38H 8 

INT3 Interrupt 15 3CH 9 

Reserved 16, 17 40H,44H 

Reserved 20-31 50H ... 7CH 

NOTES: 
Default priorities for the intemlpt sources are used only if the user does not program each source 
to a unique priority level. 
1. Generated as a result of an instruction execution. 
2. Performed in same manner as 8088. 
3. An ESC opcode will cause a trap regardless of the 80C188 operating mode. The 80C188 is not 
directly compatible with the.80188 in this respect. The instruction set of a numerics coprocessor 
cannot be executed. 
4. All three timers constitute one source of request to the interrupt controller. As such, they share 
the same priority level with respect to other interrupt sources. However, the timers have a defined 
priority order among themselves (2A > 28 > 2C). 
5 .. The vector type numbers for these sources are programmable in Slave Mode. 
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BREAKPOINT INTERRUPT (TYPE 3) 

A one-byte version of the INT instruction. It uses 12 
as an index into the service routine address table 
(because it is a type 3 interrupt). 

INTO DETECTED OVERFLOW EXCEPTION 
(TYPE 4) 

Generated during an INTO instruction if the OF bit is 
set 

ARRAY BOUNDS EXCEPTION (TYPE 5) 

Generated during a BOUND instruction if the array 
index is outside the array bounds. The array bounds 
are located in memory at a location indicated by one 
of the instruction operands. The other operand indi
cates the value of the index to be checked. 

UNUSED OPCODE EXCEPTION (TYPE 6) 

Generated if execution is attempted on undefined 
opcodes. 

ESCAPE OPCODE EXCEPTION (TYPE 7) 

Generated if execution is attempted of ESC opcodes 
(D8H-DFH). The 80C188 does not check an escape 
opcode trap bit as does the 80C186. On the 
80C188, ESC traps occcur in both compatible and 
enhanced operating modes. The return address of 

this exception will point to the ESC instruction caus
ing the exception. If a segment override prefix pre
ceded the ESC instruction, the return address will 
point to the segment override prefix. 

NOTE: 
Unlike the 80188, all numerics coprocessor op
codes cause a trap. The 80C188 does not support 
the numerics interface. 

Hardware-generated interrupts are divided into two 
groups: maskable interrupts and non-maskable in
terrupts. The 80C188 provides maskable hardware 
interrupt request pins INTO-INT3. In addition, mask
able interrupts may be generated by the 80C188 in
tegrated OMA controller and the integrated timer 
unit. The vector types for these interrupts is shown 
in Table 4. Software enables these inputs by setting 
the interrupt flag bit (IF) in the Status Word. The in
terrupt controller is discussed in the peripheral sec
tion of this data sheet. 

Further maskable interrupts are disabled while serv
icing an interrupt because the IF bit is reset as part 
of the response to an interrupt or exception. The 
saved Status Word will reflect the enable status of 
the processor prior to the interrupt. The interrupt flag 
will remain zero unless specifically set. The interrupt 
return instruction restores the Status Word, thereby 
restoring the original status of IF bit. If the interrupt 
return re-enables interrupts, and another interrupt is 
pending, the 80C188 will immediately service the 
highest-priority interrupt pending, i.e., no instructions 
of the main line program will be executed. 
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lnltializatiori and. Processor Reset 
Processor initialization is accomplished by driving 
the RES input pin LOW. AtS must be LOW dR~~ 
power-up to ensure proper device initialization. 
forces the 80C188 to terminate all execution and 
local bus activity. No instruction or bus activity will 
occur as long as AtS is active. After RE'S becomes 
inactive and an internal processing interval elapses, 
the 80C188 begins execution with the instruction at 
physical location FFFFO(H). RES also sets some 
registers to predefined values as shown in Table 5. 

Table 5. 80C188 lnltlal Register 
State after RESET 

Status Word 
Instruction Pointer 
Code Segment 
Data Segment 
Extra Segment 
Stack Segment 
Relocation Register 
UMCS 

F002(H) 
OOOO(H) 
FFFF(H) 
OOOO(H) 
OOOO(H) 
OOOO(H) 
20FF(H) 
FFFB(H) 

THE 80C188 COMPARED TO THE 
80C186 

The 80C188 is an 8-bit processor designed based 
on the 80C186 internal structure. Most internal func
tions of the 80C188 are identical· to the equivalent 
80C186 functions. The 80C188 handles the external 
bus the same way the 80C186 does with the distinc
tion of handling only 8 bits at a time. Sixteen-bit op
erands are fetched or written in two consecutive bus 
cycles. The processors will look the same to the 
software engineer, with the exception of execution 
time. The internal register structure is identical and 
all instructions except numerics instructions have 
the same end result. Internally, there are four differ
ences between the 80C188 and the 80C186. All 
changes are related to the 8-bit bus interface. 

• The queue length is 4 bytes in the 80C188, 
whereas the 80C186 queue contains 6 bytes, or 
three words. The queue was shortened to pre
vent overuse of the bus by the BIU when pre
fetching instructions. This Was required because 
of the additional time necessary to fetch instruc
tions 8 bits at a time. 

• To further optimize the queue, the prefetching al
gorithm was changed. The 80C188 BIU will fetch 
a new instruction . to load into the queue each 
time there is a 1-byte hole (space available) in the 
queue. The 80C186 waits until a 2-byte space is 
available. 

• The internal execution time of an instruction is 
affected by the 8-bit interface. All 16-bit. fetches 
and writes from/to memory take an additional 
four clock cycles. The CPU may also be limited 
by the rate of instruction fetches when a series of 
simple operations occur. When the more sophisti
cated instructions of the 80C188 are being used, 
the queue has more time to fill and the execution 
proceeds more closely to the speed at which the 
execution unit will allow. 

• The 80C188 does not have a numerics interface, 
since the BOC186 numerics interface inherently 
requires 16-bit communication with the numerics 
coprocessor. 

The 80C188 and 80C186 are completely software 
compatible (except for numerics instructions) by vir
tue of their identical execution units. However, soft
ware that is system dependent may not be com
pletely transferable. 

The bus interface and associated control signals 
vary somewhat between the two processors. The 
pin assignments are nearly identical, with the follow
ing functional changes: 

• A8-A1S-:-These pins are only address outputs 
on the 80C188. These address lines are latched 
intl:lfnally and remain valid throughout the bus cy
cle. 

• BHE has no meaning on the 80C188. However, it 
was necessary to designate this pin the RFSH pin 
in order to provide an indication of DRAM refresh 
bus cycles. · 

80C188 CLOCK GENERATOR 

The 80C188 provides an on-chip clock generator for 
both internal and external clock generation. The , 
clock generator features a crystal oscillator, a divide
by-two counter, synchronous and asynchronous 
ready inputs, and reset circuitry. 
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Oscillator 

The SOC1 SS oscillator circuit is designed to be used 
either with a parallel resonant fundamental or third
overtone mode crystal, depending upon the frequen
cy range of the application as shown in Figure Sc. 
This is used as the time base for the SOC1 SS. The 
crystal frequency chosen should be twice the re
quired processor frequency. Use of an LC or RC cir
cuit is not recommended. 

The output of the oscillator is not directly available 
outside the SOC1 SS. The two recommended crystal 

. configurations are shown in Figures Sa and Sb. 
When used in third-overtone mode the tank circuit 
shown in Figure Sb is recommended for stable oper
ation. The sum of the stray capacitances and load
ing capacitors should equal the values shown. It is 
advisable to limit stray capacitance between the X1 
and X2 pins to less than 10 pF. While a fundamen
tal-mode circuit will require approximately 1 ms for 
start-up, the third-overtone arrangement may require 
1 ms to 3 ms to stabilize. 

Alternately, the oscillator may be driven from an ex
ternal source as shown in Figure Sd. The configura
tion shown in Figure Se is not recommended. 

Intel recommends the following values for crystal se
lection parameters: 

Temperature Range: 
ESR (Equivalent Series Resistance): 
Co (Shunt Capacitance of Crystal): 
C1 (Load Capacitance): 
Drive Level: 

Clock Generator 

o to 1o·c 
400 max 

7.0pF max 
20pF±2pF 

1 mW max 

The SOC1SS clock generator provides the 50% duty 
cycle processor clock for the SOC1 SS. It does this by 

dividing the oscillator output by 2 forming the sym
metrical clock. If an external oscillator is used, the 
state of the clock generator will change on the fall
ing edge of the oscillator signal. The CLKOUT pin 
provides the processor clock signal for use outside 
the SOC1 SS. This may be used to drive other system 
components. All timings are referenced to the output 
clock. 

READY Synchronization 

The SOC1 SS provides both synchronous and asyn
chronous ready inputs. Asynchronous ready syn
chronization is accomplished by circuitry which sam
ples ARDY in the middle of T2, T3 and again in the 
middle of each T w until ARDY is sampled HIGH. 
One-half CLKOUT cycle of resolution time is used 
for full synchronization of a rising ARDY signal. A 
high-to-low transition on ARDY may be used as an 
indication of the not ready condition but it must be 
performed synchronously to CLKOUT either in the 
middle of T 2, T 3 or T w. or at the falling edge of T 3 or 
Tw. 

A second ready input (SRDY) is provided to inter
face with externally synchronized ready signals. This 
input is sampled at the end of T 2. T 3 and again at 
the end of each T w until it is sampled HIGH. By 
. using this input rather than the asynchronous ready 
input, the half-clock cycle resolution time penalty is 
eliminated. This input must satisfy set-up and hold 
times to guarantee proper operation of the circuit. 

In addition, the SOC1 SS, as part of the integrated 
chip-select logic, has the capability to program WAIT fl 
states for memory and peripheral blocks. This is dis- , 
cussed in the Chip Select/Ready Logic description. 
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30pF E X1 
c::::1CRYSTAL 

t--4----1x2 
. 20pF 80C188 

(Ba) 
NOTE: Note1 
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RESET Logic 

The 80C188 provides both a RES input pin and a 
synchronized RESET output pin for use with other 
system components. The RES input pin on the 
80C188 is provided with hysteresis in order to facili
tate power-on Reset generation via an RC network. 
RESET output is guaranteed to remain active for at 
least five clocks given a RES input of at least six 
clocks. RESET may be delayed up to approximately 
two and one-half clocks behind RES. 

LOCAL BUS CONTROLLER 

The 80C188 provides a local bus controller to gener
ate the local bus control signals. In addition, it em
ploys a HOLD/HLDA protocol for relinquishing the 
local bus to other bus masters. It also provides out
puts that can be used to enable external buffers and 
to direct the flow of data on and off the local bus. 

Memory /Peripheral Control 

The 80C188 provides ALE, RD, and WR bus control 
signals. The RD and WR signals are used to strobe 
data from memory or 1/0 to the 80C188 or to strobe 
data from the 80C188 to memory or 1/0. The ALE 
line provides a strobe to latch the address when it is 
valid. The 80C188 local bus controller does not pro
vide a memory/1/0 signal. If this is required, use the 
S2 signal (which will require external latching), make 
the memory and 1/0 spaces nonoverlapping, or use 
only the integrated chip-select circuitry. 

Transceiver Control 

The 80C188 generates two control signals for exter
nal transceiver chips. This capability allows the addi
tion of transceivers for extra buffering wi!!)out adding 
external logic. These control lines, DT /A and DEN, 
are generated to control the flow of data through the 
transceivers. The operation of these signals is 
shown in Table 6. 

Table 6. Transceiver Control Signals Description 

Pin Name Function 

DEN (Data Enable) Enables the output 
drivers of the 
transceivers. It is active 
LOW during memory, 
1/0, or INTA cycles. 

DT /R (Data Transmit/ Determines the direction 
Receive) of travel through the 

transceivers. A HIGH 
level directs data away 
from the processor 
during write operations, 
while a LOW level directs 
data toward the 
processor during a read 
operation. 

Local Bus Arbitration 

The 80C188 uses a HOLD/HLDA system of local 
bus exchange. This provides an asynchronous bus 
exchange mechanism. This means multiple masters 
utilizing the same bus can operate at separate clock 
frequencies. The 80C188 provides a single HOLD/ 
HLDA pair through which all other bus masters may 
gain control of the local bus. External circuitry must 
arbitrate which external device will gain control of 
the bus when there is more than one alternate local 
bus master. When the 80C188 relinquishes control 
of the local bus, it floats DEN, AD, WR, SO-S2, 
LOCK, ADO-AD7, A8-A19, S7/RFSH, and DT/R to 
allow another master to drive these lines directly. 

The 80C188 HOLD latency time, i.e., the time be
tween HOLD request and HOLD acknowledge, is a 
function of the activity occurring in the processor 
when the HOLD request is received. A HOLD re
quest is second only to DRAM refresh requests in 
priority of activity requests the processor may re
ceive. Any bus cycle in progress will be completed 
before the 80C188 relinquishes the bus. This implies 
that if a HOLD request is received just as a DMA 
transfer begins, the HOLD latency can be as great 
as 4 bus cycles. This will occur if a DMA word trans
fer operation is taking place from an odd address to 
an odd address. This is a total of 16 clock cycles or 
more if WAIT states are required. In addition, if 
locked transfers are performed, the HOLD latency 
time will be increased by the length of the locked 
transfer. 

If the 80C188 has relinquished the bus and a refresh 
request is pending, HLDA is removed (driven LOW) 
to signal the remote processor that the 80C188 
wishes to regain control of the bus. The 80C188 will 
wait until HOLD is removed before taking control of 
the bus to run the refresh cycle. 
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Local Bus Controller and Reset 

During RESET, the local bus controller will perform 
the following action: 

• Drive DEN, RD, and WR HIGH for one clock cy
cle, then float them. 

• Drive SO-S2 to the inactive state (all HIGH) and 
then float. 

• Drive LOCK HIGH and then float. 

• Float ADO-AD?, A8-A19, S7/RFSH, DT/R. 

• Drive ALE LOW. 

• Drive HLDA LOW. 

RD/QSMD, UCS, LCS, and TEST pins have internal 
pullup devices which are active while RES is applied. 
Excessive loading or grounding certain of these pins 
causes the 80C188 to enter an alternative mode of 
operation: 

• RD/QSMD LOW results in Queue Status Mode. 

• UCS and LCS LOW results in ONCE Mode. 

• TEST LOW (and HIGH later) results in Enhanced 
Mode. 

INTERNAL PERIPHERAL INTERFACE 

All the 80C188 integrated peripherals are controlled 
by 16-bit registers contained within an internal 
256-byte control block. The control block may be 
mapped into either memory or 1/0 space. Internal 
logic will recognize control block addresses and re
spond to bus cycles. During bus cycles to internal 
registers, the bus controller will signal the operation 
externally (i.e., the RD, WR, status, address, data, 
etc., lines will be driven as in a normal bus cycle), 
but 015-0. SRDY, and ARDY will be ignored. The 
base address of the control block must be on an 
even 256-byte boundary (i.e., the lower 8 bits of the 
base address are all zeros). All of the defined regis
ters within this control block may be read or written 
by the 80C188 CPU at any time. 

The control block base address is programmed by a 
16-bit relocation register contained within the control 
block at offset FEH from the base address of the 
control block (see Figure 9). It provides the upper 12 
bits of the base address of the control block. The 
control block is effectively an internal chip select 
range and must abide by all the rules concerning 
chip selects (the chip select circuitry is discussed 
later in this data sheet). Any access to the 256 bytes 
of the control block activates an internal chip select. 

Other chip selects may overlap the control block 
only if they are programmed to zero wait states and 
ignore external ready. In iiddition, bit 12 of this regis
ter determines whether the control block will be 
mapped into 1/0 or memory space. If this bit is 1, the 
control block will be located in memory space. If the 
bit is 0, the control block will be located in· 1/0 
space. If the control register block is mapped into 
1/0 space, the upper 4 bits of the base address 
must be.programmed as 0 (since 1/0 addresses are 
only 16 bits wide). 

In addition to providing relocation information for the 
control block, the relocation register contains bits 
which place the interrupt controller into Slave Mode. 
At RESET, the relocation register is set to 20FFH, 
which maps the control block to start at FFOOH in 
1/0. space. An offset map of the 256-byte control 
register block is shown in Figure 10. 

CHIP-SELECT /READY GENERATION 
LOGIC 

The 80C188 contains logic which provides program
mable chip-select generation for both memories and 
peripherals. In addition, it can be programmed to 
provide READY (or WAIT state) generation. It can 
also provide latched address bits A 1 and A2. The 
chip-select lines are active for all memory and 1/0 
cycles in their programmed areas, whether they be 
generated by the CPU or by the integrated OMA unit. 

Memory Chip Selects 

The 80C188 provides 6 memory chip select outputs 
for 3 address areas; upper memory, lower memory, 
and midrange memory. One each is provided for up
per memory and lower memory, while four are pro
vided for midrange memory. 

The range for each chip select is user-programma
ble and can be set to 2K, 4K, SK, 16K, 32K, 64K, 
128K (plus 1 K and 256K for upper and lower chip 
selects). In addition, the beginning or base address 
of the midrange memory chip select may also be 
selected. Only one chip select may be programmed 
to be active for any memory location at a time. All 
chip select sizes are in bytes. 
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DOH 
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Figure 10. Internal Register Map 

Upper Memory CS 

The 80C188 provides a chip select, called UCS, for 
the top of memory. The top of memory is usually 
used as the system memory because after reset the 
80C188 begins executing at memory location 
FFFFOH. 

The upper limit of memory defined by this chip select 
is always FFFFFH, while the lower limit is program
mable. By programming the· lower limit, the size of 
the select block is also defined. Table 7 shows the 

relationship between the base address selected and 
the size of the memory block obtained. 

Table 7. UMCS Programming Values 

Starting 
Memory UMCSValue 

Address 
(Base 

Block (Assuming 

Address) 
Size RO= R1=R2=0) 

FF COO 1K FFFSH 
FFSOO 2K FFBSH 
FFOOO 4K FF38H 
FEOOO SK FE38H 
FCOOO 16K FC38H 
FSOOO 32K F838H 
FOOOO 64K F038H 
EOOOO 128K E038H 
coooo 256K C038H 

The lower limit of this memory block is defined in the 
UMCS register (see Figure 11 ). This register is at 
offset AOH in the internal control block. The legal 
values for bits 6-13 and the resulting starting ad
dress and memory block sizes are given in Table 7. 
Any combination of bits 6-13 not shown in Table 7 
will result in undefined operation. After reset, the 
UMCS register is programmed for a 1 K area. It must I 
be reprogrammed if a larger upper memory area is • 
desired. 

The internal generation of any 20-bit address whose 
upper 16 bits are equal to or greater than the UMCS 
value (with bits 0-5 as "O") asserts UCS. UMCS bits 
R2-RO specify the ready mode for the area of mem
ory defined by the chip select register, as explained 
later. 

Lower Memory CS 

The 80C188 provides a chip select for low memory 
called LCS. The bottom of memory contains the in
terrupt vector table, starting at location OOOOOH. 
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The lower limit of memory defined by this chip select 
is always OH, while the upper limit is programmable. 
By programming the upper· limit, the size of the 
memory block is defined. Table S shows the relation
ship between the upper address selected and the 
size of the memory block obtained. 

Table 8. LMCS Programming Values 

Upper 
Memory LMCSValue 

Address 
Block (Assuming 
Size RO=R1=R2=0) 

003FFH 1K 003SH 
007FFH 2K 007SH 
OOFFFH 4K OOFSH 
01FFFH SK 01FSH 
03FFFH 16K 03FSH 
07FFFH 32K 07FSH 
OFFFFH 64K OFF SH 
1FFFFH 12SK 1FFSH 
3FFFFH 256K 3FFSH 

The upper limit of this memory block is defined in the 
LMCS register (see Figure 12) at offset A2H in the 
internal control block. The legal values for bits 6-15 
and the resulting upper address and memory block 
sizes are given in Table S. Any combination of bits 
6-15 not shown in Table Swill result in undefined 
operation. After RESET, the LMCS register value is 
undefined. However, the ICS chip-select line will not 
become active until the LMCS register is accessed. 

Any internally generated 20-bit address whose up
per 16 bits are less than or equal to LMCS (with bits 
0-5 "1 ")will assert ICS. LMCS register bits R2-RO 
specify the READY mode for the area of memory 
defined by this chip-select register. 

Mid-Range Memory CS 

The SOC1 SS provides four MCS lines which are ac
tive within a user-locatable memory block. This 
block can be located within the SOC1 SS 1 M byte 
memory address space exclusive of the areas de
fined by UCS and LCS. Both the base ad-

15 14 13 12 11 10 

OFFSET: AOHI 1 I 1 u u I u I u I 
A19 

9 

u 

dress and size of this memory block are programma
ble. 

The size of the memory block defined by the mid
range select lines, as shown in Table 9, is deter
mined by bits S-14 of the MPCS register (see Figure 
13). This register is at location ASH in the internal 
control block. One and only one of bits S-14 must 
be set at a time. Unpredictable operation of the MCS 
lines will otherwise occur. Each of the four chip-se
lect lines is active for one of the four equal contigu
ous divisions of the mid-range block. If the total 
block size is 32K, each chip select is active for SK of 
memory with MCSO being active for the first range 
and MCS3 being active for the last range. 

The EX and MS in MPCS relate to peripheral func
tionality as described in a later section. 

Table 9. MPCS Programming Values 

Total Block Individual MPCSBits 
Size Select Size 14-8 

SK 2K 0000001B 
16K 4K 0000010B 
32K SK 0000100B 
64K 16K 0001000B 
12SK 32K 0010000B 
256K 64K 0100000B 
512K 12SK 1000000B 

The base address of the mid-range memory block is 
defined by bits 15-9 of the MMCS register (see Fig
ure 14). This register is at offset A6H in the internal 
control block. These bits correspond to bits 
A19-A13 of the 20-bit memory address. Bits 
A12-AO of the base address are always 0. The base 
address may be set at any integer multiple of the 
size of the total memory block selected. For exam
ple, if the mid-range block size is 32K (or the size of 
the block for which each MCS line is active is SK), 
the block could be located at 1 OOOOH or 1 SOOOH, 
but not at 14000H, since the first few integer multi
ples of a 32K memory block are OH, SOOOH, 
10000H, 1SOOOH, etc. After RESET, the contents of 
both registers are undefined. However, none of the 
MCS lines will be active until both the MMCS and 
MPCS registers are accessed. 

8 7 6 5 4 3 2 1 0 
u u I u I 1 I 1 I 1 I R2 I R1 I RO I 

A10 

Figure 11. UMCS Register 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
OFFSET: A2H I 0 I 0 u I u I u u I u I u u u I 1 1 I 1 I R2 I R1 I RO I 

A19 A10 

Figure 12. LMCS Register 
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Figure 13. MPCS Register 

15 9 3 0 

OFFSET: ASH I u I u I u I u I u I u I u I 1 I 1 I 1 1 I 1 1 I R2 I R1 I RO I 
A19 A13 

Figure 14. MMCS Register 

MMCS bits R2-RO specify READY mode of opera
tion for all four mid-range chip selects. 

The 512K block size for the mid-range memory chip 
selects is a special case. When using 512K, the 
base address would have to be at either locations 
OOOOOH or 80000H. If it were to be programmed at 
OOOOOH when the LCS line was programmed, there 
would be an internal conflict between the LCS ready 
generation logic and the MCS ready generation log
ic. Likewise, if the base address were programmed 
at 80000H, there would be a conflict with the UCS 
ready generation logic. Since the LCS chip-select 
line does not become active until programmed, while 
the UCS line is active at reset, the memory base can 
be set only at OOOOOH. If this base address is select
ed, however, the LCS range must not be pro
grammed. 

Peripheral Chip Selects 

The 80C188 can generate chip selects for up to sev
en peripheral devices. These chip selects are active 
for seven contiguous blocks of 128 bytes above a 
programmable base address. The base address 
may be located in either memory or 1/0 space. 

Seven CS lines called PCS0-6 are generated by the 
80C188. The base address is user-programmable; 
however it can only be a multiple of 1 K bytes, i.e., 
the least significant 10 bits of the starting address 
are always 0. · 

PCS5 and PCS6 can also be programmed to provide 
latched address bits A 1 and A2. If so programmed, 
they cannot be used as peripheral selects. These 
outputs can be connected directly to the AO and A 1 
pins used for selecting internal registers of 8-bit pe
ripheral chips. 

The starting address of the peripheral chip-select 
block is defined by the PACS register (see Figure 
15). The register is located at offset A4H in the inter-
nal control block. Bits 15-6 of this register corre-
spond to bits 19-10 of the 20-bit Programmable 
Base Address (PBA) of the peripheral chip-select 
block. Bits 9-0 of the PBA of the peripheral chip-se-
lect block are all zeros. If the chip-select block is 
located in 1/0 space, bits 12-15 must be pro
grammed zero, since the 1/0 address is only 16 bits Bl 
wide. Table 10 shows the address range of each ~ 
peripheral chip select with respect to the PBA con-
tained in PACS register. 

15 s 5 3 0 

OFFSET: A4H I u I u I u I u I u I u I u I u I u I u 1 I 1 1 I R2 I R1 I RO I 
A19 A10 

Figure 15. PACS Register 
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The user should program bits 15-6 to correspond to 
the desired peripheral base location. PACS bits 0-2 
are used to specify READY mode for PCSO-PCS3. 

Table 10. PCS Address Ranges 

PCS Line Active between Locations 

PCSO PBA -PBA+127 
PCS1 PBA + 128-PBA + 255 
PCS2 PBA + 256-PBA + 383 
PCS3 PBA + 384-PBA + 511 
PCS4 PBA + 512-PBA + 639 
PCS5 PBA + 640-PBA + 767 
PCS6 PBA + 768-PBA + 895 

The mode of operation of the peripheral chip selects 
is defined by the MPCS register (which is also used 
to set the size of the mid-range memory chip-select 
block, see Figure 13). The register is located at off
set ASH in the internal control block. Bit 7 is used to 
select the function of PCS5 and PCS6, while bit 6 is 
used to select whether the peripheral chip selects 
are mapped into memory or 1/0 space. Table 11 
describes the programming of these bits. After 
RESET, the contents of both the MPCS and the 
PACS registers are undefined, however none of the 
PCS lines will be active until both of the MPCS and 
PACS registers are accessed. 

Table 11. MS, EX Programming Values 

Bit Description 

MS 1 = Peripherals mapped into memory space. 
O = Peripherals mapped into 1/0 space. 

EX O = 5 PCS lines. A 1, A2 provided. 
1 = 7 PCS lines. A 1, A2 are not provided. 

MPCS bits 0-2 specify the READY mode for PCS4-
PCS6 as outlined below. 

READY Generation Logic 

The 80C188 can generate a READY si~I internally 
for each of the memory or peripheral CS lines. The 
number of WAIT states to be inserted for each pe
ripheral or memory is programmable to provide 0-3 
wait states for all accesses to the area for which the 
chip select is active. In addition, the 80C188 may be 
programmed to either ignore external READY for 
each chip-select range individually or to factor exter
nal READY with the integrated ready generator. 

READY control consists of 3 bits for each CS line or 
group of lines generated by the 80C188. The inter
pretation of the READY bits is shown in Table 12. 

Table 12. READY Bits Programming 

R2 R1 RO Number of WAIT States Generated 

0 0 0 0 wait states, external ADY 
also used. 

0 0 1 1 wait state inserted, external ADY 
also used. 

0 1 0 2 wait states inserted, external ADY 
also used. 

0 1 1 3 wait states inserted, external ADY 
also used. 

1 0 0 0 wait states, external ADY 
ignored. 

1 0 1 1 wait state inserted, external ROY 
ignored. 

1 1 0 2 wait states inserted, external ROY 
ignored. 

1 1 1 3 wait states inserted, external ROY 
ignored. 

The internal READY generator operates in parallel 
with external READY, not in series, if the external 
READY is used (R2 = 0). For example, if the inter
nal generator is set to insert two wait states, but 
activity on the external READY lines will insert four 
wait states, the processor will only insert four wait 
states, not six. This is because the two wait states 
generated by the internal generator overlapped the 
first two wait states generated by the external ready 
signal. Note that the external ARDY and SRDY lines 
are always ignored during cycles accessing internal 
peripherals. 

R2-RO of each control word specifies the READY 
mode for the corresponding block, with the excep
tion of the peripheral chip selects: R2-RO of PACS 
set the PCS0-3 READY mode, R2-RO of MPCS set 
the PCS4-6 READY mode. 

Chip Select/Ready Logic and Reset 

Upon RESET, the Chip-Select/Ready Logic will per
form the following actions: 

• All chip-select outputs will be driven HIGH. 

• Upon leaving RESET, the UCS line will be pro
grammed to provide chip selects to a 1 K block 
with the accompanying READY control bits set at 
011 to insert 3 wait states in conjunction with ex
ternal READY (i.e., UMCS resets to FFFBH). 

• No other chip select or READY control registers 
have any predefined values after RESET. They 
will not become active until the CPU accesses 
their control registers. Both the PACS and MPCS 
registers must be accessed before the PCS lines 
will become active. 
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OMA CHANNELS 

The 80C188 OMA controller provides two indepen
dent OMA channels. Data transfers can occur be
tween memory and 1/0 spaces (e.g., Memory to 1/0) 
or within the same space (e.g., Memory to Memory 
or 1/0 to 1/0). Each OMA channel maintains both a 
20-bit source and destination pointer which can be 
optionally incremented or decremented after each 
data transfer. Each data transfer consumes 2 bus 
cycles (a minimum of 8 clocks), one cycle to fetch 
data and the other to store data. 

OMA Operation 

Each channel has six registers in the control block 
which define each channel's operation. The control 
registers consist of a 20-bit Source pointer (2 
words), a 20-bit destination pointer (2 words), a 
16-bit Transfer Count Register, and a 16-bit Control 
Word. The format of the OMA Control Blocks is 
shown in Table 13. The Transfer Count Register 

20 err ADDER/SUBTRACTOR 

TRANSFER COUNTER CH. 1 

DEST. ADRS. POINTER CH. 1 

SRC. ADRS. POINTER CH. 1 

TRANSFER COUNTER CH. 0 

DEST. ADRS. POINTeR CH. 0 

SRC. ADRS. POINTER CH. 0 

(TC) specifies the number of OMA transfers to be 
performed. Up to 64K byte transfers can be per
formed with automatic termination. The Control 
Word defines the channel's operation (see Figure 
17). All registers may be modified or altered during 
any OMA activity. Any changes made to these regis
ters will be reflected immediately in OMA operation. 

Table 13. OMA Control Block Format 

Register Name 
Register Address 

Ch.O Ch.1 

Control Word CAH DAH 
Transfer Count C8H D8H 
Destination Pointer (upper 4 C6H D6H 

bits) 
Destination Pointer C4H D4H 
Source Pointer (upper 4 bits) C2H D2H 
Source Pointer COH DOH 

ADDER CONTROL 
LOGIC TIMER REQUEST 

REQUEST 
SELECTION 

LOGIC 

DMA 
CONTROL 

LOGIC 
INTERRUPT 
REQUEST 

CHANNEL CONTROL WORD 0 

270432-15 

Figure 16. OMA Unit Block Diagram 
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15 14 13 12 11 10 9 8 7 6 . 5 

M/ DESTINATION M/ SOURCE TC INT SYN p 
lrl DEC INC lrl DEC INC 

X = DON'T CARE. 

Figure 17. OMA Control Register 

OMA Channel Control Word Register 
Each OMA Channel Control Word determines the 
mode of operation for the particular 80C188 OMA 
channel. This register specifies: 
• the mode of synchronization; 
• whether interrupts will be generated after the last 

transfer; 
,.. whether OMA activity will cease after a pro

grammed number of OMA cycles; 
• the relative priority of the OMA channel with re

spect to the other OMA channel; 
• whether the source pointer will be incremented, 

decremented, or maintained constant after each 
transfer; 

• whether the source pointer addresses memory or 
110 space; 

• whether the destination pointer will be increment
ed, decremented, or maintained constant after 
each transfer; and 

• whether the destination pointer will address 
memory or 110 space. 

The OMA channel control registers may be changed 
while the channel is operating. However, any chang
es made during operation will affect the current OMA 
transfer. 

DMA Control Word Bit Descriptions 

DEST: M/10 Destination pointer is in memory 
(1) or 1/0 (0) space. 

DEC Decrement destination pointer by 
1 after each transfer. 

TC: 

INT: 

SYN: 

P: 

TORO: , 

4 
T 
D 
R 
a 

INC Increment destination pointer by 1 
·after each transfer. CHG/NOCHG: 

If both INC and DEC are specified, 
the pointer will remain constant af
ter each cycle. 

SOURCE: M/iO Source pointer is in memory (1) or 
1/0 (0) space. 

DEC Decrement source pointer by 1 af
ter each transfer. 

INC Increment source pointer by 1 af
ter each transfer. 

If both INC and DEC are specified, 
the pointer will remain constant af
ter each cycle. 

ST/STOP: 

24-506 
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x CHG/ ST/ x NClCRG S'i"OP 

If set, OMA will terminate when 
the contents of the transfer count 
register reach zero. The ST /STOP 
bit will also be reset at this point. If 
cleared, the OMA controller will 
decrement the transfer count reg
ister for each OMA cycle, but the 
OMA transfers will not stop when 
the transfer count register reaches 
zero. 

Enable interrupts to CPU upon 
transfer count termination. 

00 No synchronization. 

NOTE: 
When unsynchronized transfers 
are specified, the TC bit will be ig
nored and the ST /STOP bit will be 
cleared upon the transfer count 
reaching zero, stopping the chan
nel. 

01 Source synchronization. 

10 Destination synchronization. 

11 unused. 

Channel priority relative to other 
channel during simultaneous re
quests. 

0 Low priority. 

1 High priority. 

Channels will alternate cycles if 
both are set at the same priority 
level. · 

Enable/Disable (1 /0) OMA re
quests from timer 2. 

Cha5g(;Do not change (1 /0) the 
ST I T P bit. If this bit is set when 
writi~he control word, the 
ST/STOP bit will be programmed 
by the write to the control word. If 
this bit is cleared when writing the 
control word, the ST /STOP bit will 
not be altered. This bit is not 
stored; it will always be read as 0. 

Start/Stop (1 /0) channel. 
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OMA Destination and Source Pointer 
Registers 

Each OMA channel maintains a 20-bit source and a 
20-bit destination pointer. Each of these pointers 
takes up two full 16-bit registers in the peripheral 
control block. For each OMA Channel to be used, all 
four pointer registers must be initialized. The lower 
four bits of the upper register contain the upper four 
bits of the 20-bit physical address (see Figure 18). 
These pointers may be individually incremented or 
decremented after each transfer. 

Each pointer may point into either memory or 1/0 
space. Since the upper four bits of the address are 
not automatically programmed to zero, the user 
must program them in order to address the normal 
64K 1/0 space. Ther(;! is no restriction on values for 
the pointer registers. 

OMA Transfer Count Register 

Each OMA channel maintains a 16-bit transfer count 
register (TC). The register is decremented after ev
ery OMA cycle, regardless of the state of the TC bit 
in the OMA Control Register. If the TC bit in the OMA 
control word is set or if unsynchronized transfers are 
programmed, however, OMA activity will terminate 
when the transfer count register reaches zero. 

HIGHER 
REGISTER 
ADDRESS 

LOWER 
REGISTER 
ADDRESS 

xxx 

A15-A12 

15 

OMA Requests 

Data transfers may be either source or destination 
synchronized, that is either the source of the data or 
the destination of the data may request the data 
transfer. In addition, OMA transfers may be unsyn
chronized; that is, the transfer will take place contin
ually until the correct number of transfers has oc
curred. When source or unsynchronized transfers 
are performed, the OMA channel may begin another 
transfer immediately after the end of a previous 
OMA transfer. This allows a complete transfer to 
take place every 2 bus cycles or eight clock cycles 
(assuming no wait states). When destination syn
chronization is performed, data will not be fetched 
from the source address until the destination device 
signals that it is ready to receive it. Also, the OMA 
controller will relinquish control of the bus after ev
ery transfer. If no other bus activity is initiated, an
other destination synchronized OMA cycle will begin 
after two processor clocks. This allows the destina
tion device time to remove its request if another 
transfer is not desired. Since the OMA controller will 
relinquish the bus, the CPU can initiate a bus cycle. 
As a result, a complete bus cycle will often be insert" 
ed between destination synchronized transfers. Ta
ble 14 shows the maximum OMA transfer rates. 

Table 14. Maximum DMA Transfer 
Rates at CLKOUT = 16 MHz 

Type of 
Synchronization CPU Running CPU Halted 

Selected 

Unsynchronized 2.0 MBytes/sec 2.0 MBytes/sec 
Source Synch 2.0 MBytes/sec 2.0 MBytes/sec 
Destination Synch 1.3 MBytes/sec 1.6 MBytes/sec 

xxx xxx A19-A16 

A11-A8 A7-A4 A3-AO 

0 

XXX = DON'T CARE 

Figure 18. DMA Pointer Register Format 
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OMA Acknowledge 

· No explicit OMA acknowledge pulse is provided. 
Since both source · and destination pointers are 
maintained, a read from a requesting source, or a 
write to a requesting destination, should be used as 
the OMA acknowledge signal. Since the chip-select 
lines can be programmed to be active for a given 
block of memory or 110 space, and the OMA point
ers can be programmed to point to the same given 
block, a chip-select line could be used to indicate a 
OMA acknowledge. 

OMA Priority 

The OMA channels may be programmed to give one 
channel priority over the other, or they may be pro
grammed to alternate cycles when both have OMA 
requests pending. OMA cycles always have priority 
over. internal CPU cycles except between locked 
memory accesses; also, an external bus hold takes 
priority over an internal OMA cycle. Because an in
terrupt request cannot suspend a OMA operation 
and the CPU cannot access memory during a OMA 
cycle, interrupt latency time will suffer during se
quences of c.ontinuous OMA cycles. An NMI re
quest, however, will cause all· internal OMA activity 
to halt. This allows the CPU to quickly respond to the 
NMI request. 

OMA Programming 

OMA cycles will occur Whenever the ST /STOP bit of 
the Control Register is set. If synchronized transfers 
are programmed, a DRQ must. also be generated. 
Therefore the source and destination transfer point-

llAX COUNT WW1E 

" 

~RI 

ers, and the.transfer count register (if used) must be 
programmed before the ST/STOP.bit is set. 

Each OMA register may be modified while the chan
nel is operating. If the CHG/NOCHG bit is cleared 
when the control register is written, the ST /STOP bit 
of the control register will not be modified by. the 
write. If multiple channel registers are modified, it is 
recommended that a LOCKED string transfer be 
used to prevent a OMA transfer from occurring be
tween updates to the channel registers. 

OMA Channels and Reset 

Upon RESET, the state of the OMA channels will be 
as follows: 

• The ST /'S'i'OP bit for each channel will be reset 
to STOP. 

• Any transfer in progress is aborted. 

• The values of the transfer count registers, source 
pointers and destination pointers are indetermi
nate. 

TIMERS 

The 80C188 provides three internal 16-bit program
mable timers (see Figure 19). Two of these are high
ly flexible and are connected to four external pins (2 
per timer). They can be used to count external 
events, time external events, generate nonrepetitive 
waveforms, etc. The third timer is not connected to 
any external pins, and is useful for real-time coding 
and time delay applications. In addition, the third tim
er can be used as a prescaler to the other two, or as 
a OMA request source. 

Tl 
INT. 
lll!Q.' 

T20UT 

TIMER.2 

DMA 
REQ. 
T2 
INT. 
REQ. 

CLOCK/4 

llAX COUNT WWIE CLOCK/4 

• 
llAXCOUNTWWIE 

• llAX COUNT VALUE 

_,CONTROL -
INTERNAL-DATA-

270432-16 

Figure 19. Timer Block Diagram 
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Timer Operation 

The timers are controlled by 11 16-bit registers in 
the peripheral control block. The configuration of 
these registers is shown in Table 15. The count reg
ister contains the current value of the timer. It can be 
read or written at any time independent of whether 
the timer is running or not. The value of this register 
will be incremented for each timer event. Each of the 
timers is equipped with a MAX COUNT register, 
which defines the maximum count the timer will 
reach. After reaching the MAX COUNT register val
ue, the timer count value will reset to zero during 
that same clock, i.e., the maximum count value is 
never stored in the count register itself. Timers 0 and 
1 are, in addition, equipped with a second MAX 
COUNT register, which enables the timers to alter
nate their count between two different MAX COUNT 
values. If a single MAX COUNT register is used, the 
timer output pin will switch LOW for a single clock, 1 
clock after the maximum count value has been 
reached. In the dual MAX COUNT register mode, the 
output pin will indicate which MAX COUNT register 
is currently in use, thus allowing nearly complete 
freedom in selecting waveform duty cycles. For the 
timers with two MAX COUNT registers, the AIU bit in 
the control register determines which is used for the 
comparison. 

Each timer gets serviced every fourth CPU-clock cy
cle, and thus can operate at speeds up to one-quar
ter the internal clock frequency (one-eighth the crys
tal rate). External clocking of the timers may be done 
at up to a rate of one-quarter of the internal CPU
clock rate. Due to internal synchronization and pipe
lining of the timer circuitry, a timer output may take 
up to 6 clocks to respond to any individual clock or 
gate input. 

15 14 13 12 11 
EN INH INT RIU o I ... 

Since the count registers and the maximum count 
registers are all 16 bits wide, 16 bits of resolution are 
provided. Any Read or Write access to the timers will 
add one wait state to the minimum four-clock bus 
cycle, however. This is needed to synchronize and 
coordinate the internal data flows between the inter
nal timers and the internal bus. 

The timers have several programmable options. 

• All three timers can be set to halt or continue on 
a terminal count. 

• Timers O and 1 can select between internal and 
external clocks, alternate between MAX COUNT 
registers and be set to retrigger on external 
events. 

• The timers may be programmed to cause an in
terrupt on terminal count. 

These options are selectable via the timer mode/ 
control word. 

Timer Mode/Control Register 

The mode/control register (see Figure 20) allows 
the user to program the specific mode of operation 
or check the current programmed status for any of 
the three integrated timers. 

Table 15. Timer Control Block Format 

Register Name 
Register Offset 

Tmr.O Tmr.1 Tmr.2 

Mode/Control Word 56H 5EH 66H 
Max Count B 54H 5CH not present 
Max Count A 52H 5AH 62H 
Count Register 50H 58H 60H 

5 4 3 2 0 
MC RTG p EXT ALT I CONT I 

Figure 20. Timer Mode/Control Register 
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EN: 

The enable bit provides programmer control over 
the timer's RUN/HALT status. When set, the timer is 
enabled to increment subject to the input pin con
straints in the internal clock mode (discussed previ
ously). When cleared, the timer will be inhibited from 
counting. All input pin transistions during the time EN 
is zero will be ignored. If CONT is zero, the EN bit is 
automatically cleared upon maximum count. 

INH: 

The inhibit bit allows for selective updating of the 
enable (EN) bit. If INH is a one during the write to the 
mode/ control word, then the state of the EN bit will 
be modified by the write. If INH is a zero during the 
write, the EN bit will be unaffected by the operation. 
This bit is not stored; it will always be a O on a read. 

INT: 

When set, the INT bit enables interrupts from the 
timer, which will be generated on every terminal 
count. If the timer is configured in dual MAX CONT 
register mode, an interrupt will be generated each 
time the value in MAX COUNT register' A is reached, 
and each time the value in MAX COUNT register B is 
reached. If this enable bit is cleared after the inter
rupt request has been generated, but before a pend
ing interrupt is serviced, the interrupt request will still 
be in force. (The request is latched in the . Interrupt 
Controller). 

RIU: 

The Register In Use bit indicates which MAX 
COUNT register is currently being used for compari
son to the timer count value. A zero value indicates 
register A. The AIU bit cannot be written, i.e., its 
value is not affected when the control register is writ
ten. It is always cleared when the ALT bit is zero. 

MC: 

The Maximum Count bit is set whenever the timer 
reaches its final maximum count value. If the timer is 
configured in dual MAX COUNT register mode, this 
bit will be set each time the value in MAX COUNT 
register A is reached, and each time the value in 
MAX COUNT register B is reached. This bit is set 
regardless of the timer's interrupt-enable bit. The 
MC bit gives the user the ability to monitor timer 
status through software instead of through inter
rupts. 

Programmer intervention is required to clear this bit. 

RTG: 

Retrigger bit is only active for internal clocking (EXT 
= O). In this case it determines the control function 
provided by the input pin. 

If RTG = o, the input level gates the internal clock 
on and off. If the input pin is HIGH, the timer will 
count; if the input pin is LOW, the timer will hold its 
value. As indicated previously, the input signal may 
be asynchronous with respect to the 80C188 clock. 

When RTG = 1, the input pin detects LOW-to-HIGH 
transitions. The first such transition starts the timer 
running, clearing the timer value to zero on the first 
clock, and then incrementing thereafter. Further 
transitions on the input pin will again reset the timer 
to zero, from which it will start counting up again. If 
CONT = O, when the timer has reached maximum 
count, the EN bit will be cleared, inhibiting further 
timer activity. 

P:. 

The prescaler bit is ignored unless internal clocking 
has been selected (EXT = 0). If the P bit is a zero, 
the timer will count at one-fourth the internal CPU 
clock rate. If the P bit is a one, the output of timer 2 
will be used as a clock for the timer. Note that the 
user must initialize and start timer 2 to obtain the 
prescaled clock. 

EXT: 

The external bit selects between internal and exter
nal clocking for the timer. The external signal may 
be asynchronous with respect to the 80C188 clock. 
If this bit is set, the timer will count LOW-to-HIGH 
transitions on the input pin. If cleared, it will count an 
internal clock while using the input pin for control. In 
this mode, the function of the external pin is defined 
by the RTG bit. The maximum input to output tran
sition latency time may be as much as 6 clocks. 
However, clock inputs may be pipelined as closely 
together as every 4 clocks without losing clock puls
es. 

ALT: 

The ALT bit determines which of two MAX COUNT 
registers is used for count comparison. If ALT = 0, 
register A for that timer is always used, while if ALT 
= 1, the comparison will alternate between register 
A and register B when each maximum count is 
reached. This alternation allows the user to change 
one MAX COUNT register while the other is being 
used, and thus provides a method of generating 
non-repetitive waveforms. Square waves and pulse 
outputs of any duty cycle are a subset of available 
signals obtained by not changing the final count reg
isters. The ALT bit also determines the function of 
the timer output pin. If ALT is zero, the output pin will 
go LOW for one clock, the clock after the maximum 
count is reached. If ALT is one, the output pin will 
reflect the current MAX COUNT register being used 
(0/1 for B/ A). 
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CONT: 

Setting the CONT bit causes the associated timer to 
run continuously, while resetting it causes the timer 
to halt upon maximum count. If CONT = O and ALT 
= 1, the timer will count to the MAX COUNT register 
A value, reset, count to the register B value, reset, 
and halt. 

Not all mode bits are provided for timer 2. Certain 
bits are hardwired as indicated below: 

ALT = 0, EXT = 0, P = 0, RTG = 0, AIU = 0 

Count Registers 

Each of the three timers has a 16-bit count register. 
The contents of this register may be read or written 
by the processor at any time. If the register is written 
while the timer is counting.the new value will take 
effect in the current count cycle. 

The count registers should be programmed before 
attempting to use the timers since they are not auto
matically initialized to zero. 

Max Count Registers 

Timers 0 and 1 have two MAX COUNT registers, 
while timer 2 has a single MAX COUNT register. 
These contain the number of events the timer will 
count. In timers 0 and 1, the MAX COUNT register 
used can alternate between the two max count val
ues whenever the current maximum count is 
reached. 

A timer resets when the timer count register equals 
the max count value being used. If the timer count 
register or the max count register is changed so that 
the max count is less than the timer count, the timer 
does not immediately reset. Instead, the timer 
counts up to OFFFFH, "wraps around" to zero, 
counts up to the max count value, and then resets. 

Timers and Reset 

Upon RESET, the state of the timers will be as fol
lows: 

• All EN (Enable) bits are reset preventing timer 
counting. 

• For Timers 0 and 1, the RIU bits are reset to zero 
and the ALT bits are set to one. This results in the 
Timer Out pins going HIGH. 

• The contents of the count registers are indetermi
nate. 

INTERRUPT CONTROLLER 

The 80C188 can receive interrupts from a number of 
sources, both internal and external. The internal in
terrupt controller serves to merge these requests on 
a priority basis, for individual service by the CPU. 

Internal interrupt sources (Timers and DMA chan
nels) can be disabled by their own control registers 
or by mask bits within the interrupt controller. The 
80C188 interrupt controller has its own control regis
ter that sets the mode of operation for the controller. 

The interrupt controller will resolve priority among 
requests that are pending simultaneously. Nesting is 
provided so interrupt service routines for lower priori
ty interrupts may be interrupted by higher priority in
terrupts. A block diagram of the interrupt controller is 
shown in Figure 21. 

The 80C188 has a special Slave Mode in which the 
internal interrupt controller acts as a slave to an ex
ternal master. The controller is programmed into this 
mode by setting bit 14 in the peripheral control block 
relocation register. (See Slave Mode section.) 

MASTER MODE OPERATION 

Interrupt Controller External Interface 

Five pins are provided for external interrupt sources. 
One of these pins is NMI, the non-maskable inter
rupt. NMI is generally used for unusual events such 
as power-fail interrupts. The other four pins may .be 
configured in any of the following ways: 

• As four interrupt input lines with internally gener
ated interrupt vectors. 

• As an interrupt line and interrupt acknowledge 
line pair (cascade mode) with externally generat
ed interrupt vectors plus two interrupt input lines 
with internally generated vectors. 

• As two pairs of interrupt/interrupt acknowledge 
lines (Cascade Mode) with externally generated 
interrupt vectors. 

External sources in the Cascade Mode use external
ly generated interrupt vectors. When an interrupt is 
acknowledged, two INT A cycles are initiated and the 
vector is read into the 80C188 on the second cycle. 
The capability to interface to external 82C59A pro
grammable interrupt controllers is provided when 
the inputs are configured in Cascade Mode. 
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Interrupt Controller Modes of 
Operation 

The basic modes of operation of th.e interrupt con
troller. in master mode are similar ·to the 82C59A. 
The interrupt controller responds identically to inter
nal interrupts in all three modes: the difference is 
only in the interpretation of function of the four exter
nal interrupt pins. The interrupt c~ntroller is set into 
one of these three modes by programming the cor
rect bits in the INTO and INT1 control registers. The 
modes of interrupt controller operation are as fol
lows: 

Fully Nested Mode 

When in the fully nested mode four pins are used as 
direct interrupt requests as in Figure 22. The vectors 
for these four inputs are generated internally. An in
service bit is provided for every interrupt source. If a 
lower-priority device requests an interrupt while the 
in service bit (IS) is set, no interrupt will be generat~ 
ed by the interrupt controller. In addition, if another 
interrupt request occurs from the same interrupt 
source while the in-service bit is set, no interrupt will 
be generated by the interrupt controller. This allows 
interrupt service routines to operate with .interrupts 
enabled, yet be suspended only by interrupts of 
higher priority than the in-service interrupt. 

When a service routine is completed, the proper 15 
bit must be reset by writing the proper pattern to the 
EOI register. This is required to allow subsequent 
interrupts from this interrupt source and to allow 
servicing of lower-priority interrupts. An EOI com-

DMA1 
CCIHTllOL REG. 

mand is executed at the end of the service routine 
just before the return from interrupt instruction. If the 
fully nested structure has been upheld, the next 
highest-priority source with its 15 bit set is then serv
iced. · 

Cascade Mode 

The 80C188 has four interrupt pins and two of them 
have dual functions. In the fully nested mode the 
four pins are used as direct interrupt inputs and the 
corresponding veciors are generated internally. In 
the Cascade Mode, the four pins are configured into 
interrupt input-dedicated acknowledge signal pairs. 
The interconnection is shown in Figure 2a: INTO is 
an interrupt input · interfaced to an 82C59A, wl'!ile 
INT2/INTAO serves as the dedicated interrupt ac
knowledge signal to th~pheral. The same is 
true for INT1 and INT3/INTA1. Each pair can selec
tively. be placed in the Cascade or non-Cascade 
Mode by programming the proper value into INTO 
and INT1 control registers. The use of the dedicated 
acknowledge signals eliminates the need for the use 
of external logic to generate INTA and device select 
signals. 

The primary Cascade Mode allows the capability to 
serve up to 128 external interrupt sources through 
the use of external master and slave 82C59As. 
Three levels of priority are created, requiring priority 
resolution in the 80C188 interrupt controller, the 
master 82C59As, and the slave 82C59As. If an ex
ternal interrupt is serviced, one 15 bit is set at .each 
of these levels. When the interrupt service routine is 
completed, up to three end-of-interrupt commands 
must be issued by the programmer. 

INTA3/ 
lfoi'fA1/ 

IRQ 

EXT.INPUTO 
CONTllOL REG. 

INTERRUPT 
PRIORITY 
llllOLVEll 

EXT.INPUT1 
CCIHTllOL REG. 

EXT.INPUT2 
CONTllOL R!G. 

INTERRUPT 
llEQUESI" TO 
PROCUSOR · 

Figure 21. Interrupt Controller Block Diagram 
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INTO 

INT1 

80C188 

INT2 

INT3 

INTERRUPT SOURCE 

INTERRUPT SOURCE 

INTERRUPT SOURCE 

INTERRUPT SOURCE 

270432-18 

Figure 22. Fully Nested (Direct) Mode 
Interrupt Controller Connections 

Special Fully Nested Mode 

This mode is entered by setting the SFNM bit in 
INTO or INT1 control register. It enables complete 
nestability with external 82C59A masters. Normally, 
an interrupt request from an interrupt source will not 
be recognized unless the in-service bit for that 
source is reset. If more than one interrupt source is 
connected to an external interrupt controller, all of 
the interrupts will be funneled through the same 
80C188 interrupt request pin. As a result, if the ex
ternal interrupt controller receives a higher-priority 
interrupt, its interrupt will not be recognized by the 
80C188 controller until the 80C188 in-service bit is 
reset. In Special Fully Nested Mode, the 80C188 in
terrupt controller will allow interrupts from an exter
nal pin regardless of the state of the in-service bit for 
an interrupt source in order to allow multiple inter
rupts from a single pin. An in-service bit will continue 
to be set, however, to inhibit interrupts from other 
lower-priority 80C188 interrupt sources. 

Special procedures should be followed when reset
ting IS bits at the end of interrupt service routines. 
Software polling of the IS register in the external 
master 82C59A is required to determine if there is 
more than one bit set. If so, the IS bit in the 80C188 
remains active and the next interrupt service routine 
is entered. 

Operation in a Polled Environment 

The controller may be used in a polled mode if inter
rupts are undesirable. When polling, the processor 
disables interrupts and then polls the interrupt con
troller whenever it is convenient. Polling the interrupt 
controller is accomplished by reading the Poll Word 
(Figure 32). Bit 15 in the poll word indicates to the 
processor that an interrupt of high enough priority is 
requesting service. Bits 0-4 indicate to the proces
sor the type vector of the highest-priority source re
questing service. Reading the Poll Word causes the 
In-Service bit of the highest priority source to be set. 

It is desirable to be able to read the Poll Word infor
mation without guaranteeing service of any pending 

interrupt, i.e., not set the indicated in-service bit. The 
80C188 provides a Poll Status Word in addition to 
the conventional Poll Word to allow this to be done. 
Poll Word information is duplicated in the Poll Status 
Word, but reading the Poll Status Word does not set 
the associated in-service bit. These words are locat
ed in two adjacent memory locations in the register 
file. 

Master Mode Features 

Programmable Priority 

The user can program the interrupt sources into any 
of eight different priority levels. The programming is 
done by placing a 3-bit priority .level (0-7) in the con
trol register of each interrupt source. (A source with 
a priority level of 4 has higher priority over all priority 
levels from 5 to 7. Priority registers containing values 
lower than 4 have greater priority). All interrupt 
sources have preprogrammed default priority levels 
(see Table 4). 

If two requests with the same programmed priority 
level are pending at once, the priority ordering 
scheme shown in Table 4 is used. If the serviced 
interrupt routine reenables interrupts, other interrupt 
requests can be serviced. 

End-of-Interrupt Command 

The end-of-interrupt (EOI) command is used by the 
programmer to reset the In-Service (IS) bit when an 
interrupt service routine is completed. The EOI com
mand is issued by writing the proper pattern to the 
EOI register. There are two types of EOI commands, 
specific and nonspecific. The nonspecific command 
does not specify which IS bit is reset. When issued, 
the interrupt controller automatically resets the IS bit 
of the highest priority source with an active service 
routine. A specific EOI command requires that the 
programmer send the interrupt vector type to the in
terrupt controller indicating which source's IS bit is 
to be reset. This command is used when the fully 
nested structure has been disturbed or the highest 
priority IS bit that was set does not belong to the 
service routine in progress. 

Trigger Mode 

The four external interrupt pins can be programmed 
in either edge- or level-trigger mode. The control 
register for each external source has a level-trigger 
mode (L TM) bit. All interrupt inputs are active HIGH. 
In the edge sense mode or the level-trigger mode, 
the interrupt request must remain active (HIGH) until 
the interrupt request is acknowledged by the 
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80C188 GPU. In the edge-sense mode, if the level 
remains high after the interrupt is acknowledged, the 
input is disabled and no further requests will be gen
erated. The input level must go LOW for at least one 
clock cycle to re-enable the input. In the level-trigger 
mode, no such provision is made: holding the inter
rupt input HIGH will cause continuous interrupt re
quests. 

Interrupt Vectoring 

The 80C186 Interrupt Controller will generate inter
rupt vectors for the integrated OMA channels and 
the integrated Timers. In addition, the Interrupt Con
troller will generate interrupt vectors for the external 
interrupt lines if they are not configured in Cascade 
or Special Fully Nested Mode. The interrupt vectors 
generated are fixed and cannot be changed (see Ta
ble 4). 

Interrupt Controller Registers 

The Interrupt Controller register model is shown in 
Figure 24. It contains 15 registers. All registers can 
both be read or written unless specified otherwise. 

In-Service Register 

This register can be read from or written into. The 
format is shown in Figure 25. It contains the In-Serv
ice bit for each of the interrupt sources. The In-Serv
ice bit is set to indicate that a source's service rou
tine is in progress. When an In-Service bit is set, the 
interrupt controller will not generate interrupts to the 
CPU when it receives interrupt requests from devic
es with a lower programmed priority level. The TMR 
bit is the In-Service bit for all three timers; the DO 
and 01 bits are the In-Service bits for the two OMA 
channels; the 10-13 are the In-Service bits for the 

INTO ---82C59A --INTAO --
80C188 

INT1 ra-= = INTA1 

external interrupt pins. The IS bit is set when the 
processor acknowledges an interrupt request either 
by an interrupt acknowledge or by reading the poll 
register. The IS bit is reset at the end of the interrupt 
service routine by an end-of-interrupt command. 

Interrupt Request Register 

The internal interrupt sources have interrupt request 
bits inside the interrupt controller. The format of this 
register is shown in Figure 25. A read from this regis
ter yields the status of these bits. The TMR bit is the 
logical OR of all timer interrupt requests. DO and 01 
are the interrupt request bits for the OMA channels. 

The st.ate of the external interrupt input pins is also 
indicated. The state of the external interrupt pins is 
not a stored condition inside the interrupt controller, 
therefore the external interrupt bits cannot be writ
ten. The external interrupt request bits are set when 
an interrupt request is given to the interrupt control
ler, so if edge-triggered mode is selected, the bit in 
the register will be HIGH only after an inactive-to-ac
tive transition. For internal interrupt sources, the reg
ister bits are set when a request arrives and are re
set when the processor acknowledges the requests. 

Writes to the interrupt request register will affect the 
DO and 01 interrupt request bits. Setting either bit 
will cause the corresponding interrupt request while 
clearing either bit will remove the corresponding in
terrupt request. All other bits in the register are read
only. 

Mask Register 

This is a 16-bit register that contains a mask bit for 
each interrupt source. The format for this register is 
shown in Figure 25. A one in a bit position corre-

- INTERRUPT SOURCES - • -82C59A - • - • - • - . - • . • • • • • . 
• . • • • • • • - • -- . 

82C59A - • - • - • -- INTERRUPT SOURCES 
270432-19 

Figure 23. Cascade and Special Fully Nested Mode Interrupt Controller Connections 
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sponding to a particular source masks the source 
from generating interrupts. These mask bits are the 
exact same bits which are used in the individual con
trol registers; programming a mask bit using the 
mask register will also change this bit in the individu
al control registers, and vice versa. 

INT3 CONTROL REGISTER 

INT2 CONTROL REGISTER 

INT1 CONTROL REGISTER 

INTO CONTROL REGISTER 

DMA 1 CONTROL REGISTER 

DMA 0 C()NTROL REGISTER 

TIMER CONTROL REGISTER 

INTERRUPT STATUS REGISTER 

INTERRUPT REQUEST REGISTER 

IN-SERVICE REGISTER 

PRIORITY MASK REGISTER 

MASK REGISTER 

POLL STATUS REGISTER 

POLL REGISTER 

EOI REGISTER 

OFFSET 

3EH 

3CH 

3AH 

38H 

36H 

34H 

32H 

30H 

2EH 

2CH 

2AH 

28H 

26H 

24H 

22H 

Figure 24. Interrupt Controller Registers 
(Master Mode) 

15 14 10 9 8 

Priority Mask Register 

This register masks all interrupts below a particular 
interrupt priority leveL The format of this register is 
shown in Figure 26. The code in the lower three bits 
of this register inhibits interrupts of priority lower (a 
higher priority number) than the code specified. For 
example, 100 written into this register masks inter
rupts of level five (101 ), six (110), and seven (111 ). 
The register is reset to seven (111) upon RESET so 
no interrupts are masked due to priority number. 

Interrupt Status Register 

This register contains general interrupt controller 
status information. The format of this register is 
shown in Figure 27. The bits in the status register 
have the following functions: 

OHL T: OMA Halt Transfer; setting this bit halts all 
OMA transfers. It is automatically set when
ever a non-maskable interrupt occurs, and it 
is reset when an IRET instruction is execut
ed. This bit allows prompt service of all non
maskable interrupts. This bit may also be set 
by the programmer. 

IRTx: These three bits represent the individual tim
er interrupt request bits. These bits differenti
ate between timer interrupts, since the timer 
IR bit in the interrupt request register is the 
"OR" function of all timer interrupt request. · 
Note that setting any one of these three bits 
initiates an interrupt request to the interrupt 
controller. 

7 6 5 2 0 

I o o I • • I o o I o I ~ I ~ I ~ DO 0 ITMRI 

Figure 25. In-service, Interrupt Request, and Mask Register Formats 

15 14 3 2 1 0 

I o o I • • I 

Figure 26. Priority Mask Register Format 

15 14 7 6 5 4 3 2 1 0 

IDHLTI 0 I • • o I o I o I o 0 I 1RT2 I 1RT1 I 1RTO I 

Figure 27. Interrupt Status Register Format (Master Mode) 
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Timer, OMA 0, 1;. Control Register 

These registers are the control words for all the in
ternal interrupt sources. The format for these regis
ters is shown· in Figure 28. The three bit positions 
PRO, PR 1, and PR2 represent the programmable pri
ority level of the interrupt source. The MSK bit inhib
its interrupt requests from the interrupt source. The 
MSK bits in the. individual control registers are the 
exact same bits as are in the Mask Register; modify
ing them in. the individual control registers will also 
modify them in the Mask Register, and vice versa. 

INTO-INT3 Control Registers 

. These registers are the control words for the four 
external input pins. Figure 29 shows the format of 
the INTO and INT1 Control registers; Figure 30 
shows the format of the INT2 and INT3 Control reg
isters. In Cascade Mode or Special Fully Nested 
Mode, the control words for INT2 and INT3 are not 
used. 

The bits in the various control registers are encoded 
as follows: 

PRD-2: Priority programming information. Highest 
Priority = 000, Lowest Priority. = 111 

L TM: Level-trigger mode bit. 1 = level-triggered; 
0 = edge-triggered. Interrupt Input levels 
are active high. In level-triggered mode, an 
interrupt is generated whenever the exter
nal line is high. In edge-triggered mode, an 
interrupt will be generated only when this 

15 14 

o o I • • 

level is preceded by an inactive-to-active 
transition on the line. In both cases, the 
level must remain active until the interrupt 
is acknowledged. 

MSK: Mask bit, 1 = mask; 0 = non-mask. 

C: Cascade mode bit, 1 ·= cascade; o == di
rect 

SFNM: Special Fully Nested Mode bit, 1 = SFNM 

EOI Register 

The end of the interrupt register is a command regis
ter which can only be written into. The format of this 
register is shown in Figure 31. It initiates an EDI 
command when written to by the 80C188 CPU. 

The bits in the EDI register are encoded as follows: 

Sx: Encoded information that specifies an in~ 
terrupt source vector type as shown in Ta
ble 4. For example, to reset the In-Service 
bit for OMA channel 0, these bits should be 
set to 01010, since the vector type for OMA 
channel 0 is 10. 

NOTE: 

To reset the single In-Service bit for any of 
the three timers, the vector type for timer 0 
(8) should be written in this register. 

NSPEC/: A bit that determines the type of EDI com-
SPEC mand. Nonspecific· = 1, Specific = 0. 

4 3, 2 1 0 
0 I MSK I PA2 I PA1 I PAO I 

Figure 28. Tlmer/DMA Control Registers Formats 

15 14 7 6 5 4 3 2 1 0 

I o o I • • o lsFNMI c I LTM I MsKI PA2 I PA1 I PAO I 

Figure 29. INTO/INT1 Control Register Formats 

15 14 5 4 3 ~ 1 0 

I o o i • 0 I LTM I MSK I PA2 I PA1 I PAO I 

Figure 30. INT2/INT3 Control Register Formats 
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Poll and Poll Status Registers 

These registers contain polling information. The for
mat of these registers is shown in Figure 32. They 
can only be read. Reading the Poll register consti
tutes a software poll. This will set the IS bit of the 
highest priority pending interrupt. Reading the poll 
status register will not set the IS bit of the highest 
priority pending interrupt; only the status of pending 
interrupts will be provided. 

Encoding of the Poll and Poll Status register bits are 
as follows: 

Sx: Encoded information that indicates the 
vector type of the highest priority inter
rupting source. Valid only when INTREQ 
= 1. 

INTREQ: This bit determines if an interrupt request 
is present. Interrupt Request = 1; no In
terrupt Request = 0. 

SLAVE MODE OPERATION 

When Slave Mode is used, the internal 80C188 inter
rupt controller will be used as a slave controller to an 
external master interrupt controller. The internal 
80C188 resources will be monitored by the internal 
interrupt controller, while the external controller 
functions as the system master interrupt controller. 

15 14 13 

ISPEC/ I 
NSPEC 

0 I 0 I . 

Upon reset, the 80C188 will be in master mode. To 
provide for slave mode operation bit 14 of the relo
cation register should be set. 

Because of pin limitations caused by the need to 
interface to an external 82C59A master, the internal 
interrupt controller will no longer accept external in
puts. There are however, enough 80C188 interrupt 
controller inputs (internally) to dedicate one to each 
timer. In this mode, each timer interrupt source has 
its own mask bit, IS bit, and control word. 

In Slave Mode each peripheral must be assigned a 
unique priority to ensure proper interrupt controller 
operation. Therefore, it is the programmer's respon
sibility to assign correct priorities and initialize inter
rupt control registers before enabling interrupts. 

Slave Mode External Interface 

The configu~ation of the 80C188 with respect to an 
external 82C59A master is shown in Figure 33. The 
INTO (Pin 45) input is used as the BOC188 CPU inter
rupt input. IRQ (Pin 41) functions as an output to 
send the BOC188 slave-interrupt-request to one of 
the 8 master-PIG-inputs. 

5 4 3 2 0 . I 0 I S4 S3 S2 S1 so 

Figure 31. EOI Register Format 

15 14 13 5 4 3 2 0 

1~~61 0 I 0 I . . I 0 I S4 S3 S2 S1 so 

Figure 32. Poll and Poll Status Register Format 
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(45) 
- INTERRUPT SOURCES 

INTO 
Vee INT - OR OTHER SLAVES 

CPU 82C59A --(42) INTA -INTAO -
80C188 

(44) 
SELECT 

CASCADE 
PIC ADDRESS 

(41) DECODER 
IRO 

270432-20 

Figure 33. Slave Mode Interrupt Controller Connections 

Correct master-slave interface requires decoding of 
the slave addresses (CAS0-2). Slave 82C59As do 
this internally. Because of pin limitations, the 
80C188 slave address will have to be decoded ex
ternally. SELECT (Pin 44) is used as a slave-select 
input. Note that the slave vector address is trans
ferred internally, but the READY input must be sup
plied externally. 

INTAO (Pin 42) is used as an acknowledge output, 
suitable to drive the INTA input of an 82C59A. 

Interrupt Nesting 

Slave Mode operation allows nesting of interrupt re
quests. When an interrupt is acknowledged, the pri
ority logic masks off all priority levels except those 
with equal or higher priority. 

Vector Generation in the Slave Mode 

Vector generation in Slave Mode is exactly like that 
of an 8259A or 82C59A slave. The interrupt control
ler generates an 8-bit vector type number which the 
CPU multiplies by four to use as an address into the 
vector table. The five most significant bits of this 
type number are user-programmable while the three 
least significant bits are defined according to Figure 
34. The significant five bits of the vector are pro
grammed by writing to the Interrupt Vector register 
at offset 20H. 

Specific End-of-Interrupt 

In Slave Mode the specific EOI command operates 
to reset an in-service bit of a specific priority. The 
user supplies a 3-bit priority-level value that points to 
an in-service bit to be reset. The command is exe
cuted by writing the correct value in the Specific EOI 
register at offset 22H. 

Interrupt Controller Registers 
in the Slave Mode 

All control and command registers are located inside 
the internal peripheral control block. Figure 34 
shows the offsets of these registers. 

End-of-Interrupt Register 

The end-of-interrupt register is a command register 
which can only be written. The format of this register 
is shown in Figure 35. It initiates an EOI command 
when written by the 80C188 CPU. 

The bits in the EOI register are encoded as follows: 

VT x= Three least-significant vector type bits corre
sponding to the source for which the IS bit is 
to be reset. Figure 34 indicates these bits. 
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In-Service Register 

This register can be read from or written into. It con
tains the in-service bit for each of the internal inter
rupt sources. The format for this register is shown in 
Figure 36. Bit positions 2 and 3 correspond to the 
OMA channels; positions 0, 4, and 5 correspond to 
the integral timers. The source's IS bit is set when 
the processor acknowledges its interrupt request. 

Interrupt Request Register 

This register indicates which internal peripherals 
have interrupt requests pending. The format of this 
register is shown in Figure 36. The interrupt request 
bits are set when a request arrives from an internal 
source, and are reset when the processor acknowl
edges the request. As in Master Mode, DO and 01 
are read/write; all other bits are read only. 

Mask Register 

This register contains a mask bit for each interrupt 
source. The format for this register is shown in Fig
ure 36. If the bit in this register corresponding to a 
particular interrupt source is set, any interrupts from 
that source will be masked. These mask bits are ex
actly the same bits which are used in the individual 
control registers, i.e., changing the state of a mask 
bit in this register will also change the state of the 
mask bit in the individual interrupt control register 
corresponding to the bit. 

Control Registers 

These registers are the control words for all the in
ternal interrupt sources. The format of these regis
ters is shown in Figure 37. Each of the timers and 
both of the OMA channels have their own Control 
Register. 

15 14 13 8 

I 0 0 I 0 I . . I 0 I 

The bits of the Control Registers are encoded as 
follows: 

prx: 3-bit encoded field indicating a priority level 
for the source. 

msk: mask bit for the priority level indicated by prx 
bits. 

7 
0 

TIMER 2 CONTROL REGISTER 
(VECTOR TYPE xxxxx101) 

TIMER 1 CONTROL REGISTER 
(VECTOR TYPE xxxxx100) 

OMA 1 CONTROL REGISTER 
(VECTOR TYPE xxxxx011) 

OMA 0 CONTROL REGISTER 
(VECTOR TYPE xxxxx010) 

TIMER 0 CONTROL REGISTER 
(VECTOR TYPE xxxxxOOO) 

INTERRUPT STATUS REGISTER 

INTERRUPT-REQUEST REGISTER 

IN-SERVICE REGISTER 

PRIORITY-LEVEL MASK REGISTER 

MASK REGISTER 

SPECIFIC EOI REGISTER 

INTERRUPT VECTOR REGISTER 

OFFSET 

3AH 

38H 

36H 

34H 

32H 

30H 

2EH 

2CH 

2AH 

28H 

22H 

20H 

Figure 34. Interrupt Controller Registers 
(Slave Mode) 

6 5 4 3 2 1 0 
0 I 0 I 0 I 0 I VT2 I VT1 I VTO I 

Figure 35. Specific EOI Register Format 

15 14 13 8 7 6 5 4 3 2 0 
0 0 0 I . . I 0 I 0 I 0 ITMR2,TMR1 I 01 DO 0 ITMRol 

Figure 36. In-Service, Interrupt Request, and Mask Register Format 
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Interrupt Vector Register 

This register provides the upper five bits of the inter
rupt vector address. The format of this register is 
shown in Figure 38. The interrupt controller itself 
provides the lower three bits of the interrupt vector 
as determined by the priority level of the interrupt 
request. 

The format of the bits in this register is: 

tx: 5-bit field indicating the upper five bits of the 
vector address. 

Priority-Level Mask Register 

This register indicates the lowest priority-level inter
rupt which will be serviced. 

The encoding of the bits in this register is: 

mx: 3-bit encoded field indication priority-level val
ue. All levels of lower priority will be masked. 

Interrupt Status Register 

This register is defined as in Master Mode except 
that OHL T is not implemented (see Figure 27). 

Interrupt Controller and Reset 

Upon RESET, the interrupt controller will perform 
the following actions: 

• All SFNM bitll reset to O, implying Fully Nested 
Mode. 

• All PR bits in the various control registers set to 1. 
This places all sources at lowest priority (level 
111). 

• All L TM bits reset to O, resulting in edge-sense 
mode. 

• All Interrupt Service bits reset to 0. 

• All Interrupt Request bits reset to 0. 

• All MSK (Interrupt Mask) bits set to 1 (mask). 

• All C (Cascade) bits reset to 0 (non-Cascade). 

• All PAM (Priority Mask) bits set to 1, implying no 
levels masked. 

• Initialized to Master Mode. 

15 14 13 a 1 a s 4 3 2 1 o 
I o o I o I • • I 0 I 0 I 0 I 0 I 0 I MSK I PR2 I PR1 I PRO I 

Figure 37. Control Word Format 

15 14 13 a 7 6 5 4 3 2 0 

I 0 0 I 0 I . . I 0 I t4 I 13 I t2 I 11 tO I 0 I 0 I 0 I 

Figure 38. Interrupt Vector Register Format 

15 14 13 a 7 6 5 4 3 2 0 

I 0 0 0 I . . I 0 I 0 I 0 I 0 I 0 I 0 I m2 m1 mo I 

Figure 39. Priority Level Mask Register 
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Enhanced Mode Operation 

In Compatible Mode the 80C188 operates with all 
the features of the NMOS 80188, with the exception 
of 8087 support (i.e. no numeric coprocessing is 
possible). Queue-Status information is still available 
for design purposes other than 8087 support. 

All the Enhanced Mode features are completely 
masked when in Compatible Mode. A write to any of 
the Enhanced Mode registers will have no effect, 
while a read will not return any valid data. 

In Enhanced Mode, the 80C188 will operate with 
Power-Save and DRAM refresh, in addition to all the 
Compatible Mode features. 

Entering Enhanced Mode 

Enhanced mode can be entered by tying the RESET 
output signal from the 80C188 to the TEST /BUSY 
input. 

Queue-Status Mode 

The queue-status mode is entered by strapping the 
RD pin low. RD is sampled at RESET and if LOW, 
the 80C188 will reconfigure the ALE and WR pins to 
be QSO and QS1 respectively. This mode is avail
able on the 80C188 in both Compatible and En
hanced Modes. 

DRAM Refresh Control Unit 
Description 

The Refresh Control Unit (RCU) automatically gen
erates DRAM refresh bus cycles. The RCU operates 
only in Enhanced Mode. After a programmable peri
od of time, the RCU generates a memory read re
quest to the SIU. If the address generated during a 
refresh bus cycle is within the range of a properly 
programmed chip select, that chip select will be acti
vated when the SIU executes the refresh bus cycle. 
The ready logic and wait states programmed for that 
region will also be in force. If no chip select is acti
vated, then external ready is automatically required 
to terminate the refresh bus cycle. 

If the HLDA pin is active when a DRAM refresh re
quest is generated (indicating a bus hold condition), 
then the 80C188 will deactivate the HLDA pin in or
der to perform a refresh cycle. The circuit external to 
the 80C188 must remove the HOLD signal for at 
least one clock in order to execute the refresh cycle. 
The sequence of HLDA going inactive while HOLD is 
being held active can be used to signal a pending 
refresh request. 

All registers controlling DRAM refresh may be read 
and written in Enhanced Mode. When the processor 
is operating in Compatible Mode, they are deselect
ed and are therefore inaccessible. Some fields of 
these registers cannot be written and are always 
read as zeros. 

DRAM Refresh Addresses 

The address generated during a refresh cycle is de
termined by the contents of the MDRAM register 
(see Figure 40) and the contents of a 9-bit counter. 
Figure 41 illustrates the origin of each bit. 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 

~~:~~~HI M6 I MS I M4 I M3 I M2 I M1 I MO I 0 I 0 0 I 0 I 0 I 0 I 0 0 

Bits 0-8: Reserved, read back as O. 

Bits 9-15: MO-M6, are address bits A13-A19 of the 20-bit memory refresh address. These bits should 
correspond to any chip select address to be activated for the DRAM partition. These bits are 
cleared to o on RESET. 

Figure 40. Memory Partition Register 

A19 A18 A17 A16 A15 A14 A13 A12 A11 A10 A9 AB A7 A6 A5 A4 A3 A2 A1 AO 

I Ma I MS I M4 I M3 I M2 I M1 I MO I o I o I o I cAa I cA1 I cAa I CAs i cM 1 CAs I CA2 i CA1 I CAO I 1 I 
M6-MO: Bits defined by MDRAM Register 

CAB-CAO: Bits defined by refresh address counter. These bits change according to a linear/feedback 
shift register; they do not directly follow a binary count. 

Figure 41. Addresses Generated by RCU 
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Bits 0-S: CO-CS, clock divisor register, holds the number of CLKOUT cycles between each refresh 
request. 

Bits 9-15: Reserved, read back as 0. 

Figure 42. Clock'Pre-Scaler Register 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

6~~~~~HI E I 0 I 0 I 0 I 0 I 0 I 0 I T8 I T7 I TS I TS I T4 I T3 I T2 I T1 I TO I 
BitsO-S: 

Bits 9-14: 

TO-TS, refresh clock counter outputs. Read only. 

Reserved, read back as o. 
Bit 15: Enable RCU, set to 0 on RESET. 

Figure 43. Enable RCU Register 

Refresh Control.Unit Programming and 
Operation 

After programming the MDRAM and the CORAM 
registers (Figures 40 and 42), the RCU is enabled by 
setting the "E" bit in the EDRAM register (Figure 
43). The clock counter (TO-TS of EDRAM) will be 
loaded from CO-CS of CORAM during T 3 of instruc
tion cycle that sets the "E" bit. The clock counter is 
then decremented at each subsequent CLKOUT. 

A refresh is requested when the value of the counter 
has reached 1 and the counter is reloaded from 
CORAM. In order to avoid missing refresh requests, 
the value in the CORAM register should always be at 
least 1S (12H). Clearing the "E" bit at anytime will 
clear the counter and stop refresh requests, but will 
not reset the refresh address counter. 

POWER-SAVE CONTROL 

Power Save Operation 

The SOC1 SS, when in Enhanced Mode, can enter a 
power saving state by internally dividing the proces
sor clock frequency by a programmable factor. This 
divided frequency is a!so available at the CLKOUT 

pin. The PDCON register contains the two-bit fields 
· for selecting the clock division factor and the enable 

bit. 

All internal logic, including the Refresh Control Unit 
and the timers, will have their clocks slowed down 
by the division factor. To maintain a real time count 
or a fixed DRAM refresh rate, these peripherals must 
be re-programmed when entering and leaving the 
power-save mode. 

The power-save mode is exited whenever an inter
rupt is processed by automatically resetting the en· 
able bit. If the power-save mode is to be re-entered 
after serving the interrupt, the enable bit will need to 
be set in software before returning from the interrupt 
routine. 

The internal clocks of the SOC1 SS will begin to be 
divided during the T 3 state of the instruction cycle 
that sets the enable bit. Clearing the enable bit will 
restore full speed in the T 3 state of that instruction. 

At no time should the internal clock frequency be 
allowed to fall below 0.5 MHz. This is the minimum 
operational frequency of the SOC1 SS. For example, 
an SOC1 SS running with a 12 MHz crystal (6 MHz 
CLOCKOUT) should never have a clock divisor 
greater than eight. 
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 
6~~~H.~'-E-'-o--'-l_o~l_o__,__o_L_o--'-l_o~l_o_._l_o~l_o_,__o~l'---o~l_o_IL-oil_F1_J_I F_Jol 

Bits 0-1: Clock Divisor Select 
F1 FO Division Factor 
0 O divide by 1 
0 1 divide by 4 

O divide by8 
1 divide by 16 

Bits 2-14: Reserved, read back as zero. 
Bit 15: Enable Power Save Mode. Set to zero on RESET. 

Figure 44. Power-Save Control Register 

ONCE™ Test Mode The ONCE mode is selected by tying the UCS and 

To facilitate testing and inspection of devices when 
fixed into a target system, the 80C188 has a test 
mode available which allows all pins to be placed in 
a high-impedance state. ONCE stands for "ON Cir
cuit Emulation". When placed in this mode, the 
80C188 will put all pins in the high-impedance state 
until RESET. 

the LCS LOW during RESET. These pins are sam
pled on the low-to-high transition of the RES pin. 
The UCS and the LCS pins have weak internal pull· 
up resistors similar to the RD and TEST pins to guar
antee normal operation. 
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25MHZ r01 
y X1 X2 ace ucsr--------'------------1 

~ ~ ADDRESS 
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RESET 
ROM 
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~L __ __,j} 
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1 
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Figure 45. Typical 80C188 Computer 

24-524 

270432-21 



m 

24-525 



80C188 

ABSOLUTE MAXIMUM RATINGS* 

Ambient l:emperature under Bias .... 0°c to + 70°C 

Storage Temperature .......... - 65°C to + 150°C 

Voltage on Any Pin with 
Respect to Ground ............ -1.0V to + 7.0V 

Package Power Dissipation ................... 1 W 
Not to exceed the maximum allowable die temperature based on ther
mal resistance of the package. 

D.C. CHARACTERISTICS 

NOTICE: This data sheet contains preliminary infor
mation on new products in production. It is valid for 
the devices indicated in the revision history. The 
specifications are subject to change without notice. 

•WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 

TA= 0°C to +70°C, Vee= 5V ±10% except Vee= 5V ± 5% at f > 12.5 MHz 

Symbol Parameter Min Max Units Test Conditions 

V1L Input Low Voltage (Except X1) -0.5 0.2Vcc - 0.3 v 
V1L2 Clock Input Low Voltage (X1) -0.5 0.6 v 
V1H Input High Voltage 0.2Vcc + 0.9 Vee+ 0.5 v 

(All except X1, RES, 
ARDY and SRDY) 

V1H1 Input High Voltage (RES) 3.0 Vee+ 0.5 v 
V1H2 Input High Voltage (SRDY, ARDY) 0.2Vcc + 1.1 Vee +0.5 v 
V1H3 Clock Input High Voltage (X1) 3.9 .Vee+ o.5 v 
VoL Output Low Voltage 0.45 v loL = 2.5 mA (SO, 1, 2) 

loL = 2.0 mA (others) 

VoH Output High Voltage 2.4 Vee v loH = - 2.4 mA @ 2.4V(4) 

Vee - o.5 Vee v loH = -200 µA @Vee -0.5 

Ice Power Supply Current 150 mA @16 MHz, 0°C 
Vee= 5.25V(3) 

120 mA @12.5 MHz, 0°C 
Vee= 5.5V(3) 

100 mA @10 MHz, 0°C 
Vee = 5.5VC3l 

lu Input Leakage Current ±10 µA @0.5MHz 
0.45V ~ V1N ~ Vee 

ILO Output Leakage Current ±10 µA @0.5 MHz 
0.45V ~ VouT ~ Vcc(1) 

VcLO Clock Output Low 0.45 v lcLO = 4.0mA 

VcHo Clock Output High Vee - o.5 v. lcHO = - 500 µ.A 

C1N Input Capacitance 10 pF @ 1 MHz(2) 

C10 Output or 1/0 Capacitance 20 pF @ 1 MHz(2) 

NOTES: 
1. Pins being floated during HOLD or by invoking the ONCE Mode. 
2. Characterization conditions are a) Frequency = 1 MHz; b) Unmeasured pins at GND; c) V1N at + 5.0V or 0.45V. This 
parameter is not tested. 
3. Current is measured with the device in RESET with X1 and X2 driven and all other non-power pins open. 
4. RD/QSMD, UCS, LCS, TEST pins have internal pullup devices. Loading some of these pins above loH = - 200 µA can 
cause the 80C188 to go into alternative modes of operation. See the section on Local Bus Controller and Reset for details. 
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POWER SUPPLY CURRENT 

Current is linearly proportional to clock frequency 
and is measured with the device in RESET with X1 
and X2 driven and all other non-power pins open. 

Maximum current is given by Ice = 8.4 mA x freq. 
(MHz) + 15 mA. 

4 

Typical current is given by Ice (typ.) = 6.4 mA X 
freq .. · (MHz) + 4.0 mA. "Typicals" are based on a 
limited number of samples taken from early manu
facturing lots measured at Vee = 5V and room tem
perature. "Typicals" are not guaranteed. 

8 12 16 

Clock Frequency (MHz) 
270432-28 

Figure 46. Ice vs Frequency 
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A. C. CHARACTERISTICS 

MAJOR CYCLE TIMINGS (READ CYCLE) 

·o o 
TA·O c to +70 c, Vee· 5V ± 10%exceptYcc=5V± 5%atf> 12.5MHz 

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
AH outj:>ut test conditions are with CL= 50·200 pF (10 MHz) and CL= 50-100 pF (12.5-16 MHz). 
For A.C. tests, input V1L = 0.45V and "iH • 2.4Vexcept at X1 where ViH =Vee· O.SV. 

Symbol .,.,.,... 80C188 80C188-12 80C188-16 
Min Max Min MIX Min Mu 

80C111_GE,._R4, 11MING REQUIREMENTS~lated Mani .Thml Once_l_ 
TovCL Data in Setup (AID) 15. 15 15 

!ct.nit } Data in Hold{_A/D_l_ 3 3 3 
80C188 GENERAL TIMING RESPONSESJ::Usted More Thin~ 

TcHSV 'Status Active Delay 5 45 5 35 5 31 

TcLSH Status Inactive Delay 5 46 5 35 5 30 

TcLAV Address Valid Delay 5 44 5 36 5 33 

TcLAX Acldress Hold 0 0 0 

lcLDV Data Valid Deiq 5 40 5 36 5 33 

~QX_ Status Hold Time 10 10 10 
TCHLH ALE Active Del!r_ 30 25 20 

TLHLL ALE Width TeLeL ---15_ TeLeL - 15.. TeLeL-...15_ 

TCHLL ALE Inactive o9tay_ · 30 25 20 

TAVLL Address Valid to ALE L~ TcLCH -18 TeLeH -15 TcLeH -15 

TLLAX Address Hold from ALE 
TeHCL -15 TeHeL -15 TeHeL -15 inactive 

TAvr.1.1 Address Valid to Clock H_ig!I 0 0 0 

TeLAZ Address Float Delay TeLAX 30 TeLAX 25 TcLAX 20 

TcLcsv Chip-Select Active Delay 3 42 3 33 3 30 

Tcxesx 
Chip-Select Hold from 

TeLeH -10 TCLCH -10 TeLCH -10 Comma!J2.lnactive 

TeHeSX Chip-Select Inactive Delay 5 35. 5 30 5 25 

TDXDL DEN Inactive to DTtR Low 0 0 0 

Teverv Control Active Delay 1 3 . 44 3 37 3 31 

Tcvoex DEN lnctive Delay 5 44 5 37 5 31 

TeHCTV Control Active l)elay 2 5 44 5 37 5 31 

TCLLV LOCK Valid/Invalid Delay 3 40 3 37 3 35 

80C188 TlllNG RESPONSES__!_Reacl CYCie) 

1AZRL Address Float to RD Active 0 0 0 

TeLRL RO Active Del@y__ · 5 44 5 37 5 31 

1RLRH RD Pulse Width 2TcLCL - 30_ 2Te_!J:L -25 2TeLCL -25 

TeLRH RD Inactive Delay 5 44 5 37 5 31 

TRHLH RD Inactive to ALE High TeLCH -14 Te1.,eH -14 TeLCH -14 

1RHAV RD Inactive to Ackjress TeLeL -15 TeLeL -15 TeLeL -15 
Active 
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A.C. CHARACTERISTICS 

READ CYCLE WAVEFORMS 

CLKOUT 

S2· SO 

RFSH, 
A19/S6 • A16/S3 

A15 ·AB 

ALE 

AD7·ADO 

RD 

LCS, MCS, UCS, 

PCS (Note2) 

NOTES: 

TcHLH 

TcLCSV 

1. Status inactive in state preceding T 4. 

80C188 

RFSH, A19·16 RFSH, S6-S3 

2. If latched A1 and A2 are selected instead of PCSS and PCS6, only T CLCSV is applicable. 
3. For write cycle followed by read cycle. 
4. T 1 of next bus cycle. 
5. Changes in T-state preceding next bus cycle if followed by write. 

24-529 
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80C188 

A. C. CHARACTERISTICS 
• MAJOR CYCLE TIMINGS (WRITE CYCLE) 

0 0 
TA-o c to +70 C,Vcc= SV.t. 10o/oexceptVcc= SV.t. ~%atf>12.5MHz 

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL= 50-200 pF (10 MHz) and CL• S0-100 pF (12.5-16 MHz). 
For A.C. tests, input V1L = 0.45V and ~H = 2.4V except at X1 where V1H = V cc· 0.5V. 

Symbol Parameter 80C188 80C188-12 80C188-16 
Min Max Min JMax Min Max 

80C188 GENERAL TIMING RESPONSES J.Llated More Than Once_l 

TcHSV Status Active Delay 5 45 5 35 5 31 

TcLSH Status Inactive Delay 5 46 5 35 5 30 

TcLAV Address Valid Delay 5 44 5 36 5 33 

TcLAX Address Hold 0 0 0 

TcLDV Data Valid 6e1ay 5 40 5 36 5 33 

TCHDX Status Hold Time 10 10 10 

TcHLH ALE Active Dela~ 30 2s 20 

TLHLL ALE Width TcLCL -15 TcLCL -15 TcLCL -1°5 

TCHLL ALE Inactive Delay 30 25 20 

TAVLL Address Valid to ALE Low TcLCH -18 TcLCH -15 TCLCH -15 

TLLAX 
Address Hold from ALE 

TCHCL -15 TCHCL -15 TCHCL -15 Inactive 

TAVCH Address Valid to Clock High 0 0 0 

TCLDOX · Data Hold Time 3 3 3 

TcvcTV Control Active Delay 1 3 44 3 37 3 31 

Tcvcrx Control Inactive Dell!l, 3 44 3 . 37 3 31 

TcLCSV Chip-Select Active Delay 3 42 3 33 3 30 

Tcxcsx 
Chip-Select Hold from 

TcLCH -10 TCLCH -10 TcLCH -10 Command Inactive 

TCHCSX Chip-Select Inactive Delay 5 35 5 30 5 25 

ToxoL OEN Inactive to DT/R Lew 0 0 0 

TCLLV LOCK Valid/Invalid Delay 3 40 3 37 3 35 

80C188 TIMING RESPONSES (Write Cycle) 

TwLWH WR Pulse Width 2TcLCL -30 2TCLCL -25 2TCLCL -25 

TWHLH WR Inactive to ALE High TCLCH -14 TcLCH -14 TcLCH -14 

TWHDX Data Hold After WR TcLCL -34 TcLCL -20 TcLCL -20 

TWHDEX WR Inactive to DEN Inactive TcLCH -10 TCLCH -10 TCLCH -10 
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80C188 

A.C. CHARACTERISTICS 

WRITE CYCLE WAVEFORMS 

CLKOUT 

A19/S6 • A16/S3 

A15 ·AS 

ALE 

AD7-ADO A7·AO 

TAVCH TcvcTx 

WR 

Tcvc 
TwLWH 

TcLCSV ---
LCS, MCS, UCS, 

PCS (Note2) 
TcHCSX II TcvCTV 

DEN 

DT/R 

TcHCTV 

LOCK f'm' ~ 
270432-36 

NOTES: 
1. Status inactive in state preceding T 4. 
2. If latched A1 and A2 are selected instead of PCS5 and PCS6, only T CLCSV is applicable. 
3. For write cycle followed by read cycle. 
4. T 1 of next bus cycle. 
5. Changes in T-state preceding next bus cycle if followed by read, INTA, or halt. 
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80C188 

A. C. CHARACTERISTICS 

MAJOR CYCLE TIMINGS (INTERRUPT ACKNOWLEDGE CYCLE) 

TA = o° C .to + 70° C, Vee= 5V± 10% except V cc= 5V ± 5% atf> 12.5 MHz 

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL= 50-200 pF (10 MHz) and CL= 50-100 pF (12.5-16 MHz). 
For A.C. tests, input VIL = 0.45V and ~H = 2.4V except at X1 where V1H = V cc- 0.5V. 

Symbol Parameter BOC188 80C188-12 80C188·16 
Min Max Min Max Min Max 

laoc1aa GENERAL TIMING REQUIREMENTSJ_Llsted More Than Once}_ 

TovcL Data in Setup (AID) 15 15 15 
TCLDX Data in Hold lAIDl 3 3 3 
BOC188 GENERAL TIMING RESPONSES J!-isted More Than Oneel_ 

TQ!:!..SV Status Active Delay 5 45 5 35 5 31 

TcLSH Status Inactive Delay 5 46 5 35 5 30 

TCLAV Address Valid Delay 5 44 5 36 5 33 

TAVCH Address Valid to Clock High 0 0 0 

TcLAX Address Hold 0 0 0 

TcLDV Data Valid Delay 5 40 5 36 5 33 

TCHDX Status Hold Time 10 10 10 

TcHLH ALE Active Delay 30 25 20 

TLHLL ALE Width TcLCL • 15 TcLCL · 15 TcLCL • 15 

TcHLL ALE Inactive Delay 30 25 20 

TAVLL Address Valid to ALE Low TCLCH · 18 TcLCH · 15 TCLCH · 15 

TLLAX Address Hold from ALE 
TcHCL · 15 TcHCL • 15 TcHCL · 15 Inactive 

TcLAZ Address Float Delay TcLAX 30 TCLAX 25 TCLAX 20 

Tcvcrv Control Active Delay 1 3 44 3 37 3 31 

Tcvcrx Control Inactive Delay 3 44 3 37 3 31 

ToxoL -
DEN Inactive to OT/A Low 0 0 0 

TCHCTV Control Active Delay 2 5 44 5 37 5 31 

TcvDEX DEN lnctive Delay 
5 44 5 37 5 31 (Non-Write Cycles) 

TcLLV [QC;K Valid/Invalid Delay 3 40 3 37 3 35 
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80C188 

A. C. CHARACTERISTICS 
INTERRUPT ACKNOWLEDGE CYCLE WAVEFORMS 

CLKOUT 

S2· SO 

A191S6 • A161S3 

A15 ·AS 

ALE 

AD7·ADO 

NOTES: 

DEN 

DT/R 

LOCK 
(Note5) 

TLLAX 

T DXDL (Note 4) 

TcLLV TcLLV 

1 . Status inactive in state preceding ~ __ 

T CHCTV (Note 6) 

2 The data hold time lasts only until INTA goes inactive, even if the INTA transition occurs prior to T CLDX(min). 
3. INTA occurs one clock later in Slave Mode. 
4. For write cycle followed by interrupt acknowledge cycle. 
5. LOCK is active upon T 1 of the first interrupt acknowledge cycle and inactive upon T2 of the 

second interrupt acknowledge cycle. 
6. Changes in T-state preceding next bus cycle if followed by write. 
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A. C. CHARACTERISTICS 

SOFTWARE HALT CYCLE TIMINGS 

80C188 

0 0 
TA= o C to + 70 C, Vee= 5V ± 10%except V cc= 5V ± 5% at I> 12.5 MHz 

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL= 50-200 pF (10 MHz) and CL= 50-100 pF (12.5-16 MHz). 
For A.C. tests, input V1L = 0.45V and v,H= 2.4V except at X1 where V1H =Vee- o.sv. 

Symbol Parameter 80C188 80C188-12 80C188-16 
Min Max Min Max Min Max 

80C188 GENERAL TIMING RESPONSES (Listed More Than Once) 

TcHSV Status Active Delay 5 

TCLSH Status Inactive Delay 5 

TcLAV Address Valid Del<!Y_ 5 

TcHLH ALE Active Del<!Y_ 

TLHLL ALE Width Tc~ -15 

TcHLL ALE Inactive Delay 

ToxDL DEN Inactive to DT/R Low 

TcHCTV Control Active Delay 2 

SOFTWARE HALT CYCLE WAVEFORMS 

CLKOUT 

A19/S6-A16/S3, 
A15·A8, AD7-ADO 

ALE 

DEN 

DT/R 

NOTE: 
1. For write cycle followed by halt cycle. 

5 

45 5 35 5 31 

46 5 35 5 30 

44 5 36 5 33 

30 25 20 

TcLCL - 15 TcLCL - 15 

30 25 f 20 

0 0 0 

44 5 37 5 31 

INVALID ADDRESS 
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A. C. CHARACTERISTICS 

CLOCK TIMINGS 

80C188 

TA=0°C to +70°C,Vee= 5V ±10%exceptVee=5V ±5%atf>12.5MHz 

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 

All output test conditions are with CL= 50-200 pF (10 MHz) and CL= 50-100 pF (12.5-16 MHz). 
For A.C. tests, input V1L = 0.45V and v1H= 2.4V except at X1 where V1H= Vee- 0.5V. 

' 80C188 80C188-12 80C188-16 Symbol Parameter 
Min Max Min Max Min Max 

Unit Test 
Conditions 

80C188 CLKIN REQUIREMENTS Measurements taken with following conditions: External clock input to X1 and X2 not 
connected (float) 

TeKIN CLKIN Period 50 1000 40 1000 31.25 1000 ns 

TeLeK CLKIN Low Time 20 16 13 ns 1.5 v(2) 

TcHCK CLKIN High Time 20 16 13 ns 1.s v(2) 

TCKHL CLKIN Fall Time 5 5 5 ns 3.5 to 1.0V 

TCKLH CLKIN Rise Time 5 5 5 ns 1.0 to 3.5V 

80C188 CLKOUT TIMING 

Te1eo CLKIN to CLKOUT Skew 25 21 17 ns 

TeLeL CLKOUT Period 100 2000 80 2000 62.5 2000 ns 

TeLCH CLKOUT Low Time 
0.5 TCLCL -8 0.5 TeLCL -7 0.5 TeLCL ·7 ns Ci:=100pF(2) 

0.5 TeLeL -6 0.5 TeLeL -5 0.5 TcLeL -5 ns CL=50pF(3) 

TeHCL CLKOUT High Time 
0.5 TcLCL -8 0.5 TCLCL -7 0.5 TcLCL ·7 ns Cc100pF(4) 

0.5 TCLCL -6 0.5 TcLeL -5 0.5 TeLeL -5 ns S.=50pF(3) 

TcH1eH2 CLKOUT Rise Time 10 10 10 ns 1.0 to 3.SV 

TcL2eL1 CLKOUT Fall Time 10 10 10 ns 3.5 to 1.0V 

NOTES: 
1. T eLeK and T eHCK (CLKIN Low and High times) should not have a duration less than 40% of T CKIN 
2. Tested under worst case conditions: Vee = 5.SV (5.25V@ .16 MHz). TA = 70 °C. 
3. Not Tested. 
4. Tested under worst case conditions: Vee = 4.SV (4.75V@ 16 MHz). TA = O 0c. 

CLOCK WAVEFORMS 

TcKHL TcKLH 

CLKOUT 

T eH1eH2 T CL2eL1 

i.-~~~TcLcH~~~~~14-~~~~TeHcL~~~-.i 

270432-40 
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BOC188 

A. C. CHARACTERISTICS 
READY, PERIPHERAL, AND QUEUE STATUS TIMINGS 

TA= o° C to + 10° C, Vee= 5V± 10% except v cc= 5V± 5% at I> 12.5 MHz 

All timings are measured at 1 .5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL= 50-200 pF (10 MHz) and CL= 50-100 pF (12.5-16 MHz). 
For A.C. tests, input V1L = 0.45V and V1H= 2.4Vexcept at X1 where V1H= Vee· 0.5V. 

Symbol Parameter 80C188 80C188-12 80C188-16 
Min Max Min Max Min Max 

80C188 READY AND PERIPHERAL TIMING REQUIREMENTS 

TSRYCL Synchronous Ready(SRDY) 
Transition Setup Time (1) 

15 15 15 

TcLSRY 
SRDY Transition Hold 15 15 15 
Time (1) 

TARYCH 
AROY Resolution Transition 

15 15 15 Setup Time (2) 

TCLARX ARDY Active Hold Time (l) 15 15 15 

TARYCHL ARDY Inactive Holding Time 15 15 15 

TARYLCL Asynchronous Ready 
25 25 25 (ARDY) Setup Time (1) 

Tl NV CH INTx, NMI, TEST/BUSY, 
15 15 15 TMR IN Setup Time (2) 

TINVCL 
DRQO, DRQ1 Setup 

15 15 15 Time(2) 

80C188 PERIPHERAL AND QUEUE STATUS TIMING RESPONSES 

TcLTMV Timer Output Delay 40 33 27 

TCHOSV Queue Status Delay 37 32 30 

NOTES: 
1. To guarantee proper operation. 
2. To guarantee recognition at clock edge. 

SYNCHRONOUS READY (SRDY) WAVEFORMS 

CLKOUT 

SRDY 
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intel.. 80C188 

A. C. CHARACTERISTICS 

ASYNCHRONOUS READY (ARDY) WAVEFORMS 

CLKOUT 

ARDY 
(Normally Not 
Ready System) 

ARDY 1 (Normally Ready 
System) 

PERIPHERAL AND QUEUE STATUS WAVEFORMS 

~;~~~ 
T1NVCL~ ~ : I I 

DRQO, DRQ1 ==============-t r ::=:======================= Ill 
TcTLMV Mi 

TIME ROUT 

QSO,QS1 

270432-42 
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80C188 

A. C. CHARACTERISTICS 

RESET AND HOLD/HLDA TIMINGS 

TA= o° C to + 70° c, Vee= sv ± 10% except Vee= sv ±5% at t > 12.5 MHz 

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL= 50-200 pF (10 MHz) and CL= 50-100 pF (12.5-16 MHz). 

For A.C. tests, input VIL = 0.45V and V1H= 2.4V except at X1 where V1H= V cc· 0.5V . 

Symbol Parameter ...80C1.8i. 80C188·11. .J&l.88-16. 
Min Max Min Max Min Max 

80C188 RESET AND HOLD/HLDA TIMING REQUIREMENTS 
TRESIN RES Set~ 15 15 15 

THVCL HOLD Setup (1) 15 15 15 
80C188 GENERAL TIMING RESPONSESJ.Llsted More Than OnceJ_ 

TcLAZ Address Float Delay TcLAX 30 TcLAX 25 TCLAX 20 

TCLAV Address Valid Delay 5 44 5 36 5 33 

80C188 RESET AND HOLD/HLDA TIMING RESPONSES 

TcLRO Reset Delay 40 33 27 

TCLHAV HLDA Valid Delay 3 40 3 33 3 25 

TCHCZ 
Command Lines Float 

40 33 28 
Delay 

TCHCV 
Command Lines Valid Delay 

44 36 32 (after Float) 

NOTE: 
1. To guarantee recognition at next clock. 

RESET WAVEFORMS 

CLKOUT 

RESET 
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A. C. CHARACTERISTICS 

HOLD/HLDA WAVEFORMS (Entering Hold) 

CLKOUT 
___/\_f 

HOLD T~Tl 

HLDA 

A15·A8, 
AD7·ADO, 80C188 

DEN 

A19/S6 • A16/S3, 
RD, WR, RFSH, 80C188 

DT/R, S2 • so, 
LOCK 

HOLD/HLDA WAVEFORMS (Leaving Hold) 

CLKOUT 

HOLD 

HLDA 

A15-A8, 
AD7·ADO, 

DEN 

A19/S6 • A16/S3, 
RD, WR, RFSH, 

DT/R, S2 ·SO, 
LOCK 

Tl 

TCLHAV 

80C188 

I T4 or T1 T1 T1 

TcHCZ 

Tl T1T4 T1 

m 

TcHCV 

80C188 

270432-44 
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80C188 

EXPLANATION OF THE AC SYMBOLS 

Each timing symbol has from 5 to 7 characters. The first character is always a "T" (stands for time). The other 
characters, depending on their positions, stand for the name of a signal or the logical status of that signal. The 
following is a list of all the characters and what they stand for. 

A: Address 

ARY: Asynchronous Ready Input 

C: Clock Output 

CK: Clock Input 

CS: Chip Select 

CT: Control (OT /R, DEN, ... ) 

D: Data Input 

DE: DEN 

H: Logic Level High 

IN: Input (DRQO, TIMO, ... ) 

L: Logic Level Low or ALE 

0: Output 

OS: Queue Status (QS1, QS2) 

R: RD Signal, RESET Signal 

S: Status (SO, S1, S2) 

SAY: Synchronous Ready Input 

V: Valid 

W:WR Signal 

X: No Longer a Valid Logic Level 

Z: Float 

Examples: 

T CLAV- Time from Clock Low to Address Valid 

T CHLH- Time from Clock High to ALE High 

T CLCSV- Time from Clock Low to Chip Select Valid 
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80C188 

Typical Output Delay Capacitive Deratlng 

s~~~~...-~~~~-

71-1-~~~-~~--+----'---'--' 

X = high-to-low 
6 f-o= low-to-hlgh+----+---+-1 

51---t--+--t---+-+---1--1 

41---t--+--t---+-+-~--V--I 

3 1-+----+--4----l----l-.orl.__...__. 

2 t-+---+----+--/_-+-~---2--tLJ---+--I 

0 '--'---L--<~-'--'--'-' 
50 75 100 125 150 175 

Capacitive Load (pf) 

Figure 47. Capacitive Derating Curve 

270432-30 

Typical Rise and Fall Times for TTL Voltage Levels 

8...--r~--.-~...--~~~--, 

71---+--+--+----l--+---I-< 

6 

51-+--"---1--_j__ ...... ~_J 
';j' s 41---t--t---t--_..c._+----1-1 

31-::1--:::;;;o-"l"'=--~~=--+---+---l 

2~_,,,,,.."'F=-+-+---1--l-I 

50 75 100 125 150 175 

Capacitive Load (pF) m 
~~~~~~~~~~~-~~~~~~~~~~~-~~~21_04_3_2_-a_1~~~~~~~~---' ~ 

Figure 48. TTL Level Slew Rates for Output Buffers 

Typical Rise and Fall Times for CMOS Voltage Levels 

16~~--.-~...--~~~-

2 1---t-+---+X=3.5V to 0.4V 

0 o=J.4V lo 3.~v 
so 75 100 125 150 175 

Capacitive Load (pF) 
270432-32 

Figure 49. CMOS Level Slew Rates for Output Buffers 
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80C188 

80C188 EXPRESS 

The Intel EXPRESS system offers enhancements to 
the operational specifications of the 80C188 micro
processor. EXPRESS products are designed to 

. meet the needs of those applications whose operat
ing requirements exceed commercial standards. 

The 80C188 EXPRESS program includes an extend
ed temperature range. With the commercial stan
dard temperature range operational characteristics 
are guaranteed over the temperature range of o•c to 
+ 70°C. With the extended temperature range op
tion, operational characteristics are guaranteed over 
the range of -40°C to +85°C. 

Package types and EXPRESS versions are identified 
by a one or two-letter prefix to the part number. The 
prefixes are listed in Table 16. All AC and DC specifi
cations not mentioned in this section are the same 
for both commercial and EXPRESS parts. 

Table 16. Prefix Identification 

Prefix Package Type Temperature Range 

A PGA commercial 

N PLCC commercial 

R LCC commercial 

TA PGA extended 

TN PLCC extended 

TR LCC extended 

NOTE: 
Extended temperature versions of the 80C188 are not 
available at 16 MHz. 

80C188 EXECUTION TIMINGS 

A determination of 80C188 program execution tim
ing must consider the bus cycles necessary to pre
fetch instructions as well as the number of execution 
unit cycles necessary to execute instructions. The 
following instruction timings represent the minimum 
execution time in clock cycles for each instruction. 
The timings given are based on the following as
sumptions: 

• The opcode, along with any data or displacement 
required for execution of a particular instruction, 
has been prefetched and resides in the queue at 
the time it is needed. 

• No wait states or bus HOLDs occur. 

All instructions which involve memory accesses can 
require one or two additional clocks above the mini
mum timings shown due to the asynchronous hand
shake between the bus interface unit (SIU) and exe
cution unit. 

All jumps and calls include the time required to fetch 
the opcode of the next instruction at the destination 
address. 

The 80C188 8-bit SIU is noticeably limited in its per
formance relative to the execution unit. A sufficient 
number of prefetched bytes may not reside in the 
prefetch queue much of the time. Therefore, actual 
program execution time will be substantially greater 
than that derived from adding the instruction timings 
shown. 
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infel .. 

INSTRUCTION SET SUMMARY 

Function 

DATA TRANSFER 
MOY= Move: 

Register to Register/Memory 

Register/memory to register 

Immediate to register /memory 

Immediate to register 

Memory to accumulator 

Accumulator to memory 

Register/memory.to segment register 

Segment register to register/memory 

PUSH= Push: 

Memory 

Register 

Segment register 

POP= Pop: 

Memory 

Register 

Segment register 

XCHG = Exchange: 

Register/memory with register 

Register with accumulator 

IN = Input from: 

Fixed port 

Variable port 

OUT = Output to: 

Fixed port 

Variable port 

XLAT =Translate byte to AL 

LEA = Load EA to register 

LOS = Load pointer to OS 

LES = Load pointer to ES 

LAHF = Load AH with flags 

SAHF = Store AH into flags 

PUSHF = Push flags 

1000100w 

1000101w 

1100011 w 

1011 w reg 

101oooow 

1010001w 

10001110 

10001100 

11111111 

01010reg 

OOOreg 11 0 

10001111 

1000011w 

10010reg 

1110010w 

1110110w 

1110011 w 

1110111w 

11010111 

10001101 

11000101 

11000100 

10011111 

1001111 0 

10011100 

POPF=Popflags 10011101 

I 
I 

80C188 

Format 

mod reg rim 

mod reg rim 

modOOO rim 

data 

addr-low 

addr-low 

mod Oreg rim 

mod Oreg rim 

mod 11 O rim 

modOOO rim 

(reg,,.01) 

modreg rim 

port 

port 

modreg rim 

modreg rim 

mod reg rim 

data 

dataifw=1 

addr-high 

addr-high 

(mod,,.11) 

(mod,,.11) 

Shaded areas indicate instructions not available in 8086, 8088 microsystems. 

*NOTE: 

Clock 
Cyclaa 

2112• 

219• 

dataifw=1 12/13 

3/4 

8' 

9' 

2/13 

2/15 

20 

14 

13 

24 

14 

12 

4/17* 

3 

10' 

8' 

9• 

7• 

15 

6 

26 

26 

2 

3 

13 

12 

Clock cycles show~ -,r byte transfer. For word operations, add 4 clock cycles for all memory iransfers .. 
24-543 
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infel. 80C188 

INSTRUCTION SET SUMMARY (Continued) 

Functlc).n Format 

DATA TRANSFER (Continued) 
SEGMENT = Segment Override: · 

cs I 00101110 I 
SS I 00110110 I 
DS I 00111110 I 
ES I 00100110 I 
ARITHMmc 
ADD= Acid: 

Reg/memory with register to either I OOOOOOdw I modreg rim I 
Immediate to register/memory I 100000sw I modOOO rim I data 

Immediate to accumulator I 0000010w I data I dataifw=1 

ADC = Acid with cerry: 

Reg/memory with register to either I 000100-dw I mod reg rim I 
Immediate to register/memory I 100000sw I mod01 O rim I data 

Immediate to accumulator I 0001010w I data I dataifw=1 

INC = Increment: 

Register/memory I 1111111 w I modOOO rim I 
Register I 01000reg I 
SUB = Subtract 

Reg/mem0<y and register to either I 001010dw I mod reg rim I 
Immediate !rOm registar/mernory I 100000sw I mod101 r/m I data 

Immediate from ai::cumulator I 0010110w I data I dataifw=1 

SBB = Subtract with borrow: 

Reg/memory and register to either 000110dw I mod reg rim I 
Immediate from register/mem0<y 100000sw I modO 11 rim I data 

Immediate from accumulator 0001110w I data I dataifw=1 

DEC = Decrement 

Register/memory 1111111 w I mod001 rim I 
Register 01001 reg I 
CMP = Compare: 

Register/mem0<y wiSh register I 0011101w mod reg r/m I 
Register with reQister/memO<y I 0011100w mod reg rim I 
Immediate with register/memory I 100000sw mod 111 .rim I data 

immediate with accumulator I 0011110w data I dataifw=1 

NEG = Change sign register /memory I 1111011 w mooo·11 rim I 
AAA = ASCII adjust for add I 00110111 

DAA = Decimal adjust for add I 00100111 

AAS = ASCII adjustlor subtract I 00111111. 

DAS = Decimal adjust for subtract I 00101111 

Shaded areas i.ndicate instructions not available in 8086, 8088 microsystems. 

'NOTE: 

I dataifsw=01 I 
I 

I dataifsw=01 I 
I 

I dataifsw=01 I 
I 

I data ifs w=01 I 
I 

I dataifsw=01 I 
I 

Ciock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
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Clock 
Comments 

Cycte, 

2 

2 

2 

2 

3/10' 

4/16' 

3/4 8/16-bit 

3/10' 

4/16' 

3/4 8/16-bit 

3/15' 

3 

3/10' 

4/18' 

3/4 8/16-blt 

3/10' 

4/16' 

3/4 8/16-blt 

3/15' 

3 

3/10' 

3/10' 

3/10' 

3/4 8/16-blt 

3/10' 

8 

4 

7 

4 



infel. 80C188 

INSTRUCTION SET SUMMARY (Continued) 

Function 

ARITHMETIC (Continued) 

MUL = Multiply (unsigned): 

Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 

IMUL = Integer multiply (signed): 

Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 

Format 

1111011 w mod 100 rim 

1 1 1 1 O 1 1 w mod 1 O 1 rim 

Clock 
Cycles 

26-28 
35-37 
32-34 
41-43' 

25-28 
34-37 
31-34 
40-43' 

bi.1)1.t,;;. Q.±,1in,rn114~~ 
PM(~ignem._ ·· · ·· · ·· · • 

1. o i1ii'1 os1 ~L lliOil F!lir11i>ll? ,,~~ ,11 :i' ·~ 't•JI•'-'~ :ci; ' ;o;;;:J5S:' 
29..:32 

DIV = Divide (unsigned): 

Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 

IDIV = Integer divide (signed): 

Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 

AAM = ASCII adjust for multiply 

AAD = ASCII adjust for divide 

CBW = Convert byte to word 

CWD = Convert word to double word 

LOGIC 
Shift/Rotate Instructions: 

Register/Memory by 1 

Register/Memory by CL 

~~'4~,,~ry 

AND= And: 

Reg/memory and register to either 

Immediate to register/memory 

Immediate to accumulator 

1 1 1 1 o 1 1 w mod f1 o rim 

1 1 1 1 O 1 1 w mod 1 1 1 rim 

110101 00 00001010 

11010101 00001010 

10011000 

10011001 

TTT Instruction 
000 AOL 
001 ROA 
010 AGL 
011 RCA 
100 SHL/SAL 
101 SHA 
111 SAR 

001000dw modreg rim 

1000000w mod100 rim data 

0010010W data datailw=1 

Shaded areas indicate instructions not available in 8086, 8088 microsystems. 

'NOTE: 

data if w=1 

29 
38 
35 
44' 

44-52 
53-61 
50-58 
59-67' 

19 

15 

2 

4 

3/10' 

4/16' 

3/4 

Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 

24-545 
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80C188 

INSTRUCTION SET SUMMARY (Continued) 

Function Format 

LOGIC (Continued) 
TEST= And function to flags, no resu.-H: _____ _,.-------, 

Register/memory and register I 1 O 0 O 0 1 0 w mod reg r/m 
:::::=======::=======~~~~-.---~~--. 

Immediate data and register/memory I 1 1 1 1 O 1 1 w mod O O 0 rim data dataifw=1 
::::=======::=======:=======::::::-~~_,..... 

Immediate data and accumulator l~1_0_1 _0_1_o_o_w_~ __ d_a_ta __ ~_d_a_ta_i_f w_=_1~ 
OR=Or: 

Reg/memory and register to either 000010dw modreg rim 

Clock 
Cycles 

3/10' 

4110• 

3/4 

3/10• 

Immediate to register I memory 1000000w mod001 rim data dataifw=1 4/16• 

Comments 

8/16-bit 

Immediate to accumulator 0000110w data dataijw=1 3/4 8/16-bit 

XOR = Exclusive or: 

Reg/memory and register to either 

Immediate to register/memory 

Immediate to accumulator 

NOT = Invert register/memory 

STRING MANIPULATION 

MOVS = Move byte/word 

CMPS = Compare byte/word 

SCAS = Scan byte/word 

LOOS = Load byte/wd to AL/ AX 

STOS = Store byte/wd from AL/ AX 

Repeated by count in CX (REP/ 
REPE/REPZ/REPNE/AEPNZ) 

MOVS = Move string 

CMPS = Compare string 

SCAS = Scan string 

LODS = Load string 

STOS = Store string 

CONTROL TRANSFER 

CALL= Call: 

Direct within segment 

Register I memory 
indirect within segment 

Direct intersegment 

Indirect interseg'!lent 

001100dw mod reg rim 

1oooooow mod 11 O rim data 

0011010w data data if w= 1 

1111011w mod010 rim 

1010010w 

1010011w 

1010111w 

1oio11ow 

1010101w 

11110010 1010010w 

1111001z 1010011w 

1111001z 1010111w 

11110010 1010110w 

11110010 1010101w 

11101000 disp-low disp-high 

11111111 modO 1 0 rim 

10011010 segment offset 

segment selector 

11111111 modO 11 rim I (mod¢ 11) 

Shaded areas indicate instructions not available· in BOBB, BOBB· microsystems. 

*NOTE: 

3/10' 

dataifw=1 4/16' 

3/4 8/16-bit 

3/10' 

14' 

22' 

15' 

12' 

10' 

8+Bn' 

5+22n' 

5+ 15n' 

6+11n' 

6+9n' 

19 

17/27 

31 

54 

Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
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infel .. 80C188 

INSTRUCTION SET SUMMARY (Continued) 

Function Format 
Clock 

Comments 
Cycles 

CONTROL TRANSFER (Continued) 
JMP = Uncondltlonal jump: 

Short/long 11101011 disp-low 14 

Direct within segment 11101001 disp-low disp-high 14 

Register/memory 1 1 1 1 1 1 1 1 lmod100 rtml 11/21 
indirect within segment 

Direct intersegment 11101010 segment offset 14 

segment selector 

Indirect intersegment 1 1 1 1 1 1 1 1 mod 101 r/ml (mod* 11) 34 

RET = Return from CALL: 

Within segment 11000011 20 

Within seg adding immed to SP 11000010 data-low data-high 22 

lntersegment 1 1001011 30 

lntersegment adding immediate to SP 11001010 data-low data-high 33 

JE/JZ = Jump on equal/zero 01110100 disp 4/13 JMP not 

JL/ JNGE = Jump on less/ not greater or equal 01111100 disp 4/13 
taken/JMP 

taken 

JLE/JNG = Jump on less or equal/not greater 0 1 11 1 1 1 0 disp 4/13 

JB/JNAE = Jump on below/not above or equal 0111001 0 disp 4/13 

JBE/JNA = Jump on below or equal/not above 01110110 disp 4/13 

JP/JPE = Jump on parity/parity even 01111010 disp 4/13 

JO = Jump on overflow 01110000 disp 4/13 

JS = Jump on sign 01111000 disp 4/13 

JNE/JNZ = Jump on not equal/not zero 01110101 disp 4/13 

JNL/ JGE = Jump on not less/ greater or equal 01111101 disp 4/13 

JNLE/JG = Jump on not less or equal/greater 0 1 11 1 1 1 1 disp 4/13 

JNB/ JAE = Jump on not below I above or equal 01110011 disp 4/13 

JNBE/ JA = Jump on not below or equal/ above 01110111 disp 4/13 

JNP/JPO = Jump on not par/par odd 0 1 111011 disp 4/13 

JNO = Jump on not overflow 01t10001 disp 4/13 

JNS = Jump on not sign 01111001 disp 4/13 

JCXZ = Jump on CX zero 11100011 disp 5/15 

LOOP = Loop CX times 11100010 disp 6/16 LOOP not 

LOOPZ/LOOPE = Loop while zero/equal 11100001 disp 6/16 
taken/LOOP 

taken 

Shaded areas indicate instructions not available in 8086, 8088 microsystems. 
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80C188 

INSTRUCTION SET SUMMARY (Continued) 

Function 

CONTROL TRANSFER (Continued) 
INT = Interrupt: 

Type specified 

Type3 

INTO = Interrupt on overflow 

Format 

11001101 type 

110011 00 

1100111 0 

Clock 
Cycles 

47 

45 

48/4 

IRET = Interrupt return I 1 1 0 0 1 1 1 1 I 28 

~oliNo: .;:isi;ti;p~;;~,q; ~;:;,.'.;;'~,'~ ~, '.r ;t~ &,itiii&+1'i'~1 ;;lf;~i!\it1!:~\:;:~~c: '\:"~~\j'.'::'.' ~:J t~'§tt"'::'':i 
PROCESSOR CONTROL 

CLC = Clear carry 11111 000 2 

CMC = Complement carry 11110101 2 

STC = Set carry 11111001 2 

CLO = Clear direction 111111 00 2 

STD = Set direction 11111101 2 

CLI = Clear interrupt 1111101 0 2 

STI = Set interrupt 11111011 2 

HLT =Halt 111101 00 2 

WAIT= Wait 10011011 6 

LOCK = Bus lock prefix 11110000 2 

NOP = No Operation 10010000 3 

Shaded areas indicate instructions not available in 8086, 8088 microsystems. 

Comments 

if INT. taken/ 

if INT.not 
taken 

ifTEST = 0 

FOOTNOTES 

The Effective Address (EA) of the memory operand 
is computed according to the mod and rim fields: 

EA calculation time is 4 clock cycles for all modes, 
and is included in the execution times given whenev
er appropriate. 

if mod 11 then rim is treated as a REG field 
if mod 00 then DISP = o•, disp-low and disp

if mod 

if mod 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 

high are absent 
01 then DISP = disp-low sign-ex
tended to 16-bits, disp-high is absent 
10 then DISP = disp-high: disp-low 
000 then EA = (BX) + (SI) + DISP 
001 then EA = (BX) + (DI) + DISP 
010 then EA = (BP) + (SI) + DISP 
011 then EA = (BP) + (DI) + DISP 
100 then EA = (SI) + DISP 
101 then EA= (DI) + DISP 
110 then EA = (BP) + DISP* 
111 then EA = (BX) + DISP 

DISP follows 2nd byte of instruction (before data if 
required) 

*except if mod = 00 and rim = 110 then EA = 
disp-high: disp-low. 
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Segment Override Prefix 

ioo1reg1 ol 

reg is assigned according to the following: 

reg 
Segment 
Register 

00 ES 
01 cs 
10 SS 
11 DS 



80C188 

REG is assigned according to the following table: The physical addresses of all operands addressed 
by the BP register are computed using the SS seg
ment register. The physical addresses of the desti
nation operands of the string primitive operations 
(those addressed by the DI register) are computed 
using the ES segment, which may not be overridden. 

16-Bit (w = 1) 
OOOAX 
001 ex 
010DX 
011 BX 
100SP 
101 BP 
110 SI 

B·Bit(w = 0) 
OOOAL 
001 CL 
010 DL 
011 BL 
100AH 
101 CH 
110 DH 
111 BH 111 DI 

REVISION HISTORY 

The sections slgniflcantly revised since version ·003 are: 

Pin Description Table 

Initialization and 
Processor Reset 

Read and Write Cycle 
Waveforms 

Instruction Set 
Summary 

Added note to TEST pin requiring proper RESET at power-up to configure pin as 
input. 

Renamed pin 44 to INT1/SELECT and pin 41 to INT3/INTA1 /IRQ to better describe 
their functions in Slave Mode. 

Added reminder to drive RES pin LOW during power-up. 

Clarified applicability of T CLCSV to latched A 1 and A2 in footnotes.· 

Corrected clock count for ENTER instruction. 

Slave Mode Operation The three low order bits associated with vector generation and performing EOI are 
not alterable; however, the priority levels are programmable. This information is a 
clarification only. 

The sections slgnlflcantly revised since version -002 are: 

Front Page 

Local Bus Controller 
and Reset 

D.C. Characteristics 

Deleted references to burn-in devices. 

Clarified effects of excessive loading on pins with internal pullup devices. Equivalent 
resistance no longer shown. 

Renamed Vcu to V1u- Renamed VcH1 to V1H3· Changed VoH (min) from 0.8 Vee to 
Vee - 0.5V. Changed Ice (max) from 180 mA to 150 mA at 16 MHz, 150 mA to 
120 mA at 12.5 MHz, and 120 mA to 100 mA at 10 MHz. Changed VeLO (max) from 
0.5V to 0.45V. Changed VcHo (min) from 0.8 Vee to Vee - 0.5V. Clarified effect of 
excessive loading on pins with internal pullup devices. 

Power Supply Current Added equation and graph for maximum current. 

A.G. Characteristics Many timings changed (all listed in ns): T oveL (min) at 16 MHz from 1 O to 15; T eLDX 
(min) from 5 to 3; T CLAV (max) at 10 MHz from 50 to 44; T eHev (max) from 45 to 44 at 
10 MHz and from 37 to 36 at 12.5 MHz; T LHLL (min) from T CLeL - 30 to T CLCL - 15; 
T LLAX (min) at 10 MHz from T eHeL - 20 to T CHCL - 15; T eveTV (max) from 5.6 to 44 
at 10 MHz, and from 47 to 37 at 12.5 MHz; TcvDEX (max) from 56 to 44at10 MHz, 47 
to 37 at 12.5 MHz, and from 35 to 31 at 16 MHz; TRHAV (min) from TeLeL - 40 at 
10 MHz and TcLCL - 20 at 12.5 MHz and 16 MHz to TcLCL - 15 at all frequencies; 
T RLRH (min) from 2 T CLeL - 46 to 2 T CLCL - 30 at 10 MHz, from 2 T eLeL - 40 to 2 
TeLCL - 25 at 12.5 MHz, and TeLCL - 30 to 2 TeLCL - 25 at 16 MHz; TwLWH (min) 
from 2 TcLCL - 34 to 2 TcLCL - 30 at 10 MHz, and 2 TcLCL - 30 to 2 TcLeL - 25 
at 12.5 MHz, TAVLL (min) from TcLCH - 19 to TeLeH - 18 at 10 MHz; TeLSH (max) 
at 10 MHz from 50 to 46; TcLTMV (max) from 48 to 40 at 10 MHz; 40 to 33 at 
12.5 MHz, and 30 to 27 at 16 MHz; T eLRO (max) from 48 to 40 at 10 MHz, 40 to 33 at 
12 .. 5 MHz, and 37 to 27 at 16 MHz; T eHasv (max) from 28 to 37 at 10 MHz, 28 to 32 
at 12.5 MHz, and 25 to 30 at 16 MHz; TcHDX (min) from 5 to 10; TeLLV (max) at 10 
MHz from 45 to 40 and at 12.5 MHz from 40 to 37; T eLesv (max) from 45 to 42 at 10 
MHz; TeHesx (max) from 32 to 35 at 10 MHz, 28 to 30 at 12.5 MHz, and 23 to 25 at 
16 MHz; and TeH1eH2 and TcL2eu (max) at 16 MHz from 8 to 10. Added new timings 
for TwHDEX· TRHLH. and TwHLH· Established minimum timing for TeLCSV· 
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Timing Waveforms 

Specification Level 
Markings 

80C188 

Section rearranged to show waveforms on same or facing page relative to 
corresponding tabular data. T CLSRY drawn to same clock edge as T SRYCL· 
Drawing changed to indicate one less clock between HOLD inactive and 
HLDA inactive. 

New section. 

The sections significantly revised since version -001 are: 

LCC Contact Diagram 

Pin Description Table 

Interrupt Vector Table 

ESC Opcode Exception 
Description 

Oscillator Configurations 

RESET Logic 

Local Bus Arbitration 

Local Bus Controller 
and Reset 

OMA Controller 

Timers 

DRAM Refresh Addresses 

D.C. Characteristics 

Power Supply Current 

A.G. Characteristics 

Explanation of 
the A.G. Symbols 

Corrections made to upper address pins. 

Various descriptions rewritten for clarity. 

Redrawn for clarity. 

Note added concerning ESC trap. 

Deleted drive of X2 with inverted X1. 

Deleted paragraph concerning setup times for synchronization of multiple 
processors. 

Added description of HLDA when a refresh cycle is pending. 

Added description of pullup devices for appropriate pins. 

Added reminder to initialize transfer count registers and pointer registers. 

Added reminder to initialize count registers. 

Refresh address counter described in figure. 

V1H2 indicated for SRDY, ARDY. Ice (max.) now indicated for all devices. 

Typical Ice indicated. 

Input V1H test condition at X1 added. T CLDOX· T cvcrv. T CVCTX· T CLHAV and 
T CLLV minimums reduced from 5 ns to 3 ns. T CLCH min. and T CHCL min. 
relaxed by 2 ns. Added reminder that T SRYCL and T CLSRY must be met. 

New section. 

Major Cycle Timing Waveforms T DXDL indicated in Read Cycle. T CLRO indicated. 

Rise/Fall Times and Capacitive New Figures added. 
Derating Curves 

Instruction Set Summary ESC deleted. 

SPECIFICATION LEVEL MARKINGS 

Current 80C188 devices bear backside lot code information consisting of seven digits followed by letters. The 
second, third, and fourth digits comprise a manufacturing data code. This preliminary data sheet applies only 
to 80C188 devices with a date code corresponding to week 25 of 1989 (backside markings x925xxx XXX) or 
later. 
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80C188XL20,16,12,10 
16-BIT HIGH INTEGRATION EMBEDDED PROCESSOR 

• Low Power, Full Static Version of the 
80C188 

• Operation Modes Include: 
- Enhanced Mode 

- DRAM Refresh Control Unit 
- Power-Save Mode 

- Compatible Mode 
- NMOS 80C188 Pin-for-Pin 

Replacement for Non-Numerics 
Applications 

• Integrated Feature Set 
- Static, Modular CPU 
- Clock Generator 
- 2 Independent OMA Channels 
- Programmable Interrupt Controller 
- 3 Programmable 16-Bit Timers 
- Dynamic RAM Refresh Control Unit 
- Programmable Memory and 

Peripheral Chip Select Logic 
- Programmable Wait State Generator 
- Local Bus Controller 
- Power-Save Mode 
- System-Level Testing Support (High 

Impedance Test Mode) 

• Speed Versions Available 
-20 MHz (80C188XL20) 
-16 MHz (80C188XL 16) 
-12.5 MHz (80C188XL 12) 
-10 MHz (80C188XL) 

• Direct Addressing Capability to 1 Mbyte 
Memory and 64 Kbyte 1/0 

• Completely Object Code Compatible 
with Existing 8086/8088 Software and 
Has 10 Additional Instructions over 
8086/8088 

• Complete System Development 
Support 
-All 8086 and 80C186 Software 

Development Tools Can Be Used for 
80C188XL System Development 
-ASM 86 Assembler, PL/M·86, 

Pascal-86, Fortran-86 iC-86 and 
System Utilities · 

- In-Circuit-Emulator (ICE™-186) 

• Available in 68-Pin: 
- Plastic Leaded Chip Carrier (PLCC) 
- Ceramic Pin Grid Array (PGA) 
- Ceramic Leadless Chip Carrier 

(JEDEC A Package) 

• Available in 80-Pin Quad Flat Pack 
(EIAJ) 

• Available in EXPRESS Extended 
Temperature Range 
( - 40°C to + 85°C) 

The Intel 80C188XL is a Modular Core re-implementation of the 80C188 Microprocessor. It offers higher speed 
and lower power consumption than the standard 80C188 but maintains 100% clock-for-clock functional com
patibility. Packaging and pinout are also identical. 
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80C188XL20, 16, 12, 10 
16-BIT HIGH INTEGRATION EMBEDDED PROCESSOR 

CONTENTS PAGE CONTENTS PAGE 

INTRODUCTION ..................... 24-561 AC CHARACTERISTICS ............. 24-567 

80C188XL BASE ARCHITECTURE ... 24-561 
Major Cycle Timings (Read Cycle) ..... 24-567 

60C166XL Clock Generator ........... 24-561 
Major Cycle Timings (Write Cycle) ..... 24-569 

Bus Interface Unit ..................... 24-562 
Major Cycle Timings (Interrupt 

Acknowledge Cycle) ................ 24-571 

80C188XL PERIPHERAL Software Halt Cycle Timings ........... 24-573 
ARCHITECTURE ................... 24-562 Clock Timings ......................... 24-574 

Chip-Select/Ready Generation Logic .. 24-562 Ready, Peripheral and Queue Status 
OMA Unit ............................. 24-563 Timings ............................. 24-576 

Timer/Counter Unit ................... 24-563 Reset and Hold/HLDA Timings ........ 24-578 

Interrupt Control Unit .................. 24-564 AC Timing Waveforms ................ 24-580 

Enhanced Mode Operation ............ 24-564 EXPLANATION OF THE AC 
Queue-Status Mode ................... 24-564 SYMBOLS .......................... 24-587 

DRAM Refresh Control Unit ........... 24-564 
DERATING CURVES ................. 24-588 

Power-Save Control ................... 24-564 

ONCE™ Test Mode ................... 24-564 80C188XL EXPRESS ................. 24-589 

ABSOLUTE MAXIMUM RATINGS .... 24-565 80C188XL EXECUTION TIMINGS .... 24-589 

DC CHARACTERISTICS ............. 24-565 INSTRUCTION SET SUMMARY ...... 24-590 

POWER SUPPLY CURRENT ......... 24-566 FOOTNOTES ......................... 24-595 

REVISION HISTORY ................. 24-596 

ERRATA ............................. 24-596 

PRODUCT IDENTIFICATION ......... 24-596 
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80C188XL 

INT3/1NfAj /IRQ INT2,fijjTAO TMR OUT 0 TMR OUT 1 

s-

RESET -
c-

GNO 

SROY 
ARDY 

DT/R 

-
- t:: -

.__ 
....--t-

I--
I--

CLKOUT 

rlD~ 

X1 X2 
CLOCK 

GENERATOR 

POWER-
SAVE 

CONTROL 
REGISTERS 

[ 

REAOY 
LOGIC 

BUS INTERFACE UNIT 

SEGMENT 
REGISTERS 

4-BYTE 
PREFETCH 

QUHUE 

';-.. 

1--

HOLD vv 
HLDA ADO- A 16/S3-

AD7 A 19/S6, 
A6-A15 

INT 1 /SELECT 

INTO TMRJ 0 TMR IN 1 
NMI I • • PROGRAMMABLE 

TIMERS 
0 1 2 

MAXCOUNT T 
REGISTER B 

PROGRAMMABLE 
INTERRUPT 

MAX COUNT 

CONTROLLER 
REGISTER A -

16-BIT 
COUNT REGISTERS 

CONTROL 
REGISTERS CONTROL REGISTERS 

St TI 
INTERNAL BUS 

J 
.,. 

:l--- ----
CONTROL 

I EXECUTION UNIT 

REGISTERS REFRESH 
CONTROL 

UNIT 16-BlT 
GENERAL 

REGISTERS 

16-BIT 
ALU --· 

TEST 
ALE 

RFSH Rii 
WR 

Figure 1. 80C188XL Block Diagram 
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01° DT1 

:-I • OMA CONTROL 
UNIT 

0 1 

20-BIT 
SOURCE POINTERS 

20-BIT 
DESTINATION 

POINTERS 

16-BIT 
COUNT REGISTERS 

CONTROL 
REGISTERS 

i~ 

1_7 
CONTROL 
REGISTERS 

H ~ PCSS/A 1 

CHIP SELECT 
CONTROL UNIT 

I-+ H PCS6/A2 

1--
IV 

LCS PCS0-4 

MCSO ucs 
MCS1 ' MCS2 
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80C188XL 

Ceramic Leadless Chip Carrier (JEDEC Type A) 

Contacts Facing Up Contacts Facing Down 

l ~I~ i!!ili!!i 

<C~1~ ''* 101-1~1~ ~~~§~~~~,~~~~~~~~ 
I II 11 II 11 II II II II II II 11 II II II II I t5& 

so •• 1····-·--···········································:- ucs 
ST :; ;: LCS 

Sl :i !: PCS8/A2 
ARDY i: PCS5/A1 

CLKOUT : • PCS4 
RESET ;;;;! < ...-.. i: PCS3 

X2 CIC) X GI ;: PCS2 
CIC)~~ ·-

X1 :J ..- X Z :- PCS1 
Yss u x "' 1: Vss 

~~c:~ ~j ~ ae ;; ~~o 
WR/QSI :J • 1: TMR OUT 1 

RFSH :J i: TMR OUTO 
A18.S8 .J i: TMRINI 

A18/S5 i: TMR INO 
A17 /S4 i: DRQI 
A18/S3 •• ii; DRQO 

PIN N0.1 
MARK 

-----------------1111 II 11 II II 11 11 11 II II II II II II 11 II I 

270975-2 

Ceramic Pin Grid Array 

Pins Facing Up 

@@@@@@@@@ 
@@@@@@@@@)@)@ 
@@ @@ 
@)@ ®@ 
@@ @)@ 

@@ @@ 
@@ @@ 
@@ @@ 
@@ @@ 
@@@@@@©©©@@ 

@@@@®0®00 

NOTE: 
XXXXXXXXA indicates the Intel FPO number. 

PIN NO. 1 MARK 

Pins Facing Down 

@: @ @ (~: :~1 g, @> @ :,~~I @• Cii,• 
:~1 ·:@: :i~· ·:~~ 
:~~) (~~; • ~~ii (~I 

(#} :~~· 

I 
A80C188XL 

@ @• 
@: ~~1) XXXXXXXXA @ :i~) 

@ (~~; 
(See Note) @ @ 

:64"• :65~ :~~) @ --· ,_. 

@ :~~I <i..i' :~_~, 

:~~) (~) (_~) (~) (~) :J~) ({~,' (f 1; :j_~I :~~) <1~~) 

(~) ::~) (~) (z) (~) :JJt ~~~) ({~; (fi~ 

270975-3 

Figure 2. 80C188XL Pinout Diagrams 
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Contacts Facing Up 

80C188XL 

Plastic Leaded Chip Carrier 

PIN NO. I MARK 

Contacts Facing Down 
~~~~C~~"~~~~~~~~M 

:;:;! <(,..._ 
00 X CD 
00~0 
.-xz 
Uxa> 
OX CD 
OOX(I) 
zx'-' 

• 

34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 

270975-4 

80-Pln Quad Flat Pack (EIAJ) 

40 

NOTE: 

Contacts 
Facing Up 

XXXXXXXXA indicates the Intel FPO number. 

25 25 

Contacts 
Facing Down 

40 

Figure 2. 80C188XL Plnout Diagrams (Continued) 
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80C188XL 

Ta.ble 1. 80C188XL Pin Description 

LCC 

Symbol 
PGA QFP Type Name and Function 

PLCC Pin No. 
Pin No. 

Vee 9 33,34 I System Power: + 5 volt power supply. 
43 72, 73 I 

Vss 26 12, 13 I System Ground. 
60 53 I 

RESET 57 18 0 RESET Output indicates that the 80C188XL CPU is being reset, 
and can be used as a system reset. It is active HIGH, synchronized 
with the processor clock, and lasts an integer number of clock 
periods corresponding to the length of the RES signal. Reset goes 
inactive 2 clockout periods after RES goes inactive. When tied to 
the TEST pin, RESET forces the 80C188XL into enhanced mode. 
RESET is not floated during bus hold. 

X1 59 16 I Crystal Inputs X1 and X2 provide external connections for a 
X2 58 17 0 fundamental mode or third overtone parallel resonant crystal for the 

internal oscillator. X1 can connect to an external clock instead of a 
crystal. In this case, minimize the capacitance on X2. The input or 
oscillator frequency is internally divided by two to generate the 
clock signal (CLKOUT). 

CLKOUT 56 19 0 Clock Output provides the system with a 50% duty cycle waveform. 
All device pin timings are specified relative to CLKOUT. CLKOUT is 
active during reset and bus hold. 

RES 24 55 I An active RES causes the 80C188XL to immediately terminate its 
present activity, clear the internal logic, and enter a dormant state. 
This signal may be asynchronous to the 80C188XL clock. The 
80C188XL begins fetching instructions approximately 6% clock 
cycles after RES is returned HIGH. For proper initialization, Vee 
must be within specifications and the clock signal must be stable for 
more than 4 clocks with RES held LOW. RES is internally 
synchronized. This input is provided with a Schmitt-trigger to 
facilitate power-on RES generation via an RC network. 

TEST 47 29 1/0 The TEST pin is sampled during and after reset to determine 
whether the 80C188XL is ~er Compatible or Enhanced Mode. 
Enhanced Mode requires TEST to be HIGH on the rising edge of 
RES and LOW four CLKOUT cycles later. Any other combination 
will place the 80C188XL in Compatible Mode. A weak internal 
pullup ensures a HIGH state when the pin is not driven. This pin is 
examined by the WAIT instruction. If the TEST input is HIGH when 
WAIT execution begins, instruction execution will suspend. TEST 
will be resampled every five clocks until it goes LOW, at which time 
execution will resume. If interrupts are enabled while the 80C188XL 
is waiting for TEST, interrupts will be serviced. During power-up, 
active RES is required to configure TEST as an input. 

TMR INO 20 59 I Timer Inputs are used either as clock or control signals, depending 
TMR IN 1 21 58 I upon the programmed timer mode. These inputs are active HIGH 

(or LOW-to-HIGH transitions are cou.nted) and internally 
synchronized. Timer Inputs must be tied HIGH when not being used 
as clock or retrigger inputs. 
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Table 1. 80C188XL Pin Description (Continued) 

LCC 

Symbol 
PGA QFP 

Type Name and Function 
PLCC Pin No. 

Pin No. 

TMROUTO 22 S? 0 Timer outputs are used to provide single pulse or continous 
TMROUT1 23 S6 0 waveform generation, depending upon the timer mode 

selected. These outputs are not floated during a bus hold. 

DRQO 18 61 I OMA Request is asserted HIGH by an external device when 
DRQ1 19 60 I it is ready for DMA Channel O or 1 to perform a transfer. 

These signals are level-triggered and internally 
synchronized. 

NMI 46 30 I The Non-Maskable Interrupt input causes a Type 2 
interrupt. An NMI transition from LOW to HIGH is latched 
and synchronized internally, and initiates the interrupt at the 
next instruction boundary. NMI must be asserted for at least 
one CLKOUT period. The Non-Maskable Interrupt cannot 
be avoided by programming. 

INTO 4S 31 I Maskable Interrupt Requests can be requested by 
INT1 /SELECT 44 32 I activating one of these pins. When configured as inputs, 
INT2/INTAO 42 3S 1/0 these pins are active HIGH. Interrupt Requests are 
INT3/INTA1/IRQ 41 36 1/0 synchronized internally. INT2 and INT3 may be configured 

to provide active-LOW interrupt-acknowledge output 
signals. All interrupt inputs may be configured to be either 
edge- or level-triggered. To ensure recognition, all interrupt 
requests must remain active until the interrupt is 
acknowledged. When Slave Mode is selected, the function 
of these pins changes (see Interrupt Controller section of 
this data sheet). 

A19/S6 6S 6 0 Address Bus Outputs (16-19) and Bus Cycle Status (3-6) 
A18/SS 66 s 0 indicate the four most significant address bits during T 1. 

A17/S4 67 4 0 These signals are active HIGH. During T 2, T 3, T wand T 4 

A16/S3 68 3 0 status information is available on these lines as encoded 
below: 
During T 2, T 3, T w and T 4, the S6 pin is LOW to indicate a 
CPU-initiated bus cycle or HIGH to indicate a OMA-initiated 

fl 
or refresh bus cycle. During the same T-states, S3, S4 and 
SS are always LOW. 
These outputs are floated during a bus hold or reset. 

A1S 1 1 0 Address-Only Bus (1 S-8) contains valid~ddresses from 
A14 3 79 0 T 1 - T 4. The bus is active high. These outputs are floated 
A13 s 77 0 during a bus hold or reset. 
A12 7 ?S 0 
A11 10 71 0 
A10 12 69 0 
A9 14 67 0 
AB 16 6S 0 

AD? 2 80 1/0 Address/Data Bus (7-0) signals constitute the time 
AD6 4 78 1/0 multiplexed memory or 1/0 address (T 1) and data (T 2, T 3, 

ADS 6 76 1/0 T wand T 4) bus. The bus is active high. These pins are 

AD4 8 74 1/0 floated during a bus hold or reset. 

AD3 11 70 1/0 
AD2 13 68 1/0 
AD1 1S 66 1/0 
ADO 17 64 1(0 
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Table 1. 80C188XL Pin Description (Continued) 

LCC 

Symbol 
PGA QFP 

Type Name and Function 
PLCC Pin No. 

Pin No. 

RFSH 64 7 0 In compatible mode, RFSH is HIGH. In enhanced mode, RFSH is 
asserted LOW to signify a refresh bus cycle. The RFSH output pin 
floats during bus hold or reset, regardless of operating mode. 

ALE/QSO 61 10 0 Address Latch Enable/Queue Status O is provided by the 
80C188XL to latch the address. ALE is active HIGH, with 
addresses guaranteed valid on the trailing edge. 

WR/QS1 63 8 0 Write Strobe/Queue Status 1 indicates that the data on the bus is 
to be written into a memory or an 1/0 device. It is active LOW, and 
floats during bus hold or reset. When the 80C188XL is in Queue 
Status Mode, the ALE/QSO and WR/QS1 pins provide 
information about processor/instruction queue interaction. 

QS1 QSO Queue Operation 

0 0 No queue operation 
0 1 First opcode byte fetched from the queue 
1 1 Subsequent byte fetched from the queue 
1 0 Empty the queue 

RD/QSMD 62 9 0/1 Read Strobe is an active LOW signal which indicates that the 
80C188XL is performing a memory or 1/0 read cycle. It is 
guaranteed not to go LOW before the AID bus is floated. An 
internal pull-up ensures that RD/QSMD is HIGH during RESET. 
Following RESET the pin is sampled to determine whether the 
80C188XL is to provide ALE, RD and WR, or queue status 
information. To enable Queue Status Mode, RD must be 
connected to GND. RD will float during bus HOLD. 

ARDY 55 20 I Asynchronous Ready informs the 80C188XL that the addressed 
memory space or 1/0 device will complete a data transfer. The 
ARDY pin accepts a rising edge that is asynchronous to CLKOUT 
and is active HIGH. The falling edge of ARDY must be 
synchronized to the 80C188XL clock. Connecting ARDY HIGH will 
always assert the ready condition to the CPU. If this line is unused, 
it should be tied LOW to yield control to the SRDY pin. 

SRDY 49 27 I Synchronous Ready informs the 80C188XL that the addressed 
memory space or 1/0 device will complete a data transfer. The 
SRDY pin accepts an active-HIGH input synchronized to 
CLKOUT. The use of SRDY allows a relaxed system timing over . 
ARDY. This is accomplished by elimination of the one-half clock 
cycle required to internally synchronize the ARDY input signal. 
Connecting SRDY high will always assert the ready condition to 
the CPU. If this line is unused, it should be tied LOW to yield 
control to the ARDY pin. 
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Table 1. 80C188XL Pin Description (Continued) 

LCC 

Symbol 
PGA QFP Type Name and Function 

PLCC Pin No. 
Pin No. 

LOCK 48 28 0 LOCK output indicates that other system bus masters are not to gain 
control of the system bus. LOCK is active LOW. The LOCK signal is 
requested by the LOCK prefix instruction and is activated at the 
beginning of the first data cycle associated with the instruction 
immediately following the LOCK prefix. It remains active until the 
completion of that instruction. No instruction prefetching will occur 
while LOCK is asserted. LOCK floats during bus hold or reset. 

so 52 23 0 Bus cycle status S0-82 are encoded to provide bus-transaction 
S1 53 22 0 information: 
S2 54 21 0 80C188XL Bus Cycle Status Information 

S2 $1 so Bus Cycle Initiated 

0 0 0 Interrupt Acknowledge 
0 0 1 Read 1/0 
0 1 0 Write 1/0 
0 1 1 Halt 
1 0 0 Instruction Fetch 
1 0 1 Read Data from Memory 
1 1 0 Write Data to Memory 
1 1 1 Passive (no bus cycle) 

The status pins float during HOLD. 
S2 may be used as a logical M/10 indicator, and S1 as a DT /R 
indicator. 

HOLD 50 26 I HOLD indicates that another bus master is requesting the local bus. 
HLDA 51 25 0 The HOLD input is active HIGH. The 80C188XL generates HLDA 

(HIGH) in response to a HOLD request. Simultaneous with the 
issuance of HLDA, the 80C188XL will float the local bus and control 
lines. After HOLD is detected as being LOW, the 80C188XL will lower 
HLDA. When the 80C188XL needs to run another bus cycle, it will m 
again drive the local bus and control lines. 

In Enhanced Mode, HLDA will go low when a DRAM refresh cycle is 
pending in the 80C188XL and an external bus master has control of 
the bus. It will be up to the external master to relinquish the bus by 
lowering HOLD so that the 80C188XL may execute the refresh cycle. 

ucs 34 45 0/1 Upper Memory Chip Select is an active LOW output whenever a 
memory reference is made to the defined upper portion (1 K-256K 
block) of memory. UCS does not float during bus hold. The address 
range activating UCS is software programmable. 

UCS and LCS are sampled upon the rising edge of RES. If both pins 
are held low, the 80C188XL will enter ONCE Mode. In ONCE Mode 
all pins assume a hig~dance state and remain so until a 
subsequent RESET. UCS has a weak internal pullup that is active 
during RESET to ensure that the 80C188XL does not enter the 
ONCE Mode inadvertently. 
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Table 1. 80C188XL Pin Description (Continued) 

LCC 

Symbol PGA QFP 
Type Name and Function 

PLCC Pin No. 
Pin No. 

LCS 33 46 0/1 Lower Memory Chip Select is active LOW whenever a memory 
reference is made to the defined lower portion (1 K-256K) of 
memory. LCS does not float during bus HOLD. The address 
range activating LCS is software programmable. 

UCS and LCS are sampled upon the rising edge of RES. if 
both pins are held low, the 80C188XL will enter ONCE Mode. 
In ONCE Mode all pins assume a high impedance state and 
remain so until a subsequent RESET. LCS has a weak internal 
pullup that is active only during RESET to ensure that the 
80C188XL does not enter ONCE Mode inadvertently. 

MCSO 38 39 0 Mid-Range Memory Chip Select signals are active LOW when 
MCS1 37 40 0 a memory reference is made to the defined mid-range portion 
MCS2 36 41 0 of memory (8K-512K). These lines do not float during bus 

MCS3 35 42 0 HOLD. The address ranges activating MCS0-3 are software 
programmable. 

PCSO 25 54 0 Peripheral Chip Select signals 0-4 are active LOW when a 
PCS1 27 52 0 reference is made to the defined peripheral area (64K 1/0 
PCS2 28 51 0 space or 1 Mbyte memory space). These lines do not float 

PCS3 29 50 0 during bus HOLD. The address ranges activating PCS0-4 are 

PCS4 30 49 0 software programmable. 

PCS5/A1 31 48 0 Peripheral Chip Select 5 or Latched A 1 may be programmed to 
provide a sixth peripheral chip select, or to provide an 
internally latched A 1 signal. The address range activating 
PCS5 is software-programmable. PCS5/ A 1 does not float 
during bus HOLD. When programmed to provide latched A 1, 
this pin will retain the previously latched value during HOLD. 

PCS6/A2 32 47 0 Peripheral Chip Select 6 or Latched A2 may be programmed to 
provide a seventh peripheral chip select, or to provide an 
internally latched A2 signal. The address range activating 
PCS6 is software-programmable. PCS6/ A2 does not float 
during bus HOLD. When programmed to provide latched A2, 
this pin will retain the previously latched value during HOLD. 

DT/R 40 37 0 Data Transmit/Receive controls the direction of data flow 
through an external data bus transceiver. When LOW, data is 
transferred to the 80C188XL. When HIGH the 80C188XL 
places write data on the data bus. OT /R floats during a bus 
hold or RESET. 

OEN 39 38 0 Data Enable is provided as a data bus transceiver output 
enable. DEN is active LOW during e~h memory and 1/0 
access. DEN is HIGH whenever DT /R changes state. During 
RESET, DEN is driven HIGH for one clock, then floated. DEN 
also floats during HOLD. 

N.C. - 2, 11, 14, 15; - Not Connected. To maintain compatibility with future products, 
24, 43, 44, do not connect these pins. 

62,63 
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INTRODUCTION 

The following Functional Description describes the 
base architecture of the 80C188XL. The 80C188XL 
is a very high integration 16-bit microprocessor. It 
combines 15-20 of the most common microproces
sor system components onto one chip. The 
80C188XL is object code compatible with the 
8086/8088 microprocessors and adds 1 O new in
struction types to the 8086/8088 instruction set. 

The 80C188XL has two major modes of operation, 
Compatible and Enhanced. In Compatible Mode the 
80C188XL is completely compatible with NMOS 
80188, with the exception of 8087 support. The En
hanced mode adds two new features to the system 
design. These are Power-Save control and Dynamic 
RAM refresh. 

80C188XL BASE ARCHITECTURE 

80C188XL Clock Generator 

The 80C188XL provides an on-chip clock generator 
for both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide
by-two counter, synchronous and asynchronous 
ready inputs and reset circuitry. 

L External Clock Source -;-- X 1 

N.C. X2 
80C188XL 

NOTE: 

The 80C188XL oscillator circuit is designed to be 
used either with a parallel resonant fundamental or 
third-overtone mode crystal, depending upon the 
frequency range of the application. This is used as 
the time base for the 80C188XL. 

The output of the oscillator is not directly available 
outside the 80C188XL. The recommended crystal 
configuration is shown in Figure 3b. When used in 
third-overtone mode, the tank circuit is recommend
ed for stable operation. Alternately, the oscillator 
may be driven from an external source as shown in 
Figure 3a. 

The crystal or clock frequency chosen must be twice 
the required processor operating frequency due to 
the internal divide by two counter. This counter is 
used to drive all internal phase clocks and the exter
nal CLKOUT signal. CLKOUT is a 50% duty cycle 
processor clock and can be used to drive other sys
tem components. All AC timings are referenced to 
CLKOUT. 

Intel recommends the following values for crystal se
lection parameters: 

Temperature Range: Application Specific 
ESR (Equivalent Series Resistance): 600 max 
Co (Shunt Capacitance of Crystal): 7.0 pF max 
C1 (Load Capacitance): 20 pF ± 5 pF 
Drive Level: 2 mW max 

XTAL Frequency L 1 Value 

270975-13 
20 MHz 12.0 µH ±20% 
25 MHz 8.2 µH ±20% 
32 MHz 4.7 µH ±20% 

.::r:. 200 pF 
(3a) 

40 MHz 3.0 µH ±20% 270975-11 
(3b) 

LC Network is only required when using a third overtone crystal. 

Figure 3. 80C188XL Oscillator Configurations (see text) 
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Bus Interface Unit 

The 80C188XL provides a bus controller to generate 
the local bus control signals. In addition, it employs a 
HOLD/HLDA protocol for relinquishing the local bus 
to other bus masters. It also provides outputs that, 
can be used to enable external buffers and to direct 
the flow of data on and off the local bus. 

The bus controller is responsible for generating 20 
bits of address, read and write strobes, bus cycle 
status information add data (for write operations) in· 
formation. It is also responsible for reading data 
from the lcoal bus during a read operation. Synchro
nous and asynchronous ready input pins are provid
ed to extend a bus cycle beyond the minimum four 
states (clocks). 

The 80C188XL bus controller also generates two 
control signals (DEN and OT /R) when interfacing to 
external transceiver chips. This capability allows the 
addition of transceivers for simple buffering of the 
multiplexed address/ data bus. 

During RESET, the local bus controller will perform 
the following action: 

• Drive DEN, RD and WR HIGH for one clock cy
cle, then float them. 

• Drive SO-S2 to the inactive state (all HIGH) and 
then float. 

• Drive LOCK HIGH and then float. 

• Float ADO-AD7, A8-A19, S7/RFSH, OT/A. 

• Drive ALE LOW. 

• Drive HLDA LOW. 

RD/QSMD, UCS, LCS and TEST pins have internal 
pullup devices which are active while RES is applied. 
Excessive loading or grounding certain of these pins 
causes the 80C188XL to enter an alternative mode 
of operation: 

• RD/QSMD LOW results in Queue Status Mode. 

• UCS and LCS LOW results in ONCE Mode. 

• TEST LOW (and HIGH later) results in Enhanced 
Mode. 

80C188XL PERIPHERAL 
ARCHITECTURE 

All the 80C188XL integrated peripherals are con
trolled by 16-bit registers contained within an inter
nal 256-byte control block. The control block may be 
mapped into either memory or 1/0 space. Internal 
logic will recognize control block addresses and re
spond to bus cycles. An offset map of the 256-byte 
control register block is shown in Figure 3. 

Chip-Select/Ready Generation Logic 

The 80C188XL contains logic which provides pro
grammable chip-select generation for both memo
ries and peripherals. In addition, it can be pro
grammed to provide READY (or WAIT state) genera
tion. It can also provide latched address bits A 1 and 
A2. The chip-select lines are active for all memory 
and 1/0 cycles in their programmed areas; whether 
they be generated by the CPU or by the integrated 
OMA unit. 

The 80C188XL provides 6 memory chip select out
puts for 3 address areas; upper memory, lower 
memory, and midrange memory. One each is provid
ed for upper memory and lower memory, while four 
are provided for midrange memory. 
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Relocation Register 

OMA Descriptors Channel 1 

OMA Descriptors Channel O 

Chip-Select Control Registers 

Time 2 Control Registers 

Time 1 Control Registers 

Time 0 Control Registers 

Interrupt Controller Registers 

OFFSET 

FEH 

DAH 

DOH 

CAH 

GOH 

ASH 

AOH 

66H 

60H 

5EH 

58H 

56H 

50H 

3EH 

20H 

Figure 4. Internal Register Map 

The BOC1 BBXL provides a chip select, called UCS, 
for the top of memory. The top of memory is usually 
used as the system memory because after reset the 
80C188XL begins executing at memory location 
FFFFOH. 

The BOC188XL provides a chip select for low memo
ry called LCS. The bottom of memory contains the 
interrupt vector table, starting at location OOOOOH. 

The 80C1 BBXL provides four MCS lines which are 
active within a user-locatable memory block. This 
block can be located within the 80C1 BBXL 1 Mbyte 
memory address s~e exclusive of the areas de
fined by UCS and LCS. Both the base address and 
size of this memory block are programmable. 

The BOC1 BBXL can generate chip selects for up to 
seven peripheral devices. These chip selects are ac
tive for seven contiguous blocks of 128 bytes above 
a programmable base address. The base address 
may be located in either memory or 1/0 space. 

The 80C188XL can generate a READY signal inter
nally for each of the memory or peripheral CS lines. 
The number of WAIT states to be inserted for each 
peripheral or memory is programmable to provide 
0-3 wait states for all accesses to the area for 
which the chip select is active. In addition, the 
BOC1 BBXL may be programmed to either ignore ex
ternal READY for each chip-select range individually 
or to factor external READY with the integrated 
ready generator. 

Upon RESET, the Chip-Select/Ready Logic will per
form the following actions: 

• All chip-select outputs will be driven HIGH. 

• Upon leaving RESET, the UCS line will be pro
grammed to provide chip selects to a 1 K block 
with the accompanying READY control bits set at 
011 to insert 3 wait states in conjunction with ex
ternal READY (i.e., UMCS resets to FFFBH). 

• No other chip select or READY control registers 
have any predefined values after RESET. They 
will not become active until the CPU accesses 
their control registers. 

OMA Unit 

The BOC1 BBXL OMA controller provides two inde
pendent OMA channels. Data transfers can occur 
between memory and 1/0 spaces (e.g., Memory to 
1/0) or within the same space (e.g., Memory to 
Memory or 1/0 to 1/0). Each OMA channel main
tains both a 20-bit source and destination pointer 
which can be optionally incremented or decrement
ed after each data transfer. Each data transfer con
sumes 2 bus cycles (a minimum of 8 clocks), one 
cycle to fetch data and the other to store data. 

Timer/Counter Unit 

The 80C188XL provides three internal 16-bit pro
grammable timers. Two of these are highly flexible 
and are connected to four external pins (2 per timer). 
They can be used to count external events, time ex
ternal events, generate nonrepetitive waveforms, 
etc. The third timer is not connected to any external 
pins, and is useful for real-time coding and time de
lay applications. In addition, the third timer can be 
used as a prescaler to the other two, or as a OMA 
request source. 
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Interrupt Control Unit 

The 80C188XL can receive interrupts from a number 
of sources, both internal and external. The 
80C188XL has 5 external and 2 internal interrupt 
sources (Timer/Counters and OMA). The internal in
terrupt controller serves to merge these requests on 
a priority basis, for individual service by the CPU. 

Enhanced Mode Operation 

In Compatible Mode the' 80C188XL operates with all 
the features of the NMOS 80188, with the exception 
of 8087 support (i.e. no numeric coprocessing is 
possible). Queue-Status information is still available 
for design purposes other than 8087 support. 

All 'the Enhanced Mode features are completely 
masked when in Compatible Mode. A write to any of 
the Enhanced Mode registers will have no effect, 
while a read will not return any valid data. 

In Enhanced Mode, the 80C188XL will operate with 
Power-Save and DRAM refresh, in addition to all the 
Compatible Mode features. , 

Enhanced mode can be entered by tying the RESET 
output signal from the 80C188XL to the TEST input. 

Queue-Status Mode 

The queue-status mode is entered by strapping the 
RD pin low. RD is sampled at RESET and if LOW, 
the 80C188XL will reconfigure the ALE and WR pins 
to be QSO and QS1 respectively. This mode is avail
able on the 80C188XL in both Compatible and En
hanced Modes. 

DRAM Refresh Control Unit 

The Refresh Control Unit (RCU) automatically gen
erates DRAM refresh bus cycles. The RCU operates 
only in Enhanced Mode. After a programmable peri
od of time, the RCU generates a memory read re
quest to the BIU. If the address generated during a 
refresh bus cycle is within the range of a properly 
progr11.mmed chip select, that chip select will be acti
vated when the BIU executes the refresh bus cycle. 

Power-Save Control 

The 80C188XL, when in Enhanced Mode, can enter 
a power saving state by internally dividing the proc
essor clock frequency by a programmable factor. 
This divided frequency is also available at the 
CLKOUT pin. 

All internal logic, including the Refresh Control Unit 
and the timers, have their clocks slowed down by 
the division factor. To maintain a real time count or a 
fixed DRAM refresh rate, these peripherals must be 
re-programmed when entering and leaving the pow
er-save mode. 

ONCE™ Test Mode 

To facilitate testing and inspection of devices when 
fixed into a target system, the 80C188XL has a test 
mode available which allows all pins to be placed in 
a high-impedance state. ONCE stands for "ON Cir
cuit Emulation". When placed in this mode. the 
80C188XL will put all pins in the high-impedance 
state until RESET. 

The ONCE Mode is selected by tying the UCS and 
the LCS LOW during RESET. These pins are sam
pled on the low-t(~Wh transition of the RES pin. 
The Des and the pins have weak internal pull
up resistors similar to the RD and TEST pins to guar
antee ONCE Mode is not entered inadvertently dur
ing normal operation. [CS and Des musi be held 
low at least one clock after RES goes high to guar
antee entrance into ONCE Mode. 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature under Bias .... 0°c to+ 70°C 

Storage Temperature .......... -65°C to + 150°C 

Voltage on Any Pin with 
Respect to Ground ............ -1.0V to + 7.0V 

Package Power Dissipation ................... 1 W 
Not to exceed the maximum allowable die tempera
ture based on thermal resistance of the package. 

NOTICE: This data sheet contains information on 
products in the sampling and initial production phases 
of development. It is valid for the devices indicated in 
the revision history. The specifications are subject to 
change without notice. 

•WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 

NOTICE: The specifications are subject to change 
without notice. 

DC CHARACTERISTICS TA= 0°Cto +10°c, Vee= 5V ±10% 

Symbol Parameter Min Max Units Test Conditions 

V1L Input Low Voltage (Except X1) -0.5 0.2Vcc - 0.3 v 
v,L1 Clock Input Low Voltage (X1) -0.5 0.6 v 

.VIH Input High Voltage 0.2Vcc + 0.9 Vee+ 0.5 v 
(All except X1 and RES) 

V1H1 Input High Voltage (RES) 3.0 Vee+ o.5 v 
V1H2 Clock Input High Voltage (X1) 3.9 Vee+ 0.5 v 
Vol Output Low Voltage 0.45 v IOL = 2.5 mA (SO, 1, 2) 

loL = 2.0 mA (others) 

VoH Output High Voltage 2.4 Vee v loH = -2.4 mA @2.4V (4) 

Vee - 0.5 Vee v loH = -200 µA@ Vee -0.5(4) 

Ice Power Supply Current 100 mA @20 MHz, 0°C 
Vee= 5.5V(3) 

80 mA @16 MHz, 0°C 
Vee= 5.5V(3) 

65 mA @ 12.5 MHz, 0°C 
Vee = 5.5V (3) 

50 mA @ 10 MHz, 0°C 
Vee= 5.5V (3) 

100 µA @DC0°C 
Vee= 5.5V 

lu Input Leakage Current ±10 µA @0.5 MHz, 
0.45V ·s: v1N s Vee 

I Lo Output Leakage Current ±10 µA @0.5 MHz, 
0.45V s Vour s Vcc(1l 

Vcw Clock Output Low 0.45 v lcw = 4.0 mA 
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DC CHARACTERISTICS(Continued)TA = 0°cto +70°c, Vee= 5V ±10% 

Symbol Parameter Min Max Units Test Conditions 

VcHO Clock Output High Vee - 0.5 v lcHo = - 500 JJ-A 

C1N Input Capacitance 10 pF @ 1 MHz(2) 

C10 Output or 1/0 Capacitance 20 pF @ 1 MHz(2J 

NOTES: 
1. Pins being floated during HOLD or by invoking the ONCE Mode. 
2. Characterization conditions are a) Frequency = 1 MHz; b) Unmeasured pins at GND; c) V1N at + 5.0V or 0.45V. This 
parameter is not tested. 
3. Current is measured with the device in RESET with X1 and X2 driven and all other non-power pins open. 
4. RD/QSMD, UCS, LCS and TEST pins have internal pullup devices. Loading some of these pins above loH = - 200 µA 
can cause the 80C186 to go into alternative modes of operation. See the section on Local Bus Controller and Reset for 
details. 

POWER SUPPLY CURRENT 

Current is linearly proportional to clock frequency 
and is measured with the device in RESET with X1 
and X2 driven and all other non-power pins open. 

Maximum current is given by Ice = 5 mA x freq. 
(MHz) + IQL· 

IQL is the quiescent leakage current when the clock 
is static. laL is typically less than 1 oo JJ-A. 
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AC CHARACTERISTICS 

MAJOR CYCLE TIMINGS (READ CYCLE) 
TA= 0°C to +70°C, Vee= 5V ±10% 

BOC188XL 

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL = 50 pF. 
For AC tests, input V1L = 0.45V and V1H = 2.4V except at X1 where V1H = Vee - 0.5V. 

Values 

Symbol Parameter 80C188XL 80C188XL12 Unit 

Min Max Min Max 

80C188XL GENERAL TIMING REQUIREMENTS (Listed More Than Once) 

TovcL Data in Setup (AID) 15 15 ns 

TeLox Data in Hold (AID) 3 3 ns 

80C188XL GENERAL TIMING RESPONSES (Listed More Than Once) 

TcHSV Status Active Delay 3 45 3 35 ns 

TcLSH Status Inactive Delay 3 46 3 35 ns 

TcLAV Address Valid Delay 3 44 3 36 ns 

TeLAx Address Hold 0 0 ns 

TeLDV Data Valid Delay 3 40 3 36 ns 

TcHDX Status Hold Time 10 10 ns 

TcHLH ALE Active Delay 30 25 ns 

hHLL ALE Width TcLCL - 15 TcLCL - 15 ns 

TcHLL ALE Inactive Delay 30 25 ns 

TAVLL Address Valid to ALE Low TcLCH - 18 TcLCH - 15 ns 

TLLAX Address Hold from ALE TcHCL - 15 TcHCL - 15 ns 
Inactive 

TAVCH Address Valid to Clock High 0 0 ns 

TcLAZ Address Float Delay TcLAX 30 TcLAx 25 ns 

TcLeSV Chip-Select Active Delay 3 42 3 33 ns 

Tcxcsx Chip-Select Hold from TcLCH - 10 TcLCH - 10 ns 
Command Inactive 

TcHCSX Chip-Select Inactive Delay 3 35 3 30 ns 

ToxoL DEN Inactive to OT /R Low 0 0 ns 

Tcvcw Control Active Delay 1 3 44 3 37 ns 

TcvoEx DEN Inactive Delay 3 44 3 37 ns 

TeHeTV Control Active Delay 2 3 44 3 37 ns 

TeLLv [()CK Valid/Invalid Delay 3 40 3 37 ns 

80C188XL TIMING RESPONSES (Read Cycle) 

TAZRL Address Float to RD Active 0 0 ns 

TeLRL RD Active Delay 3 44 3 37 ns 

TRLRH RD Pulse Width 2TeLCL - 30 2TeLeL - 25 ns 

TcLRH RD Inactive Delay 3 44 3 37 ns 

TRHLH RD Inactive to ALE High TeLeH - 14 TeLeH - 14 ns 

TRHAV RD Inactive to Address TeLeL - 15 TeLeL - 15 ns 
Active 
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AC CHARACTERISTICS 

MAJOR CYCLE TIMINGS (READ CYCLE) 
TA= o·c to +1o·c. Vee= 5V ±10% 

80C188XL 

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL = 50-200 PF (10 MHz) and CL = 50-100 pF (12.5-20 MHz). 
For AC tests, input V1L = 0.45V and V1H = 2.4V except at X1 where V1H = Vee - 0.5V. 

Values 

Symbol Parameter 80C188XL16 80C188XL20 Unit Test 
Conditions 

Min Max Min Max 

80C188XL GENERAL TIMING REQUIREMENTS (Listed More Than Once) 

ToveL Data in Setup (AID) 15 10 ns 

TeLDX Data in Hold (AID) 3 3 ns 

80C188XL GENERAL TIMING RESPONSES (Listed More Than Once) 

TeHSV Status Active Delay 3 31 3 25 ns 

TeLSH Status Inactive Delay 3 30 3 25 ns 

TeLAV Address Valid Delay 3 33 3 27 ns 

TeLAX Address Hold 0 0 ns 

TeLDV Data Valid Delay 3 33 3 27 ns 

TcHDX Status Hold Time 10 10 ns 

TeHLH ALE Active Delay 20 20 ns 

TLHLL ALE Width TeLeL - 15 TeLCL - 15 ns 

TeHLL ALE Inactive Delay 20 20 ns 

TAVLL Address Valid to ALE Low TeLeH - 15 TeLeH - 10 ns Equal 
Loading 

TLLAX Address Hold from ALE TeHeL - 15 TeHeL - 10 ns Equal 
Inactive Loading 

TAveH Address Valid to Clock High 0 0 ns 

TeLAZ Address Float Delay TcLAX 20 TeLAX 20 ns 

TeLeSV Chip-Select Active Delay 3 30 3 25 ns 

Texesx Chip-Select Hold from teLeH - 10 TeLeH - 10 ns Equal 
Command Inactive Loading 

TcHeSX Chip-Select Inactive Delay 3 25 3 20 ns 

ToxDL DEN Inactive to DT /R Low 0 0 ns Equal 
Loading 

Teverv Control Active Delay 1 3 31 3 25 ns 

TevDEX DEN Inactive Delay 3 31 3 22 ns 

TeHeTV Control Active Delay 2 3 31 3 22 ns 

TeLLV LOCK Valid/Invalid Delay 3 35 3 22 ns 

80C188XL TIMING RESPONSES (Read Cycle) 

TAZRL Address Float to RD Active 0 0 ns 

TeLRL RD Active Delay 3 31 3 27 ns 

TRLRH RD Pulse Width 2TeLeL - 25 2TeLeL - 20 ns 

TeLRH RD Inactive Delay 3 31 3 27 ns 

TRHLH RD Inactive to ALE High TeLeH - 14 TeLeH - 14 ns Equal 
Loading 

TRHAV RD Inactive to Address TeLeL - 15 TeLeL - 15 ns Equal 
Active Loading 
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intel .. 

AC CHARACTERISTICS 

MAJOR CYCLE TIMINGS (WRITE CYCLE) 
TA = o·c to +1o·c. Vee= 5V ± 10% 

80C188XL 

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL = 50 pF. 
For AC tests, input VrL = 0.45V and V1H = 2.4V except at X1 where VrH = Vee - 0.5V. 

Values 

Symbol Parameter 80C188XL 80C188XL12 Unit 

Min Max Min Max 

80C188XL GENERAL TIMING RESPONSES (Listed More Than Once) 

TeHSV Status Active Delay 3 45 3 35 ns 

TeLSH Status Inactive Delay 3 46 3 35 ns 

TeLAV Address Valid Delay 3 44 3 36 ns 

TeLAX Address Hold 0 0 ns 

TeLDV Data Valid Delay 3 40 3 36 ns 

TeHox Status Hold Time 10 10 ns 

TeHLH ALE Active Delay 30 25 ns 

hHLL ALE Width TeLeL - 15 TeLeL - 15 ns 

TeHLL ALE Inactive Delay 30 25 ns 

TAVLL Address Valid to ALE Low TeLeH - 18 TeLeH - 15 ns 

TLLAX Address Hold from ALE TeHeL - 15 TeHeL - 15 ns 
Inactive 

TAveH Address Valid to Clock High 0 0 ns 

TeLDOX Data Hold Time 3 3 ns 

TeveTV Control Active Delay 1 3 44 3 37 ns 

Tevcrx Control Inactive Delay 3 44 3 37 ns 

TeLeSV Chip-Select Active Delay 3 42 3 33 ns 

Texesx Chip-Select Hold from TeLeH - 10 TeLeH - 10 ns 
Command Inactive 

TeHesx Chip-Select Inactive Delay 3 35 3 30 ns 

ToxoL DEN Inactive to DT /R Low 0 0 ns 

TeLLV LOCK Valid/Invalid Delay 3 40 3 37 ns 

80C188XL TIMING RESPONSES (Write Cycle) 

TwLWH WR Pulse Width 2TeLeL - 30 2TeLeL - 25 ns 

TwHLH WR Inactive to ALE High TeLCH - 14 TeLeH - 14 ns 

TwHDX Data Hold after WR TeLeL - 34 TeLeL - 20 ns 

TwHDEX WR Inactive to DEN Inactive TeLCH - 10 TeLeH - 10 ns 
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infel .. 

AC CHARACTERISTICS 

MAJOR CYCLE TIMINGS (WRITE CYCLE) 
TA= o·c to +1o·c. Vee= 5V ±10% 

80C188XL 

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL = 50 pF. 
For AC tests, input V1L = 0.45V and V1H = 2.4V except at X1 where V1H = Vee - 0.5V. 

Values 

Symbol Parameter 80C188XL16 80C188XL20 Unit 

Min Max Min Max 

80C188XL GENERAL TIMING RESPONSES (Listed More Than Once) 

TeHSV Status Active Delay 3 31 3 25 ns 

TeLSH Status Inactive Delay 3 30 3 25 ns 

TeLAV Address Valid Delay 3 33 3 27 ns 

TeLAX Address Hold 0 0 ns 

TeLOV Data Valid Delay 3 33 3 27 ns 

TeHDX Status Hold Time 10 10 ns 

TeHLH ALE Active Delay 20 20 ns 

TLHLL ALE Width TeLeL - 15 TeLeL - 15 ns 

TeHLL ALE Inactive Delay 20 20 ns 

TAVLL Address Valid to ALE Low TeLeH - 15 TeLeH - 10 ns 

TLLAX Address Hold from ALE TeHeL - 15 TeHeL - 10 ns 
Inactive 

TAVCH Address Valid to Clock High 0 0 ns 

TeLDOX Data Hold Time 3 3 ns 

Teverv Control Active Delay 1 3 31 3 25 ns 

TeveTx Control Inactive Delay 3 31 3 25 ns 

TeLeSV Chip-Select Active Delay 3 30 3 25 ns 

Texesx Chip-Select Hold from TeLeH - 10 TeLeH - 10 ns 
Command Inactive 

TeHeSX Chip-Select Inactive Delay 3 25 3 20 ns 

ToxoL DEN Inactive to DT /R Low 0 0 ns 

TeLLV LOCK Valid/Invalid Delay 3 35 3 22 ns 

80C188XL TIMING RESPONSES (Write Cycie) 

TwLWH WR Pulse Width 2TeLeL - 25 2TeLeL - 20 ns 

TwHLH WR Inactive to ALE High TeLeH - 14 TeLeH - 14 ns 

TwHDX Data Hold after WR TeLeL - 20 TeLeL - 15 ns 

TwHDEX WR Inactive to DEN Inactive TeLeH - 10 TeLeH - 10 ns 
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80C188XL 

AC CHARACTERISTICS 

MAJOR CYCLE TIMINGS (INTERRUPT ACKNOWLEDGE CYCLE) 
TA= O"C to +70°C, Vee= 5V ±10% 
All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL = 50 pF. 
For AC tests, input V1L = 0.45V and V1H = 2.4V except at X1 where V1H = Vee - 0.5V. 

Values 

Symbol Parameter 80C188XL 80C188XL12 Unit 

Min Max Min Max 

80C188XL GENERAL TIMING REQUIREMENTS (Listed More Than Once) 

ToveL Data in Setup (AID) 15 15 ns 

TeLDX Data in Hold (AID) 3 3 ns 

80C188XL GENERAL TIMING RESPONSES (Usted More Than Once) 

TeHSV Status Active Delay 3 45 3 35 ns 

TeLSH Status Inactive Delay 3 46 3 35 ns 

TeLAV Address Valid Delay 3 44 3 36 ns 

TAveH Address Valid to Clock High 0 0 ns 

TeLAX Address Hold 0 0 ns 

TeLDv Data Valid Delay 3 40 3 36 ns 

TeHDX Status Hold Time 10 10 ns 

TeHLH ALE Active Delay 30 25 ns 

TLHLL ALE Width TeLeL - 15 TeLeL - 15 ns 

TeHLL ALE Inactive Delay 30 25 ns 

TAVLL Address Valid to ALE Low TeLeH - 18 TeLeH -15 ns 

TLL.AX Address Hold to ALE TeHeL - 15 TeHeL - 15 ns 
Inactive 

TeLAZ Address Float Delay TeLAX 30 TeLAX 25 ns 

Tcverv Control Active Delay 1 3 44 3 37 ns 

Tcvenc Control Inactive Delay 3 44 3 37 ns 

ToxoL DEN Inactive to OT /R Low 0 0 ns 

TeHeTV Control Active Delay 2 3 44 3 37 ns 

Tevoex DEN Inactive Delay 3 44 3 37 ns 
(Non-Write Cycles) 

TeLLV LOCK Valid/Invalid Delay 3 40 3 37 ns 
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80C188XL 

AC CHARACTERISTICS 

MAJOR CYCLE TIMINGS {INTERRUPT ACKNOWLEDGE CYCLE) 
TA= o•c to +1o•c, Vee= 5V ±10% 
All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL = 50 pF. 
For AC tests, input V1L = 0.45V and V1H = 2.4V except at X1 where V1H = Vee - 0.5V. 

Values 

Symbql Parameter 80C188XL16 80C188XL20 Unit 

Min Max Min Max 

80C188XL GENERAL TIMING REQUIREMENTS (Listed More Than Once) 

ToveL Data in Setup (AID) 15 10 ns 

TeLDX Data in Hold (AID) 3 3 ns 

80C188XL GENERAL TIMING RESPONSES (Listed More Than Once) 

TeHSV Status Active Delay 3 31 3 25 ns 

TeLSH Status Inactive Delay 3 30 3 25 ns 

TeLAv Address Valid Delay 3 33 3 27 ns 

TAveH Address Valid to Clock High 0 0 ns 

TeLAX Address Hold 0 0 ns 

TeLov Data Valid Delay 3 33 3 27 ns 

TcHDX Status Hold Time 10 10 ns 

TeHLH ALE Active Delay 20 20 ns 

TLHLL ALE Width TeLeL - 15 TeLeL - 15 ns 

TeHLL ALE Inactive Delay 20 20 ns 

TAVLL Address Valid to ALE Low TeLeH - 15 TeLeH - 10 ns 

TLLAX Address Hold to ALE TeHeL - 15 TeHeL - 10 ns 
Inactive 

TeLAZ Address Float Delay TeLAX 20 TeLAX 20 ns 

Tcvcrv Control Active Delay 1 3 31 3 25 ns 

Tevcnc Control Inactive Delay 3 31 3 25 ns 

ToxoL DEN Inactive to DT /R Low 0 0 ns 

TeHCTV Control Active Delay 2 3 31 3 22 ns 

Tcvoex 'D'EN Inactive Delay 3 31 3 22 ns 
(Non-Write Cycles) 

TeLLV Il50K Valid/Invalid Delay 3 35 3 22 ns 
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infel. BOC188XL 

AC CHARACTERISTICS 

SOFTWARE HALT CYCLE TIMINGS 

TA= o·c to +70°c, Vee= 5V ±10% 
All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL = 50 pF. 
For AC tests, input V1L = 0.45V and V1H = 2.4V except at X1 where V1H = Vee - 0.5V 

Values 

Symbol parameter 80C188XL 80C188XL12 Unit 

Min Max Min Max 

80C188XL GENERAL TIMING REQUIREMENTS (Listed More Than Once} 

TeHSV Status Active Delay 3 45 3 35 ns 

TeLSH Status Inactive Delay 3 46 3 35 ns 

TeLAV Address Valid Delay 3 44 3 36 ns 

TeHLH ALE Active Delay 30 25 ns 

fLHLL ALE Width TeLeL - 15 TeLeL - 15 ns 

TeHLL ALE Inactive Delay 30 25 ns 

ToxoL DEN Inactive to OT /A Low 0 0 ns 

TeHeTV Control Active Delay 2 3 44 3 37 ns 

·Values 

Symbol Parameter 80C188XL16 80C188XL20 Unit 

Min Max Min Max 

80C188XL GENERAL TIMING RESPONSES (Listed More Than Once} 

TeHSV Status Active Delay 3 31 3 25 ns 

TeLSH Status Inactive Delay 3 30 3 25 ns 

TeLAV Address Valid Delay 3 33 3 27 ns 

TeHLH ALE Active Delay 20 20 ns 

fLHLL ALE Width TeLeL - 15 TeLeL - 15 ns 

TeHLL ALE Inactive Delay 20 20 ns 

ToxoL DEN Inactive to OT /A Low 0 0 ns 

TeHCTV Control Active Delay 2 3 31 3 22 ns 
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BOC188XL 

AC CHARACTERISTICS 

CLOCK TIMINGS 
TA= o·c to +70°c, Vee= 5V ±10% 
All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL = 50 pF. 
For AC tests, input V1L = 0.45V and V1H = 2.4V except at X1 where V1H = Vee - 0.5V. 

Values 

Symbol Parameter 80C188XL 80C188XL12 Unit 

Min Max Min Max 

80C188XL CLKIN REQUIREMENTS(1) 

TeKIN CLKIN Period 50 00 40 00 ns 

TeLeK CLKIN Low Time 20 00 16 00 ns 

TeHeK CLKIN High Time 20 00 16 00 ns 

TeKHL CLKIN Fall Time 5 5 ns 

TeKLH CLKIN Rise Time 5 5 ns 

80C188XL CLKOUT TIMING 

Te1eo CLKIN to CLKOUT Skew 25 21 ns 

TeLeL CLKOUT Period 100 00 80 00 ns 

TeLeH CLKOUT Low Time 0.5 TeLeL - 6 0.5TeLeL - 5 ns 

TcHCL CLKOUT High Time 0.5TeLeL - 6 0.5 TeLCL - 5 ns 

TeH1eH2 CLKOUT Rise Time 10 10 ns 

TeL2CL1 CLKOUT Fall Time 10 10 ns 

NOTES: 
1. External clock applied to X1 and X2 not connected. 
2. T CLCK and T CHCK (eLKIN Low and High times) should not have a duration less than 40% of T CKIN· 
3. Tested under worst case conditions: Vee= 5.5V TA= 7D°C. 
4. Tested under worst case conditions: Vee = 4.5V TA = 0°C. 
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80C188XL 

AC CHARACTERISTICS 

CLOCK TIMINGS 
TA= o·c to +1o·c. Vee= 5V ±10% 
All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL = 50 pF. 
For AC tests, input VrL = 0.45V and VrH = 2.4V except at X1 where VrH = Vee - 0.5V. 

Values 

Symbol Parameter 80C188XL16 80C188XL20 Unit 

Min Max Min Max 

80C188XL CLKIN REQUIREMENTS(1) 

TeKIN CLKIN Period 31.25 00 25 00 ns 

TeLeK CLKIN Low Time 13 00 10 00 ns 

TeHeK CLKIN High Time 13 00 10 00 ns 

TeKHL CLKIN Fall Time 5 5 ns 

TeKLH CLKIN Rise Time 5 5 ns 

80C188XL CLKOUT TIMING 

Terco CLKIN to CLKOUT Skew 17 17 ns 

TeLeL CLKOUT Period 62.5 50 ns 

TeLeH CLKOUT Low Time 0.5TeLeL - 5 0.5TeLeL - 5 ns 

TeHeL CLKOUT High Time 0.5TeLeL - 5 0.5TeLeL - 5 ns 

TeH1eH2 CLKOUT Rise Time 10 8 ns 

TeL2eL1 CLKOUT Fall Time 10 8 ns 

NOTES: 
1. External clock applied to X1 and X2 not connected. 
2. T cLeK and T eHeK (eLKIN Low and High times) should not have a duration less than 40% of T eKIN· 
3. Tested under worst case conditions: Vee = 5.5.V TA = 70"e. 
4. Tested under worst case conditions: Vee = 4.5V TA = o•e. 
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1.5V(2) 

1.5V(2) 

3.5to 1.0V 

1.0to 3.5V 

CL = 100 pF(3) 

CL = 100 pF(4) 

1.0to 3.5V 

3.5to 1.0V 
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80C188XL 

AC CHARACTERISTICS 

READY, PERIPHERAL AND QUEUE STATUS TIMINGS 
TA= oocto +1o•c, Vee= 5V ±10% . 
All timings are measured at 1.5V and 1 oo pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL = 50 pF. 
For AC tests, input V1L = 0.45V'and V1H = 2.4V except at X1 where V1H = Vee - 0.5V. 

Values 

Symbol Parameter 80C188XL 80C188XL12 Unit 

·Min Max Min Max 

80C188XL READY AND PERIPHERAL TIMING REQUIREMENTS 

TsRveL Synchronous Ready (SRDY) 15 15 ns 
Transition Setup Time(1) 

TeLSRY SRDY Transition Hold Time(1) 15 15 ns 

TARYeH ARDY Resolution Transition 15 15 ns 
Setup Time(2) 

TeLARX ARDY Active Hold Time(1) 15 15 ns 

TARYeHL ARDY Inactive Holding Time 15 15 ns 

TARYLeL ,Asynchronous Ready 25 25 ns 
(ARDY) Setup Time(1) 

T1NVeH INTx, NMI, TEST /BUSY, 15 15 ns 
TMR IN Setup Time(2) 

T1NVCL DAQO, DAQ1 Setup Time(2) 15 15 ns 

80C188XL PERIPHERAL AND QUEUE STATUS TIMING RESPONSES 

TeLTMV Timer Output Delay 40 33 ns 

TcHQSV Queue Status Delay 37 32 ns 

NOTES: 
1 . To guarantee proper operation. 
2. To guarantee recognition at clock edge. 
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intel® 80C188XL 

AC CHARACTERISTICS 

READY, PERIPHERAL AND QUEUE STATUS TIMINGS 
TA= 0°C to +70°C, Vee= 5V ±10% 
All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL = 50 pF. 
For AC tests, input V1L = 0.45V and V1H = 2.4V except at X1 where V1H = Vee - 0.5V. 

Values 

Symbol Parameter 80C188XL 16 80C188XL20 Unit 

Min Max Min Max 

80C188XL READY AND PERIPHERAL TIMING REQUIREMENTS 

TsRYeL Synchronous Ready (SRDY) 15 10 ns 
Transition Setup Time(1) 

TeLSRY SRDY Transition Hold Time(1) 15 10 ns 

TARYeH ARDY Resolution Transition 15 10 ns 
Setup Time(2) 

TeLARX ARDY Active Hold Time(1) 15 10 ns 

TARYeHL ARDY Inactive Holding Time 15 10 ns 

TARYLeL Asynchronous Ready 25 15 ns 
(ARDY) Setup Time(1) 

T1NVeH INTx, NMI, TEST/BUSY, 15 10 ns 
TMR IN Setup Time(2) 

T1NVeL DRQO, DRQ1 Setup Time(2) 15 10 ns 

80C188XL PERIPHERAL AND QUEUE STATUS TIMING RESPONSES 

TeLTMV Timer Output Delay 27 22 ns 

TeHQSV Queue Status Delay 30 27 ns 

NOTES: 
1. To guarantee proper operation. 
2. To guarantee recognition at clock edge. 
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AC CHARACTERISTICS 

RESET AND HOLD/HLDA TIMINGS 
TA= o·c to +10-c. Vee= 5V ±10% 

80C188XL 

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions ate with CL = 50 pF. 
For AC tests, input V1L = 0 .. 45V and V1H = 2.4V except at X1 where V1H = Vee - 0.5V. 

Values 

Symbol Parameter 80C188XL 80C188XL12 Unit 

Min Max Min Max 

80C188XL RESET AND HOLD/HLDA TIMING REQUIREMENTS 

TRESIN RES Setup 15 15 ns 

THveL HOLD Setup(1) 15 15 ns 

80C188)(L GENERAL T!M!NG RESPONSES (L!~t•d M~M"9 Th@!'! Q!'!~) 

TeLAZ Address Float Delay TeLAX 30 TeLAX 25 ns 

TeLAV Address Valid Delay 3 44 3 36 ns 

80C188XL RESET AND HOLD/HLDA TIMING RESPONSES 

TeLRO Reset Delay 40 33 ns 

TcLHAV HLDA Valid Delay 3 40 3 33 ns 

TeHeZ Command Lines Float Delay 40 33 ns 

TcHeV Command Lines Valid Delay 44 36 ns 
(after Float) 

NOTE: 
1. To guarantee recognition at next clock. 
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AC CHARACTERISTICS 

RESET AND HOLD/HLDA TIMINGS 
TA= 0°C to +70°C, Vee= 5V ±10% 

80C188XL 

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL = 50 pF. 
For AC tests, input V1L = 0.45V and V1H = 2.4V except at X1 where V1H = Vee - 0.5V. 

Values 

Symbol Parameter 80C188XL16 80C188XL20 Unit 

Min Max Min Max 

80C188XL RESET AND HOLD/HLDA TIMING REQUIREMENTS 

TRESIN RES Setup 15 15 ns 

THveL HOLD Setup(1) 15 10 ns 

80C188XL GENERAL TIMING RESPONSES (Listed More Than Once) 

TeLAZ Address Float Delay TeLAX 20 TeLAX 20 ns 

TeLAV Address Valid Delay 3 33 3 22 ns 

80C188XL RESET AND HOLD/HLDA TIMING RESPONSES 

TeLRO Reset Delay 27 22 ns 

TeLHAV HLDA Valid Delay 3 25 3 22 ns 

TeHez Command Lines Float Delay 28 25 ns 

TeHeV Command Lines Valid Delay 32 26 ns 
(after Float) 

NOTE: 
1. To guarantee recognition at next clock. 
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infel. 

AC CHARACTERISTICS 

READ CYCLE WAVEFORMS 

CLKOUT 

S2· SO 

RFSH, 
A191S6 • A161S3 

A15 ·AB 

ALE 

AD7-ADO 

RD 

LCS, MCS, UCS, 

PCS (Note2) 

NOTES: 

TcHLH 

1. Status inactive in state preceding T 4. 

80C188Xl 

RFSH, S6-S3 

2. If latched A1 and A2 are selected instead of PCS5 and PCS6, only T CLCSV is applicable. 
3. For write cycle followed by read cycle. 
4. T 1 of next bus cycle. 
5. Changes in T-state preceding next bus cycle if followed by write. 

Figure 5 

24-580 

270975-23 



AC CHARACTERISTICS 

WRITE CYCLE WAVEFORMS 

CLKOUT 

S2·SO 

A19/S6 • A16/S3 

A15· AS 

ALE 

TcHLH 

AD7-ADO 

LCS, MCS, UCS, 

PCS (Note 2) 

DEN 

DT/R 

LOCK 

NOTES: 
1. Status inactive in state preceding T 4. 

80C188XL 

A19-A16 S6-S3 

DATA 

TcvCTX 

Tcvcrv 

2. If latched A1 and A2 are selected instead of PCS5 and PCS6, only T CLCSV is applicable. 
3. For write cycle followed by read cycle. 
4. T 1 of next bus cycle. 
5. Changes in T-state preceding next bus cycle if followed by read, INTA, or halt. 

Figure 6 
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80C188XL 

AC CHARACTERISTICS 
INTERRUPT ACKNOWLEDGE CYCLE WAVEFORMS 

CLKOUT 

A191S6 • A16/S3 

A15 • A8 

ALE 

AD7·ADO 

DEN 

DTIR 

~ 
(Note5) 

NOTES: 
1. Status inactive in state preceding ~ __ 

T 
3 Tw 

T CHCTV (Note 6) 

2 T~ata hold time lasts only until INTA goes inactive, even if the INTA transition occurs prior to T CLDX(min). 
3. INTA occurs one clock later in Slave Mode. 
4. Fo.r write cycle followed by interrupt acknowledge cycle. 
5. LoCK is active upon T 1 of the first interrupt acknowledge cycle and inactive upon T 2 of the -

second interrupt acknowledge cycle. 
6. Changes in T-state preceding next bus cycle if followed by write. 

Figure7 
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BOC188XL 

AC CHARACTERISTICS 

SOFTWARE HALT CYCLE WAVEFORMS 

CLKOUT 

A19/S6-A16/S3, 
AD15-ADO 

ALE 

DEN 

DT/R 

NOTE: 
1. For write cycle followed by halt cycle. 

CLOCK WAVEFORMS 

x, 

CLKOUT 

oxoL<Note 1) 

Figure 8 

TcH1CH2 

Figure 9 
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INVALID ADDRESS 
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I 
TcLCK TcHCK 

T CL2CL1 

:fcHCL 
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80C188XL 

AC ·cHARACTERSITICS 

RESET WAVEFORMS 

270975-39 

Figure 10 

SYNCHRONOUS READY (SRDY) WAVEFORMS 

CLKOUT 

SRDY 

' 270975-35 

Figure 11 
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80C188XL 

AC CHARACTERISTICS 
ASYNCHRONOUS READY (ARDY) WAVEFORMS 

CLKOUT 

ARDY 
(Normally Not 
Ready System) 

(Normally Ready ARDY 1 
System) --------------.. 

Figure 12 

PERIPHERAL AND QUEUE STATUS WAVEFOEIMS 

270975-36 

CLKOUT~~ 
INT0-3,NMI,~ ~ 

TEST, TIMERIN ) 

•• 00 ... Q. T"'°'l ~ :' 1 1 m 
TCLTMV 

TIME ROUT 

QSO,OS1 

270975-49 
Figure 13 
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AC. CHARACTERISTICS 

HOLD/HLDA WAVEFORMS (Entering Hold) 

CLKOUT 

·HOLD 

HLDA 

A15·A8, 
AD7 ·ADO, 

DEN 

A19/S6 • A16/S3, 
RD, WR, RFSH, 

DT/R, S2 ·SO, 
LOCK 

HOLD/HLDA WAVEFORMS (Leaving Hold) 

CLKOUT 

HOLD 

HLDA 

A15· A8, 
AD7-ADO, 

DEN 

80C188XL 

TcHCZ 

Figure 14 

A19/$6 • A16/S3, TcHCV 

T CLAZ 

RD,WR,RFSH, ~-----.------.;.......------------1>------+--' 
DT/R, 52 ·SO, 

LOCK 

Figure 15 
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BOC188XL 

EXPLANATION OF THE AC SYMBOLS 

Each timing symbol has from 5 to 7 characters. The first character is always a "T" (stands for time). The other 
characters, depending on their positions, stand for the name of a signal or the logical status of that signal. The 
following is a list of all the characters and what they stand for. 

A: Address 

ARY: Asynchronous Ready Input 

C: Clock Output 

CK: Clock Input 

CS: Chip Select 

CT: Control (OT /R, DEN, ... ) 

D: Data Input 

DE: DEN 

H: Logic Level High 

IN: Input (DRQO, TIMO, ... ) 

L: Logic Level Low or ALE 

0: Output 

QS: Queue Status (QS1, QS2) 

A: RD Signal, RESET Signal 

S: Status (SO, S1, S2) 

SAY: Synchronous Ready Input 

V: Valid 

W: WR Signal 

X: No Longer a Valid Logic Level 

Z: Float 

Examples: 

T CLAV- Time from Clock Low to Address Valid 

T CHLH- Time from Clock High to ALE High 

T CLCSV- Time from Clock Low to Chip Select Valid 

24-587 
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DERATING CURVES 

80C188XL 

Typical Output Delay Capacitive Deratlng 
s~-~-.---....,.,--,.----,--, 

71-+--+--f----+--+---l--O 
X= h~gh-t~-low 

6 r-o= low-to-hight---+---+--< 

51-+--+--f---+---+---+-i 

: =======:;;;;:: 
2 1-+---+---+--~+--d,.____L_--+-i 

0 L...L.---'-11'1iP---'--'----'--' 
50 75 100 125 150 175 

Capacitive Load (pf) 

Figure 16. Capacitive Deratlng Curve 

270975-41 

Typical Rise and Fall Times for TTL Voltage Levels 
s~-~-.----,.--,.----,--. 

71-+-~l-~l_--+--+--+-l 

6 f- X= 2V to 0.8V+----+-+--J 
O= 0.8V to 2V 

5 ........ 

4 ~ 
3 ~~ 

r-J..-*" 
2 *"" 

50 75 100 125 150 175 

Capacitive Load (pF) 
270975-42 

Figure 17. TTL Level Slew Rates for Output Buffers 

Typical Rise and Fall Times for CMOS Voltage Leve.ls 
16 ~-~-.-----,..--,.----,--, 

141-+--+--t---+--+k?:"~..,._., 

12 1-+---+---+--,,,,,,-+17"____..~~+-I 
10f---t--t--.boo""~-+--:2-l 

8 1-+---r,,.2<:-+l""~,,,.,....-1"-lt-"°-H 
6 1--'1'-l/1_...,.~~+~--+--+-H 
4r+k1-+-·+---+--+--+-0 

2 t-+-+---+X= 3.5V to 0.4V 

O 0=1.4V l' 3.~ 
50 75 100 125 150 175 

Capacitive Load (pf) 
270975-43 

, Figure 18. CMOS Level Slew Rates for Output Buffers 
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80C188XL 

80C188XL EXPRESS 

The Intel EXPRESS system offers enhancements to 
the operational specifications of the 80C188XL mi
croprocessor. EXPRESS products are designed to 
meet the needs of those applications whose operat
ing requirements exceed commercial standards. 

The 80C188XL EXPRESS program includes an ex
tended temperature range. With the commercial 
standard temperature range operational characteris
tics are guaranteed over the temperature range of 
O~C to + 70-C. With the extended temperature range 
option, operational characteristics are guaranteed 
over the range of - 40°C to + 85°C. 

Package types and EXPRESS versions are identified 
by a one or two-letter prefix to the part number. The 
prefixes are listed in Table 2. All AC and DC specifi
cations not mentioned in this section are the same 
for both commercial and EXPRESS parts. 

Table 2. Prefix Identification 

Prefix Package Type Temperature Range 

A PGA Commercial 

N PLCC Commercial 

R LCC Commercial 

s QFP Commercial 

TA PGA Extended 

TN PLCC Extended 

TR LCC Extended 

TS QFP Extended 

80C188XL EXECUTION TIMINGS 

A determination of 80C188XL program execution 
timing must consider the bus cycles necessary to 
prefetch instructions as well as the number of exe
cution unit cycles necessary to execute instructions. 
The following instruction timings represent the mini
mum execution time in, clock cycles for each instruc
tion. The timings given are based on the following 
assumptions: 

• The opcode, along with any data or displacement 
required for execution of a particular instruction, 
has been prefetched and resides in the queue at 
the time it is needed. 

• No wait states or bus HOLDs occur. 

All instructions which involve memory accesses can 
require one or two additional clocks above the mini
mum timings shown due to the asynchronous hand
shake between the bus interface unit (BIU) and exe
cution unit. 

All jumps and calls include the time required to fetch 
th13 opcode of the next instruction at the destination 
address. 

The 80C188XL 8-bit BIU is noticeably limited in its 
performance relative to the execution unit. A suffi
cient number of prefetched bytes may not reside in 
the prefetch queue much of the time. Therefore, ac
tual program execution time will be substantially 
greater than that derived from adding the instruction 
timings shown. 
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80C188XL 

INSTRUCTION SET SUMMARY 

Clock 
Function Format 

Cycles 

DATA TRANSFER 
MOY= Move: 

Register to Register/Memory 

Register/memory to register 

Immediate to register/memory 

Immediate to register 

Memory to accumulator 

Accumulator to memory 

10001oow mod reg rim 

1000101w mod reg rim 

1100011 w mod 000 rim 

1011wreg data 

1010000w addr-low 

1010001w addr-low 

Register/memory to segment register 1 O O O 1 1 1 O mod Oreg rim 
::===:=::;====::::: 

Segment register to register/memory f1.__1_0_0 _0_1_1_0_0___,'-m_o_d_o_re_,g,__rl_m_, 

PUSH= Push: 

Memory 

Register 

Segment register 

POP= Pop: 

Memory 

Register 

Segment register 

XCHG = Exchange: 

Register I memory with register 

Register with accumulator 

IN = Input from: 

Fixed port 

Variable port 

OUT = Output to: 

Fixed port 

Variable port 

XLAT = Translate byte to AL 

LEA = Load EA to register 

LOS = Load pointer to OS 

LES = Load pointer to ES 

LAHF = Load AH with flags 

SAHF = Store AH into flags 

PUSHF = Push flags 

POPF = Pop flags 

11111111 

01010reg 

OOOreg11 o 

1 0001111 

01O11 reg 

OOOreg 111 

1000011w 

10010reg 

111001 Ow 

111011 Ow 

1110011 w 

1110111 w 

11010111 

10001101 

11000101 

11000100 

10011111 

[}"-0011110 

10011100 

I 1oo111o1 

mod 11 O rim 

modOOO rim 

(reg9'01) 

mod reg rim 

port 

port 

mod reg rim 

mod reg rim 

mod reg rim 

data 

dataifw=1 

addr-high 

addr-high 

(mod9'11) 

(mod9'11) 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 

*NOTE: 

dataifw=1 

Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
24-590 

2/12' 

2/9' 

12/13 

3/4 

8' 

9' 

2/13 

2/15 

20 

14 

13 

24 

14 

12 

4/17' 

3 

10' 

8' 

9' 

7' 

15 

6 

26 

26 

2 

3 

13 

12 

Comments 

8/16-blt 

8116-bit 



infel .. · 80C188XL 

INSTRUCTION SET SUMMARY (Continued) 

Function Format 

DATA TRANSFER (Continued) 
SEGMENT = Segment OVerrlde: 

cs I 00101110 I 
SS I 00110110 I 
DS I 00111110 I 
ES I 00100110 I 
ARITHMETIC 
ADD= Add: 

Reg/memory with register to either I OOOOOOdw I modreg rim I 
Immediate to register/memory I 100000sw I modOOO rim I data 

Immediate to accumulator I 0000010w I data I dataifw=1 

ADC = Add with carry: 

Reg/memory with register to either I 000100dw I modreg rim I 
Immediate to register/memory I 100000sw I modO 10 rim I data 

Immediate to accumulator I 0001010w I data I dataifw=1 

INC = Increment: 

Register /memory I 1111111 w I modOOO rim I 
Register I 01000reg I 
SUB = Subtract: 

Reg/memory and register to either I 001010dw I mod rag rim I 
Immediate from register/memory I 100000sw I mod 1O1 rim I data 

Immediate from accumulator I 0010110w I data I dataifw=1 

SBB = subtract wHh borrow: 

Rag/memory and register to either I 000110dw I modr8g rim I 
Immediate from register/memory I 100000sw I modO 11.r/m I data 

Immediate from accumulator I 0001110w I data I dataHw=1 

DEC = Decrement 

Register /memory I 1111111 w I mod001 rim I 
Register I 01001 rag I 
CMP = Compare: 

Register/memory with register 0011101w modreg r/m 

Register with register /memory 0011100w mod reg rim 

Immediate with register/memory 100000sw mod 111 r/m data 

Immediate with accumulator 0011110w data dataHw=1 

NEG= Change sign register/memory 1111011w mod011 rim 

AAA = ASCII adjust for add 0011 0111 

DAA = Decimal adjust for add 00100111 

AAS = ASCII adjust for subtract I 00111111 

DAS = Decimal adjust for subtract I 00101111 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 

*NOTE: 

I dataifsw=01 I 
I 

I data ifs w = 01 I 
I 

I dataifsw=01 I 
I 

I dataHsw=01 I 
I 

I data ifs w=01 I 
I 

Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
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Clock 
Comments 

Cycles 

2 

2 

2 

2 

3/10• 

4/16. 

3/4 8/16-bit 

3/10* 

4/16* 

3/4 8/16-bit 

3/15* 

3 

3/10* 

4/16* 

3/4 8/16-blt 

3/10* 

4/16* 

3/4 8/16-bit 

3/15* 

3 

3/10* 

3/10* 

3/10* 

3/4 8/16-bit 

3/10* 

8 

4 

7 

4 



80C188XL 

INSTRUCTION SET SUMMARY (Continued) 

I. Function Format 

ARITHMmc (Continued) 

llUL = Multiply (unsigned): 

RegiSter-Byte 
RegiSter·Word 
Memory-Byte 
Memory-Word 

IMUL = Integer multiply (signed): 

Register-Byte· 
Register-Word 
M81110fY-Byte · 
M81110f'Y·Word 

DIV = Divide (unsigned): 

Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 

IDIV = Integer divide (signed): 

Register-Byte 
RegiSter-Word 
Memory-Byte 
Memory-Word 

AAM = ASCII adjust for muHiply 

AAD = ASCII adjust for divide 

1 1 1 1 O 1 1 w mod 100 r/m 

1 1 1 1 o 1 1 w mod 1 o 1 rim 

1 1 1 1 O 1 1 w mod 1 1 O r/m 

1 1 11 o 1 1 w mod 1 1 1 r/m 

11010100. 00001010 

.11010101 00001010 

CBW = Convert byte to word 1 0 0 1 1 0 0 0 

CWD = Convert word to double word 1 O o 1 1 O o 1 

LOGIC 
Shift/Rotate lnatructlona: 

Register /Memory by 1 

Register /Memory by CL 

TIT Instruction 
000 ROL 
001 ROR 
010 RCL 
011 RCR 
100 SHUSAL 
101 SHR 
111 ·SAR 

AND= And: 

Reg/memory and register to either. 001000dw I modreg r/m 

Immediate to register/memory 1 0 0 0 0 0 0 w I mod 1 0 0 rim 

Immediate to accumulator 0010010w I' date 

date 

dataHw=1 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 

*NOTE: 

dateHw=1 · I 

Clock 
Cycles 

26-28 
35-37 
32-34 
41-43° 

25-28 
34-37 
31-34 

29 
38 
35 
44• 

44-52 
53-81 
50-58 
59-67° 

19 

15 

2 

4 

2/15 

5+n/17+n 

3/10° 

4/16• 

3/4 

Ck>ck cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
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infel. 80C188XL 

INSTRUCTION SET SUMMARY (Continued) 

Function Format 

LOGIC (Continued) . 

TEST=And function to flags, no resu~"'-----~----~ 
Register/memory and register I 1 O O O O 1 Ow mod reg r/m 

::::::=======:::=========:~~~~~~~~~ 
Immediate data and register/memory l 1 1 11 0 1 1 w mod 0 0 0 rim data dataHw=1 

:========::======~======:::::-~~~ 
Immediate data and accumulator I 1 O 1 O 1 O Ow data dataifw=1 

OR=Or: 

Reg/memory and register to either 000010dw modreg r/m 

Clock 
cyclu 

3/10• 

4/10' 

3/4 

3/10° 

Immediate to register/memory 1000000w mod001 rim data data ilw= 1 4/16° 

Comments 

8/16-blt 

Immediate to accumulator 0000110w data dataHw=1 3/4 8/16-bit 

XOR = Exclusive or: 

Reg/memory and register to either 

Immediate to register/memory 

Immediate to accumulator 

NOT = Invert register/memory 

STRING MANIPULATION 

MOVS = Move byte/word 

CMPS = Compare byte/word 

SCAS = Scan byte/word 

LOOS = Load byte/wd to AL/ AX 

STOS = Store byte/wd from ALI AX 

Repeated by count in ex (REP I 
REPE/REPZ/REPNE/REPNZ) 

MOVS = Move string 

CMPS = Compare string 

SCAS = Scan string 

LODS = Load string 

STOS = Store string 

CONTROL TRANSFER 

CALL= Call: 

Direct within segment 

Register/memory 
indirect within segment 

Direct intersegment 

Indirect intersegment 

001100dw mod reg rim 

1000000w mod 11 o rim data 

0011010w data dataifw=1 

1111011 w mod010 rim 

1010010w 

1010011 w 

1010111w 

1010110w 

1010101w 

1111001 0 101001ow 

1111001 z 1010011 w 

1111001 z 1010111 w 

1111001 0 1010110w 

1111001 0 101.0101 w 

11101000 disp-low disp-high 

1111 1111 mod O 1 O rim 

1 O O 1 1 O 1 O segment offset 

segment selector 

11111111 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 

'NOTE: 

3/10° 

dataifw=1 4/16° 

3/4 8/16-bit 

3/10° 

14• 

22' 

15' 

12' 

8+8n• 

5+22n• 

5+ 15n• 

6+11n• 

6+9n• 

19 

17/27 

31 

54 

Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
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infel. 80C188XL £1WW£00@jg OOOrF@OOIMl£ii"O@OO 

INSTRUCTION SET SUMMARY (Continued) 

I FUncuon Format 
Clock 

Comments 
Cycles 

CONTROL TRANSFER (Continued) 
JMP = Uncondltlonlll Jump: 

Short/long 11101011 disp-low. 14 

Direct within segment 111Q1001 disp-low disp-high 14 

Register/memory 11111111 lmod100 rtml 11/21 
indirect within segment 

Direct intersegment 11101010 segment offset 14 

segment selector 

Indirect intersegment 11111111 mod 1 01 rtml (mod* 11) 34 

FIET = Return from CALL: 

Within segment 11000011 20 

Within sag adding immed to SP 11000010 data-low data-high 22 

lntersegment 11001011 30 

lntersegment adding immediate to SP 11001010 data-low data-high · 33 

JE/JZ = Jump on equal/zero 01110100 disp 4/13 JMPnot 

JUJNGE = Jump on less/not greater or equal 01111100 disp 4/13 
taken/JMP 

taken 

JLE/JNG = Jump on less or equal/not greater 01111110 disp 4/13 

JB/JNAE = Jump on below/not above or equal 01110010 disp 4/13 

JBE/JNA = Jumponbeloworequal/notabove 01110110 disp 4/13 

JP/JPE = Jump on parity/parity even 01111010 disp 4/13 

JO = Jump on overflow 01110000 dlsp 4/13 

JS = Jump on sign 01111000 dlsp 4/13 

NE/JNZ = Jump on not equal/not zero 01110101 dlsp 4/13 

JNUJGE = Jump on not less/greater or equal 01111101 disp 4/13 

JNLE/JG = Jump on not less or equal/greater 01111111 disp 4/13 

NB/JAE = Jump on not below/above or equal 01110011 disp 4/13 

JNBE/JA =Jump on not below or equal/above 01110111 disp 4/13 

JNP/JPO = Jump on not par/par odd 01111011 disp 4/13 

JNO = Jump on not overflow 01110001 disp 4/13 

NS .;; Jump on not sign 01111001 dlsp 4/13 

11100011 disp 5/15 

11100010 disp 6/16 LOOP not 

11100001 disp 6/16 
taken/LOOP 

taken 

Shaded areas indicate instructions not available in 8086/8088 microsys~ms. 
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80C188XL 

INSTRUCTION SET SUMMARY (Continued) 

Function 

CONTROL TRANSFER (Continued) 
INT = Interrupt: 

Type specified 11001101 

Type 3 1 1 o o 1 1 o o 

INTO = Interrupt on overflow 1 1 O O 1 1 1 O 

Format 

type 

IRET = Interrupt return 1 1 O O 1 1 1 1 
;::;::;;:;::;:;:;:;::;:;:;::::::._~,.....,..., 

; IQI:~ bl\~v-Ql;t fn~ ~'n' ' 't'P c»~ :1 ~b !l to '·f mottt;I ~/If;~~~·~.· it~; 
PROCESSOR CONTROL 

CLC = Clear carry 11111 000 

CMC = Complement carry 11110101 

STC = Set carry 11111001 

CLO = Clear direction 111111 00 

STD = Set direction 11111101 

CLI = Clear interrupt 1111101 0 

STI = Set interrupt 11111011 

HLT =Halt 111101 00 

WAIT= Wait 10011011 

LOCK = Bus lock prefix 11110000 

NOP = No Operation 10010000 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 

Clock 
Comments 

Cycle• 

47 

45 ii INT. taken/ 

48/4 
ii INT.not 

taken 

28 

2 

2 

2 

2 

2 

2 

2 

2 

6 it TEST= o 

2 

3 

FOOTNOTES 

The Effective Address (EA) of the memory operand 
is computed according to the mod and rim fields: 

EA calculation time is 4 clock cycles for all modes, 
and is included in the execution times given whenev
er appropriate. 

if mod 11 then rim is treated as a REG field 
if mod 00 then DISP = o•, disp-low and disp

if mod 

if mod 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 

high are absent 
01 then DISP = disp-low sign-ex
tended to 16-bits, disp-high is absent 
10 then DISP = disp-high: disp-low 
000 then EA = (BX) + (SI) + DISP 
001 then EA = (BX) + (DI) + DISP 
010 then EA= (BP) + (SI) + DISP 
011 then EA = (BP) + (DI) + DISP 
100 then EA = (SI) + DISP 
101 then EA= (DI) + DISP 
110 then EA = (BP) + DISP* 
111 then EA = (BX) + DISP 

DISP follows 2nd byte of instruction (before data if 
required) 

*except if mod = 00 and rim = 110 then EA = 
disp-high: disp-low. 
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Segment Override Prefix 

I O O 1 reg 1 1 O I 
reg is assigned according to the following: 

reg 

00 
01 
10 
11 

Segment 
Register 

ES 
cs 
SS 
OS 



aodaaxL 

REG is assigned according.to the following table: 

16·Blt (w = 1) 
OOOAX 
oo; ex 
010DX 
011 BX 
100SP 
101 BP 
11051 
111 DI 

8-Blt(w = 0) 
OOOAL 
oo; CL 
010DL 
011 BL 
100AH 
101 CH 
110DH 
111 BH 

The physical addresses of all operands addressed 
by the BP register are computed using the SS seg
ment register. The physical addresses of the desti
nation operands of the string primitive operations 
(those addressed by the DI register) are computed 
using the ES segment, which may not be overridden. 

REVISION HISTORY 

The following changes were made between the -001 
and -002 versions of the 80C188XL data sheets. 
The ·-002 data sheet applies to any 80C188XL with a 
"B" alpha character after the FPO number. The FPO 
number location is shown in Figure 2. 

1. Much of the information provided in the -001 ver
sion of the data sheet has been removed. Detail 
descriptions of part functionality may be found in 
the 80C188XL User's Manual. 

~. All AC Timing waveforms were combined at the 
end of the AC Characteristics section. 

3. twHLH for the 80C188XL 12 was changed from 
tcLCH - 10 to tcLCH - 14 due to a previous 
typographical error. 

4. tRES!N for the 80C188XL20 was changed from 
10 ns to 15 ns. 

5. Output test conditions were changed from CL = 
50 - 200 pF to CL = 50 pF to reflect newer test 
equipment. Note: This has no effect on AC Tim
ing specifications. 

ERRATA 

An A or B step 80C188XL has the following errata. 
The A or B step 80C188XL can be identified by the 
presen'ce of an "A" or "B" alpha character, respec
tively, next to the FPO number. The FPO number 
location is shown in Figure 2. 

1. An internal condition with the interrupt controller 
can cause no acknowledge cycle on the INTA1 
line in response to INT1. This errata only occurs 
when Interrupt 1 is configured in cascade mode 
and a higher priority interrupt exists. This errata 
will not occur consistantly, it is dependent on in
terrupt timing. , 

PRODUCT IDENTIFICATION 

Intel 80C188XL devices are marked with a 9-charac
ter alphanumeric Intel FPO number underneath the 
product number. This data sheet (270975-002) is 
valid for 80C188XL devices with an "A" or "B" as 
the ninth character in the FPO number, as illustrated 
in Figure 2. 
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80C188EA20,16,12 
16-BIT HIGH INTEGRATION EMBEDDED PROCESSOR 

• BOC 188 Upgrade for Power Critical 
Applications 

• Full Static Operation 
• True CMOS Inputs and Outputs 

• Integrated Feature Set 
-Static 186 CPU Core 
- Power Save, Idle and Powerdown 

Modes 
- Clock Generator 
- 2 Independent OMA Channels 
- 3 Programmable 16-Bit Timers 
- Dynamic RAM Refresh Control Unit 
- Programmable Memory and 

Peripheral Chip Select Logic 
- Programmable Wait State Generator 
- Local Bus Controller 
- System-Level Testing Support 

(High Impedance Test Mode) 

• Speed Versions Available: 
-20 MHz (80C188EA20) 
-16 MHz (80C188EA16) 
-12.5 MHz (80C188EA12) 

• Direct Addressing Capability to 
1 Mbyte Memory and 64 Kbyte 110 

• Complete System Development 
Support 
-All 8086/8088 and 80C186 Family 

Software Development Tools Can Be 
Used for 80C188EA System 
Development 
- ASM86 Assembler, iC-86, 

Pascal-86, Fortran-86, PL/M-86, 
and System Utilities 

- In-Circuit-Emulator (ICE™-186) 

• Available in the Following Packages: 
- 68-Pin Plastic Leaded Chip Carrier 

(PLCC) 
- 80-Pin EIAJ Quad Flat Pack (QFP) 

The 80C188EA is a CHM OS high integration embedded microprocessor. The 80C188EA includes all of the 
features of an "Enhanced Mode" 80C188 while adding the additional capabilities of Idle and Powerdown 
Modes. 
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inteL 80C188EA 

SOC 188EA20, 16, 12 
16-Bit High Integration Embedded Processor 
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BOC188EA 

INTRODUCTION 

The 80C188EA is the second product in a new gen
eration of low-power, high-integration microproces
sors. it enhances tne existing BOCi BB by offering 
new features and new operating modes. The 
80C188EA is object code compatible with the 
80C186/80C188 embedded processor. 

The feature set of the 80C188EA meets the needs 
of low-power, space-critical applications. Low-power 
applications benefit from the st~tic design . ~f the 
CPU core and the integrated peripherals. Minimum 
current consumption is achieved by providing a Pow
erdown Mode that halts operation of the device, and 
freezes the clock circuits. Peripheral design en
hancements ensure that non-initialized peripherals 
consume little current. 

Space-critical applications benefit from the integra
tion of commonly used system peripherals. Two flex
ible OMA channels perform CPU-independent data 
transfers. A flexible chip select unit simplifies memo
ry and peripheral interfacing. The interrupt unit pro
vides sources for up to 128 external interrupts and 
will prioritize these interrupts with those generated 
from the on-chip peripherals. Three general purpose 
timer/counters round out the feature set of the 
80C188EA. 

OVERVIEW 

Figure 1 shows a block diagram of the 80C188EA. 
The Execution Unit (EU) is an enhanced 8086 CPU 
core that includes: dedicated hardware to speed up 
effective address calculations, enhance execution 
speed for multiple-bit shift and rotate instructions 
and for multiply and divide instructions, string move 
instructions that operate at full bus bandwidth, ten 
new instructions, and static operation. The Bus Inter
face Unit (BIU) is the same as that found on the 
original 80C188 family products. An independent in-
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(A) Crystal Connection 

NOTE: 

ternal bus is used to allow communication between 
the BIU and internal peripherals. 
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Bus Interface Unit 

The 80C188EA core incorporates a bus controller 
that generates local bus control signals. In addition, 
it employs a HOLD/HLDA protocol to share the local 
bus with other bus masters. 

The bus controller is responsible for generating 20 
bits of address, read and write strobes, bus cycle 
status information and data (for write operations) in
formation. It is also responsible for reading data off 
the local bus during a read operation. SRDY and 
ARDY input pins are provided to extend a bus cycle 
beyond the minimum four states (clocks). 

The 80C188EA local bus controller also generates 
two control signals (DEN and DT /R) when interfac
ing to external transceiver chips. This capability al
lows the addition of transceivers for simple buffering 
of the mulitplexed address/data bus. 

Clock Generator 

The 80C188EA provides an on-chip clock generator 
for both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide
by-two counter, and two low-power operating 
modes. 

The oscillator circuit is designed to be used with ei
ther a parallel resonant fundamental or third-over
tone mode crystal network. Alternatively, the oscilla
tor circuit may be driven from an external clock 
source. Figure 2 shows the various operating modes 
of the 80C188EA oscillator circuit. 

r1 7.Exrl.te:;;rn:a1i'Cc;i.;1a:;';ck:'!s:ou;;:rce:',,,,.>----I CLKIN 
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(B) Clock Connection 

The L1 c1 network is only required when using a third-overtone crystal. 

Figure 2. 80C188EA Clock Configurations 
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The crystal or clock frequency chosen must be twice 
the required processor operating frequency due to 
the internal divide-by-two counter. This counter is 
used to drive all internal phase clocks and the exter
nal CLKOUT signal. CLKOUT is a 50% duty cycle 
processor clock and can be used to drive other sys
tem components. All AC timings are referenced to 
CLKOUT. 

The following parameters are recommended when 
choosing a crystal: 

Temperature Range: Application Specific 
ESR (Equivalent Series Resistance): 600 max 
CO (Shunt Capacitance of Crystal): 7.0 pF max 
CL (Load Capacitance): 20 pF ± 5 pF 
Drive Level: 2 mW max 

80C188EA PERIPHERAL 
ARCHITECTURE 

The 80C188EA has integrated several common sys
tem peripherals with a CPU core to create a com
pact, yet powerful system. The integrated peripher
als are designed to be flexible and provide logical 
interconnections between supporting units (e.g., the 
interrupt control unit supports interrupt requests 
from the timer/counters or DMA channels). 

The list of integrated peripherals include: 

• 4-lnput Interrupt Control Unit 

• 3-Channel Timer/Counter Unit 

• 2-Channel DMA Unit 

• 13-0utput Chip-Select Unit 

• Refresh Control Unit 

• Power Management logic 

The registers associated with each integrated peri
heral are contained within a 128 x 16 register file 

called the Peripheral Control Block (PCB). The PCB 
can be located in either memory or 1/0 space on 
any 256 byte address boundary. 

Figure 3 provides a list of the registers associated 
with the PCB when the processor's Interrupt Control 
Unit is in Master Mode. In Slave Mode, the defini
tions of some registers change. Figure 4 provides 
register definitions specific to Slave Mode. 

Interrupt Control Unit 

The 80C188EA can receive interrupts from a num
ber of sources, both internal and external. The Inter
rupt Control Unit (ICU) serves to merge these re
quests on a priority basis, for individual service by 
the CPU. Each interrupt source can be independent
ly masked by the Interrupt Control Unit or all inter
rupts can be globally masked by the CPU. 

Internal interrupt sources include the Timers and 
DMA channels. External interrupt sources come 
from the four input pins INT3:0. The NMI interrupt 
pin is not controlled by the ICU and is passed direct
ly to the CPU. Although the timers only have one 
request input to the ICU, separate vector types are 
generated to service individual interrupts within the 
Timer Unit. 

Timer/Counter Unit 

The 80C188EA Timer/Counter Unit (TCU) provides 
three 16-bit programmable timers. Two of these are 
highly flexible and are connected to external pins for 
control or clocking. A third timer is not connected to 
any external pins and can only be clocked internally. 
However, it can be used to clock the other two timer 
channels. The TCU can be used to count external 
events, time external events, generate non-repeti
tive waveforms, generate timed interrupts, etc. 

24-601 
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PCB 
Function 

Offset 
PCB 

Function 
Offset 

PCB 
Function 

Offset 
PCB 

Function 
Offset 

OOH Reserved 40H Reserved BOH Reserved GOH DMAOSrc. Lo 

02H Reserved 42H Reserved 82H Reserved C2H DMAOSrc. Hi 

04H Reserved 44H Reserved 84H Reserved C4H DMAO Dest. Lo 

06H Reserved 46H Reserved 86H Reserved C6H DMAO Dest. Hi 

OBH Reserved 48H Reserved 88H Reserved CBH DMAOCount 

OAH Reserved 4AH Reserved BAH Reserved CAH DMAO Control 

OCH Reserved 4CH Reserved SCH Reserved CCH Reserved 

OEH Reserved 4EH Reserved 8EH Reserved CEH Reserved 

10H Reserved 50H Timer 0 Count 90H Reserved DOH DMA1 Src. Lo 

12H Reserved 52H Timer O Compare A 92H Reserved D2H DMA1 Src. Hi 

14H Reserved 54H Timer O Compare B 94H Reserved D4H OMA 1 Dest. Lo 

16H Reserved 56H Timer O Control 96H Reserved D6H DMA1 Dest. Hi 

18H Reserved 58H Timer 1 Count 98H Reserved DBH DMA1 Count 

1AH Reserved 5AH Timer 1 Compare A 9AH Reserved DAH OMA 1 Control 

1CH Reserved 5CH Timer 1 Compare B 9CH Reserved OCH Reserved 

1EH Reserved 5EH Timer 1 Control 9EH Reserved DEH Reserved 

20H Reserved 60H Timer 2 Count AOH UMCS EOH Refresh Base 

22H End of Interrupt 62H Timer 2 Compare A2H LMCS E2H Refresh Time 

24H Poll 64H Reserved A4H PACS E4H Refresh Control 

26H Poll Status 66H Timer 2 Control A6H MMCS E6H Reserved 

28H Interrupt Mask 68H Reserved ASH MPCS ESH Reserved 

2AH Priority Mask 6AH Reserved AAH Reserved EAH Reserved 

2CH In-Service 6CH Reserved ACH Reserved ECH Reserved 

2EH Interrupt Request 6EH .Reserved AEH Reserved EEH Reserved 

30H Interrupt Status 70H Reserved BOH Reserved FOH Power-Save 

32H Timer Control 72H Reserved B2H Reserved F2H Power Control 

34H DMAO Int. Control 74H Reserved B4H Reserved F4H Reserved 

36H OMA 1 Int. Control 76H Reserved B6H Reserved F6H Step ID 

38H INTO Control 78H Reserved BBH Reserved FSH Reserved 

3AH INT1 Control 7AH Reserved BAH Reserved FAH Reserved 

3CH INT2 Control 7CH Reserved BCH Reserved FCH Reserved 

3EH INT3 Control 7EH Reserved BEH Reserved FEH Relocation 

Figure 3. 80C188EA Peripheral Control Block Registers 
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PCB 
Function 

Offset 

20H Interrupt Vector 

22H Specific EOI 

24H Reserved 

26H Reserved 

28H Interrupt Mask 

2AH Priority Mask 

2C In-Service 

2E Interrupt Request 

30 Interrupt Status 

32 TMRO Interrupt Control 

34 DMAO Interrupt Control 

36 OMA 1 Interrupt Control 

38 TMR1 Interrupt Control 

3A TMR2 Interrupt Control 

3C Reserved 

3E Reserved 

Figure 4. 80C188EA Slave Mode Peripheral 
Control Block Registers 

OMA Control Unit 

The BOC188EA DMA Contol Unit provides two inde
pendent high-speed OMA channels. Data transfers 
can occur between memory and 1/0 space in any 
combination: memory to memory, memory to 1/0, 
1/0 to 1/0 or 1/0 to memory. Each data transfer 
consumes two bus cycles (a minimum of eight 
clocks), one cycle to fetch data and the other to 
store data. The chip-select/ready logic may be pro
grammed to point to the memory or 110 space sub
ject to DMA transfers in order to provide hardware 
chip-select lines. DMA cycles run at higher priority 
than general processor execution cycles. 

Chip-Select Unit 

The 80C188EA Chip-Select Unit integrates logic 
which provides up to 13 programmable chip-selects 
to access both memories and peripherals. In addi
tion, each chip-select can be programmed to auto
matically terminate a bus cycle independent of the 
condition of the SRDY and ARDY input pins. The 
chip-select lines are available for all memory and 
1/0 bus cycles, whether they are generated by the 
CPU, the DMA unit, or the Refresh Control Unit. 

Refresh Control Unit 

The Refresh Control Unit (RCU) automatically gen
erates a periodic memory read bus cycle to keep 
dynamic or pseudo-static memory refreshed. A 9-bit 
counter controls the number of clocks between re
fresh requests. 

A 9-bit address generator is maintained by the RCU 
with the address presented on the A9: 1 address 
lines during the refresh bus cycle. Address bits 
A 19:13 are programmable to allow the refresh ad
dress block to be located on any 8 Kbyte boundary. 

Power Management 

The 80C188EA has three operational modes to con
trol the power consumption of the device. They are 
Power Save Mode, Idle Mode, and Powerdown 
Mode. 

Power Save Mode divides the processor clock by a 
programmable value to take advantage of the fact 
that current is linearly proportional to frequency. An 
unmasked interrupt, NMI, or reset will cause the 
80C188EA to exit Power Save Mode. 

Idle Mode freezes the clocks of the Execution Unit 
and the Bus Interface Unit at a logic zero state while 
all peripherals operate normally. 

Powerdown Mode freezes all internal clocks at a 
logic zero level and disables the crystal oscillator. All 
internal registers hold their values provided Vee is 
maintained. Current consumption is reduced to tran-11 
sistor leakage only. • 

ONCE™ Test Mode 

To facilitate testing and inspection of devices when 
fixed into a target system, the 80C188EA has a test 
mode available which forces all output and input/ 
output pins to be placed in the high-impedance 
state. ONCE stands for "ON Circuit Emulation". The 
ONCE mode is selected by forcing the UCS and LCS 
pins LOW (0) during a processor reset (these pins 
are weakly held to a HIGH (1) level) while RESIN is 
active. 

DIFFERENCES BETWEEN THE 
80C188 AND THE 80C188EA 

The 80C188EA is intended as a direct functional up
grade for 80C188 designs. In many cases, it will be 
possible to replace an existing 80C188 with little or 
no hardware redesign. The following sections de-
scribe differences in pinout, operating modes, and 
AC and DC specifications to keep in mind. 

24-603 



80C188EA 

Pinout Compatibility 

The 80C188EA requires a PDTMR pin to time the 
processor's exit from Powerdown Mode. The original 
pin arrangement for the 80C188 in the PLCC pack
age did not have any spare leads to use for PDTMR, 
so the OT /R pin was sacrificed. The arrangement of 
all the other leads in the 68-lead PLCC is identical 
between the 80C188 and the 80C188EA. OT /R may 
be readily synthesized by latching the 51 status out
put. Therefore, upgrading a PLCC 80C188 to PLCC 
80C188EA is particularly straightforward. You must 
connect a capacitor to the 80C188EA PDTMR pin in 
order to use Powerdown Mode. 

The 80-lead QFP (EIAJ) pinouts are distinctly differ
ent between the 80C188 and the 80C188EA. In ad
dition to the PDTMR pin, the 80C188EA has more 
power and ground pins and the overall arrangement 
of pins was shifted. A new circuit board layout for the 
80C188EA is required. 

Operating Modes 

The 80C188 has two operating modes, Compatible 
and Enhanced. Compatible Mode is a pin-to-pin re
placement for the NMOS 80188, except for numeri
cs coprocessing. In Enhanced Mode, the processor 
has a Refresh Control Unit and the Power-Save fea
ture. The 80C188EA does not have different operat
ing modes. All 80C188EA features are present in 
regular operation. 

TTL vs CMOS Inputs 

The inputs of the 80C188EA are rated for CMOS 
switching levels for improved noise immunity, but the 
80C188 inputs are rated for TTL switching levels. In 
particular, the 80C188EA requires a minimum V1H of 
3.5V to recognize a logic one while the 80C188 re
quires a minimum VtH of only 1.9V (assuming 5.0V 
operation). The solution· is to drive the 80C188EA 
with true CMOS devices, such as those from the HC 
and AC logic families, or to use pullup resistors 
where the added current draw is not a problem. 

Timing Specifications 

80C188EA timing relationships are expressed in a 
simplified format over the 80C188. The AC perform
ance of an 80C188EA at a specified frequency will 
be very close to that of an 80C188 at the same fre
quency. Check the timings applicable to your design 
prior to replacing the 80C188. 

PACKAGE INFORMATION 

This section describes the pins, pinouts, and thermal 
characteristics for the 80C188EA in the Plastic 
Leaded Chip Carrier (PLCC) package and Quad Flat 
Pack (QFP) package. For complete package specifi
cations and information, see the Intel Packaging 
Outlines and Dimensions Guide (Order Number: 
231369). 

Pin Descriptions 

Each pin or logical set of pins is described in Table 
2. There are three columns for each entry in the Pin 
Description Table. 

The Pin Name column contains a mnemonic that 
describes the pin function. Negation of the signal 
name (for example, RESIN) denotes a signal that is 
active low. 

The Pin Type column contains two kinds of informa
tion. The first symbol indicates whether a pin is pow
er (P), ground (G), input only (I), output only (0) or 
input/output (1/0). Some pins have multiplexed 
functions (for example, A 19/S6). Additional symbols 
indicate additional characteristics for each pin. Table 
4 lists all the possible symbols for this column. 

Input pins may be either synchronous or asynchro
nous. Asynchronous pins require that setup and hold 
times be met only in order to guarantee recognition 
at a particular clock edge. Synchronous pins require 
that setup and hold times be met to guarantee prop
er operation. For example, missing the setup or hold 
time for the SRDY pin (a synchronous input) will re
sult in a system failure or lockup. Input pins may also 
be edge- or level-sensitive. The possible character
istics for input pins are S(E), S(L), A(E) and A(L). 

Output states are dependent upon the current activi
ty of the processor. There are four operational 
states that are different from regular operation: bus 
hold, reset, Idle Mode, and Powerdown Mode. Ap
propriate characteristics for these states are also in
dicated in this column, with the legend for all possi
ble characteristics in Table 1. 

Finally, the Pin Description column contains a text 
description of each pin. 

As an example, consider AD7:0. 1/0 signifies the 
pins are bidirectional. S(L) signifies that the input 
function is synchronous and level-sensitive. H(Z) 
signifies that, as outputs, the pins are high-imped
ance upon acknowledgement of bus hold. R(Z) sig
nifies that the pins float during reset. P(X) signifies 
that the pins retain their states during Powerdown 
Mode. 
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Table 1. Pin Description Nomenclature 

Symbol Description 

p Power Pin (Apply +Vee Voltage) 
G Ground (Connect to Vss) 
I Input Only Pin 
0 Output Only Pin 
1/0 Input/Output Pin 

S(E) Synchronous, Edge Sensitive 
S(L) Synchronous, Level Sensitive 
A(E) Asynchronous, Edge Sensitive 
A(L) Asynchronous, Level Sensitive 

H(1) Output Driven to Vee during Bus Hold 
H(O) Output Driven to Vss during Bus Hold 
H(Z) Output Floats during Bus Hold 
H(Q) Output Remains Active during Bus Hold 
H(X) Output Retains Current State during Bus Hold 

R(WH) Output Weakly Held at Vee during Reset 
R(1) Output Driven to Vee during Reset 
R(O) Output Driven to Vss during Reset 
R(Z) Output Floats during Reset 
R(Q) Output Remains Active during Reset 
R(X) Output Retains Current State during Reset 

1(1) Output Driven to Vee during Idle Mode 
1(0) Output Driven to Vss during Idle Mode 
l(Z) Output Floats during Idle Mode 
1(0) Output Remains Active during Idle Mode 
l(X) Output Retains Current State during Idle Mode 

P(1) Output Driven to Vee during Powerdown Mode 
P(O) Output Driven to Vss during Powerdown Mode 
P(Z) Output Floats during Powerdown Mode 
P(Q) Output Remains Active during Powerdown Mode 
P(X) Output Retains Current State during Powerdown Mode FD 
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Table 2. 80C188EA Pin Descriptions 

Name Type Description 

Vee POWER connections consist of six pins which must be shorted 
externally to a Vee board plane. 

Vss GROUND connections consist of five pins which must be shorted 
externally to a V ss board _.Eane. 

CLKIN I CLocK INput is an input for an external clock. An external oscillator 
A(E) operating at two times the required 80C188EA operating frequency 

can be connected to CLKIN. For crystal operation, CLKIN (along with 
OSCOUT) are the crystal connections to an internal Pierce oscillator. 

OSCO UT 0 OSCiiiator OUTput is only used when using a crystal to generate the 
H(Q) external clock. OSCOUT (along with CLKIN) are the crystal 
R(Q) connections to an internal Pierce oscillator. This pin is not to be used 
P(Q) as 2X clock output for non-crystal applications (i.e., this pin is N.C. for 

non-crystal applications). OSCOUT does not float in ONCE mode. 

CLKOUT 0 CLocK OUTput provides a timing reference for inputs and outputs of 
H(Q) the processor, and is one-half the input clock (CLKIN) frequency. 
R(Q) . CLKOUT has a 50% duty cycle and transistions every falling edge of 
P(Q) CLKIN. 

RESIN I RESet IN causes the 80C188EA to immediately terminate any bus 
A(L) cycle in progress and assume an initialized state. All pins will be 

driven to a known state, and RESOUT will also be driven active. The 
rising edge (low-to-high) transition synchronizes CLKOUT with CLKIN 
before the 80C188EA begins fetching opcodes at memory location 
OFFFFOH. 

RESOUT 0 RESet OUTput that indicates the 80C188EA is currently in the reset 
H(O) state. RESOUT will remain active as long as RESiN remains active. 
R(1) When tied to the TEST /BUSY pin, RESOUT .forces the 80C188EA 
P(O) into Numerics Mode. 

PDTMR 110 Power-Down TIMeR pin (normally connected to an external 
A(L) capacitor) that determines the amount of time the 80C188EA waits 

H(WH) after an exit from power down before resuming normal operation. The 
R(Z) duration of time required will depend on the startup characteristics of 
P(1) the crystal oscillator. 

NMI I Non-Maskable Interrupt input causes a Type 2 interrupt to be 
A(E) serviced by the CPU. NMI is latched internally. 

TEST I TEST is used during the execution of the WAIT instruction to 
A(E) suspend CPU operation until the pin is sampled active (low). 

AD7:0 1/0 These pins provide a multiplexed Address and Data bus. During the 
S(L) address' phase of the bus cycle, address bits 0 through 15 are 
H(Z) presented on the bus and can be latched using ALE. 8- or 16-bit data 
R(Z) information is transferred during the data phase of the bus cycle. 
P(X) 

A15:8 0 These pins provide Address information throughout the entire bus 
H(Z) cycle. 
R(Z) 
P(Z) 

A18:16 H(Z) These pins provide multiplexed Address during the address phase of 
A19/S6 R(Z) the bus cycle. Address bits 16 through 19 are presented on these 

P(X) pins and can be latched using ALE. A 18: 16 are driven to a logic 0 
during the data phase of the bus cycle. Also during the data phase, 
S6 is driven to a logic O to indicate a CPU-initiated bus cycle or logic 1 
to indicate a OMA-initiated bus cycle or a refresh cycle. 
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Table 2. 80C188EA Pin Descriptions (Continued) 

Name Type Description 

S2:0 0 Bus cycle Status are encoded on these pins to provide bus transaction 
H(Z) information. S2:0 are encoded as follows: 
R(Z) S2 S1 so Bus Cycle Initiated 
P(1) 0 0 0 Interrupt Acknowledge 

0 0 1 Read 110 
0 1 0 Write 110 
0 1 1 Processor HALT 
1 0 0 Queue Instruction Fetch 
1 0 1 Read Memory 
1 1 0 Write Memory 
1 1 1 Passive (no bus activity) 

ALE/QSO 0 Address Latch Enable output is used to strobe address information into a 
H(O) transparent type latch during the address phase of the bus cycle. In Queue 
R(O) Status Mode, QSO provides queue status information along with QS1. 

P(O) 

RFSH 0 RefreSH output signals that a refresh cycle is in progress. 
H(Z) 
R(Z) 
P(1) 

RD/QSMD 1/0 ReaD output signals that the accessed memory or 1/0 device must drive 
H(Z) data information onto the data bus. Upon reset, this pin has an alternate 

R(WH) function. As QSMD, it enables Queue Status Mode when grounded. In 

P(1) Queue Status Mode, the ALE/QSO and WR/QS1 pins provide the following 
information about processor/instruction queue interaction: 

QS1 Qso Queue Operation 
0 0 No Queue Operation 
0 1 First Opcode Byte Fetched from the Queue 
1 1 Subsequent Byte Fetched from the Queue 
1 0 Empty the Queue 

WR/QS1 0 WRlte output signals that data available on the data bus are to be written 
H(Z) into the accessed memory or 1/0 device. In Queue Status Mode, QS1 
R(Z) provides queue status information along with QSO. 

P(1) 

ARDY I Asychronous ReaDY is an input to signal for the end of a bus cycle. ARDY 
A(L) is asynchronous on rising CLKOUT and synchronous on falling CLKOUT. 
S(L) ARDY or SRDY must be active to terminate any 80C188EA bus cycle, 

unless they are ignored due to correct programming of the Chip Select Unit. 

SRDY I Synchronous ReaDY is an input to signal for the end of a bus cycle. AADY 
S(L) or SADY must be active to terminate any 80C188EA bus cycle, unless they 

are ignored due to correct programming of the Chip Select Unit. 

DEN 0 Data ENable output to control -the enable of bidirectional transceivers when 
H(Z) buffering an 80C188EA system. DEN is active only when data is to be 
R(Z) transferred on the bus. 

P(1) 
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Table 2. 80C188EA Pin Descriptions (Continued) 

Name· Type I Description 

DT/R 0 Data Transmit/Receive output controls the dire~ion of a bi-directional 
H(Z) buffer when buffering an 80C188EA system. OT /A is only available for the 
R(Z) QFP (EIAJ) package (S80C188EA). 

P(X) 

LOCK 1/0 LOCK output indicates that the bus cycle in progress is not to be 
H(Z) interrupted. The 80C188EA will not service other bus requests (such as 

R(WH) HOLD) while LOCK is active. This pin is configured as a weakly held high 

P(1) input while RESIN is active and must not be driven low. 

HOLD I HOLD request input to signal that an external bus master wishes to gain 
A(L) control of the local bus. The 80C188EA will relinquish control of the local 

bus between instruction boundaries not conditioned by a LOCK prefix. 

HLDA 0 HoLD Acknowledge output to indicate that the 80C188EA has relinquish 
H(1) control of the local bus. When HLDA is asserted, the 80C188EA will (or has) 
R(O) floated its data bus and control signals allowing another bus master to drive 

P(O) the signals directly. 

DCS 0 Upper Chip Select will go active whenever the address of a memory or 1/0 
H(1) bus cycle is within the address limitations programmed by the user. After 
R(1) reset, UCS is configured to be active for memory accesses between 

P(1) OFFCOOH and OFFFFFH. During a processor reset, DCS and LCS are,used 
to enable ONCE Mode. 

LCS 0 Lower Chip Select will go active whenever the address of a memory bus 
H(1) cycle is within the address limitations programmed by the user. LCS is 
R(1) inactive after a reset. During a processor reset, DCS and LCS are used to 

P(1) enable ONCE Mode. 

MCS3:0 0 If enabled, these pins comprise a block of Mid-Range Chip Select outputs 
H(1) which will go active whenever the address of a memory bus cycle is within 
R(1) the address limitations programmed by the user. 

P(1) 
A(L) 

PCS4:0 0 Perlpheral Chip Selects go active whenever the address of a memory or II 
H(1) 0 bus cycle is within the address limitations programmed by the user. 
R(1) 
P(1) 

PCS5/A1 0 These pins provide a multiplexed function. As additional Peripheral Chip 
PCS6/A2 H(1)/H(X) Selects, they go active whenever the address of a memory or 1/0 bus cycle 

R(1) is within the address limitations by the user. They may also be programmed 

P(1) to provide latched Address A2:1 signals. · 

TOO UT 0 Timer OUTput pins can be programmed to provide a single clock or 
T10UT H(Q) continuous waveform generation, depending on the timer mode selected. 

R(1) 
P(Q) 

TOIN I Timer INput is used either as clock or control signals, depending on the 
T11N A(L) timer mode selected. 

A(E) I' 
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Table 2. 80C188EA Pin Descriptions (Continued) 

Name Type Description 

DRQO I DMA ReQuest is asserted by an external request when it is prepared for a 
DRQ1 A(L) OMA transfer. 

INTO I Maskable INTerrupt input will cause a vector to a specific Type interrupt 
INT1 /SELECT A(E,L) routine. To allow interrupt expansion, INTO and/or INT1 can be used with 

INTAO and INTA1 to interface with an external slave controller. INT1 
becomes SELECT when the ICU is configured for Slave Mode. 

INT2/INTAO 1/0 These pins provide multiplexed functions. As inputs, they provide a 
INT3/INTA1/IRQ A(E,L) maskable INTerrupt that will cause the CPU to vector to a specific Type 

/H(1) interrupt routine. As outputs, each .is programmatically controlled to 

R(Z) provide an INTerrupt Acknowledge handshake signal to allow interrupt 

/P(1) expansion. INT3/INTA 1 becomes IRQ when the ICU is configured for 
Slave Mode. 

N.C. - No Connect. For compatibility with future products, do not connect to 
these pins. 

80C188EA PINOUT Tables 5 and 6 list the 80C188EA pin names with 
package location for the 80-pin Quad Flat Pack 
(EIAJ) component. Figure 6 depicts the complete 
80C188EA (EIAJ QFP package) as viewed from the 
top side of the component (i.e., contacts facing 
down). 

Tables 3 and 4 list the 80C188EA pin names with 
package location for the 68-pin Plastic Leaded Chip 
Carrier (PLCC) component. Figure 5 depicts the 
complete 80C188EA pinout (PLCC package) as 
viewed from the top side of the component (i.e., con
tacts facing down). 

Table 3. PLCC Pin Names with Package Location 

Address/Data Bus Bus Control Processor Control 

Name Location Name Location Name Location 

ADO 17 ALE/QSO 61 RESIN 24 
AD1 15 ~ 64 RESOUT 57 
AD2 13 so 52 CLKIN 59 
AD3 11 Sf 53 OSCO UT 58 
AD4 8 S2 54 CLKOUT 56 
AD5 6 RD/Q'SMD 62 iESi 47 
AD6 4 
AD7 2 
AB 16 
A9 14 

WR/QS1 63 

ARDY 55 
SRDY 49 

PDTMR 40 

NMI 46 
INTO 45 

A10 12 DEN 39 INT1 /SELECT 44 

A11 10 LOCK 48 INT2/i'N'i'AO 42 

A12 7 HOLD 50 INT3/INTA1/ 41 

A13 5 HLDA 51 IRQ 

A14 3 
A15 1 Power 
A16 68 Name Location 
A17 67 
A18 66 Vss 26,60 

A19/S6 65 Vee 9,43 

24-609 

1/0 

Name Location 

ucs 34 
LCS 33 
MCSii 38 
MCST 37 
MCS2 36 
MCS3, 35 

PCSO 25 
PCS1 27 
PCS2 28 
PCS3 29 
PCS4 30 
PCS5/A1 31 
PCS6/A2 32 

TOO UT 22 
TOIN 20 
T10UT 23 
.T11N 21 

DRQO 18 
DRQ1 19 

m 
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Table 4 •. PLCC Package Locations with Pin Name 

Location Name 
11 

Location I Name I I Location I ~ame I I Location I _Name 

1 A15 18 DRQO 35 MCS3 52 so 
2 AD7 19 DRQ1 36 MCS2 53 Sf 
3 A14 20 TOIN 37 MCSf 54 S2 
4 AD6 21 T11N 38 MCSO 55 ARDY 
5 A13 22 TOO UT 39 DEN 56 CLKOUT 
6 ADS 23 T10UT 40 PDTMR 57 RESOUT 
7 A12 24 RESIN 41 INT3/iNTAT I 58 OSCO UT 
8 AD4 25 PCS() IRQ 59 CLKIN 
9 Vee 26 Vss 42 INT2/1NiAO 60 Vss 

10 A11 27 ~ 43 Vee 61 ALE/QSO 
11 AD3 28 J5CS2 44 INT1 /SELECT 62 RD/QSMD 
12 A10 29 PCS3 45 INTO 63 WRIQS1 
13 AD2 30 PCS4 / 46 NMI 64 RFSH 
14 A9 31 J5eSS/A1 47 iESi' 65 A19/S6 
15 AD1 32 PCS6/A2 48 LOCK 66 A18 
16 AS 33 ICS 49 SRDY 67 A17 
17 ADO 34 ucs 50 HOLD 68 A16 

51 HLDA 

. -10 .. ... .. ~ sss z ~ 

~ ~ ~ • ... ., .. ....... ';;;-
>ti~ ~-:c :c - - I~ I"' 1° ... ~ 1:1! I;; I~ -c-c ........ -c "' (,) 

A15 HLDA 

AD7 HOLD 

A14 SRDY 

ADI LOCiC 
A13 iffi 
ADS NMI 
' A12 INTO 

AD4 • N80C188EA 
INT1/SELECT 

Vee 

I XXXXXXXXA (See Note) Vee 
A11 INT2/INTAO 

AD3 INT3/INTA1/IRQ 

A10 PDTMR 

AD2 
(TOP) 

DEii 
At MCSO 

AD1 MCS1" 
Al MCS2 

ADO iiCSi 

li~~~~~~J~~i~f~!OO ... ... "' ~ ~ 
272020-6 

NOTE: 
The nine-character alphanumeric code (XXXXXXXXA) underneath the product number is the Intel FPO number. 

Figure 5. 68-Lead PLCC Plnout Diagram 
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Table 5. QFP (EIAJ) Pin Name with Package Location 

Address/Data Bus Bus Control Processor Control 1/0 

Name Location Name Location Name Location Name Location 

ADO 64 ALE/QSO 10 RESIN 55 ucs 45 
AD1 66 RFSH 7 RESOUT 18 LCS 46 
AD2 68 so 23 CLKIN 16 MCSO 40 
AD3 70 S1 22 OSCOUT 17 MCS1 41 
AD4 74 S2 21 CLKOUT 19 MCS2 42 
AD5 76 
AD6 78 

RD/QSMi) 9 
WR/QS1 8 

TEST 29 
PDTMR 38 

MCS3 43 

PCSO 54 
AD7 80 ARDY 20 NMI 30 PCS1 52 
AS 65 SRDY 27 INTO 31 PCS2 51 
A9 67 DT/R 37 INT1 /SELECT 32 PCS3 50 
A10 69 DEN 39 INT2/INTAO 35 PCS4 49 
A11 71 
A12 75 
A13 77 
A14 79 

LOCK 28 

HOLD 26 
HLDA 25 

INT3/INTA1 I 36 
IRQ 
N.C. 11, 14, 

15,63 

PCS5/A1 48 
PCS6/A2 47 
TOO UT 57 
TOIN 59 

A15 1 T10UT 56 
A16 3 Power T11N 58 
A17 4 Name Location DRQO 61 
A18 5 
A19/S6 6 Vss 12, 13, 24, 

DRQ1 60 

53,62 

Vee 2, 33, 34, 
44, 72, 73 

fl 
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Table 6. QFP (EIAJ) Package Location with Pin Names .-----,------,I j Location I Name j j Location j Name I J.--Lo_c_a_t-io-n-r---N-am_e__, Location Name 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

NOTE: 

A15 

Vee 
A16 
A17 
A18 
A19/S6 
RFSH 
WR/QS1 
RD/QSMD 
ALE/QSO 
N.C. 
Vss 
Vss 
N.C. 
N.C. 
CLKIN 
OSCOUT 
RESOUT 
CLKOUT 
ARDY 

21 S2 41 MCS1 
22 S1 42 MCS2 
23 so 
24 Vss 
25 HLDA 
26 HOLD 
27 SRDY 
28 LOCK 
29 TEST 
30 NMI 
31 INTO 
32 INT1 /SELECT 
33 Vee 
34 Vee 
35 INT2/INTAO 
36 INT3/INTA1 I 

IRQ 
37 DT/R 
38 PDTMR 
39 DEN 
40 MCSO 

43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

;.. " .... 

MCS3 

Vee 
ucs 
[CS 

PCS6/A2 
PCS5/A1 
PCS4 
PCS3 
PCS2 
PCS1 

Vss 
PCSO 
RESIN 
T10UT 
TOOUT 
T11N 
TOIN 
DRQ1 

~~lli~!~~~~,i~~~il!~~~~-
64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48 47 48 45 44 43 42 41 

61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

AB 65 40 MCSO 

AD1 DEN 

A9 PDTMR 

AD2 OT/ii 

A 10 INT3/iiii'Af /IRQ 

AD3 INT2/iNTAO 

A11 

Yee 

Yee 

AD4 

A12 

ADS 

A13 

A08 

A14 

AD7 

• SSOC 188EA , 
I XXXXXXXXA (See Note) 

(TOP) 

Yee 

Yee 
INTI/SELECT 

INTO 

NMI 

TEST 

LOCK 

SROY 

HOLD 

HLDA 

DRQO 

Vss 
N.C. 
ADO 
AS 
AD1 
A9 
AD2 
A10 
AD3 
A11 

Vee 
Vee 
AD4 
A12 
AD5 
A13 
AD6 
A14 
AD7 

272020-7 

The nine-character alphanumeric code (XXXXXXXXA) underneath the product number is the Intel FPO number. 

Figure 6. Quad Flat Pack (EIAJ) Pinout Diagram 
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PACKAGE THERMAL 
SPECIFICATIONS 

The 80C188EA is specified for operation when Te 
(the case temperature) is within the range of 0°c to 
85°C (PLCC package) or 0°C to 106°C (QFP-EIAJ) 
package. Te may be measured in any environment 
to determine whether the 80C188EA is within the 
specified operating range. The case temperature 
must be measured at the center of the top surface. 

TA (the ambient temperature) can be calculated 
from 8eA (thermal resistance from the case to ambi
ent) with the following equation: 

TA = TC - P X 6cA 

Typical values for 8eA at various airflows are given 
in Table 7 for the 68-pin Plastic Leaded Chip Carrier 
(PLCC) package. 

Table 8 shows the maximum TA allowable (without 
exceeding Tc) at various airflows and operating fre
quencies. P (the maximum power consumption, 
specified in watts) is calculated by using the maxi
mum ICC as tabulated in the DC specifications and 
Vee of 5.5V. 

Table 7. Thermal Resistance (8cA) at Various Airflows (in °C/Watt) 

Airflow Linear ft/min (m/sec) 

0 200 400 600 800 1000 
(0) (1.01) (2.03) (3.04) (4.06) (5.07) 

[8eA (PLCC) 29 25 21 19 17 16.5 

r8eA (QFP) 66 63 60.5 59 58 57 

Table 8. Maximum TA at Various Airflows (in °C) 

Airflow Linear ft/min (m/sec) 

TF 0 200 400 600 800 1000 
f--'- (0) (1.01) (2.03) (3.04) (4.06) (5.07) (MHz) 

TA (PLCC) 25 78 80 81 82 82.5 83 
32 74 76 78 79 79.5 80 
40 70 72 74 75 76 76.5 

TA(QFP) 25 84 85.5 86 87 87 87.5 
32 77.5 79 80 80.5 81 81.5 
40 70 71.5 73 74 74 75 
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ELECTRICAL SPECIFICATIONS 

Absoiute iiiiaximum Ratings* 

Storage Temperature .......... - 65°C to + 150°C 

Case Temperature under Bias ... - 65°C to + 150°C 

Supply Voltage with Respect 
to Vss ....................... -0.5V to +6.5V 

Voltage on Other Pins with Respect 
to Vss .................. -0.5V to Vee+ o.5V 

Operating Conditions 
Symbol Parameter 

Vee Supply Voltage 

TF Input Clock Frequency 
80C188EA20 
80C188EA16 
80C188EA12 

Tc Case Temperature under Bias 
N80C188EA (PLCC) 
S80C188EA (QFP) 

Recommended Connections 

Power and ground connections must be made to 
multiple Vee and Vss pins. Every 80C188EA based 
circuit board should contain separate power (Vee) 
and ground (Vss) planes. All Vee and Vss pins must 
be connected to the appropriate plane. Pins identi
fied as "N.C." must not be connected in the system. 
Decoupling capacitors should be placed near the 
80C188EA. The value and type of decoupling capac-

NOTICE: This data sheet contains information on 
products in the sampling and initial production phases 
of development. It is valid for the devices indicated in 
the revision history. The specifications are subject to 
change without notice. 

•WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating conditions" is not recommended and ex
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 

Min Max Units 

4.5 5.5 v 

0 40 MHz 
0 32 MHz 
0 25 MHz 

0 +100 ·c 
0 +114 ·c 

itors is application and board layout dependent. The 
processor can cause transient power surges when 
its output buffers transition, particularly when con
nected to large capacitive loads. 

Always connect any unused input pins to an appro
priate signal level. In particular, unused interrupt pins 
(NMI, INT3:0) should be connected to Vss to avoid 
unwanted interrupts. Leave any unused output pin 
or any "N.C." pin unconnected. 
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DC SPECIFICATIONS 
Symbol Parameter Min Max Units Conditions 

V1L Input Low Voltage for All Pins -0.5 0.3 Vee v 
V1H Input High Voltage for All Pins 0.7 Vee Vee+ o.5 v 
Vol Output Low Voltage 0.45 v loL = 3 mA (min) 

VoH Output High Voltage Vee - o.5 v loH = - 2 mA (min) 

VHYR input Hysterisis on RESIN 0.30 v 
l1u Input Leakage Current (except ±10 µ.A OV ~ V1N ~Vee 

RD/bSMD, 'iJCS, LCS, and LOCK) 

l1L2 Input Leakage Current 
-275 µ.A V1N = 0.7 Vee (Note 1) RD/bSMD, UCS, LCS, and LOC'K) 

loL Output Leakage Current 
±10 µ.A 

0.45 ~ VoUT ~ Vee 
(Note2) 

Ice Supply Current Cold (RESET) 
80C188EA20 100 mA (Note3) 
80C188EA16 80 mA 

- BOC18BEA12 62.5 mA 

110 Supply Current In Idle Mode 
80C188EA20 70 mA 
80C188EA16 56 mA 
80C188EA12 44 mA 

lpo Supply Current In Powerdown Mode 
80C188EA20 100 µ.A 
BOC188EA16 100 µ.A 
80C188EA12 100 µ.A 

CouT Output Pin Capacitance 0 15 pF TF = 1 MHz(Note4) 

C1N Input Pin Capacitance 0 15 pF TF = 1 MHz 

NOTES: 
1. RD/~, ~. ~ and TI50<, and have internal pullups that are only activated during RESET. Loading these pins 
above loL = -275 µ.A will cause the BOC188EA to enter alternate modes of operation. 
2. Output pins are floated using HOLD or ONCE Mode. 
3. Measured at worst case temperature and Vee with all outputs loaded as specified in the AC Test Conditions, and with the 
device in RESET (RESIN held low). RESET is worst case for Ice. 
4. Output capacitance is the capacitive load of a floating output pin. 
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Ice VERSUS FREPUENCY AND VOLTAGE 

The current (Ice) consumption of the 80C188EA is 
essentially composed of two components; lpo and 
lees-

lpo is the quiescent current that represents internal 
device. leakage, and is measured with all inputs or 
floating outputs at GND or Vee (no clock applied to 
the device). lpo is equal to th,e Powerdown current 
and is typically less than 50 µ.'A. · 

Ices is the switching current used to charge and 
discharge parasitic device capacitance when chang
ing logic levels. Since Ices is typically much greater 
than lpo. lpo can often be ignored when calculating 
lee. 

Ices is related to the voltage and frequency at which 
the device is operating. It is given by the formula: 

Power = V x I = V2 X Coev x f 

:. I = Ice ;,,,, Ices = v x Coev x f 
Where: V = Device operating voltage (V cc) 

Coev = Device capacitance 

f = Device operating frequency 

Ices = Ice = Device current 

Measuring Coev on a device like the 80C188EA 
would be difficult. Instead, Coi:v is calculated using 
the above formula by measuring Ice at a known Vee 
and frequency (see Table 9). Using this Coev value, 
lee can be calculated at any voltage and frequency 
within the specified operating range. 

EXAMPLE: Calculate the typical Ice when operating 
at 20 MHz, 4.8V. 

Ice= Ices= 4.8 x o.515 x 20::::: 49 mA 

PDTMR PIN DELAY CALCULATION 

The PDTMR pin provides a delay between the as
sertion of NMI and the enabling· of the internal 
clocks when exiting Powerdown. A delay is required 
only when using the on-chip oscillator to allow the 
crystal or resonator circuit time to stabilize. 

NOTE: 
The PDTMR pin function does not apply when 
RESiN is asserted (i.e., a device reset du~ng Pow
erdown is similar to a cold reset and RE IN must 
remain active until after the oscillator has stabi
lized). 

To calculate the value of capacitor required to pro
vide a desired delay, use the equation: 

440 x t = Cpo (5V, 25°C) 

Where: t = desired delay in seconds 
Cpo = capacitive load on PDTMR in ml· 

crofarads 

EXAMPLE: To get a delay of 300 µ.s, a capacitor 
valueofCpo = 440 x (300 x 10-6) = 0.132µ.Fis 
required. Round up to standard (available) capaci
tive values. 

NOTE: 
The above equation applies to delay times greater 
than 1 o µ.s and will compute the TYPICAL capaci
tance needed to achieve the desired delay. A delay 
variance of +50% or -25% can occur due to 
temperature, voltage, and device process ex
tremes. In general, higher Vee and/or lower tem
perature will decrease delay time, while lower Vee 
and/ or higher temperature will increase delay time. 

Table 9. CoEv Values 

Parameter Typ Max Units Notes 

Coev (Device in Reset) 0;515 0.905 mAfV•MHz 1, 2 

Coev (Device in Idle) 0.391 0.635 mAfV•MHz 1, 2 

1. Max Coev is calculated at -40"C, all floating outputs driven to Vee or GND, and all 
outputs loaded to 50 pF (including CLKOUT and OSCoun. 
2. Typical Coev is calculated at 25°C with all outputs loaded to 50 pF except CLKOUT and 
OSCOUT, which are not loaded. 
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AC SPECIFICATIONS 

AC Characteristics-SOC 188EA20 

Symbol Parameter Min Max Units Notes 

INPUT CLOCK 

TF CLKIN Frequency 0 40 MHz 1 
Tc CLKIN Period 25 00 ns 1 
TcH CLKIN High Time 10 00 ns 1, 2 
TcL CLKIN Low Time 10 00 ns 1,, 2 
TcR CLKIN Rise Time 1 8 ns 1, 3 
TcF CLKIN Fall Time 1 8 ns 1, 3 

OUTPUT CLOCK 

Teo CLKIN to CLKOUT Delay 0 17 ns 1, 4 
T CLKOUT Period 2*Tc ns 1 
TpH CLKOUT High Time (T/2)-5 (T/2) + 5 ns 1 
TpL CLKOUT Low Time (T/2)-5 (T/2) + 5 ns 1 
TpR CLKOUT Rise Time 1 6 ns 1, 5 
TpF CLKOUT Fall Time 1 6 ns 1, 5 

OUTPUT DELAVS 

TcHOV1 ALE, S2:0, DEN, DT /R, BHE, 3 22 ns 1, 4, 6, 7 
LOCK, A19:16 

TcHOV2 MCS3:0, LCS, UCS, PCS6:0, RD, WR 3 27 ns 1,4,6,8 

TcLOV1 RFSH, DEN, LOCK, RESOUT, HLDA, 3 22 ns 1, 4, 6 
TOOUT, T10UT, A19:16 

TcLOV2 RD, WR, MCS3:0, LCS, UCS, PCS6:0, 3 27 ns 1, 4, 6 
AD15:8, AD7:0, INTA1:0, S2:0 

TcHOF RD, WR, RFSH, OT /R, 0 25 ns 1 
LOCK, S2:0, A 19: 16 

TcLOF DEN, A 15:8, AD7:0 0 25 ns 1 

SYNCHRONOUS INPUTS m 
TcHIS TEST, NMI, INT3:0, T1 :OIN, ARDY 10 ns 1, 9 

TcH1H TEST, NMI, INT3:0, T1 :OIN, ARDY 3 ns 1, 9 

Tcus A 15:8, AD7:0, ARDY, SRDY, DRQ1 :0 10 ns 1, 10 

TcuH A15:8, AD7:0, ARDY, SRDY, DRQ1 3 ns 1, 10 

Tcus HOLD 10 ns 1, 9 

TcuH HOLD 3 ns 1, 9 

Tcus RESIN (to CLKIN) 10 ns 1, 9 

TcuH RESIN (from CLKIN) 3 ns 1, 9 

NOTES: 
1. See AC Timing Waveforms, for waveforms and definition. 
2. Measured at V1H for high time, V1L for low time. 
3. Only required to guarantee Ice· Maximum limits are bounded by Tc. T CH and T CL· 
4. Specified for a 50 pF load, see Figure 16 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 17 for rise and fall times outside 50 pF. 
6. See Figure 17 for rise and fall times. 
7. TcHov1 applies to RFSH, LOCK and A19:16 only after a HOLD release. 
8. T CHOV2 applies to RD and WR only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper BOC1 BBEA operation (SRDY, AD7:0). 
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AC SPECIFICATIONS {Continued) 

Symbol PariJmeter Min Max Units Notes 

INPUT CLOCK 

TF CLKIN Frequency 0 32 MHz 1 
Tc CLKIN Period 31.25 00 ns 1 
TcH CLKIN High Time 10 00 ns 1, 2 
Tel CLKIN Low Time 10 00 ns 1, 2 
TcR CLKIN Rise Time 1 8 ns 1, 3 
TcF CLKIN Fall Time 1 8 ns 1, 3 

OUTPUT CLOCK 

Teo CLKIN to CLKOUT Delay 0 20 ns 1, 4 
T CLKOUT Period 2*Tc ns 1 
TpH CLKOUT High Time {T/2) - 5 (T/2) + 5 ns 1 
TpL CLKOUT Low Time {T/2) - 5 {T/2) + 5 ns 1 
TpR CLKOUT Rise Time 1 6 ns 1, 5 
TpF CLKOUT Fall Time 1 6 ns 1, 5 

OUTPUT DELAYS 

TcHOV1 ALE, S2:0, DEN, DT /R, BHE, 3 23 ns 1, 4, 6, 7 
LOCK, A 19:16 

TcHOV2 MCS3:0, LCS, UCS, PCS6:0, RD, WR 3 28 ns 1, 4, 6, 8 

Tcwv1 RFSH, DEN, LOCK, RESOUT, HLDA, 3 23 ns 1, 4, 6 
TOOUT, T10UT, A19:16 

TcLov2 RD, ·wR, MCS3:0, LCS, UCS, PCS6:0, 3 28 ns 1, 4, 6 
A15:8, AD7:0, INTA1 :0, S2:0 

TcHOF RD, WR, RFSH, DT /A, 0 25 ns 1 
LOCK, S2:0, A19:16 

TcLOF DEN, A 15:8, AD7:0 0 25 ns 1 

SYNCHRONOUS INPUTS 

TcHIS TEST, NMI, INT3:0, T1 :OIN, ARDY 10 ns 1, 9 

TcHIH TEST, NMI, INT3:0, T1 :OIN, ARDY 3 ns 1, 9 

Tcus A15:8, AD7:0, ARDY, SRDY, DRQ1:0 10 ns 1, 10 

TcuH A15:8, AD7:0, ARDY, SRDY, DRQ1:0 3 ns 1, 10 

Tcus HOLD 10 ns 1, 9 

TcuH HOLD 3 ns 1, 9 

Tcus RESIN {to CLKIN) 10 ns 1, 9 

TcuH RESIN {from CLKIN) 3 ns 1, 9 

NOTES: 
1. See AC Timing Waveforms, for waveforms and definition. 
2. Measured at V1H for high time, V1L for low time. 
3. Only required to guarantee Ice- Maximum limits are bounded by Tc. T CH and T CL· 
4. Specified for a 50 pF load, see Figure 16 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 17 for rise and fall times outside 50 pF. 
6. See Figure 17 for rise and fall times. 
7. TcHov1 applies to RFSH, LOCK and A19:16 only after a HOLD release. 
8. T CHOV2 applies to RD and WR only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper 80C188EA operation (SRDY, AD7:0). 
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AC SPECIFICATIONS (Continued) 

AC Characteristics-SOC 188EA 12 

Symbol Parameter Min Max Units Notes 

INPUT CLOCK 

TF CLKIN Frequency 0 25 MHz 1 
Tc CLKIN Period 40 00 ns 1 
TcH CLKIN High Time 12 00 ns 1, 2 
Tel CLKIN Low Time 12 00 ns 1, 2 
TcR CLKIN Rise Time 1 8 ns 1, 3 
TcF CLKIN Fall Time 1 8 ns 1, 3 

OUTPUT CLOCK 

Teo CLKIN to CLKOUT Delay 0 23 ns 1, 4 
T CLKOUT Period 2*Tc ns 1 
TpH CLKOUT High Time (T/2) - 5 (T/2)+5 ns 1 
TpL CLKOUT Low Time (T/2) - 5 (T/2) + 5 ns 1 
TpR CLKOUT Rise Time 1 6 ns 1, 5 
TpF CLKOUT Fall Time 1 6 ns t,5 

OUTPUT DELA VS 

TcHOV1 ALE, S2:0, DEN, DT /R, SHE, 3 25 ns 1, 4, 6, 7 
LOCK, A19:16 

TcHOV2 MCS3:0, LCS, UCS, PCS6:0, RD, WR 3 30 ns 1,4,6,8 

TcLOV1 RFSH, DEN, LOCK, RESOUT, HLDA, 3 25 ns 1, 4, 6 
TOOUT, T10UT, A19:16 

TcLOV2 RD, WR, MCS3:0, LCS, UCS, PCS6:0, 3 30 ns 1,4, 6 
A15:8, AD7:0, INTA1:0, S2:0 

TcHOF RD, WR, RFSH, DT /R, 0 25 ns 1 
LOCK, S2:0, A 19: 16 

TcLOF DEN, A 15:8, AD7:0 0 25 ns 1 

SYNCHRONOUS INPUTS 

TcHIS TEST, NMI, INT3:0, T1 :OIN, ARDY 10 ns 1, 9 

TcHIH TEST, NMI, INT3:0, T1 :OIN, ARDY 3 ns 1, 9 

Tcus A 15:8, AD7:0, ARDY, SROY, ORQ1 :0 10 ns 1, 10 

TcuH A15:8, AD7:0, ARDY, SADY, DAQ1:0 3 ns 1, 10 

Tcus HOLD 10 ns 1, 9 

TcuH HOLD 3 ns 1, 9 

Tcus RESIN (to CLKIN) 10 ns 1, 9 

TcuH RESIN (to CLKIN) 3 ns 1, 9 

NOTES: 
1. See AC Timing Waveforms, for waveforms and definition. 
2. Measured at V1H for high time, V1L for low time. 
3. Only required to guarantee Ice· Maximum limits are bounded by Tc. T CH and T CL· 
4. Specified for a 50 pF load, see Figure 16 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 17 for rise and fall times outside 50 pF. 
6. See Figure 17 for rise and fall times. 
7. TcHov1 applies to RFSH, LOCK and A19:16 only after a HOLD release. 
8. T CHOV2 applies to RD and WR only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper BOC1BBEA operation (SRDY, AD7:0). 
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AC SPECIFICATIONS (Continued) 

Symbol Parameter Min Max Unit Notes 

RELATIVE TIMINGS 

TLHLL ALE Rising to ALE Falling T- 15 ns 

TAVLL Address Valid to ALE Falling %T-10 ns 

TPLLL Chip Selects Valid to ALE Falling %T- 10 ns 1 

TLLAX Address Hold from ALE Falling %T-10 ns 

TLLWL ALE Falling to WR Falling %T- 15 ns 1 

TLLRL ALE Falling to RD Falling %T- 15 ns 1 

TRHLH RD Rising to ALE Rising %T- 10 ns 1 

TwHLH WR Rising to ALE Rising %T- 10 ns 1 

TAFRL Address Float to RD Falling 0 ns 

TRLRH RD Falling to RD Rising (2*T) - 5 ns 2 

TwLWH WR Falling to WR Rising (2*T) - 5 ns 2 

TRHAV RD Rising to Address Active T- 15 ns 

TwHDX Output Data Hold after WR Rising T- 15 ns 

TwHDEX WR Rising to DEN Rising %T- 10 ns 1 

TwHPH WR Rising to Chip Select Rising %T- 10 ns 1, 4 

TRHPH RD Rising to Chip Select Rising %T- 10 ns 1, 4 

TpHPL CS Inactive to CS Active %T- 10 ns 1 

ToxoL DEN Inactive to OT /A Low 0 ns 5 

TovRH ONCE (UCS, LCS) Active to RESIN Rising T ns 3 

TRHOX ONCE (UCS, LCS) to RESIN Rising T ns 3 

NOTES: 
1. Assumes equal loading on both pins. 
2. Can be extended using wait states. 
3. Not tested. 
4. Not applicable to latched A2:1. These signals change only on falling T1. 
5. For write cycle followed by read cycle. 
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AC TEST CONDITIONS 

The AC specifications are tested with the 50 pF load 
shown in Figure 7. See the Derating Curves section 
to see how timings vary with load capacitance. 

OUTPUT 
PIN 

CL = 50 pF for all signals. 
272020-8 

Specifications are measured at the Vcc/2 crossing 
point, unless otherwise specified. See AC Timing 
Waveforms, for AC specification definitions, test 
pins, and illustrations. 

Figure 7. AC Test Load 

AC TIMING WAVEFORMS 

•••••• Yee 

CLKIN 

i.------ ......... Yee 

CLKOUT 503 

•••··• OY 

272020-9 

Figure 8. Input and Output Clock Waveform 
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::.\- 503 CLKOUT 

\___ 

Vee ______ ...,. __ ,....._ __ _.. _____ _ 

>--------- MAX 
VALID 503 VALID MIN ov---_ ..... .._......,_,_.._......,_,_._ ___ _ 

VALID 503 

1-------- MAX 

Vec---------

VALID FLOAT (NOTE) t--------i MAX 

ov----.......... .._ ...... __, Vec------i--....--

VALID FLOAT (NOTE) 

ov----..... -'-""'---' 
272020-10 

NOTE: 
20% Vee < Float < BO% Vee 

Figure 9. Output Delay and Float Waveform 

Vee------------------------

ov 

g MIN 

MIN 

Vee 
V1H V1H 

VALID 
VIL VIL 

ov 

g 
MIN g 

MIN 

Vee 
VIH V1H 

VALID 
VIL V1L 
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NOTE: 
RESIN measured to CLKIN, not CLKOUT 

Figure 10. Input Setup and Hold 
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CLKOUT 

Vee 

ALE 

OV 

Vee 

AD7:0, 
503 503 

A19:8 
OV 

~[H-~~--1-~ 
Vee ~---------+----,~...__~~~ 

Rii or WR 

ov ········9············· 

Vee ~ 
MCS3:0 

LCS, UCS, 
PCS6:0 

ov 

503 

503 

G;)CR----
g, .... __ _ 

503 

~[H---.i -----

Lii 
Vee ·····························································,-----------------

RESIN 503 
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NOTE: 
T oxoL for write cycle followed by read cycle. 

Figure 11. Relative Signal Waveform 
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DERATING CURVES 

HOM+6 
> ., 
N 

• NOM+3 

-; 
..s 
>- HOM+ 1 
:5 
"' Q ... HOM :::> ... ... 
:::> 
0 

NOM-1 

50 100 

Ci. (pr) 

Vcc=SV 
TAMB =25°C 

150 

272020-13 

Figure 12. Typical Output Delay Variations 
Versus Load Capacitance 

RESET 

The 80C188EA will perform a reset operation any 
time the RESIN pin is active. The RESIN pin is actu
ally synchronized before it is presented internally, 
which means that the clock must be operating be
fore a reset can iake effect. From a power-on state, 
RESiN must be held active (low) in order to guaran
tee correct initialization of the 80C188EA. Failure to 
provide RESIN while the device Is powering up 
will result in unspecified operation of the device. 

Figure 14 shows the correct reset sequence when 
first applying power to the 80C188EA. An external 
clock connected to CLKIN must not exceed the Vee 
threshold being applied to the 80C188EA. This is 
normally not a problem if the clock driver is supplied 
with the same Vee that supplies the 80C188EA. 
When attaching a crystal to the device, RESIN must 
remain active until both Vee and CLKOUT are stable 
(the length of time is application specific and de

. pends on the startup characteristics of the crystal 

8 

.... ..s 
>- 6 
:5 
"' Q 

4 

Vcc=SV 

2 TAMS= 2s•c 

50 100 150 

G. (pF) 

272020-14 

Figure 13. Typical Rise and Fall Variations 
Versus Load Capacitance 

circuit). The RESIN pin is designed to operate cor
rectly using an RC reset circuit, but the designer 
must ensure that the ramp time for Vee is not so 
long that RESIN is never really sampled at a logic 
low level when Vee reaches minimum operating 
conditions. 

Figure 15 shows the timing sequence when RESIN 
is applied after Vee is stable and the device has 
been operating. Note that a reset will terminate all 
activity and return the 80C188EA to a known operat
ing state. Any bus operation that is in progress at the 
time RESIN is asserted will terminate immediately 
(note that most control signals will be driven to their 
inactive state first before floating). 

While RESIN is active, signals RD/QSMD, UCS, 
LCS and LOCK, are configured as inputs and weakly 
held~ by internal pullup transistors. Forcing UC~ 
and LCS low selects ONCE Mode. Forcing QSM 
low selects Queue Status Mode. Forcing LOCK low 
is prohibited and results in unspecified operation . 
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NOTE: 
CLKOUT synchronization occurs approximately 1 Y. CLKIN periods after RESIN is sampled low. 
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NOTE: 
CLKOUT resynchronization occurs approximately 1 % CLKIN periods after l'iESIN is sampled low. If RESIN is sampled low while CLKOUT is transitioning high, 'then 
CLKOUT will remain high for two CLKIN periods. If l'iESIN is sampled low while CLKOUT is transitioning high, then CLKOUT will not be affected. 
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BUS CYCLE WAVEFORMS 

Figures 16 through 22 present the various bus cycles that are generated by the 80C188EA. What is shown in 
the figure is the relationship of the various bus signals to CLKOUT. These figures along with the information 
present in AC Specifications allow the user to determine all the critical timing analysis needed for a given 
application. 

CLKOUT 

52:0 

ALE 

A19:16 

A15:8, RFSH 

AD7:0 

DT/i 

NOTE: 

\ 

Al9:18 

VALID (SEE NOTE) 

\-.,........ 

' 

___....·x.a..--: __ VALID __ ·x 
A7:0 

VALID 

272020-18 

During the data phase of the bus cycle, A 19/86 is driven high for a OMA or refresh cycle. 

Figure 16. Read, Fetch and Refresh Cycle Waveform 
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CLKOUT 
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A15:8,RFSH 

AD7:0 

MCS3:0, 
PCS6:0, 

LCS,UCS 

DT/R 

NOTE: 

A19:16 

VALID 

80C188EA 

\_ 

(SEE OTE) 

_x_: __ VAUD __ x 
I 
I I I 

_: __ :x_>:: __ , : x_: -~~ .. -< _: _____ :x 

272020-19 

During the data phase of the bus cycle, A 19/56 is driven high for a OMA cycle. 

Figure 17. Write Cycle Waveform 
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CLKOUT 

ALE 

'\ ___ 011 ___ 7 IS 

A19:8 

--...---..... ~------..... --1-NV-AL~ID __ ....,._(NO-TE_) __ ....... 11~1-...---..-----~ 
AD7:0 

--...... --~~i...a..------INV-AU_D ____ <_No_u_i_ ...... 11 ..... _______ ~~-· ... 
272020-20 

NOTE: 
The address driven is typically the location of the next instruction prefetch. The 80C1 88EA drives these pins to 0 during 
Idle and Powerdown Modes. 

Figure 18. Halt Cycle Waveform 

24-629 



infel .. 
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ililiA occurs one clock later in Slave Mode. 

Figure 19. INTA Cycle Waveform 

24·630 



inteL 

CLKOUT 

HOLD 

HLDA 

ALE 

A19:16 

A 15:8, AD7:0 

80C188EA 

____ ..__. ......... _ .... ____ _,... I I I I,, __ .... ___ _ 

I '\' I I K I I I I I I .. --.- -; -"'-i--:- -;-;---- - ~ 

_""!"_.,.._.,....,._.,. : : : : : "·--------
1 I I I I 

I 
I 

I I 

~-~--~-,-~--~-·-~-~--
' I I I I I I I I ,__,,..._ __ ........ __ _ 

I I 
I I I I I I I I I I I 

..........__:x: _____ : : : _____...,: :}1-1--~-1-1--t-f-1-1--~..........._:x: ______ : : 
I I I I I I I I I I I Ix x }: : : : : : : : : CLI I I I I I I I I I I I I I :- _,.._ ... __ ._ _ ·- ~--1-- ~ -·--. 

I I I I 
_ ... ____ ...,_________ I I I 

I 
I 

~--·-~--~----~----~-·--• I I I I I I I I I 
I I I 

I 
I I I I I I I I I I I I I 

----------------... I I I I I I I I I re 
} 

1 I I I I I I I I I 

DEN •:• • t • -!•• t •-!• • f-• ~- • t-• ~- •1 

I I I I I I I I I I ---------------J I I I I I I I I I I 
I I I I I I I I I I 
I ____ .._ ____ .... _.__... __ ,,. I I I 1 I I I I I I_ ... _._ ____ _ 

} 

I I I I I I I I I I 
I I I I I I I I I I 

-:•• i •~• • ;• ;•• ~ • ~ ••;•;••I 
--------------.... : : ! : : : : : : : 

DT/R 

272020-22 

Figure 20. HOLD/HLDA Waveform 
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NOTES: 
1. Generalized diagram for READ or WRITE. 
2. ARDY low by either edge causes a wait state. Only rising ARDY is fully synchronized. 
3. SRDY low causes a wait state. SRDY must meet setup and hold times to ensure correct device operation. 
4. Either ARDY or SRDY active high will terminate a bus cycle. 

Figure 22. Ready Waveform 
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REGISTER BIT SUMMARY 

Figures 23 through 30 present the bit definition of 
each register that is active (not reserved) in the Pe
ripheral Control Block (PCB). Each register can be 
thought to occupy one word (16-bits) of either mem
ory or 1/0 space, although not all bits in the register 
necessarily have a function. A register bit is not 

bit 

10 

" 

" 
15 

EOI (22H) 
RtSrT "'0 

1 * Enabl• NonSpecific EOI 
(write only) 

bit 

IO 

II 

12 

13 

" 

VTO 

VT1 

IREQ 
POLL (2•H) 

POLSTS (26H) 
RESET"" O 

} 

lnle,Npt .... ut 
V.ctor Type 
(read only) 

1 = Interrupt Request p,....nt 
(rtadonty) 

guaranteed to return a specific logic value if an "X" 
appears for the bit definition {Le., if a zero was writ
ten to the register bit it may not be returned as a 
zero when read). Furthermore, a 0 must be written to 
any bit that is indicated by an "X" to ensure compati
bility with future products or potential product chang
es. 

bit 

10 

11 

12 

13 

14 

15 

TMR 

x 

DMA1 

INTO 

INT1 

INT2 

INT3 

x 

x 
IWA.SK (28H) 

RESET = ooroH 
INS[RV (2CH) 
REOST (2EH) 
RESET= 0 

lnt.rrupt Ma•ked 

1 "' lnt.rrupt ln-S•rvloe 
lnternipt R.queeted 
(REQST 1111 rMCI only) 

bit 

0 

IO 

II 

12 

14 

15 

x 
x 

}
Prlorltyl•vel 
0 - Highest 
1 - Lowut 

PRMSK (2AH) 
RESET.., 0007H 
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Figure 23. Interrupt Control Unit Registers (Master Mode) 

bit 

10 

II 

12 

" .. 
" 

TMRO 

lNTSTS (lOH) 
RESET• O 

}
1,,,lntern.tpl 

r.qu .. ted 

1 .. NMI lnt.rrupt 

bit 

IO 

11 

12 

" 
14 

15 

PRMO 

PRM1 

x 

1,,. Mask Interrupt 
0"' Em::ibl• Interrupt 

TCUCON (32H) 
DMAOCON (3-4H) 
OMA ICON (36H) 
RESET • OOOfH 

bit 

10 

11 

12 

" 
14 

15 

PRMO 

PRM1 

PRM2 

x 
x 

IOCON (38H) 
11CON (3AH) 

} Priority~Yel 
O - Highest 
7 - Lowfft 

1 = Mosk lnhorrupt 
0 .. Enab19 lnhorrupt 
1 = L.v•I Mod• 
0"' Edg• Mod• 

1 .. Enabl• Casood• 0P"raUon 

I = Enabl• Nti.t..t lnhorrupll 

RESET= OOOfH 

Figure 24. Interrupt Control Unit Registers (Master Mode) 
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IO 

11 

12 

1 .. Mo11k lnt.rrupt 
0 •Enable Interrupt 
1 "'Level Mode 
O = Edge Mod• 

13 x 
14 x 

" x 
12CON (3CH) 
13t0M (3EH) 

RESET= OOOfH 
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bit 

0 

10 

11 

12 

13 

15 

} 
u,,,... ..... 
of V.ator Type 

IVECTOR (20H) 
RESET "' 0 

bit 

VT2 

x 
x 

x 
x 

x 
10 x 
11 

12 x 
13 x 

15 

bit 

0 

TMR1 

TMR2 

x 

x 
x 
x 
x 
x 

10 x 
11 x 
12 x 
13 x 
14 x 
15 x 

SINTSTS (30) 
RESET = 0 

80C188EA 

} ln!orr•pt ... •ut 
V.otor lYP9 
(writ• only) 

} 1 "'''"'"'' RequHt.d 

bit 

0 

10 

11 

12 

13 

15 

bit 

10 

12 

13 

15 

1 ., lnterr11pt ln-Servlc. t '"'"""'' ...... 
lnt•rrupt Reque•t.d 
(SREQST II read only} 

ISMASK (28) 
RESET ,. D03DH 
SINSERV (2CH) 
SREQST (2EH) 

RESET • 0 

} P•l,.lty Lo""1 
O - Hl;n..t 
7 - Low-t 

1 "" Ma•k Interrupt 
0 = Enabl• lnt.,.rupt 

x 
x 

x 
x 

x 
x 

x 
x 

TOCO.M 
DOCON 
DICON 
TfCON 
T2CON 

bit 

10 

11 

12 

13 

15 

} 
Priority Lev.I 
0 - High11t 
7 - lowest 

SPRMSK (2AH) 
RESET = 0007H 
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RESET = OOOFH 
272020-28 

Figure 25. Interrupt Control Unit Registers (Slave Mode) 
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·:~co 1 I TC1 

! TC.2 

10 

12 

.. 
,. 
TllCNT (50H, SIM, IOH) 

RESlT•XlOCCH 

" 
" 

~;(fill 
I~ 

:. TC2 

10 

II 

12 

" 

" TllOlllPA ($2H, 5AH, 12H) 
TxCNPI (54H, SCH) 

RESET • XXXXH 

80C188EA 
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o f¥3T i·~==-· I ALT ::~:=~paNA/8 
~ -·- t • u. £wt.ma• c1 .... r. 
" C.AI O•U..lnWnoletDDk 

10 

12 

" 1• 
" TOCX>N (51H) 

t • U• lnt.nal TIMER! Ctook 
O• U• lnttrnal /4 Clook 
1 •TIN Pin htriftWll Tlmw 
0 •TIN Pin EnoblM TllMlr 

1 "" ll-r Componi Ooountd 

I •Compare B In u .. 
0 • Compare A In UM 

I : Enable Co~ Interrupt 

t •£nab!. Writs Uo START bit 

t •start Tll'llel' O.,.ratlon 
0 • SWp Tl'"r Operation 

TICOM (5EH) 
RESET• EN,RIU •O 

Figure 26. Timer Control Unit Registers 

I = lgnono RDY Pl'1• 
0"' U.. ROY Pins 

lm 
Chip-Select 
Ending Add,... 
("17'10) 

LlilCS (A2H) 
RESET • XXXXH 

" 

" PACS (A4H) 
RESET = XXXXH 

;;cs 
Chlp-s.i.ot 
Slctrtlnt Add ..... 
(Al9=10) 

" 

Figure 27. Chip-Select Unit Registers 
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. .. 
0 P30NT 1 • Enatit. Cont1nuor.1• 

timer Opwollori 

I X 
:.: A 

10 

II 

12 

1• 
1$ 

T2CON (llH) 

R£S£T• EN •0 

... 
0 

1 = Enabl9 C-paN Interrupt 

1 •tnabte Writ. to START bit 

1 • start Tlmw Oplrcltlon 
O • stop Timer Opwatlan 

272020-29 

1 = lgnon ROY Pin• 
0 • UM ROY Pln• 

1 = ...,.ipti.ral1 in W.mory 
0 "' hrlpheral• In 1/0 
1 .. Exh'aiiCSun .. 
0 = A1, A2 Pro'+'tded 

l""' Chlp-s.i.ct 
. Block SIH X 21< 

(S.t 1 Bil} 

MPCS (ASH) 
RtSET = XXXxtt 

272020-30 



bit 

0 DSAO 

DSA1 

DSA2 

DSA3 

DSA4 

DSAS 

DSA6 

DSA7 ••• Source 

DSA8 Add ms 
(low) 

DSA9 

10 DSA10 

11 DSA11 

12 DSA12 

13 DSA13 .. DSA14 

15 DSA15 
DOSRCL (COH) 
D 1 SRCL (DOH) 

RESET • XXXXH 

bit 

10 

11 

12 

13 .. 
15 

bit 

0 DSA16 

DSA17 } ~· Source 

DSA18 Addr ... 
(High) 

DSA19 

x 
x 
x 
x 
x 
x 

10 x 
11 x 
12 x 
13 x .. x 
15 x 

DOSRCH (C2H) 
01 SRCH (D2H) 

RESET = XXXXH 

TCO 

TC1 

TC2 

TC3 

TC4 

TCS 

TC6 

TC7 DMA 
Transfer 

TC8 Count 

TC9 

TC10 

TC11 

TC12 

TC13 

TC14 

TC15 
DOTC (C8H) 
DHC (08H) 

RESET = XXXXH 

80C188EA 

bit 

10 

11 

12 

13 

bit, 

DDAO 

DDA1 

DOA2 

DDA3 

DOA4 

ODAS 

ODA6 

DDA7 • •• O..tlnotlon 

DDA8 Addr"' 
(Low) 

DDA9 

10 ODA10 

11 DDA11 

12 DDA12 

13 DOA13 

14 DDA14 

15 DDA15 
DODSTL(C4H) 
D10STL(D4H) 

RESa "'XXXXH 

x 
START 

CHG 

x 
IDRQ 

p 

SYNO 

SYN1 

INT 

TC 

INC 

DEC 

MEM 

INC 

0 = Stop OMA Transfera 
1 =Arm OMA Chonnel 
0 = Do Not Ch<lnge Start Bit 
1 =Change Start Bit 

t = Enable Timer 2 R.qu .. ts 
0"" Disable Timer 2 R9e1unt1 
1 = High Priority 
0 =Low Priority 

00 = Un1yno 

} 01 = Source Sync 
10 = O.st Sync 
1 t =Reserved 

1=1ntonTC 
O=No Int on TC 
1 =Slop on Terminal Count 
0 =Continue on Terminal Count 
1 =Increment SRC Pointer 
0 = No Increment 
1 = Decrement SRC Pointer 
0 = No O.Crement 
1 = SRC is in M•mory 
O=SRC is In 1/0 
1 =Increment Out Pointer 
0 = No Increment 

14 DEC ~: :r;:~!::t Polnt•r 

15 ME~ ~:=~Ii: ii~ ~i~ory 
DOCON (CAH} 
01CON (DAH} 

RESET = START = O 

Figure 28. OMA Unit Registers 
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bit 

D Ol>A16 

Ol>A17 } OMA o.stlnotlon 

Ol>A18 A.ddr"' 
(High) 

Dl>A19 

x 
x 
x 
x 
x 
x 

10 x 
11 x 
12 x 
13 x .. x 
15 x 

DODSTH (C6H) 
01DSTH (D6H) 

RESET = XXXXH 

272020-31 
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intel~ 

bit 
0 

10 

11 

12 

13 

14 

15 

bitF=E 0 x 
1 x 
2 x 

x 
x 
x 
x 
x 
x 

RA13 

10 RA14 

11 RA1S 

12 RA16 

13 RA17 

14 RA18 

15 RA19 

RFB>.SE (EOH) 
RESET= OH 

Clock Divisor 

}
OO=by 1 
01 =by" 
10 =by 8 
11 =by 16 

1 "' Enobl• 
0 m Dlaobt1 

PWRSAV (fOH) 
RESET "" O 

80C188EA 

b:~l b:~l 
1 RC1 1 RC1 

1 RC2 ... """" 
RC3 RC3 

1·--RC4 R~u .. t Clook Count RC4 

RCS RCS 

RC6 RCS 

RC7 RC7 

RCS RCB 

)--Bib A.19:13 

x x 
10 x 10 x 
11 x 11 x 
12 x 12 x 
13 " x 
14 x 14 

15 x 15 REN 

RrTIME (E2H) RFCON (£4H) 
RESET= OH RESET= OH 

Figure 29. Refresh Control Unit Registers 

bit 

10 

11 

12 

13 

14 

15 

I = Enabl• Powrdown Mode 

1 ,,. Enable ldM Mode 

(fttting both ruulU 
In no optrcitlon) 

bit 
0 

10 

11 

12 

13 

14 

'15 

STEPID (F6H) 

} 
Stopplog 
ld1ntlfl1r 
(read orny) 

RESET= IH for A-Shop 

)"'-~-Clock Count 
(Read Only) 

1 = Enable Refruh 

bit 

10 

11 

12 

13 

14 

15 

RELREG (FEH) 
RESET • 20FF 

Figure 30. Power Management, Relocation and Stepping Registers 
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Starting .A.ddren 
for PCB 

1 = PCB In M•mory 
0 •PCB In 1/0 

1 =Slow lritO<M 
0 = Ma1ter Mod• 

272020-34 
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80C188EA EXPRESS 

The Intel EXPRESS program offers an extended 
temperature range as an enhancement to the 
80C188EA operational specifications. EXPRESS 
products are designed to meet the needs of those 
applications whose operating requirements exceed 
commercial standards. 

With the standard commercial temperature range, 
operational characteristics are guaranteed over a 
temperature range corresponding to o•c to + 70°C 
ambient. With the extended temperature range op
tion, operational characteristics are guaranteed over 
a temperature range corresponding to - 40°C to 
+ 85°C ambient. 

Package types and EXPRESS versions are identified 
by a one- or two-letter prefix to the part number. The 
prefixes are listed in Table 9. All AC and DC specifi
cations are the same for both commercial and EX
PRESS parts. 

Table 9. Prefix Identification 

Prefix 
Package Temperature 

Type Range 

N PLCC Commercial 

s QFP (EIAJ) Commercial 

TN PLCC Extended 

TS QFP (EIAJ) Extended 

80C188EA EXECUTION TIMINGS 

A determination of 80C188EA program execution 
timing must consider the bus cycles necessary to 
prefetch instructions as well as the number of exe
cution unit cycles necessary to execute instructions. 
The following instruction timings represent the mini
mum execution time in clock cycles for each instruc
tion. The timings given are based on the following 
assumptions: 

• The opcode, along with any data or displacement 
required for execution of a particular instruction, 
has been prefetched and resides in the queue at 
the time it is needed. 

• No wait states or bus HOLDs occur. 

All jumps and calls include the time required to fetch 
the opcode of the next instruction at the destination 
address. 

All instructions which involve memory accesses can 
require one or two additional clocks above the mini
mum timings shown due to the asynchronous hand
shake between the bus interface unit (BIU) and exe
cution unit. 

With an 8-bit BIU, the 80C188 may not have suffi
cient bus performance to ensure that an adequate 
number of bytes will reside in the queue most of the 
time. Therefore, actual program execution time will 
be substantially greater than that derived from add
ing the instruction timings shown. 
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INSTRUCTION SET SUMMARY 

I Function 

DATA TRANSFER 
MOY= Move: 

Register to Register/Memory 

Register I memory to register 

Immediate to register/memory 

Immediate to register 

Memory to accumulator 

Accumulator to memory 

Register I memory to segment register 

Segment register to register I memory 

PUSH= Push: 

Memory 

Register 

Segment register 

POP= Pop: 

Memory 

Register 

Segment register 

XCHG = Exchange: 

Register/memory with register 

Register with accumulator 

IN = Input from: 

Fixed port 

Variable port 

OUT = Output to: 

Fixed port 

Variable port 

XLAT = Translate byte to AL 

LEA = Load EA to register 

LOS = Load pointer to OS 

LES = Load pointer to ES 

LAHF = Load AH with flags 

SAHF = Store AH into flags 

PUSHF = Push flags 

POPF = Pop flags 

1000100w 

1000101w 

1100011 w 

1011 w reg 

1010000w 

1010001w 

10001110 

10001100 

11111111 

01010reg 

OOOreg110 

10001111 

01O11 reg 

OOOreg111 

1000011w 

10010reg 

111001 Ow 

111011 Ow 

1110011 w 

1110111w 

11010111 

10001101 

11000101 

11000100 

10011111 

1001111 0 

100111 00 

100111 01 

80C188EA 

Format 

mod reg rim 

mod reg rim 

modOOO rim 

data 

addr-low 

addr-low 

mod Oreg rim 

mod Oreg rim 

mod110 rim 

modOOO rim 

(reg#01) 

mod reg rim 

port 

port 

modreg rim 

modreg rim 

mod reg rim 

data 

dataifw=1 

addr-high 

addr-high 

(mod#11) 

(mod#11) 

Shaded areas indicate instructions not available in 8086, 8088 microsystems. 

*NOTE: 

dataifw=1 

Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
24-640 
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14 

12 

4/17' 

3 

10' 

6' 

9' 

7' 

15 

6 

26 

26 

2 

3 

13 

12 
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INSTRUCTION SET SUMMARY (Continued) 

Function Format 
Clock 

Comments 
Cycles_ 

DATA TRANSFER (Continued) 
SEGMENT = Segment Override: 

cs I 0010111 0 I 2 

SS I 00110110 I 2 

OS I 0011111 0 I 2 

ES I 00100110 I 2 

ARITHMETIC 
ADD= Add: 

Reg/memory with register to either I OOOOOOdw I mod reg rim I 3/10* 

Immediate to register/memory I 100000sw I modOOO rim I data I data ii s w=01 I 4/16* 

Immediate to accumulator I 0000010w I data I data if w=1 I 3/4 8/16-bit 

ADC = Add with carry: 

Reg/ memory with register to either I 000100dw I mod reg rim I 3/10' 

Immediate to register/memory I 100000sw I mod O 1 O rim I data I data ifs w=01 I 4/16* 

Immediate to accumulator I 0001010w I data I data if w= 1 I 3/4 8/16-bit 

INC = Increment: 

Register/memory I 1 1 11 1 1 1 w I modOOO rim I 3/15* 

Register I 01000reg I 3 

SUB = Subtract: 

Reg/memory and register to either I 001010dw I mod reg rim I 3/10* 

Immediate from register/memory I 100000sw I mod 101 rim I data I data ifs w=01 I 4/16' 

Immediate from accumulator I 0010110w I data I data if w=1 I 3/4 8/16-bit 

SBB = Subtract with borrow: 

Reg/memory and register to either I 00011 Odw mod reg rim I 3/10' 

Immediate from register/memory I 100000sw mod O 11 r/m I data I data ifs w= 01 I 4/16' 

Immediate from accumulator I 0001110w data I data if w=1 I 3/4 8/16-bit 

DEC = Decrement 

Register/memory I 1111111w modOO 1· r/m I 3/15* 

Register I 01001reg 3 

CMP = Compare: 

Register/memory with register I 0011101w mod reg rim I 3/10* 

Register with register I memory I 0011100w mod reg rim I 3/10* 

Immediate with register/memory I 100000sw mod 111 r/m I data I data ifs w=01 I 3/10' 

Immediate with accumulator I 0011110w data I datailw=1 I 3/4 8/16-bit 

NEG = Change sign register I memory I 1111011w mod o 11 rim I iJl10' 

AAA = ASCII adjust for add I 00110111 8 

DAA = Decimal adjust for add I 00100111 4 

AAS = ASCII adjust for subtract I 00111111 7 

DAS = Decimal adjust for subtract I 00101111 4 

Shaded areas indicate instructions not available in 8086, 8088 microsystems. 

*NOTE: 
Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 

Function 

ARITHMETIC (Continued) 

MUL = Multiply (unsigned): 

Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 

IMUL = Integer multiply (signed): 

Format 

1111011 w mod 100 rim 

1 1 1 1 O 1 1 w mod 1 O 1 rim 

Clock 
Cy-clea 

26-28 
35-37 
32-34 
41-43' 

Register-Byte 25-28 
Register-Word 34-37 
Memory-Byte 31-34 
Memory-Word 40-43' 

11!/!gfeJ~r~!ali!ln;itt!#y: ffS: 'P'J iQfl'~~fB! *1tlJWiiit rttlV ! ''' d' '~~ ,\~ i J: ,~ :Mw~~Pi 1;,: ~ff0 

DIV = Divide (unsigned): 

Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 

IDIV = Integer divide (signed): 

Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 

AAM = ASCII adjustfor multiply 

AAD = ASCII adjust for divide 

CBW = Convert byte to word 

CWD = Convert word to double word 

LOGIC 
Shift/Rotate Instructions: 

Register/Memory by 1 

Register/Memory by CL 

~;;~qfy~y~! 

AND= And: 

Reg/memory and register to either 

Immediate to register/memory 

Immediate to accumulator 

1 1 1 1 O 1 1 w mod 1 1 O rim 

1 11 1 O 1 1 w mod 1 1 1 rim 

11010100 00001010 

11010101 00001010 

10011000 

10011001 

1101000w modTTir/m 

1101001w modTTir/m 

TTT Instruction 
000 AOL 
001 ROA 
010 RCL 
011 RCA 
100 SHL/SAL 
101 SHA 
111 SAR 

001 OOOdw mod reg rim 

1000000w mod 1 00 rim data 

0010010w data dataifw=1 

Shaded areas indicate instructions not available in 8086, 8088 microsystems. 

*NOTE: 

datailw=1 

29 
38 
35 
44' 

44-52 
53-61 
50-58 
59-67' 

19 

15 

2 

4 

2/15 

5+n/17+n 

3/10' 

4/16' 

3/4 

Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
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80C188EA 

INSTRUCTION SET SUMMARY (Continued) 

Function Format 

LOGIC (Continued) 

TEST= And function to flags, no resurlt: _____ ~-----, 

Register/memory and register I 1OOOO1 Ow mod reg rim 
:::=======:::=======::::::.....~~~~~~~ 

Immediate data and register/memory ::=I =1=1=1=1 =0=1=1=w~;:::m=od=O=O=O=r/=m=!===d=ata==~-d_a_ta_i_f w_=_1__, 

Immediate data and accumulator I 1 0 1 0 1 0 0 w data dataifw=1 

OR=Or: 

Reg/memory and register to either o O 001 O dw. mod reg rim 

Clock 
Cycles 

3/10' 

4/10' 

3/4 

3/10* 

Immediate to register/memory 1000000w mod001 rim data datailw=1 4/16* 

Comments 

8/16-bit 

Immediate to accumulator 0000110w data datailw=1 3/4 8/16-bit 

XOR = Exclusive or: 

Reg/memory and register to either 001100dw modreg rim 

Immediate to register/memory 1000000w mod 11 O rim data 

Immediate to accumulator 0011010w data datailw=1 

NOT = Invert register/memory 1111011w mod010 rim 

STRING MANIPULATION 

MOVS = Move byte/word 1010010w 

CMPS = Compare byte/word 1010011 w 

SCAS = Scan byte/word 1010111 w 

LODS = Load byte/wd to AL/ AX 1010110w 

STOS = Store byte/wd from AL/ AX 1010101w 

Repeated by count in ex (REP/ 
REPE/REPZ/REPNE/REPNZ) 

MOVS = Move string 11110010 1010010w 

CMPS = Compare string 1111001 z 1010011w 

SCAS = Scan string 1111001 z 1010111w 

LODS = Load string 1111001 0 101011 Ow 

1111001 0 1010101w 

CALL= Call: 

Direct within segment 11101000 disp-low disp-high 

Register /memory 11111111 mod010 rim 
indirect within segment 

Direct intersegment 1001101 0 segment offset 

segment selector 

Indirect intersegment 11111111 mod011 rim I (mod¢11) 

Shaded areas indicate instructions not available in 8086, 8088 microsystems. 

*NOTE: 

3/10' 

dataifw=1 4/16* 

3/4 8/16-bit 

3/10* 

14* 

22' 

15' 

12' 

8+8n' 

5+22n' 

5+15n' 

6+11n' 

6+9n' 

19 

17/27 

31 

54 

Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 

Function Format 
Clock I Comments 
Cycles 

CONTROL TRANSFER (Continued) 
JMP = Uncondltlonal jump: 

Short/long 11101011 disp-low 14 

Direct within segment 11101001 disp·IOW disp-high 14 

Register/memory 11111111 lmod100r/ml 11/21 
indirect within segment 

Direct intersegment 11101010 segment offset 14 

segment selector 

Indirect intersegment 11111111 mod 1o1 r/ml (mod#' 11) 34 

RET = Return from CALL: 

Within segment 11000011 20 

Within sag adding immed to SP 11000010 data-low data-high 22 

lntersegment 11001011 30 

lntersegment adding immediate to SP 11001010 data-low data-high 33 

JE/JZ = Jump on equal/zero 011101 00 disp 4/13 JMPnot 

JU JNGE = Jump on less/not greater or equal 01111100 disp 4/13 
taken/JMP 

taken 
JLE/JNG = Jump on less· or equal/not greater 0111111 0 disp 4/13 

JB/ JNAE = Jump on below/not above or equal 01110010 disp 4/13 

JBE/JNA = Jump on below or equal/not above 0111011 0 disp 4/13 

JP/JPE = Jump on parity/parity even 0111101 0 disp 4/13 

JO = Jump on overflow 01110000 disp 4/13. 

JS = Jump on sign 01111000 disp 4/13 

JNE/JNZ = Jump on not equal/not zero 01110101 disp 4/13 

JNL/ JGE = Jump on not less/ greater or equal 01111101 disp 4/13 

JNLE/JG = Jump on not less or equal/greater 01111111 disp 4/13 

JNB/JAE = Jump on not below/above or equal 01110011 disp 4/13 

JNBE/JA =Jump on not below or equal/above 01110111 disp 4/13 

JNP/JPO = Jump on not par/par odd 01111011 disp 4/13 

JNO = Jump on not overflow 01110001 disp 4/13 

JNS = Jump on oot sign 01111001 disp 4/13 

JCXZ = Jump on ex zero 11100011 disp 5/15 

LOOP = Loop ex times 11100010 disp 6/16 LOOP not 

LOOPZ/LOOPE = Loop while zero/equal 11100001 disp 6/16 
taken/LOOP 

taken 
LOOPNZ/LOOPNE = Loop while not zero/equal 11100000 6/16 

Shaded areas indicate instructions not available in 8086, 8088 microsystems. 
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INSTRUCTION SET SUMMARY (Continued) 

Function Format 
Clock 

Comments 
Cycles 

CONTROL TRANSFER (Continued) 
INT = Interrupt 

Type specified I 11001101 I type I 47 

Type3 I 110011 00 I 45 if INT. taken/ 

INTO = Interrupt on overflow I 11001110 I 48/4 
iflNT. not 

taken 

IRET = Interrupt return I 11001111 I 28 

WiW(G)•Zit~---~1-1,;llBllillilllia~;iif(:k~:!W:•it!Nflll~· 
, q·~· " , ,ef3 , .. , · 0",0;<,.'f-'f'.l..,,,"' .. ··'lv,. ,,,,nf Co;fu•ooooO M"o•o 

PROCESSOR CONTROL 

CLC = Clear carry 11111 000 I 2 

CMC = Complement carry 1111 01 01 I 2 

STC = Set carry 11111 001 I 2 

CLO = Clear direction 11111100 I 2 

STD = set direction 11111101 I 2 

CU = Clear interrupt 11111010 I 2 
I 

jSTI = Set Interrupt 11111011 2 

HLT =Halt 11110100 2 

WAIT= Wait 10011 011 6 if~=O 

LOCK = Bus lock prefix 11110000 2 

NOP = No Operation 10010000 3 

Shaded areas indicate instructions not available in 8086, 8088 microsystems. 

The Effective Address (EA) of the memory operand 
is computed according to the mod and rim fields: 
if mod 11 then rim is treated as a REG field 

EA calculation time is 4 clock cycles for all modes, Ill 
and is included in the execution times given whenev- ll1il 
er appropriate. 

if mod 00 then DISP = o•, disp-low and disp

if mod 

ifmod 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 

high are absent 
01 then OISP = disp-low sign-ex
tended to 16-bits, disp-high is absent 
10 then DISP = disp-high: disp-low 
000 then EA = (BX) + (SI) + DISP 
001 then EA = (BX) + (DI) + DISP 
010then EA= (BP)+ (SI)+ DISP 
011 then EA = (BP) + (DI) + DISP 
100 then EA = (SI) + DISP 
101 then EA = (DI) + DISP 
110 then EA = (BP) + DISP" 
111 then EA = (BX) + DISP 

DISP follows 2nd byte of instruction (before data if 
required) 

•except if mod = 00 and rim = 110 then EA = 
disp-high: disp-low. 

24-645 

Segment Override Prefix 

I o o 1 reg 1 1 o I 
reg is assigned according to the following: 

Segment 
reg Register 
00 ES 
01 cs 
10 SS 
11 OS 
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REG is assigned according to the following table: 
16-Blt (w = 1) 8-Blt (w = 0) 

The physical addresses of all operands addressed 
by the BP register are computed using the SS seg
ment register. The physical addresses of the desti
nation operands of the string primitive operations 
(those addressed by the DI register) are computed 
using the ES segment, which may not be overridden. 

OOOAX OOOAL 

NOTE: 

001 ex 
010DX 
011 BX 
100SP 
101 BP 
110 SI 
111 DI 

2.17 
(0.105) 

Units are mm/(inches). 

001 CL 
010 DL 
011 BL 
100AH 
101 OH 
110 DH 
111 BH 

-..l I- 1.27 -..l 1- 0.735 * 0.075 
I I co.050) 11 to.02• ~ 0.003> 

--~~~~~~~~-

68 87 H 85 64 &3 82 81 80 59 58 57 58 55 54 53 52 l 
51 

50 

49 

48 

47 24.2 :I: 0.1 
48 (O.IH :I: 0.004) 

45 

44 

43 

42 

41 

40 

39 

38 

37 

38 

35 

Figure 31. PLCC Principal Dimensions 
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25.15 :I: 0.15 
(o.H • o.oot) 
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NOTE: 

80C188EA 

(G.472) 
12.0 

20(0.717) 

~ 
EJECTOR ...... 

23.U0.4(0.t'1 •0.011) 

j \_ 

11.3•0.4 
(0.64200.011) 

...JI- 0.15*0.0S(O.OOU0.002) 

~ ·~···· LJ~ 

Units are mm (inches) unless specified. 

Figure 32. QFP (EIAJ) Principal Dimensions 
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14.0(0.551) 

17.l:t0.4 
(0.70 .. 0.011) 
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REVISION HISTORY 

Intel 80C188EA devices are marked with a 9-charac-
ter alphanumeric !nte! FPO number underneath the 
product number. This data sheet (272020-002) is 
valid for 80C188EA devices with an "A"·or "B" as 
the ninth character in the FPO number, as illustrated 
in Figure 5 for the 68-lead PLCC package and Figure 
6 for the 84-lead QFP (EIAJ) package. Such devices 
may also be identified by reading a value of 01 H or 
02H from the STEPID register. 

The following changes were made between the -001 
and -002 versions of the 80C188EA data sheets. 
The -002 data sheet applies to any 80C188EA with a 
"B" alpha character after the FPO number. The FPO 
number location is shown in Figures 5 and 6. 

1. Much of the information provided in the -001 ver
sion of the data sheet has been removed. Detail 
descriptions of part functionality may be found in 
the 80C188EA User's Manual. 

ERRATA 

An 80C188EA with a STEPID value of 01H or 02H 
has the fo!!owing known errata. A device with a 
STEPID of 01 H .or 02H can be visually identified by 
noting the presence of an "A" or "B" alpha charac
ter, respectively, next to the FPO number. The FPO 
number location is shown in Figures 5 and 6. 

1. An internal condition with the interrupt controller 
can cause no acknowledge cycle on the INTA1 
line in response to INT1. This errata only occurs \ 
when Interrupt 1 is configured in cascade mode 
and a higher priority interrupt exists. This errata 
will not occur consistently, it is dependent on in
terrupt timing. 
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80C188EB·20, ·16, ·13, ·8 
16-BIT HIGH-INTEGRATION EMBEDDED PROCESSOR 

• Full Static Operation 
• True CMOS Inputs and Outputs 

• - 4U°C to + 85°C Operating Temperature Range 
• Low System Cost 8·Blt Interface 

• Integrated Feature Set 
- Low-Power Static CPU Core 
-Two Independent UARTs each with 

an Integral Baud Rate Generator 
-Two 8·Blt Multiplexed 1/0 Ports 
- Programmable Interrupt Controller 
-Three Programmable 16-Blt 

Timer/Counters 
- Clock Generator 
- Ten Programmable Chip Selects with 

Integral Wait-State Generator 
- Memory Refresh Control Unit 
- System Level Testing Support 

(ONCE™ Mode) 
• Direct Addressing Capablllty to 1 Mbyte 

Memory and 64 Kbyte 1/0 
• Speed Versions Available: 

- 20 MHz (80C188EB·20) 
- 16 MHz (80C188EB·16) 
- 13 MHz (80C188EB·13) 
- 8 MHz (80C188EB·8) 

• Low-Power Operating Modes: 
- Idle Mode Freezes CPU Clocks but 

keeps Peripherals Active 
- Powerdown Mode Freezes All 

Internal Clocks 

• Complete System Development 
Support 
-ASM86 Assembler, PL/M 86, 

Pascal fl&, Fortran 86, C-86, and 
System Utllltles 

- In-Circuit Emulator (ICE™·188EB) 

• Available In: 
- 80·Pln Quad Flat Pack (TS80C188EB) 
- 84·Pln Plastic Leaded Chip Carrier 

(TN80C188EB) 

The 80C188EB is a second generation CHMOS High-Integration microprocessor. It has features that are new 
to the 80C188 family and include a STATIC CPU core, an enhanced Chip Select decode unit, two independent 
Serial Channels, 1/0 ports, and the capability of Idle or Powerdown low power modes. m 

270885-36 
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Figure 1. 80C188EB Block Diagram 
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intet .. 80C188EB 

INTRODUCTION 

The 80C188EB is the first product in a new genera
tion of low-power, high-integration microprocessors. 
It enhances the existing 186 family by offering new 
features and new operating modes. The 80C188EB 
is object code compatible with the 80C186/80C188 
microprocessors. The 80C188EB has an 8-bit exter
nal data bus but still retains a 16-bit internal bus. An 
8-bit external bus reduces system cost by requiring 
that only single byte-wide memories be used. 

The feature set of the 80C188EB meets the needs 
of low power, space critical applications. Low-Power 
applications benefit from the static design of the 
CPU core and the integrated peripherals. Minimum 
current consumption is achieved by providing a Pow
erdown mode that halts operation of the device, and 
freezes the clock circuits. Peripheral design en
hancements ensure that non-initialized peripherals 
consume little current. 

Space critical applications benefit from the inte
gration of commonly used system peripherals. Two 
serial channels are provided for services such as 
diagnostics, inter-processor communication, modem 
interface, terminal display interface, and many oth
ers. A flexible chip select unit simplifies memory and 
peripheral interfacing. The interrupt unit provides 
sources for up to 129 external interrupts and will pri
oritize these interrupts with those generated from 
the on-chip peripherals. Three general purpose tim
er/ counters and sixteen multiplexed 1/0 port pins 
round out the feature set of the 80C188EB. 

OVERVIEW 

Figure 1 shows a block diagram of the 80C188EB. 
The Execution Unit (EU) is an enhanced 8088 CPU 
core that includes: dedicated hardware to speed up 
effective address calculations, enhance execution 
speed for multiple-bit shift and rotate instructions 
and for multiply and divide instructions, string move 
instructions that operate at full bus bandwidth, ten 
new instruction, and full static operation. The Bus 
Interface Unit (BIU) is the same as that found on the 
original 188 family products, except the queue
status mode has been deleted and buffer interface 
control has been changed to ease system design 
timings. An independent internal bus is used to allow 
communication between the BIU and internal periph
erals. 

BUS INTERFACE UNIT 

The 80C188EB core incorporates a bus controller 
that generates local bus control signals. In addition, 
it employs a HOLD/HLDA protocol to share the local 
bus with other bus masters. 

The bus controller is responsible for generating 20 
bits of address, read and write strobes, bus cycle 
status information, and data (for write operations) in
formation. It is also responsible for reading data off 
the local bus during a read operation. A READY in
put pin is provided to extend a bus cycle beyond the 
minimum four states (clocks). 

The 80C188EB local bus controller also generates 
two control signals (DEN and OT /R) when interfac
ing to external transceiver chips. (Both DEN and 
OT /R are available on the TN80C188EB device, 
only DEN is available on the TS80C188EB device.) 
This capability allows the addition of transceivers for 
simple buffering of the mulitplexed address/data 
bus. 

CLOCK GENERATOR 

The 80C188EB provides an on-chip clock generator 
for both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide
by-two counter, and two low-power operating 
modes. 

The oscillator circuit is designed to be used with ei
ther a parallel resonant fundamental or third-over
tone mode crystal network. Alternatively, the oscilla
tor circuit may be driven from an external clock 
source. Figure 2 shows the various operating modes 
of the 80C188EB oscillator circuit. 

The crystal or clock frequency chosen must be twice 
the required processor operating frequency due to 
the internal divide-by-two counter. This counter is m 
used to drive all internal phase clocks and the exter-
nal CLKOUT signal. CLKOUT is a 50% duty cycle 
processor clock and can be used to drive other sys-
tem components. All AC timings are referenced to 
CLKOUT. 

The following parameters are recommended when 
choosing a crystal: 

Temperature Range: Application Specific 
ESR (Equivalent Series Resistance): 40fi max 
CO (Shunt Capacitance of Crystal): 7.0 pF max 
CL (Load Capacitance): 20 pF ± 2 pF 
Drive Level: 1 mW max 
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1.-----1 CLKIN. 

CRYSTAL ir:::I 

-----1 OSCOUT 

80Cl88EB 

270885-3 

(A) Crystal Connection 

NOTE: 
The L1C1 network is only required when using a third
overtone crystal. 

IJE~xt~er~n~al~C~lo~c~k~S~ou~r~ce~----~ CLKIN 

N.C. OSCOUT 

80C188EB 

270885-4 

(B) Clock Connection 

Figure 2. 80C188EB Clock Configurations 

80C188EB Peripheral Architecture 

The 80C188EB has integrated several common sys
tem peripherals with a CPU core to create a com
pact, yet powerful system .. The integrated peripher
als are designed to be flexible and provide logical 
interconnections between supporting units (e.g., the 
interrupt control unit supports interrupt requests 
from the timer/counters or serial channels). 

The list of integrated peripherals includes: 

• 7-lnput Interrupt Control Unit 

• 3-Channel Timer/Counter Unit 

• 2-Channel Serial Communications Unit 

• 10-0utput Chip-Select Unit 

• 110 Port Unit 

• Refresh Control Unit 

• Power Management Unit 

The registers associated with each integrated peri
heral are contained within a 128 x 16 register file 
called the Peripheral Control Block (PCB). The PCB 
can be located in either memory or 110 space on 
any 256 Byte address boundary. 

The starting address of the PCB is controlled by a 
relocation register and can overlap any of the mem
ory or 110 regions programmed into the Chip Select 
Unit. In this case, the overlapped chip select will not 
go active when the PCB is read or written. 

Figure 3 provides a list of the registers associated 
with the PCB. The Register Bit Summary at the end 
of this specification individually lists all of the regis
ters and identifies each of their programming attri
butes. 

INTERRUPT CONTROL UNIT 

The 80C188EB can receive interrupts from a num
ber of sources, both internal and external. The inter
rupt control unit serves to merge these requests, on 
a priority basis, for individual service by the CPU. 
Each interrupt source can be independently masked 
by the Interrupt Control Unit (ICU) or all interrupts 
can be globally masked by the CPU. 

Internal interrupt sources include the Timers and Se
rial channel O. External interrupt sources come from 
the five input pins INT4:0. The NMI interrupt pin is 
not controlled by the ICU and is passed directly to 
the CPU. Although the Timer and Serial channel 
each have only one request input to the ICU, sepa
rate vector types are generated to service individual 
interrupts within the Timer and Serial channel units. 

TIMER/COUNTER UNIT 

The 80C188EB Timer/Counter Unit (TCU) provides 
three 16-bit programmable timers. Two of these are 
highly flexible and are connected to external pins for 
control or clocking. A third timer is not connected to 
any external pins and can only be clocked internally. 
However, it can be used to clock the other two timer 
channels. The TCU can be used to count external 
events, time external events, generate non-repeti
tive waveforms, generate timed interrupts. etc. 
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PCB 
Function 

Offset 
PCB 

Function 
Offset 

PCB 
Function 

Offset 
PCB 

Function 
Offset 

OOH Reserved 40H Timer2 Count SOH GCSOStart COH Reserved 

02H End Of Interrupt 42H Timer2 Compare S2H GCSOStop C2H Reserved 

04H Poll 44H Reserved S4H GCS1 Start C4H Reserved 

06H Poll Status 46H Timer2 Control S6H GCS1 Stop C6H Reserved 

OSH Interrupt Mask 4SH Reserved SSH GCS2 Start CSH Reserved 

OAH Priority Mask 4AH Reserved 6AH GCS2 Stop CAH Reserved 

OCH In-Service 4CH Reserved SCH GCS3 Start CCH Reserved 

OEH Interrupt Request 4EH Reserved SEH GCS3 Stop CEH Reserved 

10H Interrupt Status 50H Reserved 90H GCS4Start DOH Reserved 

12H Timer Control 52H Porto Pin 92H GCS4 Stop D2H Reserved 

14H Serial Control 54H Porto Control 94H GCS5 Start D4H Reserved 

16H INT4 56H Porto Latch 96H GCS5 Stop D6H Reserved 

1SH INTO Control SSH Port1 Direction 9SH GCS6 Start DSH Reserved 

1AH INT1 Control 5AH Port1 Pin 9AH GCS6Stop DAH Reserved 

1CH INT2 Control SCH Port 1 Control 9CH GCS7 Start OCH Reserved 

1EH INT3 Control 5EH Port1 Latch 9EH GCS7 Stop DEH Reserved 

20H Reserved 60H SerialO Baud AOH LCS Start EOH Reserved 

22H Reserved 62H SerialO Count A2H LCSStop E2H Reserved 

24H Reserved 64H SerialO Control A4H UCSStart E4H Reserved 

26H Reserved 66H SerialO Status A6H UCSStop E6H Reserved 

2SH Reserved 

2AH Reserved 

2CH Reserved 

6SH SerialO RBUF 

6AH SerialO TBUF 

6CH Reserved 

ASH Relocation 

AAH Reserved 

ACH Reserved 

ESH Reserved 

EAH Reserved 

ECH Reserved I 
2EH Reserved 6EH Reserved AEH Reserved EEH Reserved 

30H TimerO Count 70H Serial 1 Baud BOH Refresh Base FOH Reserved 

32H TimerO Compare A 72H Serial1 Count B2H Refresh Time F2H Reserved 

34H TimerO Compare B 74H Serial1 Control B4H Refresh Control F4H Reserved 

36H TimerO Control 76H Serial1 Status B6H Refresh Address F6H Reserved 

3SH Timer1 Count 76H Serial1 RBUF BSH Power Control F6H Reserved 

3AH Timer1 Compare A 7AH Serial1 TBUF BAH Reserved FAH Reserved 

3CH Timer1 Compare B 7CH Reserved BCH Step ID FCH Reserved 

3EH Timer1 Control 7EH Reserved BEH Reserved FEH Reserved 

Figure 3. 80C188EB Peripheral Control Block Registers 
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SERIAL COMMUNICATIONS UNIT 

The Serial Control Unit (SCU) of the BOC1 BBEB con
tains two indeoendent channels. Each channel is 
identical in operation except that only channel o is 
supported by the integrated interrupt controller 
(channel 1 has an external interrupt pin). Each chan
nel has its own baud rate generator that is indepen
dent of the Timer/Counter Unit, and can be internal
ly or externally clocked up at one half the BOC1 BBEB 
operating frequency. 

Independent baud rate generators are provided for 
each of the serial channels. For the asynchronous 
modes, the generator supplies an Bx baud clock to 
both the receive and transmit register logic. A 1 x 
baud clock is provided in the synchronous mode. 

CHIP-SELECT UNIT 

The BOC1 BBEB Chip-Select Unit (CSU) integrates 
logic which provides up to ten programmable chip
selects to access both memories and peripherals. In 
addition, each chip-select can be programmed to 
automatically insert additional clocks (wait-states) 
into the current bus cycle and automatically termi
nate a bus cycle independent of the condition of the 
READY input pin. 

1/0 PORT UNIT 

The 1/0 Port Unit (IPU) on the BOC1BBEB supports 
two B-bit channels of input, output, or input/output 
operation. Port 1 is multiplexed with the chip select 
pins and is output only. Most of Port 2 is multiplexed 
with the serial channel pins. Port 2 pins are limited to 
either an output or input function depending on the 
operation of the serial pin it is multiplexed with. 

REFRESH CONTROL UNIT 

The Refresh Control Unit (RCU) automatically gen
erates a periodic memory read bus cycle to keep 
dynamic or pseudo-static memory refreshed. A 9-bit 
counter controls the number of clocks between re
fresh requests. 

A 12-bit address generator is maintained by the RCU 
and is presented on the M2:1 address lines during 
the refresh bus cycle. Address bits A19:13 are pro
grammable to allow the refresh address block to be 
located on any B Kbyte boundary. 

POWER MANAGEMENT UNIT 

The BOC1 BBEB Power Management Unit (PMU) is 
provided to control the power consumption of the 
device. The PMU provides three power modes: Ac
tive, Idle, and Powerdown. 

Active Mode indicates that all units on the 
BOC1BBEB are functional and the device consumes 
maximum power (depending on the level of periph
eral operation). Idle Mode freezes the clocks of the 
Execution and Bus units at a logic zero state (all 
peripherals continue to operate normally). 

The Powerdown mode freezes all internal clocks at 
a logic zero level and disables the crystal oscillator. 
All internal registers hold their values provided Vee 
is maintained. Current consumption is reduced to 
just transistor junction leakage. 

ONCE™ Test Mode 

To facilitate testing and inspection of devices when 
fixed into a target system, the BOC1 BBEB has a test 
mode available which forces all output and input/ 
output pins to be placed in the high-impedance 
state. ONCE stands for "ON Circuit Emulation". The 
ONCE mode is selected by forcing the A 19/0NCE 
pin LOW (0) during a processor reset (this pin is 
weakly held to a HIGH (1) level while RESIN is ac
tive). 

PACKAGE INFORMATION 

This section describes the pins, pinouts, and thermal 
characteristics for the BOC1 BBEB in the Plastic 
Leaded Chip Carrier (PLCC) package and Quad Flat 
Pack (QFP) package. For complete package specifi
cations and information, see the Intel Packaging 
Outlines and Dimensions Guide (Order Number: 
231369). 
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Pin Descriptions Table 1. Pin Description Nomenclature 

The 80C188EB pins are described in this section. 
Table 1 presents the legend for interpreting the pin 
descriptions in Table 2. Figure 4 provides an exam
ple pin description entry. The "1/0" signifies that the 
pins are bidirectional (i.e., have both an input and 
output function). The "S" indicates that, as an input, 
the signal is synchronized to CLKOUT for proper op
eration. The "H(Z)" indicates that these pins will 
float while the processor is in the Hold Acknowledge 
state. R(Z) indicates that these pins will float while 
RESIN is low. P(X) Indicates that these pins will re
tain their current value when Idle or Powerdown 
Modes are entered. 

Symbol Description 

All pins float while the processor is in the ONCE™ 
Mode, except OSCOUT (OSCOUT is required for 
crystal operation). 

Name Type Description 

AD7:0 1/0 These pins provide a multiplexed 
S(L) ADDRESS and DATA bus. During 
H(Z) the address phase of the bus 
R(Z) cycle, address bits o through 15 
P(X) are presented on the bus and can 

be latched using ALE. 8-bit data 
information are transferred during 
the data phase of the bus cycle. 

Figure 4. Example Pin Description Entry 
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I Input Only Pin 

0 Output Only Pin 

110 Pin can be either input or output 

- Pin "must be" connected as described 

S( .. ) Synchronous. Input must meet setup and 
hold times for proper operation of the 
processor. The pin is: 

S(E) edge sensitive 
S(L) level sensitive 

A( .. ) Asynchronous. Input must meet setup and 
hold only to guarantee recognition. The 
pin is: 

A(E) edge sensitive 
A(L) level sensitive 

H( .. ) While the processor's bus is in the Hold 
Acknowledge state, the pin: 

H(1) is driven to Vee 
H(O) is driven to Vss 
H(Z) floats 
H(Q) remains active 
H(X) retains current state 

R( .. ) While the processor's RES line is low, the 
pin: 

R(1) is driven to Vee 
R(O) is driven to Vss 
R(Z) fioats 
R(WH) weak pullup 
R(WL) weak pulldown 

P( .. ) While Idle or Powerdown modes are 
active, the pin: 

P(1) is driven to Vee 
P(O) is driven to Vss 
P(Z) floats 
P(Q) remains active(1) 
P(X) retains current state 

NOTE: 
1. Any pin that specifies P(Q) are valid for Idle 

Mode. All pins are P(X) for Powerdown Mode. 

m 



Name 

vee 

Vss 

CLKIN 

OSCO UT 

CLKOUT 

RESIN 

RESOUT 

PDTMR 

NMI 

TEST 

AD7:0 

A15:8 

Type 

I 
A(E) 

0 
H(Q) 
R(Q) 
P(Q) 

0 
H(Q) 
R(Q) 
P(Q) 

I 
A(L) 

0 
H(O) 
R(1) 
P(O) 

1/0 
A(L) 

H(WH) 
R(Z) 
P(1) 

I 
A(E) 

I 
A(E) 

1/0 
S(L) 
H(Z) 
R(Z) 
P(X) 

0 
H(Z) 
R(Z) 
P(X) 

80C188EB 

Table 2. 80C188EB Pin Descriptions 

·., I ----·--
Description 

.-uwc.n connecuons consist 01 rour pms wn1cn mus1 oe snorieo 
externally to a V cc board plane. 

GROUND connections consist of six pins which must be shorted 
externally to a Vss board plane. 

CLocK INput is an input for an external clock. An external oscillator 
operating at two times the required BOC1 BBEB operating frequency 
can be connected to CLKIN. For crystal operation, CLKIN (along with 
OSCOUT) are the crystal connections to an internal Pierce oscillator. 

OSCiiiator OUTput is only used when using a crystal to generate the 
external clock. OSCOUT (along with CLKIN) are the crystal 
connections to an internal Pierce oscillator. This pin is not to be used 
as 2X clock output for non-crystal applications (i.e., this pin is N.C. for 
non-crystal applications). OSCOUT does not float in ONCE mode. 

CLocK OUTput provides a timing reference for inputs and outputs of 
the processor, and is one-half the input clock (CLKIN) frequency. 
CLKOUT has a 50% duty cycle and transistions every falling edge of 
CLKIN. 

RESet IN causes the BOC1 BBEB to immediately terminate any bus 
cycle in progress and assume an initialized state. All pins will be 
driven to a known state, and RESOUT will also be driven active. The 
rising edge (low-to-high) transition synchronizes CLKOUT with CLKIN 
before the BOC1 BBEB begins fetching opcodes at memory location 
OFFFFOH. 

RESet OUTput that indicates the 80C1 BBEB is currently in the reset 
state. RESOUT will remain active as long as RESIN remains active. 

Power-Down TiMeR pin (normally connected to an external 
capacitor) that determines the amount of time the BOC1 BBEB waits 
after an exit from power down before resuming normal operation. The 
duration of time required will depend on the startup characteristics of 
the crystal oscillator. 

Non-Maskable Interrupt input causes a TYPE-2 interrupt to be 
serviced by the CPU. NMI is latched internally. 

TEST is used during the execution of the WAIT instruction to 
suspend CPU operation until the pin is sampled active (LOW). 

These pins provide a multiplexed Address and Data bus. During the 
address phase of the bus cycle, address bits 0 through 7 are 
presented on the bus and can be latched using ALE. 8-bit data 
information is transferred during the data phase of the bus cycle. 

These pins provide Address information throughout the entire bus 
cycle. 
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Table 2. 80C188EB Pin Descriptions (Continued) 

Name Type Description 

A18:16 1/0 These pins provide multiplexed ADDRESS during the address phase of the 
A19/0NCE H(Z) bus cycle. Address bits 16 through 19 are presented on these pins and can 

R(W1) be latched using ALE. These pins are driven to a logic 0 during the data 

P(X) phase of the bus cycle. During a processor reset (RESIN active), A 19/ 
ONCE is used to enable ONCE mode. A 18:16 must not be driven low during 
reset or improper 80C188EB operation may result. 

s2:0 0 Bus cycle Status are encoded on these pins to provide bus transaction 
H(Z) information. 52:0 are encoded as follows: 
R(Z) S2 S1 so Bus Cycle Initiated 
P(1) 0 0 0 Interrupt Acknowledge 

0 0 1 Read 1/0 
0 1 0 Write 1/0 
0 1 1 Processor HALT 
1 0 0 Queue Instruction Fetch 
1 0 1 Read Memory 
1 1 0 Write Memory 
1 1 1 Passive (no bus activity) 

ALE 0 Address Latch Enable output is used to strobe address information into a 
H(O) transparent type latch during the address phase of the bus cycle. 
R(O) 
P(O) 

RFSH 0 ReFreSH output signals that a refresh bus cycle is in progress. 
H(Z) 
R(Z) 
P(1) 

RD 0 ReaD output signals that the accessed memory or 1/0 device must drive 
H(Z) data information onto the data bus. 
R(Z) 
P(1) 

WR 0 WRite output Signals that data available on the data bus are to be written 
H(Z) into the accessed memory or 1/0 device. 

fl 
R(Z) 
P(1) 

READY I READY input to signal the completion of a bus cycle. READY must be 
A(L) active to terminate any 80C188EB bus cycle, unless it is ignored by 
S(L) correctly programming the Chip-Select Unit. 

DEN 0 Data ENable output to control the enable of bi-directional transceivers 
H(Z) when buffering a 80C188EB system. DEN is active only when data is to be 
R(Z) transferred on the bus. 

P(1) 
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Table 2. 80C188EB Pin Descriptions (Continued) 

Name Type I Description 

DTiR 0 Data TransmiiiReceive ouiput controis the dire~ion of a bi-directionai 
H(Z) buffer when buffering an 80C188EB system. OT /R i~ only available for the 
R(Z) PLCC package (TN80C188EB). 
P(X) 

IreR 110 LOCK output indicates that the bus cycle in progress is not to be 
H(Z) interrupted. The 80C188EB will not service other bus requests (such as 

R(W1) HOLD) while IreR is active. This pin is configured as a weakly held high 
P(1) input while RESIN is active and must not be driven low. 

HOLD I HOLD reqU!i!St input to signal that an external bus master wishes to gain 
A(L) control of the local bus. The 800188EB will relinquish control of the local 

bus between instruction boundaries not conditioned by a LOCK prefix. 

HLDA 0 HoLD Acknowledge output to indicate that the 80C188EB has relinquish 
H(1) control of the local bus. When HLDA is asserted, the 80C188EB will (or has) 
R(O) floated its data bus and control signals allowing another bus master to drive 
P(O) the signals directly. 

ucs 0 Upper Chip Select will go active whenever the address of a memory or 110 
H(1) bus cycle is within the address limitations programmed by the user. After 
R(1) reset, UCS is configured to be active for memory accesses between 
P(1) OFFCOOH and OFFFFFH. 

[CS 0 ' Lower Chip Select will go active whenever the address of a memory bus 
H(1) cycle is within the address limitations programmed by the user. LCS is 
R(1) inactive.after a reset. · 

P(1) 

P1.0/GCSO 0 These pins provide a multiplexed function. If enabled, each pin can provide 
P1.1/GCSf H(X)/H(1) a Generic Chip Select output which will go active whenever the address of 
P1.2/GCS2 R(1) a memory or 110 bus cycle is within the address limitations programmed by 
P1.3/GCS3 P(X)/P(1) the user. When not programmed as a Chip-Select, each pin may be used as 

P1.4/GC54 a general purpose output Port. As an output port pin, the value of the pin 

P1.5/GCSS 
can be read internally. 

P1.6/'GCSS 
P1.7/GCS'i 

TOO UT 0 Timer OUTput pins can be programmed to provide a single clock or 
T10UT H(Q) continuous waveform generation, depending on the timer mode selected. 

R(1) 
P(Q) 

TOIN I Timer INput is used either as clock or control signals, depending on the 
T11N A(L) timer mode selected. 

' A(E) 
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Table 2. 80C188EB Pin Descriptions (Continued) 

Name Type Description 

INTO I Maskable INTerrupt input will cause a vector to a specific Type interrupt 
INT1 A(E,L) routine. To allow interrupt expansion, INTO and/or INT1 can be used with 

INT4 INTAO and INTA 1 to interface with an external slave controller. 

INT2/INTAO 110 These pins provide a multiplexed function. As inputs, they provide a 
INT3/INTA1 A(E,L) maskable INTerrupt that will cause the CPU to vector to a specific Type 

/H(1) interrupt routine. As outputs, each is programmatically controlled to provide 

R(Z) an INTERRUPT ACKNOWLEDGE handshake signal to allow interrupt 

/P(1) expansion. 

P2.7 1/0 ~I-DIRECTIONAL, open-drain Port pins. 
P2.6 A(L) 

H(X) 
R(Z) 
P(X) 

CTSO I Clear-To-Send input is used to prevent the transmission of serial data on 
P2.4/CTS1 A(L) their respective TXD signal pin. CTS1 is multiplexed with an input only port 

function. 

TXDO 0 Transmit Data output provides serial data information. TXD1 is multiplexed 
P2.1/TXD1 H(X)/H(Q) with an output only Port function. During synchronous serial 

R(1) communications, TXD will function as a clock output. 

P(X)/P(Q) 

RXDO 1/0 Receive Data input accepts serial data information. RXD1 is multiplexed 
P2.0/RXD1 A(L) with an input only Port function. During synchronous serial communications, 

R(Z) RXD is bi-directional and will become an output for transmission or data 

H(Q) (TXD becomes the clock). 

P(X) 

P2.5/BCLKO I Baud CLocK input can be used as an alternate clock source for each of the 
P2.2/BCLK1 A(L)/A(E) integrated serial channels. BCLKx is multiplexed with an input only Port 

function, and cannot exceed a clock rate greater than one-half the 
operating frequency of the 80C1 BBEB. 

P2.3/SINT1 0 Serial INTerrupt output will go active to indicate serial channel 1 requires II 
H(X)/H(Q) service. SINT1 is multiplexed with an output only Port function. 

R(O) 
P(X)/P(Q) 
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80C188EB PINOUT 

Tables 3 and 4 list the 80C188EB pin names with 
---f, ___ 1---.a.=-- .1:-- .LL- ft .. -!- """l--.1.!- I ---'--' ---~-
~(l\;l\.tlijt1 IU\.ii:l"Ull IUJ UIU o~-... 111 r'li:l~llli LtfCl.Ut1U v111µ 

Carrier (PLCC) component. Figure 5 depicts the 
complete 80C188EB pinout (PLCC package) as 
viewed from the top side of the component (i.e., con
tacts facing down). 

Tables 5 and 6 list the 80C188EB pin names with 
package location for the 80-pin Quad Flat Pack 
(QFP) component. Figure 6 depicts the complete 
01\l""-t OOLD /r'\LO .... -..-1,..- ... ,...\ -- •• :-•••--' .£ ... -- .a.I..- . .a..-
UVV 1 UUL.U \'-'fl r ..,a .... "a~V/ a;;,, YIVVYVU llUlll LIIV LVtJ 

side of the component (i.e., contacts facing down). 

Table 3. PLCC Pin Names with Package Location 

Address/Data Bus Bus Control Processor Control 1/0 

Name Location Name Location Name Location Name Location 

ADO 61 ALE 6 RESIN 37 ucs 30 
AD1 66 RFSH 7 RESOUT 38 LCS 29 
AD2 68 so 10 CLKIN 41 P1.0/GCSO 28 
AD3 70 81 9 OSCOUT 40 P1.1/GCS1 27 
AD4 72 82 8 CLKOUT 44 P1.2/GCS2 26 
AD5 74 
ADS 76 
AD7 78 
AS 62 
A9 67 

RD 4 
WR 5 

READY 18 

DEN 11 

TEST 14 

NC 60 
NC 39 
NC 3 

P1.3/GCS3 25 
P1.4/GCS4 24 
P1.5/GCS5 21 
P1.6/GCS6 20 
P1.7/GCS7 19 

A10 69 DT/R 16 PDTMR 36 TOO UT 45 
A11 71 LOCK 15 NMI 17 TOIN 46 
A12 73 HOLD 13 INTO 31 T10UT 47 
A13 75 HLDA 12 INT1 32 T11N 48 
A14 77 INT2/INTAO 33 RXDO 53 
A15 79 Power INT3/INTA1 34 TXDO 52 
A16 80 
A17 81 

Name Location 
INT4 35 P2.5/BCLKO 54 

CTSO 51 
A18 82 
A 19/0i'ilCE 83 

Vss 2, 22, 43, 
63,65,84 

P2.0/RXD1 57 
P2.1/TXD1 58 

Vee 1, 23, P2.2/BCLK1 59 
42,64 P2.3/SINT1 55 

P2.4/CTS1 56 

P2.6 50 
P2.7 49 
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Table 4. PLCC Package Locations with Pin Name 

Location Name Location Name Location Name Location Name 

1 Vee 22 Vss 43 Vss 64 Vee 
2 Vss 23 Vee 44 CLKOUT 65 Vss 
3 NC 24 P1.4/GCS4 45 TOOUT 66 AD1 
4 RD 25 P1.3/GCS3 46 TOIN 67 A9 
5 WR 26 P1.2/GCS2 47 T10UT 68 AD2 
6 ALE 27 P1.1/GCST 48 T11N 69 A10 
7 RFSH 28 P1.0/GCSO 49 P2.7 70 AD3 
8 S2 29 LCS 50 P2.6 71 A11 
9 S1 30 ucs 51 CTSO 72 AD4 

10 so 31 INTO 52 TXDO 73 A12 
11 DEN 32 INT1 53 RXDO 74 AD5 
12 HLDA 33 INT2/INTAO 54 P2.5/BCLKO 75 A13 
13 HOLD 34 INT3/INTA1 55 P2.3/SINT1 76 AD6 
14 TEST 35 INT4 56 P2.4/CTS'f 77 A14 
15 LOCK 36 PDTMR 57 P2.0/RXD1 78 AD7 
16 DT/R 37 RESIN 58 P2.1/TXD1 79 A15 
17 NMI 38 RESOUT 59 P2.2/BCLK1 80 A16 
18 READY 39 NC 60 NC 81 A17 
19 P1.7/GCS7 40 OSCOUT 61 ADO 82 A18 
20 P1.6/GCS6 41 CLKIN 62 AS 83 A19/0NCE 
21 P1.5/GCS5 42 Vee 63 Vss 84 Vss 

m 
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NOTE: 

HLDA 

HOLD 

Tm 
·LOCK 

DT/R 

NMI 

READY 

P1.7/GCS7 

P1.6/GCS6 

P1.5/GCS5 

Vss 
Vee 

P1.4/GCS4 

P1.3/GCS3 

P1.2/GCS2 

F'1.1/GCS1 

P1.0/GCSO 

LCS 

ucs 
INTO 

INTI 

80C188EB 

TN80C188EB16 
xxxxxxxxe (See Note) 

i@ 0'78 '82 

33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 

~~~ ~ lz .... () .... z ,.8 >~ !; .... z .... !: ... ~ I° 0 0 
lE ;;; :::> z :::> S2 :::> 0 :::> ... . "' Q Q ........ ie ~ 0 

~ 
.... ~ 0 .... 2 .... IL IL () ~ 1;! 

"' () 0 ... _, .... .... .... .., ~ <.> ........ 
!: ~ 

This is the FPO number location (indicated by the X's). 

Figure 5. 84-Pin Plastic Leaded Chip Carrier Pinout Diagram 
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Table 5. QFP Pin Name with Package Location 

Address/Data Bus Bus Control Processor Control 110 

Name Location Name Location Name Location Name Location 

ADO 10 ALE 38 RESIN 68 ocs 61 
AD1 15 RFSR 39 RESOUT 69 [CS 60 
AD2 17 so 42 CLKIN 71 P1.0/GCSO 59 
AD3 19 Sf 41 OSCOUT 70 P1.1/GCS1 58 
AD4 21 S2 40 CLKOUT 74 P1.2/GCS2 57 
AD5 23 
AD6 25 
AD7 27 
AB 11 
A9 16 

RD 36 
WR 37 
READY 49 

DEN 43 

TEST 46 
PDTMR 67 
NMI 48 
INTO 62 
INT1 63 

P1.3/GCS3 56 
P1.4/GC$4 55 
P1.5/GCS5 52 
P1.6/GCS6 51 
P1.7/GCS7 50 

A10 18 LOCK 47 INT2/INTAO 64 TOOUT 75 
A11 20 HOLD 45 INT3/INTA1 65 TOIN 76 
A12 22 HLDA 44 INT4 66 T10UT 77 
A13 24 T11N 78 
A14 26 Power RXDO 3 
A15 28 
A16 29 Name Location 

TXDO 2 
P2.5/BCLKO 4 

A17 30 Vss 12, 14, 33, CTSO 1 
A18 31 35,53, 73 P2.0/RXD1 7 
A19/'0NCE 32 Vee 13, 34, P2.1/TXD1 8 

54, 72 P2.2/BCLK1 9 
P2.3/SINT1 5 
P2.4/CTS1 6 

P2.6 80 
P2.7 79 
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Table 6. QFP Package Location with Pin Names 

Location Name 

1 CTSO 

Location Name 

2~ . .a.04 

I Location I Name I Location I Name 

41 ST ~ .. ~ u1 vv,;, 

2 TXDO 22 A12 42 so 62 INTO 
3 RXDO 23 AD5 43 DEN 63 INT1 
4 P2.5/BCLKO 24 A13 44 HLDA 64 INT2/INTAO 
5 P2.3/SINT1 25 ADS 45 HOLD 65 INT3/INTA1 
6 P2.4/CTS1 26 A14 46 TEST 66 INT4 
7 P2.0/RXD1 27 AD7 47 LOCK 67 PDTMR 
8 P2.1/TXD1 28 A15 48 NMI 68 RESIN 
9 P2.2/BCLK1 29 A16 49 READY 69 RESOUT 

10 ADO 30 A17 50 P1.7/GCS7 70 OSCO UT 
11 AS 31 A18 51 P1.6/GCSS 71 CLKIN 
12 Vss 32 A19/0NCE 52 P1.5/GCS5 72 Vee 
13 Vee 33 Vss 53 Vss 73 Vss 
14 Vss 34 Vee 54 Vee 74 CLKOUT 
15 AD1 35 Vss 55 P1.4/GCS4 75 TOOUT 
16 A9 36 RD 56 P1.3/GCS3 76 TOIN 
17 AD2 37 WR 57 P1.2/GCS2 77 T10UT 
18 A10 38 ALE 58 P1.1/GCS1 78 T11N 
19 AD3 39 RFSH 59 P1.0/~ 79 P2.7 
20 A11 40 S2 60 r.cs 80 P2.6 
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INT3/INTA 1 

INT4 

PDTMR 

RESIN 

RESOUT 

OSCO UT 

CLKIN 

Yee 

Yss 
CLKOUT 

NOTE: 

TO OUT 

TOIN 

T10UT 

T11N 

P2.7 

P2.6 

80C188EB 

I~ I~ I~ 
......... ......... ......... b I" 

1
.... "' .. (/) 11'? <'? """; <( - 0 VI -.I 0 lz 

(1)..-..-.-w::iOWO....IL.tJ > ~ ~ ~ ~ z ...J ~ ~ ~ 0 

64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48 47 46 45 44 43 42 41 

• TSBOC 188EB 16 
I XXXXX~XXB (See Note) 

INTEL® © 1978 

I~ 
0 0 0 

;: ~ 
0 "' (/) u (/) - O> "' 0 "' ... "' "' "' c c "' 0 c " c .., (/) u (/) c .., c ::c 0 0 ::c c ::c x x ...J z >- x x ...J .., > > > .., .., .., <( .., .., 

>- "' u iii u "' >- u 
ID ....... ....... ID 
....... .......... 0 ....... 

"' "' . "' "' "' "' "' "' 0. 0. 0. 0. "' 0. 0. 

This is the FPO number location (indicated by the X's). 

Figure 6. Quad Flat Pack Pinout Diagram 
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PACKAGE THERMAL 
SPECIFICATIONS 

The 80C188E8 is specified for operation when Tc..; 
(the case temperature) is within the range of -40°C 
to + 1 oo·c (PLCC package) or -40°C to + 114•c 
(QFP package). Tc may be measured in any envi
ronment to determine whether the 80C188EB is 
within the specified operating range. The case tem
perature must be measured at the center of the top 
surface. 

TA (the ambient temperature) can be calculated 
from 8eA (thermal resistance from the case to ambi
ent) with the following equation: 

Typical values for 8eA at various airflows are given 
in Table 7 for the 84-pin Plastic Leaded Chip Carrier 
(PLCC) package. 

Table 8 shows the maximum TA allowable (without 
exceeding Tc) at various airflows and operating fre
quencies. P (the maximum power consumption, 
specified in watts) is calculated by using the maxi
mum ICC as tabulated in the DC specifications and 
Vee of 5.5V. 

Table 7. Thermal Resistance (8cA) at Various Airflows (in °C/Watt) 

Airflow Linear ft/min (m/sec) 

0 200 400 600 800 1000 
(0) (1.01) (2.03) (3.04) (4.06) (5.07) 

leeA (PLCC) 30 24 21 19 17 16.5 

[eeA (QFP) 58 47 43 40 38 36 

Table 8. Maximum TA at Various Airflows (in °C) 

Airflow Linear ft/min (m/sec) 

~ 0 200 400 600 800 1000 

(MHz) (0) (1.01) (2.03) (3.04) (4.06) (5.07) 

TA (PLCC) 16 91.5 93.5 94 94.5 95.5 95.5 
26 88.5 91 92 92.5 93.5 93.5 
32 85 87.5 89.5 90.5 91.5 92 

TA(QFP) 16 98 101 102 103 103.5 104 
26 92 96 97.5 99 99.5 100 
32 85 90.5 92.5 94 95 96 
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ELECTRICAL SPECIFICATIONS 

Absolute Maximum Ratings 

Parameter Maximum Rating 

Storage Temperature .......... -65°C to + 150°C 

Case Temp Under Bias ......... -65°C to+ 120°c 

Supply Voltage 
with respect to Vss ............ -0.5V to +6.5V 

Voltage on other Pins 
with respect to Vss ........ -0.5V to Vee +0.5V 

OPERATING CONDITIONS 
Symbol Parameter 

Vee Supply Voltage 

TF Input Clock Frequency 
80C188EB-20 

80C188EB-16 

80C188EB-13 

80C188EB 

Tc Case Temperature Under Bias 

NOTICE: This data sheet contains information on 
products in the sampling and initial production phases 
of development. It is valid for the devices indicated in 
the revision history. The specifications are subject to 
change without notice. 

•WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 

Min Max Units 

4.5 5.5 v 

0 40 MHz 

0 32 MHz 

0 26.08 MHz 

0 16 MHz 

TN80C188EB-XX (PLCC) -40 +100 ·c 

TS80C188EB-XX (QFP) -40 + 114 ·c 

RECOMMENDED CONNECTIONS 

Power and ground connections must be made to multiple Vee and Vss pins. Every 80C188EB-based circuit 
board should include separate power (Vee) and ground (Vss) planes. Every Vee pin must be connected to the 
power plane, and every Vss pin must be connected to the ground plane. Pins identified as "NC" must not be 
connected in the system. Liberal decoupling capacitance should be placed near the 80C188EB. The proces
sor can cause transient power surges when its output buffers transition, particularly when connected to large 
capacitive loads. 

Low inductance capacitors and interconnects are recommended for best high frequency electrical perform
ance. Inductance is reduced by placing the decoupling capacitors as close as possible to the 80C188EB Vee 
and Vss package pins. 

Always connect any unused input to an appropriate signal level. In particular, unused interrupt inputs (INT0:4) 
should be connected to Vee through a pull-up resistor (in the range of 50 K.O.). Leave any unused output pin 
or any NC pin unconnected. 
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DC SPECIFICATIONS 

I Symbol I Parameter Min Max I Units I Notes 
-----

V1L Input Low Voltage -0.5 0.3*Vcc v 
V1H Input High Voltage 0.7*Vcc Vee+ 0.5 v 
VoL Output Low Voltage 0.45 v loL = 3 mA (Min) 

VoH Output High Voltage Vee- o.5 v loH = -2 mA (Min) 

VHYR Input Hysterisis on RESIN 0.50 v 
lu1 Input Leakage Current for pins: 

AD7:0, READY, HOLD, RESTfil, CLKIN, 
TEST, NMI, INT4:0, TOIN, T11N, RXDO, ±15 

BCLKO, CTSO, RXD1, BCLK1, CTS1, 
p.A OV s V1N s Vee 

P2.6, P2.7 

lu2 Input Leakage Current for pins: 
-0.275 -5.0 mA V1N = 0.7 Vee (Note 1) 

A19/0NCE, A18:16, LOCK 

ILO Output Leakage Current 
±15 p.A 

0.45 s VouT s Vee 
(Note 2) 

Ice Supply Current Cold (RESET) 
80C188EB-20 108 mA (Note 3) 

80C188EB-16 90 mA (Note 3) 

80C188EB-13 73 mA (Note 3) 

80C188EB-8 45 mA (Note 3) 

l1D Supply Current Idle 
80C188EB-20 76 mA (Note 4) 

80C188EB-16 63 mA (Note 4) 

80C188EB-13 48 mA (Note 4) 

80C188EB-8 31 mA (Note 4) 

lpD ·Supply Current Powerdown 
80C188EB-20 100 p.A (Note 5) 

80C188EB-16 100 p.A (Note 5) 

80C188EB-13 100 p.A (Note 5) 

80C188EB-8 100 p.A (Note 5) 

CIN Input Pin Capacitance 0 15 pF TF = 1 MHz 

GOUT Output Pin Capacitance 0 15 pF T F = 1 MHz (Note 6) 

NOTES: 
1. These pins have an internal pull-up device that is active while RESIN is low and ONCE Mode is not active. Sourcing more 
current than specified (on any of these pins) may invoke a factory test mode. . 
2. Tested by outputs being floated by invoking ONCE Mode or by asserting HOLD. 
3. Measured with the device in RESET and at worst case frequency, Vee. and temperature with ALL outputs loaded as 
specified in AC Test Conditions, and all floating outputs driven to Vee or Vss. 
4. Measured with the device in HALT (IDLE Mode active) and at worst case frequency, Vee. and temperature with ALL 
outputs loaded as specified in AC Test Conditions, and all floating outputs driven to Vee or Vss. 
5. Measured with the device in HALT (Powerdown Mode active) and at worst case frequency, Vee. and temperature with 
ALL outputs loaded as specified in AC Test Conditions, and all floating outputs driven to Vee or Vss. 
6. Output Capacitance is the capacitive load of a floating output pin. 
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Ice VERSUS FREQUENCY AND VOLTAGE 

The current (Ice) consumption of the BOC188EB is 
essentially composed of two components; lpo and 
Ices-

lpo is the quiescent current that represents internal 
device leakage, and is measured with all inputs or 
floating outputs at GND or Vee (no clock applied to 
the device). lpo is equal to the Powerdown current 
and is typically less than 50 µA. 

Ices is the switching current used to charge and 
discharge parasitic device capacitance when chang
ing logic levels. Since Ices is typically much greater 
than lpo. lpo can often be ignored when calculating 
Ice-

Ices is related to the voltage and frequency at which 
the device is operating. It is given by the formula: 

Power = V X I = V2 X CoEV X f 

: . I = Ice = Ices = v x CoEv x f 
Where: V = Device operating voltage (Vee) 

CoEV = Device capacitance 

f = Device operating frequency 

Ices = Ice = Device current 

Measuring CoEV on a device like the 80C188EB 
would be difficult. Instead, CoEv is calculated using 
the above formula by measuring Ice at a known V cc 
and frequency (see Table 9). Using this CoEv value, 
Ice can be calculated at any voltage and frequency 
within the specified operating range. 

EXAMPLE: Calculate the typical Ice when operating 
at 10 MHz, 4.8V. 

Ice = Ices = 4.8 x 0.583 x 10 :::: 28 mA 

PDTMR PIN DELAY CALCULATION 

The PDTMR pin provides a delay between the as
sertion of NMI and the enabling of the internal 
clocks when exiting Powerdown. A delay is required 
only when using the on-chip oscillator to allow the 
crystal or resonator circuit time to stabilize. 

NOTE: 
The PDTMR pin function does not apply when 
RESIN is asserted (i.e., a device reset during Pow
erdown is similar to a cold reset and RESIN must 
remain active until after the oscillator has stabi
lized). 

To calculate the value of capacitor required to pro
vide a desired delay, use the equation: 

440 x t = Cpo (5V, 25'C) 

Where: t = desired delay in seconds 

Cpo = capacitive load on PDTMR in ml
crofarads 

EXAMPLE: To get a delay of 300 µs, a capacitor 
value of Cpo = 440 x (300 x 10-6) = 0.132 µFis 
required. Round up to standard (available) capaci
tive values. 

NOTE: 
The above equation applies to delay times greater 
than 10 µs and will compute the TYPICAL capaci-
tance needed to achieve the desired delay. A delay 
variance of + 50% or - 25% can occur due to 
temperature, voltage, and device process ex-
tremes. In general, higher Vee and/or lower tem
perature will decrease delay time, while lower Vee m 
and/ or higher temperature will increase delay time. ~ 

Table 9. Device Capacitance (CoEv) Values 

Parameter Typ Max Units Notes 

CoEv (Device in Reset) 0.583 1.02 mA/V*MHz 1, 2 

CoEv (Device in Idle) 0.408 0.682 mA/V*MHz 1, 2 

1. Max CoEv is calculated at -40°C, all floating outputs driven to Vee or GND. and all 
outputs loaded to 50 pF (including CLKOUT and OSCOUT). 
2. Typical CoEV is calculated at 25'C with all outputs loaded to 50 pF except CLKOUT and 
OSCOUT, which are not loaded. 
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AC SPECIFICATIONS 

AC Characteristics-80C188EB·20 

Symbol Parameter Min Max Units Notes 

INPUT CLOCK 

TF CLKIN Frequency 0 40 MHz 1 
Tc CLKIN Period 25 00 ns 1 
TcH CLKIN High Time 10 00 ns 1, 2 
Tel CLKIN Low Time 10 00 ns 1, 2 
TcR CLKIN Rise Time 1 8 ns 1, 3 
TcF CLKIN Fall Time 1 8 ns 1, 3 

O'UTPUT CLOCK 

Teo CLKIN to CLKOUT Delay 0 17 ns 1, 4 
T CLKOUT Period 2*Tc ns 1 
TpH CLKOUT High Time (T/2) - 5 (T/2) + 5 ns 1 
TpL CLKOUT Low Time (T/2) - 5 (T/2) + 5 ns 1 
TpR CLKOUT Rise Time 1 6 ns 1, 5 
TpF CLKOUT Fall Time 1 6 ns 1, 5 

OUTPUT DELAYS 

TcHOV1 ALE, S2:0, DEN, OT /R, RFSH, 3 20 ns 1,4,6, 7 
LOCK, A19:16 

TcHOV2 GCS0:7, LCS, ucs, RD, WR 3 25 ns 1,4,6,8 

TcLOV1 RFSH, DEN, LOCK, RESOUT, HLDA, 3 20 ns 1, 4, 6 
TOOUT, T10UT, A19:16 

TcLOV2 RD, WR, GCS"f:O, LCS, UCS, 3 25 ns 1, 4, 6 
AD7:0, NCS, INTA1:0, S2:0, A15:8 

TcHOF RD, WR, RFSH, OT /R, 0 25 ns 1 
LOCK, S2:0, A 19:8 

TcLOF DEN, AD7:0, A 15:8 0 25 ns 1 

SYNCHRONOUS INPUTS 

TcHIS TEST, NMI, INT4:0, BCLK1:0, 
T1:01N, READY, CTS1:0, P2.6, P2.7 

10 ns 1, 9 

TcH1H TEST, NMI, INT4:0, BCLK1:0, 3 ns 1, 9 
T1:01N, READY, CfS1:0 

Tcus AD7:0, READY 10 ns 1, 10 

TcuH READY, AD7:0 3 ns . 1, 10 

Tcus HOLD 10 ns 1, 9 

TcuH HOLD 3 ns 1, 9 

NOTES: 
1. See AC Timing Waveforms, for waveforms and definition. 
2. Measure at V1H for high time, V1L for low time. 
3. Only required to guarantee Ice. Maximum limits are bounded by Tc. T CH and T CL· 
4. Specified for a 50 pF load, see Figure 13 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 14 for rise and fall times outside 50 pF. 
6. See Figure 14 for rise and fall times. 
7. T CHOV1 applies to RFSR, ~ and A 19:8 only after a HOLD release. 
8. T CHOV2 applies to RD and WR only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper 80C188EB operation. 
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AC SPECIFICATIONS (Continued) 

AC Characterlstlcs-80C188EB-16 

Symbol Parameter 

INPUT CLOCK 

TF CLKIN Frequency 
Tc CLKIN Period 
TcH CLKIN High Time 
Tel CLKIN Low Time 
TcR CLKIN Rise Time 
TcF CLKIN Fall Time 

OUTPUT CLOCK 

Teo CLKIN to CLKOUT Delay 
T CLKOUT Period 
TpH CLKOUT High Time 
TpL CLKOUT Low Time 
TpR CLKOUT Rise Time 
TpF CLKOUT Fall Time 

OUTPUT DELAYS 

TcHOV1 ALE, S2:0, DEN, OT /R, iWSFi, 
LOCK, A19:16 

TcHOV2 GCS0:7, LCS,,UCS, RD, WR 

TcLOV1 RFSH, DEN, LOCK, RESOUT, HLDA, 
TOOUT, T10UT, A19:16 

TcLOV2 RD, WR, GCS7:0, LCS, UCS, 
AD7:0, NCS, i'NiAf:O, S2:0, A15:8 

TcHOF RD, WR, RFSH, OT /R, 
LOCK, 52:0, A 19:8 

TcLOF DEN, AD7:0, A 15:8 

SYNCHRONOUS INPUTS 

TcHIS iEST, NMl, INT4:0, BCLK1:0, 
T1:01N, READY, CTS1:0, P2.6, P2.7 

TcHIH TEST, NMl, INT4:0, BCLK1:0, 
T1 :OIN, READY, Ci'Sf:O 

TcLIS AD7:0, READY 

TcLIH READY, AD7:0 

Tcus HOLD 

TcuH HOLD 

NOTES: 
1. See AC Timing Waveforms, for waveforms and definition. 
2. Measure at V1H for high time, V1L for low time. 

Min 

0 
31.25 

10 
10 
1 
1 

0 

(T/2) - 5 
(T/2) - 5 

1 
1 

3 

3 

3 

3 

0 

0 

10 

3 

10 

3 

10 

3 

Max 

32 
Q() 

Q() 

Q() 

8 
8 

20 
2°Tc 

(T/2) + 5 
(T/2) + 5 

6 
6 

22 

27 

22 

27 

25 

25 

3. Only required to guarantee Ice. Maximum limits are bounded by Tc. T CH and T CL· 
4. Specified for a 50 pF load, see Figure 13 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 14 for rise and fall times outside 50 pF. 
6. See Figure 14 for rise and fall times. 
7. TcHov1 applies to R'FSH, U5CK and A19:8 only after a HOLD release. 
8. T CHOV2 applies to RD and Ym only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper 80C188EB operation. 
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Units Notes 

MHz 1 
ns 1 
ns 1, 2 
ns 1, 2 
ns 1, 3 
ns 1, 3 

ns 1, 4 
ns 1 
ns 1 
ns 1 
ns 1, 5 
ns 1, 5 

ns 1, 4,6, 7 

ns 1, 4,6, 8 

ns 1,4, 6 

ns 1,4,6 

ns 1 

ns 1 

ns 1, 9 

ns 1, 9 

ns 1, 10 

ns 1, 10 

ns 1, 9 

ns 1, 9 
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AC SPECIFICATIONS (Continued) 

AC Charactei'istics-80C188EB·13 

Symbol Parameter Min Max Units Notes 

INPUT CLOCK . 

TF CLKIN Frequency 0 26;08 MHz 1 
Tc CLKIN Period 38.34 00 ns 1 
TcH CLKIN High Time 12 00 ns 1, 2 
TcL CLISIN Low Time 12 00 ns 1, 2 
TCR CLKIN Rise Time 

. 
1 8 1, 3 ns 

TcF CLKIN Fall Time 1 8 ns 1, 3 

OUTPUT CLOCK 

Teo CLKIN to CLKOUT Delay 0 23 ns 1, 4 
T CLKOUT Period 2*Tc ns 1 
TpH CLKOUT High Time (T/2) - 5 (T/2) + 5 ns 1 
TpL CLKOUT Low Time (T/2) - 5 (T/2) + 5 ns 1 
Tpfi CLKOUT Rise Time 1 6 ns 1, 5 
TpF CLKOUT Fall Time 1 6 ns 1: 5 

OUTPUT l)ELA YS 

TcHOV1 ALE, 52:0, DEN, DT /Fi, RFSR, 3 ·25 ns 1,4,6, 7 
LOCK, A19:16 

TcHOV2 GCS0:7, LCS, DCS, RD, WR 3 30 ns 1,4, 6,8 

TcLOV1 RFSH, DEN, LOCK, RESOUT, HLDA, 3 25 ns 1,4, 6 
TOOUT, T10UT, A19:16 

TcLOV2 Ri5, WR, GCS7:0, ICS, DCS, 3 30 ns 1,4, 6 
AD7:0, NCS, INTA 1 :0, 52:0, A 15:8 

TcHOF RD, WR, RFSH, DT /A, 0 25 ns 1 
LOCK, S2:0, A19:16 

TcLOF DEN, AD7:0, A 15:8 0 25 ns 1 

SYNCHRONOUS INPUTS 

TcHIS TEST, NMl, INT4:0, BCLK1:0, 10 ns 1, 9 
T1 :OIN, READY, CT51 :0, P2.6, P2.7 

TcHIH TEST, NMl, INT4:0, BCLK1:0, 3 ns 1, 9 
T1 :QIN, READY, CTS1 :0 

Tcus AD7:0, READY 10 ns 1, 10 

TcuH READY, AD7:0 3 ns 1,10 

Tcus HOLD 10 ns 1, 9 

TcuH HOLD 3 ns 1, 9 

NOTES: 
1. See AC Timing Waveforms, for waveforms and definition. 
2. Measure at VtH for high time, V1L for low time. 
3. Only required to guarantee Ice. Maximum limits are bounded by Tc. T CH and T CL· 
4. Specified for a 50 pF load, see Figure 13 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 14 for rise and fall times outside 50 pF. 
6. See Figure 14 for rise and fall times. 
7. T CHOV1 aPi>lies to RFSH, u:x;J< and A8:0 only after a HOLD release. 
8. TCHov2 applies to RD.and WA only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper 80C188EB operation. 
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infel~ 80C188EB 

AC SPECIFICATIONS (Continued) 

AC Characteristics-BOC 188EB-8 

Symbol Parameter 

INPUT CLOCK 

TF CLKIN Frequency 
Tc CLKIN Period 

TcH CLKIN High Time 
Tel CLKIN Low Time 
TcR CLKIN Rise Time 

TcF CLKIN Fall Time 

OUTPUT CLOCK 

Teo CLKIN to CLKOUT Delay 
T CLKOUT Period 
TpH CLKOUT High Time 
TpL CLKOUT Low Time 
TpR CLKOUT Rise Time 
TpF CLKOUT Fall Time 

OUTPUT DELA VS . 
TcHOV1 ALE, S2:0, DEN, OT /R, RFSH, 

LOCK, A19:16 

TcHOV2 GCS0:7, LCS, UCS, RD, WR 

TcLOV1 RFSH, DEN, LOCK, RESOUT, HLDA, 
TOOUT, T10UT, A19:16 

TcLOV2 RD, WR, GCS7:0, LCS, UCS, 
AD7:0, NCS, INTA 1 :0, S2:0, A 15:8 

TcHOF RD, WR, RFSH, DT/R, 
LOCK, S2:0, A19:16 

TcLOF DEN, AD7:0, A15:8 

SYNCHRONOUS INPUTS 

TcHIS TEST, NMI, INT4:0, BCLK1:0 
T1:01N, READY, CTS1:0, P2.6, P2.7 

TcH1H TEST, NMI, INT4:0, BCLK1:0 
T1:01N, READY, CTS1:0 

Tcus AD7:0, READY 

TcLIH READY, AD7:0 

Tcus HOLD 

TcuH HOLD 

NOTES: 
1. See AC Timing Waveforms, for waveforms and definition. 
2. Measure at V1H for high time, V1L for low time. 

Min 

0 
62.5 
15 
15 
1 
1 

0 

(T/2) - 5 
(T/2) - 5 

1 
1 

3 

3 

3 

3 

0 

0 

10 

3 

10 

3 

10 

3 

Max 

16 
00 

00 

00 

8 
8 

27 
2*Tc 

(T/2) + 5 
(T/2) + 5 

6 
6 

30 

35 

30 

35 

30 

35 

3. Only required to guarantee Ice. Maximum limits are bounded by Tc. T CH and T CL· 
4. Specified for a 50 pF load, see Figure 13 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 14 for rise and fall times outside 50 pF. 
6. See Figure 14 for rise and fall times. 
7. T cHov1 applies to RFSH, LOCK and A 19:8 only after a HOLD release. 
8. T CHOV2 applies to RD and WR only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper 80C188EB operation. 

24-673 

Units Notes 

MHz 1 
ns 1 
ns 1, 2 
ns 1, 2 
ns 1, 3 
ns 1, 3 

ns 1, 4 
ns 1 
ns 1 
ns 1 
ns 1, 5 
ns 1, 5 

ns 1, 4, 6, 7 

ns 1, 4, 6, 8 

ns 1, 4, 6 

ns 1, 4, 6 

ns 1 

ns 1 

ns 1, 9 

ns 1, 9 

ns 1, 10 

ns 1, 10 

ns 1, 9 

ns 1, 9 



80C188EB 

AC SPECIFICATIONS (Continued) 

Re!at!ve T!m!ngs (80C188EB-20, -16, -13, -8} 

Symbol Parameter Min Max Unit Notes 

RELATIVE TIMINGS 

fLHLL ALE Rising to ALE Falling T- 15 ns 

TAVLL Address Valid to ALE Falling YzT- 10 ns 

TPLLL Chip Selects Valid to ALE Falling 1/zT ~ 10 ns 1 

TLLAX Address Hold from ALE Falling 1/zT - 10 ns 

TLLWL ALE Falling to WR Falling 1/zT - 15 ns 1 

fLLRL ALE Falling to RD Falling 1/zT - 15 
-"-

ns 1 

TwHLH WR Rising to ALE Rising %T-10 ns 1 

TAFRL Address Float to RD Falling 0 ns 

TRt.:RH RD Falling to RD Rising (2*T) - 5 ns 2 

TwLWH WR Falling to WR Rising (2*T) - 5 ns 2 

TRHAV RD Rising to Address Active T- 15 ns 

TwHDX Output Data Hold after WR Rising T- 15 ns 

TwHPH WR Rising to Chip Select Rising %T-10 ns 1 

TRHPH RD Rising to Chip Select Rising 1/zT - 10 ns 1 

TPHPL CS Inactive to CS Active · 1/zT- 10 ns 1 

TovRH ONCE Active to RESiN Rising T ns 3 

TRHOX ONCE Hold from RESiN Rising T ns 3 

NOTES: 
1. Assumes equal loading on both pins. 
2. Can be extended using wait states. 
3. Not tested. 
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infel .. 80C188EB 

AC SPECIFICATIONS (Continued) 

Serial Port Mode O Timings (80C188EB-20, 16, -13, -8) 

Symbol Parameter Min Max Unit Notes 

TxLXL TXD Clock Period T (n + 1) ns 1, 2 

TxLXH TXD Clock Low to Clock High (n > 1) 2T- 35 2T + 35 ns 1 

TxLXH TXD Clock Low to Clock High (n = 1) T- 35 T + 35 ns 1 

TxHXL TXD Clock High to Clock Low (n > 1) (n - 1) T - 35 (n - 1) T + 35 ns 1, 2 

TxHXL TXD Clock High to Clock Low (n = 1) T- 35 T + 35 ns 1 

TavxH RXD Output Data Setup to TXD Clock High (n > 1) (n - 1) T - 35 ns 1, 2 

TavxH RXD Output Data Setup to TXD Clock High (n = 1) T- 35 ns 1 

TxHax RXD Output Data Hold after TXD Clock High (n > 1) 2T- 35 ns 1 

TxHOX RXD Output Data Hold after TXD Clock Hig~ (n = 1) T- 35 ns 1 

TxHOZ RXD Output Data Float after Last TXD Clock High T + 20 ns 1 

TovxH RXD Input Data Setup to TXD Clock High T + 20 ns 1 

TxHDX RXD Input Data Hold after TXD Clock High 0 ns 1 

NOTES: 
1. See Figure 12 for waveforms. 
2. n is the value of the BxCMP register ignoring the iCLK bit (i.e., ICLK = 0). 
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BOC188EB 

AC TEST CONDITIONS 

The AC specifications are tested with the 50 pF load 
shown in Fiaure 7. See the Deratina Curves section 
to see how timings vary with load capacitance. 

Specifications are measured at the Vcc/2 crossing 
point, unless otherwise specified. See AC Timing 
Waveforms, for AC specification definitions, test 
pins, and illustrations. 

AC TIMING WAVEFORMS 

OUTPUT 
PIN <>-i _c, i . 

CL = 50 pF for all signals. 

Figure 7. AC Test Load 

270885-9 

270885-10 

Figure 8. Input and Output Clock Waveform 
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80C188EB 

Vee·---------~---------------

ov f----------i t.lAX 

Vee~---~,.... .............. ....,.. ....... ....i..,....----
1-----------i t.lAX 

VALID 50% VALID t.llN 
ov~---.............................................. .._ ___ _ 

VALID 50% 

1---------' MAX 

Vee~---------

VALID FLOAT (NOTE) MAX 

ov~---"""---'~-'--.1 Vee~------------

VALID 

ov~----'--'---'---' 

FLOAT (NOTE) 

270885-11 

NOTE: 
20% Vee < Float < 80% Vee 

Figure 9. Output Delay and Float Waveform 

ov 
MIN 

MIN 

Vee 
VALID 

1----+I MIN 

VIL• VIH MIN 

ov 
__ ....,. _______ .....,,......_ Vee 

VALID 

270885-12 

Figure 10. Input Setup and Hold 
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80C188EB 

CLKOUT 

Vee 

ALE 503 503 

ov 
Qll+---..1 

Vee 
A07:0, 

503 
A19:8 

ov 

Vee ----------+----.. u:~---1 
RD or WR 

ov 

Vee 

GCS7:0 

LCS, UCS 
ov 

----9 
~-11+---..! -----

503 503 

Vee ·----------------------------------------------------------------------------

RESIN 503 

A 19/0NCE 503 503 

270865-13 

Figure 11. Relative Signal Waveform 

1· 
TxLXH 

TXD 

1ovxH' __ ..i.,,_._ 

RXD (in) ~ 
270665-14 

Figure 12. Serial Port Mode 0 Waveform 
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infel. 80C188EB 

DERATING CURVES 

TYPICAL OUTPUT DELAY VARIATIONS VERSUS LOAD CAPACITANCE 

~ 
.... 

HOM+& 

• HOM+3 ... 
..5 
>- HOM+ 1 

ci 
Q ,_ 
~ 

HOM 

§ 
HOM-1 

so 100 150 

Ci. (pr) 

Figure 13 

TYPICAL RISE AND FALL VARIATIONS VERSUS LOAD CAPACITANCE 

8 

6 

2 

so 100 150 

270885-15 

Ci. (pr) 
270885-16 

Figure 14 
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80C188EB 

RESET 

'.he 80C188EB ~ill p~rform a reset operation any 
time the RESIN pm active. The RESIN pin is actually 
synchronized before it is presented internally, which 
means that the clock must be operating before a 
reset can take effect. From a power-on state, RESIN 
must be held active (low) in order to guarantee cor
rect initialization of the 80C188EB. Failure to pro
vide RESIN while the device is powering up will 
result in unspecified operation of the device. 

Figure 15 ·shows the correct reset sequence when 
first applying power to the 80C188EB. An external 
clock connected to CLKIN must not exceed the Vee 
threshold being applied to the 80C188EB. This is 
n~rmally not a problem if the clock driver is supplied 
with the same Vee that supplies the 80C188EB. 
When attaching a crystal to the device, RESIN must 
remain active until both Vee and CLKOUT are stable 
(the length of time is application specific and de
p~nd_s on the startup c:haracteristics of the crystal 
circuit). The RESIN pin is designed to operate cor
rectly using an RC reset circuit, but the designer 

must ensure that the ramp time for Vee is not so 
long that RESIN is never really sampled at a logic 
low level when Vee reaches minimum operating 
conditions. 

Figure 16 shows the timing sequence when RESIN 
is applied after Vee is stable and the device has 
been operating. Note that a reset will terminate all 
'.'lctivity and return the 80C188EB to a known operat-
1~g state. Any bus operation that is in progress at the 
time RESIN is asserted will terminate immediately 
(note that most control signals will be driven to their 
inactive state first before floating). 

While RESIN is active, bus signals LOCK, A 19/ 
ONCE, and A18:16 are configured as inputs and 
weakly held high by internal pullup transistors. Only 
19/0NCE can be overdriven to a low and is used to 
enable ONCE Mode. Forcing LOCK or A18:16 low at 
any time while RESIN is low is prohibited and will 
cause unspecified device operation. 
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CD 
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UI 

cLKtN I~ \/\MM/\/V\J\/\MMMMMM 
Yee end CLKIN Stobie to Oulpula Volld : 

I •' 28 CLKIN Periods (Mox) : : : : : : : • , 
Vccl~~ 

I I I 1 ' t • 

CLKOUT 
I I I I o I I ~' ' (\_j_JlJ\J\' : : : :JlJV· : 

~ ' ' ' ; : : ' : : 
UCS,LCS, 

GCS7:0, 
TOUT, T10UT, 

TXD1:0 

HLOA,ALE, 
SINT1 

A19:16 

AD7:0, 52:0, 
Rii,"WR, 

DT/R,DEN, 
LOCK,A15:8 

RESIN 

RESOUT 

NOTE: 

I I I I I < < t I 

; ·-· j I I I t I 

Vee and CLKIN Stable to Reset high, approximately 32. CLKIN periods Resets High to First Bus Activity, 7 CLKOUT ,.rlods 

270885-17 

CLKOUT synchronization occurs on the rising edge of RESIN. If RESIN is sampled high while CLKOUT is high (solid line), then CLKOUT will remain 
low for two CLKIN periods. If RESIN is sampled high while CLKOUT is low (dashed line), then CLKOUT will not be affected. 

El 

0 
0 
r c 
JJ 

'" (/) 

'" -4 

~ 
> < 
'" .,, 
0 
JJ s:: 
(/) 

-· c 
@ 

OI) 
c 
0 ... 
OI) 
OI) 

m 
ID 

~ 
l§1 

~ 
~ 
© 
liiiil 

~ 
"iiil 
© 
2& 
~ 
~ 
~ 

© 
~ 



CLKIN 

CLKOUT 

UCS,LCS, 
OCS7:0, 

TOUT, T1DUT, 
TXD1:0 

HLDA,AU. 
SINT1 

I\) ii 419:18 

~ c 
Cl) ~I AD7:0, S2:0, I\) 

iiii,iii, 
DT/ii,DEN, 

LOCK,A15:8 

RESIN 

RESOUT 

\J\/VV\NVV\/VVVVVVV\Mf\/V\/\. 
:- :- n.J.JlJlJ\: : : : :J1JV:. . : . : •• I •• I. • I I • • • I • 

1 I I I I I I . . . . . 
• I I t r I 

I t I I r t I o 
I I I I I I I I 

•• I I 0 •r I t I 

Minimum RESIN Low Time 
4 CLKDUT Periodo 

Rueto High to flrot lluo Aollvlty, 7 CLKOUT porlodo 
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intel .. 80C188EB 

BUS CYCLE WAVEFORMS 

Figures 17 through 23 present the various bus cy
cles that are generated by the 80C188EB. What is 
shown in the figure is the relationship of the various 
bus signals to CLKOUT. These figures along with 

the information present in AC Specifications allow 
the user to determine all the critical timing analysis 
needed for a given application. 

MEMORY READ, 1/0 READ, INSTRUCTION FETCH, AND REFRESH WAVEFORM 

CLKOUT 

ALE 

A19/0NC[, 

!\ VALID I 
I ._.,....,....,....,......,.,....,....,.....,...,....,....,....,....,....,....,...__, 

A19:11 

VALID 

!\ 
I -----

A18:16 _ _._ ........ .-.................................... -... ............ .-........................................................ .._ _ 

'Rf"SH, 

A15:8 

AD7:0 

DT/ii 

_ :x_: _: _: -V-ALID __ ·x 

' ., 

A7:0 VALID 

270885-20 

Figure 17 
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infel. 80C188EB 

MEMORY WRITE AND 1/0.WRITE CYCLE WAVEFORM 

CLKOUT ~ 
I I I I I I I I 
I I I I I I I I 

I I I I I 
I I I I I 

ALE 

A19/0NCE, A19:16 

A18:16 VALID 

x x RrSH, 
VALID 

A15:8 

I I I 
I I I 
I I I 

AD7:0 :x : '"" VALID :x : ~~'~ : : :x 
GC7:0 

LCS,UCS 

DT/R 

270885-21 

Figure 18 
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80C188EB 

HALT CYCLE WAVEFORM 

CLKOUT 

ALE 

\"--_011 ____,/ !! 

A19:16 

A15:8 

AD7:0 x NOTE II x 
270885-22 

NOTE: 
The address driven is typically the location of the next instruction prefetch. 

Figure 19 
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80C188EB 

CASCADE MODE INTERRUPT ACKNOWLEDGE CYCLE WAVEFORM 

CLKOUT 

ALE 

A19/0NCE, 

A18:8 

AD7:0 

DT/R 

A 5:8 AR UNKNOWN 
A 19· 16 ARE DRIVEN LOW 

I ,· 

Figure 20 
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A 15:8 ARE UNKNOWN 
I A 19: 16 ARE I 

DRIVEN LOW 
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intel. 80C188EB 

HOLD/HLDA CYCLE WAVEFORMS 

CLKOUT 

HOLD 

HLDA 

ALE 

A19/0NCE, 

A18:16 

AD7:0 

A15:8 

GCS7:0, 

UCS, LCS 

Rii, iii 

I 

: \,, __ -- ~ -... -.. --,-- ,.-.,--:- -{: ·-_ ... ____ _ 
I I I I I 
I I I I 
I I I I 

I 

,-~--~·T·~--~-~-~-~--
1 I I I I l I 

~ .... ~~__. ......... ~ ........ ......, I I I I I t I 
I I I I 

I I I 

_:x, _: : : _: : )H-+H-+-H-+-~-X _: : 
I I I I I I I I lxl Ix }: : : : : : : : : rrl I I I 

I I I I I I I I I I 

:- • &. • .& • _1_ -•-..i- _1_ . .i..- ~ - -, I I I .......... _.._ .... .._ ________ __, I I 

I 

---·-·--·-·--·-·--·-·--• I I I I I I I t I 
I 
I 

I 

---------------·} : : : : : : : : : v·-::.·\-"~~~~~~~~--~ -:--t---:--t-- ~ --t--~ --~- ~ --, 
I I I I I l I t I I -------------....1 I I I I I I I I I I 

I I I I I I l I I I I 
I I ___ ... __ _._ ... __ _. _ _... I I I I I L I I I I,_ ... ____ ... _ 

LOCK, } I I I I I I I I I I 
I I I I I I I I I I 

OT 'ii -:·· ~ • i-• i •;• -~ • i•• ~-i •• 1 

/ft --------------~ I I I I I I r I I I I I I I I I / I I I I 

270885-24 

Figure 21 
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80C188EB 

REFRESH DURING HLDA CYCLE WAVEFORM 

NOTES: 

CLKOUT 

HOLD 

HLDA 

ALE 

Alt/ONCE, 

A18:8 

AD7:0 

GCS7:0, 

UCS,LCS 

DT/i 

ur-tur-tur-tur-rJr-tur-tur-!ur-1ur-!ur-1u 
I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I' I In / I I I I I I I 

I I 

1' 
I 

' -- ... --.. -"' .. ,. ..... 

I I 
I I 
I '1 
I I 
I 
I 

' ' ' - --~- .. -- -.-- ... -· 

••"1••f"•"1••f"•'f••f"•'f••,-•'f••,-•T••o{ x . \ }"l:••f": •• 
I I I .I ·1 I I I I I I I 
I I' I I I I I I I I I I .............. ._ .... ..._._._._._,.... ..... 
I I I I I I I I I I I I I I I I I 

I I I I I I I 
I I I I I 

--~--L.l .. ~-~--~-~--~-·--~-·--~1 ;\J __ ~--
, I I I I I I I I I I I I I 
0 I I 

I I 
I I I I I I 

I I I I I I I I I I I I I I I 

11111111111110 
I I I I I I I I I I I I I 

--J--~-J--~-J--~-J--~-J--~-~--+-~ 
I I I . 
I I I 

I 

'I __ ,__.., __ ,__ ... __ 
I I I I I I 

I I I I 
I 

0 I 0 

-·---- -- -·--' I I I 1 I 
I I 
I I 

I I I I I I I I I I I I •• ., •• ,. • .,. •• ,. • ., •• ,. • ., •• ,. • ., • -i-- .,. -. 
I I I I I I I I I I I I 

' ' ' 
I I I I 

--~--~-~--~-~--~-~--~-~--~-·--· I I I I I I I I I I I I 
I I I I I I I I I I I I 
I I I I 

' I I I I I 

I I 
I I 

I 
I I 

I I I I I I 

--i--r-,--1--.L--· 
I I 0 1 I 

.--, -· 
I 

I I ., .. ,. .. 

I ----1 

--~----·--·-·--~------·--·-·--·, ,~l--~1--1 I I I I I I I I I I I 

: : : : : : ; : : : : : .... ;--;.--;--;.--;--;..--;--;r: : : 

1. FiEAl5'i' must be low by either edge to cause a wait state. 
2. Lighter lines indicate READ cycles, dai:ker lines indicate WRITE cycles. 

Flgure22 
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intel~ 

READY CYCLE WAVEFORM 

CLKOUT 

ALE 

A19/0NCE, 

A18:16 

RFSH, LOCK 

A15:8 

80C188EB 

VALID VALID 

VALID x 
AD7:0 -----1{ ADD ).--@ ______ VA_L_ID _________ -t{ ADD )-----

I I .I I I 
I I I I 
I 

READY 

GCS7:0, 

UCS, LCS 
~ :\ ____ V-ALID ___ /:\,___ __ 

Rii,Wii 

I 
I I I I 

DT/R 

0 © 

270885-26 

NOTES: 
1. READY must be low by either edge to cause a wait state. 
2. Lighter lines indicate READ cycles, darker lines indicate WRITE cycles. 

Figure 23 
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infel. 80C188EB 

REGISTER BIT SUMMARY 

Figures 24 through 31 present the bit definition of 
ea.ch register that is active (not reserved) in the Pe
ripheral Control Block (PCB). Each register can be 
thought to occupy one word (16-bits) of either mem
ory or 1/0 space, although not all bits in the register 
necessarily have a function. A register bit is not 

... 
0 

10 

" 
1 • EnabM NonSp.clflc E01 

(wrlt•only) 

. .. 
0 

10 

" 
" 

POLL (04H) 
POLSTS(OIH) 

RCSU=O 

} .. ~ . ., ..... ~·· 
VeclOI' Type 
{r.-fonly) 

1•1nt.rruptRequHlPr•Nnl 
(r.adonly) 

guaranteed to return a specific logic value if an "X" 
appears for the bit definition (i.e., if a zero was writ
ten to the register bit it may not be returned as a 
zi:lro whi:ln ri:lad), Furthi:lrmori:l, a O must be written to 
any bit that is indicated by an "X" to ensure compati
bility with future products or potential product chang
es. 

. .. 
0 

1MASK(08H) 
REStT"' OOFDH 

IHSERV (OCH) 
R[QST (OEH) 
R£S£T•O 

. .. 
0 

}
Prlorllyt..v.I 
0 - Hl9hnt 
7 - Low..t 

270885-27 

Figure 24. Interrupt Control Unit Registers 
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bit 

TMRO 

}·0-r1qu .. t1d 

10 

" 
12 

13 .. 
15 1 = NMI Interrupt 

INTSTS ( 1 OH) 
RESET= 0 

bit 

10 

" 
12 

13 

.. 
T)l(;NT (30, 38, 40H) 

RESET • XXXXH 

80C188EB 

bit bit 

PRMO PRMO 
} Priority Lml } Priority Lml 

PRM1 0 - High.st PRM1 0 - Hlg:he1t 
7 - LowHt 7 - Low .. t 

PRM2 PRM2 
1 = Mask lnl•rrupl 1 = M.osk Interrupt 
0 = Enobl• lnlt>rrupt 0 = Enable Interrupt 

LEVL I = Level Mod• 
0 =Edge Modi 

CAS 1 = Enable Caacod1 01>9rotlon 

. 9 

10 10 

" " 
12 12 

13 13 

14 .. 
15 15 x 

TCUCON (12H) :~gg~ g:~~ SCUCON (14H) 
RESET = OOOFH RESET= OOOF"H 

Figure 25. Interrupt Control Unit Registers 

bit 

10 

" 
12 

13 

14 .. 
TXCWf'A (32, 3.t., 42H) 

T.CMPB (34,3CH} 
R£SET = XXXXM 

bit 

10 

" 
12 

" 
" 

TOCOH (36H) 
T1CON (3EH} 

I • £naOl1 Contlnuou1 
TltMr Operation 

1 • Altwnot. ht- Compar. A/8 
O "' u.. Onl)' Compare A 
1 • u .. Elct.mol ctock 
0 = U• Internal Cloc:k 
1 • u .. lnt.rnal TIMH2 Clock 
0 = u .. Internal / 4 Clocti 
1 • TIN Pin lhtrloo-n T11111r 
0 = TIN Pin Enobln Timer 

I • Tlmw Compare OoourM 

1 • Compano B In U• 
0 "" Compon A ln u .. 

I • [noble Co_mpare Interrupt 

1 • £nobl1 Writ. to START bit 

1 • Stort TlrMr O~rcithm 
0 = Stop Tlmw Operotlan 

RESET"' EN,RIU = 0 

Figure 26. Timer Control Unit Registers 

24-691 

bit 
0 

10 

" 
12 

13 

" 

bit 

15 

} "'1orlty ,.,., 
0 - Highest 
7 - Lowest 

12CON (1CMl 
l!CON (1EH 
1'4CON (16H 

RESET = OOOfH 

Moek Interrupt 
Enable Interrupt 
~l Mode 
Edge Mode 

270885-28 

1 - Enobl• Catitln11au1 
Tl- 01*'Gtl°" 

1 • Timer Compcir. Oaour.d 

1 • Enoble Writ. to START bit 

1 • start Timer Op9rotlan 
0 = Stop Timer Opwcitlon 

T2COM (41H) 
RESET • EN • 0 

270885-29 

m 



infel. 80C188EB 

w:BB 
1 PD1 

b: sgj1 bit bit 

Efil31 o~l 0 

1 PP1 1 

PD2 

PD3 

PD4 

PDS 

PD6 Port Pin Dlreotion 
}1 •Input 

PD7 0 =Output 
(PORT 2 OHL Y) 

PP2 PC2 PL2 

PP3 J-~ PC3 t~ PL3 Control J-~ ..... (0 = Pori) ...... PP4 (read only) PC4 (1 • Pvlpheral) PL4 

PPS PCS pLS 

PP6 PC6 PL6 

PP7 PC7 PL7 

x x x x 
x x x x 

10 x 10 x 10 x 10 x 
x x x x 

12 x 12 x 12 x 12 x .. x 13 x .. x 13 x 
14 x 14 .. .. x 
15 x 15 15 x 15 

P1DIR(SOH) PIPIN (S2H) P1CON (54H) P1LTCH (SOH) 
P21JR (58H) P2PIN (5AH) P2CON (SCH) P2LTCH (SDI) 

R£SET • XXF'f'H RESET = XXFfH RESET = XXFFH RESET ., XXFFH 

270885-30 

Figure 27.1/0 Port Unit Registers 

•• •• .. .. •• 
. 0 r .......... 0 

O- Syno Compltm.nt.d YGlue 
1 - Bblt 
2,3 ... 9blt of CTSn# Pin 

...... 7blt 1 1:: Ov.rrvn Error 

1 •Parity Enabled 1 = Tran.mlt Buffer Tronlmlt/ Empty ....... 1 • Evtin Parity 1 = F'rammfng Error Dato Buffer 0 .. Odd Parity 

1 = R•c~r Enabtld 5 1 = Transmit lntemipt ....... 
1 = Enable CTS Pin 

1'= Rec.W.lnterrupt ....... 
Boud-Rate Baud-Rate 9th Data Bit 9th Data aft or 
Select Count (Mod•• 2,3) Parity Error 

1 = Send Break I • Mblts Bnak 
Detectsd 

I = 2M + 3blb Break ........ 
10 10 10 10 10 

" " " " " 
12 12 12 12 12 

13 13 13 13 13 

14 14 .. 14 14 

15 ICLK I = UH Internal Clock 15 x 15 x 15 x 15 0 = UH £xt.mal c:tock 

=~=~ ~~=~ 
BOCNT (62H) SOCON (6-4H) SOSTS (HH) SxRBUf' (88, 78H) 
B1CHT {72H) SICON (7-4.H) StSTS (78H) SxTBUF (6AH, 7AH) 

RES£T = 0 RESET= 0 R£S£r = 0 RESET = OOOBH RESET= 0 

270885-31 

Figure 28. Serial Communications Unit Registers 
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80C188EB 

bit bit bit 

wso ROY 1 • Enoble READY Pin AS 

WS1 MEM 1 .. Oecocle Memory Space A9 
} Walt-Stat• 0 • o.code t/O Space 

WS2 Select (0-15) !STOP 1 = Dlaoble Stop Addre11 A10 Compare 

CSEN 1 "'Enable Chip-S.Ject A11 

x x A12 

A13 Starting Addr ... 

cso cso AU For PCB 

CS1 CS1 A15 

CS2 

CS3 CS3 

10 CS4 Chlp-S.lect 
10 CS4 Chip-Sal.ct 

10 Stortlng Addre11 Stopping Addr .. s 

11 css (Al9:10 Memory) 
11 css (A19:10 W.mory) 

11 
(A.15:6 1/0) (A.15:61/0) 

12 CS6 12 CS6 12 
t • PCB I• In Memory Spoot1 
0 = PCB le ln 1/0 Space 

13 CS? 13 CS? 13 

14 14 14 x 
15 CS9 15 CS9 15 TRAP I = TRAP on ESC Opcode 

0 "' Execute ESC Opcod1 

GCSxST (80, U, 88, 90, 94, 98, 9CH) GCSxSP (82, 86, 84, 8E, 92, H, 9A, 9EH) RELREG (A8H) 
LCSST {AOH) LCSSP (A2H) RESET = OOfFH 
UCSST (A.4H) UCSSP (A6H) 

RESET = FFCFH RESET = FFC3H (GCSxSP, LCSSP) 
RESET = FFCFH (UCS) 

270885-32 

Figure 29. Chip-Select Unit Registers 

bit bit bit bit 

0 RCO 

RA14 RC1 RC1 RA1 

RA15 RC2 RC2 

RA16 Refresh Address RC3 RC3 bits A13-A19 
Initial Refresh 

Current Rdresh 

RA17 RC4 RC4 Clock Count RA4 Request Clock Count (Read Only) 
RA1B RCS RCS RAS 

RA19 RC6 RC6 RA6 Current Refre1h 

x RC? RC? RA? Address 

x RCB RCB RAB 

Bl x x RA9 

10 x 10 x 10 x 10 RA10 

11 11 x 11 x RA11 

12 x 12 x 12 x 12 RA12 

13 13 x 13 x 13 x 
14 x x 

15 15 REN 1 = Eneble Refresh x 
RFBAS[ (BOH) RFTIME (82H) RFCON (B.4H) RFADOR (86H) 

RESET= OH RESET= OH RESET= OH RESET= 1F"fFH 

270885-33 

Figure 30. Refresh Control Unit Registers 

24-693 



80C188EB 

: I ::: 11 STEPPIG r IDENTIFIER 

t ::: J (~~~) 

... . 

. 1PWRDN r·---· 
1 IDLE t • Enob19 111e Mocl9 

' Y (..tttnfl bolhrauit. 
- •• In"° 0119ratlon) 

x 

10 10 

12 12 

,. tJ .. .. 
,. .. 

S'TEPIO (BCH) PWllOON(_,) 
RESIT • XXOZH lllKT. 0 

270885-34 

Figure 31. Power Management Unit Registers 

80C188EB EXECUTION TIMINGS 

A determination of 80C188EB program execution 
timing must consider the ·bus cycles necessary to 
prefetch instructions as well as the number of exe
cution unit cycles necessary to execute instructions. 
The following instruction timings represent the mini
mum execution time in clock cycles for each instruc
tion. The timings given are based on' the following 
assumptions: 
• The opcode, along with any data or displacement 

required for execution of a particular instruction, 
has been prefetched and resides in the queue at 
the time it is .needed. 

• No wait states or bus HOLDs occur. 

All instructions which involve memory accesses can 
require one or two additional clocks above the mini
mum timings shown due to the asynchronous hand
shake between the bus interface unit (BIU) and exe
cution unit. 

All jumps and calls include the time required to fetch 
the opcode of the next instruction at the destination 
address. 

The 80C188EB 8-bit BIU is noticeably limited in its 
performance relative to the execution unit. A suffi
cient number of prefetched bytes may not reside in 
the prefetch queue much of the time. Therefore, ac
tual program execution time will be substantially 
greater than that derived Jrom adding the instruction 
timings shown. · · 
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infel .. 

INSTRUCTION SET SUMMARY 

Function 

DATA TRANSFER 
MOV =Move: 

Register to Register/Memory 

Register/memory to register 

Immediate to register/memory 

Immediate to register 

Memory to accumulator 

Accumulator to memory 

Register I memory to segment register 

Segment register to register/memory 

PUSH= Push: 

Memory 

Register 

Segment register 

POP= Pop: 

Memory 

Register 

Segment register 

XCHG = Exchange: 

Register/memory with register 

Register with accumulator 

IN = Input from: 

Fixed port 

Variable port 

OUT = Output to: 

Fixed port 

Variable port 

XLAT = Translate byte to AL 

LEA = Load EA to register 

LOS = Load pointer to OS 

LES = Load pointer to ES 

LAHF = Load AH with flags 

SAHF = Store AH into flags 

PUSHF = Push flags 

POPF = Pop flags 

1000100w 

1000101w 

11 00011 w 

1 011 w reg 

1010000w 

1010001w 

1000111 0 

10001100 

11111111 

01010reg 

10001111 

01 011 reg 

000reg111 

1000011w 

10010reg 

1110010w 

111011 Ow 

1110011 w 

1110111 w 

1101 0111 

100011 01 

11000101 

11000100 

10011111 

1001111 0 

100111 00 

100111 01 

80C188EB 

Format 

mod reg rim 

mod reg rim 

mod 000 rim 

data 

addr-low 

addr-low 

modOreg rim 

mod 0 reg rim 

mod 11 O rim 

modOOO rim 

(reg9'01) 

mod reg r/m 

port 

port 

mod reg rim 

mod reg rim 

mod reg rim 

data 

dataifw=1 

addr-high 

addr-high 

(mod9'11) 

(mod9'11) 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 
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Clock 
Comments 

Cycles 

2/12 

2/9 

dataifw=1 12-13 8/16-bit 

3-4 8/16-bit 

8 

9 

2/9 

2/11 

16 

10 

9 

20 

10 

8 

4/17 I 3 

10 

8 

9 

7 

11 

6 

18 

18 

2 

3 

9 

8 



80C188EB 

INSTRUCTION SET SUMMARY (Continued) 

Function Format 
Clock 

Comments 
Cycles 

DATA TRANSFER (Continued) 
SEGMENT = Segment Override: 

cs I 0010111 0 I 2 

SS I 0011011 0 I 2 

OS I 0011111 0 I 2 

ES I 00100110 I 2 

ARITHMETIC 
ADD= Add: 

Reg/memory with register to either I OOOOOOdw I mod reg rim I 3/10 

Immediate to register/memory I 100000sw I mod 0 0 0 rim I data I dataifsw=01 I 4/16 

Immediate to accumulator I 0000010w I data I dataifw=1 I 3/4 8/16-bit 

I.DC = Add with carry: 

Reg/memory with register to either I 0001 OOdw I mod reg rim I 3/10 

Immediate to register /memory I 100000sw I mod01 O rim I data I data ifs w=01 I 4/16 

Immediate to accumulator I 0001010w I data I dataifw=1 I 3/4 8/16-bit 

INC =· Increment: 

Register/memory I 1111111w I modOOO rim I 3/15 

Register I 01000reg I 3 

SUB = Subtract: 

Reg/memory and register to either I 001010dw I mod reg rim I 3/10 

Immediate from register I memory I 100000sw I mod 101 rim I data I datattsw=01 I 4/16 

Immediate from accumulator I 0010110w I data I dataifw=1 I 3/4 8/16-bit 

SBB = Subtract with borrow: 

Reg/memory and register to either I 00011 Odw mod reg rim I 3/10 

Immediate from register/memory I 100000sw mod011 rim I data I dataifsw=01 I 4/16 

Immediate from accumulator I 0001110w data I dataifw=1 I 3/4 8/16-bit 

DEC = Decrement 

Register I memory I 1111111w mod 001 rim I 3/15 

Register I 01001 reg 3 

CMP = Compare: 

Register/memory with register I 0011101 w mod reg rim I 3/10 

Register with register I memory I 0011100w mod reg rim I 3/10 

Immediate with register I memory I 100000sw mod 111 rim I data I data ifs w=01 I 3/10 

Immediate with accumulator I 001111 Ow data I dataifw=1 I 3/4 8/16-bit 

NEG = Change sign register I memory I 1111011 w modO 11 rim I 3/10 

AAA = ASCII adjust for add I 00110111 8 

DAA = Decimal adjust for add I 00100111 4 

AAS = ASCII adjust for subtract I 00111111 7 

DAS = Decimal adjust for subtract I 00101111 4 

MUL = Multiply (unsigned): I 1111011 w mod 100 rim I 
Register -Byte 26-28 
Register-Word 35-37 
Memory-Byte 32-34 
Memory-Word 41-43 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 
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INSTRUCTION SET SUMMARY (Continued) 

Function 

ARITHMETIC (Continued) 

IMUL = Integer multiply (signed): 

Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 

DIV = Divide (unsigned): 

Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 

IDIV = Integer divide (signed): 

Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 

AAM = ASCII adjust for multiply 

AAD = ASCII adjust for divide 

CBW = Convert byte to word 

CWD = Convert word to double word 

LOGIC 
Shift/Rotate Instructions: 

Register/Memory by 1 

AND= And: 

Reg/ memory and register to either 

Immediate to register I memory 

Immediate to accumulator 

11 11011 w 

1111011 w 

1111011 w 

110101 00 

l!_1010101 

10011000 

10011001 

1101000w 

001000dw 

1000000w 

0010010w 

TEST= And function to flags, no result: 

Register I memory and register I 1000010w 

Immediate data and register/memory I 1111011 w 

Immediate data and accumulator I 1010100w 

OR=Or: 

Reg/memory and register to either 000010dw 

Immediate to register/memory 1000000w 

Immediate to accumulator 0000110w 

Format 

mod 1O1 rim 

mod 11 0 rim 

mod 111 rim 

00001010 

00001010 

mod TIT rim 

TTT Instruction 
000 AOL 
001 ROA 
010 AGL 
011 RCA 
1 00 SHL/SAL 
101 SHA 
1 1 1 SAR 

mod reg rim 

mod 1 00 rim data 

data datattw=1 

mod reg rim 

modOOO rim data 

data dataifw=1 

mod reg rim 

modOO 1 rim data 

data dataifw=1 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 
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dataifw=1 

data ifw= 1 

dataifw=1 

Clock 
Cycles 

25-28 
34-37 
31-34 
40-43 

29 
38 
35 
44 

44-52 
53-61 
50-58 
59-67 

19 

15 

2 

4 

2/15 

3/10 

4/16 

3/4 

3/10 

4/10 

3/4 

3/10 

4/16 

3/4 

Comments 

I 

8/16-M 

8/16-bit 

8/16-bit 



80C188EB 

INSTRUCTION SET SUMMARY (Continued) 

Function 

LOGIC (Continued) 
XOR = Exclusive or: 

Reg/ memory and register to either 

Immediate to register/memory 

Immediate to accumulator 

NOT = Invert register/memory 

STRING MANIPULATION 

MOVS = Move byte/word 

CMPS = Compare byte/word 

SCAS = Scan byte/word 

LOOS = Load byte/wd to AL/ AX 

STOS = Store byte/wd from AL/ AX 

001100dw 

1000000w 

0011010w 

1111011w 

1010010w 

1010011w 

1010111 w 

Format 

mod reg rim 

mod 11 o rim data 

data datailw=1 

modO 1 O rim 

Repeated by count in ex (REP/REPE/REPZ/REPNE/REPNZ) 

MOVS = Move string 

CMPS = Compare string 

SCAS = Sean string 

LOOS = Load string 

STOS = Store string 

CONTROL TRANSFER 

CALL= Call: 

Direct within segment 

Register/memory 
indirect within segment 

Direct intersegment 

Indirect intersegment 

JMP = Unconditional jump: 

Short/long 

Direct within segment 

Register I memory 
indirect within segment 

Direct intersegment 

Indirect intersegment 

1111001 0 

1111001 z 

1111001z 

11110010 

11110010 

11101000 

1 1 1 1 1 1 1 1 

10011010 

1 1 1 1 1 1 1 1 

11 101011 

11 101001 

1 1 1 1 1 1 1 1 

1110101 0 

11111111 

1010010w 

1010011w 

101 0111 w 

1010110w 

1010101w 

disp-low disp·high 

modO 1 O rim 

segment offset 

segment selector 

modO 11 r/m (modo/o11) 

disp-low 

disp-low disp-high 

mod 1 00 rim 

segment offset 

segment selector 

mod 101 rim I (mod* 11) 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 
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Clock I Comments I Cycles 

3/10 

4/16 

3/4 8/16-bit 

3/10 

14 

22 

15 

12 

10 

0+0n 

5+22n 

5+15n 

6+11n 

6+9n 

15 

13/19 

23 

38 

14 

14 

11/17 

14 

26 



infel~ 80C188EB 

INSTRUCTION SET SUMMARY (Continued) 

Function Format 

CONTROL TRANSFER (Continued) 
RET = Return from CALL: 

Within segment 11000011 

Within sag adding immed to SP 11000010 data-low 

lntersegment 11001011 

lntersegment adding immediate to SP 1100101 0 data-low 

JE/JZ = Jump on equal/zero 011101 00 disp 

JL/JNGE = Jump on less/not greater or equal 011111 00 disp 

JLE/ JNG = Jump on less or equal/ not greater 0111111 0 disp 

JB/JNAE = Jump on below/not above or equal 0111001 0 disp 

JBE/ JNA = Jump on below or equal/ not above 0111 011 0 disp 

JP/JPE = Jump on parity/parity even 0111101 0 disp 

JO = Jump on overflow 01110000 disp 

JS = Jump on sign 01111 000 disp 

JNE/ JNZ = Jump on not equal/ not zero 01110101 disp 

JNL/ JGE = Jump on not less/ greater or equal 01111101 disp 

JNLE/JG = Jump on not less or equal/greater 01111111 disp 

JNB/ JAE = Jump on not below I above or equal 01110011 disp 

JNBE/ JA = Jump on not below or equal/ above 01110111 disp 

JNP/JPO = Jump on not par/par odd 01111011 disp 

JNO = Jump on not overflow 01110001 disp 

JNS = Jump on not sign 01111001 disp 

JCXZ = Jump on ex zero 11100011 disp 

LOOP = Loop CX times 1110001 0 disp 

LOOPZ/LOOPE = Loop while zero/equal 11100001 disp 

LOOPNZ/LOOPNE = Loop while not zero/equal 11100000 

INT = Interrupt: 

Type specified 11001101 type 

Type3 11001100 

INTO = Interrupt on overflow 1100111 0 

IRET = Interrupt return 11001111 

··• .l}1 Qeteot\18!H~ot~r 

&i@W&iOO©~ OOO!r©~IMJ&iii'O©OO 

Clock 
Cycles 

16 

data-high 18 

22 

data-high 25 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

4/13 

5/15 

6/16 

6/16 

6/16 

47 

45 

48/4 

28 
'·' ,,,', ,, ~,I/' 

,~31r 

Comments 

JMP not 

taken/JMP 

taken 

LOOP not 

taken/LOOP 

taken 

if INT. taken/ 

if INT.not 
taken 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 
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infel .. 80C188EB 

INSTRUCTION SET SUMMARY (Continued) 

I Function Format 
Clock I Comments I Cycles 

PROCESSOR CONTROL 

CLC = Clear carry 11111000 2 

CMC = Complement carry 11110101 2 

STC = Set carry 11111001 2 

CLO = Clear direction 11111100 2 

STD = Set direction 11111101 2 

CU = Clear interrupt 11111010 2 

STI = Set interrupt 11111011 2 

HLT =Halt 11110100 2 

WAIT= Wait 10011011 6 i!TEST = 0 

LOCK = Bus lock prefix 11110000 2 

NOP = No Operation 10010000 3 

(TIT LLL are ope de to processor extension) 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 

FOOTNOTES 

The Effective Address (EA) of the memory operand 
is computed according to the mod and r/m fields: 
if mod 11 then rim is treated as a REG field 
if mod 00 then DISP = o•, disp-low and disp

if mod 

if mod 
if rim 
if r/m 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 

high are absent 
01 then DISP = disp-low sign-ex
tended to 16-bits, disp-high is absent 
10 then DISP = disp-high: disp-low 
000 then EA = (BX) + (SI) + DISP 
001 then EA = (BX) + (DI) + DISP 
010 then EA= (BP) + (SI) + DISP 
011 then EA = (BP) + (DI) + DISP 
100 then EA = (SI) + DISP 
101 then EA= (DI) + DISP 
110 then EA = (BP) + DISP* 
111 then EA = (BX) + DISP 

DISP follows 2nd byte of instruction (before data if 
required) 

•except if mod = 00 and rim = 110 then EA = 
disp-high: disp-low. 

EA calculation time is 4 clock cycles for all modes, 
and is included in the execution times given whenev
er appropriate. 

Segment Override Prefix 

I 0 O 1 reg 1 1 O I 

reg is assigned according to the following: 
Segment 

reg Register 
00 ES 
01 cs 
10 SS 
11 OS 

REG is assigned according to the following table: 
16-Bit (w = 1) 8·Blt (w = 0) 

OOOAX OOOAL 
001 ex 001 CL 
010 DX 010 DL 
011 BX 011 BL 
100 SP 100 AH 
101 BP 101 CH 
110 SI 110 DH 
111 DI 111 BH 

The physical addresses of all operands addressed 
by the BP register are computed using the SS seg
ment register. The physical addresses of the desti
nation operands of the string primitive operations 
(those addressed by the DI register) are computed 
using the ES segment, which may not be overridden. 
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Figure 32. PLCC Principal Dimensions 

24-701 

29.3.:1:0.1 
(1.15H0.4) 

30.25±0.15 
( 1.1 U0.005) 

270885-37 

II 



NOTE: 

80C188EB 

23~9 .t0.-4 (0.941 t:0.016) 

J l 

16.3,t:0.-4 
(0.6'2 t:0.016) 

22.3 :t.0.4 (0.878 t:0.016) 

-U- 0.1 s to.as co.ooe to.002) 

Units are mm (inches) unless specified. 

Figure 33. QFP Principal Dimensions 

24-702 

14.0(0.551) 

17.9t:0.4 
. (0.705.t0.016) 

0.8i:0.2 
(0.031 t:o.ooa) 
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infel .. 80C188EB 

ERRATA 

An 80C188EB with a STEPID value of 0001H has 
the following known errata. A device with a STEPID 
of 0001 H can be visually identified by noting the .ab
sence of an alpha character next to the FPO num
ber or by the presence of an "A" alpha character 
next to the FPO number. The FPO number location 
is shown in Figures 5 and 6. 

1. A 19/0NCE is not latched by the rising edge of 
RESIN. A19/0NCE must remain active (LOW) at 
all times to remain in the ONCE™ Mode. Remov
ing A19/0NCE after RESIN is high will return all 
output pins to a driving state, however, the 
80C188EB will remain in a reset state. 

2. During interrupt acknowledge (INTA) bus cycles, 
the bus controller will ignore the state of the 
READY pin if the previous bus cycle ignored the 
state of the READY pin. This errata can only oc
cur if the Chip-Select Unit is being used. All active 
chip-selects must be programmed to use READY 
(ADY bit must be programmed to a 1) if wait
states are required for INTA bus cycles. 

3. CLKOUT will transition off the rising edge of 
CLKIN rather than the falling edge of CLKIN. This 
does not affect any bus timings other than T CICO· 

4. RESIN has a hysterisis of only 130 mV. It is rec
ommended that RESIN be driven with a Schmitt 
triggered device to avoid processor lockup during 
reset when using an RC circuit. 

5. SINT1 will only go active for one clock period 
when a receive or transmit interrupt is pending 
(i.e., it does not remain active until the S1 STS reg
ister is read). If SINT1 is to be connected to any of 
the 80C188EB interrupt lines (INTO-INT4), then it 
must be latched by user logic. 

An 80C188EB with a STEPID value of 0001 H or 
0002H has the following known errata. Otherwise, 
an 80C188EB with a STEPID value of 0002H has no 
known errata (as of this publication). A device with a 
STEPID of 0002H can be visually identified by noting 
the presence of a "B" or "C" alpha character next 
to the FPO number. The FPO number location is 
shown in Figures 5 and 6. 

1. An internal condition with the interrupt controller 
can cause no acknowledge cycle on the INTA1 
line in response to INT1. This errata only occurs 
when Interrupt 1 is configured in cascade mode 
and a higher priority interrupt exists. This errata 
will not occur consistantly, it is dependent on in
terrupt timing. 

REVISION HISTORY 

The following changes have been made between 
the -001 version and this -002 version of the 
80C188EB data sheet. This -002 data sheet applies 
to any 80C188EB with a "B" alpha character after 
the FPO number. The FPO number location is 
shown in Figures 5 and 6. 

1. The data sheet was changed from a Product 
Preview version to an Advanced Information ver
sion. 

2. Figures 1, 5, 6, 8, 12, 17, 19, 20, 21, 22, 23, 29, 
and 31 and Table 1 were updated to correct for 
errors. 

3. The DC specifications table has changed. Also, 
notes 3, 4 and 5 have been changed/added. 

4. Graphs for Ice versus Frequency have been 
changed to equations with supporting text. 

5. Graphs for PDTMR pin capacitance have been 
changed to equations with supporting text. 

6. AC Hold timings have been changed from O ns 
to 3 ns. 

7. READY input setup time has been changed from 
13 ns to 10 ns. 

8. Serial port MODE O timings have been changed. 

9. Various typing errors have been corrected 
throughout the document. 

The following changes were made between the -002 
and -003 versions of the 80C188EB data sheets. 
The -003 data sheet applies to any 80C188EB with a 
"B" alpha character after the FPO number. The FPO 
number location is shown in Figures 5 and 6. I 
1. 20 MHz Electrical, DC and AC Specifications were ~ 

added to the appropriate sections. 

2. The following 80C186EB Core Architecture sec
tions were deleted: 
Register Set 
Instruction Set 
Memory Organization 
Addressing Modes 
Data Types 
Interrupts 

3. Most of the 80C188EB Peripheral Architecture 
sections were condensed along with the Register 
Bit Summary section. 

4. Most of the Tables and Figures have been renum
bered due to edits. 
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16-BIT HIGH-INTEGRATION EMBEDDED PROCESSOR 

• Fu!! Static Operat!o!'! 

• True CMOS Inputs and Outputs 

• - 40°C to + 85°C Operating Temperature Range 

• Integrated Feature .Set: 
- Low-Power, Static, Enhanced 8088 

CPU Core 
- Two Independent OMA Supported 

UARTs, each with an Integral Baud 
Rate Generator 

- Four Independent OMA Channels 
- 24 Multiplexed 1/0 Port Pins 
-Two 8259A Compatible 

Programmable Interrupt Controllers 
-Three Programmable 16-Bit Timer/ 

Counters 
- 32-Bit Watchdog Timer 
-Ten Programmable Chip Selects with 

Integral Wait-State Generator 
- Memory Refresh Control Unit 
- Power Management Unit 
- On-Chip Oscillator 
- System Level Testing Support 

(ONCE™ Mode) 

• Direct Addressing Capability to 1 Mbyte 
Memory and 64 Kbyte 1/0 

• Low-Power Operating Modes: 
- Idle Mode Freezes CPU Clocks but 

Keeps Peripherals Active 
- Powerdown Mode Freezes All 

Internal Clocks 
- Powersave Mode Divides All Clocks 

by Programmable Prescalar 

• Complete System Development 
Support 
-ASM86 Assembler, PL/M 86, 

Pascal86, Fortran 86, iC-86 and 
System Utilities 

- In-Circuit Emulator (ICE™-186EC) 

• Package Types: 
- 100-Pin EIAJ Quad Flat Pack (QFP) 

(S80C188EC) 
-100-Pin Plastic Quad Flat Pack 

(PQFP) (KU80C188EC) 

• Speed Versions Available: 
-16 MHz (80C188EC-16) 
-13 MHz (80C188EC-13) 

The 80C188EC is a member of the 186 Integrated Processor Family. The 186 Integrated Processor Family 
incorporates several different VLSI devices all of which share a common CPU architecture: the 8086/8088. 
The 80C188EC uses the latest high density CH MOS technology to integrate several of the most common 
system peripherals with an enhanced· 8088 CPU core to create a powerful system on a single monolithic 
silicon die. 
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16-Bit High Integration Embedded Processor 
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Figure 1. 80C188EC Block Diagram 

24-706 

272076-1 



80C188EC·16, ·13 

INTRODUCTION 

The 186 Integrated Processor Family incorporates a 
wide range of VLSI devices tailored to suit the needs 
of embedded system designers. All 186 Family de
vices share a common CPU architecture: the indus
try standard 8086/8088. Code developed on other 
"X86" platforms can be ported with little or no modi
fication to any of the 186 Integrated Processor Fami
ly devices. 

Each of the 186 Integrated Processor Family devic
es adds a full complement of peripherals to the 
8086/8088 CPU core. The type of peripherals and 
level of integration vary between family members. A 
complete 186 Family system can often be designed 
with just the addition of RAM, ROM and simple glue 
logic. The space savings afforded by high-integra
tion are critical as designers continue to strive for 
smaller size and portability. 

The 80C188EC is one of the highest integration 
members of the 186 Integrated Processor Family. 
Two serial ports are provided for services such as 
interprocessor communication, diagnostics and mo
dem interfacing. Four OMA channels allow for high 
speed data movement as well as support of the on
board serial ports. A flexible chip select unit simpli
fies memory and peripheral interfacing. The three 
general purpose timer/counters can be used for a 
variety of time measurement and waveform genera
tion tasks. A watchdog timer is provided to insure 
system integrity even in the most hostile of environ
ments. Two 8259A compatible interrupt controllers 
handle internal interrupts, and, up to 57 external in
terrupt requests. A DRAM refresh unit and 24 multi
plexed 1/0 ports round out the feature set of the 
80C188EC. 

OVERVIEW 

Figure 1 shows a block diagram of the 80C188EC. 
The execution unit (EU) is an enhanced 8086 CPU 
core that includes: dedicated hardware to speed up 
effective address calculations, enhanced execution 
speed for multiple-bit shift and rotate instructions 
and for multiply and divide instructions, string move 
instructions that operate at full bus bandwidth, ten 
new instructions and full static operation. The bus 
interface unit (SIU) is the same as that found on the 
original 186 family products, except the queue
status mode has been deleted and buffer interface 
control has been changed to ease system design 
timings. An independent internal bus is used for 
communication between the SIU and on-chip periph
erals. 

80C188EC CORE ARCHITECTURE 

Bus Interface Unit 

The 80C188EC core incorporates a bus controller 
that generates local bus control signals. In addition, 
it employs a HOLD/HLDA protocol to share the local 
bus with other bus masters. 

The bus controller is responsible for generating 20 
bits of address, read and write strobes, bus . cycle 
status information and data (for write operations) in
formation. It is also responsible for reading data 
from the local bus during a read operation. A ready 
input pin is provided to extend a bus cycle beyond 
the minimum four states (clocks). 

The 80C188EC bus controller also generates two 
control signals (DEN) and OT /R) when interfacing to 
external transceiver chips. This capability allows the 
addition of transceivers for simple buffering of the 
multiplexed address/ data bus. 

24-707 
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Clock Generator 

The 80C188EC provides an on-chip clock generator 
foi both intenial and eA1einal clock geneiation. The 
clock generator features a crystal oscillator, a divide
by-two counter and three low-power operating 
modes. 

The oscillator circuit is designed to be used with ei
ther a parallel resonant fundamental or third-over
tone mode crystal network. Alternatively, the oscilla
tor circuit may be driven from an external clock 
source. Figure 2 shows the various operating modes 
of the 80C188EC oscillator circuit. 

The crystal or clock frequency chosen must be .. twice 
the required processor operating frequency due to 
the internal divide-by-two counter. This counter is 
used to drive all internal phase clocks and the exter
nal CLKOUT signal. CLKOUT is a 50% duty cycle 
processor clock and can be used to drive other sys
tem components. All AC timings are referenced to 
CLKOUT. 

The following parameters are recommended when 
choosing a crystal: 

Temperature Range: 

ESR (Equivalent Series Res.): 

Application Specific 

400 max 

CO (Shunt Capacitance of Crystal): 7.0pF max 

20 pF ±2 pF 

1 mW (max) 

CL (Load Capacita~ce): 

Drive Level: 

(A) CRYSTAL CONNECTION 

NOTE: 

80C188EC Peripheral Architecture 

The 80C188EC integrates several common system 
peripherals \A:ith a CPU core to create a compact, yet 
powerful system. The integrated peripherals are de
signed to be flexbile and provide logical interconnec
tions between supporting units (e.g., the OMA unit 
can accept requests from the Serial Communica
tions Unit). 

The list of integrated peripherals includes: 

- Two cascaded, 8259A compatible, Programma-
ble Interrupt Controllers 

- 3-Channel Timer/Counter Unit 

- 2-Channel Serial Communications Unit 

- 4-Channel OMA Unit 

- 10-0utput Chip-Select Unit 

- 32-bit Watchdog Timer Unit 

- 110 Port Unit 

- Refresh Control Unit 

- Power Management Unit 

The registers associated with each integrated pe
ripheral are contained within a 128 x 16-bit register 
file called the Peripheral Control Block (PCB). The 
base address of the PCB is programmable and can 
be located on any 256 byte address boundary in ei
ther memory or 110 space. 

EXTERNAL CLOCK CLKIN 

NOT CONNECTED OSCOUT 

(B) CLOCK CONNECTION 
272076-3 

1. The LC network is only required when using a third overtone crystal. 

Figure 2. 80C188EC Clock Connections 
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Figure 3 provides a list of the registers associated 
with the PCB. The Register Bit Summary individually 
lists all of the registers and identifies each of their 
programming attributes. 

Programmable Interrupt Controllers 

The BOC1 BBEC utilizes two 8259A compatible Pro
grammable Interrupt Controllers (PIG) to manage 
both internal and external interrupts. The 8259A 
modules are configured in a master/slave arrange
ment. 

Seven of the external interrupt pins, INTO through 
INT6, are connected to the master 8259A module. 
The eighth external interrupt pin, INT?, is connected 
to the slave 8259A module. 

There are a total of 11 internal interrupt sources 
from the integrated peripherals: 4 Serial, 4 DMA, and 
3 Timer/Counter. 

Timer/Counter Unit 

The BOC188EC Timer/Counter Unit (TCU) provides 
three 16-bit programmable timers. Two of these are 
highly flexible and are connected to external pins for 
external control or clocking. The third timer is not 

connected to any external pins and can only be 
clocked internally. However, it can be used to clock 
the other two timer channels. The TCU can be used 
to count external events, time external events, gen
erate non-repetitive waveforms or generate timed in
terrupts. 

Serial Communications Unit 

The Serial Communications Unit (SCU) of the 
80C1 BBEC contains two independent channels. 
Each channel is identical in operation except that 
only channel O is directly supported by the integrat
ed interrupt controller (the channel 1 interrupts are 
routed to external interrupt pins). Each channel has 
its own baud rate generator and can be internally or 
externally clocked up to one half the BOC1 BBEC op
erating frequency. Both serial channels can request 
service from the DMA unit thus providing block re
ception and transmission without CPU intervention. 

Independent baud rate generators are provided for 
each of the serial channels. For the asynchronous 
modes, the generator supplies an Bx baud clock to 
both the receive and transmit shifting register logic. 
A 1x baud clock is provided in the synchronous 
mode. 

24-709 



80C188EC·16, ·13 

PCB 
Function 

Offset 
PCB 

Function 
Offset 

PCB 
Function 

Offset 
PCB 

Function 
Offset 

OOH Master PIC Port O 40H T2 Count 80H GCSO Siari COH DiviA O Source Low 

02H Master PIC Port 1 42H T2Compare S2H GCSOStop C2H OMA O Source High 

04H Slave PIC Port 0 44H Reserved 84H GCS1 Start C4H OMA 0 Dest. Low 

06H Slave PIC Port 1 46H T2Control 86H GCS1 Stop C6H OMA 0 Dest. High 

OBH Reserved 4SH Port 3 Direction SSH GCS2 Start C8H DMAOCount 

OAH SCU Int. Req. Lich. 4AH Port 3 Pin State BAH GCS2Stop CAH OMA O Control 

OCH OMA Int. Req. Lich. 4CH Port 3 Mux Control SCH GCS3 Start CCH OMA Module Pri. 

OEH TCU Int. Req. Lich. 4EH Port 3 Data Latch SEH GCS3Stop CEH OMA Halt 

10H Reserved 50H Port 1 Direction 90H GCS4 Start DOH OMA 1 Source Low 

12H Reserved 52H Port 1 Pin State 92H GCS4Stop D2H OMA 1 S.ource High 

14H Reserved 54H Port 1 Mux Control 94H GCS5 Start D4H OMA 1 Dest. Low 

16H Reserved 56H Port 1 Data Latch 96H GCS5Stop D6H OMA 1 Dest. High 

1SH Reserved SSH Port 2 Direction 98H GCS6Start D8H OMA 1 Count 

1AH Reserved 5AH Port 2 Pin State 9AH GCS6Stop DAH OMA 1 Control 

1CH Reserved SCH Port 2 Mux Control 9CH GCS7 Start OCH Reserved 

1EH Reserved 5EH Port 2 Data Latch 9EH GCS7 Stop DEH Reserved 

20H WOT Reload High 60H SCUO Baud AOH LCS Start EOH OMA 2 Source Low 

22H WOT Reload Low 62H SCUOCount A2H LCSStop E2H OMA 2 Source High 

24H WOT Count High 64H SCU O Control A4H UCSStart E4H OMA 2 Dest. Low 

26H WOT Count Low 66H SCU O Status A6H UCSStop E6H OMA 2 Dest. High 

28H WOT Clear 68H SCUORBUF ASH Relocation Register ESH DMA2Count 

2AH WOT Disable 6AH SCUOTBUF AAH Reserved EAH OMA 2 Control 

2CH Reser\ted 6CH Reserved ACH Reserved ECH Reserved 

2EH Reserved 6EH Reserved AEH Reserved EEH Reserved 

30H TO Count 70H SCU 1 Baud BOH Refresh Base Addr. FOH OMA 3 Source Low 

32H TO Compare A 72H SCU 1 Count B2H Refresh Time F2H OMA 3 Source High 

34H TOCompareB 74H SCU 1 Control B4H Refresh Control F4H OMA 3 Dest. Low 

46H TO Control 76H SCU 1 Status B6H Refresh Address F6H OMA 3 Dest. High 

3SH T1 Count 78H SCU 1 RBUF BBH Power Control F8H DMA3Count 

3AH T1 Compare A 7AH SCU 1 TBUF BAH Reserved FAH OMA 3 Control 

3CH T1 Compares 7CH Reserved BCH Step ID FCH Reserved 

3EH T1 Control 7EH Reserved BEH Powersave FEH Reserved 

Figure 3. 80C188EC Peripheral Control Block Registers 
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OMA Unit 

The four channel Direct Memory Access (OMA) Unit 
is comprised of two modules with two channels 
each. All four channels are identical in operation. 
OMA transfers can take place from memory to mem
ory, 1/0 to memory, memory to 1/0 or 1/0 to 1/0. 
OMA requests can be external (on the DAO pins), 
internal (from Timer 2 or a serial channel) or soft
ware initiated. 

The OMA unit transfers data as bytes only. Each 
data transfer requires two bus cycles, one to fetch 
data and one to deposit. The minimum clock count 
for each transfer is 8, but this will vary depending on 
synchronization and wait states. 

Chip-Select Unit 

The 80C188EC Chip-Select Unit (CSU) integrates 
logic which provides up to ten programmable chip
selects to access both memories and peripherals. In 
addition, each chip-select can be programmed to 
automatically insert additional clocks (wait states) 
into the current bus cycle, and/or automatically ter
minate a bus cycle independent of the condition of 
the READY input pin. 

110 Port Unit 

The 1/0 Port Unit on the 80C188EC supports two 8-
bit channels and one 6-bit channel of input, output or 
input/ output operation. Port 1 is multiplexed with the 
chip select pins and is output only. Port 2 is multi
plexed with the pins for serial channels 1 and 2. All 
Port 2 pins are input/output. Port 3 has a total of 6 
pins: four that are multiplexed with OMA and serial 
port interrupts and two that are non-multiplexed, 
open drain 1/0. 

Refresh Control Unit 

The Refresh Control Unit (RCU) automatically gen
erates a periodic memory read bus cycle to keep 
dynamic or pseudo-static memory refreshed. A 9-bit 
counter controls the number of clocks between re
fresh requests. A 12-bit address generator is main
tained by the RCU and is presented on the A12:1 
address lines during the refresh bus cycle. Address 
bits A 19: 13 are programmable to allow the refresh 
address block to be located on any 8 Kbyte bounda
ry. 

Watchdog Timer Unit 

The Watchdog Timer Unit (WOT) allows for graceful 
recovery from unexpected hardware and software 
upsets. The WOT consists of a 32-bit counter that 
decrements every clock cycle. If the counter reach
es zero before being reset, the WDTOUT pin is 
pulled low for four clock cycles. Logically ANDing 
the WDTOUT pin with the power-on reset signal al
lows the WOT to reset the device in the event of a 
WOT timeout. If a less drastic method of recovery is 
desired, WDTOUT can be connected directly to NMI 
or one of the INT input pins. The WOT may also be 
used as a general purpose timer. 

Power Management Unit 

The 80C188EC Power Management Unit (PMU) is 
provided to control the power consumption of the 
device. The PMU provides four power management 
modes: Active, Powersave, Idle and Powerdown. 

Active Mode indicates that all units on the 
80C188EC are operating at% the CLKIN frequency. 

Idle Mode freezes the clocks of the Execution and 
Bus units at a logic zero state (all peripherals contin
ue to operate normally). 

The Powerdown Mode freezes all internal clocks at 
a logic zero level and disables the crystal oscillator. 

In Powersave Mode, all internal clock signals are di
vided by a programmable prescalar (up to 1/64 the 
normal frequency). Powersave Mode can be used II 
with Idle Mode as well as during normal (Active ~ 
Mode) operation. 

ONCE™ Test Mode 

To facilitate testing and inspection of devices when 
fixed into a target system, the 80C188EC has a test 
mode available which forces all output and input/ 
output pins to be placed in the high-impedance 
state. ONCE stands for "ON Circuit Emulation". The 
ONCE mode is selected by forcing the 
A 19/S6/0NCE pin low during a processor reset 
(this pin is weakly held high during reset to prevent 
inadvertant entrance into ONCE Mode). 
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PACKAGE INFORMATION 

This section describe.s the pin functions, pinout and 
thermal characteristics for the 80C188EC in both the 
Plastic Quad Flat Pack (JEDEC PQFP) and the EIAJ 
Quad Flat Pack (QFP). For complete package speci
fications and information, see the Intel Packaging 
Outlines and Dimensions Guide (Order Number: 
231369). 

Pin Descriptions 

Each pin or logical set of pins is described in Table 
2. There are four columns for each entry in the Pin 
Description Table. The following sections describe 
each column. 

Column 1: Pin Name 

In this column is a mnemonic that de
scribes the pin function. Negation of the 
signal name (i.e. RESIN) implies that the 
signal is active low. 

Column 2: Pin Type 

A pin may be either power (P), ground 
(G), input only (I), output only (0) or in
put! output (1/0). Please note that some 
pins have· more than 1 function. 
A 19/S6/0NCE, for example, is normally 
an output but functions as an input dur
ing · reset. For this reason 
A 19/S6/0NCE is classified as an input/ 
output pin. 

Column 3: Input Type (for I and 1/0 types only) 

There are two different types of input 
pins on the 80C188EC: asynchronous 
and synchronous. Asynchronous pins 
require that setup and hold times be met 
only to guarantee recognition. Synchro· 
nous input pins· require that the setup 
and hold times be met to guarantee 
proper operation. Stated simply, missing 
a setup or hold on an asynchronous pin 
will result in something minor (i.e. a timer 
count will be missed) whereas missing a 
setup or hold on a synchronous pin will 
result in system failure (the system will 
"lock up"). 

An input pin may also be edge or level 
sensitive. 

Column 4: Output States (for 0 and 1/0 types 
only) 

The state of an output or 1/0 pin is de
pandcnt en the operating mode of the 
device. There are four modes of opera
tion that are different from normal active 
mode: Bus Hold, Reset, Idle Mode, Pow
erdown Mode. This column describes 
the output pin state in each of these 
modes. 

The legend for interpreting the information in the Pin 
Descriptions is shown in Table 1. 

As an example, please refer to the table entry for 
AD12:0. The "1/0" signifies that the pins are bidirec
tional (i.e. have both an input and output function). 
The "S" indicates that, as an input the signal must 
be synchronized to CLKOUT for proper operation. 
The "H(Z)" indicates that these pins will float while 
the processor is in the Hold Acknowledge state. 
R(Z) indicates that these pins will float while RESIN 
is low. P(O) and 1(0) indicate that these pins will drive 
o when the device is in either Powerdown or Idle 
Mode. 

Some pins, the 1/0 Ports for example, can be pro
grammed to perform more than one function. Multi
function pins have a "/" in their signal name be
tween the different functions (i.e. P3.0/RXl1). If the 
input pin type or output pin state differ between func
tions, then that will be indicated by separating the 
state (or type) with a "/" (i.e. H(X)/H(Q)). In this 
example when the pin is configured as P3.0 then its 
hold output state is H(X); when configured as RXl1 
its output state is H(Q). 

All pins float while the processor is in the ONCE 
Mode (with the exception of OSCOUT). 
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Table 1. Pin Description Nomenclature 

Symbol Description 

p Power Pin (apply + Vee voltage) 
G Ground (connect to Vss) 
I Input only pin 
0 Output only pin 
1/0 Input/Output pin 

S(E) Synchronous, edge sensitive 
S(L) Synchronous, level sensitive 
A(E) Asynchronous, edge sensitive 
A(L) Asynchronous, level sensitive 

H(1) Output driven to Vee during bus hold 
H(O) Output driven to Vss during bus hold 
H(Z) Output floats during bus hold 
H(Q) Output remains active during bus hold 
H(X) Output retains current state during bus hold 

R(WH) Output weakly held at Vee during reset 
R(1) Output driven to Vee during reset 
R(O) Output driven to Vss during reset 
R(Z) Output floats during reset 
R(Q) Output remains active during reset 
R(X) Output retains current state during reset 

1(1) Output driven to Vee during Idle Mode 
1(0) Output driven to Vss during Idle Mode 
l(Z) Output floats during Idle Mode 
l(Q) Output remains active during Idle Mode 
l(X) Output retains current state during Idle Mode 

P(1) Output driven to Vee during Powerdown Mode 
P(O) Output driven to Vss during Powerdown Mode 
P(Z) Output floats during Powerdown Mode 
P(Q) Output remains active during Powerdown Mode 
P(X) Output retains current state during Powerdown Mode 
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Table 2. 80C188EC Pin Descriptions 

Pin Name 
Pin Input Output 

Pin Description 
Type Type States 

Vee p - - POWER + 5V ± 10% power supply connection 

Vss G - - GROUND 

CLKIN I A(E) - CLocK INput is the external clock input. An external 
oscillator operating at two times the required 80C188EC 
operating frequency can be connected to CLKIN. For 
crystal operation, CLKIN (along with OSCOUT) are the 
crystal connections to an internal Pierce oscillator. 

OSCO UT 0 - H(Q) OSCiiiator OUTput is only used when using a crystal to 
R(Q) generate the internal clock. OSCOUT (along with CLKIN) 
l(Q) are the crystal connections to an internal Pierce oscillator. 

P(X) This pin can not be u.sed as 2X clock output for non-
crytsal applications (i.e. this pin is not connected for non-
crystal applications). 

CLKOUT 0 - H(Q) CLocK OUTput provides a timing reference for inputs and 
R(Q) outputs of the processor, and is one-half the input clock 
l(Q) (CLKIN) frequency. CLKOUT has a 50% duty cycle and 

P(X) transitions every falling edge of CLKIN. 

RESIN I A(L) - RESet IN causes the 80C188EC to immediately terminate 
any bus cycle in progress and assume an initialized state. 
All pins will be driven to a known state, and RESOUT will 
also be driven active. The rising edge (low-to-high) 
transition synchronizes CLKOUT with CLKIN before the 
80C188EC begins fetching opcodes at memory location 
OFFFFOH. 

RESOUT 0 - H(O) RESet OUTput that indicates the 80C188EC is currently 
R(1) in the reset state. RESOUT will remain active as long as 
1(0) RESIN remains active. 

P(O) 

PDTMR 1/0 A(L) H(WH) Power-Down TiMeR pin (normally connected to an 
R(Z) external capacitor) that determines the amount of time the 

P(WH) 80C188EC waits after an exit from Powerdown before 

l(WH) resuming normal operation. The duration of time required 
will depend on the startup characteristics of the crystal 
oscillator. 

NMI I A(E) - Non-Maskable Interrupt input causes a TYPE-2 interrupt 
to be serviced by the CPU. NMI is latched internally. 

TEST I A(E) - TEST is used during the execution of the WAIT instruction 
to suspend CPU operation until the pin is sampled active 
(LOW). 

A19/S6/0NCE 1/0 A(L) H(Z) This pin drives address bit 19 during the address phase of 
R(WH) the bus cycle. During T2 and T3 this pin functions as 

1(0) status bit 6. S6 is low to indicate CPU bus cycles and high 

P(O) to indicate OMA or refresh bus cycles. During a processor 
reset (RESIN active) this pin becomes the ONCE input 
pin. Holding this pin low during reset will force the part into 
ONCE Mode. 
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Table 2. 80C188EC Pin Descriptions (Continued) 

Pin Name 
Pin Input Output 

Pin Description Type Type States 

A18/S5 1/0 A(L) H(Z) These pins drive address information during the address 
A17/S4 R(WH) phase of the bus cycle. During T2 and T3 these pins drive 
A16/S3 1(0) status information (which is always O on the 80C188EC). 

P(O) These pins are used as inputs during factory test; driving these 
pins low during reset will cause unspecified operation. 

A15/CAS2 110 S(L) H(Z) These pins are part of the ADDRESS bus. During the address 
A14/CAS1 R(Z) phase of the bus cycle, address bits 15 through 8 are 
A13/CASO 1(0) presented on these pins and can be latched using ALE. Pins 

A12:8 P(O) AD15:13/CAS2:0 drive the 82C59 slave address information 
during interrupt acknowledge cycles. 

AD7:0 1/0 S(L) H(Z) These pins provide a multiplexed ADDRESS and DATA bus. 
R(Z) During the address phase of the bus cycle, address bits O 
1(0) through 7 are presented on the bus and can be latched using 

P(O) ALE. 8-bit data information is transferred during the data phase 
of the bus cycle. 

S2:0 0 - H(Z) Bus cycle Status are encoded on these pins to provide bus 
R(1) transaction information. S2:0 are encoded as follows: 
1(1) 
P(1) S2 S1 so Bus Cycle Initiated 

0 0 0 Interrupt Acknowledge 
0 0 1 Read 1/0 
0 1 0 Write 1/0 
0 1 1 Processor HALT 
1 0 0 Instruction Queue Fetch 
1 0 1 Read Memory 
1 1 0 Write Memory 
1 1 1 Passive (No bus activity) 

ALE 0 - H(O) Address Latch Enable output is used to strobe address 
R(O) information into a transparent type latch during the address 
1(0) phase of the bus cycle. 

P(O) m 
RFSH 0 - H(Z) RefreSH output signals that a refresh bus cycle is in progress. 

R(Z) 
1(1) 
P(1) 

RD 0 - H(Z) ReaD output signals that the accessed memory or 1/0 device 
R(Z) should drive data information onto the data bus. 
1(1) 
P(1) 
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Table 2. 80C188EC Pin Descriptions (Continued) 

Pin Name 
Pin Input Output 

Pin Description Tun.- TvnA St!!t~!!! ·1r- •Ir--

WR 0 - H(Z) WRite output signals that data available on the data bus are 
R(Z) to be written into the accessed memory or 1/0 device. 
1(1) j 

P(1) 

READY I A(L) - READY input to signal the completion of a bus cycle. READY 
S(L) must be active to terminate any 80C188EC bus cycle, unless 

(Note 1) it is ignored by correctly programming the Chip-Select unit. 

DEN 0 - H(Z) Data ENable output to control the enable of bi-directional 
R(Z) transceivers when buffering a 80C188EC system. DEN is 
1(1) active only when data is to be transferred on the bus. 

P(1) 

DT/R 0 - H(Z) Data Transmit/Receive output controls the direction of a bi-
R(Z) directional buffer when buffering an 80C188EC system. 
l(X) 
P(X) 

LOCK 1/0 A(L) H(Z) LOCK output indicates that the bus cycle in progress is not 
R(Z) interruptable. The 80C188EC will not service other bus 
l(X) requests (such as HOLD) while LOCK is active. This pin is 

P(X) configured as a weakly held high input while RESIN is active 
and must not be driven low. 

HOLD I A(L) - HOLD request input to signal that an external bus master 
wishes to gain control of the local bus. The 80C188EC will 
relinquish control of the local bus between instruction 
boundaries that are not LOCKed. 

HLDA 0 - H(1) HoLD Acknowledge output to indicate that the 80C188EC 
R(O) has relinquished control of the local bus. When HLDA is 
1(0) asserted, the 80C188EC will (or has) floated its data bus and 

P(O) control signals allowing another bus master to drive the 
signals directly. 

ucs 0 - H(1) Upper Chip Select will go active whenever the address of a 
R(1) memory or 1/0 bus cycle is within the address range 
1(1) programmed by the user. After reset, UCS is configured to be 

P(1) active for memory accesses between OFFCOOH and 
OFFFFFH. 
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Table 2. 80C188EC Pin Descriptions (Continued) 

Pin Name 
Pin Input Output 

Pin Description 
Type Type States 

LCS 0 - H(1) Lower Chip Select will go active whenever the address 
R(1) of a memory or 1/0 bus cycle is within the address range 

1(1) programmed by the user. LCS is inactive after a reset. 

P(1) 

P1.0/GCSO 0 - H(X)/H(1) These pins provide a multiplexed function. If enabled, 
P1.1/GCS1 R(1) each pin can provide a General purpose Chip Select 
P1.2/GCS2 l(X)/1(1) output which will go active whenever the address of a 

P1.3/GCS3 P(X)/P(1) memory or 1/0 bus cycle is within the address limitations 

P1.4/GCS4 programmed by the user. When not programmed as a 

P1.5/GCS5 
Chip-Select, each pin may be used as a general purpose 

P1.6/GCS6 
output port. 

P1.7/GCS7 

TOOUT 0 - H(Q) Timer OUTput pins can be programmed to provide single 
T10UT R(1) clock or continuous waveform generation, depending on 

l(Q) the timer mode selected. 

P(X) 

TOIN I A(L) - Timer INput is used either as clock or control signals, 
T11N A(E) depending on the timer mode selected. This pin may be 

either level or edge sensitive depending on the 
programming mode. 

INT7:0 I A(L) - Maskable INTerrupt input will cause a vector to a specific 
A(E) Type interrupt routine. The INT6:0 pins can be used as 

cascade inputs from slave 8259A devices. The INT pins 
can be configured as level or edge sensitive. 

INTA 0 - H(1) INTerrupt Acknowledge output is a handshaking signal 
R(1) used by external 82C59A-2 Programmable Interrupt 
1(1) Controllers. 

P(1) 

P3.5 1/0 A(L) H(X) Bidirectional, open-drain port pins. 
P3.4 R(Z) 

l(X) 
H(X) 

P3.3/DMAl1 0 - H(X) OMA Interrupt output goes active to indicate that the 
P3.2/DMAIO R(O) channel has completed a transfer. DMAl1 and DMAIO are 

l(Q) multiplexed with output only port functions. 

P(X) 

P3.1/TXl1 0 - H(X)/H(Q) Transmit Interrupt output goes active to indicate that 
R(O) serial channel 1 has completed a transfer. TXl1 is 

l(Q) multiplexed with an o,utput only Port function. 

P(X) 
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Table 2. 80C188EC Pin Descriptions (Continued) 

Pin Name 
Pin Input Output 

Pin Description 
Type Type States 

---------

P3.0/RXl1 0 - H(X)/H(Q) Receive Interrupt output goes active to indicate that 
R(O) serial channel 1 has completed a reception. RXl1 is 

l(Q) multiplexed with an output only port function. 

P(X) 

WDTOUT 0 - H(Q) WatchDog Timer OUTput is driven low for four clock 
R(1) cycles when the watchdog timer reaches zero. WDTOUT 
l(Q) may be ANDed with the power-on reset signal to reset the 

P(X) 80C188EC when the watchdog timer is not properly reset. 

P2.7/CTS1 1/0 A(L) H(X) Clear-To-Send input is used to prevent the transmission 
P2.3/CTSO R(Z) of serial data on the TXD signal pin. CTS1 and CTSO are 

l(X) multiplexed with an 1/0 Port function. 

P(X) 

P2.6/BCLK1 1/0 A(L)/ H(X) Baud CLocK input can be used as an alternate clock 
P2.2/BCLKO A(E) R(Z) source for each of the integrated serial channels. The 

l(X) BCLK inputs are multiplexed with 1/0 Port functions. The 

P(X) BCLK input frequency cannot exceed % the operating 
frequency of t~e 80C188EC. 

P2.5/TXD1 1/0 A(L) H(Q) Transmit Data output provides serial data information. 
P2.1/TXDO R(Z) The TXD outputs are multiplexed with 1/0 Port functions. 

l(X)/l(Q) During synchronous serial communications, TXD will 

P(X) function as a clock output. 

P2.4/RXD1 1/0 A(L) H(X)/H(Q) Receive Data input accepts serial data information. The 
P2.0/RXDO R(Z) RXD pins are multiplexed with 1/0 Port functions. During 

l(X)/l(Q) synchronous serial communications, RXD is bi-directional 

P(X) and will become an output for transmission of data (TXD 
becomes the clock). 

DRQ3:0 I A(L) - OMA ReQuest input pins are used to request a OMA 
transfer. The timing of the request is dependent on the 
programmed synchronization mode. 

NOTE: 
1. READY is A(E) for the rising edge of CLKOUT, S(E) for the falling edge of CLKOUT. 
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80C188EC Pinout 

Tables 3 and 4 list the 80C188EC pin names with 
package location for the 100-pin Plastic Quad Flat 
Pack (PQFP) component. Figure 4 depicts the com
plete 80C188EC pinout (PQFP) package as viewed 
from the top side of the component (i.e. contacts 
facing down). 

Tables 5 and 6 list the 80C188EC pin names with 
package location for the 100-pin EIAJ Quad Flat 
Pack (QFP) component. Figure 5 depicts the com
plete 80C188EC (QFP package) as viewed from the 
top side of the component (i.e. contacts facing 
down). 

Table 3. 80C188EC PQFP Pin Functions with Location 

AD Bus Bus Control Processor 1/0 

Name Pin Name Pin Control Name Pin 

ADO 73 ALE 52 Name Pin ucs 88 
AD1 72 RFSH 51 RESIN 8 LCS 89 
AD2 71 so 78 RESOUT 7 
AD3 70 S1 79 CLKIN 10 P1.7/GCS7 90 
AD4 66 S2 80 OSCO UT 11 P1.6/GCS6 91 
ADS 65 RD 50 CLKOUT 6 P1.5/GCS5 92 
ADS 64 WR 49 TEST 83 P1.4/GCS4 93 
AD7 63 READY 85 PDTMR 9 P1.3/GCS3 94 
AB 60 DEN 47 NMI 82 P1.2/GCS2 95 
A9 59 OT/A 46 INTO 30 P1.1/GCS1 96 
A10 58 LOCK 48 INT1 31 P1.0/GCSO 97 
A11 57 HOLD 44 INT2 32 
A12 56 HLDA 45 INT3 33 P2.7/CTS1 23 
A13/CASO 55 INTA 34 INT4 40 P2.6/BCLK1 22 
A14/CAS1 54 INT5 41 P2.5/TXD1 21 
A15/CAS2 53 
A16/S3 77 Power and Ground 

INT6 42 
INT7 43 

P2.4/RXD1 20 
P2.3/CTSO 19 

A17/S4 76 Name Pin P2.2/BCLKO 18 
A18/S5 75 
A19/S6/0NCE 74 

Vee 13 
Vee 14 

P2.1/TXDO 17 
P2.0/RXDO 16 

No Connect 

35 

Vee 38 
Vee 62 
Vee 67 
Vee 69 
Vee 86 
Vss 12 
Vss 15 

P3.5 29 
P3.4 28 
P3.3/DMAl1 27 
P3.2/DMAIO 26 
P3.1/TXl1 25 
P3.0/RXl1 24 

Vss 37 
Vss 39 
Vss 61 
Vss 68 
Vss 87 

TOIN 3 
TOO UT 2 
T11N 5 
T10UT 4 

DRQO 98 
DRQ1 99 
DRQ2 100 
DRQ3 1 

WDTOUT 36 
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Tal>le 4. PQFP Pin Locations with Pin Name 

Pin Name I I Pin Name I ~in Name I I Pin Name 

1 DRQ3 26 DMAiOiP3.2 ol RFSH 76 Ai7iS4 
2 TOO UT 27 DMAl1/P3.3 52 ALE 77 A16/S3 
3 TOIN 28 P3.4 53 A15 78 so 
4 T10UT 29 P3.5 54 A14 79 S1 
5 T11N 30 INTO 55 A13 80 S2 
6 CLKOUT 31 INT1 56 A12 81 Vss 
7 RESOUT 32 INT2 57 A11 82 NMI 
8 RESIN 33 INT3 58 A10 83 TEST 
9 PDTMR 34 INTA 59 A9 84 Vee 

10 CLKIN 35 N.C. 60 AB 85 READY 
11 OSCO UT 36 WO TOUT 61 Vss 86 Vee 
12 Vss 37 Vss 62 Vee 87 Vss 
13 Vee 38 Vee 63 AD7 88 ucs 
14 Vee 39 Vss 64 AD6 89 LCS 
15 Vss 40 INT4 65 AD5 90 P1.7/GCS7 
16 P2.0/RXDO 41 INT5 66 AD4 91 P1.6/GCS6 
17 P2.1/TXDO 42 INT6 67 Vee 92 P1.5/GCS5 
18 P2.2/BCLKO 43 INT? 68 Vss 93 P1.4/GCS4 
19 P2.3/CTSO 44 HOLD 69 Vee 94 P1.3/GCS3 
20 P2.4/RXD1 45 HLDA 70 AD3 95 P1.2/GCS2 
21 P2.5/TXD1 46 DT/R 71 AD2 96 P1.1/GCS1 
22 P2.6/BCLK1 47 DEN 72 AD1 97 P1.0/GCSO 
23 P2.7/CTS1 48 LOCK 73 ADO 98 DRQO 
24 P3.0/RXl1 49 WR 74 A 19/S6/0NCE 99 DRQ1 
25 P3.1/TXl1 50 RD 75 A18/S5 100 DRQ2 
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Figure 4. 100-Pin Plastic Quad Flat Pack Package (PQFP) 

24-721 

A18/S5 
A19/S6/0NCE 
ADO 
AD1 
AD2 
AD3 
Vee 
Vss 
Vee 
AD4 
ADS 
AD6 
AD7 

Vee 
Vss 
AB 
A9 
A1D 
A11 
A12 
A13/CASO 
A14/CAS1 
A15/CAS2 
ALE 
Rffii 



infel .. 80C188EC-16, -1.3 

Processor 1/0 

------- - --- ------- - ---
Control 

1-- ---~ Name Pin 

ADO 76 ALE 55 Name Pin ucs 91 
AD1 75 RFSH 54 RESIN 11 LCS 92 
AD2 74 so 81 RESOUT 10 
AD3 73 ST 82 CLKIN 13 P1.7/GCS7 93 
AD4 69 S2 83 OSCO UT 14 P1.6/GCS6 94 
AD5 68 RD 53 CLKOUT 9 P1.5/GCS5 95 
AD6 67 WR 52 TEST 86 P1.4/GCS4 96 
AD? 66 READY 88 PDTMR 12 P1.3/GCS3 97 
AS 63 DEN 50 NMI 85 P1.2/GCS2 98 
A9 62 DT/R 49 INTO 33 P1.1/GCS1 99 
A10 61 LOCK 51 INT1 34 P1.0/GCSO 100 
A11 60 HOLD 47 INT2 35 
A12 59 HLDA 48 INT3 36 P2.7/CTS1 26 
A13/CASO 58 INTA 37 INT4 43 P2.6/BCLK1 25 
A14/CAS1 57 INT5 44 P2.5/TXD1 24 
A15/CAS2 56 
A16/S3 80 Power and Ground 

INT6 45 
INT? 46 

P2.4/RXD1 23 
P2.3/CTSO 22 

A17/S4 79 Name Pin P2.2/BCLKO 21 
A18/S5 78 
A19/S6/0NCE 77 

Vee 16 
Vee 17 

P2.1/TXDO 20 
P2.0/RXDO 19 

No Connect 

38 

Vee 41 
Vee 65 
Vee 70 
Vee 72 
Vee 87 
Vee 89 
Vss 15 

P3.5 32 
P3.4 31 
P3.3/DMAl1 30 
P3.2/DMAIO 29 
P3.1/TXl1 28 
P3.0/RXl1 27 

Vss 18 
Vss 40 
Vss 42 
Vss 64 
Vss 71 

TOIN 6 
TOOUT 5 
T11N 8 
T10UT 7 

Vss 84 
Vss 90 DRQO 1 

DRQ1 2 
DRQ2 3 
DRQ3 4 

WO TOUT 39 
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Table 6. QFP Package Location with Pin Names 

Pin Name Pin Name Pin Name Pin Name 

'1 DRQO 26 P2.7/CTS1 51 LOCK ' 76 ADO 
2 DRQ1 27 P3.0/RXl1 52 WR 77 A 19/S6/C5NCE 
3 DRQ2 28 P3.1/TXl1 53 RD 78 A18/S5 
4 DRQ3 29 DMAIO/P3.2 54 RFSH 79 A17/S4 
5 TOO UT 30 DMAl1/P3.3 55 ALE 80 A16/S3 
6 TOIN 31 P3.4 56 A15 81 so 
7 T10UT 32 P3.5 57 A14 82 51 
8 T11N 33 INTO 58 A13 83 52 
9 CLKOUT 34 INT1 59 A12 84 Vss 

10 RESOUT 35 INT2 60 A11 85 NMI 
11 RESIN 36 INT3 61 A10 86 TEST 
12 PDTMR 37 INTA 62 A9 87 Vee 
13 CLKIN 38 N.C. 63 AB 88 READY 
14 OSCO UT 39 WDToUT 64 Vss 89 Vee 
15 Vss 40 Vss 65 Vee 90 Vss 
16 Vee 41 Vee 66 AD7 91 ucs 
17 Vee 42 Vss 67 AD6 92 [CS 

18 Vss 43 INT4 68 ADS 93 P1.7/GCS7 
19 P2.0/RXDO 44 INT5 69 AD4 94 P1.6/GCS6 
20 P2.1/TXDO 45 INT6 70 Vee 95 P1.5/Ci'CS5 
21 P2.2/BCLKO 46 INT7 71 Vss 96 P1.4/GCS4 
22 P2.3/CTSO 47 HOLD 72 Vee 97 P1.3/GCS3 
23 P2.4/RXD1 48 HLDA 73 AD3 98 P1.2/GCS2 
24 P2.5/TXD1 49 DT/R 74 AD2 99 P1.1/GCS1 
25 P2.6/BCLK1 50 DEN 75 AD1 100 P1.0/GCSO 

fl 
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PACKAGE THERMAL 
SPECIFICATIONS 

The 80C188EC is specified for operation when Tc 
(the case temperature) is within the range of -40°C 
to + 1 oo•c. Tc may be measured in any environ
ment to determine whether the 80C188EC is within 
the specified operating range. The case temperature 
must be measured at the center of the top surface. 

TA (the ambient temperature) can be calculated 
from 8cA (thermal resistance from the case to ambi
ent) with the following equation: 

Typical values tor 8cA at various airflows are given 
in Table 7 for the 100-pin Quad Flat Pack (QFP) 
package. 

Table 8 shows the maximum TA allowable (without 
exceeding Tc) at various airflows and operating fre
quencies. P (the maximum power consumption
specified in Watts) is calculated by using the maxi
mum Ice and Vee of 5.5V. 

Table 7. Thermal Resistance (8cA) at Various Airflows (in °C/Watt) 

Airflow in ft/min (m/sec) 

0 200 400 600 800 1000 
(0) (1.01) (2.03) (3.04) (4.06) (5.07) 

l 8cA (PQFP) 27.0 22.0 18.0 15.0 14.0 13.5 

l 8cA (QFP) 64.5 55.5 51.0 TBD TBD TBD 

Table 8. Maximum TA at Various Airflows (in °C) 

Airflow in ft/min (m/sec) 

TF 0 200 400 600 800 1000 
(MHz) (0) (1.01) (2.03) (3.04) (4.06) (5.07) 

[ 
8cA (PQFP) TBD TBD TBD TBD TBD TBD TBD 

8cA (QFP) TBD TBD TBD TBD TBD TBD TBD 
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ELECTRICAL SPECIFICATIONS 

Ahcu .. l11ta 111 .. vin"''"" c .. ti .. ,..., ..,. ___ , .... _ .................... ....... :iti ... 

Storage Temperature .......... -65°C to + 150°C 

Case Temperature Under Bias ... -65°C to+ 100°c 

Supply Voltage 
with Respect to Vss ........... -0.5V to + 6.5V 

Voltage on Other Pins 
with Respect to Vss ...... -0.5V to Vee + 0.5V 

Operating Conditions 
Symbol Parameter 

Vee Supply Voltage 

TF Input Clock Frequency 
80C188EC-16 
80C188EC-13 

Tc Case Temperature Under Bias 
KU80C188EC-XX (PQFP) 
S80C1 BBEC-XX (QFP) 

Recommended Connections 

Power and ground connections must be made to 
multiple Vee and Vss pins. Every BOC188EC-based 
circuit board should include separate power (Vee) 
and ground (Vss) planes. Every Vee pin must be 
connected to the power plane, and every Vss pin 
must be connected to the ground plane. Liberal de
coupling capacitance should be placed near the 
80C188EC. The processor can cause transient pow
er surges when its output buffers transition, particu
larly when connected to large capacitive loads. 

NOTICE: This data sheet contains information on 
products in the sampling and initial production phases 
of development. · The specifications are subject to 
change v.ithcut notice. Vaiify with youi :ocal liitel 
Sales office that you have the latest data sheet be
fore finalizing a design. 

•WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings" may cause. permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 

Min Max Units 

4.5 5.5 v 

0 32 MHz 
0 26.08 MHz 

-40°c +100 ·c 
-40°c +100 ·c 

Low inductance capacitors and interconnects are 
recommended for best high frequency electrical per
formance. Inductance is reduced by placing the de
coupling capacitors as close as possible to the 
80C188EC Vee and Vss package pins. 

Always connect any unused input to an appropriate 
signal level. In particular, unused interrupt inputs 
(NMI, INT0:7) should be connected to Vss through a 
pull-down resistor. Leave any unused output pin un
connected. 
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DC SPECIFICATIONS 
Symbol Parameter Min Max Units Notes 

V1L Input Low Voltage -0.5 0.3*Vcc v 
V1H Input High Voltage o.7*Vcc Vee+ o.5 v 
Vol Output Low Voltage 0.45 v loL = 3 mA (Min) 

VoH Output High Voltage Vee - 0.5 v loH = - 2 mA (Min) 

VHYR Input Hysteresis on RESIN 0.5 v 
lu Input Leakage Current for Pins: ±15 µA 0 s: V1N s: Vee 

AD15:0, READY, HOLD, RESIN, 
CLKIN, TEST, NMI, INT7:0, TOIN, 
T1 IN, P2.7-P2.0, P3.5-P3.0, DRQ3:0 

luu Input Leakage for Pins with Pullups -0.2 -5 mA V1N = 0.7 Vee 
Active During Reset: (Note 1) 
A19:16, LOCK 

I Lo Output Leakage for Floated Output ±15 µA 0.45 s: VouT s: Vee 
Pins (Note 2) 

Ice Supply Current Cold (in RESET) (Note 3) 
80C188EC-16 85 mA 
80C188EC-13 70 mA 

llD Supply Current in Idle Mode (Note 4) 
80C188EC-16 60 mA 
80C188EC-13 50 mA 

lpo Supply Current in Powerdown Mode (Note 5) 
80C188EC-16 100 µA 
80C188EC-13 100 µA 

C1N Input Pin Capacitance 0 15 pF TF = 1 MHz 

CouT Output Pin Capacitance 0 15 pF T F = 1 MHz (Note 6) 

NOTES: 
1. These pins have an internal pull-up device that is active while RESIN is low and ONCE Mode is not active. Sourcing more 
current than specified (on any of these pins) may invoke a factory test mode. 
2. Tested by outputs being floated by invoking ONCE Mode or by asserting HOLD. 
3. Measured with the device in RESET and at worst case frequency, Vee. and temperature with ALL outputs loaded as 
specified in AC Test Conditions, and all floating outputs driven to Vee or GND. 
4. Measured with the device in HALT (IDLE Mode active) and at worst case frequency, Vee. and temperature with ALL 
outputs loaded as specified in AC Test Conditions, and all floating outputs driven to Vee or GND. 
5. Measured with the device in HALT (Powerdown Mode active) and at worst case frequency, Vee. and temperature with 
ALL outputs loaded as specified in AC Test Conditions, and all floating outputs driven to Vee or GND. 
6. Output Capacitance is the capacitive load of a floating output pin. 
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Ice versus Frequency and Voltage 

The Ice consumed by the 80C188EC is composed 
of two components: 

1. lpo-The quiescent current that represents inter
nal device leakage. Measured with all inputs at 
either V cc or ground and no clock applied. 

2. Ices-The switching current used to charge and 
discharge internal parasitic .capacitance when 
changing logic levels. Ices is related to both the 
frequency of operation and the device supply 
voltage (Vee). lcc:S is given by the formula: 

Power = V • I = V2 • CoEV • f 

:. Ices = v • CoEV • f 

Where: 

V = Supply Voltage (Vee) 

Coev = Device Capacitance 

f = Operating Frequency 

Measuring Cpo on a device like the 80C188EC 
would be difficult. Instead, Cpo is calculated using 
the above formula with Ice values measured at 
known Vee and frequency. Using the Cpo value, the 
user can calculate Ice at any voltage and frequency 
within the specified operating range. 

Example. Calculate typical Ice at 14 MHz, 5.2V Vee-

Ice = lpo + Ices 

= 0.1 mA + 5.2V • 0.77 • 14 MHz 

= 56.2 mA 

Parameter Target Typical 

CPD 0.77 

CPD (Idle Mode) 0.55 

NOTES: 

PDTMR Pin Delay Calculation 

The PDTMR pin provides a delay between the as
sertion of NMI and the enabling of the internal 
clocks when exiting Powerdown Mode. A delay is 
required only when using the on chip oscillator to 
allow the crystal or resonator circuit to stabilize. 

NOTE: 
The PDTMR pin function does not apply when 
RESIN is asserted (i.e. a device reset while in Pow
erdown is similar to a cold reset and AESiN must 
remain active until after the oscillator has stabilized. 

To calculate the value of capacitor to use to provide 
a desired delay, use the equation: 

440 x t = Cpo (5V, 25°C) 

Where: 

t = desired delay in seconds 
Cpo = capacitive load on PDTMR in microfarads 

Example. For a delay of 300 µ.s, a capacitor value of 
Cpo = 440 x (300 x 10-6 = 0.132 µ.F is required. 
Round up to a standard (available) capacitor value. 

NOTE: 
The above equation applies to delay time longer 
than 10 µ.s and will compute the TYPICAL capaci
tance needed to achieve the desired delay. A delay 
variance of +50% to -25% can occur due to 
temperature, voltage, and device process ex
tremes. In general, higher Vee and/or lower tem
peratures will decrease delay time, while lower Vee 
and/or higher temperature will increase delay time. 

Target Max Units Notes 

1.37 mA/V*MHz 1, 2 

0.96 mA/V*MHz 1, 2 

1. Maximum Cpo is measured at -40-C with all outputs loaded as specified in the AC test conditions and the device in reset 
(or Idle Mode). Due to tester limitations, CLKOUT and OSCOUT also have 50 pF loads that increase Ice by v•c•F. 
2. Typical Cpo is calculated at 25°C assuming no loads on CLKOUT or OSCOUT and the device in reset (or Idle Mode). 
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AC SPECIFICATIONS 

AC Characteristics-80C188EC-16 

Symbol Parameter 
TARGET TARGET 

Unit Notes 
Min Max 

INPUT CLOCK 

TF CLKIN Frequency 0 32 MHz 1 
TC CLKIN Period 31.25 00 ns 1 
TCH CLKIN High Time 10 00 ns 1, 2 
TCL CLKIN Low Time 10 00 ns 1, 2 
TCR CLKIN Rise Time 1 10 ns 1, 3 
TCF CLKIN Fall Time 1 10 ns 1, 3 

OUTPUT CLOCK 

Teo CLKIN to CLKOUT Delay 0 20 ns 1, 4 
T CLKOUT Period 2•Tc ns 1 
TpH CLKOUT High Time (T/2) - 5 (T/2) + 5 ns 1 
TpL CLKOUT Low Time (T/2) - 5 (T/2) + 5 ns 1 
TpR CLKOUT Rise Time 1 6 ns 1, 5 
TpF CLKOUT Fall Time 1 6 ns 1, 5 

OUTPUT DELA VS 

TcHOV1 ALE, S2:0, DEN, DT /R, 3 22 ns 1,4, 6, 7 
RFSH, LOCK, A19:16 

TcHOV2 GCS7:0, LCS, UCS, 
RD, WR, iii"eS, WDTOUT 

3 27 ns 1, 4,6,8 

TcLOV1 RFSH, DEN, IOCK, RESOUT, 3 22 ns 1,4, 6 
HLDA, TOOUT, T10UT, A19:16 

TcLOV2 RD, WR, GSC7:0, LCS, UCS, A 15:8, 3 27 ns 1,4, 6 
AD7:0, INTA, S2:0 

TcHOF RD, WR, RFSH, OT /R, LOCK, 0 25 ns 1 
52:0, A19:16 

TcLOF DEN, A15:8, AD7:0 0 25 ns 1 

INPUT REQUIREMENTS I 
TcHIS TEST, NMI, T1 IN, TOIN, READY, 10 ns 1, 9 

C'i"Sf:O, BCLK1 :0, P3.4, P3.5 

TcHIH TEST, NMI, T1 IN, TOIN, READY, 3 ns 1, 9 
CTS1 :0, DRQ1 :0, BCLK1 :0, P3.4, P3.5 

Tcus AD7:0, READY 10 ns 1, 10 

TcuH AD7:0, READY 3 ns 1. 10 

Tcus HOLD, DR03:0 10 ns 1, 9 

TcuH HOLD, DRQ3:0 3 ns 1, 9 

NOTES: 
1. See AC Timing Waveforms, for waveforms and definition. 
2. Measure at V1H for high time, V1L for low time. 
3. Only required to guarantee Ice. Maximum limits are bounded by Tc. T CH and T CL· 
4. Specified for a 50 pF load, see Figure 16 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 17 for rise and fall times outside 50 pF. 
6. See Figure 17 for rise and fall times. 
7. TcHOV1 applies to RFSH, LOCK and A19:16 only after a HOLD release. 
8. T CHOV2 applies to RD and WR only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper 80C188EC operation. 
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AC Characteristics-80C188EC-13 

Symbol Parameter 
TARGET TARGET 

Unit Notes 
Min Max 

INPUT CLOCK 

TF CLKIN Frequency 0 26.08 MHz 1 
TC CLKIN Period 38.34 00 ns 1 
TCH CLKIN High Time 12 00 ns 1, 2 
TCL CLKIN Low Time 12 00 ns 1, 2 
TCR CLKIN Rise Time 1 10 ns 1, 3 
TCF CLKIN Fall Time 1 10 ns 1, 3 

OUTPUT CLOCK 

Teo CLKIN to CLKOUT Delay 0 23 ns 1, 4 
T CLKOUT Period 2 *TC ns 1 

TpH CLKOUT High Time (T/2)-5 (T/2) + 5 ns 1 
TpL CLKOUT Low Time (T/2) - 5 (T/2) + 5 ns 1 

TpR CLKOUT Rise Time 1 6 ns 1, 5 

TpF CLKOUT Fall Time 1 6 ns 1, 5 

OUTPUT DELA VS 

TcHOV1 ALE, S2:0, DEN, OT /R, RFSH, LOCK, 3 25 ns 1,4,6, 7 
A19:16 

TcHOV2 GCS7:0, LCS, UCS, RD, WR, 3 30 ns 1, 4, 6, 8 
WDTOUT 

TcLOV1 RFSH, DEN, LOCK, RESOUT, HLDA, 3 25 ns 1, 4, 6 
TOOUT, T10UT, A19:16 

TcLOV2 RD, WR, GCS7:0, LCS, UCS, NCS, 3 30 ns 1, 4, 6 
INTA, S2:0, A15:8, AD7:0 

TcHOF RD, WR, RFSH, OT /R, LOCK, 0 30 ns 1 
S2:0, A19:16 

TcLOF DEN, A15:8, AD7:0 0 30 ns 1 

INPUT REQUIREMENTS 

TcHIS TEST, NMI, T1 IN, TOIN, READY, 10 ns 1, 9 
CTS1 :0, BCLK1 :0, P3.4, P3.5 

TcHIH TEST, NMI, T1 IN, TOIN, READY, 3 ns 1, 9 
CTS1 :0, DRQ3:0, BCLK1 :0, P3.4, P3.5 

Tcus AD7:0, READY 10 ns 1, 10 

TcuH AD7:0, READY 3 ns 1, 10 

Tcus HOLD, DRQ3:0 10 ns 1, 9 

TcuH HOLD, DRQ3:0 3 ns 1, 9 

NOTES: 
1. See AC Timing Waveforms, for waveforms and definition. 
2. Measure at V1H for high time, V1L for low time. 
3. Only required to guarantee Ice- Maximum limits are bounded by Tc. TcH and Tel· 
4. Specified for a 50 pF load, see Figure 16 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 17 for rise and fall times outside 50 pF. 
6. See Figure 17 for rise and fall times. 
7. TcHOV1 applies to RFSH, LOCK and A19:16 only after a HOLD release. 
8. T CHOV2 applies to RD and WR only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper 80C188EC operation. 
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Relative Timings-80C188EC-16, 13 

Symbol Parameter 
TARGET TARGET 

Unit Notes 
Min Max 

RELATIVE TIMINGS 

TLHLL ALE Active Pulse Width T- 15 ns 

TAVLL AD Valid Setup before ALE Falls 1/zT-10 ns 

TPLLL Chip Select Valid before ALE Falls 1/zT-10 ns 1 

TLLAX AD Hold after ALE Falls 1/zT-10 ns 

fLLWL ALE Falling to WR Falling 1/zT-15 ns 1 

TLLRL ALE Falling to RD Falling 1/zT-15 ns 1 

TwHLH WR Rising to Next ALE Rising 1/zT-10 ns 1 

TAFRL AD Float to RD Falling 0 ns 

TRLRH RD Active Pulse Width 2T- 5 ns 2 

TwLWH WR Active Pulse Width 2T- 5 ns 2 

TRHAX RD Rising to Next Address Active T- 15 ns 

TwHDX Output Data Hold after WR Rising T- 15 ns 

TwHPH WR Rise to Chip Select Rise 1/zT-10 ns 1 

TRHPH RD Rise to Chip Select Rise 1/zT-10 ns 1 

TPHPL Chip Select Inactive to Next Chip 1/zT-10 ns 1 
Select Active 

TovRH ONCE Active Setup to RESIN Rising T ns 

TRHOX ONCE Hold after RESIN Rise T ns 

T1HIL INTA High to Next INTA Low 4T- 5 ns 4 
during INTACycle 

T1L1H INTA Active Pulse Width 2T- 5 ns 2,4 

Tcv1L CAS2:0 Setup before 2nd INTA BT ns 2,4 
Pulse Low 

T1LCX CAS2:0 Hold after 2nd INTA Pulse Low 4T ns 2,4 

TIRES Interrupt Resolution Time 150 ns 3 

T1RLH IR Low Time to Reset Edge Detector 50 ns 

T1RHIF IR Hold Time after 1st INTA Falling 25 ns 4,5 

NOTES: 
1. Assumes equal loading on both pins. 
2. Can be extended using wait states. 
3. Interrupt resolution time is the delay between an unmasked interrupt request going active and the interrupt output of the 
82C59A module going active. This is not directly measureable by the user. For interrupt pin INT7 the delay from an active 
signal to an active input to the CPU would actually be twice the T1RES value since the signal must pass through two 82C59A 
modules. 
4. See INTA Cycle Waveforms for definition. 
5. To guarantee interrupt is not spurious. 
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Serlal Port Mode O Timings-80C188EC·16, 13 

Symbol Parameter TARGET TARGET Uolt Notes Min Max 

RELATIVE TIMINGS 

TxLXL TXD Cloek Period T (n + 1) ns 1,2 

TxLXH TXD Clock Low to Clock High (N > 1) 2T- 35 2T + 35 ns 1 

TxLXH T?(D Clock Low to Clock High (N = 1) T-35 T + 35 ns 1 

Txi-txL TXD Clock High to Clock Low (N > 1) (n - 1) T - 35 (n - 1) T + 35 ns 1, 2 

TxHXL TXD Clock High to Clock Low (N' = 1) T- 35 T + 35 ns 1 

TavxH RXD Output Data Setup to TXD (n - 1)T - 35 ns 1, 2 
Clock High (N > 1) 

TavxH RXD Output Data Setup to TXD T- 35 ns 1 
Clock High (N = 1) 

TxHax RXD Output Data Hold after TXD 2T- 35 ns 1 
Clock High (N > 1) 

TxHOX RXD Output Data Hold after TXD T- 35 ns 1 
Clock High (N = 1) • 

TxHOZ RXD Output Data Float after Last T + 20 ns 1 
TXD Clock High 

TovxH RXD Input Data Setup td TXD' . T + 20 ns 1 
·c1ockHigh 

TxHDX RXD Input Data Setup after TXD 0 ns 1 
Clock High 

NOTES: 
1. See Figure 15 for Waveforms. 
2. n is the value in the BxCMP register ignoring the ICLK bit. 
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AC TEST CONDITIONS 

The AC specifications are tested with the 50 pF load 
shown in Figure 9. See the Derating Curves section 
to see how timings vary with load capacitance. 

OUTPUT 
PIN 

CL = 50 pF for all signals 
272076-6 

Specifications are measured at the Vcc/2 crossing 
point, unless otherwise specified. See AC Timing 
Waveforms for AC specification definitions, test pins 
and illustrations. 

Figure 6. AC Test Load 

AC TIMING WAVEFORMS 

272076-7 

Figure 7. Input and Output Clock Waveforms 

24-733 



infel .. 80C188EC·16, -13 
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MAX 

FLOAT (NOTE) 
203Ycc <FLOAT< 803Vcc 
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MAX 

VALID FLOAT (NOTE) 

ov--------.... --"'--"--J 
272076-8 

Figure 8. Output Delay and Float Waveforms 
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ov 

MIN 
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Figure 9. Input Setup and Hold 
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Figure 10. Relative Interrupt Signal Timings 
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CLKOUT 
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ov 
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A15:8, 
AD7:0, 

A19:16 
503 503 

ov _____ __. ___ ...... __ __, 

Yee ----------+---..... ~17-----{ 
RD or WR 
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OV 9-------------------------------------------9 ~ IH---_.... ,,_ ___ _ 

Vee 
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OV 
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Vee ------------------------------------------------------------------------------
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Figure 11. Relative Signal Waveform 
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Figure 12. Serial Port Mode 0 Waveform 
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Figure 13. Typical Output Delay Variations vs Load Capacitance 
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Figure 14. Typical Rise and Fall Variations vs Load Capacitance 
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RESET 

The 80C188EC will perform a reset operation any 
tiJT\e the RESIN pin is active. The RESIN pin is syn
chronized before it is presented internally, which 
means that the clock must be operating before a 
reset can take effect. From a power-on state, RESIN 
must be held active (low) in order to guarantee cor
rect initialization of the 80C188EC. Failure to pro
vide RESIN while the device Is powering up will 
result In unspecified operation of the device. 

Figure 15 shows the correct reset sequence when 
first applying power to the 80C188EC. An external 
clock connected to CLKIN must not exceed the Vee 
threshold being applied to the 80C188EC. This is 
normally not a problem if the clock driver is supplied 
with the same Vee that supplies the 80C188EC. 
When attaching a crystal to the device, RESIN must 
remain active until both Vee and CLKOUT are stable 
(the length of time is application specific and de
pends on the startup characteristics of the crystal 
circuit). The RESIN pin is designed to operate cor-

rectly using a RC reset circuit, but the designer must 
ensure that the ramp time for Vee is not so long that 
RESIN is never sampled at a logic low level when 
Vee reaches minimum operating conditions. 

Figure 16 shows the timing sequence when RESIN 
is applied after V cc is stable and the device has 
been operating. Note that a reset will terminate all 
activity and return the 80C188EC to a known operat
ing state. Any bus operation that is in progress at the 
time RESIN is asserted will terminate immediately 
(note that most control signals will be driven to their 
inactive state first before floating). 

While RESIN is active, bus signals LOCK, 
A19/S16/0NCE and A18:16 are configured as in
puts and weakly held high by internal pullup transis
tors. Only A19/0NCE can be overdriven to a low 
and is used to enable the ONCE™ Mode. Forcing 
LOCK or A18:16 low at any time while RESIN is low 
is prohibited and will cause unspecified device oper
ation. 
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BUS CYCLE WAVEFORMS 

Figures 17 through 29 present the various bus cy
cles that aie geneiated by the 80C1 aaEC. 'V-v'hat is 
show11 in the figure is the relationship of the various 

CLKOUT 

ALE 

bus signals to CLKOUT. These figures along with 
the information present in Section 4.5, AC Specifica
tions, allow the user to determine all the critical tim-
: ........ .... --1 ..... : ... ___ .... _ .... , __ - -:··-- ---·~-- ... =--
"'~ Cll ICllYi>I~ 1 IVVUVU IVI Cl y1Vt:l I i:11JJ.llll,;i:l.LIUI I. 

' ' ' ' ' ' ' ' ' ' ' 

A15:8 ____,X'----_: _: _:A15_••VALID: ___;,_·: _:K 
AD7:0 

DT/ii 

A.7:0 

VALID 

' ', 
' 

Figure 17. Memory Read, 1/0 Read, Instruction Fetch and Refresh Waveform 
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Figure 18. Memory Write and 110 Write Cycle Waveform 
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NOTES: 
1. Address information is invalid. If previous bus cycle was a read, then the AD15:0 lines will float during T1. Otherwise, 
the AD15:0 lines will continue to drive during T1 (data is invalid). All other control lines are in their inactive state. 
2. All address lines drive zeros .while in Powerdown or Idle Mode. 

Figure 19. Halt Cycle Waveform 
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infel .. 

CLKOUT 

ALE 

AD15:13/ -----~~_,._. 
CAS2:0 

AD7:0 

DT/R 

A19:16, 
AD12:8 

Ril, 
WR 

I 
I 
I 
I 
I 

I I I 
I ··~ I I I 
I 

I I 
I 

I I 

:\ I I I 
I I 
I 

I I 

80C188EC-16, -13 

I 
I 

'--+----+--~TCVIL}--+-...-....,.--1..,...---( 

CAS (SLAVE ID) VALID 

I I I I I I 

I I I I I I I I I I 

f: I I I I I I I I I I I 

I I I I I I I I I I I 
I I I I I I I I I :J I I 

I I I I I I I I I I I 
I I 

I I I I I 

I A 12:8 ~RE ONKNbwN • 
I A19:1" ARE,DRIV,EN I.PW I 

Figure 20. Interrupt Acknowledge Cycle Waveform 
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I I I 
I I I 
I I I 
I I I 
I I I 

II 
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CLKOUT 

HOLD 

HLDA 

ALE 

A19/0NCE, 

A18:16 

A15:8, 
AD7:0 

GCS7:0, 

UCS, LCS 

80C188EC-16, -13 

I 
___ ..__._...,_ .. ,,_ .. .__._ ..... , I I I I I ...... _...__.__. __ 

I 1\1 I I I I { I I t I I I I : -,----;- ... -~--~-p-.,.--.--, 
- .... - .... - ........ -.... I : '--------

~ ..... ____ ..._ ___ .._ ..... ...., 
t I I I I I I I I ,_,,_ .... ~ ...... _..__ 

\ 
; I I I I I I I I ~/ 

I ~-~--~-~-~--~-~-~-~--~ I I I 
I I I I 
I I I I 
I I I lxl Ix I }: : : : : : : : : rrl I I I I 'I I I I I I 

:--~--'--:--~-.a--:--·-·--. ' 
I I I I I I _ _. .... _ _,.i..ii..,.--------.-J I I I I I I 

I I 
I I 

~--·---------~-~--~-~--• I I I I I I I I I 
I I 

I I 
I 
I I I I I I I I I I I 

--------------- I I I I I I I I I I ..... --------

} 
I I I I I I I I I f ::,\,·, _____ _ -:--t--:--t-i--t- ~- -t-1- -, 
I I I I I I I I I I _____________ _, I I I I I I I I I I 

I I I I I I I I I 

___ ..__.__._...__.__._..... I I I I I I I I I I ,_.. __ .__._...__ 

LOCK, } : : : : : : : : : v ::,\ . .., ____ _ DT/i ;··~·i··;·i··~·i··r-·i··. 

- .... -..----------..... !· : : : : : : : : : : 

272076-22 

Figure 21. HOLD/HLDA Cycle Waveforms 
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80C188EC-16, ·13 

CLKOUT 

: s 
HOLD 

HLDA 

52:0--~--~-~--~-~--~-~--~-~--~-~--
I ...... 

ALE 

A 1 9 ,/OiiCE , 

A18:16 

' ' ' ' 

l I 1 I I I 

--~--~-~--~-~--~-~--~-~--~-~--' I I I I I 

' 

I I .,--,.-· 

RrSH •••••••••·•••••••••••·1--~---· ------
A15:8, 
AD7:0 

GCS7:0, 

UCS, LCS 

I I I I 1 I I I I I I 
' I 

' I 

I I I 1 I I I I J I I I I I I I I I 

111111111111011 I II 
1 I I I I t I I I 1 I I I I I I I I 

--~--~-~--~-~--+-~·-+-~--+-~--·-~ +-~·-+-~--~-i--~-· l l I I I I I t t I I I I 1 I I 
t I L I I I I l I I I I I I I I 
I I I I I I I l I I l I I I I I I I 

I I I I I I I I I I I 

I 
I I I I I 

RC •• .i. •• 1. • .i. •• 1i. -•-·\,.,·""-·'- • ••• i •• .i. •• --·-· I I I I I I I I I I I I I I 
I I I I I I I 

I I 

I I 

DT/R 
I I I I I I I 1 I I I l 

--~--~-~--~-~--~-~--~-~--~-~--! 
I I -.--'"-· I l I I 

·------------------·----------
..... 

• I I I I I I I I I t I I 
I I I I I 
I I I I I 

272076-23 

Figure 22. Refresh during HLDA Waveforms 
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infel .. 

CLKOUT 

ALE 

A19/0NCE, 

A18:16 

80C188EC-16, -13 

1 T4 n Tl n T2 n T3 n TW n TW n TW n T4 n T1 n T2 n T3 r 
wwwuuuuuuuu 
I I I I I I I I I I I I I I I I I I I I 

I I I I I I I I I 

VALID VALID 

R~~: -----..--~·~..._,,......._...,,.....,......___,,.....V.AL-ID._,.....,_.._ ..... --...... __ __,,~..,,.........,,.....,.......,.....,. __ 

A15:8, 

AD7:0 

READY 

GCS7:0, 

UCS, LCS 

RD,WR 

DT/R 

NOTES: 

----{ AOO }1--@""'2 _____ vA_L_1D _________ { ADD }-----

I I I I 

~!~ ................ -------------VA-L-ID,.....,.....,..... ________ __.~ !\~ .................. ,.....,.....,.....,....._ 
I 

I 
I I 

~ \® 
I I 

© © 

272076-24 

1. READY must be low by either edge to cause a wait state. 
2. Lighter lines indicate READ cycles, darker lines indicate WRITE cycles. 

Figure 23. Ready Cycle Waveforms 
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inteL 80C188EC-16, -13 

REGISTER BIT SUMMARY 

Figures 24 through 37 present the bit definition of 
each register that is active (not reserved) in the Pe
ripheral Control Block (PCB). Each register can be 
thought to occupy one word (16-bits) of either mem
ory or 1/0 space, although not all bits in the register 
necessarily have a function. A register bit is not 
guaranteed to return a specific logic value if an "X" 

Bit 

IC4 O= NO ICW-4 NEEDED 
1• fCW4 NEEDED 

SNGL O• CASCADE MOOE 
1 = ONLY 82~9A IN SYSTEM 

0 

LTIM O= EDGE TRIGGER 
1• LEVEL TRIGGER 

0 

0 

0 

0 

x 
10 x 
11 x 
12 x 
13 x 
14 x 
15 x 

ICW1 (OOH, 04H) 
RESET'"' XXXXH 

appears for the bit definition (i.e., if a zero was writ
ten to the register bit it may not be returned as a 
zero when read). Furthermore, a 0 must be written to 
any bit that is indicated by an "X" to ensure compati
bility with future products or potential product chang
es. Any register bit that has a specific value in it (a 
"O" or a "1 "), must be written to that value in order 
to guarantee proper operation of the 80C188EC. 

Bit 

0 

0 

0 

T3 

T4 

T5 }--m Of THE VECTOR TYPE 

T6 

T7 

x 
x 

10 x 
11 x 
12 x 
13 x 
14 x 
15 x 

ICW2 {02H. OIH) 
RESET • XXXXH 

272076-25 

Figure 24. 8259A Module lnltlallzatlon Command Words (ICWs) 

Bit Bit 

}~·-· 
Bit 

so 100 O• NORMAL EOI 
1= AUTO £OI 

SI 101 AEOI 

S2 102 0 

S3 0 0 
O= IR INPUT DOES O• NOT SPECIAL FULLY 

S4 NOT HAVE A SLAVE 0 SFNM NESTED MOD£ 
1= IR INPUT HAS A SLAVE 1 • SPECIAL FULLY NESTED 

S5 0 0 
WODE 

S6 0 0 

S7 0 0 

x x x 
x x x 

10 x 10 x 10 x 
11 x 11 x 11 x 
12 x 12 x 12 x 
13 x 13 x 13 x 
14 x 14 x 14 x 
15 x 15 x 15 x 
ICW3(WASTER] (02H) ICW3(SLAVE) (08H) ICW' (02H, OIH) 

RESET = XXXXH RESET = XXXXH RESET = XXXXH 
••• S7 MUST B£ SET ••• MUST 9£ WRITTEN TO 

FOR PROPER DEVICE XX07H FOR PROPER 
oPERATION DEVICE OPERATION 

272076-26 

Figure 25. 8259A Module Initialization Command Words (ICWs) (Continued) 
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intel .. 

10 

11 

12 

13 

14 

15 

M2 

M3 

M4 

MS 

M6 

M7 

x 
x 
x 
x 
x 
x 
x 
x 

OCW1(02H,04H) 
RESET • XXXXH 

O= INPUT IS NOT MASKED 
1 • INPUT IS MASKED 4 

8 

10 

11 

12 

13 

14 

15 

80C188EC-16, ·13 

-. 
L2 

0 

0 

EOI 

SL 

R 

x 
x 
x 
x 
x 
x 
x 
x 

} 
001 = NON SPECIFIC EOI 
0 11 = SPECIFIC EOI 
101= ROTATE ON NS EOI 
100= SET ROTATE IN AEOI 
000= CLEAR ROTATE IN AEOI 
111= ROTATE ON SPEC EOI 
11 O= SET PRIORITY COMMAND 
010= NO OPERATION 

OCW2 (OOH, 04H) 
RESET = XXXXH 

Bit 

0 ~IS 100,01=NOACTION 
1 O* READ IR REG ON NEXT RD 

DD t t = Dr'.61\ JC: DC'r. nN NC-VT Dn 

5 

10 

11 

12 

13 

14 

15 

'"'' 
p 

1 

0 

SMM 

ESMM 

0 

x 
x 
x 
x 
x 
x 
x 
x 

J . . ·---- ·- ---- --- ------ ---
0= NO POLL COMMAND 
1 = POLL COMMAND 

}
00,01•NO ACTION 
1 O= RESET SPECIAL MASK 
11 = SET SPECIAL MASK 

OCW3 (OOH, 04H) 
RESET • XXXXH 

272076-27 

Figure 26. 8259A Module Operation Command Words 

Bit 
Q 

5 

10 

11 

12 

13 

14 

15 

DMOIR 

DM11R 

DM21R 

DM31R 

x 
x 
x 
x 

MSKO 

MSK1 

MSK2 

MSK3 

x 
x 
x 
x 

l O= CHANNEL DOES NOT 
REOUEST INTERRUPT 

1 = CHANNEL REQUESTS 
INTERRUPT 

l O= CANNOT MODIFY 
CORRESPONDING 
IR BIT 

1 • MODIFICATION or 
CORRESPONDING IR 
BIT ALLOWED 

DMAIRL (OCH) 
RESET = XOXOH 

Bit 

0 

2 

8 

10 

11 

12 

13 

14 

15 

TOIR 

T11R 

T21R 

x 
x 
x 
x 
x 

MSKO 

MSK1 

MSK2 

x 
x 
x 
x 
x 

} 
O= TIMER DOES NOT 

REQUEST INTERRUPT 
1 = TIMER REQUESTS 

INTERRUPT 

} 

O= CANNOT MODIFY 
CORRESPONDING 
IR BIT 

1 = MODIFICATION or 
CORRESPONDING IR 
BIT ALLOWED 

TIMIRL (OEH) 
RESET = XOXOH 

Bit 
Q 

8 

10 

11 

12 

13 

14 

15 

Figure 27. Interrupt Request Latch Registers 

24-748 

TXOIR 

RXOIR 

TX11R 

RX11R 

x 
x 
x 
x 

MSKO 

MSK1 

MSK2 

MSK3 

x 
x 
x 
x 

l O= CHANNEL DOES NOT 
REQUEST INTERRUPT 

1 = CHANNEL REQUESTS 
INTERRUPT 

l O= CANNOT MODIFY 
CORRESPONDING 
IR BIT 

1 = MODIFICATION or 
CORRESPONDING IR 
BIT ALLOWED 

SCUIRL (OAH) 
RESET = XOXOH 

272076-28 



in1et 

bit 

• 

15 

TxCNT (30, !I, 40H) 
llE$CT•XXICXH 

Tln19r 
Count 
Val1.1e 

Bit 

10 

11 

12 

1J .. 
t5 

80C188EC·16, ·13 ~©W~OO©~ aoo~©OO!Ml~ii'O©OO 

Bit Bit Bit 

WRO 0 WR16 0 wco WC16 

WR1 WR17 WC1 WC17 

WR2 WR18 WC2 WC18 

WR3 WR19 WC3 WC19 

WR4 WR20 WC4 WC20 

WRS WR21 wcs WC21 

WR6 WR22 WC6 WC22 

WR7 WR23 WC7 WC23 
WOT WOT WDT COUNT 

WRB RELOAD WR24 RELOAD wee (LOW) WC24 
COUNT COUNT 

WR9 (LOW) WR25 (HIGH) WC9 WC25 

WR10 10 WR26 10 WC10 10 WC26 

WR11 11 WR27 11 WC11 11 WC27 

WR12 1Z WR28 12 WC12 t2 WC28 

WR13 1J WR29 1J WC13 1J WC29 

WR14 .. .. WC14 " WC30 

WR15 15 15 WC15 15 WC31 

WOTRLDL (22H) WDTRLDH (20H) WDTCNTL (211H) WDTCtHH (24H) 
RESET = FFFFH RESET "' OOOOH RESET = FFTFH RESET • OOOOH 

Figure 28. Watchdog Timer Registers 

bit 

• 

to 

12 

13 

" 
15 

Tll."CMP.l (32, 3A. 42H) 
TxCNPI (34, 3CH) 

R£SET • XICXXH 

"Com par• 
Yalu• 

bit 

• 

10 

11 

12 

15 

TOCON (HH) 

I • Enablto Conti nu-
Timer Operation 

I • Altwnat. a.tw.n Com pan A/8 
0 •UM Only Compar. A 
t • u .. Extwnal Clooll 
0 • U• lnt.mal Clock 
I • U• Internal TlMER2 Clook 
0 • U• lnt.mol / 4 Clocik 
1 •TIN Pin lhnrl_.. Tlmw 
0 •TIN Pin EnablM TlrMr 

I = ll!Mr Compo.-. Ooouf9d 

I •Compare B In u .. 
0 • Conipant A In UM 

I =Enable CompaN lnt.rrupt 

1 •Enobllo Writ. to START bit 

I •Start n- OF19rotlon 
O •stop Tlmw Opwotlon 

TICON (.SDt) 
REstT •EN, RIU • 0 

Figure 29. Timer Control Unit Registers 

24-749 

WOT COUNT 
(HIGH) 

272076-29 

bit 

• 1 • [nabh CcHltlnuou• 
Timw ap.ration 

1 = Tlmw Compor• Ooaurfld 

10 

11 

" .. I •EnaW. Writ. to START bH 

,, EN ~:=~==~= 
T2CON (41H) 

llESET•Dl•O 

272076-30 



b:sm1 
1 PD1 

2 PD2 

PD3 t~-1 •Input 
PD4 0 •Output 

PD5 

P06 

P07 

x 
x 

10 x 
11 x 
12 x 
13 x 
14 x 

" x 
PXOIR 

RESET • XXFFH 

bit bit 

0 

Baud·RGte 
S.l.at 

" " 
11 11 

12 12 

13 13 

14 14 

15 ICLK 1 • u .. Internal Clook 15 
0 • UM Ext.rnol Clock 

BOCMP (80H) 
B1CMP (70H) 

RtSET • O 

80C188EC"16, ·13 

bit bit 
o~l 0 Efil31 PP1 PC1 

PP2 PC2 

PP3 t" PC3 t" Control ..... 
(0 =Port) PP4 (r.ad only) PC4 ( 1 = P•rlpherol) 

PPS PCS 

PPS PC6 

PP7 PC7 

x x 
x x 

10 x ' 10 x 
11 11 x 
12 x 12 x 
13 x 13 x 
14 14 x 
15 x 15 x 

PXPIH PXCON 
RESET • XXXXH RESET = XXFFH 

Figure 30.1/0 Port Unit Registers 

bit bit 

r~~ ... 0 - Syna 
1 - 8bit 
2,3 - 9bit 
"w 7bit 1 = Ovwrun Error 

1 = PC1rlt)I Enobled 1 = Trontmlt Eklff•r 
Empty 

I "' [Y•n Parity I = framing Error 
O • Odd Porlty 

I = RecelY•r Enobled 
1 "' Tran1mlt lnt•rrupt 

Prennt 

1 • Enable CTS Pfn 
1 • Receive Interrupt 

P,,_nt 
Baud-RGte 9th Doto Bit 9th Data Bit or 
Count (Moch• 2, 3) Portly Error 

1 = S.nd Brtok 
I "" Mbitl Bremk ,,,. ..... 
1 = 2M +!bit• Break ......... 

10 " 
11 ,, 
12 12 

13 13 

14 

15 " 
BOCNT {62H) SOCON (64H) SOSTS (66H) 
BICNT (72H) SIC:ON (74H) S1STS (76H) 
RtS£T • O RESET = 0 RESET = 0008H 

Figure 31. Serial Communications Unit Registers 

24-750 

bit 
0 

10 

,, 
12 

13 

,. .. 

bit 
0 Efil31 PL 1 

10 

11 

12 

13 

14 

15 

PL2 

PL3 

J-"· 
Lotc:ih PL4 

PLS 

PL6 

PL7 

x 
x 
x 
x 
x 
x 
x 
x 

PXLTCH 
RESET = XXFFH 

272076-31 

Trvn•mlt/ 
Receive 
Dota Buffer 

SxRSUf (68, 78H) 
SdBUF (UH, 7AH) 

RESET= 0 

272076-32 



bit 

10 

" 
" 
13 

14 

15 

RFBASE (BOH) 
RESET= OH 

80C188EC·16, ·13 

bit bit 
wso ROY t "' Enable READY Pin 

WS1 MEM t • O.Coct. M•mory Spac• 

}••lt5'oto 0 • ~aid• 1/0 Space 
Select (0-15) 1 = 01.abl• Stop AddrM• 

Com par• 

WS3 CSEN 1 • Enobl• Chlp-Sel.ot 

x 
x x 

cso cso 
CS1 CS1 

CS2 CS2 

CS3 

10 
Chip-S•l.ct 

10 CS4 Chlp-S.IMit 
Starting AddrHs Stopping Addr.•• 

" 
(A19:10 M•mory) 

" css (A19:10 w.tnory) 
(A15:6 t/O) (At5:6 l/O) 

" " 
" " ,. ,. 
15 15 

GCSxST (ao, 84, 118, 90, 9'4, 98, 9CH) GCSxST (82, 815, 8A, 8£, 92, 96, SA, 9EH) 
LCSST (AOH) LCSSP (.UH) 
UCSST (A4H) UCSSP (A6H) 

RESET "' rrcFH RESET .. FFC3H (GCSxSP, LCSSP) 
RESET = FFCFH (UCS) 

Figure 32. Chip-Select Unit Registers 

bit bit 
RCO 0 RCO 

RC1 

RC3 
lnltiol Refr••h 

Curr.nt Ref,..•h 
RC4 Clock Count 

R~u .. tClock Count (Read Only) 
RCS 

RC6 RC6 

RC7 RC7 

RCS RCS 

x x 
10 x 10 x 

" 
12 " 
13 " 
" 14 

15 15 t =[noble R•frnh 

RFTIME (B2H) RFCON (B4H) 
RESET= OH RESET• OH 

Figure 33. Refresh Control Unit Registers 

24-751 
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bit 

RA1 

RA7 

RAS 

RA9 

10 RAIO 

" 
12 

" 
14 

15 

RU.DOR (BIH) 
RESET • I FFFH 

Cur,..nt RetrMh 
Addr ... 

272076-34 
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Bit 

0 

10 

11 

12 

13 

14 

15 

80C188EC·16, ·13 

bit 

O ~ : :::::: ::·~:n Modo 
·---

3 

5 

6 

8 

10 

11 

12 

13 

14 

15 

x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

PWRCON (B8H) 
RESET= 0 

(sottlng both results 
In no operation) 

272076-35 

Bit 

O ~lDlvlaion Factor 
3 

5 

6 

10 

11 

12 

13 

14 

15 

r2 

x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

PSEN 

PWRSAV (BEH) 

J 000= by 1 
001=by 4 
010= by B 
011=by16 
100= by 32 
101= by u 
110= Reserved 
111 = Reserved 

1 = ENABLE POWERSAVE 
O= OISABLE POWERSAVE 

RESET = OXXOH 
272076-36 

Figure 34. Power Management Unit Registers 

DSAO 
. .., 

DSA1 
DSA2 
DSA3 

DSA4 
DSAS 

DSA6 

DSA7 
OMA 

DSAS SOURCE 
ADDRESS 

DSA9 (LOW) 

DSA10 
DSA11 
DSA12 

DSA13 
DSA14 

DSA15 
DxSRCL 

Bit 
0 

2 

4 

5 

6 

9 

10 

11 

12 

13 

14 

15 

DSA16 
DSA17 

DSA18 
DSA19 

x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

DxSRCH 

l OMA 
SOURCE 
ADDRESS 
(HIGH) 

Bit 

0 

7 

8 

9 

10 

11 

12 

13 

14 

15 

DDAO 
DDA1 

DDA2 
DDA3 
DDA4 
DDAS 

DDA6 

DDA7 
DDAB 

DDA9 

DDA10 
DDA11 
DDA12 

DDA13 

DDA14 
DDA15 
DxDSTL 

OMA 

Bit 

0 

2 

7 

DESTINATION 8 
ADDRESS 
(LOW) 

10 

11 

12 

13 

14 

15 

DDA16 

DDA17 
DDA18 
DDA19 

x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

DxDSTH 

l OMA 
DESTINATION 
ADDRESS 
(HIGH) 

RESET = XXXXH 
(COH. DOH, EOH, FOH) 

RESET = XXXXH 
(C2H, D2H, E2H, F2H) 

RESET = XXXXH 
(C4H, 04H, E4H, F4H) 

RESET = XXXXH 
(C6H, 06H, E6H, F6H) 

272076-37 

Figure 35. OMA Unit Registers 
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80C188EC-16, -13 

Bit Bit Bit Bit 

TCO x O= BYTE TRANSf'ERS DMAPA 1 = MODULE A IS HIGH HOMA 1 ::a HALT OMA MODULE A 
1 = WORD TRANSFERS PRIORITY 

TC1 STRT O= STOP DWA TRANSFERS x HDMB 1 =HALT OMA MODULE B 1 = ARM DWA CHANNEL 

TC2 CHG O= 00 NOT CHANGE START BIT OMA PB 1 = MODULE B IS HIGH x 1 = CHANGE ST ART BIT PRIORITY 

TC3 x x x 
TC4 IDRQ 1 = INTERNAL REQUEST x x O= EXTERNAL REQUEST 

TCS p 1: HIGH PRIORITY x x O= LOW PRIORITY 

TC6 SYNO } OO=UNSYNC x x 0 1 = SOURCE SYNC 

TC7 OMA SYN1 
1 O= DEST SYNC x HNMI 1 =HALT BOTH M.ODULES 

TRANSFER 
11 = RESERVED DURING NMJ SERVICE 

TCB COUNT INT 1=1NTONTC IRQA O= TIMER 2 REQUEST HMA O= NO INT ON TC I= UARTO REQUEST 
1 = STOP ON TERMINAL COUNT 

} MUST SET TO CHANGE 
TC9 TC O= CONTINUE ON TERMINAL COUNT x HMB HOMA OR HDMB BITS 

10 TC10 10 INC 1 = INCREMENT SRC POINTER 10 IRQB O= TIMER 2 REQUEST 10 x O= NO INCREMENT 1 = UART I REQUEST 

11 TC11 11 DEC 1 = DECREMENT SRC POINTER 11 x 11 x O= NO DECREMENT 

12 TC12 12 MEM 1 = SRC IS IN MEMORY 12 x 12 x O= SRC IS IN 1/0 

13 TC13 13 INC 1 = INCREMENT DEST POINTER 13 x 13 x O= NO INCREMENT 

14 TC14 14 DEC 1 = DECREMENT DEST POINTER 14 x 14 x O= NO DECREMENT 

15 TC15 15 MEM 1 = DEST IS IN MEMORY 15 x 15 HMI MUST SET TO MODIFY HNMI O= DEST IS IN 1/0 

Ox TC DxCON DMAPRI DMAHALT 
RESET = XXXXH RESET = XXXXH RESET = XXXOH RESET = OOOOH 

(CSH, 08H, ESH, FBH) (CHANNEL DISABLED) (CCH) (CEH) 
(CAH, DAH, EAH, F'AH) 

272076-38 

Figure 36. OMA Unit Registers (Continued) 

bit bit 

1081 AB 

1082 } STEP~NG A9 
IDENTIF'IER 

1083 (r.ad only) A10 

1084 A11 

x A12 

x A13 Starting Addr•H 

x A14 For PCB 

fl x A15 

x A16 

x A17 

10 x 10 A18 

11 x 11 A19 

12 x 12 MEM 0 m PCB I• In 1/0 Space 

13 x 13 x 
14 x " x 
15 x 15 TRAP 1 • TRAP on ESC Opcode 

0 ., Euoute ESC OJ>oode 
STEPID (BCH) RELREG (A8H) 
RESET"" XX02H 

272076-39 RESET• OOFFH 
272076-40 

Figure 37. Relocation and Stepping Identifier Registers 
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80C188EC EXECUTION TIMINGS 

A determination of 80C188EC program execution 
timing must consider the bus cycles necessary to 
prefetch instructions as well as the number of exe
cution unit cycles necessary to execute instructions. 
The following instruction timings represent the mini
mum execution time in clock cycles for each instruc
tion. The timings given are based on the following 
assumptions: 

• The opcode, along with any data or displacement 
required for execution of a particular instruction, 
has been prefetched and resides in the queue at 
the time it is needed. 

• No wait states or bus HOLDs occur. 

• All word-data is located on even-address bound
aries. 

All jumps and calls include the time required to fetch 
the opcode of the next instruction at the destination 
address. 

All instructions which involve memory accesses can 
require one or two additional clocks above the mini
mum timings shown due to the asynchronous hand
shake between the bus interface unit (BIU) and exe
cution unit. 
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INSTRUCTION SET SUMMARY 

Function 

DATA TRANSFER 
MOY= Move: 

Register to Register/Memory 

Register/memory to register 

Immediate to register/memory 

Immediate to register 

Memory to accumulator 

Accumulator to memory 

Register I memory to segment register 

Segment register to register I memory 

PUSH= Push: 

Memory 

Register 

Segment register 

l~e,~,,~ 

··.··:~P·'1'J 
POP= Pop: 

Memory 

Register 

Segment register 

XCHG = Exchange: 

Register/memory with register 

Register with accumulator 

IN = Input from: 

Fixed port 

Variable port 

OUT = Output to: 

Fixed port 

Variable port 

XLA T = Translate byte to AL 

LEA = Load EA to register 

LOS = Load pointer to OS 

LES = Load pointer to ES 

LAHF = Load AH with flags 

SAHF = Store AH into flags 

PUSHF = Push flags 

POPF = Pop flags 

Format 

1000100w mod reg rim 

1000101w mod reg rim 

1100011 w mod 000 rim data 

1O11 w reg data dataifw=1 

1010000w addr-low addr-high 

1010001w addr-low addr-high 

1000111 0 mod Oreg rim 

10001100 mod Oreg rim 

I 11111111 mod 11 O rim 

1.1. .... ....__ ____ .._._ _ _..._..~....,..........,_~__.-

;1" a11tt' o!~) 4;<Y i 
10001111 I 
01011 reg I 
000reg111 I 

''I. ~1,:<>·~~~i1 :t 
1000011w 

10010reg 

111001 Ow 

111011 Ow 

1110011 w 

1110111w 

11010111 

10001101 

11000101 

11000100 

10011111 

1001111 0 

1 00111 00 

10011101 

modOOO rim 

(reg7"01) 

mod reg rim 

port 

port 

mod reg rim 

modreg rim 

mod reg rim 

(mod7"11) 

(mod7"11) 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 

NOTE: 

data if w= 1 

*Clock cycles shown for byte transfers. For word transfers add 4 clock cycles for all memory transfers. 
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Clock 
Cycles 

2/12' 

219' 

12-13 

3-4 

8' 

9' 

2/13 

2/15 

20 

14 

13 

24 

14 

12 

4/17' 

3 

10' 

8' 

9' 

7' 

15 

6 

26 

26 

2 

3 

13 

12 

Comments 

8/16-bit 

8/16-bit 

fl 
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INSTRUCTION SET SUMMARY (Continued) 

I Function Format 
Clock I C~mma~ I Cycles 

DATA TRANSFER (Continued) 
SEGMENT = Seam-I OYerrlcle: 

cs 00101110 2 

SS 00110110 2 

DS 00111110 2 

ES 00100110 2 

AAITHMmc 
ADD=Add: 

Reg/memory with register to either OOOOOOdw modreg rim 3/10' 

Immediate to register/memory 100000sw modOOO r/m data dataifsw=01 4/16' 

Immediate to accumulator 0000010w data datalfw"'1 3/4 8/111-bit 

ADC = Add with carry: 

Reg/memory with register to either 000100dw modreg rim 3/10' 

Immediate to register/memory 100000sw modO 1 O r/m data data ifs w=01 4/16' 

Immediate to accumulator 0001010W data dataifw=1 3/4 8/16-bit 

INC = Increment: 

Register/memory 1111111 w modOOO rim 3/15' 

Register 01000rag 3 

SUB" Subtl'llCt: 

Reg/memory and register to either 001010dw mod reg rim 3/10' 

Immediate from register/memory 100000sw mod 101 rim data dataifsw=01 4/16' 

Immediate from accumulator 0010110w data datailw=1 3/4 8/16-bit 

BBB = SUbtract with borrow: 

Reg/memory and register to either 000110dw modreg rim 3/10' 

Immediate froin register/memory 100000sw modO 11 rim data dataifsw=01 4/16' 

Immediate from accumulator 0001110w data dataifw=1 3/4 8/16-blt 

DEC=. Decrement 

Register/memory 1111111 w modOO 1 r/m 3/15' 

Register 01001 r!!l! 3 

CMP = Compare: 

Register/memory with register 0011101w mod reg r/m 3/10' 

Register with register/memory 0011100w mod reg rim 3/10' 

Immediate with register/memory 100000sw mod 1 ·11 rim data I datailsw=01 3/10' 

Immediate with accumulator 0011110w data datailw=1 I 3/4 8/16-M 

NEG = Change sign register/memory I 1111011w mod011 r/m 3/10' 

AAA = ASCII adjllSt for add I 00110111 8 

DAA = Decimal adjust for add I 00100111 4 

AAS = ASCII adjust for subtract I 00111111 7 

DAS = Declmal adjust for subtract I 00101111 4 

MUL = Multiply (unsigned): I 1111011 w mod 100 r/m I 
Register-Byte 26-28 
Register-Word 35-37 
Metnory-Byta 32-34 
Memory-Word 41-43' 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 

NOTE: 
*Clock cycles shown for byte transfers. For word transfers add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 

Function 

ARITHMETIC (Continued) 

IMUL = Integer multiply (signed): 

Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 

DIV = Divide (unsigned): 

Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 

IDIV = Integer divide (signed): 

Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 

AAM = ASCII adjust for multiply 

AAD = ASCII adjust for divide 

CBW = Convert byte to word 

CWD = Convert word to double word 

LOGIC 
Shift/Rotate Instructions: 

Register/Memory by 1 

AND= And: 

Reg/memory and register to either 

Immediate to register/memory 

Immediate to accumulator 

TEST= And function to flags, no result: 

Format 

1 1 1 1 O 1 1 w mod 1 O 1 rim 

1 1 1 1 O 1 1 w mod 1 1 O rim 

11 1 1O1 1 w mod 111 r/m 

11010100 00001010 

11010101 00001010 

10011000 

10011001 

1101000w 

TTT Instruction 
000 AOL 
001 ROA 
010 AGL 
0 11 RCR 
1 00 SHL/SAL. 
1 0 1 SHA 
1 1 1 SAR 

001000dw mod reg rim 

1000000w mod 1 00 rim data 

0010010w data dataifw=1 

1000010w 

dataifw=1 

Register/memory and register I 
::=::======:::=======~~~~.,..---~~--, 

Immediate data and register/memory I 
mod reg rim 

1111011w modOOO rim data data if w=1 
::=::======:::======~======:::-~~~ 

Immediate data and accumulator '~-----~-----~-----~ 1010100w data dataifw=1 

OR=Or: 

Reg/memory and register to either 000010dw mod reg rim 

Immediate to register/memory 1000000w mod001 rim data 

Immediate to accumulator 0000110w data dataifw=1 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 

NOTE: 

datattw=1 

Clock 
Cycles 

25-28 
34-37 
31-34 
40-43' 

29 
38 
35 
44• 

44-52 
53-61 
50-58 
59-67' 

19 

15 

2 

4 

2/15 

5+n/17+n 

3/10' 

4/16' 

3/4 

3/10' 

4/10' 

3/4 

3/10' 

4/16' 

3/4 

*Clock cycles shown for byte transfers. For word transfers add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 

Function 

LOGIC (Continued) 
XOR = Exclusive or: 

Reg/ memory and register to either 

Immediate to register/memory 

Immediate to accumulator 

NOT = Invert register I memory 

STRING MANIPULATION 

MOVS = Move byte/word 

CMPS = Compare byte/word 

SCAS = Scan byte/word 

LOOS = Load byte/wd to AL/ AX 

STOS = Store byte/wd from AL/ AX 

Format 

001100dw modreg r/m 

1000000w mod110r/m data 

0011010w data data if w= 1 

1 1 1 1 O 1 1 w mod O 1 0 rim 

1010010w 

1010011w 

1010111w 

Repeated by count in ex (REP/REPE/REPZ/REPNE/REPNZ) 

MOVS = Move string 1111001 0 101001ow 

CMPS = Compare string 1111001z 1010011w 

SCAS = Scan string 1111001z 1010111w 

LOOS = Load string 11110010 1010110w 

STOS =.Store string 11110010 1010101w 

CONTROL TRANSFER 

CALL= Call: 

Direct within segment 11101 000 disp-low disp-high 

Register/memory 11111111 mod 01 O rim 
indirect within segment 

Direct intersegment 10011010 segment offset 

segment selector 

Indirect intersegment 11 1 11 1 1 1 mod011 rim (mod* 11) 

JMP = Uncondltlonal Jump: 

Short/long 11 10101 1 disp-low 

Direct within segment 11101001 disp-low disp-high 

Register/memory 1 1 1 1 1 1 1 1 mod 100 rim 
indirect within segment 

Direct intersegment 1110101 0 segment offset 

segment selector 

Indirect intersegment 11111111 mod 1O1 rim I (mod* 11) 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 

NOTE: 

dataifw=1 

Clock 
Cycles 

3/10* 

4/16* 

3/4 

3/10* 

14' 

22' 

15* 

12' 

10• 

e+en• 

5+22n' 

5+ 15n' 

6+11n• 

6+9n' 

19 

17/27 

31 

54 

14 

14 

11/21 

14 

34 

*Clock cycles shown for byte transfers. For word transfers add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 

Function Format 
Clock 
Cycles 

CONTROL TRANSFER (Continued) 
RET = Return from CALL: 

Within segment 11000011 20 

Within seg adding immed to SP 11000010 data-low data-high 22 

lntersegment 11001011 30 

lntersegment adding immediate to SP 1100101 0 data-low data-high 33 

JE/JZ = Jump on equal/zero 011101 00 disp 4/13 

JL/JNGE = Jump on less/not greater or equal 01111100 disp 4/13 

JLE/JNG = Jump on less or equal/not greater 0111111 0 disp 4/13 

JB/JNAE = Jump on below/not above or equal 0111001 0 disp 4/13 

JBE/JNA = Jump on below or equal/not above 01 11011 0 disp 4/13 

JP/JPE = Jump on parity/parity even 0111101 0 disp 4/13 

JO = Jump on overflow 01110000 disp 4/13 

JS = Jump on sign 01111000 disp 4/13 

JNE/JNZ = Jump on not equal/not zero 01110101 disp 4/13 

JNL/JGE = Jump on notless/greater or equal 0111 1101 disp 4/13 

JNLE/JG = Jump on not less or equal/greater 0 1 1 1 1 1 1 1 disp 4/13 

JNB/JAE = Jump on not below/above or equal 01110011 disp 4/13 

JNBE/JA = Jump on not below or equal/above 0 1 1 1 0 1 1 1 disp 4/13 

JNP/JPO = Jump on not par/par odd 0111 1011 disp 4/13 

JNO = Jump on not overflow 01110001 disp 4/13 

JNS. = Jump on not sign 0111 1001 disp 4/13 

JCXZ Jump on ex zero 11100011 disp 5/15 

LOOP = Loop ex times 11100010 disp 6/16 

LOOPZ/LOOPE = Loop while zero/equal 11100001 disp 6/16 

LOOPNZ/LOOPNE = Loop while not zero/ equal I 11100000 6/16 

INT = Interrupt: 

Type specified 11001101 type 47 

Type3 11001100 45 

INTO = Interrupt on overflow 11001110 48/4 

IRET = Interrupt return 11001111 28 

jqp~:~~Vlii~io\IJ•i~ 
Shaded areas indicate instructions not available in 8086/8088 microsystems. 

NOTE: 
*Clock cycles shown for byte transfers. For word transfers add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 

Format 

CLC = Clear carry 11111 000 

CMC = Complement carry 11110101 

STC = Set carry 11111001 

CLD = Clear direction 1 11 1 1 100 

STD = Set direction 1 1 1 1 1 1 0 1 

CLI = Clear interrupt 11111010 

STI = Set interrupt 11 1 1101 1 

HLT =Halt 11110100 

WAIT= Wait 10011011 

LOCK = Bus lock prefix 11110000 

NOP = No Operation 10010000 

(TIT LLL are opcode to processor extension) 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 

The Effective Address (EA) of the memory operand 
is computed according to the mod and rim fields: 
if mod 11 then rim is treated as a REG field 
if mod 00 then DISP = o•, disp-low and disp

if mod 

if mod 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 

high are absent 
01 then DISP = disp-low sign-extended 
to 16-bits, disp-high is absent 
10 then DISP = disp-high: disp-low 
000 then EA = (BX) + (SI) + DISP 
001 then EA = (BX) + (DI) + DISP 
010 then EA = (BP) + (SI) + DISP 
011 then EA = (BP) + (DI) + DISP 
100 then EA = (SI) + DISP 
101 then EA = (DI) + DISP 
110 then EA = (BP) + DISP* 
111 then EA = (BX) + DISP 

DISP follows 2nd byte of instruction (before data if 
required) 

•except if mod = 00 and r Im 
disp-high: disp-low. 

110 then EA 

EA calculation time is 4 clock cycles for all modes, 
and is included inthe execution times given whenev
er appropriate. 

Segment Override Prefix 

I 0 0 1 reg 1 1 0 I 

reg is assigned according to the following: 
Segment 

reg Register 
00 ES 
01 cs 
10 SS 
11 DS 

REG is assigned according to the following table: 
16-Bit (w = 1) 8-Bit (w = 0) 

OOOAX OOOAL 
001 ex 001 CL 
010 DX 010 DL 
011 BX 011 BL 
100 SP 100 AH 
101 BP 101 CH 
110 SI 110 DH 
111 DI 111 BH 

The physical addresses of all operands addressed 
by the BP register are computed using the SS seg
ment register. The physical addresses of the desti
nation operands of the string primitive operations 
(those addressed by the DI register) are computed 
using the ES segment, which may not be overridden. 
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16-BIT HIGH INTEGRATION EMBEDDED PROCESSOR 

• 3V Operation, Vee = 2.7V-5.5V 

• Full Static Operation 

• True CMOS Inputs and Outputs 

• Integrated Feature Set 
- Static 1 S6 CPU Core 
- Power Save, Idle and Powerdown 

Modes 
- Clock Generator 
- 2 Independent OMA Channels 
- 3 Programmable 16-Bit Timers 
- Dynamic RAM Refresh Control Unit 
- Programmable Memory and 

Peripheral Chip Select Logic 
- Programmable Wait State Generator 
- Local Bus Controller 
- System-Level Testing Support 

(High Impedance Test Mode) 

• Speed Versions Available: 
-13 MHz (SOL 1SSEA13) 
- S MHz (SOL 1SSEAS) 

• Direct Addressing Capability to 1 Mbyte 
Memory and 64 Kbyte 110 

• Complete System Development 
Support 
-All SOS6/SOSS and SOC1SS Family 

Software Development Tools Can Be 
Used for SOL 1 SSEA System 
Development 
- ASMS6 Assembler, iC-S6, 

Pascal-86, FORTRAN-86, PL/M·S6, 
and System Utilities 

- In-Circuit-Emulator (ICE™-1S6) 

• Available in the Following Packages: 
- 6S-Pin Plastic Leaded Chip Carrier 

(PLCC) 
- SO-Pin EIAJ Quad Flat Pack (QFP) 

• Available in EXPRESS Extended 
Temperature Range ( - 40°C to + S5°C) 

The BOL188EA is the 3V version of the 80C188EA Embedded Processor. By reducing Vee. further power 
savings can be realized over the standard BOC188EA, making the BOL 1 BBEA ideal for portable, battery-pow
ered applications. 

24-761 

272022-1 

June 1992 
Order Number: 272022-002 



"Tl 
~· 
c ... 
CD 

:"" 
00 
Q 
r .... 

I\) 00 
.j>. 00 
..:... '" m > 
I\) m 

0 
0 
~ 

c 
iii" 
IQ ... 
DI 
3 

RESIN 

RE SOU 

PDT MR 

SRDY 
ARDY 

S2:0 

DT/R 

DEN 

LOCK 

INT3/INTA1/IRQ INT2/INTAO .. ' 
INT1 /SELECT CLKOUT 

CLKIN OSCOUT f. INTO NMI 

~ ' .. ' 
CLOCK 

GENERATOR 

PROGRAMMABLE 
POWER INTERRUPT 

~ MANAGEMENT CONTROLLER 
UNIT 

CONTROL CONTROL 
REGISTERS REGISTERS 

11 jl 
INTE 

1J 
·I-+ READY 1 CONTROL I-+ LOGIC REGISTERS REFRESH 

CONTROL ...... BUS INTERFACE UNIT UNIT 
,...... 
I- SEGMENT 

REGISTERS 

+- 4-BYTE 
PREFETCH 

I- QUEUE 

' A ;i... 

1--1 
TEST 

HOLD ..... >"'v ALE 

RFSH Ri5 
HLDA AD7:0 A16- iR 

A19/S6, ., Ul!15 

TO OUT T1 OUT 

Tj'N Tr 

::I ::I: 
PROGRAMMABLE 

TIMERS 
0 1 2 

MAXCOUNT] 
REGISTERS 

MAX COUNT 
REGISTER A 

16-BIT 
COUNT REGISTERS 

CONTROL REGISTERS 

jf 

.3 .. ----I EXECUTION UNIT 

16-BIT 
GENERAL 

REGISTERS 

16-BIT 
ALU --

DRr Dr 

+ + 
DMA CONTROL 

UNIT 
0 1 

20-BIT 
SOURCE POINTERS 

20-BIT 
DESTINATION 

POINTERS 

16-BIT 
COUNT REGISTERS 

CONTROL 
REGISTERS 

i }.. 

1.7 
CONTROL 
REGISTERS 

t-

CHIP SELECT 
CONTROL UNIT 

t-t 

I-
Jv 

LCS PCS4:0 
McSo UcS 

MCS1 MCs2 
MCS3 

PCS5/A1 

PCSi/A2 

2no22-2 

-· c( 
~ 

g 
r .... 
CCI 
CCI 
m 
)> 
I .... 
~w 

I m 

·~ 
l§! 

~ zg 
© 
liiiil 

~ 
"iii) 

© 
:w 
~ 
~ 
~ = 
© zg 



infel .. SOL 188EA-13, -8 £©W£00©~ aoo!P©OO!Ml£iia©oo 

INTRODUCTION 

The SOL 1 SSEA is the second member of the 1 S6 
Integrated Processor Family to go to 3V operation, 
following the SOL 18SEB. The SOL 1 SSEA is the 3V 
version of the SOC1 SSEA. The SOL 1 SSEA is func
tionally compatible with the industry standard 
SOC1SS embedded processor. Current SOC1SS us
ers can easily upgrade their designs to use the 
SOL 1 SSEA and benefit from the reduced power con
sumption of 3V operation. 

The feature set of the SOL 1 SSEA meets the needs of 
battery-powered applications. Battery-powered ap
plications benefit from the static CPU core and pe
ripherals. Minimum current consumption is achieved 
by combining low voltage operation along with the 
features of the Power Management Unit, thus maxi
mizing battery life. Peripheral design enhancements 
ensure that non-initialized peripherals consume little 
current. 

Space-critical applications benefit from the inte
gration of commonly used system peripherals. Two 
flexible OMA channels perform CPU-independent 
data transfers. A flexible chip select unit simplifies 
memory and peripheral interfacing. The interrupt unit 
provides sources for up to 12S external interrupts 
and will prioritize these interrupts with those generat
ed from the on-chip peripherals. Three general pur
pose timer/counters round out the feature set of the 
SOL1SSEA. 

OVERVIEW 

Figure 1 shows a block diagram of the SOL 1 SSEA. 
The Execution Unit (EU) is an enhanced SOS6 CPU 
core that includes: dedicated hardware to speed up 
effective address calculations, enhance execution 
speed for multiple-bit shift and rotate instructions 
and for multiply and divide instructions, string move 
instructions that operate at full bus bandwidth, ten 
new instructions, and static operation. The Bus Inter
face Unit (BIU) is the same as that found on the 
original SOC1 SS family products. An independent in
ternal bus is used to allow communication between 
the BIU and internal peripherals. 

Pinout Compatibility 

The SOL 1 SSEA requires a PDTMR pin to time the 
processor's exit from Powerdown Mode. The original 
pin arrangement for the SOC1SS in the PLCC pack
age did not have any spare leads to use for PDTMR 
so the OT /R pin was sacrificed. The arrangement of 
all the other leads in the 6S-lead PLCC is identical 
between the SOC1SS and the SOL1SSEA. DT/R may 
be readily synthesized by latching the S1 status out
put. Therefore, upgrading a PLCC SOC1 SS to PLCC 

SOL 1 SSEA is particularly straightforward. You must 
connect a capacitor to the SOL 1 SSEA PDTMR pin in 
order to use Powerdown Mode. 

The SO-lead QFP (EIAJ) pinouts are distinctly differ
ent between the SOC1 SS and the SOL 1 SSEA. In addi
tion to the PDTMR pin, the SOL1SSEA has more 
power and ground pins and the overall arrangement 
of pins was shifted. A new circuit board layout for the 
SOL1 SSEA is required. 

Operating Modes 

The SOC1 SS has two operating modes, Compatible 
and Enhanced. Compatible Mode is a pin-to-pin re
placement for the NMOS S01 SS, except for numeri
cs coprocessing. In Enhanced Mode, the processor 
has a Refresh Control Unit and the Power-Save fea
ture. The SOL 1 SSEA does not have different operat
ing modes. All SOL 1 SSEA features are present in 
regular operation. 

PACKAGE INFORMATION 

This section describes the pins, pinouts, and thermal 
characteristics for the SOL 1 SSEA in the Plastic Lead
ed Chip Carrier (PLCC) package and Quad Flat Pack 
(QFP) package. For complete package specifica
tions and information, see the Intel Packaging Out
lines and Dimensions Guide (Order Number: 
231369). 

Pin Descriptions 

Each pin or logical set of pins is described in Table 
2. There are three columns for each entry in the Pin 
Description Table. 

The Pin Name column contains a mnemonic that 
describes the pin function. Negation of the signal 
name (for example, RESIN) denotes a signal that is 
active low. 

The Pin Type column contains two kinds of informa
tion. The first symbol indicates whether a pin is pow
er (P), ground (G), input only (I), output only (0) or 
input/output (1/0). Some pins have multiplexed 
functions (for example, A 19/56). Additional symbols 
indicate additional characteristics for each pin. Table 
4 lists all the possible symbols for this column. 

Input pins may be either synchronous or asynchro
nous. Asynchronous pins require that setup and hold 
times be met only in order to guarantee recognition 
at a particular clock edge. Synchronous pins require 
that setup and hold times be met to guarantee prop
er operation. For example, missing the setup or hold 
time for the SRDY pin (a synchronous input) will re-
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suit in a system failure or lockup. Input pins may also 
be edge- or level-sensitive. The possible character
istics for input pins are S(E), S(L), A(E) and A(L). 

Finally, the Pin Description column contains a text 
description of each pin. 

Output states are dependent upon the current activi
ty of the processor. There are four operational 
states that are different from regular operation: bus 
hold, reset, Idle Mode, and Powerdown Mode. Ap
propriate characteristics for these states are also in
dicated in this column, with the legend for all possi
ble characteristics in Table 1. 

As an example. consider AD7:0. 1/0 sianifies the 
pins are bidirectional. S(L) signifies thaf the input 
function is synchronous and level-sensitive. H(Z) 
signifies that, as outputs, the pins are high-imped
ance upon acknowledgement of bus hold. R(Z) sig
nifies that the pins float during reset. P(X) signifies· 
that the pins retain their states during Powerdown 
Mode. 

Table 1. Pin Description Nomenclature 

Symbol Description 
p Power Pin (Apply +Vee Voltage) 
G Ground (Connect toVss) 
I Input Only Pin 
0 Output Only Pin 
110 Input/Output Pin 

S(E) Synchronous, Edge Sensitive 
S(L) Synchronous, Level Sensitive 
A(E) Asynchronous, Edge Sensitive 
A(L) Asynchronous, Level Sensitive 

H(1) Output Driven to Vee during Bus Hold 
H(O) Output Driven to Vss during Bus Hold 
H(Z) Output Floats during Bus Hold 
H(Q) Output Remains Active during Bus Hold 

· H(X) Output Retains Current State during Bus Hold 

R(WH) Output Weakly Held at Vee during Reset 
R(1) Output Driven to V cc during Reset 
R(O) Output Driven to Vss during Reset 
R(Z) Output Floats during Reset 
R(Q) Output Remains Active during Reset 
R(X) Output Retains Current State during Reset 

1(1) Output Driven to Vee during Idle Mode 
1(0) Output Driven to Vss during Idle Mode 
l(Z) Output Floats during Idle Mode 
l(Q) Output Remains Active during Idle Mode 
l(X) Output Retains Current State during Idle Mode 

P(1) Output Driven to Vee during Powerdown Mode 
P(O) Output Driven to Vss during Powerdown Mode 
P(Z) Output Floats during Powerdown Mode 
P(Q) Output Remains Active during Powerdown Mode 
P(X) Output Retains Current State during Powerdown Mode 
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Table 2. SOL 188EA Pin Descriptions 

Name Type Description 

Vee POWER connections consist of six pins which must be shorted externally to a Vee 
board plane. 

Vss GROUND connections consist of five pins which must be shorted externally to a 
Vss board plane. 

CLKIN I ClocK INput is an input for an external clock. An external oscillator operating at 
A(E) two times the required BOL 1 BBEA operating frequency can be connected to CLKIN. 

For crystal operation, CLKIN (along with OSCOUT) are the crystal connections to 
an internal Pierce oscillator. 

OSCO UT 0 OSCillator OUTput is only used when using a crystal to generate the external 
H(Q) clock. OSCOUT (along with CLKIN) are the crystal connections to an internal 
R(Q) Pierce oscillator. This pin is not to be used as 2X clock output for non-crystal 

P(Q) applications (i.e., this pin is N.C. for non-crystal applications). OSCOUT does not 
float in ONCE mode. 

CLKOUT 0 CLocK OUTput provides a timing reference for inputs and outputs of the 
H(Q) processor, and is one-half the input clock (CLKIN) frequency. CLKOUT has a 50% 
R(Q) duty cycle and transistions every falling edge of CLKIN. 

P(Q) 

RESIN I RESet IN causes the BOL 1 SSEA to immediately terminate any bus cycle in 
A(L) progress and assume an initialized state. All pins will be driven to a known state, 

and RESOUT will also be driven active. The rising edge (low-to-high) transition 
synchronizes CLKOUT with CLKIN before the SOL 1 SSEA begins fetching opcodes 
at memory location OFFFFOH. 

RESOUT 0 RESet OUTput that indicates the SOL 1 SSEA is currently in the reset state. 
H(O) RESOUT will remain active as long as RESIN remains active. 
R(1) 
P(O) 

PDTMR 1/0 Power-Down TiMeR pin (normally connected to an external capacitor) that 
A(L) determines the amount of time the SOL 1 SSEA waits after an exit from power down 

H(WH) before resuming normal operation. The duration of time required will depend on the 

R(Z) startup characteristics of the crystal oscillator. 

P(1) 
fl 

NMI I Non-Maskable Interrupt input causes a Type 2 interrupt to be serviced by the 
A(E) CPU. NMI is latched internally. 

TEST I TEST is used during the execution of the WAIT instruction to suspend CPU 
A(E) operation until the pin is sampled active (low). 

AD7:0 1/0 These pins provide a multiplexed Address and Data bus. During the address 
S(L) phase of the bus cycle, address bits O through 15 are presented on the bus and can 
H(Z) be latched using ALE. S- or 16-bit data information is transferred during the data 

R(Z) phase of the bus cycle. 

P(X) 

A15:S 0 These pins provide Address information throughout the entire bus cycle. 
H(Z) 
R(Z) 
P(Z) 

A1S:16 H(Z) These pins provide multiplexed Address during the address phase of the bus 
A19/S6 R(Z) cycle. Address bits 16 through 19 are presented on these pins and can be latched 

P(X) using ALE. A 1S:16 are driven to a logic 0 during the data phase of the bus cycle. 
Also during the data phase, S6 is driven to a logic 0 to indicate a CPU-initiated bus 
cycle or logic 1 to indicate a OMA-initiated bus cycle or a refresh cycle. 
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Table 2. SOL 188EA Pin Descriptions (Continued) 

Name Type Description 

-:>.c:.:u v aus cyc1e .,LiiLi.iS are encoueu on u 1ese pins 1v proviue uus 1iansaCLiOii 

H(Z) information. S2:0 are encoded as follows: 
R(Z) S2 S1 so Bus Cycle Initiated 
P(1) 0 0 0 Interrupt Acknowledge 

0 0 1 Read 1/0 
0 1 0 Write 1/0 
0 1 1 Processor HALT 
1 0 0 Queue Instruction Fetch 
1 0 1 Read Memory 
1 1 0 Write Memory 
1 1 1 Passive (no bus activity) 

ALE/QSO 0 Address Latch Enable output is used to strobe address information into a 
H(O) transparent type latch during the address phase of the bus cycle. In Queue .. Status 
R(O) Mode, QSO provides queue status information along with QS1. 

P(O) 

RFSH 0 ReFreSH output signals that a refresh cycle is in progress. 
H(Z) 
R(Z) 
P(1) 

RD/QSMD 1/0 ReaD output signals that the accessed memory or 1/0 device must drive data 
H(Z) information onto the data bus. Upon reset, this pin has an alternate function. As 

R(WH) QSMD, it enables Queue Status Mode when grounded. In Queue Status Mode, 

P(1) the ALE/QSO and WR/QS1 pins provide the following information about 
processor/instruction queue interaction: 

QS1 QSO Queue Operation 
0 0 No Queue Operation 
0 1 First Opcode Byte Fetched from the Queue 
1 1 Subsequent Byte Fetched from the Queue 
1 0 Empty the Queue 

WR/QS1 0 WRlte output signals that data available on the data bus are to be written into the 
H(Z) accessed memory or 1/0 device. In Queue Status Mode, QS1 provides queue 
R(Z) status information along with QSO. 

P(1) 

ARDY I Asychronous ReaDY is an input to signal for the end of a bus cycle. ARDY is 
A(L) asynchronous on rising CLKOUT and synchronous on falling CLKOUT. ARDY or 
S(L) SRDY must be active to terminate any BOL 1 BBEA bus cycle, unless they are 

ignored due to correct programming of the Chip Select Unit. 

SRDY I Synchronous ReaDY is an input to signal for the end of a bus cycle. ARDY or 
S(L) SRDY must be active to terminate any BOL 1 BBEA bus cycle, unless they are 

ignored due to correct programming of the Chip Select Unit. 

DEN 0 Data ENable output to control the enable of bidirectional transceivers when 
H(Z) buffering an BOL 1 BBEA system. DEN is active only when data is to be transferred 
R(Z) on the bus. 

P(1) 
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Table 2. SOL 188EA Pin Descriptions (Continued) 

Name Type Description 

DT/R 0 Data Transmit/Receive output controls the direction of a bi-directional buffer 
H(Z) when buffering an SOL 1 SSEA system. DT /A is only available for the QFP (EIAJ) 
R(Z) package (SSOL 1 SSEA). 
P(X) 

LOCK 1/0 LOCK output indicates that the bus cycle in progress is not to be interrupted. 
H(Z) The SOL 1 SSEA will not service other bus requests (such as HOLD) while LOCK 

R(WH) is active. This pin is configured as a weakly held high input while RESiN is active 
P(1) and must not be driven low. 

HOLD I HOLD request input to signal that an external bus master wishes to gain control 
A(L) of the local bus. The SOL 1 SSEA will relinquish control of the local bus between 

instruction boundaries not conditioned by a LOCK prefix. 

HLDA 0 HoLD Acknowledge output to indicate that the SOL 1 SSEA has relinquish 
H(1) control of the local bus. When HLDA is asserted, the SOL 1SSEA will (or has) 
R(O) floated its data bus and control signals allowing another bus master to drive the 
P(O) signals directly. 

ucs 0 Upper Chip Select will go active whenever the address of a memory or 1/0 bus 
H(1) cycle is within the address limitations programmed by the user. After reset, UCS 
R(1) is configured to be active for memory accesses between OFFCOOH and 
P(1) OFFFFFH. During a processor reset, UCS and [CS are used to enable ONCE 

Mode. 

LCS 0 Lower Chip Select will go active whenever the address of a memory bus cycle 
H(1) is within the address limitations prg{ammed by the user. [CS is inactive after a 
R(1) reset. During a processor reset, U and LCS are used to enable ONCE Mode. 
P(1) 

MCS3:0 0 If enabled, these pins comprise a block of Mid-Range Chip Select outputs 
H(1) which will go active whenever the address of a memory bus cycle is within the 
R(1) address limitations programmed by the user. 
P(1) 
A(L) 

PCS4:0 0 Peripheral Chip Selects go active whenever the address of a memory or 1/0 fl 
H(1) bus cycle is within the address limitations programmed by the user. 
R(1) 
P(1) 

PC55/A1 0 These pins provide a multiplexed function. As additional Peripheral Chip 
PCS6/A2 H(1)/H(X) Selects, they go active whenever the address of a memory or 1/0 bus cycle is 

R(1) within the address limitations by the user. They may also be programmed to 
P(1) provide latched Address A2:1 signals. 

TOO UT 0 Timer OUTput pins can be programmed to provide a single clock or continuous 
T10UT H(Q) waveform generation, depending on the timer mode selected. 

R(1) 
P(Q) 

TOIN I Timer INput is used either as clock or control signals, depending on the timer 
T11N A(L) mode selected. 

A(E) 
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Table 2. SOL 188EA Pin Descriptions (Continued) 

Name 

ncnn 
-•,1""1V ' -···- I l'&'"l .. 'liiii'G'1. l..;J Q..:11"'7'ii0ifl r.gu u1 QI I l;;iilA .. '1;111 I IQ.I '"'"t"'Q"'~" 11'11'1 IQI I llL • .., ..,. 'W' ... QI 'li::ii'U IVI Cl 

DRQ1 A(L) OMA transfer. 

INTO I Maskable INTerrupt input will cause a vector to a specific Type ihterrupt 
INT1 /SELECT A(E,L) routine. To allow interrupt expansion, INTO and/or INT1 can be used with 

INTAO and INTA1 to interface with an external slave controller. INT1 
becomes SELECT when the ICU is configured for Slave Mode. 

INT2/fNTAO 110 These pins provide multiplexed functions. As inputs, they provide a 
INT3/INTA 1 /IRQ A(E,L) maskable INTerrupt that will cause the CPU to vector to a specific Type 

/H(1) interrupt routine. As outputs, each is programmatically controlled to provide 

R(Z) an INTerrupt Acknowledge handshake signal to allow interrupt expansion. 

/P(1) INT3/INT A 1 becomes IRQ when the ICU is configured for Slave Mode. 

N.C. - No Connect. For compatibility with future products, do not connect to these 
pins. 

SOL 188EA PINOUT 

Tables 3 and 4 list the SOL 188EA pin names with 
package location for the 68-pin Plastic Leaded Chip 
Carrier (PLCC) component. Figure 2 depicts the 
complete 80L188EA pinout (PLCC package) as 
viewed from the top side of the component (i.e., con
tacts facing down). 

Tables 5 and 6 list the 80L188EA pin names with 
package location for the 80-pin Quad Flat Pack 
(EIAJ) component. Figure 3 depicts the complete 
80L188EA (EIAJ QFP package) as viewed from the 
top side of the component (i.e., contacts facing 
down). 

Table 3. PLCC Pin Names with Package Location 

Address/Data Bus Bus Control Processor Control 1/0 

Name Location Name Location Name Location Name Location 

ADO 17 ALE/QSO 61 RESIN 24 ucs 34 
AD1 15 RFSH 64 RESOUT 57 [CS 33 
AD2 13 so 52 CLKIN 59 MC80 38 
AD3 11 Sf 53 OSCO UT 58 MC"ST 37 
AD4 8 52 54 CLKOUT 56 MCS2 36 
ADS 6 
AD6 4 
AD7 2 
AB 16 
A9 14 
A10 12 
A11 10 
A12 7 
A13 5 
A14 3 
A15 1 

RD/OSMD 62 
WR/051 63 

ARDY 55 
SRDY 49 

DEN 39 
IOCK 48 

HOLD 50 
HLDA 51 

Power 

TEST 47 

PDTMR 40 

NMI 46 
INTO 45 
INT1 /SELECT 44 
INT2/INTAO 42 
INT3/INTA1/ 41 
IRQ 

M"CS3 35 

i5CSO 25 
j5eSf 27 
PCS2 28 
J5CS3 29 
PCS4 30 
PCSS/A1 31 
~/A2 32 

TOO UT 22 
TOIN 20 
T10UT 23 

A16 68 Name Location T11N 21 
A17 67 
A18 66 
A19/56 65 

Vss 26,60 

Vee 9,43 

DRQO 18 
DRQ1 19 
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Location 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

NOTE: 

Name 

A15 
AD7 
A14 
AD6 
A13 
ADS 
A12 
AD4 

Vee 
A11 
AD3 
A10 
AD2 
A9 
AD1 
AB 
ADO 

A15 

AD7 

A14 

AD& 

A13 

AD5 
A12 

AD4 

Vee 
A11 

AD3 

A10 

AD2 
A9 

AD1 

AB 
ADO 

SOL 188EA·13, ·8 

Table 4. PLCC Package Locations with Pin Name 

Location 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

• I 

Name Location 

DRQO 35 
DRQ1 36 
TOIN 37 
T11N 38 
TO OUT 39 
T10UT 40 
RESiN 41 
PCSO 

Vss 42 
PCSf 43 
PCS2 44 
PCS3 45 
PCS4 46 
PCSS/A1 47 
PCSS/A2 48 
[CS 49 
ucs 50 

51 

H80L188EA 
XXXXXXXXA (See Hote) 

(TOP) 

Name 

MCS3 
MCS2 
MCS1 
MCS'O 
DEN 
PDTMR 
INT3/INTA1 I 
IRQ 
INT2/INTAO 

Vee 
INT1 /SELECT 
INTO 
NMI 
TEST 
LOCK 
SRDY 
HOLD 
HLDA 

HLDA 
HOLD 

SRDY 

LOCK 

TEST 

NMI 

INTO 

Location 

52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 

INT 1 /SELECT 

Vee 
INT2/INTAO 

INT3/INTA 1/IRQ 

PDTMR 

DEN 

MCSO 

MCS1 

MCS2 

MCS3 

Name 

so 
ST 
S2 
ARDY 
CLKOUT 
RESOUT 
OSCO UT 
CLKIN 

Vss 
ALE/QSO 
RD/QSMD 
WR/QS1 
RFSH 
A19/S6 
A18 
A17 
A16 

272022-3 

The nine-character alphanumeric code (XXXXXXXXA) underneath the product number is the Intel FPO number. 

Figure 2. 68-Lead PLCC Pinout Diagram 
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Table 5. QFP (EIAJ) Pin Name with Package Location .------------., I Bua C~ntrol I I Processor fontrol I ..... , ---,-,0------. Addreaa/Data Bua 

Name Location Name Location Name Location Name Location 

ADO 64 ALE/QSO 10 RESIN 55 Des 45 
AD1 66 RFSR 7 RESOUT 18 res 46 
AD2 68 so 23 CLKIN 16 MCSO 40 
AD3 70 Sf 22 OSCO UT 17 MCS1 41 
AD4 74 S2 21 CLKOUT 19 ~ 42 
AD5 7'6 
ADS 78 
AD7 80 
AB 65 
A9 67 
A10 69 

RD/OSMD 9 
WR1as1 8 
ARDY 20 
SRDY 27 
DT/R 37 
OEN' 39 

iE'Si 29 
PDTMR 38 
NMI 30 
INTO 31 
INT1 /SEI:Eei 32 
INT2/INTAO 35 

MCS3 43 
peso 54 
PCS1 52 
PCS2 51 
PCS3 50 
'Pe'S4 49 

A11 71 
A12 75 
A13 77 
A14 79 

rnO< 28 
HOLD 26 
HLDA 25 

INT3/INTA1/ 36 
IRQ 
N.C. 11, 14, 

15,63 

PCS5/A1 48 
PCS6/A2 47 
TOOUT 57 
TOIN 59 

A15 1 T10UT 56 
A16 3 Power T11N 58 
A17 4 
A18 5 
A19/S6 6 

Name Location 

Vss 12, 13, 24, 

DRQO 61 
DRQ1 60 

53,62 
Vee 2,33, 34, 

44, 72, 73 
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Location 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

NOTE: 

Name 

A15 
Vee 
A16 
A17 
A18 
A19/S6 
RFSH 
WR/QS1 
RD/QSMD 
ALE/QSO 
N.C. 
Vss 
Vss 
N.C. 
N.C. 
CLKIN 
OSCO UT 
RESOUT 
CLKOUT 
ARDY 

Yee 

Yee 

AD4 

A12 

ADS 

A13 

ADI 

A14 

AD7 

SOL 188EA-13, -8 

Table 6. QFP (EIAJ) Package Location with Pin Names 

Location Name Location Name 

21 S2 41 MCS1 
22 Sf 42 MCS2 
23 so 43 MCS3 
24 Vss 44 Vee 
25 HLDA 45 ocs 
26 HOLD 46 [CS 

27 SRDY 47 PCS6/A2 
28 LOCK 48 PCS5/A1 
29 TEST 49 PCS4 
30 NMI 50 PCS3 
31 INTO 51 PCS2 
32 INT1 /SELECT 52 PCS1 
33 Vee 53 Vss 
34 Vee 54 PCSO 
35 INT2/INTAO 55 RESIN 
36 INT3/INTA1/ 56 T10UT 

IRQ 57 TOO UT 
37 DT/R 58 T11N 
38 PDTMR 59 TOIN 
39 DEN 60 DRQ1 
40 MCSO 

• S80L 188EA 
I XXXXXXXXA (See Note) 

(TOP) 

Location 

61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

MCSO 

DEN 

PDTMR 

DT/R 

INT3/iiifAT /IRQ 

INT2/iNffi 

Yee 

Yee 

INT1 /SELECT 

INTO 

NMI 

TEST 

LOCK 

SRDY 

HOLD 

HLDA 

Name 

DRQO 
Vss 
N.C. 
ADO 
AB 
AD1 
A9 
AD2 
A10 
AD3 
A11 
Vee 
Vee 
AD4 
A12 
AD5 
A13 
ADS 
A14 
AD7 

272022-4 

The nine-character alphanumeric code (XXXXXXXXA) underneath the product number is the Intel FPO number. 

Figure 3. Quad Flat Pack (EIAJ) Plnout Diagram 
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PACKAGE THERMAL 
SPECIFICATIONS 

The 80L i 88EA is specified for operation when Tc 
(the case temperature) is within the range of O"C to 
85°C (PLCC package) or o•c to 106°C (QFP-EIAJ) 

. package. Tc may be measured in any environment 
to determine whether the SOL 188EA is within the 
specified operating range. The case temperature 
must be measured at the center of the top surface. 

TA (the ambient temperature) can be calculated 
from 9cA (thermal resistance from the case to ambi-
ent) with the following equation: · 

TA= Tc-PX9cA 

Typical values for 9cA at various airflows are given 
in Table 7 for the 68-pin Plastic Leaded Chip Carrier 
(PLCC) package. 

Table 8 shows the maximum TA allowable (without 
exceeding Tc) at various airflows and operating fre
quencies. P (the maximum power consumption, 
specified in watts) is calculated by using the maxi
mum ICC as tabulated in the DC specifications and 
Vee of 5V. 

Table 7. Thermal Resistance (9cA) at Various Airflows (in °C/Watt) 

Airflow Linear ft/min (m/sec) 

0 200 400 600 800 1000 
(0) (1.01) (2.03) (3.04) (4.06) (5.07) 

[ecA (PLCC) 29 25 21 19 17 16.5 

lecA (QFP) 66 63 60.5 59 58 57 

Table 8. Maximum TA at Various Airflows (In °C) 

Airflow Linear ft/min (m/sec) 

TF 0 200 400 600 800. 1000 
l---'---1 (0) (1.01) {2.03) (3.04) (4.06) (5.07) (MHz) 

TA(PLCC) 25 78 80 81 82 82.5 83 
32 74 76 78 79 79.5 80 
40 70 72 74 75 76 76.5 

TA(QFP) 25 84 85.5 86 87 87 87.5 
32 77.5 79 80 80.5 81 81.5 
40 70 71.5 73 74 74 75 

24-772 



infel. SOL 188EA·13, ·8 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS* 

Storage Temperature .......... - 65°C to + 150°C 

Case Temperature under Bias ... - 65°C to + 150°C 

Supply Voltage with Respect 
to Vss ....................... -0.5V to +6.5V 

Voltage on Other Pins with Respect 
to Vss .................. -0.5V to Vee + 0.5V 

OPERATING CONDITIONS 
Symbol Parameter 

Vee Supply Voltage 

TF Input Clock Frequency 
SOL 1SSEA13 

SOL1SSEAS 

Tc Case Temperature under Bias 
NSOL 1 SSEA (PLCC) 
SSOL 1 SSEA (QFP) 

RECOMMENDED CONNECTIONS 

Power and ground connections must be made to 
multiple Vee and Vss pins. Every SOL1SSEA based 
circuit board should contain separate power (V cc) 
and ground CVss) planes. All Vee and Vss pins must 
be connected to the appropriate plane. Pins identi
fied as "N.C." must not be connected in the system. 
Decoupling capacitors should be placed near the 
SOL 1 SSEA. The value and type of decoupling capac-

NOTICE: This data sheet contains information on 
products in the sampling and initial production phases 
of development. It is valid for the devices indicated in 
the revision history. The specifications are subject to 
change without notice. 

•WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 

Min Max Units 

2.7 5.5 v 

0 26 MHz 

0 16 MHz 

0 +100 ·c 
0 +114 ·c 

itors is application and board layout dependent. The 
processor can cause transient power surges when 
its output buffers transition, particularly when con
nected to large capacitive loads. 

Always connect any unused input pins to an appro
priate signal level. In particular, unused interrupt pins 
(NMI, INT3:0) should be connected to Vss to avoid 
unwanted interrupts. Leave any unused output pin 
or any "N.C." pin unconnected. 
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DC SPECIFICATIONS 
Symbol Parameter Min Max Units Conditions 

V1L Input Low Voltage for All Pins -0.5 o.3 Vee v 

V1H Input High Voltage for All Pins 0.1 Vee Vee+ 0.5 v 

Vol Output Low Voltage 0.45 v IOL = 1.6 mA (min) 

VoH Output High Voltage Vee - o.5 v loH = -1 mA (min) 

VHYR Input Hysterisis on RESIN 0.30 v 

l1u Input Leakage Current (except ±10 µA ov s: V1N s: Vee 
RD/QSMD, UCS, LCS, MCSO, 
MCS1, LOCK, and TEST) 

l1L2 Input Leakage Current -275 µA V1N = 0.7 Vee (Note 1) 
(RD/OSMi5, UCS, LCS, MCSO, 
MCS1, LOCK, and TEST) 

loL Output Leakage Current ±10 µA 0.45 s: Your s: Vee 
(Note 2) 

lce5 Supply Current (RESET, 5.5V) 
SOL 1 SSEA-13 mA (Note 3) 
SOL1SSEA-S 40 mA (Note 3) 

lce3 Supply Current (RESET, 2. 7V) 
SOL1SSEA-13 mA (Note 3) 
SOL1SSEA-S 20 mA (Note 3) 

1105 Supply Current Idle (5.5V) 
SOL 1 SSEA-13 mA 
SOL1SSEA-S 2S mA 

1103 Supply Current Idle (2. 7V) 
SOL1SSEA-13 mA 
SOL1SSEA-S 14 mA 

lpo5 Supply Current Powerdown (5.5V) 
SOL 1 SSEA-13 100 µA 
SOL1SSEA-S 100 µA 

lpo3 Supply Current Powerdown (2. 7V) 
SOL 1 SSEA-13 50 µA 
SOL1SSEA-S 50 µA 

Gour Output Pin Capacitance 0 15 pF TF = 1 MHz 

C1N Input Pin Capacitance 0 15 pF TF = 1 MHz (Note 4) 

NOTES: 
1. RD/QSMD, UCS, LCS, MCSO, MeS1, TEST and LOCK, and have internal pullups that are only activated during RESET. 
Loading these pins above loL = - 275 µA will cause the SOL 188EA to enter alternate modes of operation. 
2. Output pins are floated using HOLD or ONCE Mode. 
3. Measured at worst case temperature and Vee with all outputs loaded as specified in the AC Test Conditions, and With the 
device in RESET (RESIN held low). 
4. Output capacitance is the capacitive load of a floating output pin. 
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Ice VERSUS FREQUENCY AND VOLTAGE 

The current (Ice) consumption of the SOL 1 SSEA is 
essentially composed of two components; lpo and 
Ices. 

lpo is the quiescent current that represents internal 
device leakage, and is measured with all inputs or 
floating outputs at GND or Vee (no clock applied to 
the device). lpo is equal to the Powerdown current 
and is typically less than 50 µ.A. 

Ices is the switching current used to charge and 
discharge parasitic device capacitance when chang
ing logic levels. Since Ices is typically much greater 
than lpo, lpo can often be ignored when calculating 
Ice· 

Ices is related to the voltage and frequency at which 
the device is operating. It is given by the formula: 

Power = V x I = V2 x Coev x f 

:. I = Ice= Ices= v x Coev x f 
Where: V = Device operating voltage (Vee) 

Coev = Device capacitance 

f = Device operating frequency 

Ices = Ice = Device current 

Measuring Coev on a device like the SOL 1 SSEA 
would be difficult. Instead, Coev is calculated using 
the above formula by measuring Ice at a known Vee 
and frequency (see Table 9). Using this Coev value, 
Ice can be calculated at any voltage and frequency 
within the specified operating range. 

EXAMPLE: Calculate the typical Ice when operating 
at 20 MHz, 4.SV. 

Ice = Ices = 4.8 x 0.515 x 20 :::: 49 mA 

PDTMR PIN DELAY CALCULATION 

The PDTMR pin provides a delay between the as
sertion of NMI and the enabling of the internal 
clocks when exiting Powerdown. A delay is required 
only when using the on-chip oscillator to allow the 
crystal or resonator circuit time to stabilize. 

NOTE: 
The PDTMR pin function does not apply· when 
RESiN is asserted (i.e., a device reset du~ng Pow
erdown is similar to a cold reset and RE IN must 
remain active until after the oscillator has stabi
lized). 

To calculate the value of capacitor required to pro
vide a desired delay, use the equation: 

440 x t = Cpo csv, 2s°C) 

Where: t = desired delay in seconds 
Cpo = capacitive load on PDTMR in mi· 

crofarads 

EXAMPLE: To get a delay of 300 µ.s, a capacitor 
value of Cpo = 440 x (300 x 10-s) = 0.132 µ.Fis 
required. Round up to standard (available) capaci
tive values. 

NOTE: 
The above equation applies to delay times greater 
than 10 µ.s and will compute the TYPICAL capaci
tance needed to achieve the desired delay. A delay 
variance of +50% or -25% can occur due to 
temperature, voltage, and device process ex
tremes. In general, higher Vee and/or lower tem-
perature will decrease delay time, while lower Vee Ill 
and/or higher temperature will increase delay time. -

Table 9. Coev Values 

Parameter Typ Max Units Notes 

Coev (Device in Reset) 0.515 0.905 mAfV•MHz 1, 2 

Coev (Device in Idle) 0.391 0.635 mAfV•MHz 1, 2 

1. Max Coev is calculated at -400C, all floating outputs driven to Vee or GND, and all 
outputs loaded to 50 pF (including CLKOUT and OSCOun. 
2. Typical Coev is calculated at 25°C with all outputs loaded to 50 pF except CLKOUT and 
OSCOUT, which are not loaded. 
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AC SPECIFICATIONS 

AC Character!st!cs-80L 188EA 13 
Symbol Parameter Min Max Units Notes 

INPUT CLOCK 

TF CLKIN Frequency 0 26 MHz 1 
Tc CLKIN Period 38.5 00 ns 1 
TcH CLKIN High Time 12 00 ns 1, 2. 
Tel CLKIN Low Time 12 00 ns 1, 2 
TcR CLKIN Rise Time 1 8 ns 1, 3 
TcF CLKIN Fall Time 1 8 ns 1, 3 

OUTPUT CLOCK 

Teo CLKIN to CLKOUT Delay 0 45 ns 1, 4 
T CLKOUT Period 2*Tc ns 1 
TpH CLKOUT High Time (T/2) - 5 (T/2) + 5 ns 1 
TpL CLKOUT Low Time (T/2) - 5 (T/2) + 5 ns 1 
TpR CLKOUT Rise Time 1 15 ns 1, 5 
TpF CLKOUT Fall Time 1 15 ns 1, 5 

OUTPUT DELAYS 

TcHOV1 ALE, LOCK 3 27 ns 1, 4,6, 7 

TcHOV2 MCS3:0, LCS, UCS, PCS6:0, RD, WR 3 32 ns 1, 4, 6, 8 

TcHOV3 S2:0, i5EN, DT/R, BHE, A19:16 3 30 ns 1, 4, 6, 11 

TcLOV1 IC5Ci<, RESOUT, HLDA, 3 27 ns 1,4,6 
TOOUT, T10UT 

TcLOV2 RD, WR, 'Me'S3:0, LCS, UCS, PCS6:0, 3 32 ns 1,4,6 
INTA1:0 

TcLOV3 BHE, DEN, A19:16 3 30 ns 1, 4,6 

TcLOV4 A 15:8, AD7:0 3 34 ns 1,4,6 

TcLOV5 82:0 3 38 ns 1,4,6 

TcHOF RD, WR, BHE, OT /R, 0 30 ns 1 
IC5CK, S2:0, A19:16 

TcLOF DEN,AD15:0 0 35 ns 1 

NOTES: 
1. See AC Timing Waveforms, for waveforms and definition. 
2. Measured at V1H for high time, V1L for low time. 
3 .. Only required to guarantee Ice. Maximum limits are bounded by Tc. T CH and T CL· 
4. Specified for a 50 pF load, see Figure 9 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 10 for rise and-fall times outside 50 pF. 
6. See Figure 1 O for rise and fall times. 
7. TcHOV1 applies to LOCK only after a HOLD release. 
8. T CHOV2 applies to RD and Wl'l only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper 80L186EA operation (SRDY, AD15:0). 
11. TcHOV3 applies·to IWSH and A19:16 only after a HOLD release. 
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AC SPECIFICATIONS 

AC Characteristics-SOL 188EA13 (Continued) 

Symbol Parameter Min Max Units Notes 

SYNCHRONOUS INPUTS 

TcHIS TEST, NMI, INT3:0, T1 :OIN, ARDY 25 ns 1, 9 

TcH1H TEST, NMI, INT3:0, T1 :OIN, ARDY 3 ns 1, 9 

Tcus AD15:0, ARDY, SRDY, DRQ1:0 25 ns 1, 10 

TcuH AD15:0, ARDY, SRDY, DRQ1:0 3 ns 1, 10 

Tcus HOLD 25 ns 1, 9 

TcuH HOLD 3 ns 1, 9 

Tcus RESIN (to CLKIN) 25 ns 1, 9 

TcuH RESIN (from CLKIN) 3 ns 1, 9 

NOTES: 
1. See AC Timing Waveforms, for waveforms and definition. 
2. Measured at V1H for high time, V1L for low time. 
3. Only required to guarantee Ice. Maximum limits are bounded by Tc. T CH and T CL· 
4. Specified for a 50 pF load, see Figure 9 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 1 O for rise and fall times outside 50 pF. 
6. See Figure 10 for rise and fall times. 
7. TcHov1 applies to LOCK after a HOLD release. 
8. T CHOV2 applies to RD and WR only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper 80L186EA operation (SRDY, AD15:0). 
11. TcHov3 applies to RFSH and A19:16 only after a HOLD release. 
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AC SPECIFICATIONS 

.AC Charactorlstlc~SOL 1!!EA! 
·symbol Parameter Min Max Units Notes 

INPUT CLOCK 

TF CLKIN Frequency 0 16 MHz 1 
Tc CLKIN Period 62.5 00 ns 1 
TCH CLKIN High Time 12 00 ns 1, 2 
Tel CLKIN Low Time 12 00 ns 1, 2 
TcR CLKIN Rise Time 1 8 ns 1, 3 
TcF CLKIN Fall Time 1 8 ns 1, 3 

OUTPUT CLOCK 

Teo CLKIN to CLKOUT Delay 0 50 ns 1, 4 
T CLKOUT Period 2*Tc ns 1 
TpH CLKOUT High Time (T/2) - 5 (T/2) + 5 ns 1 
TpL CLKOUT Low Time (T/2) - 5 (T/2) + 5 ns 1 
TpR CLKOUT Rise Time 1 15 ns 1, 5 
TpF CLKOUT Fall Time 1 15 ns 1, 5 

OUTPUT DELA VS 

TcHOV1 ALE, LOCK 3 30 ns 1,4, 6, 7 

TcHOV2 MCS3:0, LCS, UCS, PCS6:0, RD, WR 3 35. ns 1,4,6, 8 

TcHOV3 S2:0, 15Elil, DT/R, RFSH, A19:16 3 30 ns 1,4,6,11 

TcLOV1 'FWSR', 15Elil, LOCK, RESOUT, HLDA, 3 30 ns 1,4, 6 
TOOUT, T10UT, A19:16 

TcLOV2 'FID, WR, MCS3:0, LCS, 
OCS, PCS6:0, INTA 1 :0 

3 35 ns 1,4, 6 

TcLOV3 RFSH, DEN, A19:16 3 30 ns 1,4, 6 

TcLOV4 A 15:8, AD7:0 3 35 ns 1, 4, 6 

TcLOV5 52:0 3 40 ns 1, 4, 6 

TcHOF 'Fm, WR, RFSH, OT /R, 0 30 ns 1 
LOCK, 52:0, A19:16 

TcLOF DEN, A 15:8, AD7:0 0 35 ns 1 

NOTES: 
1. See AC Timing Waveforms, for waveforms &{Id definition. 
2. Measured at V1H for high time, V1L for low time. 
3. Only required to guarantee Ice. Maximum limits are bounded by Tc. T CH and T CL· 
4. Specified for a 50 pF load, see Figure 9 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 10 for rise and fall times outside 50 pF. 
6. See Figure 10 for rise and fall times. 
7. T CHOV1 applies to IClCK and only after a HOLD release. 
8. T CHOV2 applies to m::i and WR only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are tequired for proper 80L 188EA operation (SRDY, AD7:0). 
11. T CHOV3 applies to RFSH and A 19:16 only after a HOLD release. 
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AC SPECIFICATIONS 

AC Characteristics-SOL 188EA8 (Continued) 
Symbol Parameter Min Max Units Notes 

SYNCHRONOUS INPUTS 

TcHIS TEST, NMI, INT3:0, T1 :OIN, ARDY 25 ns ' 1, 9 

TcHIH TEST, NMI, INT3:0, T1 :OIN, ARDY 3 ns 1, 9 

Tcus A15:8, AD7:0, ARDY, SRDY, DRQ1:0 25 ns 1, 10 

TcuH A15:8, AD7:0, ARDY, SRDY, DRQ1:0 3 ns 1, 10 

Tcus HOLD 25 ns 1, 9 

TcuH HOLD 3 ns 1, 9 

Tcus RESIN (to CLKIN) 25 ns 1, 9 

TcuH RESIN (to CLKIN) 3 ns 1, 9 

NOTES: 
1. See AC Timing Waveforms, for waveforms and definition. 
2. Measured at V1H for high time, V1L for low time. 
3. Only required to guarantee Ice. Maximum limits are bounded by Tc. T CH and T CL· 
4. Specified for a 50 pF load, see Figure 9 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 10 for rise and fall times outside 50 pF. 
6. See Figure 1 O for rise and fall times. 
7. TCHov1 applies to LOa< and only after a HOLD release. 
8. T CHOV2 applies to RD and WR only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper BOL 1 BBEA operation (SRDY, AD7:0). 
11. TcHOV3 applies to RFSH and A19:1.6 only after a HOLD release. 

fl 
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AC SPECIFICATIONS 

Relative Timings-SOL 188E:A-13, -8 

Symbol Parameter Min Max Unit Notes 

RELATIVE TIMINGS 

TLHLL ALE Rising to ALE Falling T- 15 ns 

TAVLL Address Valid to ALE Falling 112r~ 10 ns 

TPLLL Chip Selects Valid to ALE Falling %T-10 ns 1 

TLLAX Address Hold from ALE Falling %T-10 ns 

TLLWL ALE Falling to WR! Falling %T-15 ns 1 

TLLRL ALE Falling to RD Falling %T-15 ns 1 

TRHLH RD Rising to ALE Rising %T-10 ns 1 

TwHLH WA" Rising to ALE Rising %T-10 ns 1 

TAFRL. Address Float tO RD Falling 0 ns 

TRLRH RD Falling to RD Rising (2°T) - 5 ns 2 

TwLWH WA" Falling to.WA" Rising (2°T) - 5 ns 2 

TRHAV RD Rising to Address Active T- 15 ns 

TwHDX Output Data Hold after WR Rising T- 15 ns 

TwHDEX WA" Rising to l5EN Rising %T-10 ns 1 

TwHPH WA" Rising to Chip Select Rising %T-10 ns 1,4 

TRHPH RD Rising to Chip Select Rising %T-10 ns 1,4 

TPHPL CS Inactive to CS Active %T-10 ns 1 

ToxoL DEN Inactive to DT /R Low 0 ns 5 

TovRH ONCE (liCS, LCS) Active to RESIN Rising · T ns 3 

TRHOX ONCE (UCS, LCS) to RESIN Rising T ns 3 

NOTES: 
1. AS$umes equal loading on both pins. 
2. Can be extended using wait states. 
3. Not tested. 
4. Not applicable to latched A2:1. These signals change only on falling T1. 
5. For write cycle followed by read cycle. 
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AC TEST CONDITIONS 

The AC specifications are tested with the 50 pF load 
shown in Figure 4. See the Derating Curves section 
to see how timings vary with load capacitance. 

OUTPUT 
PIN 

CL = 50 pF for all signals. 
272022-5 

Specifications are measured at the Vcc/2 crossing 
point, unless otherwise specified. See AC Timing 
Waveforms, for AC specification definitions, test 
pins, and illustrations. 

Figure 4. AC Test Load 

AC TIMING WAVEFORMS 

272022-6 

Figure 5. Input and Output Clock Waveform 
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. ::\- 50" CLKOUT 
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VALID FLOAT (NOTE) 

ov 
272022-7 

NOTE: 
20% Vee < Float < 80% Vee 

Figure 6. Output Delay and Float Waveform 

so" CLKOUT (NOTE) 

ov 

g MIN 

MIN 

Vee 
VIH V1H 

VALID 
VIL VIL 

ov 
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NOTE: 
RESiN measured to CLKIN, not CLKOUT 

Figure 7. Input Setup and. Hold 
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SOL 188EA·13, ·8 
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NOTE: 
T oxoL for write cycle followed by read cycle 

Figure 8. Relative Signal Waveform 
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DERATING CURVES 
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Figure 9. Typical Output Delay Variations 
Versus Load Capacitance 
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~ .. 
..5 
>- 6 
< .... ... 
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Figure 10. Typical Rise and Fall Variations 
Versus Load Capacitance 

SOL 188EA EXPRESS 

The Intel EXPRESS program offers an extended 
temperature range as an enhancement to the 
BOL 1 BBEA operational specifications. EXPRESS 
products are designed to meet the needs of those 
applications whose operating requirements exceed 
commercial standards . 

With the standard commercial temperature range, 
operational characteristics are guaranteed over a 
temperature range corresponding to o•c to + 70°C 
ambient. With the extended temperature range op
tion, operational characteristics are guaranteed over 
a temperature range corresponding to -40°C to 
+ as·c ambient. 

Package types and EXPRESS versions are identified 
by a one- or two-letter prefix to the part number. The 
prefixes are listed in Table 10. All AC and DC specifi
cations are the same for both commercial and EX
PRESS parts. 

Table 10. Prefix Identification 

Prefix 
Package Temperature 

Type Range 

N PLCC Commercial 

s QFP(EIAJ) Commercial 

TN PLCC Extended 

TS QFP (EIAJ) Extended 
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NOTE: 

2.17 
(0.105) 

Units are mm/(inches). 

SOL 188EA·13, ·8 

-I 1-- 1.27 -11-- 0.755 :t 0.075 
I I co.o5o> 11 co.021 * o.ooa> 

Figure 11. PLCC Principal Dimensions 

24-785 

24.2 :I: 0.1 
(G.155 :I: 0.004) 

25.15 :t 0.15 
(O.H llo 0.001) 
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SOL 188EA·13, ·8 

23.9 t;O • .f. (0.941 :t:0.018) 

j l 

H.3:1:0.4 
(0.842 :t:0.018) 

22.3 :t:o.• (0.878 :1:0.016) 

-II- O.t .. 0.0S(O.OOU0.002) 

Units are mm (inches) unless specified. 

Figure 12. QFP (EIAJ) Principal Dimensions 
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u .. o(0.551) 

17.9:t:0.4 
(0.705:1:0.016) 

0.8:t0.2 
(0.031 :1:0.008) 
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REVISION HISTORY 

Intel SOL 1 SSEA devices are marked with a 9-charac
ter alphanumeric Intel FPO number underneath the 
product number. This data sheet (272022-001) is 
valid for SOL 1 SSEA devices with an "A" as the ninth 
character in the FPO number, as illustrated in Figure 
2 for the 6S-lead PLCC package and Figure 3 for the 
SO-lead QFP (EIAJ) package. Such devices may 
also be identified by reading a value of 01 H from the 
STEPID register. 

The following changes were made from revision 
-001 to -002 of this datasheet. 

1 . AC and DC specifications for 13 MHz parts were 
added. 

An SOL 1 SSEA with a STEPID value of 01 H or 02H 
has the following known errata. A device with a 
STEPID of 01 H or 02H can be visually identified by 
noting the presence of a "A" or "B" alpha character, 
respectively, next to the FPO number. The FPO 
number location is shown in Figures 2 and 3. 

1. An internal condition with the interrupt controller 
can cause no acknowledge cycle on the INTA1 
line in response to INT1. This errata only occurs 
when Interrupt 1 is configured in cascade mode 
and a higher priority interrupt exists. This errata 
will not occur consistantly, it is dependent on in
terrupt timing. 
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16-BIT HIGH-INTEGRATION EMBEDDED PROCESSOR 

•av Operation, Vee = 2.7V-5.5V 
• Full Static Operation 

• True CMOS Inputs and Outputs 
• - 40"C to + S5°C Operating Temperature Range 

• Low System Cost s-Bit Interface 

• Integrated Feature Set 
- Low-Power Static CPU Core 
- Two Independent UARTs each with 

an Integral Baud Rate Generator 
- Two S·Blt Multiplexed 1/0 Ports 
- Programmable Interrupt Controller 
-Three Programmable 16-Bit 

Timer /Counters 
- Clock Generator 
- Ten Programmable Chip Selects with 

Integral Wait-State Generator 
- Memory Refresh Control Unit 
- System Level Testing Support 

(ONCE™ Mode) 
• Direct Addressing Capability to 1 Mbyte 

Memory and 64 Kbyte 1/0 

• Speed Version Available: 
-13 MHz (SOL 1SSEB·13) 
- S MHz (SOL 1SSEB·S) 

• Low-Power Operating Modes: 
- Idle Mode Freezes CPU Clocks but 

keeps Peripherals Active 
- Powerdown Mode Freezes All 

Internal Clocks 
• Complete System Development 

Support 
-ASMS6 Assembler, PL/M S6, 

Pascal S6, Fortran S6, C-S6, and 
System Utilities 

- In-Circuit Emulator (ICE™·1SSEB) 
• Available In: 

- SO-Pin Quad Flat Pack (TSSOL 1SSEB) 
- S4-Pin Plastic Leaded Chip Carrier 

(TNSOL 1SSEB) 

The 80l188EB is the 3V version of the 80C188EB embedded processor. By reducing Vee. further power 
savings can be realized over the standard 80C188EB making the SOL 188EB ideal for battery-powered portable 
applications. 

24-788 
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Figure 1. 80L 188£8 Block Diagram 
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INTRODUCTION 

The SOL 1 SSEB is the first product in a new genera-
... : __ -1 1---- ----·-- L:-L. :-.1.----.1.:-- -:-------------
llUll UI 1uw-1-1uwt:n, 111\:Jll"'lllLtl\fli:lllUll 1111\.llUIJIUVt:l::ti:>UI.,. 

It enhances the existing 1 S6 family by offering new 
features and new operating modes .. The SOL 1 SSEB 
is object code compatible with the SOC1S6/SOC1SS 
microprocessors. The SOL1SSEB has an S-bit exter
nal data bus but still retains a 16-bit internal bus. An 
S-bit external bus reduces system cost by requiring 
that only single byte-wide memories be used. 

The feature set of tt:ie SOL 1 SSEB meets the needs of 
battery-powered applications. Battery-powered ap
plications benefit from the static CPU core and pe
ripherals. Minimum current consumption is achieved 
by combining low voltage operation along with the 
features of the power management unit, thus maxi
mizing battery life. Peripheral design enhancements 
ensure that non-initialized peripherals consume little 
current. 

Space critical applications benefit from the inte
gration of commonly used system peripherals. Two 
serial channels are provided for services such as 
diagnostics, inter-processor communication, modem 
interface, terminal display interface and many oth
ers. A flexible chip select unit simplifies memory and 
peripheral interfacing. The interrupt unit provides 
sources for up to 129 external interrupts and will pri
oritize these interrupts ·with those generated from 
the on-chip peripherals. Three general purpose tim
er/ counters and sixteen multiplexed 1/0 port pins 
round out the feature set of the SOL 1SSEB. 

OVERVIEW 

Figure 1 shows a block diagram of the SOL 1 SSEB. 
,. .... _ r-.. ·--· .... :-- 1 1-:4- tr""I '' =- -- --a..----..a onoo l"'OI 1 
lllt:f t;;.A.t:l\.l'ULIVll VlllL \l;;;;.UJ '"CUI ll:JllllC:lll"'QU vvuv v1-v 

core that includes: dedicated hardware to speed up 
effective address calculations, enhance execution 
speed for multiple-bit shift and rotate instructions 
and for multiply and divide instructions, string move 
instructions that operate at full bus bandwidth, ten 
new instructions and full static operation. The Bus 
Interface Unit (BIU) is the same as that found on the 
original 1 SS family products, except the queue
status mode has been deleted and buffer interface 
control has been changed to ·ease system design 
timings. An independent internal bus is used to allow 
communication between the BIU and internal periph
erals. 

PACKAGE INFORMATION 

This section describes the pins, pinouts, and thermal 
characteristics for the SOL 1 SSEB in the Plastic 
Leaded Chip Carrier (PLCC) package and Quad Flat 
Pack (QFP) package. For complete package specifi
cations and information, see the Intel Packaging 
handbook (Order Number: 240SOO). 
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SOL 188EB PINOUT 

Tables 1 and 2 list the 80L188EB pin names with 
package location for the 84-pin Plastic Leaded Chip 
Carrier (PLCC) component. Figure 2 depicts the 
complete SOL 188EB pinout (PLCC package) as 
viewed from the top side of the component (i.e., con
tacts facing down). 

Tables 3 and 4 list the 80L188EB pin names with 
package location for the 80-pin Quad Flat Pack 
(QFP) component. Figure 3 depicts the complete 
SOL 188EB (QFP package) as viewed from the top 
side of the component (i.e., contacts facing down). 

Table 1. PLCC Pin Names with Package Location 

Address/Data Bus Bus Control Processor Control 1/0 

Name Location Name Location Name Location Name Location 

ADO 61 ALE 6 RESiN 37 ·~ 30 
AD1 66 R'FSR 7 RESOUT 38 rns 29 
AD2 68 so 10 CLKIN 41 P1.0/G°CSO 28 
AD3 70 ST 9 OSCO UT 40 P1.1/~ 27 
AD4 72 52 8 CLKOUT 44 P1.2/~ 26 
ADS 74 
AD6 76 
AD7 78 
AS 62 
A9 67 
A10 69 

RD 4 
WR 5 

READY 18 

DEfJ 11 
· DT/R 16 

TEST 14 

NC 60 
NC 39 
.NC 3 

PDTMR 36 

P1.3/~ 25 
P1.4/~ 24 
P1.5/~ 21 
P1.6/~ 20 
P1.7/crosr 19 

TOOUT 45 
A11 71 ~ 15 NMI 17 TOIN 46 
A12 73 HOLD 13 INTO 31 T10UT 47 
A13 75 HLDA 12 INT1 32 T11N 48 
A14 77 
A15 79 

A16 80 
A17 81 

Power 

Name Location 

INT2/iiiiTAO 33 
INT3/i!ilTAT 34 
INT4 35 

RXDO 53 
TXDO 52 
P2.5/BCLKO 54 
eTSO 51 

A18 82 
A19/0NCE 83 

Vss 2, 22,43, 
63,65,84 

P2.0/RX01 57 
P2.1/TXD1 58 

Vee 1, 23, P2.2/BCLK1 59 

42,64 P2.3/SINT1 55 
P2.4/CTS'f 56 

P2.6 50 
P2.7 49 
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Table 2. PLCC Package Locations with Pin Name 

I Loca~lon I . . Name I Loc~~ion I . . Name I I Loc~~lon I . . Name I I Loc~~lon I , . Name 

l vee ££ vss ,.., vss .,,. vee 
2 Vss 23 Vee 44 CLKOUT 65 Vss 
3 NC 24 P1.4/GCS4 45 TOO UT 66 AD1 
4 RD 25 P1.3/GCS3 46 TOIN 67 A9 
5 WR 26 P1.2/GCS2 47 T10UT 68 AD2 
6 ALE 27 P1.1/GCS1 48 T11N 69 A10 
7 RFSH 28 P1.0/GCSO 49 P2.7 70 AD3 
8 S2 29 LCS 50 P2.6 71 A11 
9 S1 30 ucs 51 CTSO 72 AD4 

10 so 31 INTO 52 TXDO 73 A12 
11 DEN 32 INT1 53 RXDO 74 AD5 
12 HLDA 33 INT2/INTAO 54 P2.5/BCLKO 75 A13 
13 HOLD 34 INT3/INTA1 55 P2.3/SINT1 76 ADS 
14 TEST 35 INT4 56 P2.4/CTS1 77 A14 
15 LOCK 36 PDTMR 57 P2.0/RXD1 78 AD7 
16 DT/R 37 RESIN 58 P2.1/TXD1 79 A15 
17 NMI 38 RESOUT 59 P2.2/BCLK1 80 A16 
18 READY 39 NC 60 NC 81 A17 
19 P1.7/GCSl 40 OSCO UT 61 ADO 82 A18 
20 P1.6/GCS6 41 CLKIN 62 A8 83 A19/0NCE 
21 P1.5/GCS5 42 Vee 63 Vss 84 Vss 
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This is the FPO number location (indicated by the X's). 

Figure 2. 84-Pin Plastic Leaded Chip Carrier Plnout Diagram 
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Table 3. QFP Pin Name with Package Location 

Address/Data Bus 
I I iliame I. Locaiion ilia::s~o::::iion I I P~::ssorlc::;::ilon I .... 1-;.-·a-m-_e_llO~l-L_u_e .. --i-iu_n .... 1 

ADO 10 ALE 38 RESIN 68 ucs 61 
AD1 15 RFSH 39 RESOUT 69 CT5S 60 
AD2 17 so 42 CLKIN 71 P1.0/GCSO 59 
AD3 19 S1 41 OSCO UT 70 P1.1/GCST 58 
AD4 21 ~ 40 CLKOUT 74 P1.2/Ge$2 57 
ADS 23 
AD6 25 
AD7 27 
A8 11 

RD 36 TEST 46 

WR 37 PDTMR 67 

READY 49 NMI 48 
INTO 62 

P1.3/GC$3 56 
P1.4/Ges.i 55 
P1.5/~ 52 
P1.6/GCSS 51 

A9 16 DEN 43 INT1 63 P1.7/GC$7 50 
A10 18 LOCK 47 INT2/INTAO 64 TOO UT 75 
A11 20 HOLD 45 INT3/INTA1 65 TOIN 76 
A12 22 HLDA 44 INT4 66 T10UT 77 
A13 24 T11N 78 
A14 26 Power RXDO 3 
A15 28 TXDO 2 
A16 29 Name Location P2.5/BCLKO 4 
A17 30 Vee 13, 34, CTSO 1 
A18 31 54, 72 P2.0/RXD1 7 
A19/0NCE 32 Vss 12, 14, 33, P2.1/TXD1 8 

35,53, 73 P2.2/BCLK1 9 
P2.3/SINT1 5 
P2.4/CT$1 6 

P2.6 80 
P2.7 79 
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Table 4. QFP Package Location with Pin Names 

Location Name Location Name Location Name Location Name 

1 C'IBO 21 AD4 41 S1 61 ucs 
2 TXDO 22 A12 42 so 62 INTO 
3 RXDO 23 ADS 43 DEN 63 INT1 
4 P2.5/BCLKO 24 A13 44 HLDA 64 INT2/INTAO 
5 P2.3/SINT1 25 AD6 45 HOLD 65 INT3/INTA1 
6 P2.4/CTS1 26 A14 46 TEST 66 INT4 
7 P2.0/RXD1 27 AD7 47 LOCK 67 PDTMR 
8 P2.1/TXD1 28 A15 48 NMI 68 RESIN 
9 P2.2/BCLK1 29 A16 49 READY 69 RESOUT 

10 ADO 30 A17 50 P1.7/GCS7 70 OSCO UT 
11 AS 31 A18 51 P1.6/GCS6 71 CLKIN 
12 Vss 32 A19/0NCE 52 P1.5/GCS5 72 Vee 
13 Vee 33 Vss 53 Vss 73 Vss 
14 Vss 34 Vee 54 Vee 74 CLKOUT 
15 AD1 35 Vss 55 P1.4/GC$4 75 TOOUT 
16 A9 36 RD 56 P1.3/GCS3 76 TOIN 
17 AD2 37 WR 57 P1.2/GCS2 77 T10UT 
18 A10 38 ALE 58 P1.1/GCS'f 78 T11N 
19 AD3 39 RFSH 59 P1.0/GCSO 79 P2.7 
20 A11 40 S2 60 [CS 80 P2.6 
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64 63 62 61 60 59 58 57 56 55 5-4 53 52 51 50 <49 <48 <47 <46 <45 •• <43 <42 <41 

65 <40 S2 

INT-4 •TS80L188EB16 39 Rf SH 

PDTMR I XXXXXXXXB (See Note) 38 ALE 

RESIN 37 iVR 
RESOUT 36 RD 

OSCOUT 35 Vss 
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T10UT 28 A15 
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270920-4 

NOTE: 
This is the FPO number location (indicated by the X's). 

Figure 3. Quad Flat Pack Plnout Diagram 
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PACKAGE THERMAL 
SPECIFICATIONS 

The SOL 1 SSEB is specified for operation when Tc 
(the case temperature) is within the range of -40°C 
to + 100°C (PLCC package) or -40°C to + 114°C 
(QFP package). Tc may be measured in any envi
ronment to determine whether the SOL 1 SSEB is 
within the specified operating range. The case tem
perature must be measured at the center of the top 
surface. 

TA (the ambient temperature) can be calculated 
from OcA (thermal resistance from the case to ambi
ent) with the following equation: 

Typical values for OcA at various airflows are given 
in Table 5 for the S4-pin Plastic Leaded Chip Carrier 
(PLCC) package. 

Table 6 shows the maximum TA allowable (without 
exceeding Tc) at various airflows and operating fre
quencies. P (the maximum power consumption, 
specified in watts) is calculated by using the maxi
mum ICC as tabulated in the DC specifications and 
Vee of 5V. 

Table 5. Thermal Resistance (OcA) at Various Airflows (in °C/Watt) 

Airflow Linear ft/min (m/sec) 

0 200 400 600 800 1000 
(0) (1.01) (2.03) (3.04) (4.06) (5.07) 

rocA (PLCC) 
t-'------'--

30 24 21 19 17 16.5 

rocA (QFP) 5S 47 43 40 3S 36 

Table 6. Maximum TA at Various Airflows (in °C) 

Airflow Linear ft/min (m/sec) 

TF 0 200 400 600 800 1000 
~ (0) (1.01) (2.03) (3.04) (4.06) (5.07) (MHz) 

[TA (PLCC) 16 91.5 93.5 94 94.5 95.5 95.5 

rTA(QFP) 16 9S 101 102 103 103.5 104 
·'-----

24-797 



80L188EB 

ELECTRICAL SPECIFICATIONS 

Absolute Maximum Ratings 

Parameter Maximum Rating 

Storage Temperature .......... - 65°C to + 150°C 

Case Temp Under Bias ......... - 65°C to + 120°C 

SupplyVoltagewrtVss .......... -0.5Vto +6.5V 

Voltage on other Pins 
with respect to Vss ........ -0.5V to Vee +0.5V 

OPERATING CONDITIONS 
Symbol Parameter 

Vee Supply Voltage 

TF Input Clock Frequency 
SOL 1 SSEB-13 
SOL188EB-S 

Tc Case Temperature Under Bias 
NSOL 1 SSEB-X (PLCC) 
SBOL 1 SBEB-X (QFP) 

RECOMMENDED CONNECTIONS 

NOTICE: This data sheet contains information on 
products in the sampling and initial production phases 
of development. It is valid for the devices indicated in 
the revision history. The specifications are subject to 
change without notice. 

•WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 

Min Max Units 

2.7 5.5 v 

0 26 MHz 

0 16 MHz 

-40 +100 ·c 
-40 + 114 ·c 

Power and ground connections must be made to multiple Vee and Vss pins. Every SOL18SEB-based circuit 
board should include separate power (Vee) and ground (Vss) planes. Every Vee-Pin must be connected to the 
power plane, and every Vss pin must be connected to the ground plane. Pins identified as "NC" must not be 
connected in the system. Liberal decoupling capacitance should be placed near the SOL 1 SBEB. The processor 
can cause transient power surges when its output buffers transition, particularly when connected to large 
capacitive loads. 

Low inductance capacitors and interconnects are recommended for best high frequency electrical perform
ance. Inductance is reduced by placing the decoupling capacitors as close as possible to the SOL 1 SSEB Vee 
and Vss package pins. 

Always connect any unused input to an appropriate signal level. In particular, unused interrupt inputs (INT0:4) 
should be connected to Vee through a pull-up resistor (in the range of 50 KO). Leave any unused output pin 
or any NC pin unconnected. 
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DC SPECIFICATIONS 

Symbol Parameter Min Max Units Notes 

V1L Input Low Voltage -0.5 o.3*Vcc v 
V1H Input High Voltage o.7*Vcc Vee+ o.5 v 
Vol Output Low Voltage 0.45 v loL = 1.6 mA (Min) 

(Note 1) 

VoH Output High Voltage Vee - 0.5 v loH = -1 mA (Min) 
(Note 1) 

VHYR Input Hysterisis on RESIN 0.50 v 
lu1 Input Leakage Current for pins: ±15 µA OV ~ V1N ~Vee 

AD15:0, READY, HOLD, RESIN, CLKIN, 
TEST, NMl, INT4:0, TOIN, T11N, RXDO, 
BCLKO, CTSO, RXD1, BCLK1, CT51, 
Sint1, P2.6, P2. 7 

lu2 Input Leakage Current for pins: -0.275 -0.5 µA V1N = 0.7Vcc 
A19/0NCE, A1S:16, LOCK (Note 2) 

I Lo Output Leakage Current ±15 µA 0.45 ~ VouT ~ Vee 
(Note 3) 

Ices Supply Current (RESET, 5.5V) 
BOL1SSEB-13 70 mA (Note 4) 
BOL1SSEB-S 45 mA (Note4) 

lcca Supply Current (RESET, 2. 7V) 
SOL 1SBEB-13 36 mA (Note4) 
SOL1SBEB-S 22 mA (Note 4) 

l1D5 Supply Current Idle (5.5V) 
SOL 1SSEB-13 4S mA (Note 5) 
SOL1SSEB-B 31 mA (Note 5) 

l1Da Supply Current Idle (2. 7V) 
BOL1SSEB-13 24 mA (Note 5) 
SOL1SSEB-S 15 mA (Note 5) 

IPD5 Supply Current Powerdown (5.5V) 
SOL1S8EB-13 100 µA (Note6) 
80L188EB-8 100 µA (Note6) 

lpDa Supply Current Powerdown (2. 7V) 
SOL 1 BBEB-13 30 µA (Note6) 
80L1S8EB-8 30 µA (Note6) 

C1N Input Pin Capacitance 0 15 pF TF = 1 MHz 

CouT Output Pin Capacitance 0 15 pF TF = 1 MHz (Note 7) 

NOTES: 
1. loL and loH measured at Vee = 2.7V. 
2. These pins have an internal pull-up device that is active while RESIN is low and ONCE Mode is not active. Sourcing more 
current than specified (on any of these pins) may invoke a factory test mode. ' 
3. Tested by outputs being floated by invoking ONCE Mode or by asserting HOLD. 
4. Measured with the device in RESET and at worst case frequency, Vee. and temperature with ALL outputs loaded as 
specified in AC Test Conditions, and all floating outputs driven to Vee or Vss-
5. Measured with the device in HALT (IDLE Mode active) and at worst case frequency, Vee. and temperature with ALL 
outputs loaded as specified in AC Test Conditions, and al! floating outputs driven to Vee or V55. 
6. Measured with the device in HALT (Powerdown Mode active) and at worst case frequency, Vee, and temperature with 
ALL outputs loaded as specified in AC Test Conditions, and all floating outputs driven to Vee or V55. 
7. Output Capacitance is the capacitive load of a floating output pin. 
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Ice VERSUS FREQUENCY AND VOLTAGE 

The current (Ice) consumption of the SOL 188EB is 
essentie_tly ·composf:!d of two components; lpo and 
Ices-

lpo is the quiescent current that represents internal 
device leakage, and is measured with all inputs or 
floating outputs at GND or Vee (no clock applied to 
the device). lpo is equal to the Powerdown current 
and is typically less than 50 µA. 

Ices is the switching current used to charge and 
discharge parasitic device capacitance when chang
ing logic levels. Since Ices is typically much greater 
than lpo, lpo can often be ignored when calculating 
Ice-

Ices is related to the voltage and frequency at which 
the device is operating. It is given by the formula: 

Power = V X I = V2 X CoEV X f 

: . I = Ice = Ices = v x CoEv x f 
Where: V = Device operating voltage (Vee) 

CoEv = Device capacitance 

f = Device operating frequency 

Ices = Ice = Device current 

Measuring CoEV on a device like the 80C188EB 
would be difficult. Instead, CoEv is calculated using 
the above formula by measuring Ice at a known Vee 
and frequency (see Table 7). Using this CoEV value, 
Ice can be calculated at any voltage and frequency 
within the specified operating range. 

EXAMPLE: Calculate the typical Ice when operating 
at 8 MHz, 3V. 

Ice= Ices = 3 x 0.583 x 8 z 14 mA 

PDTMR PIN DELAY CALCULATION 

The PDTMR pin provides a delay between the as
sertion of NMI and the enabling of the internal 
clocks when exiting Powerdown. A delay is required 
only when using the on-chip oscillator to allow the 
crystal or resonator circuit time to stabilize. 

NOTE: 
The PDTMR pin function does not apply when 
RESIN is asserted (i.e., a device reset during Pow
erdown is similar to a cold reset and RESIN must 
remain active until after the oscillator has stabi
lized). 

To calculate the value of capacitor required to pro
vide a desired delay, use the equation: 

440 X t = Cpo (5V, 25°C) 

Where: t = desired delay in seconds 

Cpo = capacitive load on PDTMR in mi
crofarads 

EXAMPLE: To get a delay of 300 µs, a capacitor 
value of Cpo = 440 x (300 x 10-6) = 0.132 µF is 
required. Round up to standard (available) capaci
tive values. 

NOTE: 
The above equation applies to delay times greater 
than 10 µs and will compute the TYPICAL capaci
tance needed to achieve the desired delay. A delay 
variance of +50% or -25% can occur due to 
temperature, voltage, and device process ex
tremes. In general, higher Vee and/or lower tem
perature will decrease delay time, while lower Vee 
and/or higher temperature will increase delay time. 

Table 7. Device Capacitance (Coev) Values 

Parameter Typ Max Units Notes 

CoEv (Device in Reset) 0.583 1.02 mA/V*MHz 1, 2 

CoEV (Device in Idle) 0.408 0.682 mA/V*MHz 1, 2 

1. Max CoEv is calculated at -40'C, all floating outputs driven to Vee or GND, and all 
outputs loaded to 50 pF (including CLKOUT and OSCOUT). 
2. Typical CoEV is calculated at 25'C with all outputs loaded to 50 pF except CLKOUT and 
OSCOUT, which are not loaded. 
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AC SPECIFICATIONS 

AC Characteristics-(80L 188EB-8) 

Symbol Parameter Min Max Units Notes 

INPUT CLOCK 

TF CLKIN Frequency 0 16 MHz 1 
Tc CLKIN Period 62.5 00 ns 1 
TcH CLKIN High Time 15 00 ns 1, 2 
Tel CLKIN Low Time 15 00 ns 1, 2 
TcR CLKIN Rise Time 1 8 ns 1, 3 
TcF CLKIN Fall Time 1 8 ns 1, 3 

OUTPUT CLOCK 

Teo CLKIN to CLKOUT Delay 0 50 ns 1, 4 
T CLKOUT Period 2*Tc ns 1 
TpH CLKOUT High Time (T/2) - 5 (T/2) + 5 ns 1 
TpL CLKOUT Low Time (T/2)-5 (T/2) + 5 ns 1 
TpR CLKOUT Rise Time 1 15 ns 1, 5 
TpF CLKOUT Fall Time 1 15 ns 1, 5 

OUTPUT DELA VS 

TcHov1 ALE, 82:0, DEN, DT /R, RFSH, 3 30 ns 1,4, 6, 7 
LOCK, A19:16 

TcHOV2 GCS0:7, LCS, UCS, RD, WR 3 35 ns 1, 4, 6, 8 

TcLOV1 RFSH, DEN, LOCK, RESOUT, HLDA, 3 30 ns 1, 4, 6 
TOOUT, T10UT, A19:16 

TcLOV2 RD, WR, GCS7:0, LCS, UCS, 3 35 ns 1, 4, 6 
AD7:0, NCS, JNTA1:0, S2:0, A15:8 

TcHOF RD, WR, RFSH, DT /R, 0 30 ns 1 
LOCK, S2:0, A19:16 

TcLOF DEN, AD7:0, A 15:8 0 35 ns 1 

SYNCHRONOUS INPUTS 

TcHIS TEST, NMl, JNT4:0, T1:01N, P2.6, P2.7 25 ns 1, 9 
READY, CTS1:0, BCLK1:0 

TcHIH TEST, NMl, JNT4:0, T1:0JN, BCLK1:0 3 ns 1, 9 
READY, CTS1 :0 

Tcus AD7:0, READY 25 ns 1, 10 

TcuH READY, AD7:0 3 ns 1, 10 

Tcus HOLD 25 ns 1, 9 

TcuH HOLD 3 ns 1, 9 

NOTES: 
1, See AC Timing Waveforms, for waveforms and definition. 
2. Measure at V1H for high time, V1L for low time. 
3. Only required to guarantee Ice- Maximum limits are bounded by Tc, TcH andTcL· 
4. Specified for a 50 pF load, see Figure 1 O for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 11 for rise and fall times outside 50 pF. 
6. See Figure 11 for rise and fall times. 
7. TcHOV1 applies to RFSH, LOCK and A19:8 only after a HOLD release. 
8. T CHOV2 applies to RD and WR only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper SOL 188EB operation. 
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AC SPECIFICATIONS 

AC Characteristics-(80L 188EB-13) 
--

I Symbol Parameter Min Max Units Notes . 

INPUT CLOCK 

TF CLKIN Frequency 0 26 MHz 1 
Tc CLKIN Period 38.5 00 ns 1 
TcH CLKIN High Time 15 00 ns 1, 2 
Tel CLKIN Low Time . 15 00 ns 1, 2 
TcR CLKIN Rise Time 1 8 ns 1, 3 
TcF CLKIN FallTime 1 8 ns 1, 3 

OUTPUT CLOCK 

Teo CLKIN to CLKOUT Delay 0 40 ns 1, 4 
T CLKOUT Period 2*Tc ns 1 
TpH CLKOUT High Time (T/2)-5 (T/2) + 5 ns 1 
TpL CLKOUT Low Time (T/2)-5 (T/2) + 5 ns 1 
TpR CLKOUT Rise Time 1 10 ns 1, 5 
TpF CLKOUT Fall Time 1 10 ns 1, 5 

OUTPUT DELA VS 

TcHOV1 ALE, S2:0, DEN, OT /R, RFSH, 3 25 -. ns 1,4,6, 7 
LOCK, A19:16 

TcHOV2 GCS0:7, LCS, UCS, RD, WR 3 30 ns 1,4,6, 8 

TcLOV1 RFSH, DEN, LOCK, RESOU'f", HLDA, 3 25 ns 1, 4, 6 
TOOUT, T10UT, A19:16 

TcLOV2 RD, WR, GCS7:0, LCS, UCS, A 15:8, 3 30 ns 1, 4, 6 
AD7:0, NCS, INTA1:0 

TcLOV3 S2:0 3 35 ns 1, 4, 6 

TcHOF RD, WR, RFSH, OT /R, 0 30 ns 1 
LOCK, S2:0, A19:16 

TcLOF DEN, AD7:0, A 15:8 0 35 ns 1 

SYNCHRONOUS INPUTS 

TcHIS TEST, NMI, INT4:0, T1:01N, P2.6, P2.7 20 ns 1, 9 
READY, CTS1:0, BCLK1:0 

TcHIH TEST, NMI, INT4:0, T1:01N, BCLK1:0 3 ns 1, 9 
READY, CTS1 :0 

Tcus AD7:0, READY 20 ns 1, 10 

TcuH READY, AD7:0 3 ns 1, 10 

Tcus HOLD 20 ns 1, 9 

TcuH HOLD 3 ns 1, 9 

NOTES: 
1. See AC Timing Waveforms, for waveforms and definition. 
2. Measure at V1H for high time, V1L for low time. 
3. Only required to guarantee Ice- Maximum limits are bounded by Tc. T CH and T CL· 
4. Specified for a 50 pF load, see Figure 1 O for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 11 for rise and fall times outside 50 pF. 
6. See Figure 11 for rise and fall times. 
7. TcHOV1 applies to RFSH, LOCK and A19:8 only after a HOLD release. 
8. T CHOV2 applies to RD and WR only after a HOLD release. 
9. Setup and Hold are required to guarantee recognition. 
10. Setup and Hold are required for proper SOL 188EB operation. 
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AC SPECIFICATIONS (Continued) 

Relative Timings (SOL 188EB-13, -8) 

Symbol Parameter Min Max Units Notes 

RELATIVE TIMINGS 

TLHLL ALE Rising to ALE Falling T - 15 ns 

TAVLL Address Valid to ALE Falling %T- 10 ns 

TPLLL Chip Selects Valid to ALE Falling %T- 10 ns 1 

TLLAX Address Hold from ALE Falling %T- 10 ns 

TLLWL ALE Falling to WR Falling %T- 15 ns 1 

TLLRL ALE Falling to RD Falling %T- 15 ns 1 

TwHLH WR Rising to ALE Rising %T-10 ns 1 

TAFRL Address Float to RD Falling 0 ns 

TRLRH RD Falling to RD Rising (2*T) - 5 ns 2 

TwLwH WR Falling to WR Rising (2*T) - 5 ns 2 

TRHAX RD Rising to Address Active T - 15 ns 

TwHDX Output Data Hold after WR Rising T- 15 ns 

TwHPH WR Rising to Chip Select Rising %T- 10 ns 1 

TRHPH RD Rising to Chip Select Rising %T-10 ns 1 

TpHPL CS Active to CS Inactive %T- 10 ns 1 

TovRH ONCE Active to RESIN Rising 1T ns 

TRHOX ONCE Hold from RESIN Rising 1T ns 

NOTES: 
1. Assumes equal loading on both pins. 
2. Can be extended using wait states. m 
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AC SPECIFICATIONS (Continued) 

Symbol Parameter Min Max Units Notes 

TxLXL TXD Clock Period T(N + 1) ns 1, 2 

TxLXH TXD Clock Low to Clock High (N > 1) 2T- 35 2T + 35 ns 1, 2 

TxLXH TXD Clock Low to Clock High (N = 1) T- 35 T + 35 ns 1, 2 

TxHxL TXD Clock High to Clock Low (N > 1) T(N - 1) - 35 T(N - 1) + 35 ns 2 

TxHXL TXD Clock High to Clock Low (N = 1) T- 35 T + 35 ns 2 

TavxH RXD Output Data Setup to TXD Clock High (n > 1) T(N - 1) - 35 ns 1, 2 

TavxH RXD Output Data Setup to TXD Clock High (n = 1) T- 35 ns 1 

TxHQX RXD Output Data Hold after TXD Clock High (n > 1) 2T- 35 ns 1 

TxHQX RXD Output Data Hold after TXD Clock High (n = 1) T- 35 ns 1 

TxHOZ RXD Output Data Float after Last TXD Clock High T + 20 ns 1 

TovxH RXD Input Data Setup to TXD Clock High T + 20 ns 1 

TxHox RXD Input Data Hold after TXD Clock High 0 ns 1 

NOTES: 
1. See Figure 9 for waveforms. 
2. n is the value of the BxCMP register ignoring the iCLK bit (i.e., ICLK = 0). 
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AC TEST CONDITIONS 

The AC specifications are tested with the 50 pF load 
shown in Figure 4. See the Derating Curves section 
to see how timings vary with load capacitance. 

OUTPUT 
PIN 

CL = 50 pF for all signals. 
270920-6 

Specifications are measured at the Vcc/2 crossing 
point, unless otherwise specified. See AC Timing 
Waveforms, for AC specification definitions, test 
pins, and illustrations. 

Figure 4. AC Test Load 

AC TIMING WAVEFORMS 

······Vee 
CLKIN 

------ ......... vcc 
CLKOUT 503 

...... ov 

270920-7 

Figure 5. Input and Output Clock Waveform 
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Vee--~~~-1 
~ 1- 50% CLKOUT 
~ ov MAX 

Vee 
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VALID 50% VALID 

ov Vee 

g VALID 50% VALID 

ov 
MAX 

Vee g 
VALID FLOAT (NOTE) MAX 

ov Vee 

VALID FLOAT (NOTE) 

ov 
270920-8 

NOTE: 
20% Vee < Float < 80% Vee 

Figure 6. Output Delay and Float Waveform 
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Figure 7. Input Setup and Hold 
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Yee 

AD7:0, 
A19:8 

ov 

Yee 

RD or WR 

503 

ov -------9 
Vee 

GCS7:0 

LCS, UCS 
ov 

80L188EB 

503 

QrH----i --------

503 
_______________________ ,__ _________ __, 

~n+---i -----
503 503 

Yee -------------------------------------------------------------------------------

RESIN 503 

ov 

A19/0NCE 503 503 

270920-10 

Figure 8. Relative Signal Waveform 
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Figure 9. Serial Port Mode o Waveform 
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DERATING CURVES 
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Vee= 5V 
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Figure 10. Typical Output Delay Variations vs Load Capacitance 
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Figure 11. Typical Rise and Fall Variations vs Load Capacitance 
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Figure 12. PLCC Principal Dimensions 
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29.3 :1:0.1 
(1.154 :1:0.4) 

30.25 ±0.15 
(t.19:1:0.005) 
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NOTE: 

PIN 
80 

cf5 

80L188EB 

(Q.472) 
12.0 

20 (0.787) 

23.9 :t0 . .4(0.U1 :t0.016) 

J l 

16.3:1:0.4 
(0.6"42:1:0.016) 

22.3 :t0.4 (0.878 :t0.016) 
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ERRATA 

An 80L 1 SSEB with a STEPID value of 0001 H has 
the following known errata. A device with a STEPID 
of 0001 H can be visually identified by noting the ab
sence of an alpha character next to the FPO num
ber or by the presence of an "A" alpha character 
next to the FPO number. The FPO number location 
is shown in Figures 2 and 3. 

1. A 19/0NCE is not latched by the rising edge of 
RESIN. A19/0NCE must remain active (LOW) at 
all times to remain in the ONCE™ Mode. Remov
ing A 19/0NCE after RESIN is high will return all 
output pins to a driving state, however, the 
SOL 1 SSEB will remain in a reset state. 

2. During interrupt acknowledge (INTA) bus cycles, 
the bus controller will ignore the state of the 
READY pin if the previous bus cycle ignored the 
state of the READY pin. This errata can only oc
cur if the Chip-Select Unit is being used. All active 
chip-selects must be programmed to use READY 
(ROY bit must be programmed to a 1) if wait
states are required for INTA bus cycles. 

3. CLKOUT will transition off the rising edge of 
CLKIN rather than the falling edge of CLKIN. This 
does not affect any bus timings other than T CICO· 

4. RESIN has a hysterisis of only 130 mV. It is rec
ommended that RESIN be driven with a Schmitt 
triggered device to avoid processor lockup during 
reset when using an RC circuit. 

5. SINT1 will only go active for one clock period 
when a receive or transmit interrupt is pending 
(i.e., it does not remain active until the S1STS reg
ister is read). If SINT1 is to be connected to any of 
the SOL 1 SSEB interrupt lines (INTO-INT 4), then it 
must be latched by user logic. 

An SOL 1 S6EB with a STEPID value of 0001 H or 
0002H has the following known errata. Otherwise, 
an SOL 1 S6EB with a STEPID value of 0002H has no 
known errata (as of this publication). A device with a 
STEPID of 0002H can be visually identified by noting 
the presence of a "B" or "C" alpha character next 
to the FPO number. The FPO number location is 
shown in Figures 2 and 3. 

1. An internal condition with the interrupt controller 
can cause no acknowledge cycle on the INTA1 
line in response to INT1. This errata only occurs 
when Interrupt 1 is configured in cascade mode 
and a higher priority interrupt exists. This errata 
will not occur consistantly, it is dependent on in
terrupt timing. 

REVISION HISTORY 

The following changes have been made between 
the -001 version and this (-002) version of the 
80L 18SEB data sheet. This -002 data sheet applies 
to any 80L 1 SSEB with a "B" alpha character after 
the FPO number. The FPO number location is 
shown in Figures 2 and 3. 

1. The data sheet was changed from a Product 
Preview version to an Advanced Information ver
sion. 

2. The DC specifications table has changed. Also 
notes have been changed/added. 

3. Graphs for Ice versus Frequency have been 
changed to equations with supporting text. 

4. Graphs for PDTMR pin capacitance have been 
changed to equations with supporting text. 

5. Serial port MODE O timings have been changed. 

6. Various typing errors have been corrected 
throughout the document. 

The following changes were made between the -002 
and -003 versions of the SOL 1 S6EB data sheets. 
The -003 data sheet applies to any 80L 186EB with a 
"B" alpha character after the FPO number. The FPO 
number location is shown in Figures 2 and 3. 

1. 13 MHz Electrical, DC and AC Specifications were 
added to the appropriate sections. 

2. The timing :!:Qi.ov3 was added to the AC Specifi
cations for S2:0. 

3. An errata appearing on both A and B steppings 
(INTA1) was added. 
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82188 
INTEGRATED BUS CONTROLLER FOR 
8086, 8088, 80186, 80188 PROCESSORS 

Provides Flexibility in System • Supports Multiprocessor, Local Bus 
Configurations Systems 
- Supports 8087 Math Coprocessor in • Allows use of 80186/80188 High-

8 MHz 80186 and 80188 Systems Integration Features 
- Provides a Low-cost Interface for 

8086, 8088 Systems to an 82586 LAN • 3-State, Command Output Drivers 
Coprocessor or 82730 Text • Available in EXPRESS 
Coprocessor - Standard Temperature Range 

Facilitates Interface to one or more - Extended Temperature Range 
Multlmaster Busses • Available in Plastic DIP or Cerdip 

Package 
(See Packaging Outlines and Dimensions, Order # 231369) 

The 82188 Integrated Bus Controller (IBC) is a 28-pin HMOS Ill component for use with S0186, 80188, 8086 
and 8088 systems. The IBC provides command and control timing signals plus a configurable 
RO/GT - HOLD-HLDA converter. The device may be used to interface an 8087 Math Coprocessor with an 
80186 or 80188 Processor. Also, an 82586 Local Area Network (LAN) Coprocessor or 82730 Text Coproces
sor may be interfaced to an 8086 or 8088 with the IBC. 
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82188 

PIN DESCRIPTIONS 
Symbol Pin No. Type Name and Function 

so 27 I Status Input Pins 
S1 26 SO-S2 correspond to the status pins of the CPU. 
S2 25 The 82188 uses the status lines to detect and identify the processor 

bus cycles. The 82188 decodes SO-S2 to generate the command and 
control signals. SO-S2 are also used to insert 3 wait states into the 
SRO line during the first 256 80186 bus cycles after RESET. A HIGH 
input on all three lines indicates that no bus activity is taking place. 
The status input lines contain weak internal pull-up devices. 

S2 S1 so Bus Cycle Initiated 

0 0 0 interrupt acknowledge 
0 0 1 read 1/0 
0 1 0 write 1/0 
0 1 1 halt 
1 0 0 instruction fetch 
1 0 1 read data from memory 
1 1 0 write data to memory 
1 1 1 passive (no bus cycle) 

CLK 15 I CLOCK 
CLK is the clock signal generated by the CPU or clock generator 
device. CLK edges establish when signals are sampled and 
generated. 

RESET 5 I RESET 
RESET is a level triggered signal that corresponds to the system reset 
signal. The signal initializes an internal bus cycle counter, thus 
enabling the 82188 to insert internally generated wait states into the 
SRO signal during system initialization. The 82188 mode is also 
determined during RESET. RD, WR, and DEN are driven HIGH during 
RESET regardless of AEN. RESET is active HIGH. 

AEN 19 I Address Enable 
This signal enables the system command lines when active. If AEN is 
inactive (HIGH), RD, WR, and DEN will be tri-stated and ALE will be 
driven LOW (DT /R will not be effected). AEN is an asynchronous 
signal and is active LOW. fl 

ALE 24 0 Address Latch Enable 
This signal is used to strobe an address into address latches. ALE is 
active HIGH and latch should occur on the HIGH to LOW transition. 
ALE is intended for use with transparent D~type latches. 

DEN 21 0 Data Enable 
This signal is used to enable data transceivers located on either the 
local or system data bus. The signal is active LOW. DEN is tri-stated 
when AEN is inactive. 

DT/R 20 0 Data TRANSMIT /RECEIVE 
This signal establishes the direction of data flow through the data 
transceivers. A HIGH on this line indicates TRANSMIT (write to 1/0 or 
memory) and a LOW indicates RECEIVE (Read from 1/0 or memory). 
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PIN DESCRIPTIONS (Continued) 

Symbol Pin No. Type Name and Function 

RD 23 0 READ 
This signal instructs an 1/0 or memory device to drive its 
data onto the data bus. The RD signal is similiar to the 
RD signal of the 80186(80188) in Non-Queue-Status 
Mode. RD is active LOW and is tri-stated when AEN is 

. inactive. 

WR 22 0 WRITE 
This signal instructs an 1/0 or memory device to record 
the data presented on the data bus. The WR signal is 
similiar to the WR signal of the 80186(80188) in Non-
Queue-Status Mode. WR is active LOW and is tri-stated 
when AEN is inactive. 

HOLD 7 0 HOLD 
The HOLD signal is used to request bus control from the 
80186 or 80188. The request can come from either the 
8087 (RQ/GTO) or from the third processor (SYSHOLD). 
The signal is active HIGH. 

HLDA 6 I HOLD Acknowledge 
80186 MODE-This line serves to translate the HLDA 
output of the 80186(80188) to the appropriate signal of 
the device requesting the bus. HLDA going active (HIGH) 
indicates that the 80186 has relinquished the bus. If the 
requesting device is the 8087, HLDA will be translated 
into the grant pulse of the RQ/GTO line. If the 
requesting device is the optional third processor, HLDA 
will be routed into the SYSHLDA line. 

This pin also determines the mode in which the 82188 
will operate. If this line is HIGH during the falling edge of 
RESET, the 82188 will enter the 8086 mode. If LOW, the 
82188 will enter the 80186 mode. For 8086 mode, this 
pin should be strapped to Vee-

RQ/GTO 8 1/0 Request/Grant 0 
RQ/GTO is connected to RQ/GTO of the 8087 Numeric 
Coprocessor. When initiated by the 8087, RQ/GTO will 
be translated to HOLD-HLDA to acquire the bus from the 
80186(80188). This line is bidirectional, and is active 
LOW. RQ/GTO has a weak internal pull-up device to 
prevent erroneous request/ grant signals. 

RQ/GT1 11 1/0 Request/Grant 1 
80186 Mode-In 80186 Mode, RQ/GT1 allows a third 
processor to take control of the local bus when the 8087 
has bus control. For a HOLD-HLDA type third processor, 
the 82188's RQ/GT1 line should be connected to the 
RQ/GT1 line of the 8087. 

8086 MODE-In 8086 Mode, RQ/GT1 is connected to 
either RQ/GTO or RQ/GT1 of the 8086. RQ/GT1 will 
start its request/ grant sequence when the SYSHOLD 
line goes active. In 8086 Mode, RQ/GT1 is used to gain 
bus control from the 8086 or 8088. 

RQ/GT1 is a bidirectional line and is active LOW. This 
line has a weak internal pull-up device to prevent 
erroneous request/ grant signals. 
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PIN DESCRIPTIONS (Continued) 

Symbol Pin No. Type Name and Function 
SYSHOLD 9 I System Hold 

80186 MODE-SYSHOLD serves as a hold input for an 
optional third processor in an 80186(80188)-8087 system. 
If the 80186(80188) has bus control, SYSHOLD will be 
routed to HOLD to gain control of the bus. If the 8087 has 
bus control, SYSHOLD will be translated to RQ/GT1 to 
gain control of the bus. 

8086 MODE-SYSHOLD serves as a.hold input for a 
coprocessor in an 8086 or 8088 system. SYSHOLD is 
translated to RQ/GT1 of the 82188 to allow the 
coprocessor to take control of the bus. 

SYSHOLD may be an asynchronous signal. 

SYSHLDA 10 0 System Hold Acknowledge 
SYSHLDA serves as a hold acknowledge line to the 
processor or coprocessor connected to it. The device 
connected to the SYSHOLD-SYSHLDA lines is allowed 
the bus when SYSHLDA goes active (HIGH). 

SRDY 17 I Synchronous Ready 
The SRDY input serves the same function as SRDY of the 
80186(80188). The 82188 combines SRDY with ARDY to 
form a synchronized ready output signal (SRO). SRDY 
must be synchronized external to the 82188 and is active 
HIGH. If tied to Vee. SRO will remain active (HIGH) after 
the first 256 80186 cycles following RESET. If only ARDY 
is to be used, SRDY should be tied LOW. 

ARDY 18 I Asynchronous Ready 
The ARDY input serves the same function as ARDY of the 
80186(80188). ARDY may be an asynchronous input, and 
is active HIGH. Only the rising edge of ARDY is 
synchronized by the 82188. The falling edge must be 
synchronized external to the 82188. If connected to Vee. 
SRO will remain active (HIGH) after the first 256 80186 
bus cycles following RESET. If only SRDY is to be used, 

m 
ARDY should be connected LOW. 

SRO 16 0 Syi;tchronous READY Output 
SRO provides a synchronized READY signal which may 
be interfaced directly with the SRDY of the 80186(80188) 
and READY of the 8087. The SRO signal is an 
accumulation of the synchronized ARDY signal, the SRDY 
signal, and the internally generated wait state signal. 

OSOi 1 I Queue-Status Inputs 
QS11 2 OSOi, QS1 I are connected to the Queue-Status lines of 

the 80186(80188) to allow synchronization of the queue-
status signals to 8087 timing requirements. 

QSOO 3 0 Queue-Status Outputs 
QS10 4 QSOO, QS10 are connected to the queue-status pins of 

the 8087. The signals produced meet 8087 Queue-Status 
input requirements. 
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PIN DESCRIPTIONS (Continued) 

Name and Function I ~bol I Pin No. j Type j 
1,;::;il'i. i3 i Chip-Seieci inpui 

CSIN is connected to one of the chip-select lines of the 
80186(80188). CSIN informs the 82188 that a bank select is taking 
place. The 82188 routes this signal to the chip-select output 

1 (CSOUT). CSiN is active LOW. This line is not used when memory 
and 110 device addresses are decoded external to the 
80186(80188). 

CSOUT 12 0 Chip-Select Output 
This signal is used as a chip-select line for a bank of memory devices. 
It is active when CSIN is active or when the 8087 has bus control. 
CSOUT is active LOW. 

FUNCTIONAL DESCRIPTION 

BUS CONTROLLER 

The 82188 Integrated Bus Controller (IBC) gener
ates system control and command signals. The sig
nals generated are determined by the Status Decod-· 
ing LQg!c. The bus controller logic interprets status 
lines S0-52 to determine what type of bus cycle is 
taking place. The appropriate signals are then gen
erated by the Command and Control Signal Genera
tors. 

The Address Enable (AEN) line allows the command 
and control signals to be disabled. When AEN is in
active (HIGH), the command signals and DEN will be 
tri-stated, and ALE will be held low (OT /A will be . 
unaffected). AEN inactive will allow other systems to 
take control of the bus. Control and command sig
nals respond to a change in the AEN signal within 40 
ns. 

The command si~s consist of RD and W.R. The 
82188's RD and WR signals are similiar to RD and 
WR of the 80186(80188) in the non-Queue-Status · 
Mode. These command signals do not differentiate 
between memory and 1/0 devices. RD and WR can 
be conditioned by S2 of the 80186(80188) to obtain 
separate signals for 110 and memory devices. RD is 
asserted during INTA cycles, unlike RD on the 
80186(80188). . 

The control commands consist of Data Enable 
(DEN), Data Transmit/Receive (OT /A), and Address 
Latch Enable (ALE). The control commands are sim
iliar to those generated by the 80186(80188). DEN 
determines when the external bus should be en
abled onto the local bus. OT /A determines the di
rection of the data transfer, and ALE determines 
when the address should be strobed into the latches 
(used for demultiplexing the address bus). DT /A 
does not go to an inactive (high) state at the end of 
bus cycles, unlike DT/R on the 80186(80188). 

MODE SELECT 

The 82188 Integrated Bus Controller (IBC) is config
urable. The device has two modes: 80186 Mode and 
8086 Mode. Selecting the mode of the device con
figures the Bus Arbitration Logic (see BUS ARBI
TRATION section for details). In 80186 Mode, the 
82188 IBC may be used as a bus controller/inter
face device for ari 80186(80188), 8087, and optional 
third processor system. In 8086 Mode, the 82188 
IBC may be u8ed as an interface device allowing a 
maximum mode 8086(8088) to interface with a co
processor that uses a HOLD-HLDA bus exchange 
protocol. 

The mode of the 82188 is determined during RE
SET. If the HLDA line is LOW at the falling edge of 
RESET (as in the case when tied to the HLDA line of 
the 80186 or 80188), the 82188 will enter into 80186 
Mode. If the HLDA line is HIGH at the falling edge of 
RESET, the 82188 will enter 8086 Mode. In 8086 
Mode, only the Bus Arbitration Logic is used. The 
eight pins used in 8086 Mode are: SYSHOLD, 
SYSHLDA, HLDA, CLK, RESET, RQ/GT1, Vee. and 
Vss. The other pins may be left unconnected. 

BUS ARBITRATION 

The Bus Exchange Logic interfaces up to three sets . 
of bus exchange signals: 

• HOLD-HLDA 

• SYSHOLD-SYSHLDA 

• RQ/GTO (RQ/GT1) 

This logic executes translating, routing, and arbitrat
ing functions. The logic translates HOLD-HLDA sig
nals to RO/GT signals and RQ/GT signals to 
HOLD-HLDA signals. The logic also determines 
which set of bus exchange signals are to be inter
faced. The mode of the 82188 and the priority of the 
devices requesting the bus determine the routing of 
the bus exchange signals. 
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80186 MODE 

In 80186 Mode, a system may have three potential 
bus masters: the 80186 or 80188 CPU, the 8087 
Numerics Coprocessor, and a third processor (such 
as the 82586 LAN or 82730 Text Coprocessor). The 
third .J!!.OCessor may have either a HOLD-HLDA or 
RQ/GT bus exchange protocol. The possible bus 
exchange signal connections and paths for 80186 
Mode are shown in Figures 3 & 4 and Tables 1 & 2, 
respectively. If no HOLD-HLDA type third processor 
is used, SYSHOLD should be tied LOW to prevent 
an erroneous SYSHOLD signal. In 80186 mode, the 
bus priorities are: 

Highest Priority ................... Third Processor 

Second Highest Priority ..................... 8087 

Default Priority ........................... 80186 

- THREE-PROCESSOR SYSTEM OPERATION 
(HOLD-HLDA TYPE THIRD PROCESSOR) 

In the configuration shown in Figure 3, the third proc
essor requests the bus by sending SYSHOLD HIGH. 
The 82188 will route (and translate if necessary) the 
request to the current bus master. This includes 
routing the request to HOLD if the 80186(80188) is 
the current bus master or routing and translating the 
request to RQ/GT1 if the 8087 is in control of the 
bus. The third processor's request is not passed 
through the 8087 if the 80186 is the bus master (see 
Table 1). 

The 8087 requests the bus using RQ/GTO. The re
quest pulse from the 8087 will be translated and 
routed to HOLD if the 80186 is the bus master. If the 
third processor has control of the bus, the grant 
pulse to the 8087 will be delayed until the third proc
essor relinquishes the bus (sending SYSHOLD 
LOW). In this case, HOLD will remain HIGH during 
the third processor-to-8087 bus control transfer. The 
80186 will not be granted the bus until both coproc
essors have released it. 

Table 1. Bus Exchange Paths (80186 Mode) (HOLD·HLDA Type 3rd Proc) 

Requesting Current Bus Master 
Device 80186 8087 3rd Proc 

80186 n/a n/a n/a 

8087 RQ/GTO +---!> HOLD 
HLDA 

n/a n/a 

3rd Proc 
SYS HOLD HOLD SYSHOLD - RQ/GT n/a --- SYSHLDA 1 SYSHLDA HLDA 

80188 82188 8087 

HOLD HOLD 

ROJGTO RQ/GTO 

HLDA HLDA 

3RDPROC 

HLDA SYSHLDA 

RQ/GT1 RQ/GT1 

HOLD SYSHOLD 
231051-3 

Flgure3. 
Bus Exchange Signal Connections (80186 Mode) for a Three Local Processor System 

(HOLD·HLDA Type 3rd Proc) 
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'Table 2. Bua Exchange Paths (80186 Mode) (RO/GT Type 3rd Proc) 

Requesting 
Davlea 

Current Bus Master 

- - ---- 8UlUO 8U81 "ra r-roe 
80186 n/a n/a n/a 

8087 . RO/GT ._.. HOLD n/a n/a 
- O HLDA 

3rd Proc 
HOLD 

R01crr1 +-+ RO/Gfo +-+ --
HLDA 

RO/CIT1 n/a 

801N 82188 8087 

HOLD HOLD 

HLDA HLDA 

RQ/GTo RQ/GTO 

RQ/GT1 RO!Gi'1 

.r- SYSHOLD 

iili1G'i'1 t-NC 

231051-4 

Flgure4. 
Bus Exchange Slgnal Connections (80186 Mode) for a Three Local Processor Sy•tem 

(RQ/GT Type 3rd Proc) 

When the bus is requested from the 80186(80188), 
a bus priority decision is made. This decision is 
made when the HLDA line goes active. Upon receipt 
of the HLDA signal, the highest-priority requesting 
device will be acknowledged the bus. For example, if 
the 8087 initially requested the bus, the bus will be 
granted to the third processor if SYSHOLD became 
active before HLDA was received by the 82188. In 
this case, the grant pulse to the 8087 will be delayed 
until the third processor relinquishes the bus. 

- THREE-PROCESSOR SYSTEM OPERATION 
(RO/CIT TYPE THIRD PROCESSOR) 

In the configuration shown in Figure 4, the third proc
essor requests the bus by initia~ a request/ grant 
sequence with the 8087's RQ/GT1 line. The 8087 
will grant the bus if it is the current bus master or will 
pass the request on if the 80186 is the current bus 
master (see Table 2). In this configuration, the 
82188's Bus Arbitration Logic translates RQ/GTO to 

· HOLD-HLDA. The 8087 provides the bus arbitration 
in this configuration. 

8086 MODE 

The 8086 Mode allows an 8086, 8088 system to 
contain both RQ/Gf arid HOLD-HLDA type coproc
essors simultaneously. In 8086 Mode, two possible 
bus masters may be interfaced by the 82188; an 
8086 or 8088 CPU and a coprocessor which uses a 
HOLD-HLDA bus exchange protocol (typically an 
82586 LAN Coprocessor or an 82730 Text Coproc
essor). The bus exchange signal connections for 
8086 Mode are shown in Figure 5. Bus arbitration 
signals used in the 8086 Mode are: 

• RO/CIT1 

• SYSHOLD 

• SYSHLDA 

In 8086 Mode, no arbitration is necessary since only 
two devices are interfaced. The coprocessor has 
bus priority over the 8086(8088). SY-SHOLD
SYSHLDA are routed and translated directly to RQ/ 
GT1. RO/GT1 of the 82188 may be tied to either 
RQ/GTO or RQ/GT1 of the 8086(8088). 
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8088 82188 COPROC 

RO/GT1 RQ/GT1 

SYS HOLD HOLD 

t SYSHLDA HLDA 
HLDA 

RQ/GTO 1--i 

8087 

~ RQ/GTO 

231051-5 

Figure 5. Bus Exchange Signal Connections (8086 Mode) 

QUEUE-STATUS DELAY 

The Queue-Status Delay logic is used to delay the 
queue-status signals from the 80186(80188) to meet 
8087 queue-status timing requirements. OSOi, QS1 I 
correspond to the queue-status lines of the 
80186(80188). The 82188 delays these signals by 
one clock phase. The delayed signals are interfaced 
to the 8087 queue-status lines by QSOO, QS10. 

CHIP-SELECT 

The Chip-Select Logic allows the utilization of the 
chip select circuitry of the 80186(80188). Normally, 
this circuitry could not be used in an 80186(80188)-
8087 system since the 8087 contains no chip select 
circuitry. The Chip-Select Logic contains two exter
nal connections: Chip-Select Input (CSIN) and Chip
Select Output (Csoun. CSOUT is active when ei
ther CSIN is active or when the 8087 has control of 
the bus. 

By using CSOUT to select memory containing data 
structures, no external decoding is necessary. The 
80186 may gain access to this memory bank 
through the CSIN line while the 8087 will automati
cally obtain access when it becomes the bus mas
ter. Note that this configuration limits the amount of 
memory accessible by the 8087 to the physical 
memory bank selected by CSOUT. Systems where 
the 8087 must access the full 1 Megabyte address 
space must use an external decoding scheme. 

READY 

The Ready logic allows two types of Ready signals: 
a Synchronous Ready Signal (SRDY) and an Asyn
chronous Ready Signal (ARDY). These signals are 
similiar to SRDY and ARDY of the 80186. Wait 
states will be inserted when both SRDY and ARDY 
are LOW. Inserting wait states allows slower memo-11 
ry and 1/0 devices to be interfaced to the • 
80186(80188)-8087 system. 

ARDY's LOW-to-HIGH transition is synchronized to 
the CPU clock by the 82188. The 82188 samples 
ARDY at the beginning of T2, T3 and Tw until sam
pled HIGH. Note that ARDY of the 82188 is sampled 
one phase earlier than ARDY of the 80186. ARDY's 
falling edge must be synchronous to the CPU clock. 
ARDY allows an easy inteqace with devices that 
emit an asynchronous ready signal. 

The SRDY signal allows direct interface to devices 
that emit a synchronized ready signal. SRDY must 
be synchronized to the -CPU clock for both of its 
transitions. SRDY is sampled in the middle of T2, T3 
and in the middle of each Tw. An 82188-
80186(80188)'s SRDY setup time is 30 ns longer 
than the 80186(80188)'s SRDY setup time. SRDY 
eliminates the half-clock cycle penalty necessary for 
ARDY to be internally sychronized. 

The sychronized ready output (SRO) is the accumu
lation of SRDY, ARDY, and the internal wait-state 
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generator. SRO should be connected to SRDY of 
the 80186(80188) (with 80186(80188)'s ARDY tied 
LOW), and READY of the 8087. 

SRDY ARDY SRO 

0 0 0 
1 x 1 
x 1 1 

The internal wait state generator allows for synchro
nization between the 80186(80188) and 8087 in 
80186 mode. Upon RESET, the 82188 automatically 
inserts 3 wait-states per 80186(80188) bus cycle, 
overlapped with any externally produced wait-states 
created by ARDY and SRDY. 

Since the 8087 has no provision for internal wait
state generation, only externally created wait states 
will be effective. The 82188, upon RESET, will inject 
3 wait states for each of the first 256 80186(80188) 
bus cycles onto the SRO line. This will allow the 
8087 to match the 80186(80188)'s timing. 

The internally-generated wait states are overlapped 
with those produced by the SRDY and ARDY lines. 
Overlapping the injected wait states insures a mini
mum of three wait states for the first 256 
80186(80188) bus cycles after RESET. Systems 
with a greater number of wait states will not be af
fected. Internal wait state generation by the 82188 
will stop on the 256th 80186(80188) bus cycle after 
RESET. To maintain sychronization between the 
80186(80188) and 8087, the following conditions 
are necessary: 

• The 80186(80188)'s control block must be 
mapped in 110 space before it is written to or 
read from. 

• All memory chip-select lines must be set to 0 
WAIT STATES, EXTERNAL READY ALSO USED 
within the first 256 80186(80188) bus cycles after 
RESET. 

An equivalent READY logic diagram is shown in 
Figure 6. 

SYSTEM CONSIDERATIONS 

In any 82188 configuration, clock compatibility must 
be considered. Depending on the device, a 50% or a 
33% duty-cycle clock is needed. For example, the 
80186 and 80188 (as well as the 82188, 82586, and 
82730) requires a 50% duty-cycle clock. The 8086, 
8088 and their 'kit' devices' (8087, 8089, 82C88, 
and 8289) clock requirements, on the other hand, 
require a 33% duty-cycle clock signal. The system 
designer must make sure clock requirements of all 
the devices in the system are met. 

Figure 7 demonstrates the usage of the 82188 in 
80186 Mode where it is used to interface an 8087 
into an 80186 system. In this·case, the clock require
ments of the 8087 are met by specifying the 1 o MHz 
(8087-1) device, but clocking the system at a maxi
mum rate of 8 MHz. 

Status bit six (S6) from the main processor (8086, 
8088, 80186, or 80188) is used by the 8087 to track 
the instruction flow. S6 is multiplexed with address 
bit 19 (A 19). If tl)e third processor generates only 16 
bits of address, S6 is not generated. A19/S6 must 
be driven high by external circuitry during the status 
portion of bus cycles controlled by the third proces
sor. 

SRDY 

ARDY--------~ SYNCHRONIZER t-------i'-"'-

CLK------------e 

3-WAIT 
STATE GEN 

258COUNTER 
ov 

RES 

Q 
D F/F 

CLR 

RESET------------+---------' 

Figure 6. Equivalent 82188 READY Circuit 
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82188 

ABSOLUTE MAXIMUM RATINGS * 
Temperature Under Bias .............. o•c to 70°C 
C°!' ... _ .. ___ , ____ .,._ ... , ,,._ t::ot!"O,... .&.- _. t!"l'\O,... 

~\VICl~'CI l'Cllll··n::JIQlUl'CI ••••••••••••• -o;;.J v LU t;;:JV \J 

Case Temperature ................. 0°C to + 85°C 

Voltage on any Pin with 
Respect to GND ................ -1.0V to 7.0V 

Power Dissipation ...................... 0. 7 Watts 

DC CHARACTERISTICS 

NOTICE: This is a production data sheet. The specifi
cations are subject to change without notice. 

•WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
·"Operating Conditions" is not recommended and ex
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 

(Vee = 5V ± 10%, TA= o·c to 1o·c. TcAsE = o·c to +85°C) 

Symbol Parameter Min Max Units TestCond. 

V1L Input Low Voltage -0.5 +0.8 volts 

V1H Input High Voltage 2.0 Vee+ 0.5 volts 

VOL Output Low Voltage 0.45 volts loL = 2 mA 

VoH Output High Voltage 2.4 volts loH = -400 µA 

Ice Power Supply Current 100 mA TA= 25·c 

lu Input Leakage Current ±10 µA OV<V1N<Vcc 

ILO Output Leakage Current ±10 µA 0.45<Vour<Vcc 

Vcu CLK Input Low Voltage -0.5 +0.6 volts 

VCHI CLK Input High Voltage 3.9 Vee +1.0 volts 

C1N Input Capacitance 10 pF 

C10 1/0 Capacitance 20 pF 

AC CHARACTERISTICS 
(Vee= 5V ± 10%, TA= o·c to 7D°C, TcAsE = o•c to +85°C) 

TIMING REQUIREMENTS 
Symbol Parameter Min Max Units Notes 

TCLCL Clock Period 125 500 ns 

TCLCH Clock LOW Time %TCLCL-7.5 ns 

TCHCL Clock HIGH Time %TCLCL-7.5 ns 

TARYHCL ARDY Active Setup Time 20 ns 

TCHARYL ARDY Hold Time 15 ns 8 

TARYLCH ARDY Inactive Setup Time 35 ns 

TSRYHCL SRDY Input Setup Time 65,50 ns 1 

TSVCH STATUS Active Setup Time 55 ns 

TSXCL STATUS Inactive Setup Time 50 ns 

TQIVCL OSOi, OS1 I Setup Time 15 ns 

THAVGV HLDA Setup Time 50 ns 

TSHVCL SYSHOLD Asynchronous Setup Time 25 ns 

TGVCH RO/GT Input Setup Time 0 ns 6 
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TIMING RESPONSES 

Symbol Parameter Min Max Units 

TSVLH STATUS Valid to ALE Delay 30 ns 

TCHLL ALE Inactive Delay 30 ns 

TCLML RD, WR Active Delay 10 70 ns 

TCLMH RD, WR Inactive Delay 10 55 ns 

TS VD TV STATUS to OT /R Delay 30 ns 

TCLDTV OT /R Active Delay 55 ns 

TCHDNV DEN Active Delay 10 55 ns 

TCHDNX DEN Inactive Delay 10 55 ns 

TCLQOV QSOO, QS10 Delay 5 50 ns 

TCHHV HOLD Delay 50 ns 

TCLSAV SYSHLDA Delay 50 ns 

TCLGV RO/GT Output Delay 40 ns 

TGVHV RQ/GTO To HOLD Delay 50 ns 

TCLLH ALE Active Delay 30 ns 

TAELCV Command Enable Delay 40 ns 

TAEHCX Command Disable Delay 40 ns 

TCHRO SRO Output Delay 5 30 ns 

TSRYHRO SRDY To SRO Delay 30 ns 

TCSICSO CSIN To CSOUT Delay 30 ns 

TCLCSOV CLK Low to CSOUT Delay 10 ns 

TGLCSOH CLK Low to CSOUT Inactive Delay 10 ns 

NOTES (applicable to both spec listing and timing diagrams): 

1. TSRYHOL = (80186's) TSRYCL + 30 ns=65 ns for 6 MHz operation and 50 ns for 8 MHz operation. 
2. Timing not tested. 
3. DT /R will be asserted to the latest of TSVDTV & TCLDTV. 
4. ALE will be asserted to the latest of TSVLH & TCLLH. 
5. SRO will be asserted to the latest of TCHRO & TSRYHRO. 
6. CL = 20-100 pF 
7. Address/Data bus shown for reference only. 
8. The falling edge of ARDY must be synchronized to CLK. 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

2.4 

0.45 
231051-9 

A.G. Testing: Inputs are driven at 2.4V for a Logic '1' and 0.45V 
for a Logic 'O'. 

A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER 
TEST 

CL includes Jig Capacitance 
CL = 20-200 pF unless otherwise noted 
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SYSHOLD-SYSHLDA to RQ/GT1 Tlmlng-80186 Mode and 8086 Mode 
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SYSHOLD-SYSHLDA To HOLD·HLDA Tlmlng-80186 Mode 
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REVISION HISTORY 

The sections significantly revised since version -004 are: 

Bus Coniroiier Added r1ote describing RD durl11g INTA and DT IR compared to the 60186/80188. 

System Considerations Use of 82188 with 80186 and 8087-1, all at 8 MHz, is clarified. 

The sections significantly revised since version -002 are: 

AC Characteristics T QIVCL (min.) changed from 10 ns to 15 ns. Minimum timings for T CLML· T CLMH· and 
TcHDNV changed from 0 ns to 10 ns. TcHDNX (min.) chang~d from 5 ns to 10 ns. 
Minimum timings or T SVDTV• T CLDTV· and T CLLH are no longer indicated (they were 
O ns). TcLcsov and TcLCSOH.added. 
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ICE™-186/188 FAMILY IN-CIRCUIT EMULATOR 

281422-1 

INCLUDING PARADIGM DEBUG/ICE WINDOWED 
INTERFACE 
PRODUCT OVERVIEW 
The Intel ICE™-186/188 family of In-Circuit Emulators deliver outstanding 16 MHz and 
20 MHz real-time emulation for the 80C186/80C188 family of microprocessors: 
80C186EB/C188EB, 80C186XL/C188XL, 80C186EA/Cl88EA, 80C186EC/C188EC, 
80C186/C188, and 80186/188. The emulator is a versatile and efficient tool for 
developing, debugging, and testing products designed with Intel microprocessors. 
Included with the emulator is the standard Intel Windowed Interface and the Paradigm 
DEBUG/ICE Interface (based on Borland's Turbo Debugger), allowing you to choose the 
interface best suited for your needs. Both interfaces support Intel, Borland, and Microsoft 
languages including C+ + to meet your embedded design needs and accelerate your time 
to market. 

FEATURES 
• Reliable full speed emulation up to 16 

MHz and 20 MHz 
• One probe, jumper-configurable for 186 

or 188 support 
• Two powerful windowed human 

interfaces with mouse support 

• Source level debug with source code 
window, symbolic debug. and watch 
window operations 

• Supports Intel, Borland, and Microsoft 
languages including C + + 

Paradigm DEBUG and Paradigm LOCATE are trademarks of Paradigm Systems. 
Turbo Debugger is a registered trademark of Borland International. 
Microsoft and MS-DOS are registered trademarks of Microsoft Corporation. 
Link and Locate+ + is a registered trademark of Systema and Software. Inc. 
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ICE™-186/188 FAMILY IN-CIRCUIT EMULATOR 

• 512K or 1 MB of zero wait-state mapped 
memory 

• 4K frames dynamic trace buffer can be 
displayed without stopping emulation 

• Powerful GO command with two-level 
breakpoints. event counters and single 
stepping capability 

• 80C187 numberic coprocessor support 
• Emulation support for all Intel component 

packages 
• High speed RS-232C and GPIB 

communication link 
• Stand Alone Self Test (SAST) unit for 

software development and self test 
• Complete Intel service and support 

PRODUCT HIGHLIGHTS 
• Superior Intel component bondout and 

advanced cable technology ensures accurate 
and reliable high speed emulation 

• Zero power consumption difference between 
using the emulator and the component 

• Supports debugging target systems with 
80C187 numeric coprocessor 

• Supports all Intel software products, 
including C, assembler, and PL/M. Also 
accepts Microsoft and Borland object code. 
including C + +,when used in conjunction 
with either Paradigm Systems LOCATE or 
Systems and Software, Inc. LINK and 
LOCATE++ 

• Paradigm DEBUG/ICE product includes 
Paradigm LOCATE, OMFCVT and 
TDCONVRT: everything necessary to 
support your embedded application 

• Includes two powerful windowed human 
interfaces: the standard Intel interface and 
the Paradigm DEBUG/ICE interface, based 
on Borland's Turbo Debugger 

• Each windowed interface enables user to 
open multiple windows simul- taneously, 
providing source code, watch variables, 
memory, and trace information 

• Display and modify all on-chip peripheral 
registers 

• Powerful GO command permits precise 
emulation control through versatile event 
recognition, condi- tional constructs, and 
internal actions (e.g., full trace buffer, event 
counters) 

• Set software breakpoints easily in source 
code, hardware breakpoints on execution and 
bus addresses; memory and 1/0 cycles 

• Break and trace on address and/ or data 
specification based on single value, range, or 
"don't cares" 

• FlP.xihlP. R'T'RP command, P.nahling forward/ 
reverse stepping and into or over function 
calls 

• Define all or sections of map memory as 
Guarded, ICE, or User 

• 4K trace buffer collects both execution and 
data bus activity in real-time. Display either 
instructions, cycles, or both 

• Stand Alone Self Test (SAST) Unit in 
conjunction with emulator map mem- ory 
facilitates early software debug- ging and 
emulator confidence testing 

• 512K and 1 MB zero wait-state memory 
modules can be used in place of target 
memory for code debugging 

• Programmable fastbreak for monitoring 
target system while in emulation 

• Refresh, DMA, and HOLD/HOLDA cycles 
honored when emulator halted 

• RS-232C serial link provides transfer rate up 
to 57.6 Kbytes per second. GPIB driver (in 
conjunction with a user suppfald National 
Instruments (IEEE-488) GPIB 
communication board) provides parallel 
transfers at rates up to 115 Kbytes per 
second 

• Logic analyzer support included via a 60-pin 
connector to emulator 

• All component packages supported, either 
directly on the probe or through adapters 

• World-wide service, support, and training 
available 

BENEFITS 
• Supports low power application needs. Probe 

draws low power current, supports true 
CMOS voltage input/output 

• Both the Intel and Paradigm windowed 
interfaces increase productivity for both 
expert and casual users. Pull-down menus, 
on-line help, and mouse support simplify 
debugging and speeds up learning curve 

• Source code window automatically updated 
when emulator halts, high-lighting next 
instruction to be executed 

• Software and hardware breakpoints may be 
set directly in the source code window to 
facilitate precise emulation control 

• Emulator can track user-defined program 
variables using the watch window. Emulator 
tracks the variable, not the user! 

• Intel interface offers "C"-based macro 
commands to facilitate customized or 
repeated debug sessions. Extremely useful 
for automated manufacturing, testing and 
debugging 
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• Powerful trace collection and display 
commands allow user to collect and display 
only the trace information pertinent to the 
debug session; no unwanted trace data filling 
up trace buffer 

• Dynamic trace allows user to view trace 
buffer or modify trace conditions without 
stopping emulation 

• Software developers may debug application 
code before target hardware is available 
using the Stand Alone Self Test (SAST) Unit 
with emulator map memory 

• Early debugging of ROM memory simplified 
using emulator map memory. Memory 
addressable in 32 Kbyte increments. 
Supports debugging ROM-based applications 
over entire lMB addressing range 

• Mappable 1/0 ports, addressable in 4 Kbyte 
increments, enable user to debug suspect 110 
behavior. PC resources allow data 'input' 
from keyboard and data 'output' to the 
screen 

• Source code window displays source code in 
original high-level language used to produce 
the object code. Simplifies and accelerates 
debug process 

• Investigate privileged processor information 
during emulation using the Fastbreak 
feature (e.g., PCB, registers, target memory) 

• DRAM refresh signals continue even when 
emulator halted and ensures DRAM memory 
not lost or corrupted. Also permits emulation 
in cost-sensitive applications that do not 
include DRAM controllers 

• Continuous timer function while emulator 
halted allows emulator to respond to on-chip 
and external interrupts in real-time. Useful 
for critical applications where continuous 
interrupt-service is a requirement 

• Detailed timing of specific events possible 
using a logic analyzer connected to the 
emulator. An external sync signal can 

trigger the logic analyzer, enabling complex 
event triggering · 

SERVICE, SUPPORT, AND 
TRAINING 
• Intel offers full array of seminars, classes, 

workshops, field application engineering 
expertise, hotline technical support, and on
site service 

• Software support contract available, 
providing technical software information, 
telephone support, automatic software and 
manual updates, 'iComments' publication 
and a development tools Trouble-Shooting 
Guide 

• 90-day software warranty and one year 
hardware support package are standard. 
Includes technical hardware information, 
telephone support, warranty on parts, labor, 
material, and on-site hardware support 

• Intel Development Tools offers a 30-day, 
money-back guarantee to customers who are 
diss~tisfied with their Intel development tool 

SUMMARY 
The ICE™-186/188 family of In-Circuit . 
Emulators provide a versatile and efficient tool 
for developing, debugging, and testing products 
designed with the 80C186/80C188 family of 
micropro- cessors. The emulator includes 
numerous productivity boosting features to 
enable you to move your products to market as 
quickly as possible. Intel, the inventor of the 
80C186/80C188 family of micropro- cessors, 
offers the most complete line of development 
tools from a single vendor to meet all of your 
development needs for your embedded design. 
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ICE™-186/188 FAMILY IN-CIRCUIT EMULATOR 

PHYSICAL DESCRIPTIO.l•l Al'•/]) 
CHARACTERISTICS 
For all the ICE-18x emulators the maximum 
probe power draw from the target is 90 mA 
(same as the component). 

ICE-lBxEAXL 

Table 1. ICE-18xEAXL Physical Characteristics 

Unit 
Width Height Length 

In. Cm In. Cm In. Cm 

Emulator Control Unit 10.4 26.4 1.7 4.32 0.7 52.6 
Power Supply 7.7 19.6 4.1 10.4 11.0 27.9 
Memory Module 4.8 12.1 0.6 1.4 5.2 13.2 
User Probe 4.0 10.2 0.65 1.6 7.0 17.8 
User Probe Adapter Cable 3.4 8.6 
Stand Alone Self Test 4.3 10.9 0.60 1.5 6.7 17.0 
Serial Cable 144.0 366.0 

ICE-lBxEB: 

Table 2. ICE-18xEB Physical Characteristics 

Width Height Length 
Unit 

In. Cm In. Cm In. Cm 

Emulator Control Unit 10.4 26.4 1.7 4.3 20.7 52.6 
Power Supply 7.7 19.6 4.1 10.4 11.0 27.9 
Memory Module 4.8 12.1 0.6 1.4 5.2 13.2 
User Probe 4.0 10.2 0.65 1.6 7.0 17.8 
User Probe Adapter Cable 3.4 8.6 
Stand Alone Self Test 4.3 10.9 0.60 1.5 6.7 17.0 
Serial Cable 144.0 366.0 
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ICE-18xEC: 

Table 3. ICE-18xEC Physical Characteristics 

Width Height Length 
Unit 

In. Cm In. Cm In. Cm 

Emulator Control Unit 10.4 26.4 1.7 4.3 20.7 52.6 
Power Supply 7.7 19.6 4.1 10.4 11.0 27.9 
Memory Module 4.8 12.1 0.6 1.4 5.2 13.2 
User Probe 4.0 10.2 0.65 1.6 7.0 17.8 
User Probe Adapter Cable 3.4 8.6 
Stand Alone Self Test 4.3 10.9 0.60 1.5 6.7 17.0 
Serial Cable 144.0 366.0 

HOST SYSTEM REQUIREMENTS 

Intel Interface 
Paradigm IDI:BUGiICE 

Interface 

Computer IBM PC, PS/2 or compatible, i386 IBM PC, PS/2 or compatible, i386 
recommended recommended 

Operating System MS-DOS/PC-DOS 3.3/5.0 MS-DOS/PC-DOS 3.0 or later 

System RAM 520Kbytes 384Kbytes 

Expanded Memory 1.5MB(ll Recommended for optimal 
performance 

Hard Disk 3MB lMB 

Communication Serial Port (COMl or COM2) Serial Port (COMl or COM2) 
supporting at least 9600 Baud Rate supporting at least 9600 Baud Rate 

OR OR 
National Instruments GPIB-PCIIA National Instruments GPIB-PCIIA 
board board 

Math Coprocessor Required Not required 
Note 1: Above Board managed by EMM.slts driver recommended. other memory managers conforming to the Lotus/Intel/ 

Microsoft Expanded Memorjr specifications. version 3.2 or later. arc available. 
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ORDERING INFORMATION 

Emulator Component Speed 
Description 

(Host) Support (MHz) 

ICE18XEAXLP 80C186XL/C188XL 16 6S-pin PLCC. Includes Control Unit, probe, power 
(DOS) 80Cl86EA/C188EA supply. SAST, Intel and Paradigm interfaces and 

80C186/C188 PLCC to LCC adapter. Requires MEM512 or 

80186/188 MEMlMB memory option. 

ICE18XEAXLP20 80C186XL/Cl88XL 20 GS-pin PLCC Includes Control Unit, probe, power 
(DOS) 80C186EA/C188EA supply SAST, Intel and Paradigm interfaces. 

PLCC to LCC adapter and 512K Map Memory. 

ICE18XEBP 80C186EB/Cl88EB 16 84-pin PLCC. Includes Control Unit, probe, power 
(DOS) supply, SAST and Intel and Paradigm interfaces. 

Requires MEM512 or MEMlMB memory option. 

ICE18XEBP20 80C186EB/C188EB 20 84-pin PLCC includes Control Unit, probe, power 
(DOS) supply, SAST and Intel and Paradigm interfaces 

and 512K Map Memory. 

ICE18XECQ 80C186EC/C188EC 16 100-pin QFP. Includes Control Unit, probe, power 
(008) supply, SAST, and Intel and Paradigm interfaces. 

Requires MEM512 or MEMlMB memory option. 

Probe Component Speed 
Description 

(Host) Support (MHz) 

UP18XEANLP 80C186XL/C188NL 16 6S-pin PLCC. Includes probe, SAST, Intel and 
(DOS) 80C186EA/C188EA Paradigm interfaces and PLCC to LCC adapter. 

80C186/Cl88 
80186/188 

UP18XEBP 80Cl86EB/C188EB 16 84-pin PLCC. Includes probe. SAST and Intel and 
(DOS) Paradigm Interfaces. 

UP18XECQ 80C186EC/C188EC 16 100-pin QFP. Includes probe, SAST, and Intel and 
(DOS) Paradigm Interfaces. 

Memory Memory Size Description 

MEM512 512KBytes 512K Emulator Map Memory for ICE-18x Emulators 

MEMlMB lMByte 1 MB Emulator Map Memory for ICE-18x Emulators 
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ICE™-186/188 FAMILY IN-CIRCUIT EMULATOR 

Emulator Software 
Description (Host) 

PDICE18XKIT Paradigm Debug/ICE Software for old ICE186N, ICE188N, ICE18616N and 
(DOS) ICE18816N emulators. Based on Borland Turbo Debugger. Supports all 

Emulator Control Units. 

PDICE18XEBKIT Paradigm Debug/IcE Software for ICE18XEBP and ICE18XEBP20 
(DOS) emulators. Based on Borland Turbo Debugger. 

SWICE18XKIT(l) Intel Windowed Human Interface for old ICE186N, ICE188N, ICE18616N 
(DOS) and ICE18816N emulators. Supports all Emulator Control Units. 

SWICE18XEAXLKIT(l) Intel Windowed Human Interface for ICE18XEAXLP and 
(DOS) ICE18XEAXLP20 emulators. 

SWICE18XEBKIT<U Intel Windowed Human Interface for ICE18XEBP and ICE18XEBP20 
(DOS) emulators. 

SWICE18XECKIT(l) Intel Windowed Human Interface for ICE18XECQ emulator. 
(DOS) 

SWICE18XDIAG(l) Emulator Confidence Tests for ALL ICE-18 and UP18x products. Supports 
(DOS) all Emulator Control Units. 

Note 1: Available as SIT update only. Call 1-800-874-6835. 

Adapters 
Emulator 

Description 
Support 

ICEXEBONCE ICE18XEBP 84-pin PLCC ONCE adapter for On-Circuit Emulation. 
ICE18XEBP20 

ICEXEAXLONCE ICE18XEAXLP 68-pin PLCC ONCE adapter for On-Circuit Emulation. 
ICE18XEAXL20 

ICEXLCC ICE18XEAXLP Adapter to convert probe from 68-pin PLCC to 68-pin 
ICE18XEAXLP20 LCC. 

ICEXPGA ICE18XEAXLP Adapter to convert probe from 68-pin PLCC to 68-pin 
ICE18XEAXLP20 PGA. 

l18XEBCONV80Q ICE18XEAXLP Conversion kit to convert probe from 84-pin PLCC to 
ICE18XEAXLP20 80-pinQFP. 

118XXLCONV80Q ICE18XEAXLP Conversion kit to convert probe from 84-pin PLCC to 
ICE18XEAXLP20 68-pin PLCC to 80-pin QFP. 

Il8XECCONV100PQ ICE18XECQ Conversion kit to convert probe from 100-pin QFP to 100-
pinPQFP. 

Q118XXLCONV80Q ICE18XEAXL EA 80-QFP to XL 80-QFP conversion kits. 
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lsoC86/80C186 SOFTWARE DEVELOPMENT TOOLS I 

280809-1 

Intel supports application development for the 80C86/80C186 family of microprocessors• 
with a complete set of development languages and utilities. Intel software tools generate 
fast and efficient code and are designed to give maximum control over the processor. 
Most importantly they can decrease the design time of an embedded system and 
accelerate your product's time-to-market. 

FEATURES 
• Macro assembler for high-performance 

code 
• ANSI C compiler with numerous 

processor-specific extensions. 
• PL/M compiler for high-level language 

programs with support for many low
level hardware functions 

• Linker to link Intel-generated compiler 
and assembler modules together 

• Locator to generate files with absolute 
addresses for execution from ROM-based 
systems 

• Windowed, interactive source level 
debugger that works with all Intel 
languages 

• AEDIT Source Code and text editor 
• Library manager for creating and 

maintaining object module libraries 
• Complete 8087 /80C187 numeric 

libraries, including software emulator 
support 

• Object-to-hex conversion utility for 
EPROM support 

'80C86/8088, 80186/80188, 80C186/80C188, 80C186EB/80C188EB, 80Cl86XL/80C188XL, 80C186EA/80C188EA, 
80C186EC/80Cl88EC, Real Mode 80286, and real mode Intel386™ microprocessors. 
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ASM-86 MACRO ASSEMBLER 

ASM-86 is used to translate symbolic assembly 
language source into relocatable object code 
where utmost speed, small code size and 
hardware control are critical. 

HIGHLIGHTS AND BENEFITS 
• Macro facility saves development and 

maintenance time, since common code 
sequences need only be developed once. 

iC-86 COMPILER 

Intel's iC-86 brings the full power of the C 
programming language to embedded 
applications based on the 80C86/80C186 
family of microprocessors. iC-86 can also be 
used to develop real mode programs to be 
executed on the 80C286 or the lntel386TM 
microprocessors. 

HIGHLIGHTS AND BENEFITS 
• Generates compact efficient code - easily 

loaded into ROM-based systems. 
• Highly optimized with four levels of 

optimization, including a jump optimizer and 
improved register manipulation via register 
history. 

• Produces ROMable code - can be loaded 
directly into embedded target systems. 
Libraries completely ROMable, retargetable, 
and reentrant. 

PL/M-86 COMPILER 

PL/M-86 is a high-level programming 
language designed to support the software 
requirements of advanced 16-bit 
microprocessors. The PL/M language provides 
both the productivity advantages of a high
level language and access to the low-level 
hardware features found in the assembly 
language. 

HIGHLIGHTS AND BENEFITS 
• Modular and structured programming 

support. Final applications easier to 
understand, maintain, and support. 

• Includes extensive list of built-in functions, 
e.g., TYPE CONVERSION functions, 
STRING manipulations, and functions for 
interrogating hardware flags. 

• Simplified instruction set makes program 
development easier. 

• Saves development time by performing 
extensive checks on consistent usage of 
·variables and labels. Inconsistencies are 
detected when the program is assembled, 
before linking or debugging is started. 

• Supports small, compact, medium, and large 
memory segmentation models. Allows 
memory modules to be mixed using "near" 
and "far" pointers. · 

• Extensive debug information, including type 
information and symbols, increases 
programming productivity. 

• Built-in functions for automatic machine 
code generation improve compile-time and 
run-time performance. Eliminates need for 
in-line assembly code or making calls to 
assembly functions. Allows registers, 1/0 
ports, interrupts and the numerics chips to 
be controlled directly in C and not in 
assembly code. 

• ANSI C-conforming. Fully linkable with 
other Intel 80C86/80C186 languages such as 
ASM and PL/M. Allows programmers to 
choose optimal language(s) for application. 

• Define interrupt handling procedures using 
the INTERRUPT attribute. Compiler 
generates code to save and restore all 
registers for interrupt procedures. 

• Compile-time options to increase flexibility 
of PL/M compiler. Options include four 
optimization levels, conditional compilation, 
inclusion of common PL/M source files from 
disk, symbol cross-referencing, and optional 
assembly language code in list file. 

• Supports seven data types. Allows compiler 
to perform signed, unsigned, and floating
point arithmetic. 

• Object modules compatible with all other 
object modules generated by Intel 80C86/ 
80Cl86 languages. 
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LINK-86 TOOLS 

Link-86 combines multiple object modules into 
~ single program and resolve references 
between independently compiled modules. 
Both tools can increase productivity by 
enabling the user to use modular 
programming, making applications easier to 
dE1Sign, test, and maintain. 

HIGHLIGHTS AND BENEFITS 
• Incremental linking allows new modules to 

be easily added to existing software. 

LOC-86 TOOLS 

The LOC-86 tool converts relocatable 80C86/ 
80C186 object modules into absolute object 
modules. Both will allow you to assign 
addresses. 

HIGHLIGHTS AND BENEFITS 
• Default address assignment algorithm 

automatically assigns absolute addresses to 
object modules prior to loading code into 
target system. Frees user from concern 
regarding the final arrangement of the object 
code in memory. 

• Final linked module can be either a bound 
load-time- locatable module or a relocatable 
module. 

• .EXE option allows modules to be generated 
that can be executed directly in a DOS 
system. . ' 

• Standard modules can be reused in different 
applications, decreasing software 
development time. 

• User has ability to override. the control and 
specify absolute addresses for various 
Segments, Classes, and Groups in memory. 

• User can reserve various parts of memory. 
• Simplifies set up of bootstrap loader and 

initialization code for ROM-based systems. 
Very important and beneficial for embedded 
application development. 

• Optional print file containing diagnostic 
information helpful in debugging may be 
generated. 
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LIB-86 TOOLS 

Both Lib-86 creates and maintains libraries of 
software object modules. Standard modules 
can be placed in a library and linked 

to your application using the LINK-86 tool. 

OH-86 OBJECT-TO-HEXADECIMAL CONVERTER 

The OH-86 utiltity converts Intel 80C86/186 
object modules into standard hexadecimal 
format, allowing the code to be loaded directly 

into PROM using industry standard PROM 
programmers. 

NUMERICS SUPPORT LIBRARIES 

The 8027 /80C187 numerics libraries fully 
support the 8087 and 80C187 math 
coprocessors, with or without the math 
coprocessor in the final system; numeric 
functions may be processed by the math 
coprocessor or by the corresponding software 
emulator. 

Numerics Software Emulator 
• For applications without a math coprocessor 
• Executes instructions as though coprocessor 

present; functionality identical to math 
coprocessor. 

• Ideal for prototyping and debugging floating 
point application code independent of 
hardware; supports portable code. 

Numerics Support Library 
• For applications with a math coprocessor 
• Provide Intel ASM, C, PL/M, and FORTRAN 

users with enhanced numeric data 
processing capability; easy to do floating 
point math. 

HIGHLIGHTS AND BENEFITS 
• 4 functionally distinct libraries support 

floating point operations. 
• Common elementary function library: 

algebraic, logarithmic, exponential, 
trignometric and hyperbolic operations on 
real and complex numbers. Real-to
integer conversions 

• Initialization library: Set up the numerics 
processing environment (math 
coprocessor or software emulator). 

• Decimal conversion library: Converts 
floating point numbers from one binary 
storage format to another, from ASCII 
decimal strings to binary floating point 
format, or vise· versa. 

• Error handling library: Simplifies coding 
numerics exception handlers. 

• All support library modules in OMF-86 
format; can be linked with object output of 
any Intel language. 

• All library routines reentrant and ROMable. 
• Meets industry standard (ANSI/IEEE 

standard for binary floating point 
arithmetic, 754-1985) 

DB-86 SOURCE LEVEL DEBUGGER 

DB-86 is a DOS-hosted, high-level source code 
debugger for programs written in C, PL/M, 
FORTRAN, and Pascal. Its powerful, source
oriented interface allows users to focus their 
efforts on finding bugs, not learning how to use 
the debug environment. 

HIGHLIGHTS AND FEATURES 
• Drop-down menus and on-line help decrease 

learning time for beginning users. 
• Watch windows, conditional breakpoints, 

trace points and fixed and temporary 

breakpoints can be set and modified as 
needed. 

• Browse Source and Call Stack, review 
processor registers, observe watch window 
variables - all accessed via a pull down 
menu or single keystroke. 

• Uses extensive debug information available 
in Intel languages to display program 
variables in their respective type formats. 

• Provides support for overlayed programs and 
the math coprocessors. 
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AEDIT SOURCE CODE AND TEXT EDITOR . I 
Aedit is a full-screen text editing system 
designed specifically for software engineers 
and technical writers. The output file is the 
pure ASCII text (or HEX code) you input - no 
specia~ characters or proprietary formats. Its 
numerous features and advanced capabilities 
make it an excellent tool to support the 80C86/ 
80C186 development environment. 

HIGHLIGHTS AND BENEFITS 
• Complete range of editing support-from 

document processing to HEX code entry and 
modification 

• Supports system escape for quick execution 
of PG-DOS System level commands 

• Full macro support for complex or repetitive ! 
editing tasks 

• Supports multiple operating systems 
including DOS and iRMX 

• Dual file support with optional split-screen 
windowing 

• No limit to file size or line length 

SUMMARY .1 

Intel provides a complete software · 
development toolset that delivers full access to 
the 80C86/80C186 microprocessors. The 
development tools are easy to use, yet 
powerful, with productivity boosting features 

• Quick ~sponse with an easy to use menu 
driven interface 

• Configurable and extensible for complete 
control of the editing process. 

WORLDWIDE SERViCE, 
SUPPORT, AND TRAINING 
To augment its development tools, Intel offers 
a full array of seminars, classes, and 
workshops, field application engineering 
expertise, hotline technical support and on-site 
service. 
Intel also offers a Software Support package 
which includes technical software information, 
telephone support, automatic distribution of 
software and documentation updates, access to 
the "Tooltalk" electronic bulletin board. 
"iComments" publication, remote diagnostic 
software, and a development tools 
troubleshooting guide. 
Intel's Hardware Support package includes 
technical hardware information, telephone 
support, warranty on parts, labor, material, 
and on-site hardware support. 

such as source-level symbolic debugging and an 
up-to-date user interface. Each tool is designed 
to help you move quickly your application from 
the lab to the market. 

ORDERING INFORMATION 

80C86/80C186 
D86ASM86KIT ASM-86 

D86C86NL iC-86 

Assember for PC XT or AT system (or compatible) running DOS 3.0 
or higher 

Software Package for IBM PC XT I AT running PC DOS 3.0 or 
higher 

. D86PLM86NL PL/M-86 Software Package for IBM PC XT/ AT running PC DOS 3.0 or 
higher 

D86EDNL AEDIT AEDIT Source Code Editor for IBM PC XT I AT running PC DOS 3.0 
or higher 
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EV80C186EA/XL Evaluation Board 

272049-01 

Low Cost Code Evaluation Tool 
Intel's EV80C186EA/XL evaluation board provides a hardware environment for code 
execution and software debugging. The board features t:he 80Cl86EA CHMOS*, 16-bit 
embedded microprocessor and the necessary peripheral logic to allow you to take full 
advantage of the -EA and -XL. Powerdown and Idle Modes are a key feature of the 
80C186EA/C188EA for those 186 designs which are power consumption sensitive. The 
80C186XL/Cl88XL device is an extension of the highly successful 80C186/C188 device 
with the added capabilities of a static, low power design and maximum 20 MHz operation. 
The EV80C186EA/XL provides 20 MHz execution of your code using one wait state. Plus, 
it can be quickly configured for an 80C188EA, 80C186XL or 80C188XL. 

Popular features such as single-step program execution and sixteen software breakpoints 
are standard on the EV80C186EA/XL. Intel provides a complete code development 
environment using assembler (ASM-86) as well as high-level languages such as Intel's 
iC-86, FORTRAN-86, Pascal-86 or PL/M-86 to accelerate your development schedules. 

The evaluation board is hosted on an IBM PC* or BIOS-compatible computer. The source 
code for the on-board monitor (written in ASM-86) is public domain. The program is about 
2K, and can be modified to be included in your target hardware. In this way, the provided 
PC host software can be used throughout the development phase. In addition, there are 
retargetable debuggers available from Third Party vendors to further enhance your 
debug process. 

•CHMOS is a patented Intel process. 
•*IBM PC, XT, AT and DOS are registered trademarks of International Business Machines Corporation. 
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EV80Cl86EA/XL Evaluation Board 

EV80C186E.i1/XL Features 
• 20 MHz, One Wait State Execution Speed 
• 32 Kbytes of SRAM/ROMsim (Expandable) 
• 512 Kbytes of DRAM 
• All-CMOS Board for Low Power 
• Supports Intel Flash Memory 
• Sixteen Software Breakpoints 
• Two Single-Step Modes 
• RS-232C Communication Link 
• Concurrent Interrogation of Memory and 

Registers 
• Easily Re-configured to Support 80C188EA, 

80C186XL, 80C188XL 
• High-Level Language Support 

Full Speed Execution 
The EV80C186EA/XL executes your code from 
on-board ROMsim at 20 MHz with one wait 
state. By changing oscillators on the 
evaluation board, any execution speed up to 
20 MHz can be evaluated. The board's host 
interface baud rate is not affected by this 
frequency change. 

32 Kbytes of ROMsim 
The board comes with 32 Kbytes of SRAM to 
be used as ROMsim for your code and for data 
memory as needed. The SRAM sockets support 
up to 128 Kbytes of SRAM. 

512 Kbytes of DRAM 
The EV80C186EA/XL comes with 512 Kbytes 
of DRAM; the necessary control logic is 
already there. The monitor utilizes the Refresh 
Control Unit and will set up the DRAM refresh 
controller for you. 

MEMORY 
80C186EA 32K Static RAM 

CPU 512K Dynamic RAM 
32K EPROM 

l l Address] 

l oat:' 

~Control 

l 
80C187 

Math 
Coprocessor 

Supports Intel Flash ... ~emory 
The EPROM sockets optionally accommodate 
128 Kbytes of Flash Memory. The 
EV80C186EA/XL provides switched Vpp for 
program and erase cycles. 

Totally CMOS Board 
The EV80C186EA/XL board is built totally 
with CMOS components, including 
programmable logic devices. Its power 
consumption is therefore low, requiring 5V at 
400 mA. The board also requires ± 12V at 
lOOmA. 

Concurrent Interrogation of 
Memory and Registers 
The monitor for the EV80C186EA/XL allows 
you to read and modify external memory and 
read internal registers while your code is 
running in the board. You may only modify 
internal registers while your code is halted. 

Sixteen Software Breakpoints 
There are sixteen breakpoints available which 
automatically subsitute an INT3 instruction 
for your code instruction at the breakpoint 
location. The substitution occurs when 
execution is started. If the processor is halted 
or a breakpoint is reached, your code is 
restored in the ROMsim. 

Two Step Modes 
There are two single-step modes available. The 
first stepping mode uses the Trap Flag feature 
of the X86 architecture. The second mode also 
uses the Trap Flag except for subroutine calls 
which are treated as one indivisible instruction 
by placing an INT3 after them. 

82510 
Host Interface 

Serial Controller 

] 
Expansion 

...... Interface 
Bus ...... 

l 
Digital 

1/0 

272049-2 
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EV80C186EA/XL Evaluation Board 

High-Level Language Support 
The host software for the EV80C186EA/XL 
board is able to load absolute object code 
generated by ASM-86, iC-86, FORTRAN-86, 
Pascal-86 or PL/M-86, all of which are 
available from Intel. 

RS-232C Communication Link 
The EV80C186EA/XL communicates with the 
host using an Intel 82510 Asynchronous Serial 
Controller provided on board. 

Personal Computer Requirements 
The EV80C186EA/XL Evaluation Board is 
hosted on an IBM PC, XT, AT• or 
BIOS-compatible personal computer. The PC 
must meet the following minimum 
requirements: 
• 512 Kbytes of Memory 
• A Serial Port (COMl or COM2) at 9600 Baud 
• One 360 Kbyte Floppy Disk Drive 
• ASM-86, iC-86, FORTRAN-86, Pascal 86 or 

PL/M-86 
• PC DOS 3.1 or Later 
• A text editor such as AEDIT 
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EV80C186EB Evaluation Board 

270882-1 

Low Cost Code Evaluation Tool 
Intel's EV80C186EB evaluation board provides a hardware environment for code 
execution and software debugging at a relatively low cost. The board features the 
80C186EB CHMOS*, 16-bit embedded processor, a new member of the industry standard 
80186 family. The 80C186EB features two independent serial channels providing a serial 
link for easy interprocessor communications, diagnostic and modem interfacing for 
today's "Mobile Office." This static design also features power management modes for 
power consumption sensitive designs. The board allows you to take full advantage of the 
power of the 80186 family. The EV80C186EB provides zero wait state, 16 MHz execution 
of your code. Plus, it can be quickly reconfigured to use an 80C188EB, allowing for exact 
analysis of code execution speeds in a particular application. 

Popular features such as single-step program execution and sixteen software breakpoints 
are standard on the EV80C186EB. Intel provides a complete code development 
environment using assembler (ASM-86) as well as high-level languages such as Intel's 
iC-86, FORTRAN-86, Pascal-86 or PL/M-86 to accelerate development schedules. 

The evaluation board is hosted on an IBM PC*• or BIOS-compatible computer. The source 
code for the on-board monitor (written in ASM-86) is public domain. The program is about 
2K, and can be modified to be included in your target hardware. In this way, the provided 
PC host software can be used throughout the development phase. In addition, there are 
retargetable debuggers available from Third Party vendors to further enhance your 
debug process. 

'CHMOS is a patented Intel process. 
••IBM PC, XT, AT and DOS are registered trademarks of International Business Machines Corporation. 

25-16 
October 1991 

Order Number: 270882-003 



intel® 

EV80C186EB Evaluation Board 

EV80C186EB Features 
• Zero Wait State 16.0 MHz Execution Speed 
• 32 Kbytes of SRAM/ROMsim 
• 512 Kbytes of DRAM 
• All-CMOS board for Low Power 
• Concurrent Interrogation of Memory and 

Registers 
• Sixteen Software Breakpoints 
• Two Single-Step Modes 
• High-Level Language Support 
• RS-232C Communication Link 
• Easily Re-configured to Support 80C188EB 

Full Speed Execution 
The EV80C186EB executes your code from on
board ROMsim at 16.0 MHz with zero wait 
states. By changing oscillators on the 
EV80C186EB, any execution speed up to 16 
MHz can be evaluated. The board's host 
interface baud rate is not affected by this 
frequency change. 

32 Kbytes of ROMsim 
The board comes with 32 Kbytes of SRAM to 
be used as ROMsim for your code and for data 
memory as needed. 

512 Kbytes of DRAM 
The EV80C186EB comes with 512 Kbytes of 
DRAM; the necessary control logic is already 
there. The monitor utilizes the Refresh Control 
Unit and will set up the DRAM refresh 
controller for you. 

Totally CMOS Board 
The EV80C186EB board is built totally with 
CMOS components. Its power consumption is 
therefore low, requiring 5V at 400 mA. The 
board also requires ± 12V at 15 mA. 

Concurrent Interrogation of 
Memory and Registers 
The monitor for the EV80C186EB allows you 
to read and modify external memory and read 
internal registers while your code is running in 
the board. You may only modify internal 
registers while your code is halted. 

Sixteen Software Breakpoints 
There are sixteen breakpoints available which 
automatically substitute an INT3 instruction 
for your code instruction at the breakpoint 
location. The substitution occurs when 
execution is started. If processor is halted or a 
breakpoint is reached, your code is restored in 
theROMsim. 

Two Step Modes 
There are two single-step modes available. The 
first stepping mode uses the Trap Flag feature 
of the X86 architecture. 

The second mode also uses the Trap Flag 
except for subroutine calls which are treated 
as one indivisible instruction by placing an 
INT3 after them. 

MEMORY 82510 
Serial 

t-1 80C186EB 32K Slatic RAM Host Interface 
Expansion CPU 512K Dynamic RAM Serial Controller 

32K EPROM 

1 I Address J l 
L Data l Expansion 

Interface 
.-Control .a. 

Bus 

1 1 
80C187 

Digital 
Math 

Coprocessor 
l/O 
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EV80C186EB Evaluation Board 

High-Level Language Support 
The host software for the EV80Cl86EB board 
is able to load absolute object code generated . 
by ASM-86, iC86, FORTRAN-86, Pascal-86 or 
PL/M-86, all of which are available from Intel. 

RS-232C Communication Link 
The EV80C186EB communicates with the host 
using an Intel 82510 Asynchronous Serial 
Controller provided on board. 

"----~ _, ,., ______ ... __ '1'>-~--~------JL-
rerlJUlf,Uf, '-'U1npu,,er .Lt-ef.Ju£1·e111£en1£n 

The EV80C186EB Evaluation Board is hosted 
on an IBM PC XT, AT** or BIOS-compatible 
personal computer. The PC must meet the 
following minimum requirements: 
• · 512 Kbytes of Memory 
• One 360 Kbyte Floppy Disk Drive 
• PC DOS 3.1 or Later 
• A Serial Port (CO Ml or COM2) at 9600 Baud 
• ASM-86, iC-86, FORTRAN-86, Pascal-86 or 

PL/M-86 
• A text editor such as AEDIT 
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EV80C186EC Evaluation Board 

Low Cost Code Evaluation Tool 
Intel's EV80C186EC evaluation board provides a hardware environment for code 
execution and software debugging. The board features the 80C186EC CHMOS*, 16-bit 
embedded microprocessor and all necessary memory and peripheral logic. The 80C186EC 
is the highest integration member of the highly successful 80C186/Cl88 family of 
embedded microprocessors. The EV80C186EC evaluation board provides 16 MHz, zero 
wait state, execution of your code. A dip switch configures the EV80C186EC for use with 
the 80Cl88EC for applications requiring an 8-bit data bus. 

Popular features such as single-step program execution and software breakpoints are 
standard on the EV80C186EC. Intel provides a complete code development environment 
including ASM-86, iC-86, FORTRAN-86, Pascal-86 and PL/M-86. 

The evaluation board is hosted on an IBM PC*• or compatible computer. The source code 
for the on-board monitor (written in ASM-86) is public domain. The program is about 
2 Kbytes in length and can be modified for inclusion in your target hardware. In addition, 
there are retargetable debuggers available from third party vendors to further enhance 
your development process. 

EV80C186EC Features 
• 16 MHz, Zero Wait State Execution 

Speed 
• 64 Kbytes of SRAM (Expandable) 
• 512 Kbytes of DRAM 
• All-CMOS Board for Low Power 
• Supports Intel Flash Memory 
• Sixteen Software Breakpoints 
• Two Single-Step Modes 
• RS-232C Communications Link 
• Concurrent Interrogation of Memory and 

Registers 
• Easily Reconfigurable to Support 

80C188EC 
• High-Level Language Support 

Full Speed Execution 
The EV80Cl86EC executes your code from 
the on-board RAM at 16 MHz with no wait 
states. By changing oscillators on the 
evaluation board, any execution speed up 
to 16 MHz can be evaluated. The boards 
host interface rate is independent of CPU 
frequency. 

32 Kbytes of SRAM 
The EV80C186EC comes with 64 Kbytes of 
SRAM for your code and data. The SRAM 
sockets will accept up to 128 Kbyte SRAMs 
when expansion is necesary. 

*CMOS is a patented Intel process. 

512 Kbytes of DRAM 
The EV80C186EC comes with 512 Kbytes 
of DRAM; the necessary control logic is 
already there. The monitor uses the on
chip Refresh Control Unit and sets up the 
DRAM controller automatically. 

Supports Intel Flash Memory 
The EPROM sockets optionally 
accommodate the 28F001BX-T 128 Kbyte 
Flash Memory. The EV80C186EC provides 
an on-board Vpp switching circuit and 
built in programmin~ procedures. 

Totally CMOS Board 
The EV80C186EC is built entirely with 
CMOS components, including 
programmable logic devices. Its power 
consumption is therefore low, requiring 5V 
at 500 mA. The board also requires ± 12V 
atlOOmA. 

Concurrent Interrogation of 
Memory and Registers 
The monitor for the EV80C186EA/XL 
allows you to read and modify external 
memory and read internal registers while 
your code is running on the board. You 
may only modify internal registers while 
your code is halted. 

••JBM PC, XT, AT and DOS are registered trademarks of International Business Machines Corporation. 
MCS is a registered trademark of Intel Corporation. 
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EV80C186EC Evaluation Board· 

Sixteen Software Breakpoints 
There are sixteen breakpoints available which 
automatically substitute an INT3 instruction 
for your code instruction at the breakpoint 
location. The substitution occurs when 
execution is started. If the processor is halted 
or a breakpoint is reached, your code is 
restored in the RAM. 

Two Step Modes 
There are two single-step modes available. The 
first stepping mode uses the Trap Flag feature 
of the X86 architecture. The second mode also 
uses the Trap Flag except for subroutine calls 
which are treated as one indivisible instruction 
by placing an INT3 after them. 

High-Level Language Support 
The host software for the EV80C186EA/XL 
board is able to load absolute object code 
generated by ASM-96, iC-86, FORTRAN-86, 
Pascal-86 or PL/M-86, all of which are 
available from Intel. · 

RS-232C Communication Link 
The EV80C186EA/XL communicates with the 
host using an Intel 82510 Asynchronous Serial 
Controller provided on board. 

Personal Computer Requirements 
The EV80C186EC Evaluation Board is hosted 
on an IBM, PC, XT, AT** or compatible 
personal computer. The PC must meet the 
minimum requirements: 

-512 Kbytes of Memory 
-A Serial Port (COMl and COM2) at 

9600Baud 
-One 360 Kbyte Floppy Disk Drive 

-ASM-86, iC-86, FORTRAN-86, Pascal-86 or 
PL/M-86 

-PC DOS** 3.1 or Later 
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DB86A ARTIC SOFrWARE DEBUGGER 

280914-1 

Multitasking Source Level Debugger 
The DB86A ARTIC debugger from Intel is a powerful source-level debugger designed to 
support the development of multitasking applications targeted to run on the full family 
of IBM* ARTIC cards. The DB86A ARTIC debugger is hosted on an IBM PC/ AT*, PS/2* 
or compatible computer running DOS or OS/2* (DOS compatibility box only). Using an 
RS232 link to an IBM ARTIC card, the debugger contains control and monitoring 
capabilities for on-target software debugging. The DB86A debugger delivers an optimum 
debugging environment for application code generated by IBM C/2*, IBM MASM/2*, 
Microsoft C*, and Microsoft MASM*. 

The DB86A debugger features a contemporary windowed human interface, symbolic 
source level debug, tasking controls, extensive breakpoint modes, and flexible stepping 
capabilities. This multitasking debug environment boosts productivitiy by allowing you 
to focus efforts on finding bugs more quickly, and reducing time-to-market. 

DB86A Debugger Features 
• Menu-driven Windowed Human 

Interface 
• Source Level Debug with various Source 

Window and Watch Window Operations 
• Multitasking Debug Support 
• High-level and Assembly Language 

Symbolic Debugging 

• Extensive Breakpoint and Stepping 
Capabilities 

• Powerful Procedural Command 
Language 

• On-line Help Facility 
• Built-in Assembler and Disassembler 
• Memory and Register Manipulations 
• Intel Service and Support 
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FEATURES 

The DB86A Artie Debugger offers a windowed 
user interface that is easy for both experienced 
and new users. 

Pull-down menus provide a set of commonly 
used debug operations, shortening learning 
curves. Many debugging functions can be 
executed with a single key stroke. Custom 
debug commands and the command line 
interface offer experienced users increased 
efficiency. Multiple windows simultaneously 
display s9urce code, watch variables, and 
registers. Source breakpoints support the 
point-and-shoot technique of debugging, or 
breakpoints can be easily set through the 
source window. When the debugger completes 
a breakpoint or stepping operation, the various 
windows are updated. The watch window can 
track up to six program variables. The on-line 
help facility provides command syntax and 
explanation as well as error descriptions. 

Event Monitor Capability 
DB86A provides many ways to monitor events. 
There are four conditional breakpoints; ten 
source breakpoints, ten temporary 
breakpoints, and ten passpoints. Each type of 
breakpoint meets different debugging needs. 
The stepping commands not only allow 
execution of one machine-level instruction or 
one high-level language statement at a time, 
they also permit stepping over or stepping 
through a procedure until it returns. 

Procedural Command Language 
The command language of the DB86A 
debugger provides control constructs, 
procedures, and debug variables allowing the 
user to extend and customize the functionality 
of the debugger. Control constructs (e.g. 
If...else, do ... while) facilitate the grouping of a 
sequence of debugger commands and control 
the execution of the sequence. For debug 
sequences that are repeated frequently, the 
user can define debug procedures containing a 
sequence of debugger commands, control 
con~tructs, and debug variables. DB86A 
debugger comes with a set of predefined debug 
procedures that display various ARTIC system 
data structures such as interface blocks, task 
tables, and task control block tables .. 

J.'f ultitasking Debug Suppur-t 
The DB86A debugger delivers control and 
monitor capabilities to simplify multitasking 
debug. You can download multiple tasks to the 
target system, and easily select any task for 
viewing and debugging. 

Corresponding windows are automatically 
updated when a task hits a breakpoint. Tasks 
can be suspended and resumed. Breakpoints 
can be se~ for all, or for specific tasks. 
Qualifiers are provided with the debugger 
commands to facilitate multitasking debug. 

Symbolic Debug Capabilities 
The debugger makes full use of the symbolic 
and typing information passed by the code 
translators. Source code symbolics are enabled 
in debugging operations and displays. The 
debugger supports easy browsing through 
modules in each task. The Callstack feature 
creates a snapshot of the active call chain, and 
call stack browsing lets you navigate through 
the source code of the procedure call chain. 
Task memory and registers can be displayed 
and modified easily. An on-line assembler is 
provided for in-target code patching. 

Worldwide Service, Support, and 
Training 
'To augment its development tools, Intel offers 
field application engineering expertise, hotline 
technical support, and on-site service. 

Intel also offers software support which 
includes technical software information, 

· telephone support, automatic distributions of 
software and documentation updates, 
iCOMMENTS magazine, remote diagnostic 
software, and a development tools 
troubleshooting guide. 

Intel Development Tools also offers a 30-day, 
money-back guarantee to customers who are 
not satisfied after purchasing any Intel 
development tool. 
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SPECIFICATIONS 

Host System Requirements 
IBM PC/ AT or IBM PS/2 or fully compatible 
computers with the following minimum 
configurations: 
• Minimum of 900Kbytes free hard disk space 

forDB86A 
• 640Kbytes of RAM recommended; DB86A 

uses a minimum of 360Kbytes of RAM 
• A serial port (COMl or COM2) 
• DOS V3.3 or later, OS/2 Vl.2 (DOS 

Compatibility Box Only) 
• One floppy drive capable of reading 5.25" 

diskettes or 3.5" diskettes 

Target System Requirements 
• One ARTIC RS232 serial port 
• 8 Kbytes free RAM on the target ARTIC 

Board for DB86A debug support task 
• Target system containing one of the 

following ARTIC cards: 
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IBM Realtime Interface Coprocessor 
IBM Realtime Interface Coprocessor 
Multi port 
IBM Realtime Interface Coprocessor 
Multiport Model 2 
IBM X.25 Interface Coprocessor/2 
IBM Realtime Interface Coprocessor 
Multiport/2 
IBM Realtime Interface Coprocessor 
Portmaster I A 
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376™ HIGH PERFORMANCE 
32-BIT EMBEDDED PROCESSOR 

• Full 32-Bit Internal Architecture • Complete Intel Development Support 
.....; 8-, 16-, 32-Bit Data Types - C, PL/M, Assembler 
- 8 General Purpose 32-Bit Registers - ICE™-376, In-Circuit Emulator 
- Extensive 32-Bit Instruction Set - IRMK™ Real Time Kernel 

• High Performance 16-Bit Data Bus - iSDM™ Debug Monitor 

- 16 or 20 MHz CPU Clock - DOS Based Debug 

- Two-Clock Bus Cycles • Extensive Third-Party Support: 
-16 Mbytes/Sec Bus Bandwidth - Languages: C, Pascal, FORTRAN, 

• 16 Mbyte Physical Memory Size BASIC and ADA* 
- Hosts: VMS*, UNIX*, MS-DOS*, and 

• High Speed Numerics Support with the Others 
80387SX - Real-Time Kernels 

• Low System Cost with the 82370 • High Speed CHMOS IV Technology 
Integrated System Peripheral • Available in 100 Pin Plastic Quad Flat-

• On-Chip Debugging Support Including Pack Package and 88-Pin Pin Grid Array 
Break Point Registers (See Packaging Outlines and Dimensions # 231369) 

INTRODUCTION 

The 376 32-bit embedded processor is designed for high performance embedded systems. It provides the 
performance benefits of a highly pipelined 32-bit internal architecture with the low system cost associated with 
16-bit hardware systems. The 80376 processor is based on the 80386 and offers a high degree of compatibil
ity with the 80386. All 80386 32-bit programs not dependent on paging can be executed on the 80376 and all 
80376 programs can be executed on the 80386. All 32-bit 80386 language translators can be used for 
software development. With proper support software, any 80386-based computer can be used to develop and 
test 80376 programs. In addition, any 80386-based PC-AT* compatible computer can be used for hardware 
prototyping for designs based on the 80376 and its companion product the 82370. 

Execution Unit MMU 

32-Blt Registers Protection 

64-Bit Barrel Segment 
Shifter Registers 

Multiply/Divide 
Segment 

~ I-+ 
Translator 

ALU 

I~ 
Jl Bus Interface 

32-811 Doto Poth Unit 

lJ 
Decoder H Prefetch 

Queue 

'--1 Instruction Pref etcher Queue 

Prefetch Unit 

80376 Mlcroarchitecture 

Intel, iRMK, ICE, 376, 386, lntel386, iSDM, lntel1376 are trademarks of Intel Corp. 
*UNIX is a registered trademark of AT&T. 
ADA is a registered trademark of the U.S. Government, Ada Joint Program Office. 
PC-AT is a registered trademark of IBM Corporation. 
VMS is a trademark of Digital Equipment Corporation. 
MS-DOS is a trademark of MicroSoft Corporation. 
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376 EMBEDDED PROCESSOR 

1.0 PIN DESCRIPTION 

Address 

A1 18 
A2 51 
A3 52 
A.t 53 
As 54 
Ae 55 
A1 56 
As 58 
Ag 59 
A1o 60 
A11 61 
A12 62 
A13 64 
A14 65 
A1s 66 
A1s 70 
A11 72 
A. - 73 '"'ltl 

A10 74 
A2o 75 
A21 76 
A22 7!iJ 
A23 80 

DO 
Vss 

HLDA 
HOLD 

Vss 
NA 

READY 
Vee 
Vee 
Vee 
Vss 
Vss 
Vss 
Vss 

CLK2 
ADS 
BLE 

A1 
BHE 

NC 
Vee 
Vss 

M/iO 
D/g 
W/fl. 

Figure 1.1. 80376 100-Pin Quad Flat-Pack Pin Out (Top View) 

Table 1.1. 100-Pln Plastic Quad Flat-Pack Pin Assignments 

Data Control N/C 

Do 1 ADS 16 20 
01 100 BHE 19 27 
02 99 BLE 17 
03 96 BUSY 34 29 
04 95 CLK2 15 30 
05 94 DIC 24 31 
Ds 93 ERROR 36 43 
07 92 FLT 28 44 
De 90 HLDA 3 45 
09 89 HOLD 4 46 
010 88 INTR 40 47 
011 87 LOCK 26 
012 86 M/iO 23 
013 83 NA 6 
014 82 NMI 38 
015 81 PEREQ 37 

READY 7 
RESET 

.,., ........ 
W/R 25 
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A20 
A19 
A18 
A17 
Vee 
A16 
Vee 
Vss 
Vss 
A15 
A14 
A13 
Vss 
A12 
A11 
A10 

.A9 
A8 
Vee 
A7 
A6 
A5 
A4 
A3 
A2 

240182-52 

Vee 
8 
9 
10 
21 
32 
39 
42 
48 
57 
69 
71 
84 
91 
97 

Vss 
2 
5 
11 
12 
13 
14 
22 
35 
41 
49 
50 
63 
67 
68 
77 
78. 
85 
no 
'1U 



intel~ 376 EMBEDDED PROCESSOR 

Top View 
{Component Side) 

G c A 

0 0 0 0 0 0 0 0 0 0 0 0 o~ 
Vee Vss N/C A1 ADS READY HOLD DO 02 Vss Vee Yss Vee 

0 0 0 0 0 0 0 0 0 0 0 0 0 
Yss Vee M/iO BHE ID CLK2 NA HLDA 01 03 Yss Yee Yss 

0 0 0 0 
Vee D/C 

0 0 
Vss W/R 

0 0 
Vee LOCK 

0 0 
Yss RESET 

0 0 
PEREQ BUSY 

0 0 
ERROR NMI 

0 0 
"ss INTR 

10 0 0 
Vee A2 

11 0 0 
v55 A3 

D... Vee 

0 0 
06 OS 

0 0 
07 08 

0 0 
09 010 

0 0 
011 012 

0 0 
013 DU 

0 0 
015 A23 

0 0 10 
A21 A22 

0 0 11 

Yss Yee 
12 0 0 0 0 0 0 0 0 0 0 0 0 0 12 

Yss A4 AS A7 AS A10 A13 A15 A17 A18 A20 Vee Yss 

13 0 0 0 0 0 0 0 0 0 0 0 0 0 13 

Vee Vss Yee A6 A9 A11 A12 A14 A16 A19 Vee Yss Vee 

N M G 

Bottom View 
{Pin Side) 

G 

c A 

.. 
01 0 0 0 0 0 0 0 0 0 0 0 0 0 01 

Yee Yss Vee Yss D2 Do HOLD READY ADS A1 N/C V55 Vee 

02 0 0 0 0 0 0 0 0 0 0 0 0 0 02 
Yss Yee V55 03 o, HLDA NA CLK2 ill BHE M/iO Yee V55 

03 0 0 

04 0 0 

05 0 0 

06 0 0 

07 0 0 

08 0 0 

09 0 0 

10 0 0 

11 0 0 
Yee "ss 

0 0 03 
o;c Vee 

0 0 04 

W/R Vss 

0 0 05 
LOCK Yee 

0 0 06 
RESET Vss 

0 0 07 
BUSY PEREO 

0 0 08 
NMI ERROR 

0 0 09 
INTR Yss 

0 0 10 

0 0 11 

12 0 0 0 0 0 0 0 0 0 0 0 0 0 12 
Yss Yee A20 A1a A17 Ats A13 A10 Aa A1 A5 A4 Yss 

13 0 0 0 0 0 0 0 0 0 0 0 0 0 13 
Yee V55 "cc At9 At6 Au A12 A11 Ag As Vee Yss Yee 

A G H .. 
Figure 1.2. 80376 88-Pin Grid Array Pin Out 
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376 EMBEDDED PROCESSOR 

Table 1.2. 88-Pin Grid Array Pin Assignment• 

Pin Label Pin Label Pin Label Pin Label 

2H CLK2 12D A1e 2L M/10 11A Vee 
98 D15 12E A11 SM LOCK 13A Vee 
SA D14 13E A16 1J , ADS 13C Vee 
SB D13 12F A1s 1H READY 13L Vee 
7A D12 13F A14 2G NA 1N Vee 
78 Dn 12G A13 1G HOLD 13N Vee 
SA D10 13G A12 2F HLDA 118 Vss 
SB Dg 13H An 7N PEREQ 2C Vss 
SA De 12H A10 7M BUSY 1D Vss 
SB D1 13J Ag SN ERROR 1M Vss 
48 Ds 12J As 9M INTR 4N Vss 
4A Ds 12K A1 SM NMI 9N Vss 
38 D4 13K As SM RESET 11N Vss 
2D D3 12L As 28 Vee 2A Vss 
1E D2 12M A4 128 Vee 12A Vss 
2E D1 11M A3 1C Vee 18 Vss 
1F Do 10M A2 2M Vee 138 Vss 
9A A23 1K A1 3N Vee 13M Vss 
10A A22 2J BLE SN Vee 2N Vss 
108 A21 2K BHE 10N Vee SN Vss 
12C A20 4M W/R 1A Vee 12N Vss 
13D A10 3M DIC 3A Vee 1L N/C 
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376 EMBEDDED PROCESSOR 

The following table lists a brief description of each pin on the 80376. The following definitions are used in 
these descriptions: 

The named signal is active LOW. 
I Input signal. 
0 Output signal. 
110 Input and Output signal. 

No electrical connection. 

Symbol Type Name and Function 

CLK2 I CLK2 provides the fundamental timing for the 80376. For additional 
information see Clock in Section 4.1. 

RESET I RESET suspends any operation in progress and places the 80376 in a 
known reset state. See Interrupt Signals in Section 4.1 for additional 
information. 

D15-Do 110 DATA BUS inputs data during memory, 110 and interrupt acknowledge 
read cycles and outputs data during memory and 110 write cycles. See 
Data Bus in Section 4.1 for additional information. 

A23-A1 0 ADDRESS BUS outputs physical memory or port 110 addresses. See 
Address Bus in Section 4.1 for additional information. 

WIR 0 WRITE/READ is a bus cycle definition pin that distinguishes write 
cycles from read cycles. See Bus Cycle Definition Signals in Section 
4.1 for additional information. 

DIC 0 DATA/CONTROL is a bus cycle definition pin that distinguishes data 
cycles, either memory or 110, from control cycles which are: interrupt 
acknowledge, halt, and instruction fetching. See Bus Cycle Definition 
Signals in Section 4.1 for additional information. 

MllO 0 MEMORY 1/0 is a bus cycle definition pin that distinguishes memory 
cycles from input/output cycles. See Bus Cycle Definition Signals in 
Section 4.1 for additional information. 

LOCK 0 BUS LOCK is a bus cycle definition pin that indicates that other 
system bus masters are denied access to the system bus while it is 
active. See Bus Cycle Definition Signals in Section 4.1 for additional 
information. 

ADS 0 ADDRESS STATUS indicates that a valid bus cycle definition and 
address (WIR, DIC, MllO, SHE, SLE and A23-A1) are being driven at 
the 80376 pins. See Bus Control Signals in Section 4.1 for additional 
information. 

NA I NEXT ADDRESS is used to request address pipelining. See Bus 
Control Signals in Section 4.1 for additional information. 

READY I BUS READY terminates the bus cycle. See Bus Control Signals in 
Section 4.1 for additional information. 

SHE, SLE 0 BYTE ENABLES indicate which data bytes of the data bus take part in 
a bus cycle. See Address Bus in Section 4.1 for additional . 
information. 

HOLD I BUS HOLD REQUEST input allows another bus master to request 
control of the local bus. See Bus Arbitration Signals in Section 4.1 
for additional information. 
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376 EMBEDDED PROCESSOR 

Symbol Type Name and Function 
HLDA 0 BUS HOLD ACKNOWLEDGE output indicates that the 80376 has 

suiiendered control cf its local bus to another bus master. See Bus 
Arbitration Signals in Section 4.1 for additional information. 

INTR I INTERRUPT REQUEST is a maskable input that signals the 80376 to 
suspend execution of the current program and execute an interrupt 
acknowledge function. See Interrupt Signals in Section 4.1 for 
additional information. 

NMI I NON-MASKABLE INTERRUPT REQUEST is a non-maskable input 
that signals the 80376 to suspend execution of the current program 
and execute an interrupt acknowledge function. See Interrupt Signals 
in Section 4.1 for additional information. 

BUSY I BUSY signals a b~ condition from a processor extension. See 
Coprocessor lnte ace Signals in Section 4.1 for additional 
information. 

ERROR I ERROR signals an error condition from a processor extension. See 
Coprocessor Interface· Signals in Section 4.1 for additional 
information. 

PEREQ I PROCESSOR EXTENSION REQUEST indicates that the processor 
extension has data to be transferred by the 80376. See Coprocessor 
Interface Signals in Section 4.1 for additional information. 

FLT I FLOAT, when active, forces all bidirectional and output signals, 
including HLDA, to the float condition. FLOAT is not available on the 
PGA package. See Float for additional information. 

N/C - NO CONNECT should always remain unconnected. Connection of a 
N/C pin may cause the processor to malfunction or be incompatible 
with future steppings of the 80376. 

Vee I SYSTEM POWER provides the + 5V nominal D.C. supply input. 

Vss I SYSTEM GROUND provides OV connection from which all inputs and 
outputs are measured. 

2.0 ARCHITECTURE OVERVIEW sists of the execution unit and instruction unit. The 
execution unit contains the eight 32-bit general reg
isters which are used for both address calculation 
and data operations and a 64-bit barrel shifter used 
to speed shift, rotate, multiply, and divide operations. 
The instruction unit decodes the instruction opcodes 
and stores them in the decoded instruction queue 
for immediate use by the execution unit. 

The 80376 supports the protection mechanisms 
needed by sophisticated multitasking embedded 
systems and real-time operating systems. The use 
of these protection mechanisms is completely op
tional. For embedded applications not needing pro
tection, the 80376 can easily be configured to pro
vide a 16 Mbyte physical address space. 

Instruction pipelining, high bus bandwidth, and a 
very high performance ALU ensure short average 
instruction execution times and high system 
throughput. The 80376 is capable of execution at 
sustained rates of 2.5-3.0 million instructions per 
second. 

The 80376 offers on-chip testability and debugging 
features. Four break point registers allow conditional 
or unconditional break point traps on code execution 
or data accesses for powerful debugging of even 
ROM based systems. Other testability features in
clude self-test and tri-stating of output buffers during 
RESET. 

The Intel 80376 embedded processor consists of a 
central processing unit, a memory management unit 
and a bus interface. The central processing unit con-
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The Memory Management Unit (MMU) consists of a 
segmentation and protection unit. Segmentation al
lows the managing of the logical address space by 
providing an extra addressing component, one that 
allows easy code and data relocatability, and effi
cient sharing. 

The protection unit provides four levels of protection 
for isolating and protecting applications and the op
erating system from each other. The hardware en
forced protection allows the design of systems with 
a high degree of integrity and simplifies debugging. 

Finaiiy, to faciiitate high performance :;ysiern hard
ware designs, the 80376 bus interface offers ad
dress pipelining and direct Byte Enable signals for 
each byte of the data bus. 
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2.1 Register Set 

The 80376 has twenty-nine registers as shown in Figure 2.1. These registers are grouped into the following six 
categories: 

31 16 15 8 7 

AH AX AL EAX 

BH BX BL EBX 

CH c x CL ECX 

DH DX DL EDX 

SI ESI 

DI EDI 

BP EBP 

SP ESP 

15 

cs 

SS 

DS 

ES 

FS 

GS 

31 

LINEAR BREAKPOINT ADDRESS 0 ORO 

LINEAR BREAKPOINT ADDRESS 1 DR1 

LINEAR BREAKPOINT ADDRESS 2 DR2 

LINEAR BREAKPOINT ADDRESS 3 DR3 

DR4 

DRS 

BREAKPOINT STATUS DRS 

BREAKPOINT CONTROL DR7 

- INTEL RESERVED DO NOT USE 
240182-5 

Figure 2.1. 80376 Base Architecture Registers 
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GENERAL PURPOSE 
REGISTERS 

SEGMENT 
REGISTERS 

DEBUG 
REGISTERS 
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General Registers: The eight 32-bit general pur
pose registers are used to contain arithmetic and 
logical operands. Four of these (EAX, EBX, ECX and 
EDX) can he used either in their entirety as 32-bit 
registers, as 16-bit registers, or split into pairs of 
separate 8-bit registers. 

Segment Registers: Six 16-bit special purpose reg
isters select, at any given time, the segments of 
memory that are immediately addressable for code, 
stack, and data. 

Flags and Instruction Pointer Registers: These 
two 32-bit special purpose registers in Figure 2.1 
record or control certain aspects of the 80376 proc
essor state. The EFLAGS register includes status 
and control bits that are used to reflect the outcome 
of many instructions and modify the semantics of 
some instructions. The Instruction Pointer, called 
EIP, is 32 bits wide. The Instruction Pointer controls 
instruction fetching and the processor automatically 
increments it after executing an instruction. 

Control Register: The 32-bit control register, CRO, 
is used to control Coprocessor Emulation. 

SPECIAL ·FIELDS: 

System Address Registers: These four special 
registers reference the tables or segments support
ed by the 80376/80386 protection model. These ta
bles or segments are: 

GDTR (Global Descriptor Table Register), 
IDTR (Interrupt Descriptor Table Register), 
LDTR (Local Descriptor Table Register), 
TR (Task State Segment Register). 

Debug Registers: The six programmer accessible 
debug registers provide on-chip support for debug-. 
ging. The use of the debug registers is described in 
Section 2.11 Debugging Support. 

EFLAGS REGISTER 

The flag Register is a 32-bit register named 
EFLAGS. The defined bits and bit fields within 
EFLAGS, shown in Figure 2.2, control certain opera
tions and indicate the status of the 80376 processor. 
The function of the flag bits is given in Table 2.1. 

STATUS FLAGS: 

...-------------OVERFLOW 

...---------SlGN 

--------ZERO 

1/0 PR!VILEGE LEVEL-------------. 

,.------AUX CARRY 

---PARITY 

NESTED TASK--------~ CARRY 
31 17 16 15 11 10 9 8 7 6 5 4 3 

0 RF or ~ IF IT SF rr 0 u 0 

CONTROL FLAGS 

----TRAP 

-----INTERRUPT 

,__-----DIRECTION 

'--------------RESUME 

31 

l'/;'I - INTEL RESERVED DO NOT USE 
- 240182-5 

MONITOR COPROCESSOR -------. 

EMULATE COPROCESSOR ------. 

TASK SWITCHED -----. 

240182-3 

1 CRO 
4 3 2 1 0 

240182-4 

Figure 2.2. Status and Control Register Bit Functions 
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Table 2.1. Flag Definitions 

Bit Position Name Function 
0 CF Carry Flag-Set on high-order bit carry or borrow; cleared otherwise. 
2 PF Parity Flag-Set if low-order 8 bits of result contain an even number 

of 1-bits; cleared otherwise. 
4 AF Auxiliary Carry Flag-Set on carry from or borrow to the low order 

four bits of AL; cleared otherwise. 
6 ZF Zero Flag-Set if result is zero; cleared otherwise. 
7 SF Sign Flag-Set equal to high-order bit of result (0 if positive, 1 if 

negative). 
8 TF Single Step Flag-Once set, a single step interrupt occurs after the 

next instruction executes. TF is cleared by the single step interrupt. 
9 IF Interrupt-Enable Flag-When set, external interrupts signaled on the 

INTR pin will cause the CPU to transfer control to an interrupt vector 
specified location. 

10 OF Direction Flag-Causes string instructions to auto-increment (default) 
the appropriate index registers when cleared. Setting OF causes auto. 
decrement. 

11 OF Overflow Flag-Set if the operation resulted in a carry/borrow into 
the sign bit (high-order bit) of the result but did not result in a 
carry/borrow out of the high-order bit or vice-versa. 

12, 13 IOPL 1/0 Privilege Level-Indicates the maximum CPL permitted to 
execute 1/0 instructions without generating an exception 13 fault or 
consulting the 1/0 permission bit map. It also indicates the maximum 
CPL value allowing alteration of the IF bit. 

14 NT Nested Task-Indicates that the execution of the current task is 
nested within another task (see Task Switching). 

16 RF Resume Flag-Used in conjunction with debug register breakpoints. It 
is checked at instruction boundaries before breakpoint processing. If 
set, any debug fault is ignored on the next instruction. It is reset at the 
successful completion of any instruction except IRET, POPF, and 
those instructions causing task switches. 

CONTROL REGISTER 

The 80376 has a 32-bit control register called CAO that is used to control coprocessor emulation. This register 
is shown in Figures, 2.1 and 2.2. The defined CAO bits are described in Table 2.2. Bits 0, 4 and 31 of CAO have 
fixed values in the 80376. These values cannot be changed. Programs that load CAO should always load bits 
0, 4 and 31 with values previously there to be compatible with the 80386. 

Table 2.2. CAO Definitions 

Bit Position Name Function 
1 MP Monitor Coprocessor Extension-Allows WAIT instructions to cause 

a processor extension not present exception (number 7). 

2 EM Emulate Processor Extension-When set, this bit causes a 
processor extension not present exception (number 7) on ESC 
instructions to allow processor extension emulation. 

3 TS Task Switched-When set, this bit indicates the next instruction using 
a processor extension will cause exception 7, allowing software to test 
whether the current processor extension context belongs to the 
current task (see Task Switching). 
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2.2 Instruction Set 2.3 Memory Organization 

The instruction set is divided into nine categories of Memory on the 80376 is divided into 8-bit quantities 
nno.rofinn~· 
""I"" ... '"""'""''""' 

Data Transfer 
Arithmetic 
Shift/Rotate 
String Manipulation 
Bit Manipulation 
Control Transfer 
High Level Language Support 
Operating System Support 
Processor Control 

These 80376 processor instructions are listed in Ta
ble 8.1 80376 Instruction Set and Clock Count 
Summary. 

All 80376 processor instructions operate on either 0, 
1, 2 or 3 operands; an operand resides in a register, 
in the instruction itself, or in memory. Most zero op
erand instructions (e.g. CLI, STI) take only one byte. 
One operand instructions generally are two bytes 
long. The average instruction is 3.2 bytes long. 
Since the 80376 has a 16-byte prefetch instruction 
queue an average of 5 instructions can be pre
fetched. The use of two operands permits the follow
ing types of common instructions: 

Register to Register 
Memory to Register 
Immediate to Register 
Memory to Memory 
Register to Memory 
Immediate to Memory 

The operands are either 8-, 16- or 32-bit long. 

lh\rt~:::u::\ 1 ~-hit n11gntiti.i::u~~; lwnrric\ ~nrl ~~-hit n11~nti-,-,. .. ...,..,,,, ·- _ ... .., __ ............. _ , .. ..,, ..... ...,,, -··- -- -·· -.--···· 
ties (dwords): Words are stored in two consecutive 
bytes in memory with the low-order byte at the low
est address. Dwords are stored in four consecutive 
bytes in memory with the low-order byte at the low
est address. The address of a word or Dword is the 
byte address of the low-order byte. For maximum 
performance word and dword values should be at 
even physical addresses. 

In addition to these basic data types the 80376 proc
essor supports segments. Memory can be divided 
up into one or more variable length segments, which 
can be shared between programs. 

ADDRESS SPACES 

The 80376 has three types of address spaces: logi
cal, linear, and physical. A logical address (also 
known as a virtual address) consists of a selector 
and an offset. A selector is the contents of a seg
ment register. An offset is formed by summing all of 
the addressing components (BASE, INDEX, and 
DISPLACEMENT), discussed in Section 2.4 Ad
dressing Modes, into an effective address. 

Every selectqr has a logical base address associat
ed with it that can be up to 32 bits in length. This 32-
bit logical base address is added to either a 32-bit 
offset address or a 16-bit offset address (by using 
the address length prefix )to form a final 32-bit lin
ear address. This final linear address is then trun
cated so that only the lower 24 bits of this address 
are used to address the 16 Mbytes physical memory 
address space. The logical base address is stored 
in one of two operating system tables (i.e. the Local 
Descriptor Table or Global Descriptor Table). 

Figure 2.3 shows the relationship between the vari
ous address spaces. 
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EFFECTIVE ADDRESS CALCULATION 

Bose 

32 32 

Displacement 1--------' 
24 

15 

16 l.lbyte 
Physical 
Memory 

0 

OFFFFffH 

Protection Descriptor 
Table 

{GOT or LDT) 

1 BHE#, 
1 BLE#, 
I A23-A1 

Base 

___ _, 0 

Base 

Selector RPL 14 ~I~~~ A_::e.:'': .....,_....,..,_____. __ _., Base 

240182-6 

Figure 2.3. Address Translation 

SEGMENT REGISTER USAGE 

The main data structure used to organize memory is 
the segment. On the 80376, segments are variable 
sized blocks of linear addresses which have certain 
attributes associated with them. There are two main 
types of segments, code and data. The simplest use 
of segments is to have one code and data segment. 
Each segment is 16 Mbytes in size overlapping each 
other. This allows code and data to be directly ad
dressed by the same offset. 

In order to provide compact instruction encoding 
and increase processor performance, instructions 
do not need to explicitly specify which segment reg-
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ister is used. The segment register is automatically 
chosen according to the rules of Table 2.3 (Segment 
Register Selection Rules). In general, data refer
ences use the selector contained in the OS register, 
stack references use the SS register and instruction 
fetches use the CS register. The contents of the In
struction Pointer provide the offset. Special segment 
override prefixes allow the explicit use of a given 
segment register, and override the implicit rules list
ed in Table 2.3. The override prefixes also allow the 
use of the ES, FS and GS segment registers. 

There are no restrictions regarding the overlapping 
of the base addresses of any segments. Thus, all 6 
segments could have the base address set to zero. 
Further details of segmentation are discussed in 
Section 3.0 Architecture. 
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Table 2.3. Segment Register Selection Rules 

Type of 
Memory Reference 

Code Fetch 

Destination of PUSH, PUSHF, INT, 
CALL, PUSHA Instructions 

Source of POP, POPA, POPF, IRET, 
RET Instructions 

Destination of STOS, 
MOVS, REP STOS, 
REP MOVS Instructions 
(DI is Base Register) 

Other Data References, 
with Effective Address 
Using Base Register of: 

[EAX] 
[EBXl 
[ECX] 
[EDX] 
[ESI] 
[EDI] 
[EBP] 
[ESP] 

2.4 Addressing Modes 

The 80376 provides a total of 8 addressing modes 
for instructions to specify operands. The addressing 
modes are optimized to allow the efficient execution 
of high level languages such as C and FORTRAN, 
and they cover the vast majority of data references 
needed by high-level languages. 

Two of the addressing modes provide for instruc
tions that operate on register or immediate oper
ands: 

Register Operand Mode: The.operand is located in 
one of the 8-, 16- or 32-bit general registers. 

Immediate Operand Mode: The operand is includ
ed in the instruction as part of the opcode. 

The remaining 6 modes provide a mechanism for 
specifying the effective address of an operand. The 
linear address consists of two components: the seg-

Implied (Default) Segment Override 
Segment Use Prefixes Possible 

cs None 

SS None 

SS None 

ES None .. 

OS CS, SS, ES, FS, GS 
OS CS, SS, ES, FS, GS 
OS CS, SS, ES, FS, GS 
OS CS, SS, ES, FS, GS 
OS CS, SS, ES, FS, GS 
OS CS, SS, ES, FS, GS 
SS CS, SS, ES, FS, GS 
SS CS, SS, ES, FS, GS 

ment base address and an effective address. The 
effective address is calculated by summing any 
combination of the following three address elements 
(see Figure 2.3): 

DISPLACEMENT: an 8-, 16- or 32-bit immediate val
ue following the instruction. 

BASE: The contents of any general purpose regis
ter. The base registers are generally used by compil
ers to point to the start of the local variable area. 
Note that if the Address Length Prefix is used, only 
BX and BP can be used as a BASE register. 

INDEX: The contents of any general purpose regis
ter except for ESP. The index registers are used to 
access the elements of an array, or a string of char
acters. The index register's value can be multiplied 
by a scale factor, either 1, 2, 4 or 8. The scaled index 
is especially useful for accessing arrays or struc
tures. Note that if the Address Length Prefix is 
used, no Scaling is available and only the registers 
SI and DI can be used to INDEX. 
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Combinations of these 3 components make up the 6 
additional addressing modes. There is no perform
ance penalty for using any of these addressing com
binations, since the effective address calculation is 
pipelined with the execution of other instructions. 
The one exception is the simultaneous use of BASE 
and INDEX components which requires one addi
tional clock. 

As shown in Figure 2.4, the effective address (EA) of 
an operand is calculated according to the following 
formula: 

EA = BASER~ter + (INDEXRegisterXscaling) + 
DISPLACEMENT 

1. Direct Mode: The operand's offset is contained 
as part of the instruction as an 8-, 16- or 32-bit 
DISPLACEMENT. 

SEGMENT REGISTER 

SS 
GS 

F'S 
ES 

OS 

EF'F'ECTIVE 
ADDRESS 

LINEAR 

2. Register Indirect Mode: A BASE register con
tains the address of the operand. 

3. Based Mode: A BASE register's contents is add
ed to a DISPLACEMENT to form the operand's 
offset. 

4. Scaled Index Mode: An INDEX register's con
tents is multiplied by a SCALING factor which is 
added to a DISPLACEMENT to form the oper
and's offset. 

5. Based Scaled Index Mode: The contents of an 
INDEX register is multiplied by a SCALING factor 
and the result is added to the contents of a BASE 
register to obtain the operand's offset. 

6. Based Scaled Index Mode with Displacement: 
The contents of an INDEX register are multiplied 
by a SCALING factor, and the result is added to 
the contents of a BASE register and a DISPLACE
MENT to form the operand's offset. 

/ 
SEGMENT 
LIMIT 

DESCRIPTOR REGISTERS 0 ADDRESS .. TARGET ADDRESS 

ACCESS RIGHTS 

LIMIT 

BASE ADDRESS 
______ .,.. 

SEGMENT BASE ADDRESS 

Figure 2.4. Addressing Mode Calculations 
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GENERATING 16·BIT ADDRESSES biers. The Operand Length and Address Length Pre
fixes can be applied separately or in combination to 
any instruction. The 80376 executes code with a default length for 

operands and addresses of 32 bits. The 80376 is 
also able to execute operands and addresses of 16 
bits. This is specified through the use of override 
prefixes. Two prefixes, the Operand Length Prefix 
and the Address Length Prefix, override the de
fault 32-bit length on an individual instruction basis. 
These prefixes are automatically added by assem-

The 80376 normally executes 32-bit code and uses 
either 8- or 32-bit displacements, and any register 
can be used as based or index registers. When exe
cuting 16-bit code (by prefix overrides), the displace
ments are either 8 or 16 bits, and the base and index 
register conform to the 16-bit model. Table 2.4 illus
trates the differences. 

Table 2.4. BASE and INDEX Registers for 16· and 32-Bit Addresses 

16·Bit Addressing 32-Bit Addressing 

BASE REGISTER BX, BP Any 32-Bit GP Register 

INDEX REGISTER SI.DI Any 32-Bit GP Register 
except ESP 

SCALE FACTOR None 1,2,4,8 

DISPLACMENT 0, 8, 16 Bits 0, 8, 32 Bits 

2.5 Data Types 

The 80376 supports all of the data types commonly used in high level languages: 

Bit: 

Bit Field: 

Bit String: 

Byte: 

Unsigned Byte: 

Integer (Word): 

Long Integer (Double Word): 

Unsigned Integer (Word): 

Unsigned Long Integer 
(Double Word): 

Signed Quad Word: 

Unsigned Quad Word: 

Pointer: 

Long Pointer: 

Char: 

String: 

BCD: 

Packed BCD: 

A single bit quantity. 

A group of up to 32 contiguous bits, which spans a maximum of four 
bytes. 

A set of contiguous bits, on the 80376 bit strings can be up to 16 Mbits 
long. 

A signed 8-bit quantity. 

An unsigned 8-bit quantity. 

A signed 16-bit quantity. 

A signed 32-bit quantity. All operations assume a 2's complement 
representation. 

An unsigned 16-bit quantity. 

An unsigned 32-bit quantity. 

A signed 64-bit quantity. 

An unsigned 64-bit quantity. 

A 16- or 32-bit offset only quantity which indirectly references another 
memory location. 

A full pointer which consists of.a 16-bit segment selector and either a 
16- or 32-bit offset. 

A byte representation of an ASCII Alphanumeric or control character. 

A contiguous sequence of bytes, words or dwords. A string may 
contain between 1 byte and 16 Mbytes. 

A byte (unpacked) representation of decimal digits 0-9. 

A byte (packed) representation of two decimal digits 0-9 storing one 
digit in each nibble. 
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When the 80376 is coupled with a numerics Coprocessor such as the 80387SX then the following 
common Floating Point types are supported. 

Floating Point: A signed 32-, 64- or 80-bit real number representation. Floating point 
numbers are supported by the 80387SX numerics coprocessor. 

Figure 2.5 illustrates the data types supported by the 80376 processor and the 80387SX coprocessor. 

7 0 
SIGNED IT""fTTT1 
BYTE~ 

SIGN BIT .JL__.J 

MAGNITUDE 

7 0 
UNSIGNED rrnrrrrl 

BYTEL.:..._j 
L__J 
MAGNITUDE 

+1 0 
1514 87 0 

s~~~~ I J 1 I j I 1 1 I I I 1 I 1 1 1 I 
SIGN BIT..1 .. ,L_M_s_e __ __, 

MAGNITUDE 

+1 0 
15 0 

UNS~~~g I I I I I I I I I I I I I I I I I 
MAGNITUDE 

+3 +2 +1 0 
31 1615 0 

SIGNED DO~~~~ 11 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
SIGN BIT..1._,L_M_s_e ________ _, 

MAGNITUDE 

+3 +2 +1 0 
31 0 

UNSIGNED oo~~~ii I 1 1 1 I I I 1 J 1 1 1 I 1 1 1 I 1 1 1 j 1 1 t I 1 I 1 I 1 1 1 I 
MAGNITUDE 

+7 +6 +5 +5 +3 +2 +1 0 

+N +1 0 
7 0 7 07 0 

BINARY rrnrrrri I I ii I " I I I ii I ii I I 
CODED L.:..._j e e e . . . 

DECIMAL BCD ..._B_C_D .... _B-CD__, 

(BCD) DIGIT N DIGIT 1 DIGIT 0 

+N +1 0 
7 0 7 07 0 

ASCII~ ee • liiijiii,ili(iiil 

ASCII ASCII ASCII 
CHARACTERN CHARACTER1 CHARACTERo 

+N +1 0 
7 0 7 07 0 

PAC:~~~ •• • l'''l'''l'''l'''I 
L.J L.J 
MOST LEAST 
SIGNIFICANT DIGIT SIGNIFICANT DIGIT 

+N +1 0 
7/15 0 7/15 07/15 0 

sr:YJ~~ ••• l'''l'''l'''('''I 

+2 GIGABITS 
-2 GIGABITS 

210 

STRl~I~ 11111 II \\ 11111 
BITO 

+3 +2 +1 0 
31 0 

i~-oe~i I 111j;11 ( 111j111J111I111 ( 111I111 I 
POINTER ... __ .., ___ _,_..__ ...... ___ _._ 

OFFSET 

+5 +4 +3 +2 +1 0 
63 4847 3231 1615 0 47 0 

SIGNED~~~gll I I I I I .i~~t~l"'l'"l"'l"'l'"''"l'"''"l'"l'"l"'l'"I 
SIGN BIT .JIL MSB POINTER 

~----~-----------MAGNITUDE SELECTOR 

+9 +8 +7 +6 +5 +4 +3 +2 +1 0 
n o 

FL~~~~~ll I 
SIGN BIT .J.,..._._ ...... _.._...._ ..... __,,__..__.___.__, 

EXPONENT MAGNITUDE 

+5 +4 +3 +2 + 1 0 

BIT3~~~~1· I 'I ii I I'' I I I I I I' I I I' I I I I I I I I I I I I I I I I ii I' I., I I 'I 
14-----BIT FIELD----+! 

1 TO 32 BITS 

Figure 2.5. 80376 Supported Data Types 
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2.6 1/0 Space 

The 80376 has two distinct physical address 
soaces: ohvsical memorv and 1/0. Generallv. oe
ripherals' are placed in. 1/0 space although the 

. 80376 also supports memory-mapped peripherals. 
The 1/0 space consists of 64 Kbytes which can be 
divided into 64K 8-bit ports, 32K 16-bit ports, or any 
combination of ports which add to no more than 64 
Kbytes. The M/10 pin acts as an additional address 
line, thus allowing the system designer to easily de
termine which address space the processor is ac
cessing. Note that the 1/0 address refers to a physi
cal address. 

The 1/0 ports are accessed by the IN and OUT in
structions, with the port address supplied as an im
mediate 8-bit constant in the instruction or in the DX 
register. All 8-bit and 16-bit port addresses are zero 
extended on the upper address lines. The 1/0 in
structions cause the M/10 pin to be driven LOW. 1/0 
port addresses OOF8H through OOFFH are reserved 
for use by Intel. 

2. 7 Interrupts and Exceptions 

Interrupts and exceptions alter the normal program 
flow in order to handle external events, report errors 
or exceptional conditons. The difference between in
terrupts and exceptions is that interrupts are used to 
handle asynchronous external events while excep
tions handle instruction faults. Although a program 
can generate a software interrupt via an INT N in
struction, the processor treats software interrupts as 
exceptions. 

. Hardware interrupts occur as the result of an exter
nal event and are classified into two types: maskable 
or non-maskable. Interrupts are serviced after the 
execution of the current instruction. After the inter
rupt handler is finished servicing the interrupt, exe
cution proceeds with the instruction immediately af· 
ter the interrupted instruction. 

Exceptions are classified as faults, traps, or aborts 
depending on the way they are reported, and wheth
er or not restart of the instruction causing the excep
tion is suported. Faults are exceptions that are de
tected and serviced before the execution of the 
faulting instruction. Traps are exceptions that are 
reported immediately after the execution of the in
struction which caused the problem. Aborts are ex
ceptions which do not permit the precise location of 
the instruction causing the exception to be deter
mined. Thus, when an interrupt service routine has 
been completed, execution proceeds from the in-

struction 'immediately following the interrupted in
struction. On the other hand the return address from 
an exception/fault routine will· always point at the 
instruction causing the exception and include any 
leading instruction prefixes. Table 2.5 summarizes 
the possible interrupts for the 80376 and shows 
where the return address points to. 

The 80376 has the ability to handle up to 256 differ
ent interrupts/exceptions. In order to service the in
terrupts, a table with up to 256 interrupt vectors 
must be defined. The interrupt vectors are simply 
pointers to the appropriate interrupt service routine. 
The interrupt vectors are 8-byte quantities, which are 
put in an Interrupt Descriptor Table. Of the 256 pos
sible interrupts, 32 are reserved for use by Intel and 
the remaining 224 are free to be used by the system 
designer. 

INTERRUPT PROCESSING 

When an interrupt occurs the following actions hap
pen. First, the current program address and the 
F-lags are saved on the stack to allow resumption of 
the interrupted program. Next, an 8-bit vector is sup
plied to the 80376 which identifies the appropriate 
entry in the interrupt table. The table contains either 
an Interrupt Gate, a Trap Gate or a Task Gate that 
will point to an interrupt procedure or task. The user 
supplied interrupt service routine is executed. Final
ly, when an IRET instruction is executed the old 
processor state is restored and program execution 
resumes at the appropriate instruction. 

The 8-bit interrupt vector is supplied to the 80376 in 
several different ways: exceptions supply the inter
rupt vector internally; software INT instructions con
tain or imply the vector; maskable hardware inter
rupts supply the 8-bit vector via the interrupt ac
knowledge bus sequence. Non-Maskable hardware 
interrupts are assigned to interrupt vector 2. 

Maskable Interrupt 

Maskable interrupts are the most common way to 
respond to asynchronous external hardware events. 
A hardware interrupt occurs when the INTR is pulled 
HIGH and the Interrupt Flag bit (IF) is enabled. The 
processor only responds to interrupts between in
structions (string instructions have an "interrupt win
dow" between memory moves which allows inter
rupts during long string moves). When an interrupt 
occurs the processor reads an 8-bit vector supplied 
by the hardware which identifies the source of the 
interrupt (one of 224 user defined interrupts). 
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Table 2.5. Interrupt Vector Assignments 

Instruction Which 
Return Address 

Function 
Interrupt 

Can Cause 
Points to 

Type 
Number 

Exception 
Faulting 

Instruction 

Divide Error 0 DIV,IDIV Yes FAULT 

Debug Exception 1 Any Instruction Yes TRAP* 

NMI Interrupt 2 INT2 orNMI No NMI 

One-Byte Interrupt 3 INT No TRAP 

Interrupt on Overflow 4 INTO No TRAP 

Array Bounds Check 5 BOUND Yes FAULT 

Invalid OP-Code 6 Any Illegal Instruction Yes FAULT 

Device Not Available 7 ESC, WAIT Yes FAULT 

Double Fault 
8 

Any Instruction That Can ABORT 
Generate an Exception 

Coprocessor Segment Overrun 9 ESC No ABORT 

lnvalidTSS 10 JMP, CALL, IRET, INT Yes FAULT 

Segment Not Present 11 Segment Register Instructions Yes FAULT 

Stack Fault 12 Stack References Yes FAULT 

General Protection Fault 13 Any Memory Reference Yes FAULT 

Intel Reserved 14-15 - - -
Coprocessor Error 16 ESC,WAIT Yes FAULT 

Intel Reserved 17-32 

Two-Byte Interrupt 0-255 INTn No TRAP 
'Some debug exceptions may report both traps on the previous instruction, and faults on the next instruction. 

Interrupts through Interrupt Gates automatically re
set IF, disabling INTR requests. Interrupts through 
Trap Gates leave the state of the IF bit unchanged. 
Interrupts through a Task Gate change the IF bit ac
cording to the image of the EFLAGs register in the 
task's Task State Segment (TSS). When an IRET 
instruction is executed, the original state of the IF bit 
is restored. 

tion is executed or the processor is reset. If NMI 
occurs while currently servicing an NMI, its presence 
will be saved for servicing after executing the first 
IRET instruction. The disabling of INTR requests de
pends on the gate in IDT location 2. 

Non-Maskable Interrupt 

Non-maskable interrupts provide a method of servic
ing very high priority interrupts. When the NMI input 
is pulled HIGH it causes an interrupt with an internal
ly supplied vector value of 2. Unlike a normal hard
ware interrupt no interrupt acknowledgement se
quence is performed for an NMI. 

While executing the NMI servicing procedure, the 
80376 will not service any further NMI request, or 
INT requests, until an interrupt return (IRET) instruc-

Software Interrupts 

A third type of interrupt/ exception for the 80376 is 
the software interrupt. An INT n instruction causes 
the processor to execute the interrupt service rou
tine pointed to by the nth vector in the interrupt table. 

A special case of the two byte software interrupt 
INT n is the one byte INT 3, or breakpoint interrupt. 
By inserting this one byte instruction in a program, 
the user can set breakpoints in his program as a 
debugging tool. 
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A final type of software interrupt, is the single step 
interrupt: It is discussed in Single-Step Trap (page 
22). 

INTERRUPT AND EXCEPTION PRIORITIES 

Interrupts are externally-generated events. Maska
ble Interrupts (on the INTR input) and Non-Maskable 
Interrupts (on the NMI input) are recognized at in
struction boundaries. When NMI and maskable 
INTR are both recognized at the same instruction 
boundary, the 80376 invokes the NMI service. rou
tine first. If, after the NMI service routine has been 
invoked, maskable interrupts are still enabled, then 
the 80376 will invoke the appropriate interrupt serv
ice routine. 

As the 80376 executes instructions, it follows a con
sistent cycle in checking for exceptions, as shown in 
Table 2.6. This cycle is repeated as each instruction 
is executed, and occurs in parallel with instruction 
decoding and execution .. 

INSTRUCTION RESTART 

The 80376 fully supports restarting all instructions 
after faults. If an exception is detected in the instruc
tion to be executed (exception categories 4 through 
9 in Table 2.6), the 80376 device invokes the appro
priate exception service routine. The 80376 is in a 
state that permits restart of the instruction. 

DOUBLE FAULT 

A Double fault (exception 8) results when the proc
essor attempts to invoke an exception service rou
tine for the segment exceptions (1 o, 11, 12 or 13), 
but in the process of doing so, detects an exception. 

2.8 Reset and Initialization 

When the processor is Reset the registers have the 
values shown in Table 2.7. The 80376 will then start 
executing instructions near the top of physical mem
ory, at location OFFFFFOH. A short JMP should be 
executed within the segment defined for power-up 
(see Table 2.7). The GOT should then be initialized 
for a start-up data and code segment followed by a 
far JMP that will load the segment descriptor cache 
with the new descriptor values. The IDT table, after 
reset, is located at physical address OH, with a limit 
of 256 entries. 

RESET forces the 80376 to terminate all execution 
and local bus activity. No instruction execution or 
bus activity will occur as long as Reset , is active. 
Between 350 and 450 CLK2 periods after Reset be
comes inactive, the 80376 will start executing in
structions at the top of physical memory. 

Table 2.6. Sequence of Exception Checking 

Consider the case of the 80376 having just completed an instruction. It then performs the following checks 
before reaching the point where the next instruction is completed: 

1. Check for Exception 1 Traps from the instruction just completed (single-step via Trap Flag, or Data 
Breakpoints set in the Debug Registers). 

2. Check for external NMI and INTR. 

3. Check for Exception 1 Faults in the next instruction (Instruction Execution Breakpoint set in the 
Debug Registers for the next instruction). 

4. Check for Segmentation Faults that prevented fetching the entire next instruction (exceptions 11 or 
13). 

5. Check for Faults decoding the next instruction (exception 6 if illegal opcqde; or exception 13 if 
instruction is longer than 15 bytes, or privilege violation (i.e. not at IOPL or at CPL = 0). 

6. If WAIT opcode, check if TS = 1 and MP = 1 (exception 7 if both are 1). 

7. If ESCape opcode for numeric coprocessor, check if EM = 1 or TS = 1 (exception 7 if either are 1). 

8 .. If WAIT o~ode or ESCape opcode for numeric coprocessor, check ERROR input signal (exception 
16 if ERR R input is asserted). 

9. Check for Segmentation Faults that prevent transferring the entire memory quantity (exceptions 11, 
12, 13). 
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Table 2.7. Register Values after Reset 

Flag Word (EFLAGS) uuuu0002H (Note 1) 

Machine Status Word (CAO) uuuuuuu1H (Note 2) 

Instruction Pointer (EIP) OOOOFFFOH 

Code Segment (CS) FOO OH (Note 3) 

Data Segment (DS) OOOOH (Note 4) 

Stack Segment (SS) OOOOH 

Extra Segment (ES) OOOOH (Note 4) 

Extra Segment (FS) OOOOH 

Extra Segment (GS) OOOOH 

EAX Register OOOOH (Note 5) 

EDX Register Component and Stepping ID (Note 6) 

All Other Registers Undefined (Note 7) 

NOTES: 
1. EFLAG Register. The upper 14 bits of the EFLAGS register are undefined, all defined 
flag bits are zero. 
2. CRO: The defined 4 bits in the CRO is equal to 1 H. 
3. The Code Segment Register (CS) will have its Base Address set to OFFFFOOOOH and 
Limit set to OFFFFH. 
4. The Data and Extra Segment Registers (DS and ES) will have their Base Address set 
to OOOOOOOOOH and Limit set to OFFFFH. 
5. If self-test is selected, the EAX should contain a 0 value. If a value of O is not found 
the self-test has detected a flaw in the part. 
6. EDX register always holds component and stepping identifier. 
7. All unidentified bits are Intel Reserved and should not be used. 

2.9 Initialization 

Because the 80376 processor starts executing in protected mode, certain precautions need be taken during 
initialization. Before any far jumps can take place the GOT and/or LDT tables need to be setup and their 
respective registers loaded. Before interrupts can be initialized the IDT table must be setup and the IOTA must 
be loaded. The example code is shown below: 

**************************************************************** 

This is an example of startup co.de to put either an 80376, 
80386SX or 80386 into flat mode. All of memory iS treated as 
simple linear RAM. There are rio interrupt routines. The 
Builder creates the GDT-alias and IDT-alias and places them, 
by default, in GDT[l] and GDT[2]. Other entries in the GDT 
are specified in the Build file. After initialization it jumps 
to a C startup routine. To use this template, change this jmp 
address to that of your code, or make the label of your code 
•c_startup•. 

This code was assembled and built using version 1.2 of the 
Intel RLL utilities and Intel 386ASM assembler. 

*** This code was tested *** 

**************************************************************** 
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NAME FLAT name of the object module 

EXTRN c_startup:near this is the label jmped to after init 

pe_flag equ l 
data_selc equ 20h ; assume code is GDT[3], data GDT[4] 

INIT_CODE SEGMENT ER PUBLIC USE32 ; Segment base at Offffff80h 

PUBLIC GDT_DESC 

gdt_desc dq ? 

PUBLIC START 

start: 
cld 
smsw bx 
test bl,l 
jnz pestart 

reals tart 
db 66h 
mov eax,offset gdt_desc 
xor ebx,ebx 
mov bh,ah 
move bl,al 
db 67h 
db 66h 
lgdt cs: [ebx] 
smsw ax 
or al,pe_flag 
lmsw ax 
jmp next 

pestart: 
mov ebx,offset gdt_desc 
xor eax,eax 
mov ax,bx 
lgdt cs: [eax] 
xor ebx,ebx 
mov bl,data_selc 
mov ds,bx 
mov ss,bx 
mov es,bx 
mov fs,bx 
mov gs,bx 
jmp pejump 

next: 
xor ebx,ebx 
mov bl,data_selc 
mov ds,bx 
mov ss,bx 
mov es,bx 
mov fs,bx 
mov gs,bx 
db 66h 

pejump: 
jmp far ptr c_startup 

org 70h 
jmp short start 

INIT_CODE ENDS 
END 

clear direction flag 
check for processor (80376) at reset 
use SMSW rather than MOV for speed 

is an 80386 and in real mode 
force the next operand into 32-bit mode. 
move address of the GDT descriptor into eax 
clear ebx 
load 8 bits of address into bh 
load 8 bits of address into bl 

use the 32-bit form of LGDT to load 
the 32-bits of address into the GDTR 
go into protected mode (set PE bit) 

flush prefetch queue 

lower portion of address only 

initialize data selectors 
GDT[3] 

initialize data selectors 
GDT[3] 

for the 80386, need to make a 32-bit jump 

but the 80376 is already 32-bit. 

only if segment base is at Offffff80h 
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This code should be linked into your application for boot loadable code. The following build file illustrates how 
this is accomplished. 

FLAT; -- build program id 

SEGMENT 

GATE 

*segments (dpl=O), 
_phantom_code_ (dpl=O), 
_phantom_data_ (dpl=O), 
init_code (base=Offffff80h) ; 

gl3 (entry:l3, dpl=O, trap), 
i32 (entry=32, dpl=O, interrupt), 

TABLE 
create GDT 

GDT (LOCATION = GDT_DESC, 

ENTRY = (3:_phantom_code_, 
4:_phantom_data_, 
5:code32, 
6:data, 
7:init_code) 

l; 
TASK 

MAIN_TASK 
( 
DPL = 0, 
DATA = DATA, 

CODE = main, 

STACKS = (DATA) , 

NO INTENABLED, 
PRESENT 
l; 

MEMORY 

Give all user segments a DPL of o. 
These two segments are created by 
the builder when the FLAT control is used. 
Put startup code at the reset vector area. 

trap gate disables interrupts 
interrupt gates doesn't 

In a buffer starting at GDT_DESC, 
BLD386 places the GDT base and 
GDT limit values. Buffer must be 
6 bytes long. The base and limit 
values are places in this buffer 
as two bytes of limit plus 
four bytes of base in the format 
required for use by the LGDT 
instruction. 

Explicitly place segment 
-- entries into the GDT. 

Task privilege level is O. 
Points to a segment that 
indicates initial DS value. 
Entry point is main, which 
must be a public id. 

Segment id points to stack 
segment. Sets the initial SS:ESP. 
Disable interrupts. 
Present bit in TSS set to 1. 

(RANGE= (EPROM = ROM(Offff8000h •• Offffffffh), 
DRAM= RAM(O •• Offffh)), 

ALLOCATE= (EPROM = (MAIN_TASK))); 

END 

asm386 flatsim.a38 debug 
asm386 application.a38 debug 
bnd386 application.obj,flatsim.obj nolo debug oj (application.bnd) 
bld386 application.bnd bf (flatsim.bld) bl flat 

Commands to assemble and build a boot-loadable application named "application.a38". The initialization code 
is called "flatsim.a38'', and build file is called "application.bid". 
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2.1 o Self· Test 

The 80376 has the capability to perform a self-test. 
The self-test checks the function of all of the Control 
ROM and .most of the non-random logic of the part. 
Approximately one-half of the 80376 can be tested 
during self-test. 

Self-Test is initiated on the 80376 wtien the RESET 
pin transitions from HIGH to LOW, and the BUSY pin 
is LOW. The self-test takes about 220 clocks, or ap
proximately 33 ms with a 16 MHz 80376 processor. 
At the completion of self-test the processor per
forms reset and begins normal operation. The part 
has successfully passed self-test if the contents, of 
the EAX register is zero. If the EAX register is not 
zero then the self-test has detected a flaw in the 
part. If self-test is not selected after reset, EAX may 
be non-zero after reset. 

DEBUG REGISTERS 

2.11 Debugging Support 

The 80376 provides s.everal features which simplify 
the debugging process. The three categories of on
chip debugging aids are: 

1. The code execution breakp~int opcode (OCCH). 

2. The single-step capability provided by the TF bit 
in the flag register, and 

3. The code and data breakpoint capability provided 
by the Debug Registers DR0-3, DR6, and DR7. 

BREAKPOINT INSTRUCTION 

A single-byte software interrupt (Int 3) breakpoint in
struction is available for use by software debuggers. 
The breakpoint opcode is OCCh, and generates an 
exception 3 trap when executed. 

BREAKPOINT 0 DEBUG FAULT/TRAP------------------. 

BREAKPOINT 1 DEBUG FAULT/TRAP-----------------. 

BREAKPOINT 2 DEBUG FAULT/TRAP----------------. 

BREAKPOINT 3 DEBUG FAULT/TRAP----------------. 

REGISTER ACCESS FAULT-----. 

SINGLE-STEP DEBUG TRAP----. 

TASK SWITCH DEBUG TRAP 
DEBUG 
STATUS 
REGISTER 

,.,.,..,.,..,.,.,.,.,.,..,.,..,.,.,..,.,..,.,.,.,.,.,..,.,..,.,.,..,.,..,.,.,..,.,....r..,.,..,..,.,...,.,.,~.,.... ............ .,.,.,..,.,..,.,.,.,.,.,..,.,..,.,.,..,.,..,.,..~...a.. ............. 

Gl~,:it~t ==~~:~ ~::t~: ------------..... 
LOCAL EXACT BREAKPOINT MATCH--------. 

GLOBAL EXACT BREAKPOINT MATCH-------. 

GLOBAL DEBUG REGISTER ACCESS DETECT 

83 82 81 BO DRS 
3 2 1 0 

240182-9 

BREAKPOINT 
CONTROL ....----'------. 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

LEN 3 RW3 LEN 2 RW2 LEN 1 RW1 LEN 0 RWO L3 G2 L2 G1 L1 GO DR7 
3 2 

. _I __________ [LEN!: BREAKPOINT LENGTH I 
- RWI: MEMORY ACCESS QUALIF1ER I 

240182-10 

IZ:;J - INTEL RESERVED DO NOT USE 
240182-5 

Figure 2.6. Debug Registers 
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SINGLE-STEP TRAP 

If the single-step flag (TF, bit 8) in the EFLAG regis
ter is found to be set at the end of an instruction, a 
single-step exception occurs. The single-step ex
ception is auto vectored to exception number 1. 

The Debug Registers are an advanced debugging 
feature of the 80376. They allow data access break
points as well as code execution breakpoints. Since 
the breakpoints are indicated by on-chip registers, 
an instruction execution breakpoint can be placed in 
ROM code or in code shared by several tasks, nei
ther of which can be supported by the INT 3 break
point opcode. 

The 80376 contains six Debug Registers, consisting 
of four breakpoint address registers and two break
point control registers. Initially after reset, break
points are in the disabled state; therefore, no break
points will occur unless the debug registers are 
programmed. Breakpoints set up in the Debug 
Registers are auto-vectored to exception 1. 
Figure 2.6 shows the breakpoint status and control 
registers. 

48/32 BIT POINTER 

SELECTOR EFFECTIVE 
ADDRESS 

2 

3.0 ARCHITECTURE 

The Intel 80376 Embedded Processor has a physi
cal address space of 16 Mbytes (224 bytes) and al
lows the running of virtual memory programs of al
most unlimited size (16 Kbytes x 16 Mbytes or 
256 Gbytes (238 bytes)). In addition the 80376 pro
vides a sophisticated memory management and a 
hardware-assisted protection mechanism. 

3.1 Addressing Mechanism 

The 80376 uses two components to form the logical 
address, a 16-bit selector which determines the lin
ear base address of a segment, and a 32-bit effec
tive address. The selector is used to specify an 
index into an operating system defined table (see 
Figure 3.1 ). The table contains the 32-bit base ad
dress of a given segment. The linear address is 
formed by adding the base address obtained from 
the table to the 32-bit effective address. This value 
is truncated to 24 bits to form the physical address, 
which is then placed on the address bus. 

SEGMENT LIMIT 

__ _. MEMORY OPERAND 

16 

ACCESS RIGHTS 

LIMIT 

BASE ADDRESS 

SEGMENT 
DESCRIPTOR 

32 

SEGMENT BASE 
ADDRESS 

Figure 3.1. Address Calculatlon 
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3.2 Segmentation 

Segmentation is one method of memory manage
ment and provides the basis for protection in the 
80376. Segments are used to encapsulate regions 
of memory which have common attributes. For ex
ample, all of the code of a given program could be 
contained in a segment, or an operating system ta
ble may reside in a segment. All information about 
each segment, is stored in an 8"byte data structure 
called a descriptor. All of the descriptors in a system 
are contained in tables recognized by hardware. 

TERMINOLOGY 

The following terms are used throughout the discus
sion of descriptors, privilege levels and protection: 

PL: Privilege Level-One of the four hierarchical 
privilege levels. Level 0 is the most privileged 
level and level 3 is the least privileged. 

APL: Requestor Privilege Level-The privilege 
level of the original supplier of the selector. 
APL is determined by the least two significant 
bits of a selector. 

DPL: Descriptor Privilege Level-This is the least 
privileged level at which a task may access 
that descriptor (ahd the segment associated 
with that descriptor). Descriptor Privilege Lev
el is determined by bits 6:5 in the Access 
Right Byte of a descriptor. 

CPL: Current Privilege Level-The privilege level 
at which a task is currently executing, which 
equals the privilege level of the code seg
ment being executed. CPL can also be deter
mined by examining the lowest 2 bits of the 
CS register, except for conforming code seg
ments. 

EPL: Effective Privilege Level-The effective 
privilege level is the least privileged of the 
APL and the DPL. EPL is the numerical maxi
mum of APL and DPL. 

Task: One instance of the execution of a program. 
Tasks are also referred to as processes. 

DESCRIPTOR TABLES 

The descriptor tables define all of the segments 
which are used in an 80376 system. There are three 
types of tables on the 80376 which hold descriptors: 
the Global Descriptor Table, Local Descriptor Table, 
and the Interrupt Decriptor Table. All of the tables 
are variable length memory arrays, they can range in 
size between 8 bytes and 64 Kbytes. Each table can 
hold up to 8192 8-byte descriptors. The upper 13 
bits of a selector are used as an index into the de
scriptor table. The tables have registers associated 
with them which hold the 32-bit linear base address, 
and the 16-bit limit of each table. 

Each of the tables have a register associated with it: 
GDTR, LOTA and IOTA; see Figure 3.2. The LGDT, 
LLDT and LIDT instructions load the base and limit 
of the Global, Local and Interrupt Descriptor Tables 
into the appropriate register. The SGDT, SLOT and 
SIDT store these base and limit values. These are 
privileged instructions. 

LDTR 

IDTR 

GDTR 

15 

LDT DESCR 
SELECTOR 

15 

IDT LIMIT 

IDT BASE 
LINEAR ADDRESS 

31 

15 

GOT LIMIT 

GOT BASE 
LINEAR ADDRESS 

31 

0 15 0 

LDT LIMIT 

LDT BASE 
LINEAR ADDRESS 

0 
32 

PROGRAM INVISIBLE 
AUTOMATICALLY LOADED 
rROM LDT DESCRIPTOR 

·--------------· 
0 

0 

0 
240182-12 

Figure 3.2. Descriptor Table Registers 

Global Descriptor Table 

The Global Descriptor Table (GOT) contains de
scriptors which are possibly available to all of the 
tasks in a system. The GOT can contain any type of 
segment descriptor except for interrupt and trap de
scriptors. Every 80376 system contains a GOT. A 
simple 80376 system contains only 2 entries in the 
GOT; a code and a data descriptor. For maximum 
performance, descriptor tables should begin on 
even addresses. 

The first slot of the Global Descriptor Table corre
sponds to the null selector and is not used. The null 
selector defines a null pointer value. 

Local Descriptor Table 

LDTs contain descriptors which are associated with 
a given task. Generally, operating systems are de
signed so that each task has a separate LDT. The 
LDT may contain only code, data, stack, task gate, 
and call gate descriptors. LDTs provide a mecha
nism for isolating a given task's code and data seg
ments from the rest of the operating system, while 
the GOT contains descriptors for segments which 
are common to all tasks. A segment cannot be ac
cessed by a task .if its segment descriptor does not 
exist in either the current LDT or the GOT. This pro-
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vides both isolation and protection for a task's seg
ments, while still allowing global data to be shared 
among tasks. 

Unlike the 6-byte GOT or IDT registers which contain 
a base address and limit, the visible portion of the 
LDT register contains only a 16-bit selector. This se
lector refers to a Local Descriptor Table descriptor in 
the GOT (see Figure 2.1 ). 

INTERRUPT DESCRIPTOR TABLE 

The third table needed for 80376 systems is the In
terrupt Descriptor Table. The IDT contains the de
scriptors which point to the location of up to 256 
interrupt service routines. The IDT may contain only 
task gates, interrupt gates and trap gates. The IDT 
should be at least 256 bytes in size in order to hold 
the descriptors for the 32 Intel Reserved Interrupts. 
Every interrupt used by a system must have an entry 
in the IDT. The IDT entries are referenced by INT 
instructions, external interrupt vectors, and excep
tions. 

DESCRIPTORS 

The object to which the segment selector points to 
is called a descriptor. Descriptors are eight-byte 
quantities which contain attributes about a given 
region of linear address space. These attributes in
clude the 32-bit logical base address of the seg-

31 

ment, the 20-bit length and granularity of the seg
ment, the protection level, read, write or execute 
privileges, and the type of segment. All of the attri
bute information about a segment is contained in 12 
bits in the segment descriptor. Figure 3.3 shows the 
general format of a descriptor. All segments on the 
the 80376 have three attribute fields in common: the 
Present bit (P), the Descriptor Privilege Level bits 
(DPL) and the Segment bit (S). P=1 if the segment 
is loaded in physical memory, if P = 0 then any 
attempt to access the segment causes a not present 
exception (exception 11 ). The DPL is a two-bit field 
which specifies the protection level, 0-3, associated 
with a segment. 

The 80376 has two main categories of segments: 
system segments, and non-system segments (for 
code and data). The segment bit, S, determines if a 
given segment is a system segment, a code seg
ment or a data segment. If the S bit is 1 then the 
segment is either a code or data segment, if it is o 
then the segment is a system segment. 

Note that although the 80376 is limited to a 
16-Mbyte Physical· address space (224), its base ad
dress allows a segment to be placed anywhere in a 
4-Gbyte linear address space. When writing code for 
the 80376, users should keep code portability to an 
80386 processor (or other processors with a larger 
physical address space) in mind. A segment base 
address can be placed anywhere in this 4-Gbyte lin
ear address space, but a physical address will be 

0 BYTE 
ADDRESS 

SEGMENT BASE 15 ... 0 SEGMENT LIMIT 15 ... 0 0 

BASE A LIMIT 
31 ... 24 

G 1 0 v 
19 ... 16 L 

Base Address of the segment 
The length of the segment 

p DPL 

l 
BASE 
LIMIT 
p Present Bit 1 = Present O = Not Present 

Descriptor Privilege Level 0-3 

s TYPE A 

l l 

DPL 
s 
TYPE 
A 

Segment Descriptor: O = System Descriptor, 1 = Code or Data Descriptor 
Type of Segment 

G 

0 
AVL 

31 

Accessed Bit 
Granularity Bit 1 = Segment length is 4 Kbyte Granular 

o = Segment length is byte granular 
Bit must be zero (0) for compatibillty with future processcrs 
Available field for user or OS 

Figure 3.3. Segment Descriptors 

SEGMENT BASE 15 ... 0 SEGMENT LIMIT 15 ... 0 

BASE A ACCESS 
G 1 0 V LIMIT RIGHTS 

31 ... 24 L 19 ... 16 BYTE 

BASE +4 
23 ... 16 

0 

0 

BASE 
23 ... 16 +4 

G Granularity Bit 1 = Segment length is 4 Kbyte granular 
O = Segment length is by1e granular 

O Bit must be zero (0) for compatibillty with future processcrs 
AVL Available field fcir user or OS 

Figure 3.4. Code and Data Descriptors 
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Table 3.1. Accees Rights Byte Definition for Code and Data Descriptors 

Bit 
Name F~nction 

Position 

7 Present (P) P=1 Segment is mapped into physical memory. 
P=O No mapping to physical memory exits 

6-5 Descriptor Privilege Segment privilege attribute used in privilege tests. 
Level (DPL) 

4 Segment S=1 Code or Data (includes stacks) segment descriptor 
Descriptor (S) S=O System Segment Descriptor or Gate Descriptor 

3 Executable (E) E=O Descriptor type is data segment: 

} 
If 

2 Expansion ED = 0 Expand up segment, offsets must be ::;; limit. Data 
Direction (ED) ED = 1 Expand down segment, offsets must be > limit. Segment 

1 Writable (W) W = 0 · Data segment may not be written into. (S = 1, 
W= 1 Data segment may be written into. E = 0) 

3 Executable (E) E=1 Descriptor type is code segment: 

} 
If 

2 Conforming (C) C=1 Code segment may only be executed when Code 
CPL ;;:: DPL and CPL remains unchanged. Segment 

1 Readable (R) R=O COde segment may not be read. (S = 1, 
R=1 Code segment may be read. E = 1) 

0 Accessed (A) A=O Segment has not been accessed. 
A=1 Segment selector has ·been loaded into segment register 

or used by selector test instructions. 

generated that is a truncated version of this linear 
·address. Truncation will be to the maximum number 
of .address bits. It is recommended to place EPROM 
at the highest physical address and DRAM at the 
lowest physical addresses. 

Code and Data Descriptors (S= 1) 

Figure 3.4 shows the general format of a code and 
data descriptor and Table 3.1 illustrates how the bits 
in the Access Right Byte are interpreted. 

Code and data segments have several descriptor 
fields in common. The accessed bit, A, is set when
ever the processor accesses a descriptor. The gran
ularity bit, G, specifies if a segment length is 1-byte
granular or 4-Kbyte-granular. Base address bits 
31-24, which are normally found in 80386 descrip. 
tors, are not made externally available on the 80376. · 
They do not affect the operation of the 80376. The 
As1-A24 field should.be set to allow an 80386 to 
correctly execute with EPROM at the upper 4096 
Mbytes of physical memory. 

System Descriptor Formats (S = 0) 

System segments describe information about oper
ating system tables, tasks; and gates. Figure 3.5 
shows the general format of system segment de
scriptors, and the various types of system segments. 

80376 system descriptors (which are the same as 
80386 descriptor types 2, 5, 9, B, C, E and F) contain 
a 32-bit logical base address and a 20-bit segment 
limit. 

Selector Flelds. 

A selector has three fields: Local or Global Descrip
tor Table Indicator (Tl), Descriptor Entry Index (In
dex), and Requestor ( the selector's) Privilege Level 
(APL) as shown in Figure 3.6. The Tl bit selects ei
ther the Global Descriptor Table or the Local De
Sc:riptor Table. The Index selects one of BK descrip
tors in the appropriate descriptor table. The APL bits 
allow high speed testing of the selector's privilege 
attributes. 

Segment Descriptor Cache 

In addition to the selector value, every segment reg
ister has a segment descriptor cache register asso
ciated with it. Whenever a segment register's con
tents are changed, the 8-byte descriptor associated 
with that selector is automatically loaded (cached) 
on the chip. Once loaded, all references to that seg
ment use the cached descriptor information instead 
of reaccessing the descriptor. The contents of the 
descriptor cache are not visible to the programmer. 
Since descriptor caches .only change when a seg
ment register is c.hanged, programs which modify 
the descriptor tables must reload the appropriate 
segment registers after changing a descriptor's 
value. 
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31 16 0 

SEGMENT BASE 15 ... 0 SEGMENT LIMIT 15 ... 0 0 

BASE +4 
23 ... 16 

BASE G O O O LIMIT p 
31 ... 24 19 ... 16 

DPL 0 TYPE 

Type Defines Type Defines 
O Invalid 8 Invalid 
1 Reserved 9 Available 80376/80386 TSS 
2 LDT A Undefined (Intel Reserved) 
3 Reserved B Busy 80376/80386 TSS 
4 Reserved C 80376/80386 Call Gate 
5 Task Gate (80376/80386 Task) D Undefined (Intel Reserved) 
6 Reserved E 80376/80386 Interrupt Gate 
7 Reserved F 80376/80386 Trap Gate 

Figure 3.5. System Descriptors 

SEGt.4ENT 
REGISTER 

15 

SELECTOR 

.......... ~~...1....1.-1.-i....i-...L.-

TABLE INDEX 
INDICATOR 

Tl=1 Tl=O 

N N 

DESCRIPTOR 
NUt.4BER 

6 6 

5 5 

4 4 
3 . t>¢itjijP~()I{ 3 

2 2 

0 0 NULL 

LOCAL GLOBAL 
DESCRIPTOR DESCRIPTOR 

TABLE TABLE 
(LDT) (GOT) 

240182-13 

Figure 3.6. Example l:tescriptor Selection 

3.3 Protection . 

The 80376 offers extensive protection features. 
These protection features are particularly useful in 
sophisticated embedded applications which use 
multitasking real-time operating systems. For sim
pler embedded applications these protection capa
bilities can be easily bypassed by making all applica
tions run at privilege level (PL) 0. 

RULES OF PRIVILEGE 

The 80376 controls access to both data and proce
dures between levels of a task, according to the fol
lowing rules. 

-Data stored in a segment with privilege level p 
can be accessed only by code executing at a 
privilege level at least as privileged as p. 

-A code segment/procedure with privilege level p 
can only be called by a task executing at the 
same or a lesser privilege level than p. 

PRIVILEGE LEVELS 

At any point in time, a task on the 80376 always 
executes at one of the four privilege levels. The Cur
rent Privilege Level (CPL) specifies what the task's 
privilege level is. A task's CPL may only be changed 
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by control transfers through gate descriptors to a 
code segment with a different privilege level. Thus, 
an application program running at PL= 3 may call an 
operating system routine at PL= 1 (via a gate) which 
would cause the task's CPL to be set to 1 until the 
operating system routine was finished. 

Selector Privilege (RPL) 

The privilege level of a selector is specified by the 
APL field. The selector's APL is only used to estab
lish a less trusted privilege level than the current 
pri~ilege l~vel of the task for the use of a segment. 
This level 1s called the task's effective privilege level 
(EPL). The EPL is defined as being the least privi
leged (numerically larger) level of a task's CPL and a 
selector's APL. The APL is most commonly used to 
verify that pointers passed to an operating system 
procedure do not access data that is of higher privi
lege than the procedure that originated the pointer. 
Since the originator of a selector can specify any 
~PL value, the Adjust APL (AAPL) instruction is pro
vided to force the APL bits to the originator's CPL. 

1/0 Privilege 

The 1/0 privilege level (IOPL) lets the operating sys
tem code executing at CPL= 0 define the least privi
leged level at which 1/0 instructions can be used. An 
exception 13 (General Protection Violation) is gener
ated if an 1/0 instruction is attempted when the CPL 
of the task is less privileged than the IOPL. The 
~OPL is stored i~ bit~ 13 and 14 of the EFLAGS reg
ister. The following instructions cause an exception 
13 if the CPL is greater than IOPL: IN, INS, OUT, 
OUTS, STI, CLI and LOCK prefix. 

Descriptor Access 

There are basically two types of segment acces
sess: those involving code segments such as con
trol transfers, and those involving data accesses. 
Determining the ability of a task to access a seg- • 
ment involves the type of segment to be accessed 
the instruction used, the type of descriptor used and 
CPL, APL, and DPL as described above. 

Any time an instruction loads a data segment regis
ter (OS, ES, FS, GS) the 80376 makes protection 
validation checks. Selectors loaded in the DS, ES, 
FS, GS registers must refer only to data segment or 
readable code segments. 

Finally the privilege validation checks are performed. 
The CPL is compared to the EPL and if the EPL is 
more privileged than the CPL, an exception 13 (gen
eral protection fault) is generated. 

T.he rules regarding the stack segment are slightly 
different than those involving data segments. In
structions that load selectors into SS must refer to 
data segment descriptors for writeable data seg
ments. The DPL and APL must equal the CPL of all 
other descriptor types or a privilege level violation 
will cause an exception 13. A stack not present fault 
causes an exception 12. 

PRIVILEGE LEVEL TRANSFERS 

Inter-segment control transfers occur when a selec
tor is loaded in the CS register. For a typical system 
most of these transfers are simply the result of a call 
or a jump to another routine. There are five types of 
control transfers which are summarized in Table 3.2. 
Many of these transfers result in a privilege level 
transfer. Changing privilege levels is done only by 
control transfers, using gates, task switches, and in
terrupt or trap gates. 

Control transfers can only occur if the operation 
which loaded the selector references the correct de
scriptor type. Any violation of these descriptor usage 
rules will cause an exception 13. 

CALL GATES 

Gates provide protected indirect CALLs. One of the 
major uses of gates is to provide a secure method of 
privilege transfers within a task. Since the operating 
system defines all of the gates in a system, it can 
ensure that all gates only allow entry into a few trust
ed procedures. 
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Table 3.2. Descriptor Types Used for Control Transfer 

Control Transfer Types 

lntersegment within the same privilege level 

lntersegment to the same or higher privilege level 
Interrupt within task may change CPL 

lntersegment to a lower privilege level 
(changes task CPL) 

Task Switch 

•NT (Nested Task bit of flag register) ~ O 
"NT (Nested Task bit of flag register) ~ 1 

Operation Types 

JMP, CALL, RET, IRET* 

CALL 

Interrupt Instruction, 
Exception, External 
Interrupt 

RET, IRET* 

CALL, JMP 

CALL, JMP 

IRET** 
Interrupt Instruction, 
Exception, External 
Interrupt 
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Figure 3.7. 80376 TSS And TSS Registers 
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TASK SWITCHING 

A very important attribute of any multi-tasking oper
ating system is its ability to rapidly switch between 
tasks or processes. The 80376 directly supports this 
operation by providing a task switch instruction in 
hardware. The 80376 task switch operation saves 
the entire state of the machine (all of the registers, 
address space, and a link to the previous task), 
loads a new execution state, performs protection 
checks, and commences execution in the new task. 
Like transfer of control by gates, the task switch op
eration is invoked by executing an inter-segment 
JMP or CALL instruction which refers to a Task 
State Segment (TSS), or a task gate descriptor in 
the GOT or LDT. An INT n instruction, exception, 
trap or external interrupt may also invoke the task 
switch operation if there is a task gate descriptor in 
the associated IDT descriptor slot. For simple appli
cations, the TSS and task switching may not be 
used. The TSS or task switch will not be used or 
occur if no task gates are present in the GOT, LDT 
or IDT. 

The TSS descriptor points to a segment (see Figure 
3.7) containing the entire 80376 execution state. A 
task gate descriptor contains a TSS selector. The 
limit of an 80376 TSS must be greater than 64H, and 
can be as large as 16 Mbytes. In the additional TSS 
space, the operating system is free to store addition
al information as the reason the task is inactive, the 
time the task has spent running, and open files be
longing to the task. For maximum performance, TSS 
should start on an even address. 

Each Task must have a TSS associated with it. The 
current TSS is identified by a special register in the 
80376 called the Task State Segment Register (TR). 
This register contains a selector referring to the task 
state segment descriptor that defines the current 
TSS. A hidden base and limit register associated 
with the TSS descriptor is loaded whenever TR is 
loaded with a new selector. Returning from a task is 
accomplished by the IRET instruction. When IRET is 
executed, control is returned to the task which was 

interrupted. The current executing task's state is 
saved in the TSS and the old task state is restored 
from its TSS. 

Several bits in the flag register and CAO register give 
information about the state of a task which is useful 
to the operating system. The Nested Task bit, NT, 
controls the function of the IRET instruction. If NT = 

O the IRET instruction performs the regular return. If 
NT = 1, IRET performs a task switch operation 
back to the previous task. The NT bit is set or reset 
in the following fashion: 

When a CALL or INT instruction initiates a task 
switch, the new TSS will be marked busy and 
the back link field of the new TSS set to the old 
TSS selector. The NT bit of the new task is set 
by CALL or INT initiated task switches. An inter
rupt that does not cause a task switch will clear 
NT (The NT bit will be restored after execution 
of the interrupt handler). NT may also be set or 
cleared by POPF or IRET instructions. 

The 80376 task state segment is marked busy by 
changing the descriptor type field from TYPE 9 to 
TYPE OBH. Use of a selector that references a busy 
task state segment causes an exception 13. 

The coprocessor's state is not automatically saved 
when a task switch occurs. The Task Switched Bit, 
TS, in the CAO register helps deal with the coproces
sor's state in a multi-tasking environment. Whenever 
the 80376 switches tasks, it sets the TS bit. The 
80376 detects the first use of a processor extension 
instruction after a task switch and causes the proc
essor extension not available exception 7. The ex
ception handler for exception 7 may then decide 
whether to save the state of the coprocessor. 

The T bit in the 80376 TSS indicates that the proc
essor should generate a debug exception when 
switching to a task. If T = 1 then upon entry to a 
new task a debug exception 1 will be generated. 
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Figure 3.8. Sample 1/0 Permission Bit Map 
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PROTECTION AND 1/0 PERMISSION BIT MAP 

The 1/0 instructions that directly refer to addresses 
in the processor's 1/0 space are IN, INS, OUT and 
OUTS. The 80376 has the ability to selectively trap 
references to specific 1/0 addresses. The structure 
that enables selective trapping is the //0 Permis
sion Bit Map in the TSS segment (see Figures 3.7 
and 3.8). The 1/0 permission map is a bit vector. 
The size of the map and its location in the TSS seg
ment are variable. The processor locates the 110 
permission map by means of the 1/0 map base field 
in the fixed portion of the TSS. The 1/0 map base 
field is 16 bits wide and contains the offset of the 
beginning of the 1/0 permission map. 

If an 1/0 instruction (IN, INS, OUT or OUTS) is en
countered, the processor first checks whether 
CPL ::;: IOPL. If this condition is true, the 1/0 opera
tion may proceed. If not true, the processor checks 
the 1/0 permission map. 

Each bit in the map corresponds to an 1/0 port byte 
address; for example, the bit for port 41 is found at 
1/0 map base + 5 linearly, (5 x 8 = 40), bit offset 
1. The processor tests all the bits that correspond to 
the 1/0 addresses spanned by an 1/0 operation; for 
example, a double word operation tests four bits cor
responding to four adjacent byte addresses. If any 
tested bit is set, the processor signals a general pro
tection exception. If all the tested bits are zero, the 
1/0 operations may proceed. 

2X CLOCK( 
CLK2 

-" i( DATA BUS 
'\( v 

16-BIT(DO-D15 
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Bus[ 
CONTROL 

BUS{ 
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INTERRUPTS { 
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NMI::: 
RESET 

80376 
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It is not necessary for the 1/0 permission map to 
represent all the 1/0 addresses. 1/0 addresses not 
spanned by the map are treated as if they had one
bits in the map. The 1/0 map base should be at 
least one byte less than the TSS limit and the last 
byte beyond the 1/0 mapping information must con
tain all 1 's. 

Because the 1/0 permission map is in the TSS seg
ment, different tasks can have different maps. Thus, 
the operating system can allocate ports to a task by 
changing the 110 permission map in the task's TSS. 

IMPORTANT IMPLEMENTATION NOTE: 
Beyond the last byte of 1/0 mapping information in 
the 1/0 permission bit map must be a byte contain
ing all 1 's. The byte of all 1 's must be within the 
limit of the 80376'~ TSS segment (see Figure 3.7). 

4.0 FUNCTIONAL DATA 

The Intel 80376 embedded processor features a 
straightforward functional interface to the external 
hardware. The 80376 has separate parallel buses 
for data and address. The data bus is 16 bits in 
width, and bidirectional. The address bus outputs 
24-bit address values using 23 address lines and 
two-byte enable signals. 

The 80376 has two selectable address bus cycles: 
pipelined and non-pipelined. The pipelining option 
allows as much time as possible for data access by 
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Figure· 4.1. Functional Signal Groups 
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starting the pending bus cycle before the present 
bus cycle is finished. A non-pipelined bus cycle 
gives the highest bus performance by executing ev
ery bus cycle in two processor clock cycles. For 
maximum design flexibility, the address pipelining 
option is selectable on a cycle-by-cycle basis. 

The processor's bus cycle is the basic mechanism 
for information transfer, either from system to proc
essor, or from processor to system. 80376 bus cy
cles perform data transfer in a minimum of only two 
clock periods. On a 16-bit data bus, the maximum 
80376 transfer bandwidth at 16 MHz is therefore 
16 Mbytes/sec. However, any bus cycle will be ex
tended for more than two clock periods if external 
hardware withholds acknowledgement of the cycle. 

The 80376 can relinquish control of its local buses 
to allow mastership by other devices, such as direct 
memory access (DMA) channels. When relin
quished, HLDA is the only output pin driven by the 
80376, providing near-complete isolation of the 

processor from its system (all other output pins are 
in a float condition). 

4.1 Signal Description Overview 

Ahead is a brief description of the 80376 input and 
output signals arranged by functional groups. 

The signal descriptions sometimes refer to A.C. tim
ing parameters, such as "t25 Reset Setup Time" and 
"t26 Reset Hold Time." The values of these parame
ters can be found in Tables 6.4 and 6.5. 

CLOCK (CLK2) 

GLK2 provides the fundamental timing for the 
80376. It is divided by two internally to generate the 
internal processor clock used for instruction execu
tion. The internal clock is comprised of two 

PROCESSOR CLOCK 
PERIOD 

PROCESSOR CLOCK 
PERIOD 

CLK2[ 

INTERNAL [ 
PROCESSOR CLOCK 

CLK2 PERIOD CLK2 PERIOD CLK2 PERIOD CLK2 PERIOD 
01 02 01 112 

62.5 NS MIN. 
(16 MHz MAX) 

Figure 4.2. CLK2 Signal and Internal Processor Clock 
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phases, "phase one" and "phase two". Each CLK2 
period is a phase of the internal clock. Figure 4.2 
illustrates the relationship. If desired, the phase of 
the internal processor clock can be synchronized to 
a known phase by ensuring the falling edge of the 
RESET signal meets the applicable setup and hold 
times t25 and t26· 

These three-state bidirectional signals provide the 
general purpose data path between the 80376 and 
other devices. The data bus outputs are active HIGH 
and will float during bus hold acknowledge. Data bus 
reads require that read-data setup and hold times 
t21 and t22 be met relative to CLK2 for correct oper
ation. 

ADDRESS BUS (BHE, BLE, A23-A1) 

These three-state outputs provide physical memory 
addresses or 1/0 port addresses. A23-A15 are LOW 
during 1/0 transfers except for 1/0 transfers auto
matically generated by coprocessor instructions. 

During coprocessor 1/0 transfers, A22-A1s are driv
en LOW, and A23 is driven HIGH so that this ad
dress line can be used by external logic to generate 
the coprocessor select signal. Thus, the 1/0 address 
driven by the 80376 for coprocessor commands is 
8000F8H, and the 1/0 address driven by the 80376 
processor for coprocessor data is 8000FCH or 
8000FEH. 

The address bus is capable of addressing 16 Mby1es 
of physical memory space (OOOOOOH through 
OFFFFFFH), and 64 Kby1es of 1/0 address space 
(OOOOOOH through OOFFFFH) for programmed 1/0. 
The address bus is active HIGH and will float during 
bus hold acknowledge. 

The Byte Enable outputs BHE and BLE directly indi
cate which by1es of the 16-bit data bus are involved 
with the current transfer. BHE applies to ~-D8 
and BLE applies to DrD0. If both BHE and BLE are 
asserted, then 16 bits of data are being transferred. 
See Table 4.1 for a complete decoding of these sig
nals. The byte enables are active LOW and will float 
during bus hold acknowledge. 

Table 4.1. Byte Enable Definitions 

BHE BLE Function 

0 0 Word Transfer 

0 1 Byte Transfer on Upper Byte of the Data Bus, D15-Da 

1 0 Byte Transfer on Lower By1e of the Data Bus, Dr Do 

1 1 Never Occurs 
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BUS CYCLE DEFINITION SIGNALS 
(W/R, D/C, M/10, LOCK) 

These three-state outputs define the type of bus cy
cle being performed: W IA distinguishes between 
write and read cycles, DIC distinguishes between 
data and control cycles, MllO distinguishes between 
memory and 110 cycles, and LOCK distinguishes be
tween locked and unlocked bus cycles. All of these 
signals are active LOW and will float during bus ac
knowledge. 

The primary bus cycle definition signals are W IA, 
DIC and MllO, since these are the signals driven 
valid as ADS (Address Status output) becomes ac
tive. The LOCK signal is driven valid at the same 
time the bus cycle begins, which due to address 
pipelining, could be after ADS becomes active. Ex
act bus cycle definitions, as a function of WIR, DIC 
and MllO are given in Table 4.2. 

LOCK indicates that other system bus masters are 
not to gain control of the system bus while it is ac
tive. LOCK is activated on the CLK2 edge that be
gins the first locked bus cycle (i.e., it is not active at 
the same time as the other bus cycle definition pins) 
and is deactivated when ready is returned to the end 
of the last bus cycle which is to be locked. The be
ginning of a bus cycle is determined whE'm READY is 
returned in a previous bus cycle and another is 
pending (ADS is active) or the clock in which ADS is 
driven active if the bus was idle. This means that it 
follows more closely with the write data rules when it 
is valid, but may cause the bus to be locked longer 
than desired. The LOCK signal may be explicitly acti
vated by the LOCK prefix on certain instructions. 
LOCK is always asserted when executing the XCHG 
instruction, during descriptor updates, and during the 
interrupt acknowledge sequence. 

BUS CONTROL SIGNALS 
(ADS, READY, NA) 

The following signals allow the processor to indicate 
when a bus cycle has begun, and allow other system 
hardware to control address pipelining and bus cycle 
termination. 

Address Status (ADS) 

This three-state output indicates that a valid bus cy
cle definition and address (WIR, DIC, MllO, BHE, 
BLE and A23-A1) are being driven at the 80376 
pins. ADS is an active LOW output. Once ADS is 
driven active, valid address, byte enables, and defi
nition signals will not change. In addition, ADS will 
remain active until its associated bus cycle begins 
(when READY is returned for the previous bus cycle 
when running pipelined bus cycles). ADS will float 
during bus hold acknowledge. See sections Non
Pipelined Bus Cycles and Pipelined Bus Cycles 
for additional information on how ADS is asserted_ 
for different bus states. 

Transfer Acknowledge (READY) 

This input indicates the current bus cycle is com
plete, and the active bytes indicated by BHE and 
BLE are accepted or provided. When READY is 
sampled active during a read cycle or interrupt ac
knowledge cycle, the 80376 latches the input data 
and terminates the cycle. When READY is sampled 
active during a write cycle, the processor terminates 
the bus cycle. 

Table 4.2. Bus Cycle Definition 

MllO DIC W/R Bus Cycle Type Locked? 

0 0 0 INTERRUPT ACKNOWLEDGE Yes 

0 0 1 Does Not Occur -
0 1 0 110 DAT A READ No 

0 1 1 110 DATA WRITE No 

1 0 0 MEMORY CODE READ No 

1 0 1 HALT: SHUTDOWN: No 
Address= 2 Address= 0 
BHE = 1 BHE = 1 
BLE = 0 BLE = 0 

1 1 0 MEMORY DATA READ Some Cycles 

1 1 1 MEMORY DATA WRITE Some Cycles 
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READY is ignored on . the first bus state of all bus 
cycles, and Esampled each bus state thereafter until 
asserted. R ADY must eventually be asserted to ac
knowledge every bus cycle, including Halt Indication 
and Shutdown Indication bus cycles. When being 
sampled, .REA15Y must always meet setup and hold 
times t19 and t20 for correct operation. 

Next Address Request (NA) 

This is used to request pipelining. This input indi
cates th~stem is prepared to accept new values 
of BHE, m:E, A2s-A1' W/R, DIC and M/iO from the 
80376 even if the end of the current cycle is not 
being acknowledged on READY. If this input is ac
tive when sampled, the next bus cycle's address and 
status signals are driven onto the bus, provided the 
next bus request is already pendin965tern~aJ\ N¢ is 
ignored in clock cycles in which A or D is 
activated. This signal is active LOW and must satisfy 
setup and hold times t15 and t16 for correct opera
tion. See Pipelined Bus Cycles and Read and 
Write Cycles for additional information. 

BUS ARBITRATION SIGNALS (HOLD, HLDA) 

This section describes the mechanism by which the 
processor relinquishes control of its local buses 
when requested by another bus master device. See 
Entering and Exiting Hold Acknowledge for addi
tional information. 

Bus Hold Request (HOLD) 

This input indicates some device other than the 
80376 requires bus mastership. When control is 
granted, the 80376 floats A23"."A1, EfHE, 'BCE, 
D15-Do, ~. M/iO, DIC, W/R and ADS, and 
then activates HLDA, thus entering the bus hold ac
knowledge state. The local bus will remain granted 
to the requesting master until HOLD becomes inac
tive. When HOLD becomes inactive, the 80376 will 
deactivate HLDA and drive the local bus (at the 
same time), thus terminating the hold acknowledge 
condition. 

HOLD must remain asserted as long as any other 
device is a local bus master. External pull-up resis
tors may be required when in the hold acknowledge 
state since none of the 80376 floated outputs have 

· internal pull-up resistors. See Resistor Recommen· 
datlons for additional information. HOLD is not rec
ognized while RESET is active but is recognized dur
ing the time between the high-to-low transistion of 
RESET and the first instruction fetch. If RESET is 
asserted while HOLD is asserted, RESET has priori
ty and places the bus into an idle state, rather than 
the hold acknowledge (high-impedance) state. 

HOLD is a level-sensitive, active HIGH, synchronous 
input. HOLD signals must always meet setup and 
hold times t23 and t24 for correct operation. 

Bus Hold Acknowledge (HLDA) 

When active (HIGH), this output indicates the 80376 
has relinquished control of its local bus in response 
to an asserted HOLD signal, and is in the bus Hold 
Acknowledge state. 

The Bus Hold Acknowledge state offers near-com
plete signal isolation. In the Hold Acknowledge 
state, HLDA is the only signal being driven by the 
80376. The other ou..Y!!:!! signals or bi~ecti_2.nal ajg

. nals 1f15-Do, BHE, BLE, A23-A1, W/R, D/C, M/lO, 
LOC and ADS) are in a high-impedance state so 
the requesting bus master may control them. These 
pins remain OFF throughout the time that HLDA re
mains active (see Table 4.3). Pull-up resistors may 
be desired on several signals to avoid spurious ac
tivity when no bus master is driving them. See Re
sistor Recommendations for additional informa
tion. 

When the HOLD signal is made inactive, the 80376 
will deactivate HLDA and drive the bus. One rising 
edge on the NMI input is remembered for processing 
after the HOLD input is negated. 

Table 4.3. Output Pin State during HOLD 

Pin Value Pin Names 

1 HLDA 
Float LOCK, M/iO, DIC, W/R, 

ADS, A23-A1, BHE, BLE, 
D15-Do 

Hold Latencies 

The maximum possible HOLD latency depends on 
the software being executed. The actual HOLD la
tency at any time de&Cnds on the curre. nt bus activi
ty, the state of the L K signal (internal to the CPU) 
activated by the LOCK prefix, and interrupts. The 
80376 will not honor a HOLD request until the cur
rent bus operation is complete. 

The 80376 breaks 32-bit data or 1/0 accesses into 2 
internally locked 16-bit bus cycles; the LOCK signal 
is not asserted. The 80376 breaks unaligned 16-bit 
or 32-bit data or 1/0 accesses into 2 or 3 internally 
locked 16-bit bus cycles. Again the LOCK signal is 
not asserted but a HOLD request will not be recog
nized until the end of the entire transfer. 
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Wait states affect HOLD latency. The 80376 will not 
honor a HOLD request until the end of the current 
bus operation, no matter how many wait states are 
required. Systems with OMA where data transfer is 
critical must insure that READY returns sufficiently 
soon. 

COPROCESSOR INTERFACE SIGNALS 
(PEREQ, BUSY, ERROR) 

In the following sections are descriptions of signals 
dedicated to the numeric coprocessor interface. In 
addition to the data bus, address bus, and bus cycle 
definition signals, these following signals control 
communication between the 80376 and the 
80387SX processor extension. 

Coprocessor Request (PEREQ) 

When asserted (HIGH), this input signal indicates a 
coprocessor request for a data operand to be trans
ferred to/from memory by the 80376. In response, 
the 80376 transfers information between the co
processor and memory. Because the 80376 has in
ternally stored the coprocessor opcode being exe
cuted, it performs the requested data transfer with 
the correct direction and memory address. 

PEREQ is a level-sensitive active HIGH asynchro
nous signal. Setup and hold times, t29 and t3o, rela
tive to the CLK2 signal must be met to guarantee 
recognition at a particular clock edge. This signal is 
provided with a weak internal pull-down resistor of 
around 20 Kn to ground so that it will not float active 
when left unconnected. 

Coprocessor Busy (BUSY) 

When asserted (LOW), this input indicates the co
processor is still executing an instruction, and is not 
yet able to accept another. When the 80376 en
counters any coprocessor instruction which oper
ates on the numerics stack (e.g. load, pop, or arith
metic operation), or the WAIT instruction, this input 
is first automatically sampled until it is seen to be 
inactive. This sampling of the BUSY input prevents 
overrunning the execution of a previous coprocessor 
instruction. 

The F(N)INIT, F(N)CLEX coprocessor instructions 
are allowed to execute even if BUSY is active, since 
these instructions are used for coprocessor initializa
tion and exception-clearing. 

BUSY is an active LOW, level-sensitive asynchro
nous signal. Setup and hold times, t29 and t3o, rela
tive to the CLK2 signal must be met to guarantee 
recognition at a particular clock edge. This pin is pro
vided with a weak internal pull-up resistor of around 
20 Kn to Vee so that it will not float active when left 
unconnected. 

BUSY serves an additional function. If BUSY is sam
pled LOW at the falling edge of RESET, the 80376 
processor performs an internal self-test (see Bus 
Activity During and Following Reset. If BUSY is 
sampled HIGH, no self-test is performed. 

Coprocessor Error (ERROR) 

When asserted (LOW), this input signal indicates 
that the previous coprocessor instruction generated 
a coprocessor error of a type not masked by the 
coprocessor's control register. This input is automat
ically sampled by the 80376 when a coprocessor 
instruction is encountered, and if active, the 80376 
generates exception 16 to access the error-handling 
software. 

Several coprocessor instructions, generally those 
which clear the numeric error flags in the coproces
sor or save coprocessor state, do execute without 
the 80376 generating exception 16 even if 
ERROR is active. These instructions are FNINIT, 
FNCLEX, FNSTSW, FNSTSWAX, FNSTCW, 
FNSTENV and FNSAVE. 

ERROR is an active LOW, level-sensitive asynchro
nous signal. Setup and hold times t29 and t30· rela
tive to the CLK2 signal must be met to guarantee 
recognition at a particular clock edge. This pin is pro
vided with a weak internal pull-up resistor of around 
20 Kn to Vee so that it will not float active when left 
unconnected. 
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INTERRUPT SIGNALS (INTR, NMI, RESET) 

The following descriptions cover inputs that can in
terrupt or suspend execution of the processor's cur
rent instruction stream. 

Maskable1 Interrupt Request (INTR) 

When asserted, this input indicates a request for in
terrupt service, which can be masked by the 80376 
Flag Register IF bit. When the 80376 responds to 
the INTR input, it performs two interrupt acknowl
edge bus cycles and, at the end of the second, 
latches an 8-bit interrupt vector on 0 7-Do to identify 
the source of the interrupt. 

INTR is an active HIGH, level-sensitive asynchro
nous signal. Setup and hold times, t27 and t28• rela
tive to the. CLK2 signal must be met to guarantee 
recognition at a particular clock edge. To assure rec
ognition of an INTR request, INTR should remain 
active until the first interrupt acknowledge bus cycle 
begins. INTR is sampled at the beginning of every 
instruction. In order to be recognized at a particular 
instruction boundary, INTR must be active at least 
eight CLK2 clock periods before the beginning of the 
execution of the instruction. If recognized, the 80376 
will begin execution of the interrupt. 

Non·Maskable Interrupt Request (NMI) 

This input indicates a request for interrupt service 
which cannot be masked by software. The non
maskable interrupt request is always processed ac
cording to the pointer or gate in slot 2 of the interrupt 
table. Because of the fixed NMI slot assignment, no 
interrupt acknowledge cycles are performed when 
processing NMI. 

NMI is an active HIGH, rising edge-sensitive asyn
chronous signal. Setup and hold times, t27 and t28• 
relative to the CLK2 signal must be met to guarantee 
recognition at a particular clock edge. To assure rec
ognition of NMI, it must be inactive for at least eight 
CLK2 Periods, and then be active for at least eight 
CLK2 periods before the beginning of the execution 
of an instruction. 

Once NMI processing has begun, no additional 
NMl's are processed until after the next IRET in
struction, which is typically the end of the NMI serv
ice routine. If NMI is re-asserted prior to that time, 
however, one rising edge on NMI will be remem
bered for processing after executing the next IRET 
instruction. · 

Interrupt Latency 

The time that elapses before an interrupt request is 
serviced (interrupt latency) varies according to sev
eral factors. This delay must be taken into account 
by the interrupt source. Any of the following factors 
can affect interrupt latency: 

1. If interrupts are masked, and INTR request will 
not be recognized until interrupts are reenabled. 

2. If an NMI is currently being serviced, an incoming 
NMI request will not be recognized until the 80376 
encounters the IRET instruction. 

3. An interrupt request is recognized only on an in
struction boundary of the 80376 Execution Unit 
except for the following cases: 

- Repeat string instructions can be interrupted 
after each iteration. 

- If the instruction loads the Stack Segment reg
ister, an interrupt is not proces!*ld until after 
the following instruction, which should be an 
ESP load. This allows the entire stack pointer 
to be loaded without interruption. 

- If an instruction sets the interrupt flag (enabling 
interrupts), an interrupt is not processed until 
after the next instruction. 

The longest latency occurs when the interrupt re
quest arrives while the 80376 processor is exe
cuting a long instruction such as multiplication, di
vision or a task-switch. 

4. Saving the Flags register and CS:EIP registers. 

5. If interrupt service routine requires a task switch, 
time must be allowed for the task switch. 

6. If. the interrupt service routine saves registers that . 
are not automatically saved by the 80376. 

RESET 

This input signal suspends any operation in progress 
and places the 80376 in a known reset state. The 
8Q376 is reset by asserting RESET for 15 or more 
CLK2 periods (80 or more CLK2 periods before re
questing self-test). When-RESET is active, all other 
input pins except FLT are ignored, and all other bus 
pins are driven to an idle bus state as shown in Ta
ble 4.4. If RESET and HOLD are both active at a 
point in time, RESET takes priority even if the 80376 
was ·in a Hold Acknowledge state prior to RESET 
active: 

RESET is an active HIGH, level-sensitive synchro
nous signal. Setup and hold times, t25 and t26• must 
be met in order to assure proper operation of the 
80376. 
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Table 4.4. Pin State (Bus Idle) during RESET 

Pin Name Slgnal Level during RESET 

ADS 1 

015-Do Float 

BHE, BLE 0 

A23-A1 1 

W/R 0 

DIC 1 

M/10 0 

LOCK 1 

HLDA 0 

4.2 Bus Transfer Mechanism 

All data transfers occur as a result of one or more 
bus cycles. Logical data operands of byte and word 
lengths may be transferred without restrictions on 
physical address alignment. Any byte boundary may 
be used, although two physical bus cycles are per
formed as required for unaligned operand transfers. 

The 80376 processor address signals are designed 
to simplify external system hardware. BHE and BLE 
provide linear selects for the two bytes of the 16-bit 
data bus. 

Byte Enable outputs BHE and BLE are asserted 
when their associated data bus bytes are involved 
with the present bus cycle, as listed in Table 4.5. 

Table 4.5. Byte Enables and Associated 
Data and Operand Bytes 

Byte Enable Associated Data Bus Signals 

BHE 015-Ds (Byte 1-Most Significant) 
BLE 07-Do (Byte 0-Least Significant) 

Each bus cycle is composed of at least two bus 
states. Each bus state requires one processor clock 
period. Additional bus states added to a single bus 
cycle are called wait states. See Bus Functional 
Description for additional information. 

4.3 Memory and 110 Spaces 

Bus cycles may access physical memory space or 
1/0 space. Peripheral devices in the system may ei
ther be memory-mapped, or 1/0-mapped, or both. 
As shown in Figure 4.3, physical memory addresses 
range from OOOOOOH to OFFFFFFH (16 Mbytes) and 
1/0 addresses from OOOOOOH to OOFFFFH 
(64 Kbytes). Note the 1/0 addresses used by the 
automatic 1/0 cycles for coprocessor communica
tion are 8000F8H to 8000FFH, beyond the address 
range of programmed 1/0, to allow easy generation 
of a CO£!:OCessor chip select signal using the A23 
and M/TO signals. 

OPERAND ALIGNMENT 

With the flexibility of memory addressing on the 
80376, it is possible to transfer a logical operand 
that spans more than one physical Dword or word of 
memory or 1/0. Examples are 32-bit Dword or 16-bit 
word operands beginning at addresses not evenly 
divisible by 2. 

Operand alignment and size dictate when multiple 
bus cycles are required. Table 4.6 describes the 
transfer cycles generated for all combinations of log
ical operand lengths and alignment. 

Table 4.6. Transfer Bus Cycles 
for Bytes, Words and Dwords 

Byte-Length of Logical Operand 

1 
Physical Byte 
jAddress in xx 00 
Memory 
(Low-Order 
Bits) 

t!"ransfer b w 
Cycles 

Key: b = byte transfer 
w = word transfer 

01 

lb, 
hb 

I = low-order portion 
m = mid-order portion 
x = don't care 
h = high-order portion 

2 4 

10 11 00 01 10 

w hb, lw, hb, hw, 
l,b hw lb, 'lw 

mw 

11 

mw, 
hb, 
lb 
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Since A2a is HIGH during automatic communication with coprocessor, A2a HIGH and M/iO LOW can be used to easily 
generate a coprocessor select signal. 

Figure 4.3. Physical Memory and 1/0 Spaces 

4.4 Bus Functional Description 

The 80376 has separate, parallel buses for data and 
address. The data bus is 16 bits in width, and bidi· 
rectional. The address bus provides a 24-bit value 
using 23 signals for the 23 upper-order address bits 
and 2 Byte Enable signals to directly indicate the 
aotive bytes. These buses are interpreted and con
trolled by several definition signals. 

The definition of each bus cycle is given by three 
signals: M/10, W/R and DIC. At the same time, a 
valid address is present on the byte enable signals, 
BHE and BLE, and the other address signals 
A23-A1. A status signal, ADS, indicates when the 
80376 issues a new bus cycle definition and ad
dress. 

Collectively, the address bus, data bus and all asso
ciated control signals are referred to simply as "the 
bus". When active, the.bus performs one of the bus 
cycles below: ' 

1. Read from memory space 

2. Locked read from memory space 

3. Write to memory space 

4. Locked write to memory space 

5. Read from 1/0 space (or coprocessor) 

6. Write to 1/0 space (or coprocessor) 

7. Interrupt acknowledge (always locked) 

8. Indicate halt, or indicate shutdown 

Table 4.2 shows the encoding of the bus cycle defi
nition signals for each bus cycle. See Bus Cycle 
Definition Signals for additonal information. 

When the 80376 bus is not performing one of the' 
activities listed above, it is either Idle or in the Hold 
Acknowledge state, which may be detected by ex
ternal circuitry. The idle state can be identified by the 
80376 giving no further assertions on its address 
strobe output (ADS) since the beginning of its most 
recent bus cycle, and the most recent bus cycle hav
ing been terminated. The hold acknowledge state is 
identified by the 80376 asserting its hole! acknowl
edge (HLDA) output. 

The shortest time unit of bus activity is a bus state. A 
bus state is one processor clock period (two CLK2 
periods) in duration. A complete data transfer occurs 
during a bus cycle, composed of two or more bus 
states. 
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Figure 4.4. Fastest Read Cycles with Non-Pipelined Timing 

The fastest 80376 bus cycle requires only two bus 
states. For example, three consecutive bus read cy
cles, each consisting of two bus states, are shown 
by Figure 4.4. The bus states in each cycle are 
named T1 and T2. Any memory or 1/0 address may 
be accessed by such a two-state bus cycle, if the 
external hardware is fast enough. 

Every bus cycle continues until it is acknowledged 
by the external system hardware, using the 80376 
READY input. Acknowledging the bus cycle at the 
end of the first T2 results in the shortest bus cycle, 
requiring only T1 and T2. If READY is not immedi
ately asserted however, T2 states are repeated in
definitely until the READY input is sampled active. 

The pipelining option provides a choice of bus cycle 
timings. Pipelined or non-pipelined cycles are 

26-41 

selectable on a cycle-by-cycle basis with the Next 
Address (NA) input. 

When pipelining is selected the address (BHE, BLE 
and A23-A1) and definition (W/R, DIC, M/10 and 
LOCK) of the next cycle are available before the end 
of the current cycle. To signal their availability, the 
80376 address status output (ADS) is asserted. Fig
ure 4.5 illustrates the fastest read cycles with pipe
lined timing. 

Note from Figure 4.5 the fastest bus cycles using 
pipelining require only two bus states, named T1P 
and T2P. Therefore pipelined cycles allow the same 
data bandwidth as non-pipelined cycles, but ad
dress-to-data access time is increased by one 
T-state time compared to that of a non-pipelined cy
cle. 
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Figure 4.5. Fastest Read Cycles with Pipelined Timing 

READ AND WRITE CYCLES 

Data transfers occur as a result of bus cycles, classi
fied as read or write cycles. During read cycles, data 
is transferred from an external device to the proces
sor. During write cycles, data is transferred from the 
processor to an external device. 

Two choices of bus cycle timing are dynamically se
lectable: non-pipelined or pipelined. After an idle bus 
state, the processor always uses non-pipelined tim
ing. However the NA (Next Address) input may be 
asserted to select pipelined timing for the next bus 
cycle. When pipelining is selected and the 80376 
has a bus request pending internally, the address 
and definition of the next cycle is made available 
even before the current bus cycle is acknowledged 
by READY. 

Terminating a read or write cycle, like any bus cycle, 
requires acknowledging the cycle by asserting the 
READY input. Until acknowledged, the processor in
serts wait states into the bus cycle, to allow adjust-

ment for the speed of any external device. External 
hardware, which has decoded the address and bus 
cycle type, asserts the READY input at the appropri
ate time. 

At the end of the second bus state within the bus 
cycle, READY is sampled. At that time, if external 
hardware acknowledges the bus cycle by asserting 
READY, the bus cycle terminates as shown in Figure 
4.6. If READY is negated as in Figure 4.7, the 80376 
executes another bus state (a wait state) and 
READY is sampled again at the end of that state. 
This continues indefinitely until the cycle is acknowl
edged by READY asserted. 

When the current cycle is acknowledged, the 80376 
terminates it. When a read cycle is acknowledged, 
the 80376 latches the information present at its data 
pins. When a write cycle is acknowledged, the write 
data of the 80376 remains valid throughout phase 
one of the next bus state, to provide write data hold 
time. 
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Idle states are shown here for diagram variety only. Write cycles are not always followed by an idle state. An active bus 
cycle can immediately follow the write cycle. 

Figure 4.6. Various Non-Pipelined Bus Cycles (Zero Wait States) 

Non-Pipelined Bus Cycles 

Any bus cycle may be performed with non-pipelined 
timing. For example, Figure 4.6 shows a mixture of 
non-pipelined read and write cycles. Figure 4.6 
shows that the fastest possible non-pipelined cycles 
have two bus states per bus cycle. The states are 
named T1 and T2. In phase one of T1, the address 
signals and bus cycle definition signals are driven 
valid and, to signal their availability, address strobe 
(ADS) is simultaneously asserted. 

During read or write cycles, the data bus behaves as 
follows. If the cycle is a read, the 80376 floats its 
data signals to allow driving by the external device 
being addressed. The 80376 requires that all data 
bus pins be at a valid logic state (HIGH or LOW) 
at the end of each read cycle, when READY is 
asserted. The system MUST be designed to 
meet this requirement. If the cycle is a write, data 
signals are driven by the 80376 beginning in phase 
two of T1 until phase one of the bus state following 
cycle acknowledgement. 

26-43 



376 EMBEDDED PROCESSOR 

IDLE I CYCLE 1 
NON-PIPELINED 

(READ) 

CYCLE 2 
NON-PIPELINED 

(WRITE) 

IDLE I 
n 

CYCLE 3 
NON-PIPELINED 

(READ) 

IDLE I 

CLK2 [ 

PROCESSOR CLK [ 

BHE,BLE, [ 
A1-A23, 

M/iO,D/C 

READY [ 

n T1 T2 

DO-D1s[ • ---------- --

T1 T2 T2 T1 T2 T2 n 

OUT 

240182-22 

Idle states are shown here for diagram variety only. Write cycles are not always followed by an idle state. An active bus 
cycle can immediately follow the write cycle. 

Figure 4.7. Various Non-Pipelined Bus Cycles (Various Number of Wait States) 

Figure , 4. 7 illustrates non-pipelined bus cycles with 
one wait state added to Cycles 2 and 3. READY is 
sampled inactive at the end of the first T2 in Cycles 
2 and 3. Therefore Cycles 2 and 3 have T2 repeated 
again. At the end of the second T2, READY is sam
pled active. 

When address pipelining . is not used, the address 
and bus cycle definition remain valid during all wait 
states. When wait states are added and it is desir
able to maintain non-pipelined timing, it is necessary 
to negate NA during each T2 state except the 

last one, as shown in Figure 4.7, Cycles 2 and 3. If 
NA is sampled active during a T2 other than the last 
one, the next state would be T21 or T2P instead of 
another T2. 

When address pipelining is not used, the bus states 
and transitions are completely illustrated by Figure 
4.8. The bus transitions between four possible 
states, T1, T2, Ti, and Th· Bus cycles consist of T1 
and T2, with T2 being repeated for wait states. Oth
erwise the bus may be idle, Ti, or in the hold ac
knowledge state Th· 
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T1-first clock of a non-pipelined bus cycle (80376 drives new address and asserts ADS). 
T2-subsequent clocks of a bus cycle when NA has not been sampled asserted in the current bus cycle. 
Ti-idle state. 
Th-hold acknowledge state (80376 asserts HLDA). 
The fastest bus cycle consists of two states: T1 and T2. 
Four basic bus states describe bus operation when not using pipelined address. 

Figure 4.8. 80376 Bus States (Not Using Pipelined Address) 

Bus cycles always begin with T1. T1 always leads to 
T2. If a bus cycle is not acknowledged during T2 and 
NA is inactive, T2 is repeated. When a cycle is ac
knowledged during T2, the following state will be T1 
of the next bus cycle if a bus request is pending 
internally, or Ti if there is no bus request pending, or 
Th if the HOLD input is being asserted. 

Use of pipelining allows the 80376 to enter three 
additional bus states not shown in Figure 4.8. Figure 
4.12 is the complete bus state diagram, including 
pipelined cycles. 

Pipelined Bus Cycles 

Pipelining is the option of requesting the address 
and the bus cycle definition of the next inter-

nally pending bus cycle before the current bus cycle 
is acknowledged with READY asserted. ADS is as
serted by the 80376 when the next address is is
sued. The pipelining option is controlled on a cycle
by-cycle basis with the NA input signal. 

Once a bus cycle is in progress and the current ad
dress has been valid for at' least one entire bus 
state, the NA input is sampled at the end of every 
phase one until the bus cycle is acknowledged. Dur
ing non-pipelined bus cycles NA is sampled at the 
end of phase one in every T2. An example is Cycle 2 
in Figure 4.9, during which NA is sampled at the end 
of phase one of every T2 (it was asserted once dur~ 
ing the first T2 and has no further effect during that 
bus cycle). 
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Following any idle bus state (Ti), bus cycles are non-pipelined. Within non-pipelined bus cycles, NA is only sampled 
during wait states. Therefore, to begin pipelining during a group of non-pipelined bus cycles requires a non-pipelined 
cycle with at least one wait state (Cylcle 2 above). 

Figure 4.9. Transitioning to Pipelining during Burst of Bus Cycles 

If NA is sampled active, the 80376 is free to drive the 
address and bus cycle definition of the next bus cy
cle, and assert ADS, as soon as it has a bus request 
internally pending. It may drive the next address as 
early as the next bus state, whether the current bus 
cycle is acknowledged at that time or not. 

Regarding the details of pipelining, the 80376 has 
the following characteristics: 

1. The next address and status may appear as early 
as the bus state after NA was sampled active (see 
Figures 4.9 or 4.10). In that case, state T2P is 
entered immediately. However, when there is not 
an internal bus request already pending, the next 
address and status will not be available immedi
ately after NA is asserted and T21 is entered in
stead of T2P (see Figure 4.11 Cycle 3). Provided 
the current bus cycle isn't yet acknow-

ledged by READY asserted, T2P will be entered 
as soon as the 80376 does drive the next address 
and status. External hardware should therefore 
observe the ADS output. as confirmation the next 
address and status are actually being driven on 
the bus. 

2. Any address and status which are validated by a 
pulse on the 80376 ADS output will remain stable 
on the address pins for at least two processor 
clock periods. The 80376 cannot produce a new 
address and status more frequently than every 
two processor clock periods (see Figures 4.9, 
4.10 and 4.11 ). 

3. Only the address and bus cycle definition of the 
very next bus cycle is available. The pipelining ca
pability cannot look further than one bus cycle 
ahead (see Figure 4.11, Cycle 1 ). 
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Following any idle bus state (Ti) the bus cycle is always non-pipelined and NA is only sampled during wait states. To 
start, address pipelining after an idle state requires a non-pipelined cycle with at least one wait state (cycle 1 above). 
The pipelined cycles (2, 3, 4 above) are shown with various numbers of wait states. 

Figure 4.10. Fastest Transition to Pipelined Bus Cycle Following Idle Bus State 

The complete bus state transition diagram, including 
pipelining is given by Figure 4.12. Note it is a super
set of the diagram for non-pipelined only, and the 
three additional bus states for pipelining are drawn 
in bold. 

The fastest bus cycle with pipelining consists of just 
two bus states, T1 P and T2P (recall for non-pipe
lined it is T1 and T2). T1 P is the first bus state of a 
pipelined cycle. 

Initiating and Maintaining Pipelined Bus Cycles 

Using the state diagram Figure 4.12, observe the 
transitions from an idle state, Ti, to the beginning of 

a pipelined bus cycle T1 P. From an idle state, Ti, the 
first bus cycle must begin with T1, and is therefore a 
non-pipelined bus cycle. The next bus cycle will be 
pipelined, however, provided NA is asserted and the 
first bus cycle ends in a T2P state (the address and 
status for the next bus cycle is driven during T2P). 
The fastest path from an idle state to a pipelined bus 
cycle is shown in bold below: 

idle non-pipelined 
states cycle 

T1P-T2P, 

pipelined 
cycle 
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Figure 4.11. Details of Address Pipelining during Cycles with Wait States 

T1 - T2-T2P are the states of the bus cycle that es
tablishes address pipelining for the next bus cycle, 
which begins with T1 P. The same is true after a bus 
hold state, shown below: 

T1-T2-T2P, 

hold aknowledge non-pipelined 
states cycle 

T1P-T2P, 

pipelined 
cycle 

The transition to pipelined address is shown func
tionally by Figure 4.1 O, Cycle 1. Note that Cycle 1 is 
used to transition into pipelined address timing for 
the subsequent Cycles 2, 3 and 4, which are pipe
lined. The NA input is asserted at the appropriate 
time to select address pipelining for Cycles 2, 3 and 
4. 

Once a bus cycle is in progress and the current ad
dress and status has been valid for one entire bus 
state, the NA input is sampled at the end of every 
phase one until the bus cycle is acknowledged. 
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T2-subsequent clocks of a bus cycle when NA has not been sampled asserted in the current bus cycle. 
T21-subsequent clocks of a bus cycle when NA has been sampled asserted in the current bus cycle but there is not yet 
an internal bus request pending (80376 will not drive new address, status or assert ADS). 
T2P-subsequent clocks of a bus cycle when NA has been sampled asserted in the current bus cycle and there is an 
internal bus request pending (80376 drives new address, status and asserts ADS). 
T1 P-first clock of a pipelined bus cycle. 
Ti-idle state. · 
Th-hold acknowledge state (80376 asserts HLDA). 
Asserting NA for pipelined bus cycles gives access to three more bus states: T21, T2P and T1 P. 
Using pipelining the fastest bus cycle consists of T1 P and T2P. 

Figure 4.12. 80376 Processor Complete Bus States (Including Pipelining) 
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Sampl!!!g begins in T2 during Cycle 1 in Figure 4.10. 
Once NA is sampled active during the current cycle, 
the 80376 is free to drive a new address and bus 
cycle definition on the bus as early as the next bus 
state. In Figure 4.1 O, Cycle 1 for example, the next 
address and status is driven during state T2P. Thus 
Cycle 1 makes the transition to pipelined timing, 
since it begins with T1 but ends with T2P. Because 
the address for Cycle 2 is available before Cycle 2 
begins, Cycle 2 is called a pipelined bus cycle, and it 
begins with T1 P. Cycle 2 begins as soon as READY 
asserted terminates Cycle 1. 

Examples of transition bus cycles are Figure 4.10, 
Cycle 1 and Figure 4.9, Cycle 2. Figure 4.1 O shows 
transition during the very first cycle after an idle bus 
state, which is the fastest possible transition into ad
dress pipelining. Figure 4.9, Cycle 2 shows a tran
sition cycle occurring during a burst of bus cycles. In 
any case, a transition cycle is the same whenever it 
occurs: it consists at least of T1 , T2 (NA is asserted 
at that time), and T2P (provided the 80376 has an 
internal bus request already pending, which it almost 
always has). T2P states are repeated if wait states 
are added to the cycle. 

Note that only· three states (T1 , T2 and T2P) are 
required in a bus cycle performing a transition from 
non-pipelined into pipelined timing, for example Fig
ure 4.10, Cycle 1. Figure 4.10, Cycles 2, 3 and 4 
show that pipelining can be maintained with two
state bus cycles consisting only of T1 P and T2P. 

Once a pipelined bus cycle is in progress, pipelined 
timing is maintained for the next cycle by asserting 
NA and detecting that the 80376 enters T2P during 
the current bus cycle. The current bus cycle must 
end in state T2P for pipelining to be maintained in 
the next cycle. T2P is identified by the assertion of 
ADS. Figures 4.9 and 4.10 however, each. show 

pipelining ending after Cycle 4 because Cycle 4 
ends in T21. This indicates the 80376 didn't have an 
internal bus request prior to the acknowledgement 
of Cycle 4. If a cycle ends with a T2 or T21, the next 
cycle will not be pipelined. 

Realistically, pipelining is almost always maintained 
as long as NA is sampled asserted. This is so be
cause in the absence of any other request, a code 
prefetch request is always internally pending until 
the instruction decoder and code prefetch queue are 
completely full. Therefore pipelining is maintained 
for long bursts of bus cycles, if the bus is available 
(i.e., HOLD inactive) and NA is sampled active in 
each of the bus cycles. 

INTERRUPT ACKNOWLEDGE (INTA) CYCLES 

In repsonse to an interrupt request on the INTR in
put when interrupts are enabled, the 80376 performs 
two interrupt acknowledge cycles. These bus cycles 
are similar to read cycles in that bus definition sig
nals define the type of bus activity taking place, and 
each cycle continues until acknowledged by READY 
sampled active. 

The state of A2 distinguishes the first and second 
interrupt acknowledge cycles. The byte address 
driven during the first interrupt acknowledge cycle is 
4 (A23-A3, A1, BLE LOW, A2 and BHE HIGH). The 
byte address driven during the second interrupt ac
knowledge cycle is O (A23-A1, BLE LOW and BHE 
HIGH). 

The LOCK output is asserted from the beginning of 
the first interrupt acknowledge cycle until the end of 
the second interrupt acknowledge cycle. Four idle 
bus states, Ti. are inserted by the 80376 between 
the two interrupt acknowledge cycles for compatibil
ity with the interrupt specification T AHAL of the 
8259A Interrupt Controller and the 82370 Integrated 
Peripheral. 
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Interrupt Vector (0-255) is read on D0-07 at end of second Interrupt Acknowledge bus cycle. 
Because each Interrupt Acknowledge bus cycle is followed by idle bus states, asserting NA has no practical effect. 
Choose the approach which is simplest for your system har~ware design. 

Figure 4.13. Interrupt Acknowledge Cycles 

During both interrupt acknowledge cycles, D15-Do 
float. No data is read at the end of the first interrupt 
acknowledge cycle. At the end of the second inter
rupt acknowledge cycle, the 80376 will read an ex
ternal interrupt vector from DrDo of the data bus. 
The vector indicates the specific interrupt number 
(from 0-255) requiring service. 
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HALT INDICATION CYCLE 

The 80376 execution unit halts as a result of execut
ing a HL T instruction. Signaling its entrance into the 
halt state, a halt indication cycle is performed. The 
halt indication cycle is identified by the state of the 
bus definition signals and a byte address of 2. See 
the Bus Cycle Definition Signals section. The halt 11 indication cycle must be acknowledged by READY 
asserted. A halted 80376 resumes execution when 
INTR (if interrupts are enabled), NMI or RESET is 
asserted. 
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- (FLOATING)- - - -
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Figure 4.14. Example Halt Indication Cycle from Non-Pipelined Cycle 

SHUTDOWN INDICATION CYCLE 

The 80376 shuts down as a result of a protection 
fault while attempting to process a double fault. Sig
naling its entrance into the shutdown state, a shut
down indication cycle is performed. The shutdown 
indication cycle is identified by the state of the bus 
definition signals shown in Bus Cycle Definition 
Signals and a byte address of 0. The shutdown indi
cation cycle must be acknowledged by READY as
serted. A shutdown 80376 resumes execution when 
NMI or RESET is asserted. 

ENTERING AND EXITING HOLD 
ACKNOWLEDGE 

The bus hold acknowledge state, Th• is entered in 
response to the HOLD input being asserted. In the 
bus hold acknowledge state, the 80376 floats all 
outputs or bidirectional signals, except for HLDA. 
HLDA is asserted as long as the 80376 remains in 
the bus hold acknowledge state. In the bus hold ac
knowledge state, all inputs except HOLD and RE
SET are ignored. 
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Do-D1s[ UNDEFINED ••(FLOATING)••••• 

I I 
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Figure 4.15. Example Shutdown Indication Cycle from Non-Pipelined Cycle 

Th may be entered from a bus idle state as in Figure 
4.16 or after the acknowledgement of the current 
physical bus cycle if the LOCK signal is not asserted, 
as in Figures 4.17 and 4.18. 

Th is exited in response to the HOLD input being 
negated. The following state will be Ti as in Figure 
4.16 if no bus request is pending. The following bus 

state will be T1 if a bus request is internally pending, 
as in Figures 4.17 and 4.18. Th is exited in response 
to RESET being asserted. 

If a rising edge occurs on the edge-triggered NMI 
input while in Th· the event is remembered as a non
maskable interrupt 2 and is serviced when Th is exit
ed unless the 80376 is reset before Th is exited. 
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NOTE: 
For maximum desi~exibility the 80376 has no internal pull-up resistors on its outputs. Your design may require an 
external pullup on ADS and other 80378 outputs to keep them negated during float periods. 

Figure 4.16. Requesting Hold from Idle Bus 

RESET DURING HOLD ACKNOWLEDGE 

RESET being asserted takes priority over HOLD be
ing asserted. If RESET is asserted while HOLD re
mains asserted, the 80376 drives its pins to defined 
states during reset, as in Table 4.5, Pin State Dur· 
ing Reset, and performs internal reset activity as 
usual. 

If HOLD remains asserted when RESET is inactive, 
the 80376 enters the hold acknowledge state before 
performing its first bus cycle, provided HOLD is still 
asserted when the 80376 processor would other
wise perform its first bus cycle. If HOLD remains as
serted when RESET is inactive, the BUSY input is 
still sampled as usual to determine whether a self 
test is being requested. 

FLOAT 

Activating the FLT input floats all 80376 bidirectional 
and output signals, including HLDA. Asserting FLT 
isolates the 80376 from the surrounding circuitry. 

When an 80376 in a PQFP surface-mount package 
h:i used without a socket, it cannot be removed from 
the printed circuit board. The FLT input allows the 
80376 to be electrically isolated to allow testing of 
.external circuitry. This technique is known as ON
CETM for "ON-Circuit Emulation". 

ENTERING AND EXITING FLOAT 

Fri' is an asynchronous, active-low input. It is recog
nized on the rising edge of CLK2. When recognized, 
it aborts the current bus cycle and floats the outputs 
of the 80376 (Figure 4.20). FLT must be held low for 
a minimum of 16 CLK2 cycles. Reset should be as
serted and held asserted until after FLT is deassert
ed. This will ensure that the 80376 will exit float in a 
valid state. 

Asserting the ·FLT input unconditionally aborts the 
current bus cycle and forces the 80376 into the 
FLOAT mode. Since activating FLT unconditionally 
forces the 80376 into FLOAT mode, the 80376 is riot 
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(READ) 

T2 T2 

HOLD CYCLE 2 
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Th Th T1 T2 

NO LATER THAN READY ASSERTED 
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HOLD is a synchronous input and can be asserted at any CLK2 edge, provided setup and hold (t23 and t24) require
ments are met. This waveform is useful for determining Hold Acknowledge latency. 

Figure 4.17. Requesting Hold from Active Bus (NA Inactive) 

guaranteed to enter FLOAT in a valid state. After 
deactivating FLT, the 80376 is not guaranteed to 
exit FLOAT mode in a valid state. This is not a prob
lem .as the FLT pin is meant to be used only during 
ONCE. After exiting FLOAT, the 80376 must be re
set to return it to a valid state. Reset should be as
serted before FLT is deasserted. This will ensure 
that the 80376 will exit float in a valid state. 

FLT has an internal pull-up resistor, and if it is not 
used it should be unconnected. 

BUS ACTIVITY DURING AND FOLLOWING 
RESET ' 

RESET is the highest priority input signal, capable of 
interrupting any processor activity when it is assert-

ed. A bus cycle in progress can be aborted at any 
stage, or idle states or bus hold acknowledge states 
discontinued so that the reset state is established. 

RESET should remain asserted for at least 15 CLK2 
periods to ensure it is recognized throughout the m 
80376, and at least 80 CLK2 periods if a 80376 self-
test is going to be requested at the falling edge. RE- I 
SET asserted pulses less than 15 CLK2 periods may 
not be recognized. RESET pulses less than 80 CLK2 
periods followed by a self-test may cause the self-
test to report a failure when no true failure exists. 

Provided the RESET falling edge meets setup and 
hold times t25 and t26, the internal processor clock 
phase is defined at that time as illustrated by Figure 
4.19 and Figure 6.7. 
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NOTE: 
HOLD is a synchronous input and can be asserted at any CLK2 edge, provided setup and hold (t23 and t24) require
ments are met. This waveform is useful for determining Hold Acknowledge latency. 

Figure 4.18. Requesting Hold from Idle Bus (NA Active) 

An 80376 self-test may be requested at the time RE
SET goes inactive by having the BUSY input at a 
LOW level as shown in Figure 4.19. The self-test 
requires (220 + approximately 60) CLK2 periods to 
complete. The self-test duration is not affected by 
the test results. Even if the self-test indicates a 

problem, the 80376 attempts to proceed with the 
reset sequence afterwards. 

After the RESET falling edge (and after the self-test 
if it was requested) the 80376 performs an internal 
initialization sequence for approximately 350 to 450 
CLK2 periods. 
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1. BUSY should be held stable for 8 CLK2 periods before and after the CLK2 period in which RESET falling edge 
occurs. 
2. If self-test is requested, the 80376 outputs remain in their reset state as shown here. 

Figure 4.19. Bus Activity from Reset until First Code Fetch 

CK2 

CTRL ~---·••••••••••••••••••••••••••••••'-------------~------~ 

DATA ·--Q··< ... ____ ... v..,AL..,ib.._ __ >-•·••••••••••••••••••••••••••••••-c::::::=::::x= 

ADDR :::::x ..... _______ v~A~LIO._ ______ _,>---------------------------------<.._ _ __,x.._ ______ __ 
RESET 

Figure 4.20. Entering and Exiting FLOAT 
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4.5 Self· Test Signature 

Upon completion of self-test (if self-test was re
quested by driving BUSY LOW at the falling edge of 
RESET) the EAX register will contain a signature of 
OOOOOOOOH indicating the 80376 passed its self-test 
of microcode and major PLA contents with no prob
lems detected. The passing signature in EAX, 
OOOOOOOOH, applies to all 80376 revision levels. Any 
non-zero signature indicates the 80376 unit is faulty. 

4.6 Component and Revision 
Identifiers 

To assist 80376 users, the 80376 after reset holds a 
component identifier and revision identifier in its DX 
register. The upper 8 bits of DX hold 33H as identifi
cation of the 80376 component. (The lower nibble, 
03H, refers to the lntel386™ architecture. The up
per nibble, 30H, refers to the third member of the 
lntel386 family). The lower 8 bits of DX hold an 
8-bit unsigned binary number related to the compo
nent revision level. The revision identifier will, in gen
eral, chronologically track those component step
pings which are intended to have certain improve
ments or distinction from previous steppings. The 
80376 revision identifier will track that of the 80386 
where possible. 

The revision identifier is intended to assist 80376 
users to a practical extent. However, the revision 
identifier value is not guaranteed to change with ev
ery stepping revision, or to follow a completely uni
form numerical sequence, depending on the type or 
intention of revision, or manufacturing materials re
quired to be changed. Intel has sole discretion over 
these characteristics of the component. 

Table 4.7. Component and 
Revision Identifier History 

80376 Stepping Name Revision Identifier 

AO 05H 

B 08H 

4.7 Coprocessor Interfacing 

The 80376 provides an automatic interface for the 
Intel 80387SX numeric floating-point coprocessor. 
The 80387SX coprocessor uses an 1/0 mapped in
terface driven automatically by the 80376 and as
sisted by three dedicated signals: BUSY, ERROR 
and PEREQ. 

As the 80376 begins supporting a coprocessor in
struction, it tests the BUSY and ERROR signals to 
determine if the coprocessor can accept its next in
struction. Thus, the BUSY and ERROR inputs elimi
nate the need for any "preamble" bus cycles for · 
communication between processor and coproces
sor. The 80387SX can be given its command op
code immediately. The dedicated signals provide 
instruction synchronization, and eliminate the need 
of using the 80376 WAIT opcode (9BH) for 80387SX 
instruction synchronization (the WAIT opcode was 
required when the 8086 or 8088 was used with the 
8087 coprocessor). 

Custom coprocessors can be included in 80376 
based systems by memory-mapped or 1/0-mapped 
interfaces. Such coprocessor interfaces allow a 
completely custom protocol, and are not limited to a 
set of coprocessor protocol "primitives". Instead, 
memory-mapped or 110-mapped interfaces may use 
all applicable 80376 instructions for high-speed co
processor communication. The BUSY and ERROR 
inputs of the 80376 may also be used for the custom 
coprocessor interface, if such hardware assist is de
sired. These signals can be tested by the 80376 
WAIT opcode (9BH). The WAIT instruction will wait 
until the BUSY input is inactive (interruptable by an 
NMI or enabled INTR input), but generates an ex
ception 16 fault if the ERROR pin is active when the 
BUSY goes (or is) inactive. If the custom coproces
sor interface is memory-mapped, protection of the 
addresses used for the interface can be provided 
with the segmentation mechanism of the 80376. If 
the custom interface is 1/0-mapped, protection of 
the interface can be provided with the 80376 IOPL 
(1/0 Privilege Level) mechanism. 

The 80387SX numeric coprocessor interface is 1/0 
mapped as shown in Table 4.8. Note that the 
80387SX coprocessor interface addresses are be
yond the OH-OFFFFH range for programmed 1/0. 
When the 80376 supports the 80387SX coproces
sor, the 80376 automatically generates bus cycles to 
the coprocessor interface addresses. 

Table 4.8 Numeric Coprocessor Port Addresses 

Address in 80376 80387SX 
l/OSpace Coprocessor Register 

8000F8H Opcode Register 
8000FCH Operand Register 
8000FEH Operand Register 
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SOFTWARE TESTING FOR COPROCESSOR 
PRESENCE 

When software is used to test coprocessor 
(80387SX) presence, it should use only the following 
coprocessor opcodes: FNINIT, FNSTCW and 
FNSTSW. To use other coprocessor opcodes when 
a coprocessor is known to be not present, first set 
EM = 1 in the 80376 CAO register. 

5.0 PACKAGE THERMAL 
SPECIFICATIONS 

The Intel 80376 embedded processor is specified 
for operation when case temperature is within the 
range of 0°C-115°C for both the ceramic 88-pin 
PGA package and the plastic 100-pin PQFP pack
age. The case temperature may be measured in any 
environment, to determine whether the 80376 is 
within specified operating range. The case tempera
ture should be measured at the center of the top 
surface. 

The ambient temperature is guaranteed as long as 
Tc is not violated. The ambient temperature can be 
calculated from the Ojc and Oja from the following 
equations: 

TJ = Tc+ P*9jc 

TA= Tj - P*9ja 

Tc= Ta+ P*[9ja - 9jcl 

Values for Oja and Ojc are given in Table 5.1 for the 
100-lead fine pitch. Oja is given at various airflows. 
Table 5.2 shows the maximum Ta allowable (without 
exceeding Tc) at various airflows. Note that Ta can 
be improved further by attaching "fins" or a "heat 
sink" to the package. P is calculated using the maxi
mum cold Ice of 305 mA and the maximum V cc of 
5.5V for both packages. 

Table 5.1. 80376 Package Thermal 
Characteristics Thermal Resistances 

(°C/Watt) Ojc and Oja 

Oja Versus Airflow-ft/min (m/sec) 

Package Bjc 0 200 400 600 800 1000 
(0) (1.01) (2.03) (3.04) (4.06) (5.07) 

100-Lead 7.5 34.5 29.5 25.5 22.5 21.5 21.0 
Fine Pitch 

88-Pin 2.5 29.0 22.5 17.0 14.5 12.5 12.0 
PGA 

Table 5.2. 80376 
Maximum Allowable Ambient 

Temperature at Various Airflows 

T A(°C) vs Airflow-ft/min (m/sec) 

Package OJc 0 200 400 600 800 1000 
(0) (1.01) (2.03) (3.04) (4.06) (5.07) 

100-Lead 7.5 70 78 85 90 92 93 
Fine Pitch 

88-Pin 2.5 70 81 90 95 98 99 
PGA 

6.0 ELECTRICAL SPECIFICATIONS 

The following sections describe recommended elec
trical connections for the 80376, and its electrical 
specifications. 

6.1 Power and Grounding 

The 80376 is implemented in CHMOS IV technology 
and has modest power requirements. However, its 
high clock frequency and 47 output buffers (address, 
data, control, and HLDA) can cause power surges 
as multiple output buffers drive new signal levels 
simultaneously. For clean on-chip power distribution 
at high frequency, 14 Vee and 18 Vss pins separate
ly feed functional units of the 80376. 

Power and ground connections must be made to all 
external Vee and GND pins of the 80376. On the 
circuit board, all Vee pins should be connected on a 
Vee plane and all Vss pins should be connected on 
a GND plane. 

POWER DECOUPLING RECOMMENDATIONS 

Liberal decoupling capacitors should be placed near 
the 80376. The 80376 driving its 24-bit address bus 
and 16-bit data bus at high frequencies can cause 
transient power surges, particularly when driving 
large capacitive loads. Low inductance capacitors m 
and interconnects are recommended for best high 
frequency electrical performance. Inductance can 
be reduced by shortening circuit board traces be-
tween the 80376 and decoupling capacitors as 
much as possible. 

RESISTOR RECOMMENDATIONS 

The ERROR, FLT and BUSY inputs have internal 
pull-up resistors of approximately 20 KO and the 
PEREQ input has an internal pull-down resistor of 
approximately 20 KO built into the 80376 to keep 
these signals inactive when the 80387SX is not 
present in the system (or temporarily removed from 
its socket). 
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In typical designs, the external pull-up resistors 
shown in Table 6.1 are recommended. However, a 
particular design may have reason to adjust the re
sistor values recommended here, or alter the use of 
pull-up resistors in other ways. 

Pin Signal 

16 ADS 

26 LOCK 

Table 6.1. Recommended 
Resistor Pull-Ups to Vee 

Pull-Up Value Purpose 

20KO. ± 10% Lightly Pull ADS 
Inactive during 80376 
Hold Acknowledge 
States 

20KO. ± 10% Lightly Pull LOCK 
Inactive during 80376 
Hold Acknowledge 
States 

OTHER CONNECTION RECOMMENDATIONS 

For reliable operation, always connect unused in
puts to an appropriate signal level. N/C pins should 
always remain unconnected. Connection of N/C 
pins to Vee or Vss will result in incompatibility 
with future steppings of the 80376. 

Particularly when not using interrupts or bus hold (as 
when first prototyping), prevent any chance of spuri
ous activity by connecting these associated inputs to 
GND: 

-INTR 
-NMI 
-HOLD 

If not using address pipelining connect the NA pin to 
a pull-up resistor in the range of 20 KO. to Vee. 

6.2 "bsolute Maximum Ratings 
Table 6.2. Maximum Ratings 

Parameter Maximum Rating 

Storage Temperature - 65°C to + 1 so·c 

Case Temperature - 65°C to + 12o·c 
under Bias 

Supply Voltage with -0.5Vto +6.5V 
Respect to Vss 

Voltage on Other Pins -0.5V to (Vee + 0.5)V 

Table 6.2 gives a stress ratings only, and functional 
operation at the maximums is not guaranteed. Func
tional operating conditions are given in Section 6.3, 
D.C. Specifications, and Section 6.4, A.C. Specifi
cations. 

Extended exposure to the Maximum Ratings may af
fect device reliability. Furthermore, although the 
80376 contains protective circuitry to resist damage 
from static electric discharge, always take precau
tions to avoid high static voltages or electric fields. 
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6.3 D.C. Specifications 

ADVANCE INFORMATION SUBJECT TO CHANGE 
Table 6.3: 80376 D.C. Characteristics 

Functional Operating Range: V cc = 5V ± 10%; T CASE = o·c to 115°C for 88-pin PGA or 100-pin PQFP 

Symbol ' Parameter Min. Max Unit 

V1L Input LOW Voltage -0.3 +0.8 V(1) 

V1H Input HIGH Voltage 2.0 Vee +0.3 V(1) 

V1LC CLK2 Input LOW Voltage -0.3 +0.8 V(1) 

V1HC CLK2 Input HIGH Voltage Vee- o.8 Vee+ 0.3 V(1) 

Vol Output LOW Voltage 

loL = 4mA: A23-A1. D15-Do 0.45 V(1) 

loL = 5mA: BHE, BLE, WIR, 0.45 V(1) 

DIC, M/10, LOCK, 
ADS,HLDA 

VoH Output High Voltage 

loH = -1 mA: A23-A1. D15-Do 2.4 V(1) 

loH = -0.2 mA: Vee- 0.5 V(1) 

A2a-A1. D15-Do 

loH = -0.9 mA: BHE, BLE, WIR, 2.4 V(1) 

DIC, M/iO, LOCK, 
ADS,HLDA 

loH = -0.18 mA: BHE, BLE, WIR, Vee - 0.5 V(1) 

DIC, M/10, LOCK 
ADS,HLDA 

lu Input Leakage Current ±15 µA, OV s V1N s Vcc(1) 
(For All Pins except 
PEREQ, BUSY, FLT and ERROR) 

l1H Input Leakage Current 200 µA, V1H = 2.4V(1, 2) 
(PEREQ Pin) 

l1L Input Leakage Current -400 µA, V1L = 0.45V(3) 
(BUSY and ERROR Pins) 

ILQ Output Leakage Current ±15 µA, 0.45V s Vour s Vcc(1l 

Ice Supply Current 
CLK2 = 32 MHz 275 mA, Ice typ = 175 mA(4) 
CLK2 = 40 MHz 305 mA, Ice typ = 200 mA(4J 

C1N Input Capacitance 10 pF, Fe = 1 MHz(5) 

Gour Output or 1/0 Capacitance 12 pF, Fe = 1 MHz(5) 

CcLK CLK2 Capacitance 20 pF, Fe= 1 MHz(5) 

NOTES: 
1. Tested at the minimum operating frequency of the device. 
2. PEREQ input has an internal pull-down resistor. 
3. BUSY, FLT and ERROR inputs each have an internal pull-up resistor. 
4. Ice max measurement at worse case load, Vee and temperature (O"C). 
5. Not 100% tested. 
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The A.C. specifications given in Table 6.4 consist of 
output delays, input setup requirements and input 
hold requirements. All A.C. specifications are .rela
tive to the CLK2 rising edge crossing the 2.0V level. 

A.C. specification measurement is defined by Figure 
6.1. Inputs must be driven to the voltage levels indi
cated by Figure 6.1 when A.C. specifications are 
measured. 80376 output delays are specified with 
minimum and maximum limits measured as shown. 
The minimum 80376 delay times are hold times pro
vided to external circuitry. 80376 input setup and 
hold times are specified as minimums, defining the 

01 

CLK2[ 
~---<.A,)----""1 

MAX 

smallest acceptable sampling window. Within the 
sampling window, a synchronous input signal must 
be stable for correct 80376 processor operation. 

Outputs NA, W /R, DIC, M/iC>, LOCK, BHE, BCE, 
A2a-A1 and HLDA only change at the beginning of 
phase one. D15-Do (write cycles) only change at the 
~g of phase two. The READY, HOLD, 'BOSY, 
ERROR, PEREQ and D15"."Do (read cycles) inputs 
are sampled at the beginning of phase one. The NA, 
INTR and NMI inputs are sampled at the beginning 
of phase two. 

02 

1.5V ouf:~~Dn+ 1 

OUTl'UTS[ 
(DO-D15) 

INPUTS[ 
(NA,INTR,NMI) 

INPUTS 
(READY,HOLD, .[ 
ERROR,BUSY, 

PEREQ,DO-D15) 

LEGEND: 
A-Maximum Output Delay Spec. 
B--Minimum Output Delay Spec. 
C-Minimum Input Setup Spec. 
D-Minlmum Input Hold Spec. 

----<.A>-----..i 
® 

NOTE 2 MIN MAX 

o~~~n 1.5V 

@ NOTE 1 

@ NOTE 1 

Figure 6.1. Drive Levels and Measurement Points for A.C. Specifications 
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6.4 A.C. Specifications 
Table 6.4. 80376 A.C. Characteristics at 16 MHz 

Functional Operating Range: V cc = 5V ± 10%; T CASE = 0°C to 115°C for 88-pin PGA or 100-pin PQFP 

Symbol Parameter Min Max Unit Figure Notes 

Operating Frequency 4 16 MHz Half CLK2 Freq 

t1 CLK2 Period 31 125 ns 6.3 

t2a CLK2 HIGH Time 9 ns 6.3 At2(3) 

t2b CLK2 HIGH Time 5 ns 6.3 At (Vee - 0.8)V(3) 

t3a CLK2 LOW Time 9 ns 6.3 At 2V(3) 

t3b CLK2 LOW Time 7 ns 6.3 At 0.8V(3) 

t4 CLK2 Fall Time 8 ns 6.3 (Vcc-0.8)V to 0.8V(3) 

ts CLK2 Rise Time 8 ns 6.3 o.0v to (Vcc-0.8)!3l 

ts A23-A1 Valid Delay 4 36 ns 6.5 CL = 120 pF(4) 

t7 A23-A1 Float Delay 4 40 ns 6.6 (1) 

ta BHE, BLE, LOCK 4 36 ns 6.5 CL= 75 pF(4) 
Valid Delay 

tg BHE, BLE, LOCK 4 40 ns 6.6 (1) 

Float Delay 

t10 W/R, M/10, DIC, 6 33 ns 6.5 CL= 75 pF(4) 
ADS Valid Delay 

t11 W/R, MllO, DIC, 6 35 ns 6.6 (1) 

ADS Float Delay 

t12 D1s-Do Write Data 4 40 ns 6.5 CL = 120 pF(4) 
Valid Delay 

t13 D15-Do Write Data 4 35 ns 6.6 (1) 

Float Delay 

t14 HLDA Valid Delay 4 33 ns 6.6 CL= 75 pF(4) 

t15 NA Setup Time 5 ns 6.4 

t15 NA Hold Time 21 ns 6.6 

t10 READY Setup Time 19 ns 6.4 

t2o READY Hold Time 4 ns 6.4 

t21 Setup Time D15-Do Read Data 9 ns 6.4 

t22 Hold Time D15-D0 Read Data 6 ns 6.4 

t23 HOLD Setup Time 26 ns 6.4 

t24 HOLD Hold Time 5 ns 6.4 

t25 RESET Setup Time 13 ns 6.7 

t26 RESET Hold Time 4 ns 6.7 
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Table 6.4. 80376 A.C. Characteristics at 16 MHz (Continued) 
Functional Operating Range: Vee = 5V ± 10%; TcASE = o•c to 115°C for 88-pin PGA or 100-pin PQFP 

Symbol Parameter Min Max Unit Figure Notes 

t27 NMI, INTR Setup Time 16 ns 6.4 (2) 

t28 NMI, INTR Hold Time 16 ns 6.4 (2) 

t29 PEREQ, ERROR, BUSY, FLT 16 ns 6.4 (2) 

Setup Time 

t3o PEREQ, ERROR, BUSY, FLT 5 ns 6.4 (2) 

Hold Time 

NOTES: 
1. Float condition occurs when maximum output current becomes less than ILO in magnitude. Float delay is not 100% 
tested. 
2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, 
tc assure recognition within a specific CLK2 period. 
3. These are not tested. They are guaranteed by design characterization. 
4. Tested with CL set to 50 pf and derated to support the indicated distributed capacitive load. See Figures 6.8 through 6.1 O 
for capacitive derating curves. 
5. The 80376 does not have t11 or t1a timing specifications. 

Table 6.5. 80376 A.C. Characteristics at 20 MHz 
Functional Operating Range: Vee= 5V ±10%; TcASE = o•c to 115°C for 88-pin PGA or 100-pin PQFP 

Symbol Parameter Min Max Unit Figure Notes 

Operating Frequency 4 20 MHz Half CLK2 Frequency 

t1 CLK2 Period 25 125 ns 6.3 

t2a CLK2 HIGH Time 8 ns 6.3 At 2V(3) 

t2b CLK2 HIGH Time 5 ns 6.3 At (Vee - 0.8)V(3) 

l3a CLK2 LOW Time 8 ns 6.3 At2V(3) 

tab CLK2 LOW Time 6 ns 6.3 At 0.8V(3) 

4 CLK2 Fall Time 8 ns 6.3 (Vcc-0.8V) to 0.8V(3) 

15 CLK2 Rise Time 8 ns 6.3 0.8V to (Vcc-0.8)(3) 

ta A23-A1 Valid Delay 4 30 ns 6.5 CL = 120 pF(4) 

t1 A23-A1 Float Delay 4 ns 6.6 (1) 

ta BHE, BLE, LOCK 4 30 ns 6.5 CL= 75pF(4) 
Valid Delay 

tg BHE, BLE, LOCK 4 32 ns 6.6 (1) 

Float Delay 

t10a MllO, DIC 6 28 ns 6.5 CL= 75pF(4) 
Valid Delay 

t10b WIR,ADS 6 26 ns 6.5 CL= 75 pF(4) 
Valid Delay 

t1'1 WIR, MllO, DIC, 6 30 ns 6.6 (1) 

ADS Float Delay 

t12 D15-Do Write Data 4 38 ns 6.5 CL= 120pF 
Valid Delay 

t13 D15-Do Write Data 4 27 ns 6.6 (1) 

Float Delay 
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Table 6.5. 80376 A.C. Characteristics at 20 MHz (Continued) 
Functional Operating Range: Vee= 5V ±10%; TcASE = o·c to 115°C for 88-pin PGA or 100-pin PQFP 

Symbol Parameter Min Max Unit Figure Notes 

t14 HLDA Valid Delay 4 28 ns 6.5 CL= 75 pF(4) 

t15 NA Setup Time 5 ns 6.4 

t15 NA Hold Time 12 ns 6.4 

t10 READY Setup Time 12 ns 6.4 

t2o READY Hold Time 4 ns 6.4 

t21 D15-Do Read Data Setup Time 9 ns 6.4 

t22 D15-Do Read Data Hold Time 6 ns 6.4 

t23 HOLD Setup Time 17 ns 6.4 

t24 HOLD Hold Time 5 ns 6.4 

t25 RESET Setup Time 12 ns 6.7 

t26 RESET Hold Time 4 ns 6.7 

t27 NMI, INTR Setup Time 16 ns 6.4 (2) 

t2a NMI, INTR Hold Time 16 ns 6.4 (2) 

t29 PEREQ, ERROR, BUSY, FLT 14 ns 6.4 (2) 

Setup Time 

t3o PEREQ, ERROR, BUSY, FLT 5 ns 6.4 (2) 

Hold Time 

NOTES: 
1. Float condition occurs when maximum output current becomes less than ILO in magnitude. Float delay is not 100% 
tested. 
2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, 
to assure recognition within a specific CLK2 period. 
3. These are not tested. They are guaranteed by design characterization. 
4. Tested with CL set to 50 pF and derated to support the indicated distributed capacitive load. See Figures 6.8 through 6.10 
for capacitive derating curves. 
5. The 80376 does not have t17 or t15 timing specifications. 

A.C. TEST LOADS A.C. TIMING WAVEFORMS 

80376 
OUTPUT <>--i 

~CL=50pF 

240182-36 

240182-37 

Figure 6.2. A.C. Test Loads Figure 6.3. CLK2 Waveform 
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Figure 6.4. A.C. Timing Waveforms-Input Setup and Hold Timing 
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Figure 6.5. A.C. Timing Waveforms-Output Valid Delay Timing 
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Figure 6.6. A.C. Timing Waveforms-Output Float Delay and HLDA Valld Delay Timing 

-RESET-----INITIALIZATION SEQUENCE----

CLK2 [ 

RESET [ 

240182-41 
The second internal processor phase following RESET high-to-low transition {provided t25 and t2e are met) is «1>2. 

Figure 6.7. A.C. Timing Wave.forms-RESET Setup and Hold Timing, and Internal Phase 

26-67 



intet 376 EMBEDDED PROCESSOR 

nom+6 nom+9 

";;' nom+3 
5 
>-
~ ... nom 
0 

";;' nom+6 
5 
j 
l:l nom+3 

§ 
~ nom-3 ,_ 
::> 
IL ,_ 
::> 
0 nom-6 

0 
::::; 
< > ,_ nom 
::> 
IL ,_ 
::> 
0 

nom-3 

nom-9~~~~~"'-~.....,_~__, 

50 75 100 25 150 
nom-6 100 125 150 

CL (picofarads) CL (picofarads) 

240182-42 240182-43 

Figure 6.8. Typical Output Valid Delay versus 
Load Capacitance at Maximum Operating 

Temperature (CL = 120 pf) 

Figure 6.9. Typical Output Valid Delay versus 
Load Capacitance at Maximum Operating 

Temperature (CL = 75 pf) 
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Figure 6.10. Typical Output Rise 
Time versus Load Capacitance at 
Maximum Operating Temperature 

200 r--1--1--1--1-----:t:::::i~:-'1 200 ! ~ 175 

~ ___..+-------+----
100 t-"""'=-i---+---+----c--l----+----1-------l 

Ice MEASURED AT TYPICAL Vee AND TEMPERATURE 

6 8 10 12 14 

F'REQUENCY (MHz) 

Figure 6.11. Typical Ice vs Frequency 

26-68 

16 20 

240182-45 



infel .. 376 EMBEDDED PROCESSOR 

6.5 Designing for the ICE™-376 
Emulator 

The 376 embedded processor in-circuit emulator 
product is the ICE-376 emulator. Use of the emula
tor requires the target system to provide a socket 
that is compatible with the ICE-376 emulator. The 
80376 offers two different probes for emulating user 
systems: an 88-pin PGA probe and a 100-pin fine 
pitch flat-pack probe. The 100-pin fine pitch flat
pack probe requires a socket, called the 100-pin 
PQFP, which is available from 3-M Textool (part 
number 2-0100-07243-000). The ICE-376 emulator 
probe attaches to the target system via an adapter 
which replaces the 80376 component in the target 
system. Because of the high operating frequency of 
80376 systems and of the ICE-376 emulator, there is 
no buffering between the 80376 emulation proces
sor in the ICE-376 emulator probe and the target 
system. A direct result of the non-buffered intercon
nect is that the ICE-376 emulator shares the ad
dress and data bus with the user's system, and the 
RESET signal is intercepted by the ICE emulator 
hardware. In order for the ICE-376 emulator to be 
functional in the user's system without the Optional 
Isolation Board (OIB) the designer must be aware of 
the following conditions: 

1. The bus controller must only enable data trans
ceivers onto the data bus during valid read cycles 
of the 80376, other local devices or other bus 
masters. 

2. Before another bus master drives the local proc
essor address bus, the other master must gain 
control of the address bus by asserting HOLD and 
receiving the HLDA response. 

3. The emulation processor receives the RESET sig
nal 2 or 4 CLK2 cycles later than an 80376 would, 
and responds to RESET later. Correct phase of 
the response is guaranteed. 

In addition to the above considerations, the ICE-376 
emulator processor module has several electrical 
and mechanical characteristics that should be taken 
into consideration when designing the 80376 sys
tem. 

Capacitive Loading: ICE-376 adds up to 27 pF to 
each 80376 signal. 

Drive Requirements: ICE-376 adds one FAST TIL 
load on the CLK2, control, address, and \;lata lines. 
These loads are within the processor module and 
are driven by the 80376 emulation processor, which 
has standard drive and loading capability listed in 
Tables 6.3 and 6.4. 

Power Requirements: For noise immunity and 
CMOS latch-up protection the ICE-376 emulator 
processor module is powered by the user system. 
The circuitry on the processor module draws up to 
1.4A including the maximum 80376 Ice from the 
user 80376 socket. 

80376 Location and Orientation: The ICE-376 em
ulator processor module may require lateral clear
ance. Figure 6.12 shows the clearance requirements 
of the iMP adapter and Figure 6.13 shows the clear
ance requirements of the 88-pin PGA adapter. The 

i.--------- 17.5" ---------+/ i--3.5" i-""'T"' ____ _, 13.0" 

Dt------~=~-=-~:--~--F_-_L_~~_-=x= __ i_e-_=--L--~~=:--::-::_-__ .J 

----
FLEXIBLE 4.0" 

----
t 

PIN 1 

1------------------ 26.75" ----------------~ 

1.25" 

Figure 6.12. Preliminary ICE™-376 Emulator User Cable with PQFP Adapter 
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b 

FLEX
IBLE 

PIN 1 

rP:::m 
llkJlJ 

240182-50 

Figure 6.13. ICE™-376 Emulator User Cabte with 88-Pin PGA Adapter 

optional isolation board (018), which provides extra 
electrical buffering and has the same lateral clear
ance requirements as Figures 6.12 and 6.13, adds 
an additional 0.5 inches to the vertical clearance re
quirement. This is illustrated in Figure 6.14. 

Optional Isolation Board (018) and the CLK2 
speed reduction: Due to the unbuffered probe de· 
sign, the ICE-376 emulator is susceptible to errors 

on the user's bus. The 018 allows the ICE-376 emu
lator to function in user systems with faults (shorted 
signals, etc.). After electrical verification the 018 
may be removed. When the 018 is installed, the user 
system must have a maximum CLK2 frequency of 20 
MHz. 

i.----------12.75"---------

o ....... _-_-~=~==::-----F=~-:_-~=--X~-I~-B-_=L=~--=::-_-=_-_ __. 

- -=-=--=-=--
FLEXIBLE ----------

t 
PIN 1 

u:a-· ----22.0"------·1 
oc::r ~ 

1.r.6@ cg 
~ ,IFJI, 

240182-51 

Figure 6.14. ICE™-376 Emulator User Cable with OIB and PQFP Adapter 
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7.0 DIFFERENCES BETWEEN THE 
80376 AND THE 80386 

The following are the major differences between the 
80376 and the 80386. 

1. The 80376 generates byte selects on BHE and 
BLE (like the 8086 and 80286 microprocessors) 
to distinguish the upper and lower bytes on its 
16-bit data bus. The 80386 uses four-byte selects, 
BEO-BE3, to distinguish between the different 
bytes on its 32-bit bus. 

2. The 80376 has no bus sizing option. The 80386 
can select between either a 32-bit bus or a 16-bit 
bus by use of the BS16 input. The 80376 has a 
16-bit bus size. 

3. The NA pin operation in the 80376 is identical to 
that of the NA pin on the 80386 with one excep
tion: the NA pin of the 80386 cannot be activated 
on 16-bit bus cycles (where BS16 is LOW in the 
80386 case), whereas NA can be activated on 
any 80376 bus cycle. 

4. The contents of all 80376 registers at reset are 
identical to the contents of the 80386 registers at 
reset, except the DX register. The DX register 
contains a component-stepping identifier at reset, 
i.e. 

in 80386, after reset DH = 03H indicates 80386 
DL = revision number; 

in 80376, after reset DH = 33H indicates 80376 
DL = revision number. 

5. The 80386 uses A31 and M/10 as a select for 
numerics coprocessor. The 80376 uses the 
A23 and M/10 to select its numerics coproces
sor. 

6. The 80386 prefetch unit fetches code in four
byte units. The 80376 prefetch unit reads two 
bytes as one unit (like the 80286 microproces
sor). In BS16 mode, the 80386 takes two con
secutive bus cycles to complete a prefetch re
quest. If there is a data read or write request 
after the prefetch starts, the 80386 will fetch 
all four bytes before addressing the new re
quest. 
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7. The 80376 has no paging mechanism. 

8. The 80376 starts executing code in what corre
sponds to the 80386 protected mode. The 80386 
starts execution in real mode, which is then used 
to enter protected mode. 

9. The 80386 has a virtual-86 mode that allows the 
execution of a real mode 8086 program as a task 
in protected mode. The 80376 has no virtual-86 
mode. 

10. The 80386 maps a 48-bit logical address into a 
32-bit physical address by segmentation and 
paging. The 80376 maps its 48-bit logical ad
dress into a 24-bit physical address by segmen
tation only. 

11. The 80376 uses the 80387SX numerics coproc
essor for floating point operations, while the 
80386 uses the 80387 coprocessor. 

12. The 80386 can execute from 16-bit code seg
ments. The 80376 can only execute from 32-bit 
code Segments. 

13. The 80376 has an input called FLT which three
states all bidirectional and output pins, including 
HLDA, when asserted. It is used with ON Circuit 
Emulation (ONCE). 

8.0 INSTRUCTION SET 

This section describes the 376 embedded processor 
instruction set. Table 8.1 lists all instructions along 
with instruction encoding diagrams and clock 
counts. Further details of the instruction encoding 
are then provided in the following sections, which 
completely describe the encoding structure and the 
definition of all fields occurring within 80376 instruc
tions. 

8.1 80376 Instruction Encoding and 
Clock Count Summary 

To calculate elapsed time for an instruction, multiply 
the instruction clock count, as listed in Table 8.1 be- I 
low, by the processor clock period (e.g. 50 ns for an 
80376 operating at 20 MHz). The actual clock count 
of an 80376 program will average 10% more 
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than the calculated clock count due to instruction 
sequences which execute faster than they can be 
fetched from memory. 

Instruction Clock Count Assumptions: 

1. The instruction has been prefetched, decoded, 
and is ready for execution. 

2. Bus cycles do not require wait states. 

3. There are no local bus HOLD requests delaying 
processor acess to the bus. 

4. No exceptions are detected during instruction ex
ecution. 

5. If an effective address is calculated, it does not 
use two general register components. One regis
ter, scaling and displacement can be used within 
the clock counts showns. However, if the effec
tive address calculation uses two general register 
components, add 1 clock to the clock count 
shown. 

6. Memory reference instruction accesses byte or 
aligned 16-bit operands. 

Instruction Clock Count Notation 

- If two clock counts are given, the smaller refers to 
a register operand and the larger refers to a 
memory operand. 

-n = number of times repeated. 

-m = number of components in the next instruc-
tion executed, where the entire displacement (if 
any) counts as one component, the entire im
mediate data (if any) counts as one component, 
and all other bytes of the instruction and pre
fix(es) each count as one component. 

Misaligned or 32-Bit Operand Accesses: 

- If instructions accesses a misaligned 16-bit oper
and or 32-bit operand on even address add: 

2* clocks for read or write. 

4 * • clocks for read and write. 

- If instructions accesses a 32-bit operand on odd 
address add: 

4 • clocks for read or write. 

a•• clocks for read and write. 

Wait States: 

Wait states add 1 clock per wait state to instruction 
execution for each data access. 
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Table 8.1. 80376 Instruction Set Clock Count Summary 

Clock Number 
Instruction Format of Dllta Nola Counts Cycles 

GENERAL DATA TRANSFER 
MOY= Move: 

Register to Register/Memory 1000100w mod reg rim I 2/2' 0/1' a 

Register/Memory to Register 1000101w mod reg rim I 2/4' 0/1' a 

Immediate to Register/Memory 1100011 w modOOO rim I immediate data 212• 0/1' a 

Immediate to Register (Short Form) 1011 w reg Immediate data 2 2 

Memory to Accumulator (Short Form) 1010000w full displacement 4' 1' a 

Accumulator to Memory (Short Form) 1010001w full displacement 2' 1' a 

Register/Memory to Segment Register I 10001110 modsreg3 rim I 22/23' 016' a,b,c 

Segment Register to Register/Memory I 10001100 modsreg3 rim I 2/2' 0/1' a 

MOVSX = Move with Sign Extension 

Register from Register/Memory I 00001111 I 101111 lw I mod reg rim I 3/6' 0/1' a 

MOVZX = Move with Zaro Extension 

Register from Register/Memory 00001111 1011011 w I mod reg r/ml 3/6' 0/1' a 

PUSH = Push: 

Register/Memory 11111111 mod11 O rim I 719' 2/4' a 

Register (Short Form) 01010 reg 4 2 a 

Segment Register (ES, CS, SS or OS) ooosreg211 o 4 2 a 
Segment Register (FS or GS) 

00001111 1 Osreg3000 I 4 2 a 

Immediate 01101090 immediata data 4 2 a 

PUSHA = Push All 01100000 34 16 a 

POP= Pop 

Register/Memory I 10001111 modOOO r/m'I 719' 2/4' a 

Register (Short Form) 101011 reg 6 2 a 

Segment Register (ES, SS or OS) I ooosreg2111 25 6 a,b,c 

Segment Register (FS or GS) I 00001111 1Osreg3001 I 25 6 a,b,c 

POPA = Pop All. I 01100001 40 16 a 

XCHG = Exchange 

Register/Memory with Register I 1000011w I mod reg rtmj 3/5 .. 012•• a,m 

Register with Accumulator (Short Form) 110010 reg I 3 0 

IN = Input from: 

Fixed Port I 111001 Ow I port number I 6' 1' f,k 

26' 1• f,I 

Variable Pert I 111011 Ow I 7• 1• f,k 

27• 1' f,I 

OUT = Output to: 

Fixed Port I 1110011w I port number I 4' 1' f,k 

24• 1' f,I 

Variable Port I 111011 lw I 5• 1' f,k 

26' 1• f,I 

LEA = Load EA to R..-r I 10001101 I mod reg r/mj 2 

26-73 



376 EMBEDDED PROCESSOR 

Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 

Clock Number 
Instruction Format Counts of Data Notes 

Cycles 

SEGMENT CONTROL 

LDS = Load Pointer to DS 11000101 mod reg rim 26' 6' a,b,c 

LES = Load Pointer to ES 11000100 mod reg rim 26' 6' a, b,c 

LFS = Load Pointer to FS 00001111 10110100 mod reg rtml 29' 6' a, b,c 

LGS = Load Pointer to GS 00001111 10110101 mod reg r/ml 29' 6' a, b,c 

LSS = Load Pointer to SS 00001111 10110010 mod reg rim I 26' 6' a, b,c 

FLAG CONTROL 

CLC = Clear carry Flag I 11111000 2 

CLD = Clear Direction Aag I 11111100 2 

CLI = Clear Interrupt Enable Aag I 11111010 B f 

CL TS = Clear Task Switched Flag I 00001111 00000110 I 5 e 

CMC = Complement Carry Flag I 11110101 2 

LAHF = Load AH Into Aag I 10011111 2 

POPF = Pop Aags I 10011101 7 a,g 

PUSHF = Push Flags I 10011100 4 a 

SAHF = Store AH Into Flags I 10011110 3 

STC = Set Carry Flag I 11111001 2 

STD = Set Direction Aag I 11111101 2 

STI = Set Interrupt Enable Flag I 11111011 B f 

ARITHMETIC 
ADD= Add 

Register to Register I OOOOOOdw mod reg rim I 2 

Register to Memory I ooooooow mod reg rim I 7" 2" a 

Memory to Register I 0000001w mod reg rtml 6' 1' a 

Immediate to Register /Memory I 100000sw modOOO rtml immediate data 217 .. 012 .. a 

Immediate to Accumulator (Short Form) I 0000010w immediate data 2 

ADC = Add with Carry 

Register to Register I 000100dw mod reg rim I 2 

Register to Memory I 0001000w mod reg rim I 7" 2" a 

Memory to Register I 0001001w mod reg rtml 6' 1• a 

Immediate to Register /Memory I 100000sw modO 1 O r/ml immediate data 217" 012" a 

Immediate to Accumulator (Short Form) I 0001010w immediate data 2 

INC = Increment 

Register/Memory I 1111111w I modOOO r/ml 2/6" 012 .. a 

Register (Short Form) 101000 reg I 2 
' 

SUB = Subtract 

Register from Register I 001010dw I mod reg r/ml 2 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 

Clock 
Number 

Instruction Format Counts 
Of Data Notes 
Cycles 

ARITHMETIC (Continued) 

Register from Memory I 00101 OOw I mod reg r/ml 7" 2•• a 

Memory from Register I 0010101w lmodreg rtm) s• 1 a 

Immediate from Register/Memory I 100000sw lmod101 r/ml immediate data 217" 0/1" a 

Immediate from Accumulator (Short Form) I 001011ow) immediate data 2 

SBB ~ Subtract with Borrow 

Register from Register 00011 Odw I mod reg rtm) 2 

Register from Memory ooo 11 OOw I mod reg rtm) 7" 2" a 

Memory from Register 0001101 w I mod reg rtm) s• 1• a 

Immediate from Register/Memory 1 OOOOOsw lmod011 rim) immediate data 217" 012" a 

Immediate from Accumulator (Short Form) 000111ow) immediate data 2 

DEC ~ Decrement 

Register/Memory I 1111111w lreg001 r/ml 216" 012•• a 

Register (Short Form) )o 1oo1 reg) 2 

CMP ~ Compare 

Register with Register 00111 Odw I mod reg rtm) 2 

Memory with Register 00111 OOw lmodreg rim\ 5• 1• a 

Register with Memory ·0011101 w jmodreg r/ml 6" 2" a 

Immediate with Register/Memory 100000sw lmod111 r Im I immediate data 215• 011• a 

Immediate with Accumulator (Short Form) 001111 Ow) immediate data 2 

NEG ~ Change Sign 1111011w lmod011 rtm) 2/6• 012• a 

AAA ~ ASCII Adjustfor Add I oo 11o111 I 4 

AAS ~ ASCII Adjust for Subtract [ 00111111] 4 

DAA ~ Decimal Adjust for Add [00100111] 4 

DAS ~ Decimal Adjust for Subtract I 00101111 I 4 

MUL ~ Multiply (Unsigned) 

Accumulator with Register/Memory I 1111O11 w I mod 100 rtm) 
Multiplier-Byte 12-17/15-20 0/1 a,n 

-Word 12-25/15-28. 011• a,n 

-Doubleword 12-41/17-46. 012• a,n 

IMUL ~ Integer Multiply (Signed) 

Accumulator with Register/Memory I 1111O11 w I mod 1O1 rtm) 
Multiplier-Byte 12-17/15-20 0/1 a,n 

-Word 12-25/15-28. 0/1" a,n 

-Doubleword 12-41/17-46. 012• a,n 

Register with Register/Memory I 00001111 I 10101111 I mod reg r/mj 

Multiplier-Byte 12-17/15-20 0/1 a,n 

-Word 12-25/15-28. 011• a,n 

-Doubleword 12-41/17-46• 012• a,n 

Register/Memory with Immediate to Register I 01101Os1 I mod reg r/ml immediate data 

-Word 13-26/14-27" 0/1" a,n 

-Doubleword 13-42/16-45. 012• a,n 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 

Clock Number 
Instruction Format Counts Of Data Notes 

Cycles 

ARITHMETIC (Continued) 
DIV = Divide (Unsigned) 

Accumulator by Register/Memory I 1111o11 w jmod 11 o r/ml 

Divisor-Byte 14/17 0/1 a,o 
-Word 22125' 0/1' a,o 
-Ooubleword 38/43' 012' a,o 

IDIV = Integer Divide (Signed) 

Accumulator by Register /Memory I 1111011w jmod111 rtml 

Divisor-Byte 19/22 0/1 a,o 
-Word 27/30' 0/1 a,o 
-Ooubleword 43/48' 012' a,o 

AAD = ASCII Adjusllor Divide I 11010101 loooo101ol 19 

AAM = ASCII Adjust for Multiply I 11010100 I 00001010 I 17 

CBW = Convert Byte to Word I 100110001 3 

CWD = Convert Word to Double Word I 10011001 I 2 

LOGIC 

Shift Rotate Instructions 
Not Through Carry (ROL, ROR, SAL, SAR, SHL, and SHR) 

Register /Memory by 1 j 1101ooow jmodTTT rtml air• 012** a 

Register/Memory by CL ! 1101001w jmodTTT r/ml 317•• 0/2** a 

Register/Memory by Immediate Count I 11 OOOOOw lmodTTT r/mlimmed 8-bit data 3/7" 012 .. a 

Through Carry (RCL and RCR) 

Register/Memory by 1 I 11o1 ooow jmodTTT r/ml 9/10** 012•• a 

Register/Memory by CL I 1101001 w lmodTTT r/ml 9/10" 10/2 .. a 

Register/Memory by Immediate Count I 11 ooooow lmodTTT. r/mlimmed 8-bit data 9/10 .. 012** a 

TTT Instruction 
000 AOL 
001 ROR 
010 RCL 
011 RCR 
100 SHL/SAL 
101 SHR 
111 SAR 

SHLD = Shift Left Double 

Register/Memory by Immediate I 00001111 I 10100100 I mod reg r /ml immed 8-bit data 3/7 .. 012" 

Register /Memory by CL I 00001111 I 10100101 jmodreg rtml - 3/7" 012•• 

SHRD = Shift Right Double 

Register/Memory by Immediate I 00001111 I 10101100 lmodreg r/mlimmed 8-bitdata 317** 0/2" 

Register /Memory by CL I 00001111 I 10101101 lmodreg r/ml 3/7" 012 .. 

AND= And 

Register to Register I 001 OOOdw lmodreg r/ml 2 
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a e T bl 8 1 80376 I ns ruction e oc S tCI kC ount s ummll!} (C ontmue d) 

Clock Number 
Instruction Format 

Counts of Data Notes 
Cycles 

LOGIC (Continued) 

Register to Memory I 0010000w I mod reg r/ml 7" 2" a 

Memory to Register I 0010001w Jmodreg r/ml 6' 1' a 

Immediate to Register/Memory I 1 OOOOOOw Jmod 1 00 r/ml immediate data 217" 0/2 .... a 

Immediate to Accumulator (Short Form) I 0010O1 Ow I immediate data 2 

TEST = And Function to Flags, No Result 

Register/Memory and Register I 1000010w I mod reg r/ml 2/5' 0/1' a 

Immediate Data and Register/Memory I 1111011 w lmodOOO r/ml immediate data 215' 0/1' a 

Immediate Data and Accumulator 
(Short Form) I 1O1O1 OOw J immediate data 2 

OR~ Or 

Register to Register I 00001 Odw Jmodreg rtmj 2 

Register to Memory I 00001 OOw Jmodreg rtmj 7" 2" a 

Memory to Register I 0000101w Jmodreg rtmj 6' 1• a 

Immediate to Register/Memory I 1000000w Jmod001 r/ml imm.ediatedata 217 .. 012" a 

Immediate to Accumulator (Short Form) I O 00011 Ow j immediate data 2 

XOR ~ Exclusive Or 

Register to Register I 0011 OOdw Jmodreg rtmj 2 

Register to Memory 0011 OOOw Jmodreg r/ml 7" 2 .. a 

Memory to Register 0011001w Jmodreg r/ml 6' 1' a 

Immediate to Register/Memory 1 OOOOOOw Jmod11 O r/ml immediate data 217*"' 012-- a 

Immediate to Accumulator (Short Form) O O 1 1 O 1 O w I immediate data 2 

NOT ~ Invert Register/Memory 1111011w lmod010 r/ml 2/6" 0/2*" a 

STRING MANIPULATION 

CMPS ~ Compare Byte Word I 101 0011 w 10• 2• a 

I 9" 1" a,f,k 
INS ~ Input Byte/Word from DX Port 011011 ow 

29•• 1" a,f,I 

LOOS ~ Load Byte/Word to AL/ AX/EAX I 101011 Ow 5• 1' a 

MOVS ~ Move Byte Word I 1010010w 7" 2" a 

OUTS ~ Output Byte/Word to DX Port I 8" 1" a,f,k 
0110111 w 

28" 1" a,f,I 

SCAS ~ Scan Byte Word I 1010111 w 7' 1• a 

STOS ~ Store Byte/Word from 

AL/AX/EX I 10101o1 w I 4• 1' a 

XLA T ~ Translate String I 11010111 I 5• 1' a 

REPEATED STRING MANIPULATION 
Repeated by Count in CX or ECX 

REPE CMPS ~ Compare String 

(Find Non-Match) I 11110011 I 1o10011 w I 5 + sn•• 2n .. a 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 

Clock 
Number 

Instruction Format Counts 
of Data Notes 
Cycles 

REPEATED STRING MANIPULATION (Continued) 

REPNE CMPS = Compare Siring 

(Find Match) 11110010 I 1010011 w I 5 + 9n .. 2n .. a 

REP INS = Input String 11110011 I 011O11 Ow j 7 + sn• 1n' a,f,k 

27 + sn• 1n' a,f,I 

REP LODS = Load String 11110011 I 101O11 Ow j 5 +en• 1n' a 

REP MOVS = Move String 11110011 I 101001ow I 7 + 4n .. 2n .. a 

REP OUTS = Output String I o 11o111 w I 6 + 5n' 1n' a,f,k 
11110011 

26 + 5n' 1n' a,f,I 

REPE SCAS = Scan String 

(Find Non-ALI AXIEAX) I 11110011 I 1o1o111 w I 5 +an• 1n' a 

REPNE SCAS = Scan String 

(Find ALI AXIEAX) I 11110010 I 1o1o111 w I 5 +en• 1n' a 

REP STOS = Store String I 11110011 I 1010101w I 5 + sn• 1n' a 

BIT MANIPULATION 

BSF = Scan Bit Forward I 00001111 I 10111100 Jmodreg r/ml 10 + 3n .. 2n•• a 

BSA '" Scan Bit Reverse I 00001111 I 10111101 I mod reg r/ml 10 + 3n .. 2n .. a 

BT~ Teat Bit 

RegisterlMemory, Immediate Loooo1111l 1011101olmod100 r/mlimmed 8-bit daraj 3/6' 0/1' a 

Register/Memory, Register I 00001111 I 10100011 I mod reg r/ml 3/12' 0/1' a 

BTC = TestBltandComplement 

Register/Memory, Immediate [00001111l 10111010lmod111 r/mlimmed 8-bit dataj 618' 012' a 

Register/Memory, Register I 00001111 J 10111011·Jmodreg r/ml 6/13' 012' a 

BTR = Test Bit and Reset 

Register/Memory, Immediate (00001111l 10111010}mod110 r/m}immed 8-bit dataj 618' 012' a 

Register /Memory, Register I 00001111 I 10110011 Jmodreg rim! 6/13' 012' a 

BTS = Teat Bit and Set 

Register/Memory, Immediate I 00001111 I 1011101 0 Jmod101 rim I immed 8-bit data J 618' 012' a 

Register/Memory, Register I 00001111 I 10101011 I mod reg r/ml 6/13' 012• a 

CONTROL TRANSFER 

CALL= Call 

Direct within Segment I 11101000 I full displacement 9 + m• 2 j 

Register/Memory 

Indirect within Segment I 11 111 111 Jmod010 r/ml 9 + m/12 + m 2/3 a,j 

Direct Jntersegment I 10011010 I unsigned full offset, selector 42 + m 9 c,d,j 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 

Clock Number 
Instruction Format 

Counts 
of Data Notes 
Cycles 

CONTROL TRANSFER (Continued) 
(Direct lntersegment) 

Via Call Gate to Same Privilege Level 64 + m 13 a,c,d,j 
Via Call Gate to Different Privilege Level, 

(No Parameters) 98 + m 13 a,c,d,j 
Via Call Gate to Different Privilege Level, 

(x Parameters) 106 +ex+ m 13 + 4x a,c,d,j 

From 386 Task to 386 TSS 392 124 a,c,d,j 

Indirect lntersegment I 11111111 lmod011 rtmj 46 + m 10 a,c,d,j 

Via Call Gate to Same Privilege Level 68 + m 14 a,c,d,j 
Via Call Gate to Different Privilege Level, 

(No Parame1ers) 102 + m 14 a,c,d,j 

Via Call Gate to Different Privilege Level, 

(x Parameters) 110+8x+m 14 + 4x a,c,d,j 

From 386Task10 386 TSS 399 130 a,c,d,j 

JMP ~ Uncondltlonal Jump 

Short I 11101011 I s-bit displacement J 7 + m j 

Direct within Segment I 11101001 j full displacement 7 + m i 

Register/Memory Indirect within Segment I 11111111 jmod 100 rtmj 9 + m/14 + m 2/4 a,j 

Direct lntersegment I 11101010 I unsigned full offset, selector 37 + m 5 c,d,j 

Via Call Gate to Same Privilege Level 53 + m 9 a,c,d,j 

From 386 Task to 386 TSS 395 124 a,c,d,j 

Indirect lntersegment I 11111111 jmod101 rtmj 37 + m 9 a,c,d,j 

Via Call Gate to Same Privilege Level 59 + m 13 a,c,d,j 

From 386 Task to 386 TSS 401 124 a,c,d,j 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 

Clock Number 
Instruction Format Counts of Data Notes 

Cycles 

CONTROL TRANSFER (Continued) 
RET ~ Return from CALL: 

Within Segment I 11000011 I 12 + m 2 a,j,p 

Within Segment Adding Immediate to SP I 11000010 I 16-bit displ I 12 + m 2 a,j,p 

lntersegment I 11001011 I 36 + m 4 a,c,d,j,p 

lntersegment Adding Immediate to SP I 11001010 I 16-bit displ I 36 + m 4 a,c,d,j,p 

to Different Privilege Level 

lntersegment 80 4 c,d,j,p 
lntersegment Adding Immediate to SP 80 4 c,d,j,p 

CONDITIONAL JUMPS 

NOTE: Times Are Jump "Taken or Not Taken" 

JO ~ . Jump on Overflow 

8-Bit Displacement I 01110000 I 8-bitdispl I 7+mor3 i 

Full Displacement I 00001111 I 10000000 J full displacement 7 + mor3 j 

JNO ~ Jump on Not Overflow 

8-Bit Displacement I 01110001 I 8-bit displ I 7 + mor3 i 

Full Displacement I 00001111 I 10000001 I full displacement 7 + m,or3 j 

JB/JNAE ~ Jump on Below/Not Above or Equal 

8-Bit Displacement 1_011100101 8-bitdispl J 7 + mor3 j 

Full Displacement [ 00 O O 1 111 l 100Ooo1 OJ full displacement 7 + mor3 j 

JNB/JAE ~ JumponNotBelow/AboveorEqual 

8-Bit Displacement I 01110011 I 8-bitdispl I 7+mor3 j 

Full Displacement I 00001111 I 10000011 I full displacement 7 + m or3 j 

JE/ JZ ~ Jump on Equal/Zero 

8-Bit Displacement I 01110100 I 8-bitdispl I 7+mor3 j 

Full Displacement I 00001111 I 10000100 I full displacement 7 + mor3 j 

JNE/JNZ ~ Jump on Not Equal/Not Zero 

8-Bit Displacement I 01110101 I 8-bitdispl I 7+mor3 j 

Full Displacement I 00001111 I 10000101 I full displacement 7+mor3 i 

JBE/JNA ~ Jump on Below or Equal/Not Above 

8-Bit Displacement I 01110110 I 8-bitdispl I 7 + mor3 i 

Full Displacement I 00001111 I 10000110 I full displacement 7+mor3 i 

JNBE/ JA = Jump on Not Below or Equal/ Above 

8-Bit Displacement I 01110111 I 8-bitdispl I 7+mor3 i 

Full Displacement I 00001111 I 10000111 I full displacement 7+mor3 i 
JS ~ Jump on Sign 

8-Bit Displacement I 01111000 I 8-bltdispl I 7 + mor3 j 

Full Displacement I 00001111 I 10001000 I full displacement 7+mor3 j 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 

Clock Number 
Instruction Format 

Counts 
of Data Notes 
Cycles 

CONDITIONAL JUMPS (Continued) 

JNS = Jump on Not Sign 

8-Bit Displacement I o 1111oo1 I 8-bit displ I 7+mor3 j 

Full Displacement I 00001111 I 10001001 I full displacement 7+mor3 j 

JP/JPE = Jump on Parity/Parity Even 

8-Bit Displacement I o 1111o1 o I 8-bit displ I 7+mor3 j 

Full Displacement I 00001111 I 10001010 I full displacement 7 + mor3 j 

JNP I JPO = .Jump on Not Parity /Parity Odd 

8-Bit Displacement I o 1111o11 I 8-bit displ I 7+"1or3 j 

Full Displacement I 00001111 I 1ooo1o11 \ full displacement 7+mor3 i 

JL/ JNGE = Jump on Less/Not Greater or Equal 

8-Bit Displacement I o 11111 oo I 8-bit displ I 7 + mor3 j 

Full Displacement I 00001111 I 10001100 I full displacement 7 + mor3 j 

JNL/JGE = Jump on Not Less/Greater or Equal 

8-Bit Displacement I 01111101 I 8-bitdispl I 7+mor3 j 

Full Displacement I 00001111 I 10001101 I full displacement 7+mor3 j 

JLE/ JNG = Jump on Less or Equal/Not Greater 

8-Bit Displacement I 01 {1111 o I 8-bitdispl I 7 + mor3 j 

Full Displacement I 00001111 I 10001110 j full displacement 7 + mor3 j 

JNLE/ JG = Jump on Not Less or Equal/Greater 

8-Bit Displacement I 01111111 I 8-bitdispl I 7+mor3 j 

Full Displacement I 00001111 I 10001111 I full displacement 7 + mor3 j 

JECXZ = Jump on ECX Zero I 11100011 I 8-bitdispl I 9 + mor5 j 

(Address Size Prefix Differentiates JCXZ from JECXZ) 

LOOP = Loop ECX Times I 1110001 0 I 8-bitdispl I 11 + m i 

LOOPZ/LOOPE = Loop with 
Zero/Equal I 11100001 I 8-bitdispl I 11 + m i 

LOOPNZ/LOOPNE = Loop While 
Not Zero I 11100000 I 8-bitdispl I 11 + m j 

CONDITIONAL BYTE SET 
NOTE: Times Are Register/Memory 

SETO ~ Set Byte on Overflow 

To Register /Memory I 00001111 I 10010000 I modOOO rim I 415• 011• a 

SETNO = Set Byte on Not Overflow 

To Register/Memory I 00001111 I 10010001 lmodOOO rim I 4/5' 0/1' a 

SETB/SETNAE = Set Byte on Below/Not Above or Equal 

To Register/Memory j 00001111 I 10010010 lmodOOO rim I 415• 0/1' a 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 

Clock Number 
Instruction Format Counts of Data Notes 

Cycles 

CONDITIONAL BYTE SET (Continued) 

SETNB = Set Byte on Not Below/ Above or Equal 

To Register/Memory I 00001111 I 10010011 I modOOO rim I 415" 0/1" a 

SETE/SETZ = Set Byte on Equal/Zero 

To Register/Memory I 00001111 I 10010100 I modOOO rim I 4/5* 011• a 

SETNE/SETNZ = Set Byte on Not Equal/Not Zero 

To Register/Memory I 00001111 I 10010101 I modOOO rim I 4/5" 011• a 

SETBE/SETNA = Set Byte on Below or Equal/Not Above 

To Register/Memory I 00001111 I 10010110 I modOOO rim I 4/5' 011• a 

SETNBE/SET A = Set Byte on Not Below or Equal/ Above 

To Register/Memory I 00001111 I 10010111 I modOOO rim I 415" 011• a 

SETS = Set Byte on Sign 

To Register /Memory I 00001111 I 10011000 I modOOO rim I 4/5' 0/1' a 

SETNS = Set Byte on Not Sign 

To Register/Memory I 00001111 I 10011001 I modOOO rim I 4/5' 011• a 

SETP/SETPE = Set Byte on Parity/Parity Even 

To Register /Memory I 00001111 I 10011010 I modOOO rim I 4/5* 0/1" a 

SETNP/SETPO = Set Byte on Not Parity/Parity Odd 

To Register/Memory I 00001111 I 10011011 I modOOO rim I 4/5' 0/1' a 

SETUSETNGE = Set Byte on Lesa/Not Greater or Equal 

To Register/Memory I 0 0 0 0 1111 I 10011100 I modOOO rim I 4/5' 011• a 

SETNUSETGE = Set Byte on Not Lesa/Greater or Equal 

To Register/Memory I 00001111 I 01111101 I modOOO rim I 415" 011• a 

SETLE/SETNG = Set Byte on L- or Equal/Not Greater 

To Register/Memory I 00001111 I 10011110 I modOOO rim I 4/5" 0/1' a 

SETNLE/SETG = Set Byte on Not Lesa or Equal/Greater 

To Register /Memory I 00001111 I 10011111 I modooo rim I 4/5" 0/1' a 

ENTER = Enter Procedure [ 1 1 O O 1 O 0 O I 16-bit displacement, 8-bit level J 
L=O 10 a 
L=1 14 1 a 
L>1 17 +8(n - 1) 4(n -1) a 

LEAVE = Leave Procadure I 11001001 I 6 a 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 

Clock Number 
Instruction Format of o.ta Notea 

Counla 
~ ... 

INTERRUPT INSTRUCTIONS 

INT = Interrupt: 

Type Specified I 11001101 I type I 
Via Interrupt or Trap Gate 

to Same Privilege Level 71 14 c,d,j,p 
Via Interrupt or Trap Gate 

to Different Privilege Level 111 14 c,d,j,p 

From 386 Task to 386 TSS via Task Gate 467 140 c,d,j,p 

Type3 I 11001100 I 
Via Interrupt or Trap Gate 

to Same Privilege Level 71 14 c,d,j,p 

Via Interrupt or Trap Gate 
to Different Privilege Level 111 14 c,d,j,p 

From 386 Task to 386 TSS via Task Gate 308 138 c,d,j,p 

INTO = Interrupt 411 Overflow Flag Set J 1100111 0 I 
lfOF= 1: 3 
llOF = 0 

Via Interrupt or Trap Gate 
to Same Privilege Level 71 14 c,d,j,p 

Via Interrupt or Trap Gate 
to Different Privilege Level 111 14 c,d,j,p 

From 386 Task to 386 TSS via Task Gate 413 138 c,d,j,p 

m 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 

Clock Number 
lrlstructlorl Format 

Counts 
Of Data Notes 
Cycles 

INTERRUPT INSTRUCTIONS (Continued) 

Bound ~ Out of Range I 01100010 I mod reg rim I 
Interrupt 5 If Detect Value 

If In Range 10 0 a,c,d,j,o,p 

if Out of Range: 
Via Interrupt or Trap Gate 

to Same Privilege Level 71 14 c,d,j,p 

Via Interrupt or Trap Gate' 
to Different Privilege Level 111 14 c,d,j,p 

From 386 Task to 386 TSS via Task Gate 398 138 c,d,j,p 

INTERRUPT RETURN 

IRET = Interrupt Return I 11001111 I 
To the Same Privilege Level (within Task) 42 5 a,c,d,j,p 

To Different Privilege Level (within Task) 86 5 a,c,d,j,p 

From 386 Task to 386 TSS 328 138 c,d,j,p 

PROCESSOR CONTROL 

HLT =HALT I 111101 00 I 5 b 

MOV = Move to and from Control/Debug/Test Registers 

CRO from register I 00001111 I 00100010 11 eeereg I 10 b 

Register from CRO I 00001111 I 00100000 11 eee reg I 6 b 

DR0-3 from Register I 00001111 I 00100011 11 eeereg I 22 b 

DR6-7 from Register I 00001111 I 00100011 11 eeereg I 16 b 

Register from DR6-7 I 00001111 I 00100001 11 eee reg I 14 b 

Register from DR0-3 I 00001111 I 00100001 1 feee reg I 22 b 

NOP = No Operation I 10010000 I 3 

WAIT~Walt until BUSY Pin Is Negated I 10011011 I 6 

26-84 



376 EMBEDDED PROCESSOR 

Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 

Clock Number 
Instruction Format 

Counts of Data Notes 
Cycles 

PROCESSOR EXTENSION INSTRUCTIONS 

Processor Extension Escape I 11011 TTT lmodLLL rim\ See 80387SX Data Sheet a 

ITT and LLL bits are opcode 
information for coprocessor. 

PREFIX BYTES 

Address Size Prefix I 01100111 I 0 

LOCK ~ Bus Lock Prefix I 1111 0000 I 0 f 

Operand Size Prefix [01100110 I 0 

Segment Override Prefix 

CS: I 0010111 0 0 

OS: I 0011111 0 0 

ES: I 00100110 0 

FS: I 01100100 0 

GS: I 01100101 0 

SS: I 0011011 0 0 

PROTECTION CONTROL 

ARPL ~ Adjust Requested Privilege Level 

From Register/Memory I 01100011 I mod reg rim I 20121 .. 2·· a 

LAR ~ Load Access Rights 

From Register/Memory I 00001111 I 00000010 I mod reg rim j 17118" 1" a,c,i,p 

LGOT ~ Load Global Descriptor 

Table Register I 00001111 I 00000001 lmod010 rim I 13 .... 3• a,e 

LIDT~ Load Interrupt Descriptor 

Table Register I 00001111 I 00000001 I mod011 rim I 13•• 3' a,e 

LLDT ~ Load Local Descriptor 

Table Register to 
Register/Memory I 00001111 I 00000000 jmod010 rim I 24128' 5' a,c,e,p 

LMSW =Load Machine Status Word 

From Register/Memory I 00001111 I 00000001 I mod 11 O rim I 10113' 1' a,e 

LSL ~ Load Segment Limit 

From Register/Memory I 00001111 I 00000011 J mod reg rim I 
Byte-Granular Limit 24127' 2' a,c,i,p 
Page-Granular Limit 29132' 2' a,c,i,p m 

LTR ~ Load Task Register 

From Register /Memory I 00001111 I 00000000 I modOO 1 rim I 27131' 4• a,c,e,p 

SGDT ~ Store Global Descriptor 

Table Register I 00001111 I 00000001 I modOOO rim I 11' 3• a 

SIDT ~ Store Interrupt Descriptor 

Table Register I 00001111 I 00000001 I mod001 rim I 11• 3• a 

SLOT ~ Store Local Descriptor Table Register 

To Register/Memory I 00001111 I 00000000 I modOOO rim I 212' 4• a 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 

Clock Number 
Instruction Format Counts of Data Notes 

Cycles 

PROTECTION CONTROL (Continued) 

SMSW = Store Machine 
Status Word I 00001111 I 00000001 lmod100 rim I 212' 1' a,c 

STR = Store Task Register 

To Register/Memory I 00001111 I 00000000 I modOO 1 rim I 212' 1' a 

VERR = Verify Read Accesss 

Register /Memory I 00001111 I 00000000 lmod100 rim I 10/11 .. 2 .. a,c,i,p 

VERW = Verify Write Accesss I 00001111 I 00000000 I mod 1O1 rim I 15/16" 2" a,c,i,p 

NOTES: 
a. Exception 13 fault (general violation) will occur if the memory operand in CS, DS, ES, FS or GS cannot be used due to 
either a segment limit violation or access rights violation. If a stack limit is violated, and exception 12 (stack segment limit 
violation or not present) occurs. 
b. For segment load operations, the CPL, RPL and DPL must agree with the privilege rules to avoid an exception 13 fault 
(general protection violation). The segments's descriptor must indicate "present" or exception 11 (CS, DS, ES, FS, GS not 
present). If the SS register is loaded and a stack segment not present is detected, an exception 12 (stack segment limit 
violation or not present occurs). 
c. All segment descriptor accesses in the GOT or LDT made by this instruction will automatically assert LOCK to maintain 
descriptor integrity in multiprocessor systems. 
d. JMP, CALL, INT, RET and IRET instructions referring to another code segment will cause an exception 13 (general 
protection violation) if an applicable privilege rule is volated. 
e. An exception 13 fault occurs if CPL is greater than 0. 
f. An exception 13 fault occurs if CPL is greater than IOPL. 
g. The IF bit of the flag register is not updated if CPL is greater than IOPL. The IOPL field of the flag register is updated only 
if CPL= 0. 
h. Any violation of privelege rules as applied to the selector operand does not cause a protection exception; rather, the zero 
flag is cleared. 
i. If the coprocessor's memory operand violates a segment limit or segment access rights, an exception 13 fault (general 
protection exception) will occur before the ESC instruction is executed. An exception 12 fault (stack segment limit violation 
or no present) will occur if the stack limit is violated by the operand's starting address. 
j. The destination of a JMP, CALL, INT, RET or IRET must be in the defined limit of a code segment or an exception 13 fault 
(general protection violation) will occur. 
k. If CPL ,,;: IOPL 
I. If CPL > IOPL 
m. LOCK is automatically asserted, regardless of the presence or absence of the LOCK prefix. 
n. The 80376 uses an early-out multiply algorithm. The actual number of clocks depends on the position of the most signifi
cant bit in the operand (multiplier). Clock counts given are minimum to maximum. To calculate actual clocks use the follow
ing formula: 

Actual Clock = if m < > O then max ([log2 !mil. 3) + 9 clocks: 
if m = 0 then 12 clocks (where m is the multiplier) 

o. An exception may occur, depending on the value of the operand. 
p. LOCK is asserted during descriptor table accesses. 
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8.2 INSTRUCTION ENCODING 

Overview 

All instruction encodings are subsets of the general 
instruction format shown in Figure 8.1. Instructions 
consist of one or two primary opcode bytes, possibly 
an address specifier consisting of the "mod rim" 
byte and "scaled index" byte, a displacement if re
quired, and an immediate data field if required. 

Within the primary opcode or opcodes, smaller en
coding fields may be defined. These fields vary ac
cording to the class of operation. The fields define 
such information as direction of the operation, size 
of the displacements, register encoding, or sign ex
tension. 

Almost all instructions referring to an operand in 
memory have an addressing mode byte following 
the primary opcode byte(s). This byte, the mod rim 
byte, specifies the address mode to be used. Certain 

encodings of the mod rim byte indicate a second 
addressing byte, the scale-index-base byte, follows 
the mod rim byte to fully specify the addressing 
mode. 

Addressing modes can include a displacement im
mediately following the mod rim byte, or scaled in
dex byte. If a displacement is present, the possible 
sizes are 8, 16 or 32 bits. 

If the instruction specifies an immediate operand, 
the immediate operand follows any displacement 
bytes. The immediate operand, if specified, is always 
the last field of the instruction. 

Figure 8.1 illustrates several of the fields that can 
appear in an instruction, such as the mod field and 
the rim field, but the Figure does not show all fields. 
Several smaller fields also appear in certain instruc
tions, sometimes within the opcode bytes them
selves. Table 8.2 is a complete list of all fields ap
pearing in the 80376 instruction set. Further ahead, 
following Table 8.2, are detailed tables for each 
field. 

ITTTTT TTTj TTTTTTTTj mod TTT rim I ss index base jd32 I 16 I 8 I nonedata32 I 16 I 8 I none 

7 0 7 0 \7 6 5 3 2 0 )\7 6 5 3 2 0) 
~~~~~~~~~~~ T T '-~~~~--' 

opcode 
(one or two bytes) 
(T represents an 

opcode bit.) 

"mod rim" 
byte 

"s-i-b" 
byte 

register and address 
mode specifier 

address 
displacement 
(4, 2, 1 bytes 

or none) 

Figure 8.1. General Instruction Format 

Table 8.2. Fields within 80376 Instructions 

Field Name Description 

w Specifies if Data is Byte or Full Size (Full Size is either 16 or 32 Bits 
d Specifies Direction of Data Operation 
s Specifies if an Immediate Data Field Must be Sign-Extended 
reg General Register Specifier 
mod rim Address Mode Specifier (Effective Address can be a General Register) 

SS Scale Factor for Scaled Index Address Mode 
index General Register to be used as Index Register 
base General Register to be used as Base Register 
sreg2 Segment Register Specifier for CS, SS, DS, ES 
sreg3 Segment Register Specifier for CS, SS, DS, ES, FS, GS 
tttn For Conditional Instructions, Specifies a Condition Asserted 

or a Condition Negated 

Note: Table 8.1 shows encoding of individual instructions. 
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immediate 
data 

(4, 2, 1 bytes 
or none) 

Number of Bits 

1 
1 
1 
3 

2 for mod; 
3 for rim 

2 
3 
3 
2 
3 
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16-Bit Extensions of the 
Instruction Set 

Two prefixes, the operand size prefix (66H) and the 
effective address size prefix (67H), allow overriding 
individually the default selection of operand size and 
effective address size. These prefixes may precede 
any opcode bytes and affect only the instruction 
they precede. If necessary, one or both of the prefix
es may be placed before the opcode bytes. The 
presence of the operand size prefix (66H) and the 
effective address prefix will allow 16-bit data opera
tion and 16-bit effective address calculations. 

For instructions with more than one prefix, the order 
of prefixes is unimportant. 

Unless specified otherwise, instructions with 8-bit 
and 16-bit operands do not affect the contents of 
the high-order bits of the extended registers. 

Encoding of Instruction Fields 

Within the instruction are several fields indicating 
register selection, addressing mode and so on. 

ENCODING OF OPERAND LENGTH (w) FIELD 

For any given instruction performing a data opera
tion, the instruction will execute as a 32-bit opera
tion. Within the constraints of the operation size, the 
w field encodes the operand size as either one byte 
or the full operation size, as shown in the table be
low. 

wField 
Operand Size 

with 66H Prefix 

0 8 Bits 
1 16 Bits 

ENCODING OF THE GENERAL 
REGISTER (reg) FIELD 

Normal 
Operand Size 

8 Bits 
32 Bits 

The general register is specified by the reg field, 
which may appear in the primary opcode bytes, or as 
the reg field of the "mod rim" byte, or as the rim 
field of the "mod rim" byte. 
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Encoding of reg Field When w Field 
is not Present in Instruction 

Register Selected 
Register Selected 

reg Field 
with 66H Prefix 

During 32-Bit 

000 
001 
010 
011 
100 
101 
110 
111 

reg 

000 
001 
010 
011 
100 
101 
110 
111 

reg 

000 
001 
010 
011 
100 
101 
110 
111 

Data Operations 

AX EAX 
ex ECX 
DX EDX 
BX EBX 
SP ESP 
BP EBP 
SI ESI 
DI EDI 

Encoding of reg Field When w Field 
is Present in Instruction 

Register Specified by reg Field 
with 66H Prefix 

Function of w Field 

(when w = 0) (whenw = 1) 

AL AX 
CL ex 
DL DX 
BL BX 
AH SP 
CH BP 
DH SI 
BH DI 

Register Specified by reg Field 
without 66H Prefix 

Function of w Field 

(whenw = 0) (whenw = 1) 

AL EAX 
CL ECX 
DL EDX 
BL EBX 
AH ESP 
CH EBP 
DH ESI 
BH EDI 
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ENCODING OF THE SEGMENT 
REGISTER (sreg) FIELD 

The sreg field in certain instructions is a 2-bit field 
allowing one of the CS, OS, ES or SS segment regis
ters to be specified. The sreg field in other instruc
tions is a 3-bit field, allowing the FS and GS segment 
registers to be specified also. 

2-Blt sreg2 Field 

2-Bit 
Segment 

sreg2Fleld 
Register 
Selected 

00 ES 
01 cs 
10 SS 
11 OS 

3-Bit sreg3 Field 

3-Bit 
Segment 

sreg3Fleld 
Register 
Selected 

000 ES 
001 cs 
010 SS 
011 OS 
100 FS 
101 GS 
110 do not use 
111 do not use 

ENCODING OF ADDRESS MODE 

Except for special instructions, such as PUSH or 
POP, where the addressing mode is pre-determined, 
the addressing mode for the current instruction is 
specified by addressing bytes following the primary 
opcode. The primary addressing byte is the "mod 
rim" byte, and a second byte of addressing informa
tion, the "s-i-b" (scale-index-base) byte, can be 
specified. 

The s-i-b byte (scale-index-base byte) is specified 
when using 32-bit addressing mode and the "mod 
rim" byte has rim = 100 and mod = 00, 01 or 10. 
When the sib byte is present, the 32-bit addressing 
mode is a function of the mod, ss, index, and base 
fields. 

The primary addressing byte, the "mod rim" byte, 
also contains three bits (shown as TTT in Figure 8.1) 
sometimes used as an extension of the primary op
code. The three bits, however, may also be used as 
a register field (reg). 

When calculating an effective address, either 16-bit 
addressing or 32-bit addressing is used. 16-bit ad
dressing uses 16-bit address components to calcu
late the effective address while 32-bit addressing 
uses 32-bit address components to calculate the ef
fective address. When 16-bit addressing is used, the 
"mod rim" byte is interpreted as a 16-bit addressing 
mode specifier. When 32-bit addressing is used, the 
"mod rim" byte is interpreted as a 32-bit addressing 
mode specifier. 

Tables on the following three pages define all en
codings of all 16-bit addressing modes and 32-bit 
addressing modes. 
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, Encoding of Normal Addre• Mode wHh "mod r/m" byte (no "s-1-b" byte present): 

modr/m E~ectlve Address modr/m Effective Address 

00000 DS:(EAX] 10000 DS:[EAX + d32] 
00001 DS:[ECX] 10001 DS:[ECX+d32] 
00010 DS:[EDX] 10 010 DS:[EDX+d32] 
00011 DS:[EBX] 10 011 OS: [EBX + d32] 
00100 s-i-b is present 10100 s-i-b is present 
00101 DS:d32 10 101 SS: [EBP + d32] 
00110 DS:[ESI] 10110 OS: [ESI + d32] 
00111 DS:[EDI] 10 111 DS:[EDl+d32] 

01000 DS:[EAX+d8] 11 000 register-see below 
01001 . DS:[ECX+d8] 11 001 register-see below 
01010 DS:[EDX+d8] 11 010 register-see below 
01 011 OS:[EBX+d8] 11 011 register-see below 
01100 s-i-b is present 11100 register-see below 
01101 SS:[EBP+d8] 11101 register-see below 
01110 DS:[ESI + d8] 11110 register-see below 
01111 DS:[EDl+d8] 11 111 register-see below 

Register Specified by reg or r/m 
during Normal Data Operations: 

modr/m 
function of w field 

(whenw=O) (when w= 1) 

11 000 AL EAX 
11 001 CL ECX 
11 010 DL EDX 
11 011 BL EBX 
11100 AH ESP 
11 101 CH EBP 
11110 DH ESI 
11 111 BH EDI 

Register Specified by reg or r/m 
during 16·Bit Data Operations: (66H Prefix) 

modr/m 
function of w field 

(whenw=O) (whenw=1) 

11 000 AL AX 
11 001 CL ex 
11 010 DL DX 
11 011 BL BX 
11100 AH SP 
11 101 CH BP 
11110 DH SI 
11111 BH DI 
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Encoding of 16-blt Address Mode with "mod r/m" Byte Using 67H Prefix 

modr/m Effective Address modr/m Effective Address 

00000 DS:[BX+SI] 10000 DS:[BX+Sl+d16) 
00001 DS:[BX+DI] 10001 DS:[BX+Dl+d16) 
00010 SS:[BP+SI] 10010 SS:[BP+Sl+d16] 
00011 SS:[BP+DI) 10 011 SS:[BP+Dl+d16) 
00100 DS:[SI] 10100 DS:[Sl+d16] 
00101 DS:[DI) 10 101 DS:[Dl+d16) 
00110 DS:d16 10110 SS:[BP+d16] 
00 111 DS:[BX) 10 111 DS:[BX+d16] 

01 000 DS:[BX +SI+ d8) 11 000 register-see below 
01 001 DS:[BX +DI+ d8) 11 001 register-see below 
01 010 SS:[BP+SI +d8] 11 010 register-see below 
01 011 SS:[BP+Dl+d8) 11 011 register-see below 
01100 DS:[Sl+d8] 11100 register-see below 
01101 DS:[Dl+d8] 11101 register-see below 
01110 SS:[BP+d8) 11110 register-see below 
01111 DS:[BX+d8) 11 111 register-see below 

I 
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mod base 

00000 
00001 
00010 
00011 
00100 
00101 
00110 
00111 

01 000 
01 001 
01 010 
01 011 
01100 
01101 
01110 
01 111 

10000 
10 001 
10010 
10 011 
10100 
10101 
10110 
10111 

NOTE: 

376 EMBEDDED PROCESSOR 

Encoding of 32·blt Address Mode ("mod r/m" byte and "s·i·b" byte present): 

Effective Address 

OS: [EAX +(scaled index)) 
OS: [ECX + (scaled index)) 
OS: [EDX +(scaled index)) 
DS:[EBX +(scaled index)) 
SS: [ESP+ (scaled index)) 
OS: [d32 +(scaled index)] 
DS:[ESI +(scaled index)] 
OS: [EDI +(scaled index)] 

OS: [EAX +(scaled index)+ dB] 
OS: [ECX +(scaled index)+ dB) 
OS: [EDX +(scaled index)+ dB] 
OS: [EBX + (scaled index)+ dB] 
SS: [ESP+ (scaled index)+ dB] 
SS: [EBP +(scaled index)+ dB) 
OS: [ESI + (scaled index)+ dB) 
OS: [EDI +(scaled index)+ dB] 

OS: [EAX + (scaled index)+ d32) 
OS: [ECX + (scaled index) + d32] 
OS: [EDX +(scaled index)+ d32) 
OS: [EBX + (scaled index)+ d32) 
SS: [ESP+ (scaled index)+ d32) 
SS: [EBP + (scaled index) + d;32) 
OS: [ESl +(scaled index)+ d32] 
OS: [EDI +(scaled index)+ d32) 

SS Scale Factor 

00 x1 
01 x2 
10 x4 
11 xB 

Index Index Register 

000 EAX 
001 ECX 
010 EDX 
011 EBX 
100 no index reg"* 
101 EBP 
110 ESI 
11_1 EDI 

**IMPORTANT NOTE: , 
When index field is 100, indicating "no index register," then 
ss field MUST equal 00. If index is 100 and ss does not 
equal 00, the effective address is undefined. 

Mod field in "mod rim" byte; ss, index, base fields in 
"s-i-b" byte. 
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ENCODING OF OPERATION 
DIRECTION (d) FIELD 

In many two-operand instructions the d field is pres
ent to indicate which operand is considered the 
source and which is the destination. 

d Direction of Operation 

0 Register/Memory <- - Register 
"reg" Field Indicates Source Operand; 
"mod rim" or "mod ss index base" Indicates 
Destination Operand 

1 Register <- - Register/Memory 
"reg" Field Indicates Destination Operand; 
"mod rim" or "mod ss index base" Indicates 
Source Operand 

ENCODING OF SIGN-EXTEND (s) FIELD 

The s field occurs primarily to instructions with im
mediate data fields. The s field has an effect only if 
the size of the immediate data is 8 bits and is being 
placed in a 16-bit or 32-bit destination. 

Effect on Effect on 
s 

Immediate Data8 Immediate Data 16132 

ONone 

1 Sign-Extend DataB to Fill 
16-Bit or 32-Bit Destination 

ENCODING OF CONDITIONAL 
TEST (tttn) FIELD 

None 

None 

For the conditional instructions (conditional jumps 
and set on condition), tttn is encoded with n indicat
ing to use the condition (n = 0) or its negation (n = 1 ), 
and m giving the condition to test. 

Mnemonic Condition 

0 Overflow 
NO No Overflow 
B/NAE Below/Not Above or Equal 
NB/AE Not Below/ Above or Equal 
E/Z Equal/Zero 
NE/NZ Not Equal/Not Zero 
BE/NA Below or Equal/Not Above 
NBE/A Not Below or Equal/ Above 
s Sign 
NS Not Sign 
PIPE Parity/Parity Even 
NP/PO Not Parity/Parity Odd 
L/NGE Less Than/Not Greater or Equal 
NL/GE Not Less Than/Greater or Equal 
LE/NG Less Than or Equal/Greater Than 
NLE/G Not Less or Equal/Greater Than 

ENCODING OF CONTROL OR DEBUG 
REGISTER (eee) FIELD 

tttn 

0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 

For the loading and storing of the Control and Debug 
registers. 

When Interpreted as Control Register Field 

eeeCode RegName 

000 CAO 
010 Reserved 
011 Reserved 

Do not use any other encoding 

When Interpreted as Debug Register Field 

eeeCode RegName 

000 DAO 
001 DR1 
010 DR2 
011 DR3 
110 DR6 
111 DR7 

Do not use any other encoding 
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9.0 REVISION HISTORY 

The sections significantly revised since version -003 are: 

Section 1.0 Added FLT pin. 

Section4.4 

Section4.6 

Section 5.0 

Section 6.3 

Section 6.4 

Added description of FLOAT operation and ONCE Mode. Figure 4.20 is new. 

Added revision identifier information for change to CHMOS IV manufacturing process. 

Both packages now specified for 0°C-115°C case temperature operation. Thermal resist
ance values changed. 

Ice Max. specifications changed from 400 mA (cold) and 360 mA (hot) to 275 mA (cold, 16 
MHz) and 305 mA (cold, 20 MHz). 

HLDA Valid Delay, t14, min. changed from 6 ns to 4 ns. Added 20 MHz A.C. specifications in 
Table 6.5. Replaced Capacitive Derating Curves in Figures 6.8-6.10 to reflect new manufac
turing process. Replaced Ice vs. Frequency data (Figure 6.11) to reflect new specifications. 

The sections significantly revised since version -002 are: 

Section 1.0 Modified table 1.1. to list pins in alphabetical order. 

The sections significantly revised since version -001 are: 

Section 2.0 Figure 2.0 was updated to show the 16-bit registers SI, DI, BP and SP. 

Section 2.1 

Section 2.1 

Section 2.3 

Section 2.6 

Section 2.8 

Section 2.10 

Section 3.0 

Section 3.2 

Section3.2 

Section 3.3 

Section 4.1 

Section 4.1 

Section 4.2 

Figure 2.2 was updated to show the correct bit polarity for bit 4 in the CRO register. 

Tables 2.1 and 2.2 were updated to include additional information on the EFLAGs and CRO 
registers. 

Figure 2.3 was updated to more accurately reflect the addressing mechanism of the 80376. 

In the subsection Maskable Interrupt a paragraph was added to describe the effect of 
interrupt gates on the IF EFLAGs bit. 

Table 2.7 was updated to reflect the correct power up condition of the CRO register. 

Figure 2.6 was updated to show the correct bit positions of the BT, BS and BO bits in the 
DR6 register. 

Figure 3.1 was updated to clearly show the address calculation process. 

The subsection DESCRIPTORS was elaborated upon to clearly define the relationship be
tween the linear address space and physical address space of the 80376. 

Figures 3.3 and 3.4 were updated to show the AVL bit field. 

The last sentence in the first paragraph of subsection PROTECTION AND 1/0 PERMIS
SION BIT MAP was deleted. This was an incorrect statement. 

In the Subsection ADDRESS BUS (BHE, BLE, A2a-A1 last sentence in the first paragraph 
was updated to reflect the numerics operand addresses as 8000FCH and 8000FEH. Be
cause the 80376 sometimes does a double word 1/0 access a second access to 8000FEH 
can be seen. 

The Subsection Hold Lantencies was updated to describe how 32-bit and unaligned ac
cesses are internally locked but do not assert the LOCK signal. 

Table 4.6 was updated to show the correct active data bits during a BLE assertion. 
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9.0 REVISION HISTORY (Continued) 
Section 4.4 This section was updated to correctly reflect the pipelining of the address and status of the 

80376 as opposed to "Address Pipelining" which occurs on processors such as the 80286. 

Section 4.6 

Section 4.7 

Section 5.0 

Section 6.2 

Section 6.4 

Section 6.4 

Section 8.1 

Section 8.2 

Table 4.7 was updated to show the correct Revision number, 05H. 

Table 4.8 was updated to show the numerics operand register 8000FEH. This address is 
seen when the 80376 does a DWORD operation to the port address 8000FCH. 

In the first paragraph the case temperatures were updated to reflect the 0°C-115°C for the 
ceramic package and o·c-11 o·c for the plastic package. 

Table 6.2 was updated to reflect the Case Temperature under Bias specification of -65°C-
1200C. 

Figure 6.8 vertical axis was updated to reflect "Output Valid Delay (ns)". 

Figure 6.11 was updated to show typical Ice vs Frequency for the 80376. 

The clock counts and opcodes for various instructions were updated to their correct values. 

The section INSTRUCTION ENCODING was appended to the data sheet. 
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intel® 
lntel387™ SX 

MATH COPROCESSOR 

• New Automatic Power Management 
- Low Power Consumption 
-Typically 100 mA in Dynamic Mode, 

and 4 mA in Idle Mode 

• Socket Compatible with lntel387 Family 
of Math CoProcessors 
- Hardware and Software Compatible 
-Supported by Over 2100 Commercial 

Software Packages 
-10% to 15% Performance Increase 

on Whetstone and Livermore 
Benchmarks 

• Compatible with the lntel386™ SX 
Microprocessor 
- Extends CPU Instruction Set to 

Include Trigonometric, Logarithmic, 
and Exponential 

• High Performance 80-Bit Internal 
Architecture 

• Implements .ANSI/IEEE Standard 
754-1985 for Binary Floating-Point 
Arithmetic 

• Available in a 68-Pin PLCC Package 
See Intel Packaging Specification, Order # 231369 

The lntel387™ SX Math CoProcessor is an extension to the lntel386™ SX microprocessor architecture. The 
combination of the lntel387™ SX with the lntel386™ SX microprocessor dramatically increases the process
ing speed of computer application software that utilizes high performance floating-point operations. An internal 
Power Management Unit enables the lntel387™ SX to perform these floating-point operations while maintain
ing very low power consumption for portable and desktop applications. The internal Power Management Unit 
effectively reduces power consumption by 95% when the device is idle. 

The lntel387™ SX Math CoProcessor is available in a 68-pin PLCC package, and is manufactured on Intel's 
advanced 1.0 micron CHMOS IV technology. 

lntel386 and lntel387 are trademarks of Intel Corporation. 

For the complete data sheet on this product, refer to the 1993 Microprocessors handbook. 
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82355 
BUS MASTER INTERFACE CONTROLLER 

(BMIC) 
Designed for use in 32-Bit EISA Bus • Supports Automatic Handling of 
Master Expansion Board Designs Complete EISA Bus Master Protocol 
- Integrates Three Interfaces - EISA Arbitration/Preemption 

(EISA, Local CPU, and Transfer - Cycle Timing and Execution 
Buffer) - Byte Alignment 

Supports 16- and 32-Bit Burst Transfers - 1 K Boundary Detection 

- 33 Mbytes/Sec Maximum Data • Supports Local Data Transfer Protocol 
Transfers Similar to Traditional OMA 

Supports 32-Bit Non-Burst and • Supports a General Purpose Command 
Mis~atched Data Size Transfers and Status Interface 

Supports 32-Bit EISA Addressability - Local and EISA System Interrupt 

(4 Gigabyte) Support 
- General Purpose Information 

Two independent Data Transfer Transfers 
Channels with 24-Byte FIFOs - Set-and-Test-Functions in 1/0 Space 
- Expansion Board Timing and EISA (Semaphore Function) 

Timing Operate Asynchronously - Supports the EISA Expansion Board 
Supports Peek/Poke Operation with the ID Function 
Ability to Access Individual Locations • Supports Decode of Slot Specific and 
in EISA Memory or 1/0 space General 1/0 Addresses 
Automatically Handles Misaligned • 132-Pin JEDEC PQFP Package 
Doubleword Data Transfers with No (See Packaging Specification Order # 240800, 
Performance Penalty Package Type NG) 

82355 Internal Block Diagram 

CMD• ..... 

AEN~ 
IADS<9:2.> ..... 

IADS<1!:10>~ 

IBE<3·0>•• 

START#* 

M/108 •!•* 
EXRDY ..... 

EX~2#~ 
M.\STER16#~ 

MSBURST#~ 

SLBURST# ..... 

LOCK"' .... 

UALOE•~ 
IODIR~ 

100(23#,(1:0>. 

RESET~ 
NREO•~ 
MAK•..,.. 

l[)AT<31:0>* 

EINT~ 

' 

' 
.... LRO# 

+LWR• 
-+.- LCS# 

~LADS<1:0> 

~LROY 
+LDU<7:0> 

.... LINT 

.. TEOP# 

'TDIR 

~JCHAN 

r::;:::R-+TRO• 
INTERFACE '4t-TACK# 

-+-TLO" ......... 
*TOAT<1510> 

~TCU( 

' ' ·------------ -----------------------· 290255-1 

For the complete data sheet on this product, refer to the 1993 Peripheral Components handbook. 
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82370 
INTEGRATED SYSTEM PERIPHERAL 

• High Performance 32-Bit OMA • Programmable Walt State Generator 
Controller for 16-Bit Bus - O to 15 Wait States Pipelined 
-16 MBytes/Sec Maximum Data -1to16 Wait States Non-Pipelined 

Trahsfer Rate at 16 MHz • DRAM Refresh Controller 
- 8 Independently Programmable 

Channels • 80376 Shutdown Detect and Reset 

20-Source Interrupt Controller 
Control • - Software/Hardware Reset 

- Individually Programmable Interrupt 
Vectors • High Speed CHMOS Ill Technology 

-15 External, 5 Internal Interrupts • 100-Pin Plastic Quad Flat-Pack Package 
- 82C59A Superset and 132-Pin Pin Grid Array Package 

• Four 16-Bit Programmable Interval (See Packaging Handbook Order #240800-001, Package Type 

Timers NG or Package Type A) 

- 82C54 Compatible • Optimized for Use with the 80376 

• Software Compatible to 82380 Microprocessor 
- Resides on Local Bus for Maximum 

Bus Bandwidth 
- 16 MHz Clock 

The 82370 is a multi-function support peripheral that integrates system functions necessary in an 80376 
environment. It has eight channels of high performance 32-bit OMA (32-bit internal, 16-bit external) with the 
most efficient transfer rates possible on the 80376 bus. System support peripherals integrated into the 82370 
provide Interrupt Control, Timers, Wait State generation, DRAM Refresh Control, and System Reset logic. 

The 82370's OMA Controller can transfer data between devices of different data path widths using a single 
channel. Each OMA channel operates independently in any of several modes. Each channel has a temporary 
data storage register for handling non-aligned data without the need for external alignment logic. 

80376 LOCAL BUS 

16 - BIT PHYSICAL 
(32- BIT LOGICAL) 

8-CHANNEL 
OMA 

CONTROLLER 

TIMER 0 

TIMER 1 

TIMER 2 

TIMER 3 

Internal Block Diagram 

For the complete data sheet on this product, refet to the 1993 Microprocessors handbook. 
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82596DX AND 82596SX 
HIGH-PERFORMANCE 32-BIT LOCAL 

AREA NETWORK COPROCESSOR 

• Performs Complete CSMA/CD Medium 
Access Control {MAC) Functions
Independently of CPU 
- IEEE 802.3 {EOC) Frame Delimiting 
- HDLC Frame Delimiting 

• Supports Industry Standard LANs 
-IEEE TYPE 10BASE·T {TPE), 

IEEE TYPE 10BASE5 {Ethernet*), 
IEEE TYPE 10BASE2 {Cheapernet), 
IEEE TYPE 1BASE5 {StarLAN), 
and the Proposed Standard 
TYPE 10BASE-F 

- Proprietary CSMA/CD Networks Up 
to 20 Mb/s 

• On-Chip Memory Management 
-Automatic Buffer Chaining 
- Buffer Reclamation after Receipt of 

Bad Frames; Optional Save Bad 
Frames 

- 32-Bit Segmented or Linear {Flat) 
Memory Addressing Formats 

• 82586 Software Compatible 

• Optimized CPU Interface 
~ 82596DX Bus Interface Optimized to 

Intel's 32-Bit i386TMDX 
- 82596SX Bus Interface Optimized to 

Intel's 16-Bit i386™SX 
- Supports Big Endian and Little 

Endian Byte Ordering 

• High-Performance 16-/32-Bit Bus 
Master Interface 
- 66-MB/s Bus Bandwidth 
- 33-MHz Clock, Two Clocks Per 

Transfer 
- Bus Throttle Timers 
- Transfers Data at 100% of Serial 

Bandwidth 
-128-Byte Receive FIFO, 64-Byte 

Transmit FIFO 

• Network Management and Diagnostics 
- Monitor Mode 
- 32-Bit Statistical Counters 

• Self-Test Diagnostics 

• Configurable Initialization Root for Data 
Structures 

• High-Speed, 5-V, CHMOS** IV 
Technology 

• 132-Pin Plastic Quad Flat Pack (PQFP) 
and PGA Package 
(See Packaging Specifications Order Number: 240800-001, 
Package Type KU and A) 

i386TM is a trademark of Intel Corporation 
"Ethernet is a registered trademark of Xerox Corporation. 

•*CH MOS is a patented process of Intel Corporation. 

,.---------------------., r-------., r-------------., 
I Serial F'IFO Parallel t 

_ 1 Subsystem Subsystem Subsystem 1 
LPBK 1 I 
iITT I 

CTS I Transmit 

TxC 
Btt 

Machine 
TxD I 

I 
CRS I Carrier 

Sense 

CDT 
I Colllslon 

Detect 
Logic 

Exponential 
I Bock off 
I Timer 
I 
I 

RxD I 
Receive 

RxC 
I Bit 

Machine 

Transmit 
Byte 

Machine 

Figure 1. 82596DX/SX Block Diagram 

1 LE/ii[ 

'I PORT 

290219-1 

For the complete data sheet on this product, refer to the 1993 Connectivity handbook. 
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INTEL386™ AND INTEL486™ FAMILY 
DEVELOPMENT SUPPORT 

COMPREHENSIVE DEVELOPMENT SUPPORT FOR THE 
INTEL386™ AND INTEL486™ FAMILIES OF 
MICROPROCESSORS 

280808-1 

The perfect complement to the lntel386™ and i486™ microprocessor family is a 
comprehensive development solution. Intel provides a complete, synergistic hardware 
and software development toolset, that delivers full access to the power of the Intel386 
and i486 microprocessor family architectures. 

Intel development tools are easy to use, yet powerful, with an up-date user interface and 
productivity boosting features such as symbolic debugging. Each tool is designed to help 
move your application from the lab to the market. 

If what interests you is getting the best product to market in as little time as possible, 
Intel is the choice. 

27-1 
August 1992 

Order Number: 280808-007 



FEATURES 

• Comprehensive support for the full 32 bit 
Intel386 and Intel486 microprocessor 
architectures-includes protected mode, 4 
gigabyte physical memory addressing, and 
Intel486 microprocessor on-chip cache and 
numerics 

• In-circuit emulators provide a standard 
windowed interface that is common across 
Intel debug tools and architectures 

• Emulators also feature a source line display 
and symbolics to allow debugging in the 
context of the original program 

• Intel high-level languages provide 
architectural extensions for manipulating 
hardware directly without assembly 
language routines 

• Languages provide a common object code 
format (Intel OMF386™) that supports 
symbolic debug and permits the intermixing 
of modules written in various languages 

• ROM-able code is output directly from the 
language tools, significantly reducing the 
effort necessary to integrate software into 
the final target system 

• Extensive support for the Intel family of 
math coprocessors 

• Operation in DOS IBM PC AT and PS/2 
Model 60 and 80, running DOS. 

280808-2 

Figure 1: Intel Microprocessor Development Environment 

27-2 



FEATURES 

ASM-386/486 MACRO 
ASSEMBLER 
Intel's ASM 386 macro assembler for the 
Intel386 and lntel486 Families offers many 
features normally found only in high-level 
languages. The macro facility in ASM 386 
saves development time by allowing common 
program sequences to be coded only once. The 
assembly language is strongly typed, 
performing extensive checks on the usage of 
variables and labels. 

Other Intel ASM 386 features include: 
• "High-level" assembler mnemonics to 

simplify the language 
• Structures and records for data 

representation 
• Support for Intel's standard object code 

format for source-level symbolic debug, and 
for linking object modules from other 
Intel386 and lntel486 microprocessor 
languages 

• Full support for processor and math 
coprocessor instruction sets 

• A "MOD486" switch for support of the i486 
microprocessor instructions 

• 16 bit or 32 bit address overrides 
• Supports development for Virtual 86, Real, 

286 Protected, and 386 Protected modes 

iC386/486 COMPILER 
Intel's iC-386 compiler combines the power ofC 
programming language with special features 
for architectural support and code efficiency. 
The compiler produces code for Intel386 and 
Intel486 processors from C source files, and 
conforms to the 1989 ANSI standard (ANS 
X3.159-1989) for the C programming language. 

Key Intel iC-386 features include: 
• Controls to tailor the compilation for each 

step of your application development process 
• In-line versions of many ANSI-standard 

library functions 
• Expanded memory support (LIM Version 3.0 

and higher) for large applications 
• Object code (including supplied run-time 

libraries) suitable for ROM 
• Three different levels of optimization 
• A choice of three segmentation memory 

models (small, compact, and flat) to create 
compact and efficient code 

• In-line processor-specific functions and time
saving macros that provide access to the 
special features of the Intel386 and Intel486 
processors 

• In-line floating-point instructions for the 
Intel387™ numerics coprocessor and 
lntel486 processor floating-point unit 

• Time-saving macros and functions to help 
assembly language routines interface with 
Intel's high-level programming languages 

• The standard C run-time library plus 
libraries for floating-point support and the 
iRMX® III C interface library 

• An easy interface to Intel's non-C 
programming languages 

• Support for source-level debugging 
• Programming with subsystems, allowing 

mixed segmentation memory models 
• Extensions to the 1989 ANSI C standard for 

compatibility with previous versions Intel C 
• Fast and efficient functions for common 

programming tasks 

PL/M-386/486 COMPILER 
Intel's PL/M-386 is a structured high-level 
system implementation language for the 
Intel386 and Intel486 Families. PL/M-386 
supports the implementation of protected 
operating system software by providing built
in procedures and variables to access the 
Intel386 and Intel486 architectures. For 
efficient code generation, PL/M-386 features 
four levels of optimization, a virtual symbol 
table, and four models of program size and 
memory usage. 

27-3 



FEATURES 

Other Intel PL/M-386 features include: 
• The ability to define a procedure as an 

interrupt handler as well as facilities for 
generating interrupts 

• Direct support of input and output from 
microprocessor ports 

• Upward compatibility with Intel PL/M-86 
and PL/M-286 source code 

• A "MOD486" compiler switch for Intel486 
microprocessor instruction generation 

PL/M-386 combines the benefits of a high-level 
language with the ability to access the Intel386 
and Intel486 architectures. For the 
development of systems software, PL/M-386 is 
a costeffective alternative to assembly 
language programming. 

FORTRAN-386/486 COMPILER 
Intel's FORTRAN-386 compiler is a cross
compiler that supports the entire lntel386 
family of components and Intel486 
microprocessors (when operating in the 386 
chip mode) microprocessors. 

FORTRAN-386 features high"level support for 
floating-point calculations, transcendentals, 
interrupt procedures, and run-time exception 
handling. FORTRAN-386 meets the ANSI 
FORTRAN-77 language subset specification 
and supports extensions endorsed by the 
Department of Defense (DOD), extensions that 
support programs written for the ANSI 
FORTRAN 66 standard, and extensions that 
support the Intel386 microprocessor and 
related numerics coprocessors. 

To aid in the development and debugging 
process, the compiler generates warning and 
error messages and an optional listing file. The 
listing file can include symbol cross-reference 
tables and a listing of the generated Intel386 
microprocessor assembly-language 
instructions. Library routines are reentrant 
and ROMable. 

Other Intel FORTRAN-386 compiler features 
include: 
• Object code can be configured to reside in 

either RAM or ROM 
• The program code can be optimized for 

execution speed or memory size 
• Source-level debugging is supported via the 

rich symbolics provided in the object module 
format (Intel OMF386) 

• Support for the proposed REALMATH IEEE 
floating point standard 

RLL-3861486 RELOCATION, 
LINKAGE, AND LIBRARY 
TOOLS 
The RLL 386™ relocation, linkage, and 
library tools feature comprehensive support of 
the full Intel386 and Intel486 architectures. 
The tools link separate modules, build object 
libraries, link in Intel387 support, build tasks 
to execute under protected mode, or 
multitasking, memory protected software. 
RLL-386 supports loadable, linkable, and 
bootloadable Intel object module formats; and 
supports all segmentation models. RLL-386 
consists of the following: 

Binder - for linking multiple object 
modules into a single program 
and resolving references between 
modules. 

Builder · - for produting absolute object 
modules, assigning addresses, and 
creating protected mode data 
structures. 

Librarian - for creating and maintaining 
libraries of object modules. 

EMUL-387, NUM-387 NUMERICS 
SUPPORT LIBRARIES 
Intel's EMUL-387 and NUM-387 Numerics 
Libraries fully support the Intel387™, Intel 
387 DX, Intel 387 SX math coprocessors and 
the Intel486 internal numerics unit-whether 
an actual math coprocessor is used in the final 
system or not. 

For Intel386 microprocessor based applications 
without a math coprocessor, EMUL-387, a 
numerics software emulator, will execute 
instructions as though the coprocessor were 
present. Its functiol).ality is identical to that of 
the math coprocessor. It is ideal for 
prototyping and debugging floating-point 
application software independent of hardware. 
Further, this permits portability of application 
code regardless of the presence of math 
coprocessor hardware in target systems. 

For applications with a math coprocessor, 
NUM-387 numerics support library provides 
Intel's ASM 386, C-386, PL/M-386, and 
FORTRAN-386 language users with enhanced 
numeric data processing capability. With the 
library, it is easy for programs to do floating 
point arithmetic. Programmers can bind in 
library modules to do trigonometric, 
logarithmic and other numeric functions. 
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The user is guaranteed accurate, reliable 
results for all appropriate inputs. 
Intel's NUM-387 support library is a collection 
of four functionally distinct libraries: 
• Common elementary function library 

routines perform algebraic, logarithmic, 
exponential, trigonometric, and hyperbolic 
operations on real and complex numbers, as 
well as real-to-integer conversions; the 
routines extend the ranges of the coprocessor 
instructions 

• Initialization library routines set up the 
numerics processing environment for the 
Intel386 family of processors with an 
Intel387, DX, or SX or true software 
emulator 

• Decimal conversion library routines convert 
floating-point numbers from one Intel387, 
DX, or SX binary storage format to another, 
or from ASCII decimal strings to Intel387, 
DX, or SX binary floating-point format and 
vice versa 

• Exception handling library routines make 
writing numerics exception handlers easier 

All support library modules are in Intel386 
microprocessor object module format (Intel 
OMF-386) so they can be linked with the object 
output of any Intel language. All routines are 
reentrant and ROMable. 
By using Intel's NUM-387, the user is 
guaranteed that the numeric software meets 
industry standard (ANSI/IEEE standard for 
binary floating point arithmetic, 754-1985) and 
is portable, thus maintaining software 
investment. 

DB-386 Software Debugger 
Intel's DB-386 is a PC-based software 
development environment with source-level 
symbolic debug capabilities for object modules 
produced by Intel's assembler and high-level 
language compilers. This software debug 
environment allows Intel386 microprocessor 
code to be executed and debugged directly on a 
Intel386 DX or Intel386 SX microprocessor 
based PC, without any additional target 
hardware required. With Intel's standard 
windowed human interface, users can focus 
their efforts on finding bugs rather than 
spending time learning and manipulating the 
debug environment. 
Other Intel DB-386 features include: 
• A run-time interface allows protected-mode 

Intel386 microprocessor programs to be 
executed directly on a Intel386 DX or 
Intel386 SX microprocessor based PC 

• Drop-down menus make the tool easy to 
learn for new or casual users. A command 
line interface is also provided for more 
complex problems 

• Watch windows (which display user-specified 
variables), trace points, and breakpoints 
(including fixed, temporary, and conditional) 
can be set and modified as needed 

• The user can browse source and callstacks, 
observe processor registers, and access watch 
window variables by either pull down menus 
or by a single keystroke, using function keys 

• The user need not know whether a variable 
is an unsigned integer, a real, or a 
structure-the debugger uses the wealth of 
typing information available in Intel 
languages to display program variables in 
their respective type formats 

• DB-386 supports the Intel486 microprocessor 
when operated in the Intel386 
microprocessor mode 

Intel386 and Intel486 Family 
In-Circuit Tools 
Intel in-circuit emulators are used in many 
different debug environments including the 
design and test of: PC BIOS software and 
motherboard hardware, Intel386 and Intel486 
based single board computers, and application 
and operating system software for DOS-based, 
ROM-based, and UNIX-based systems. 

The Intel386 and Intel486 In-Circuit 
Emulators (ICETM) take advantage of exclusive 
Intel technology to provide accurate emulation 
for Intel's 80386 SX, 80386 DX, 80376, and 
80486 microprocessors. Special access to 
internal processor states provides information 
not available to emulators which simply 
monitor the external buses. Emulators which 
do not have access to the internal processor 
conditions cannot guarantee accurate display 
of instructions executed by the microprocessor. 
With an Intel In-circuit Emulator you can be 
certain that the emulator is displaying 
accurate execution history, even when 
executing code from the on-chip cache memory 
of the Intel486. 

The DOS hosted Intel386 DX and Intel386 SX 
emulators feature a windowed, menu-driven, 
human interface which provides easy access to 
the powerful features of these emulators. This 
makes it easy for novice or infrequent users to 
get the most out of every debug session. This 
interface features multiple windows which 
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allow you to simultaneously view source code, 
assembly code, memory, trace, variables, and 
registers. This interface is fully symbolic when 
used with Intel languages. 

All of the emulators feature a combination of 
powerful and flexible breakpoints. The 
products use a combination of software 
breakpoints, hardware breakpoints, and on
chip debug registers to provide a rich set of 
recognition logic. Flexible breakpoints make it 
possible to set breakpoints on instruction 
execution and/or any possible bus event. 

Trace filtering provides the ability to select the 
information captured in the trace buffer. 
ICE-386 SX allows capture of solely bus cycle 
information or both bus cycle and execution 
information. In addition, the ICE-386 DX can 
filter wait-state information from the trace 
buffer. ICE-486 provides the most flexible trace 
collection by allowing capture of information 
by any combination of bus cycle type including 
filtering of wait states, by instructions only, or 
by both bus cycles and instructions. 

Other features oflntel emulators include: 
• Unparalleled support of the Intel386 and 

Intel486 architectures, notably the native 
protected mode 

• Emulation at clock speeds to 33 MHz, and 
full featured trigger and trace capabilities 

• The Intel386 family emulators are 
convertible using removable probes to 
support the 80386 DX and 80386 SX 
microprocessors. The Intel486 processor is 
also supported via a product upgrade. 

Relocatable Expanded Memory 
Designed to enhance your existing ICE-486 and 
the ICD-486 debugger (REM486 is included 
with ICE-486 and an option for ICD-486). This 
optional relocatable expansion memory board 
adds 2 Mbyte of memory which the ICE or ICD 
can use in place of memory on the user target 
board. 

ONCE™-386 and Transmuter 
Adapters 
If you have a surface mount Intel386 SX 
microprocessor design using 100-pin PQFP 
parts, Intel ICE emulators have on-circuit 

·emulation (ONCE™) capability. With surface 
mounted components, the ICE-386 SX 
emulator cabling clamps over the part, tri~ 
stating the component, and allowing the 
e.mulator to operate. This allows you to debug 
manufactured boards without resoldering. For 
early target load development, a transmuter 
adapter can be used. The transmuter provides 
a better connection technique for debugging 
systems where the adapter cable will have .to 
be attached and removed many times (like in 
prototype development). 

ICD-486 In-Circuit Debugger 
The ICD-486 In-circuit Debugger provides a 
low-cost alternative for full speed in-target 
Intel486 development. ICD-486 implements a 
subset ofICE functionality including: symbolic 
debugging, debug of high-speed cached 
applications, software and debug register 
breakpoints, and in-circuit operation. 

Worldwide Service, Support, and 
Training 
To augment its developing tools, Intel offers 
field application engineering expertise, hotline 
technical support, and on-site service. 

Intel also offers Software Support which 
includes technical software information, 
automatic distributions of software and 
documentation updates, iCOMMENTS 
publication, remote diagnostic software, and 
development tools troubleshooting guide. 

Intel's 90-day Hardware Support package 
includes technical hardware information, 
telephone support, warranty on parts, labor, 
material, and on-site hardware support. 

Intel Development Tools also offers a 30-day, 
money-back guarantee to customers who are 
not satisfied after purchasing any Intel 
development' tool. 
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PRODUCT SUPPORT MATRIX 

Component Host 
Product i486 386 386 DOS 

DX sx 3.xand5.0 

ASM-386 Macro Assembler ,,, ,,, ,,, ,,, 
iC-386 Compiler ,,, ,,, ,,, ,,, 
PL/M-386 Compiler ,,, ,,, ,,, ,,, 
FORTRAN-386 Compiler ,,, ,,, ,,, ,,, 
RLL-386 Relocation, ,,, ,., ,,, ,,, 
Linkage, Library, Support 
Tools 

NUM-387 Libraries ,,, ,,, ,,, ,,, 
EMUL-387 Libraries NA ,,, ,,, ,,, 
In-Circuit Emulators ,,, ,,, ,,, ,,, 
In-Circuit Debugger ,,, ,,, 
DB-386 Software Debugger ,,, ,,, ,,, ,,, 

ORDERING INFORMATION 

386™/i486™ FAMILY DOS 
HOSTED DEVELOPMENT KIT 
ORDER CODES 
So~ware Order Codes 

All software supports 386 and 486 
microprocessor families except where 
indicated. 

DKIT386C Compiler Software 
Development Kit (See 
following content list). 

D86ASM386NL ASM macro assembler for 
PC-DOS systems. 

D86C386NL DOS resident, ANSI standard 
(ANS X3.159-1989) C 
compiler. 

D86PLM386NL DOS resident PL/M compiler. 

D86FOR386NL DOS resident Fortan 
Compiler. 

D86RLL386NL DOS resident software 
development package. 
Contains Binder (for linking 
separately compiled modules), 
a Builder (for configuring 
protected multi-tasking 
systems), a cross reference 
Mapper, and a Librarian. Use 
this tool in conjunction with 
Intel's 80386 compilers and 
macro assembler. 

DB386 DOS S/W debugger. 

The Intel Basic Software Development Kit for 
the DOS hosted environment includes: 

iC386 compiler 
ASM386 assembler 
RLL386 relocation linker and locator 
NUM387 numerics library 
EMUL387 math coprocessor emulator 
library 
DB386 software debugger 
OMF386LOAD loader development object 
module format documentation 
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ORDERING INFORMATION 

IN-CIRCUIT TOOL ORDER 
CODES 
All In-circuit emulator codes include: control 
unit, power supply, processor module, Stand
Alone Self Test board, bus Isolation Board, and 
DOS host software and serial interface cable. 

ICE386SX25V ICE-386 SX In-circuit 
emulator for the Intel386 
SX component to 25 MHz. 

pICE386SX20D ICE-386 SX In-circuit 
emulator for the 80386 SX 
component to 20 MHz. 

pICE386DX25DZ ICE-386 DX In-circuit 
emulator for the 80386 DX 
component to 25 MHz. 

ICE386DX33D ICE-386 DX In-circuit 
emulator for the 80386 DX 
component to 33 MHz. 

ICD48650D 

pICE48633DZ 

In-circuit debugger for the 
80486 microprocessor to 
50MHz. 

ICE-486 In-circuit emulator 
for the 80486 component to 
33MHz. 

ICE CONVERSION KITS 
KBASECONC 

KBASECONV 

Converts ICE-486 to ICE-
376, ICE-386 SX, or ICE-386 
DX. 
Converts ICE-386 SX or · 
ICE-386 DX to ICE-486. 

TOICE386SX20D Converts ICE-386 DX to 
ICE-386 SX 20 MHz. 

TOICE386DX25D Converts ICE-386 SX to 
ICE-386 DX 20 MHz. 

TOICE48633D Converts ICE-386 SX or 
ICE-386 DX to ICE-486 33 
MHz. 

ADDITIONAL TOOL ORDER 
CODES 
386SXONCE 
Kit 

REM486A 

100 pin PQFP to 132 pin 
PGA adaptor kit. 

2 Mbyte relocatable 
expansion memory option 
for ICD-486 (included with 
ICE-486). 

To order your Intel Development Tool product, 
for more information, or for the number of 
your nearest sales office or distributor, call 
800-874-6835 (North America). For literature 
on other Intel products call 800-548-4725 
(North America). Outside of North America, 
please contact your local Intel sales office or 
distributor for more information. 
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TRANS 186 --+ 376 ASSEMBLY CODE 
TRANSLATOR 

270919-1 

To Order TRANS 186 __. 376 
Software, contact your 
local Intel sales office 

TRANS 186--+ 376 PRESERVES YOUR PROGRAMMING 
INVESTMENT 
When your embedded application outgrows the 80C186 family, TRANS 186 __. 376 is 
ready to help you upgrade to the 376TM Embedded Processor. TRANS 186 __. 376 is a 
DOS-based tool to automate the translation of Intel ASM86 source code to ASM386 
source code. This program can actually help protect the man-years of investment in your 
original 86 software. 

TRANS 186--+ 376 LOWERS THE 32-BIT BARRIER 
TRANS 186 __. 376 accepts 16-bit source code written for any.member of the 8086/8088 
and 80Cl86/80C188 families. The output source code, with its 32-bit offsets, is suitable for 
Protected Mode execution on the 376 Embedded Processor or any 386TM, 386SX, or 486TM 
microprocessor. The time you save by recycling your software can be applied toward 
system enhancements. 

You control TRANS 186 __. 376 operation from either the DOS command line or a 
control file. Major control switches cover: 

• Choice of FLAT model or LARGE16 memory environment 
• Redefinition of segments 
• Optional 32-bit data declaration 

TRANS 186 __. 376 translates your routines on a line-by-line basis, converting as much 
code as possible. Whenever the tool does not have enough information to make 
conversions, it highlights the code section with messages, alerting you to edit by hand. 
TRANS 186 __. 376 can write the ASM86 source code as comments in the ASM386 source 
file for side-by-side comparison. 

• PC AT and PC-DOS are trademarks of IBM. 
'"'"MS-DOS is a trademark of Microsoft Corporation. 
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TRANS 186 ~ 376. ASSEMBLY CODE TRANSLATOR 

TRANS 186 ~ 376 COMPLEMENTS OTHER DEVELOPMENT TOOLS 
Upon request, TRANS 186 __. 376 generates a build file for the Intel System Builder, BLD386. 
This allows you to get your software running with only minimal BLD386 experience. A 72-page 
manual accompanies the TRANS 186 __. 376 tool. The manual coverage includes: 
• Practical tips on the overall conversion process 
• Initializing the CPU and generating Protected Mode data structures 
• Producing code for emulators and debuggers 

Your 80Cl86 experience can release the power of the 376 Embedded Processor with the TRANS 
186 __. 376 Assembly Language Translator as your partner. 

System requirements: PC AT* or compatible computer with PC-DOS* or MS-DOS** operating 
system version 3.0 or later, hard disk, and 512K RAM. 
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82527 
SERIAL COMMUNICATIONS CONTROLLER 

CONTROLLER AREA NETWORK PROTOCOL 
Automotive 

• Supports CAN Specification 2.0 
- Standard Data and Remote Frames 
- Extended Data and Remote Frames 

• Programmable Global Mask 
- Standard Message Identifier 
- Extended Message Identifier 

• 15 Message Objects of 8-Byte Data 
Length 
- 14 Tx/Rx Buffers 
- 1 Rx Buffer with Programmable Mask 

• Flexible CPU Interface 
- 8-Bit Multiplexed 
- 16-Bit Multiplexed 
- 8-Bit Non-Multiplexed 

(Synchronous/ Asynchronous) 
- Serial Interface 

• Programmable Bit Rate 

• Programmable Clock Output 

• Flexible Interrupt Structure 

• Flexible Status Interface 

• Configurable Output Driver 

• Configurable Input Comparator 

• Two 8-Bit Bidirectional 1/0 Ports 

• 44-Lead PLCC Package 

• Pinout Compatibility with the 82526 

The 82527 serial communications controller is a highly integrated device that performs serial communication 
according to the CAN protocol. It performs all serial communication functions such as transmission and 
reception of messages, message filtering, transmit search, and interrupt search with minimal interaction from 
the host microcontroller, or CPU. 

The 82527 is Intel's first device to support the standard and extended message frames in CAN Specification 
2.0 Part B. It has the capability to transmit, receive, and perform message filtering on extended message 
frames. Due to the backwardly compatible nature of CAN Specification 2.0, the 82527 also fully supports the 
standard message frames in CAN Specification 2.0 Part A. 

The 82527 features a powerful CPU interface that offers flexibility to directly interface to many different CPUs. 
It can be configured to interface with CPUs using an 8-bit multiplexed, 16-bit multiplexed, or 8-bit non-multi
plexed address/data bus for Intel and non-Intel architectures. A flexible serial interface is also available when 
a parallel CPU interface is not required. 

The 82527 provides storage for 15 message objects of 8-byte data length. Each message object can be 
configured as either transmit or receive except for the last message object. The last message object is a 
receive-only buffer with a special mask design to allow select groups of different message identifiers to be 
received. 

The 82527 also implements a global masking feature for message filtering. This feature allows the user to 
globally mask any identifier bits of the incoming message. The programmable global mask can be used for 
both standard and extended messages. 

The 82527 offers hardware, or pinout, compatibility with the 82526. It is pin-to-pin compatible with the 82526 
except for pins 9, 30, and 44. These pins are used as chip selects on the 82526 and are used as CPU interface 
mode selection pins on the 82527. 

The 82527 is fabricated using Intel's reliable CHMOS Ill 5V technology and is available in a 44-lead PLCC for 
the automotive temperature range ( -40°C to + 125°C). 

NOTICE: 
This is a PREVIEW DATA SHEET. The A.G. and D.C. parameters contained within this data sheet may 
change after full automotive temperature characterization of the device has been performed. Contact your 
local sales office before finalizing the Timing and D.C. characteristics of a design to verify you have the 
latest information. 

28-1 
August 1992 

Order Number: 272250-001 

m 



Addross/ 
Data Bus 

Control 
Bus 

82527 

Port 1 Port 2 

CPU 

Logic 

Mode 0 Mode 1 CLKOUT 

WR#/(R/W#) 

CS# 

DSACKO# 

WRH#/P2.7 

INT#/P2.6 

P2.5 

P2.4 

P2.3 

P2.2 

P2.1 

P2.0 

Figure 1. 82527 Block Diagram 

iii " _, 
"' 0 {) ... < 0 "' "' ...... ...... ... ' ...... 

"' ... 0 0 "' 00 "' ... "' co 
0 _, 0 0 u 0 0 0 0 0 

"" < < < < > "' < < < < 

TOP VIEW 

18 19 20 21 22 23 24 25 26 27 28 

Figure 2. 44-Pin PLCC Package 

28-2 

TXO 

TX1 
CAN 

Controller 

RXO 

RX1 

272250-1 

39 A07 

38 P1.0/A08 

37 P1.1/AD9 

36 P1.2/AD10 

35 P1.3/AD11 

34 P1.4/AD12 

33 P1.5/AD13 

32 P1.6/AD14 

31 P1.7/AD15 

30 MODE! 

29 RESET# 

272250-2 



82527 

PIN DESCRIPTION 

The 82527 pins are described in this section. Table 1 presents the legend for interpreting the pin types. 

Table 1. Pin Type Legend 

Symbol Description 

I Input only pin 

0 Output only pin 

1/0 Pin can be either input or output 

PIN DESCRIPTIONS 

Pin# Pin Name Pin Type Pin Description 

23 Vss1 Ground GROUND connection must be shorted externally to a Vss board 
plane. Provides digital ground. 

20 Vss2 Ground GROUND connection must be shorted externally to a Vss board 
plane. Provides ground for analog comparator. 

1 Vee Power POWER connection must be shorted externally to + 5V DC. Provides 
power for entire device. 

18 XTAL1 I Input for an external clock. XTAL 1 (along with XT AL2) are the crystal 
connections to an internal oscillator. 

19 XTAL2 0 Push-pull output from the internal oscillator. XTAL2 (along with 
XT AL 1) are the crystal connections to an internal oscillator. If an 
external oscillator is used XT AL2 must be floated, or not be 
connected. XT AL2 must not be used as a clock output to drive other 
CPUs. 

27 CLKOUT 0 Programmable clock output. This output may be used to drive the 
oscillator of the host microcontroller. 

29 RESET# I A falling edge (high-to-low) transition causes a hardware reset. 

8 CS# I A low level on this pin enables CPU access to the 82527 device. 

24 INT# 0 The interrupt pin is an open-drain output to the host microcontroller. 
(Voo/2) 0 v00/2 is the power supply for the ISO low speed physical layer. The 

function of this pin is determined by the MUX bit in the CPU Interface 
Register (Address 02H) as follows: 

MUX = 1: pin 24 = Voo/2, pin 11 =INT# 
MUX = 0: pin 24 = INT# 

22 RXO I Inputs from the CAN bus line(s) to the input comparator. A recessive 
21 RX1 I level is read when RXO > RX1. A dominant level is read when RX1 > 

RXO. When the CoBy bit (Bus Configuration register) is programmed 
as a "1 ", the input comparator is bypassed and RXO is the CAN bus 
line input. 

26 TXO 0 Serial data push-pull output to the CAN bus line. During a recessive bit 
25 TX1 0 TXO is high and TX1 is low. During a dominant bit TXO is low and TX1 

is high. 
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Pin# Pin Name Pin Type Pin Description 

4 ADO/AO/ICP 1/0-1-1 Address/Data bus in 8-bit multiplexed mode. 
3 AD1/A1/CP 1/0-1-1 Address bus in 8-bit non-multiplexed mode. 
2 AD2/ A2/CSAS 1/0-1-1 Low byte of AID bus in 16-bit multiplexed mode. 

43 AD3/A3/STE 1/0-1 In Serial Interface mode pins AD0-3 have the following meaning: 
42 AD4/ A4/MOSI 1/0-1 ADO: ICP Idle Clock Polarity 
41 AD5/A5 1/0-1 AD1: CP Clock Phase 
40 AD6/ A6/SCLK 1/0-1-1 AD2: CSAS Chip Select Active State 
39 AD7/A7 1/0-1-1 AD3: STE Sync Transmit Enable 

AD6: SCLK Serial Clock Input 
AD4: MOSI Serial Data Input 

38 AD8/DO/P1 .0 1/0-0-1/0 High byte of AID bus in 16-bit multiplexed mode. 
37 AD9/D1 /P1 .1 1/0-0-1/0 Data bus in 8-bit non-multiplexed mode. 
36 AD1 O/D2/P1 .2 1/0-0-1/0 Low speed 1/0 port. P1 pins in 8-bit multiplexed mode and serial 
35 AD11 /D3/P1 .3 1/0-0-1/0 mode. Port pins have weak pullups until the port is configured by 
34 AD12/D4/P1 .4 1/0-0-1/0 writing to 9FH and AFH. 

33 AD1.3/D5/P1 .5 1/0-0-1/0 
32 AD14/D6/P1 .6 l/0·0-1/0 
31 AD15/D7 /P1 .7 1/0-0-1/0 

17 P2.0 1/0 P2 in all modes. 
16 P2.1 1/0 P2.6 is INT# when MUX = 1 and is open-drain. 
15 P2.2 1/0 P2.7 is WAH# in 16-bit multiplexed mode. 
14 P2.3 1/0 
13 P2.4 1/0 
12 P2.5 1/0 
11 P2.6/INT# 110-0 
10 P2.7/WRH# 1/0-1 

44 ModeO I These pins select one of the four parallel interfaces: 
30 Mode1 I Mode1 ModeO 

0 0 8-bit multiplexed - Intel 
0 0 Serial Interface mode entered when 

RD# = 0, WR# = 0 upon reset. 
0 1 16-bit multiplexed - Intel 
1 0 8-bit multiplexed - non-Intel 
1 1 8-bit non-multiplexed 

Note: 
•when RD# = 0, WR# = O serial interface mode is entered. 

5 ALE/AS 1-1 ALE used for Intel modes. 
AS used for non-Intel modes. 

6 RD# I RD# used for Intel modes. 
E I E used for non-Intel modes. 

7 WR# I WR# used for Intel modes. 
R/W# I R/W # used for non-Intel modes. 

28 READY 0 READY is an output to synchronize accesses from the host 
MISO 0 microcontroller to the 82527. READY is an open-drain output to the 

host microcontroHer. MISO is the serial data output for the serial 
interface. mode. 

9 DSACKO# 0 DSACKO # is an output to synchronize accesses from the host 
microcontroller to the 82527. 
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intel .. 82527 

ELECTRICAL CHARACTERISTICS 

D.C. Characteristics Vee = sv ± 10%; TA = -40°c to + 12s0 c 

Symbol Parameter Min Max Conditions 

V1L Input Low Voltage (All except XT AL 1, -0.5V O.BV 
XTAL2, RXO, RX1) 

V1H Input High Voltage (All except XT AL 1, 3.0V Vee+ o.sv 
XTAL2, RXO, RX1, RESET#) 

V1H1 Input High Voltage (RESET#) 3.0V Vee+ o.sv 

Vol Output Low Voltage (All Outputs except 0.45V loL = 1.6mA 
TXO, TX1) ti 

VoH Output High Voltage (All Outputs except Vee - o.av loH = - 200 µ.A 
TXO, TX1, CLOCKOUT) 

VoHR1 Output High Voltage (CLOCKOUT) o.8 Vee loH = -80 µ.A 

ILK Input Leakage Current ±10 µ.A Vss < V1N < Vee 

C1N PIN Capacitance• 10pF fxrAL = 1 KHz 

Ice Supply Current 100mA fXTAL = 16 MHz 

lsLEEP Sleep Current 
with Voo/2 Output Enabled, No Load 700 µ.A 
with Voo/2 Output Disabled 100 µ.A 

lpo Powerdown Current XT AL 1 Driven 10µ.A 

NOTE: 
*Typical value based on characterization data. 
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intel.. 82527 

PHYSICAL LAYER SPECIFICATIONS Load Condition: 1 oo pF 

D.C. Characteristics Vee= 5V ± 10%; TA= -40°c to+ 125°C 

RXO/RX1 

Input Voltage 

Common Mode Range 

Delay Dominant to Recessive 

Delay Recessive to Dominant 

Differential Input Threshold 

If the comparator is bypassed by 
setting the CoBy bit to one in the Bus 
Configuration Register, the Input Delay 
is: 

TXO/TX1 

Source Current on Each TXO, TX1 

Sink Current on Each TXO, TX1 

Rise Time 

Fall Time 

Voo/2 

Voo/2 

CLOCKOUT SPECIFICATIONS 
Load Condition: 50 pF 

Parameter Min 

CLOCKOUT Frequency XTAL/15 

Min Max 

-0.5V Vee+ 0.5V 

Vss + 1v Vee- 1V 

35 ns 

35 ns 

±100 mV 

10 ns 

-10mA 

10mA 

25 ns 

25 ns 

2.38V 2.62V 

Max 

XTAL 

28-6 

Conditions 

-100 mV to + 100 mV differential 

+ 100 mV to -100 mV differential 

VouT =Vee - 1.0V 

VouT = 1.0V 

CLOAD = 100 pF 

CLOAD = 100 pF 

louT ::; 75 µA, Vee = 5V 



infel .. 82527 

A.C. Characteristics for 8/16-Bit Multiplexed Intel Modes (Modes O, 1) 
Conditions: Vee = 5V ± 10%, Vss = ov. TA = -40°C to + 125°C, CL = 100 pF 

Symbol Parameter Min Max 

1/txTAL Oscillator Frequency 8MHz 16MHz 

1/tseLK System Clock Frequency 4MHz 10MHz 

1/tMeLK Memory Clock Frequency 2MHz 5MHz 

tAVLL Address Valid to ALE Low 33ns 

tLLAX Address Hold after ALE Low 22.5 ns 

tRHDZ Data Float after RD# High Ons 45 ns 

tRLDV RD# Low to Data Valid Ons 45 ns 
(Only for Registers 02H, 04H, 05H) 

tRLRH RD# Pulse Width 40ns 
This time is long enough to initiate a double read 
cycle by loading the High Speed Registers (04H, 
05H), but is too short to READ from 04H and 05H 
(SeetRLDV) 

tRLYH RD# Low to READY High 
(for registers except 02H, 04H, 05H) 
for Read Cycle without a Previous Write 2 tMeLK + 145 ns 
for Read Cycle with a Previous Write 4 tMeLK + 145 ns 

tavwH Data Setup to WR# High 30 ns 

twHOX Input Data Hold after WR# High 20 ns 

twHDV WR# High to Output D~ta Valid on Port 1 /2 tMeLK 2 tMeLK + 100 ns 

twHLH WR# High to Next ALE High o ns 

twLWH WR# Pulse Width 40ns 

.tLHLL ALE High Time 30ns 

teLYV CS# Low to READY Setup 32ns 
Condition: Load Capacitance on the READY 
Output: 50 pF 

twLYH WR# Low to READY High for a Write Cycle if No 145 ns 
Previous Write is Pending 

twHYH End of Last Write to READY High for a Write Cycle 3 tMeLK + 145 ns 4 tMeLK + 145 ns 
if a Previous Write Cycle is Active 

tLLRL ALE Low to RD# Low o ns 
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82527 

A.C. Characteristics for 8/16-Bit Multiplexed Intel Modes (Modes 0, 1) 
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82527 

A.C. Characteristics for 8/16-Bit Multiplexed Intel Modes (Modes 0, 1) 

Ready Output Timing for a Write Cycle If No Previous Write is Pending 

CS# 

WR# 

Ready 

lcLYV 
272250-4 

Ready Output Timing for a Write Cycle If a Previous Write Cycle is Active 

lcLYV 

CS# 

ALE 

WR# 

Ready 

CS# 

ALE 

RD# 

Ready 

twHYH 

Ready Output Timing for a Read Cycle 

lcLYV 

lrlLYH 
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_infel. 82527 

A.C. Characteristics for B·Blt Multiplexed Non•lntel Mode (Mode 2) 
Conditions: Vee= 5V ±10%, Vss = OV, TA= -40"C.to +125°C, CL= 100 pF 

Symbol Parameter Min 

1/txrAL Oscillator Frequency 8MHz 

1/tsCLK System Clock Frequency 4MHz 

1/tMCLK Memory Clock Frequency 2MHz 

tAVSL Address Valid to AS Low 33 ns 

ts LAX Address Hold after AS Low 22.5 ns 

teLDz Data Float after E Low Ons 

teHDV E High to Data Valid Ons 

for Read Cycle without a Previous Write 
for Ready Cycle with a Previous Write 
(for Registers except for 02H, 04H, 05H) 

taVEL Data Setup to E Low 30ns 

teLQX Input Data Hold after E Low 20 ns 

tELDV E Low to Output Data Valid on Port 1 /2 tMCLK + 100 ns 

teHEL EHighTime 45 ns 
(only for Registers 02H, 04H, 05H) 

for Write Cycle with Previous Write 4 tMCLK + 145 ns 
(for Registers except for 02H, 04H, 05H) 

tsHSL AS High Time 30ns 

tRSEH Setup Time of R/W # to E High 30ns 

ts LEH AS Low to E High Ons 

28-10 

Max 

16MHz 

10MHz 

5MHz 

45 ns 

45 ns 

2 tMCLK + 145 ns 
4 tMCLK + 145 ns 

2 tMCLK + 100 ns 



intele 82527 

A.C. Characteristics for 8-Bit Multiplexed Non-Intel Mode (Mode 2) (Continued) 

AS 

tAVLL \LAX 

BUS ADDRESS 

'£:HOV 

ts LEH 

'EHEL 

R/W# 

R/W# 

'oVEL '£:LOX 

BUS ADDRESS DATA in 1>-----

PORT1/2 
272250-7 
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82527 

A.C. Characteristics for 8-Bit Non-Multiplexed Asynchronous (Mode 3) 
Conditions: Vee= 5V ±10%, Vss = OV, TA= -40°C to +125°C, CL= 100 pF 

Symbol Parameter Min Max 

1 /txrAL Osciliator Frequency 8MHz 16MHz 

1/tseLK System Clock Frequency 4MHz 10MHz 

1 /tMeLK Memory Clock Frequency 2MHz 5MHz 

tAveL Address or R/W# Valid to CS# Low 3 ns 
Setup 

teLOV CS# Low to Data Valid 0 ns 65 ns 
for High Speed Registers (02H, 04H, 05H) 

For Low Speed Registers 0 ns 2 tMeLK + 145 ns 
(Read Cycle without Previous Write) 

For Low Speed Registers 0 ns 4 tMeLK + 145 ns 
(Read Cycle with Previous Write) 

tKLDV DSACKO# Low to Output Data Valid <Ons 23 ns 

teHOV 82527 Input Data Hold after CS# High 25 ns 

teHOH 82527 Output Data Hold after CS# High O ns 

teHOZ CS# High to Output Data Float 0 ns 35 ns 

tcHKH CS# High to DSACKO# = V1H 0 ns 55 ns 
(with 3.3 Kn Pullup and 100 pF Load) 

teHKZ CS# High to DSACKO # Float 0 ns 100 ns 

teHeL CS# Width between Successive Cycles 25 ns 

teHAI CS# High to Address or R/W # Invalid 5 ns 

tcLeH CS# Width Low 65 ns 

toveH CPU Write Data Valid to CS# High 32 ns 

teLKL CS# Low to DSACKO # Low O ns 65 ns 
for High Speed Registers and Low Speed 
Registers Write Access without Previous 
Write 

for Write Access with a Previous Write O ns 2 tMeLK + 145 ns 
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intel. 82527 

A.C. Characteristics for 8-Bit Non-Multiplexed Asynchronous (Mode 3) {Continued) 

Address 

R/W# 

CS# 

Data 

DSACKO# 

Timing of the Asynchronous Mode 
(Read Cycle) 

lcLCH 

lcLDV 

li<LDV 
lcLKL '4-~---..i 

lcHDH 

272250-10 

A.C. Characteristics for 8-Bit Non-Multiplexed Asynchronous (Mode 3) 

Address 

R/W# 

CS# 

Data 

DSACKO# 

Timing of the Asynchronous Mode 
(Write Cycle) 

lcLCH 

lovcH 
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82527 

A.C. Characteristics for 8-Bit Non-Multiplexed Synchronous Mode (Mode 3) 
Conditions: Vee= 5V ±10%, Vss = ov, TA= -40°C to +125°C, CL= 100 pF 

Symbol Parameter Min Max 

1 ltxrAL Oscillator Frequency SMHz 16MHz 

1 /tseLK System Clock Frequency 4MHz 10MHz 

1 /tMeLK Memory Clock Frequency 2MHz 5MHz 

tEHDV E High to Data Valid out of High Speed 65 ns 
Register (02H, 04H, 05H) 

Read Cycle without Previous Write for 2 tMeLK + 145 ns 
Low Speed Registers 

Read Cycle with Previous Write for 4 tMeLK+ 145 ns 
Low Speed Registers 

tELDH Data Hold after E Low for a Read 5 ns 
Cycle 

tELoz Data Float after E Low O ns 35 ns 

tELDV Data Hold after E Low for a Write Cycle 25ns 

tAVEH Address and R/W # to E Setup 25 ns 

tELAV Address and R/W # Valid after E Falls 15 ns 

tevEH CS# Valid to E High 0 ns 

tELeV CS# Valid after E Low 0 ns 

tovEL Data Setup to E Low 55 ns 

tEHEL E Active Width 100 ns 

tAVAL Start of a Write Cycle after a Previous 2 tMeLK 
Write Access 
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82527 

A.C. Characteristics for 8-Bit Non-Multiplexed Synchronous Mode (Mode 3) 

Address 

R/W# 

CS# 

E 

Data 

Timing of the Synchronous Mode 
(Read Cycle) 

frLCV 
lcvEH 

272250-8 

A.C. Characteristics for 8-Bit Non-Multiplexed Synchronous Mode (Mode 3) 

Address 

CS# 

Data 

Timing of the Synchronous Mode 
(Write Cycle) 

tAVAV 

lovEL lrLDv 
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82527 

A.C. Characteristics for Serial Interface Mode 
Conditions: Vee = 5V ± 10%, Vss = OV, TA = -40°C to + 125°C, CL = 100 pF 

Symbol Parameter Min Max 

SCLK SPI Clock 0.5 MHz 4.2 MHz 

teve 1/SCLK 238 ns 2000 ns 

tsKHI Minimum Clock High Time 119 ns 

tsKLO Minimum Clock Low Time 119 ns 

tLEAD ENABLE Lead Time 70 ns 

tLAG Enable Lag Time 109 ns 

tAee Access Time 60 ns 

tpoo Maximum Data Out Delay Time 84 ns 

tHo Minimum Data Out Hold Time O ns 

to1s Maximum Data Out Disable Time 665 ns 

tsETUP Minimum Data Setup Time 59 ns 

tHOLD Minimum Data Hold Time 109 ns 

tRJSE Maximum Time for Input to go 100 ns 
from Vol to VoH 

tFALL Maximum Time for Input to go 100 ns 
from VoH to VOL 

tes Minimum Time between 670 ns 
Consecutive CS# Assertions 
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82527 

A.C. Characteristics for Serial Interface Mode 

CS# 'tEAD 

SCLK 

t.41SO 

t.40SI 

CS# 

SCLK 

t.41SO 

t.40SI 

A.C. TESTING INPUT 

Input, Output Waveforms 

3.0V~ Vee - O.BV 

0.45V 
O.BV 

272250-14 

NOTE: 
AC Inputs during testing are driven at Vee - 0.5V for a 
Logic "1" and 0.1V for a Logic "O". Timing measure
ments are made at V1H Min for a Logic "1" and VoL 
Max for a Logic "O". 

Polarity = 0, Phase = 0 

Polarity = 1, Phase = 1 
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EV82527 EVALUATION KIT 

272263-01 

The EV82527 evaluation kit demonstrates the capabilities of the 82527 serial 
communications controller 'and the Controller Area Network (CAN) protocol. This 
evaluation kit represents a quick approach to learning the features of the 82527 device 
and CAN Specification 2.0 29-bit message identifiers. 

DESCRIPTION 
The EV82527 evaluation kit features the 
82527 device and the CAN protocol, 
Specification 2.0. The 82527 device 
implements CAN Specification 2.0 and is 
optimized to allow the host microcontroller 
to remain dedicated to its application 
control function. The host microcontroller 
interface to the 82527 is analogous to that 
of a RAM. The transmission, reception and 
error confinement routines are hardwired 
in the 82527 and are transparent to the 
user. 

FEATURES 
The EV82527 evaluation kit consists of 
three boards: an EV87C196KR mother
board, an 82527 daughterboard and a 
DV82527 satellite board, plus a software 

monitor that assembles MCS®-96 code on
line. 
• The motherboard is a fully functional 

evaluation board which contains the host 
microcontroller, the Intel 87C196KR. 

• The daughterboard is configured with an 
RS-485 CAN bus interface and can be 
easily adapted to other physical layer 
implementations. 

• The daughterboard communicates with a 
DV82527 satellite board acting as an 
additional network node. The satellite 
board requires no host-CPU 
programming and uses dip switches to 
choose various communication options. 

BENEFITS 
• Quick setup and installation 
• Interfaces to high performance 16-bit 

host-CPU 
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EV82527 EVALUATION KIT 

• Assists the development of CAN application 
software 

• Demonstrates CAN Specification 2.0 protocol 
and features 

• Uses standard Personal Computer host 

87C196KR MOTHERBOARD 
Assembly language programs for the 
87C196KR motherboard may be downloaded to 
the microcontroller and executed. The monitor 
program has the following features: 
• Programloading 
• Program disassembly 
• In-monitor assembler that allows program to 

be written on-line 
• 16 breakpoints 
• Single-stepping 
• Specific commands to interrogate 82527 

messages and status 

The 87C916KR is a powerful 16-bit 
microcontroller with high speed 1/0, an AID 
converter, full duplex serial 1/0 (synchronous 
and asynchronous), 768 bytes of RAM and 
16 Kbytes of EPROM. 

82527 DAUGHTERBOARD 
The interface between the 82527 CAN device 
and the 87C196KR microcontroller is 
completed by connecting the mother and 
daughterboards together. The 82527 device 
interfaces to the 87C196KR using either an 
8- or 16-bit multiplexed address/data bus. 

CAN bus communication utilizes the on-board 
RS-485 interface or connects to a user defined 
physical interface. 

The two 8-bit 1/0 ports of the 82527 deviee 
connect to dip switches or LED displays 
allowing the user to change or monitor the 
operation of the 82527 and the 87C196KR 
devices. 

DV82527 SATELLITE BOARD 
The daughterboard connects to a satellite 
board via a cable serving as the CAN bus. It 
executes a series of fixed programs which are 
user-selected dip switches. The sat~llite board 
receives and transmits one-byte messages of 
either 11- or 29-bit message identifier format. 
Messages may use one of four possible message 
identifiers. The satellite sends remote frames 
as well. 

The reception and transmission of satellite 
board messages is monitored on LED displays. 

PERSONAL COMPUTER 
REQUIREMENTS 
The EV82527 evaluation kit is hosted on an 
IBM PC AT, XT or BIOS-compatible clone. The 
PC must meet the following requirements: 
• 512 Kbytes of memory 
• One 1.2 Meg floppy Disk Drive 
• MS-DOS 3.0 or later 
• A serial (CO Ml or COM2) at 9600 baud 
• ASM-96, iC-96 or PL/M-96 or any 8096 

Assembler/Compiler that generates Object 
Module Format code 

• A text editor such as AEDIT 
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ALABAMA 

~I ~i~~vard South 
Suite 104-1 
Huntsville 35802 
Tel: (BOO) 62B-B686 
FAX: (205) BB3-3511 

ARIZONA 

tln1el Corp. 
410 North 44th Street 
Suite 500 
Phoenix 85008 
Tel: (BOO) 628·8686 
FAX: (602) 244-0446 

CALIFORNIA 

Intel Corp. 
1 Sierra Gate Plaza 
Suite 280C 
Roseville 95678 
Tel: (800) 628-86B6 
FAX: (916) 782-8153 

tlntel Corp. 
9665 Chesapeake Dr. 
Suite 325 

~=~ g~o6~~~~~ 
FAX: (619) 292-0S26 

*tlntel Corp. 
400 N. Tustin Avenue 
Suite 450 
Sente Ana 92705 
Tel: (BOO) 62B·B686 
lWX: 910-595-1114 
FAX: (714) 541-9157 

*tlntel Corp. 
San Tomas 4 
2700 San Tomas Expressway 
2nd Floor 
Santa Clara 95051 
Tel: (BOO) 628-8686 
lWX: 910-338-0255 

tlntel Corp. 
15260 Ventura Boulevard 
Suite 360 
Sherman Oaks 91403 
Tel: (800) 628-8686 
FAX: (818) 995-6624 

COLORADO 

"'tlntel, Corp. 
600 S. Cherry St. 
Suite 700 
Denver 80222 
Tel: (BOO) 62B·B686 
lWX: 910-931 ·22B9 
FAX: (303) 322·B670 

CONNECTICUT 

tln1el Corp. 
103 Mill Plain Road 
Danbury 06B11 
Tel: (BOO) 62B·B686 
FAX: (203) 794-0339 

FLORIDA 

tlntel Corp. 
800 Fairway Drive 
$ulte 160 
Deerfield Beach 33441 
Tel: (BOO) 62B"8686 
FAX: (305) 421 -2444 

tlntel Corp. 
5850 T.G. Lee Blvd. 
Suite 340 
O~ando 32B22 
Tel: (BOO) 62B·B686 
FAX: (407) 240-8097 

tSales and Service Office 
*Field Application Location 

NORTH AMERICAN SALES OFFICES 
GEORGIA *tlntel Corp. *tlntel Corp. 

tlntel Corp. 
2950 Express Dr., South 12000 Ford Roed 
Suite 130 Suite 400 

20 Technology Parkway Islandia 11722 Dallas 75234 
Suite 150 Tel: (800) 628-8686 Tel: (800) 628-8686 
Norcross 30092 lWX: 510-227-6236 FAX: (214) 484·11BO 
Tel: (800) 62B-8686 FAX: (516) 348-7939 

*tlntel Corp. FAX: (404) 605-9762 
tlntel Corp. 20515 SH 249 

ILLINOIS 300 Westage Business Center Suite 401 
Suite 230 Houston 77070 

*tlntel Corp. Flshkill 12524 ~\~?~~~= Woodfield Corp. Center Ill Tel: (BOO) 628-8686 
300 N. Martingale Road FAX: (914) 897-3125 FAX: (713) 988-3660 

Suite 400 UTAH 
· ~;1h(=uJ~9~~1 OHIO 

tlmel Corp. 
FAX: (708) 706-9762 *tlntel Corp. 428 East 6400 South 

3401 Park Center Drive Suite 104 
INDIANA Suite 220 Murray 84107 

Dayton 45414 Tel: (800) 628-8686 
tlntel Corp. Tel: (BOO) 628-8686 FAX: (801) 268-1457 
891 O Purdue Road TWX: 810-450-252B 
Suite 350 FAX: (513) 690-865B WASHINGTON 
Indianapolis 46268 

*Intel Corp. tlntel Corp. 
Tel: (800) 628-8686 2800 156th Avenue S.E. 
FAX: (317) 875-693B Four Commerce Park Square 

Suite 105 
~~!~~;~~9~1B~d., Suite 600 Bellevue 98007 

MARYLAND Tel: (800) 628-8686 Tel: (BOO) 628-8686 

*tlntet Corp. FAX: (216) 464·2270 FAX: (206) 748-4495 

10010 Junction Or. Intel Corp. 
Suite 200 OKLAHOMA 408 N. Mullan Roed 
Annapolts Junction 20701 Suite 105 
Tel: (BOO) 628-8686 ~g~ ~r~i-oadway 

Spokane 99206 
FAX: (410) 206·3678 Tel: (800) 628-B686 

Suite 115 FAX: (509) 928-9467 

MASSACHUSETTS Oklahoma City 73162 
Tel: (800) 62B-8686 WISCONSIN 

*tlntet Corp. FAX: (405) 840-9819 Intel Corp. 
Westford Corp. Genter 400 N. Executive Dr. 
5 Carlisle Road OREGON Suite 401 
2nd Floor Brookfield 53005 
Westford 01886 r~~~8f.iij: Greenbrier Pkwy. 

Tel: (800) 628-8686 
Tel: (600) 628-8686 FAX: (414) 789-2746 
lWX: 710-343-6333 Buildlng B 
FAX: (50B) 692-7867 Beaverton 97006 CANADA Tel: (BOO) 628-8686 
MICHIGAN TWX: 91Q-487-8741 

FAX: (503) 645-8181 BRITISH COLUMBIA 
tlntel Corp. Intel Semiconductor of 
7071 Orchard Lake Road PENNSYLVANIA Canada, Ltd. 
Suite 100 999 Canada Place West Bloomfield 48322 *tlntel Corp. Suite 404, #11 
Tel: (800) 628-8886 925 Harvest Drive Vancouver V6C 3E2 
FAX: (313) 851-8770 Suite 200 Tel: (800) 628-8686 

Blue Bell 19422 FAX: (604) 844-2813 
MINNESOTA Tel: (600) 62B-8686 

FAX: (215) 641-0785 ONTARIO 
tlntel Corp. 

~W~~~r88mer Blvd. 
tlntel Semiconductor of 3500 W. 601h St. 

Suite 360 Canada, Ltd. 

~~~~~~ria8~~ 
Suite 610 2650 Queensvlew Drive 

~:~?~08f 01:8~~ 
Suite 250 

lWX: 910-576-2867 Ottawa K2B 8H6 
FAX: (612) 831-6497 FAX: (412) 829-7578 Tel: (800) 628-8686 

FAX: (613) 820-5936 

NEW JERSEY SOUTH CAROLINA tlntel Semiconductor of 
Canada, Ltd. 

~T~~~~ c&ffCe center 
Intel Corp. 190 Attwell Drive 
100 Executive Center Drive Suite 500 

125 Half Mile Road Suite 109, B183 Rexdale M9W 6H8 
Red Bank 07701 Greenville 29615 Tel: (BOO) 628-B686 
Tel: (BOO) 62B-8686 Tel: (BOO) 626-6686 FAX: (416) 675-2436 
FAX: (906) 747-0983 FAX: (803) 297-3401 

QUEBEC 

NEW YORK TEXAS tlntel Semiconductor of 
Canada, Ltd. 

*Intel Corp. tlmel Corp. 1 Aue Holiday 
~~P~~~~ Office Park 8911 N. Capitel of Texas Hwy. Suite 115 

Suite 4230 Tour East 
Tel: (800) 62B-8686 Austin 78759 Pt. Claire H9R 5N3 
lWX: 510-253-7391 Tel: (800) 628-8686 Tel: (BOO) 628"8686 
FAX: (716) 223-2561 FAX: (512) 338-9335 FAX: 514-694-0064 

CG/SALE/101992 



ALABAMA 

Arrow/Schweber Electronics 
1015 Henderson Road 
Huntsville 35816 
Tel: (205) 837-6955 
FAX: (205) 895-0126 

Hamilton/Avnet 
4960 Corporate Drive, #135 
Huntsville 35805 
Tel: (205) 837-7210 
FAX: (205) 830-8404 

~osrc:~~~a~:~~. #120 
Huntsville 35805 
Tel: (205) 830-9526 
FAX: (205) 830-9557 

Pioneer Technologies Group 
4835 University Square, #5 
Huntsville 35816 
Tel: (205) 837-9300 
FAX: (205) 837-9358 

ARIZONA 

Arrow/Schweber Electronics 
2415 W. Erie Drive 
Tempe 85282 
Tel: (602) 431-0030 
FAX: (602) 431·9555 

Avnet Computer 
1626 S. Edwards Drive 
Tempe 85281 
Tel: (602) 902-4642 
FAX: (602) 902-4646 

Hamilton/Avnet 
1626 S. Edwards Drive 
Tempe 85281 
Tel: (602) 902-4700 
FAX: (602) 902-4747 

Wyle Laboratories 
4141 E. Raymond 
Phoenix 85040 
Tel: (602) 437-2088 
FAX: (602) 437-2124 

CALIFORNIA 

Arrow Commercial Systems Group 
1502 Crocker Avenue 
Hayward 94544 
Tel: (510) 489-5371 
FAX: (510) 391-1742 

Arrow Commercial Systems Group 
14242 Chambers Road 
Tustin 92680 
Tel: (714) 544-0200 
FAX: (714) 454-4203 

Arrow/Schweber Electronics 
26707 W. Agoura Road 
Calabasas 91302 
Tel: (818) 880-9686 
FAX: (818) 880-4687 

Arrow/Schweber Electronics 
9511 Ridgehaven Court 
San Diego 9212~ 
Tel: (619) 565-4800 
FAX: (619) 279-0862 

Arrow/Schweber Electronics 
1180 Murphy Avenue 
san Jose 95131 
Tel: (408) 441-9700 
FAX: (408) 453-4810 

ArrowJSchweber Electronics 
48834 Kato Rd., Suite 103 
Fremont 94538 
Tel: (510) 440-2681 
FAX: (510) 490-1084 

Arrow/Schweber Electronics 
6 Cromwell, Suite 100 
Irvine 92718 
Tel: (714) 838-5422 
FAX: (714) 454-4203 

Avnet Computer 
3170 Pullman Street 
Costa Mesa 92626 
Tel: (714) 641-4179 
FAX: (714) 641-4170 

NORTH AMERICAN DISTRIBUTORS 
Avnet Computer 
1361 B West 190th Street 
Gardena 90248 
Tel: (310) 217-6830 
FAX: (310) 327-5369 

Avnet Computer 
1175 Bordeaux DriVe 
Sunnyvale 94089 
Tel: (408) 743-3454 
FAX: (408) 743-3348 

Hamilton/Avnet 
3170 Pullman Street 
Costa Mesa 92626 
Tel: (714) 641-4182 
FAX: (714) 641-4149 

Hamilton/Avnet 
1175 Bordeaux Drive 
Sunnyvale 94089 
Tel: (408) 743-3300 
FAX: (408) 745-6879 

Hamilton/Avnet 
4545 Viewridge Avenue 

~=~ fs;f£05~~~;~40 
FAX: (619) 277-6136 

Hamilton/Avnet 
21150 Califa St. 
Woodland Hills 91367 
Tel: (818) 594-0404 
FAX: (818) 594-8233 

Hamilton/Avnet 
755 Sunrise Avenue, #150 
Roseville 95661 
Tel: (916) 925-2216 
FAX: (916) 925-3478 

Pioneer·Technologies Group 
134 Rio Robles 
San Jose 95134 
Tel: (408) 954-9100 
FAX: (408) 954-9113 

Pioneer Standard 
217 Technology Or., #110 
Irvine 92718 
Tel: (714) 753-5090 
FAX: (714) 753-5074 

Pioneer Standard 
5850 Canoga Ave., #400 
Woodland Hills 91367 
Tel: (818) 883-4640 
FAX: (818) 883-9721 

Wyle Laboratories 
2951 Sunrise Blvd., #175 
Rancho Cordova 95742 
Tel: (916) 638-5282 
FAX: (916) 638-1491 

Wyle Laboratories 
9525 Chesapeake Drive 
San Diego 92123 
Tel: (619) 565-9171 
FAX: (619) 365-0512 

Wyle Laboratories 
3000 Bowers Avenue 
Santa Clara 95051 
Tel: (408) 727-2500 
FAX: (408) 727-7359 

Wyle Laboratories 
17872 Cowan Avenue 
Irvine 92714 
Tel: (714) 863-9953 
FAX: (714) 251-0365 

Wyle Laboratories 
26010 Mureau Road, #150 
Calabasas 91302 
Tel: (818) 880-9000 
FAX: (818) 880-5510 

COLORADO 

Arrow/Schweber Electronics 
61 Inverness Dr. East, # 105 
Englewood 80112 
Tel: (303) 799-0258 
FAX: (303) 799-4303 

Hamilton/Avnet 
9605 Maroon Circle, #200 
Englewood 80112 
Tel: (303) 799-7800 
FAX: (303) 799-7801 

Wyle Laboratories 
451 E. 124th Avenue 
Thornton 60241 
Tel: (303) 457-9953 
FAX: (303) 457-4831 

CONNECTICUT . 
Arrow/Schweber Electronics 
12 Beaumont Road 
Wallingford 06492 
Tel: (203) 265-n41 
FAX: (203) 265-7988 

Avnet Computer 
55 Federal Road, #103 
Danbury 06810 
Tel: (203) 797-2880 
FAX: (203) 791-2896 

Hamilton/Avnet 
55 Federal Road, #103 
Danbury 06610 
Tel: (203) 743-9799 
FAX: (203) 797-0373 

Pioneer-Standard 
2 Trap Falls Rd., #101 
Shelton 06484 
Tel: (203) 929-5600 
FAX: (203) 929-9791 

FLORIDA 

Arrow/Schweber Electronics 
400 Fairway Drive, #102 
Deerfield Beach 33441 
Tel: (305) 429-8200 
FAX: (305) 428-3991 

Arrow/Schweber Electronics 
37 Skyline Drive, #3101 
Lake Mary 32746 
Tel: (407) 333-9300 
FAX: (407) 333-9320 

Avnet Computer 
541 S. Orlando Ave., #203 
Maitlan 32751 
Tel: (407) 539-2888 
FAX: (407) 539-2085 

Hamilton/Avnet 
5371 N.W. 33rd Ave., #204 
Ft. Lauderdale 33309 
Tel: (305) 733-6300 
FAX: (305) 484-8369 

Hamilton/Avnet 
3247 Tech Drive 
St. Petersburg 35805 
Tel: (813) 573-4346 
FAX: (813) 572-0833 

Hamilton/Avnet 
7079 University Boulevard 
Winter Park 32792 
Tel: (407) 657-3300 
FAX: (407) 678-4414 

Pioneer Technologies Group 
337 Northlake Blvd., #1000 
Alta Monte Springs 32701 
Tel: (407) 834-9090 
FAX: (407) 834-0865 

Pioneer TechnolOQies Group 
674 S. Military Trall 
Deerfield Beach 33442 
Tel: (305) 428-8877 
FAX: (305) 481-2950 

GEORGIA 

Arrow Commercial Systems Group 
3400 C. Corporate Way 
Duluth 30136 
Tel: (404) 623-8825 
FAX: (404) 623-8802 

Arrow/Schweber Electronics 
4250 E. Rivergreen Pkwy., #E 
Duluth 30136 
Tel: (404) 497-1300 
FAX: (404) 476-1493 

Avnet Computer 
3425 Corporate Way, #G 
Duluth 30136 
Tel: (404) 623-5400 
FAX: (404) 476-0125 

Hamitton/Avnet 
3425 Corporate Way, #G 
Dulu1h 30136 
Tel: (404) 623-5475 
FAX: (404) 623-5490 

Pioneer Technologies Group 
4250 C. Rivergreen Parkway 
DulUlh 30136 
Tel: (404) 623-1003 
FAX: (404) 623-0665 

ILLINOIS 

Arrow/Schweber Electronics 
1140 W. Thorndale Rd. 
Itasca 60143 
Tel: (708) 250-0500 
FAX: 708-250-0916 

Avnet Computer 
1124 Thorndale Avenue 
Bensenville 60106 
Tel: (708) 860-8573 
FAX: (708) 773-7978 

Hamilton/Avnet 
1130 Thorndale Avenue 
Bensenville 60106 
Tel: (708) 860-7700 
FAX: (708) 860-8532 

MTI Systems 
1140 W. Thorndale Avenue 
Itasca 60143 
Tel: (708) 250-8222 
FAX: (708) 250-8275 

Pioneer-Standard 
2171 Executive Dr., #200 
Addison 60101 
Tel: (708) 495-9680 
FAX: (708) 495-9831 

IN DIANA 

Arrow/Schweber Electronics 
7108 Lakeview Parkway West Or. 
Indianapolis 46268 
Tel: (317) 299-2071 
FAX: (317) 299-2379 

Avnet Computer 
655 W. Carmel Or., #120 
Carmel 46032 
Tel: (317) 575-8029 
FAX: (317) 844-4964 

Hamilton/Avnet 
485 Gradle Drive 
Carmel 46032 
Tel: (317) 644-9533 
FAX: (317) 844-5921 

Pioneer-Standard 
9350 Priority Way West Dr. 
Indianapolis 46250 
Tel: (317) 573-0880 
FAX: (317) 573-0979 

IOWA 

Hamilton/Avnet 
2335A Blairsferry Rd., N.E. 
Cedar Rapids 52402 
Tel: (319) 362-4757 
FAX: (319) 393-7050 

KANSAS 

Arrow/Schweber Electronics 
9801 Legler Road 
Lenexa 66219 

~~,<~~~§15iJ2~ra~2 
Avnet Computer 
15313 W. 95th Street 
Lenexa 61219 
Tel: (913) 541-7989 
FAX: (913) 541-7904 

Hamilton/Avnet 
15313 W. 95th Street 
Overland Park 66215 
Tel: (913) 888-1055 
FAX: (913) 541-7951 

CG/SALE/101992 



NORTH AMERICAN DISTRIBUTORS (Contd.) 
KENTUCKY 

Hamilton/Avnet 
1847 Mercer Rd., i#G 
Lexington 40511 
Tel: (606) 288-4911 
FAX: (606) 288-4936 

MARYLAND 

Arrow/Schweber Electronics 
9800J Patuxent Woods Dr. 
Columbia 21 046 
Tel: (301) 596-7800 
FAX: (301) 596-7821 

Arrow Commercial Systems Group 
200 Perry Parkway 
Gaithersburg 20877 
Tel: (301) 670-1600 
FAX: (301) 670-0188 

Avnet Computer 
7172 Columbia Gateway Dr. 
Columbia 21046 
Tel: (301) 995-3571 
FAX: (301) 995-3515 

Hamilton/Avnet 
7172 Columbia Gateway Dr., #F 
Columbia 21046 
Tel: (301) 995-3554 
FAX: (301) 995-3553 

*North Atlantic Industries 
Systems Division 
7125 River Wood Dr. 
Columbia 21046 
Tel: (301) 312-5800 
FAX: (301) 312-5850 

Pioneer Technologies Group 
9100 Gaither Road 
Gaithersburg 20877 
Tel: (301) 921-0660 
FAX: (301) 921-4255 

MASSACHUSETTS 

Arrow Commercial Systems Group 
250 Upton Drive 
Wltmington 01887 
Tel: (508) 858-7100 
FAX: (508) 658-0977 

Arrow/Schweber Electronics 
25 Upton Dr. 
Wilmington 01887 
Tel: (508) 858-0900 
FAX: (508) 894-1754 

Avnet Computer 
10 D Centennial Drive 
Peabody 01960 
Tel: (508) 532-9822 
FAX: (508) 532-9887 

Hamilton/Avnet 
10 D Centennial Drive 
Peabody 01960 
Tel: (508) 531-7430 
FAX: (508) 532-9802 

Pioneer-Standard 
44 Hartwell Avenue 
Lexington 02173 
Tel: (617) 861-9200 
FAX: (617) 863-1547 

Wyle Laboratories 
15 Third Avenue 
Burlington 01803 
Tel: (617) 272-7300 
FAX: (617) 272-6809 

MICHIGAN 

Arrow/Schweber Electronics 
19880 Haggerty Road 
Livonia 48152 
Tel: (800) 231-7902 
FAX: (313) 462-2686 

Avnet Computer 
41650 Garden Brook Rd. # 120 
Novi 48375 
Tel: (313) 347-4067 
FAX: (313) 347-1820 

Hamilton/Avnet 
2876 28th Street, S.W., #5 
Grandville 49418 
Tel: (616) 531-0345 
FAX: (616) 531-0059 

Hamilton/Avnet 
41650 Garden Brook Rd., #100 
Novi 48375 
Tel: (313) 347-4270 
FAX: (313) 347-4021 

Pioneer-Standard 
13485 Stamford Ct. 
Livonia 48150 
Tel: (313) 525-1800 
FAX: (313) 427-3720 

MINNESOTA 

Arrow/Schweber Electronics 
10100 Viking Drive, #100 
Eden Prairie 55344 
Tel: (612) 941-5280 
FAX: (612) 829-8007 

Avnet Computer 
9800 Bren Road, East 
Minnetonka 55343 
Tel: (612) 829-0025 
FAX: (612) 944-0638 

Hamilton/Avnet 
9800 Bren Road, East, #410 
Minnetonka 55343 
Tel: (612) 932-0600 
FAX: (612) 932-0613 

Pioneer-Standard 
7625 Golden Triange Dr., #G 
Eden Prairie 55344 
Tel: (612) 944-3355 
FAX: (612) 944-3794 

MISSOURI 

Arrow/Schweber Electronics 
2380 Schuetz Road 
St. Louis 63146 
Tel: (314) 567-6888 
FAX: (314) 567-1164 

Avnet Computer 
741 Goddard Avenue 
Chestertield 63005 
Tel: (314) 537-2725 
FAX: (314) 537-4248 

Hamilton/Avnet 
741 Goddard 
Chesteriield 63005 
Tel: (314) 537-4265 
FAX: (314) 537-4248 

NEW HAMPSHIRE 

Avnet Computer 
2 Executive Park Drive 
Bedford 03102 
Tel: (BOO) 442-8638 
FAX: (603) 624-2402 

NEW JERSEY 

Arrow/Schweber Electronics 
4 East Stow Rd., Unit 11 
Marlton 08053 
Tel: (609) 596-8000 
FAX: (609) 596-9632 

Arrow/Schweber Electronics 
43 Route 46 East 
Pine Brook 07058 
Tel: (201) 227-7880 
FAX: (201) 227-2064 

Avnet Computer 
1 B Keystone Ave., Bldg. 36 
Cherry Hill 08003 
Tel: (609) 424-8962 
FAX: (609) 751-2502 

Hamilton/Avnet 
1 Keystone Ave., Bldg. 36 
Cherry Hill 08003 
Tel: (609) 424-0110 
FAX: (609) 751-2611 

Hamilton/Avnet 
1 o Lanidex Plaza West 
Parsippany 07054 
Tel: (201) 515-5300 
FAX: (201) 515-1600 

MTI Systems Sales 
43 US Rt 46 
Pinebrook 07058 
Tel: (201) 882-8780 
FAX: (201) 882-8901 

*Self Certified Small Business per Federal Acquisition Regulations 

Pioneer-Standard 
14A Madison Rd. 
Fairfield 07004 
Tel: (201) 575-3510 
FAX: (201) 575-3454 

NEW MEXICO 

Alliance Electronics, Inc. 
10510 Research Ave., SE 
Albuquerque 87123 
Tel: (505) 292-3360 
FAX: (505) 275-6392 

Avnet Computer 
7801 Academy Ad., SE 
Bldg. 1, Suite 204 
Albuquerque 87109 
Tel: (505) 828-9722 
FAX: (505) 828-0364 

Hamilton/Avnet 
7801 Academy Rd., NE 
Bldg. 1, Suite 204 
Albuquerque 87108 
Tel: (505) 828-1058 
FAX: (505) 828-0360 

NEW YORK 

Arrow/Schweber Electronics 
3375 Brighton Henrietta Townline Rd. 
Rochester 14623 
Tel: (716) 427-0300 
FAX: (716) 427-0735 

Arrow/Schweber Electronics 
20 Oser Avenue 
Hauppauge 11788 
Tel: (516) 231-1000 
FAX: (516) 231-1072 

Avnet Computer 
933 Motor Parkway 
Hauppauge 11788 
Tel: (516) 434-7443 
FAX: (516) 434-7459 

Avnet Computer 
2060 Town!ine Rd. 
Rochester 14623 
Tel: (716) 272-9110 
FAX: (716) 272-9685 

Hamilton/Avnet 
933 Motor Parkway 
Hauppauge 11788 
Tel: (516) 231-9800 
FAX: (516) 434-7426 

Arrow Commercial Systems Group 
120 Commerce 
Hauppauge 11788 
Tel: (516) 231-1175 
FAX: (516) 435-2389 

Hamilton/Avnet 
2060 Townline Rd. 
Rochester 14623 
Tel: (716) 475-9130 
FAX: (716) 475-9119 

Hamilton/Avnet 
103 Twin Oaks Drive 
Syracuse 13120 
Tel: (315) 453-4000 
FAX: (315) 453-4010 

MTI Systems 
1 Penn Plaza 
250 W. 34th Street 
New York 10119 
Tel: (212) 643-1280 
FAX: (212) 643-1288 

Pioneer-Standard 
68 Corporate Drive 
Binghamton 13904 
Tel: (607) 722-9300 
FAX: (607) 722-9562 

Pioneer-Standard 
60 Crossway Park West 
Woodbury, Long Island 11797 
Tel: (516) 921-8700 
FAX: (516) 921-2143 

Pioneer-Standard 
840 Fairport Park 
Fairport 14450 
Tel: (716) 381-7070 
FAX: (716) 381-8774 

NORTH CAROLINA 

Arrow/Schweber Electronics 
5240 Greensdairy Road 
Raleigh 27604 
Tel: (919) 876-3132 
FAX: (919) 878-9517 

Avnet Computer 
2725 Millbrook Rd., #123 
Raleigh 27604 
Tel: (919) 790-1735 
FAX: (919) 872-4972 

Hamilton/Avnet 
5250-77 Center Dr. #350 
Charlotte 28217 
Tel: (704) 527-2485 
FAX: (704) 527-8058 

Hamilton/Avnet 
3510 Spring Forest Drive 
Raleigh 27604 
Tel: (919) 878-0819 
FAX: (919) 954-0940 

~~':J~ee~s~u~~~~~0P/~! gr~JP 
Charlotte 28273 
Tel: (704) 527-8188 
FAX: (704) 522-8564 

Pioneer Technologies Group 
2810 Meridian Parkway, #148 
Durham 27713 
Tel: (919) 544-5400 
FAX: (919) 544-5885 

OHIO 

Arrow Commercial Systems Group 
284 Cramer Creek Court 
Dublin 43017 
Tel: (614) 889-9347 
FAX: (614) 889-9680 

Arrow/Schweber Electronics 
6573 Cochran Road, #E 
Solon 44139 
Tel: (216) 248-3990 
FAX: (216) 248-1106 

Arrow/Schweber Electronics 
8200 Washington Village Dr. 
Centerville 45458 
Tel: (513) 435-5563 
FAX: (513) 435-2049 

Avnet Computer 
7764 Washington Village Dr. 
Dayton 45459 
Tel: (513) 439-6756 
FAX: (513) 439-6719 

Avnet Computer 
2 Summit Park Dr., #520 
Independence 44131 
Tel: (216) 573-7400 
FAX: (216) 573-7404 

Hamilton/Avnet 
7760 Washington Village Dr. 
Dayton 45459 
Tel: (513) 439-6633 
FAX: (513) 439-6711 

Hammon/Avnet 
2 Summit Park Dr., #520 
Independence 44131 
Tel: (216) 573-7400 
FAX: (216) 573-7404 

MTI Systems Sales 
23404 Commerce Park Rd. 
Beachwood 44122 
Tel: (216) 464-6688 
FAX: (216) 464-3564 

Pioneer-Standard 
4433 lnterpoint Boulevard 
Dayton 45424 
Tel: (513) 236-9900 
FAX: (513) 236-8133 

Pioneer-Standard 
4800 E. 131st Street 
Cleveland 441 05 
Tel: (216) 587-3600 
FAX: (216) 663-3906 
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NORTH AMERICAN DISTRIBUTORS (Contd.) 
OKLAHOMA Avnet Computer Arrow Commercial Systems Group Zentronics 

Arrow/Schweber Electronics 1235 North Loop West, #525 14360 S.E. Eastgate Way 11400 Bridgeport Rd., #108 
Houston 77008 Bellevue 98007 Richmond V6X 1 T2 

12111 East51stStreet, #101 Tel: (713) 867-7580 Tel: (206) 643-9992 Tel: (604) 273-5575 
Tulsa 74146 FAX: (713) 861-6851 FAX: (206) 643·9709 FAX: (604) 273·2413 
Tel: (918) 252-7537 
FAX: (918) 254-0917 Hamilton/Avnet Hamilton/Avnet ONTARIO 

Hamilton/Avnet 
1826-F Kramer Lane 17761 N.E. 78th Place, #C Arrow Commercial Systems Group Austin 78758 Redmond 98052 12121 E. 51s1 St., #102A Tel: (512) 832-4306 Tel: (206) 241-8555 1093 Meyerside Dr., Unit 2 

Tulsa 74146 FAX: (512) 832-4315 FAX: (206) 241-5472 Mississauga, Ontario 
Tel: (918) 252-7297 L5T 1M4 
FAX: (918) 250-8763 Hamilton/Avnet Avnet Computer Tel: (416) 670-7784 

4004 Beltline, Suite 200 17761 N.E. 78th Place FAX: (416) 670-7781 
OREGON Dallas 75244 Redmond 98052 Arrow/Schweber Electronics 
Almac/Arrow Electronics Tel: (214) 308-8105 Tel: (206) 867-0160 36 Antares Dr., Unit 100 
1885 N.W. 169th Place, #106 

FAX: (214) 308-8141 FAX: (206) 867,0161 Nepean K2E 7W5 
Beaverton 97006 Hamilton/Avnet Wyle Laboratories Tel: (613) 226-6903 
Tel: (503) 629-8090 1235 North Loop West, #521 15385 N.e. 9oth Street FAX: (613) 723-2018 
FAX: (503) 645-0611 Houston 77008 Redmond 98052 Arrow/Schweber Electronics 
Arrow Commercial Systems Group Tel: (713) 861-8517 Tel: (206) 881·1150 1093 Meyerside, Unit 2 
1885 N.W. 169th Place 

FAX: (713) 861-6541 FAX: (206) 881-1567 Mississauga L5T 1 M4 
Beaverton 97006-7312 Pioneer-Standard Tel: (416) 670-7769 
Tel: (503) 629-8090 18260 Kramer Lane WISCONSIN FAX: (416) 670-7781 
FAX: (503) 645·0611 Austin 78758 Avnet Computer 
Avnet Computer m(~m)8~tgg~ Arrow/Schweber Electronics 151 Superior Blvd. 200 N. Patrick Blvd., #100 
9150 Southwest Nimbus Ave. Brookfield 53045 Mississuaga LST 2L 1 
Beaverton 97005 Pioneer-Standard Tel: (414) 792-0150 Tel: (416) 795-3895 
Tel: (503) 627-0900 13785 Beta Road FAX: (414) 792-0156 FAX: (416) 795·3855 
FAX: (503) 526·6242 Dallas 75244 Avnet Computer 
Hamilton/Avnet 

Tel: (214) 263-3168 Avnet Computer 190 Colonnade Road 
9409 Southwest Nimbus Ave. FAX: (214) 490-6419 20875 Crossroads Circle, #400 Nepean K2E 7J5 
Beaverton 97005 Pioneer-Standard Waukesha 53186 Tel: (613) 727-2000 
Tel: (503) 627-0201 10530 Rockley Road, #100 Tel: (414) 784-8205 FAX: (613) 727-2020 
FAX: (503) 641·4012 Houston 77099 FAX: (414) 784-6006 

Hamilton/Avnet 
Wyle Laboratories 

Tel: (713) 495-4700 Hamilton/Avnet 151 Superior Blvd. 
9640 Sunshine Court 

FAX: (713) 495-5642 28875 Crossroads Circle, #400 Mississauga LST 2L 1 
Bldg. G, Suite 200 Wyle Laboratories Waukesha 53186 Tel: (416) 795-3835 

Beaverton 97005 1810 Greenville Avenue Tel: (414) 784-4511 FAX: (416) 564-6036 

Tel: (503) 643-7900 Richardson 75061 FAX: (414) 784-9509 Hamilton/Avnet 
FAX: (503) 646·5466 Tel: (214) 235-9953 Pioneer-Standard 190 Colonnade Road 

FAX: (214) 644-5064 120 Bishop Way #163 Nepean K2E 7 JS 
PENNSYLVANIA 

Wyle Laboratories Brookfield 53005 Tel: (613) 226-1700 

~r~~x~b~~~t~rive, #320 
4030 West Braker Lane, #420 Tel: (414) 784-3480 FAX: (6.13) 226-1184 

Austin 78759 FAX: (414) 784-8207 Zentronics 
Mars 16046 Tel: (512) 345-8853 1355 Meyerside Drive 
Tel: (412) 772-1888 FAX: (512) 345·9330 ALASKA Mississauga LST 1 C9 
FAX: (412) 772-1890 

Wyle Laboratories Avnet Computer 
Tel: (416) 564-9600 
FAX: (416) 564-8320 

Hamilton/Avnet 11001 South Wilcrest, #100 1400 West Benson Blvd., #400 
213 Executive, #320 Houston 77099 

~g1g~~~e2n~o:99 
Zentronics 

Mars 16046 Tel: (713) 879-9953 155 Colonnade Rd., Sou1h 
Tel: (412) 772-1881 FAX: (713) 879-4069 FAX: (907) 277-2639 Unit 17/18 
FAX: (412) 772· 1890 Nepean K2E 7K1 

Pioneer-Standard UTAH Tel: (613) 226-8840 

259 Kappa Drive Arrow/Schweber Electronics CANADA FAX: (613) 226-6352 

Pittsburgh 15236 1946 W. Parkway Blvd. QUEBEC 
Tel: (412) 782-2300 Salt Lake City 84119 

ALBERTA Arrow/Schweber Electronics FAX: (412) 963-8255 Tel: (801) 973-6913 1100 St. Regis Blvd. 
Pioneer Technologies Group FAX: (801) 972-0200 Avnet Computer Dorval H9P 2T5 
500 Enterprise Road Avnet Computer 1081144 29th Ave., NE Tel: (514) 421-7411 
Keith Valley Business Center 1100 E. 8600 South, #150 Calgary T2E 7P1 FAX: (514) 421-7430 
Horsham 19044 Salt Lake City 84121 Tel: (403) 291-3284 Arrow Commercial Systems Group 
Tel: (215) 674-4000 Tel: (801) 266-1115 FAX: (403) 250-1591 500 Ave Street Jean Baptiste 
FAX: (215) 674-3107 FAX: (801) 266-0362 

Zentronics Quebec City 2GE 5R9 

TEXAS Hamilton/Avnet 6815 8th Street N.E., #100 Tel: (418) 871-7500 
1100 East 6600 South, #120 Calgary T2E 7H7 FAX: (418) 871-6816 

Arrow/Schweber Electronics Satt Lake City 84121 Tel: (403) 295·8838 Avnet Computer 
3220 Commander Drive Tel: (801) 972-2800 FAX: (403) 295-8714 2795 Rue Halpern 
Carrollton 75006 FAX: (801) 263-0104 St. Laurent H4S 1 PB 
Tel: (214) 380-6464 

Wyte Laboratories BRITISH COLUMBIA Tel: (514) 335-2483 
FAX: (214) 248-7208 

1325 West 2200 South, #E FAX: (514) 335-2490 

Arrow/Schweber Electronics West Valley 84119 Atmac-Arrow Electronics Hamilton/Avnet 
10899 Kinghurst Dr., #100 Tel: (801) 974-9953 8544 Baxter Place 2795 Rue Halpern 
Houston 77099 FAX: (801) 972-2524 Burnaby V5A 4T8 St. Laurent H4S 1 PB 
Tel: (713) 530-4700 Tel: (604) 421-2333 Tel: (514) 335-1000 
FAX: (713) 568-8518 WASHINGTON FAX: (604) 421-5030 FAX: (514) 335-2481 

Avnet Computer Almac/Arrow Electronics Hamilton/Avnet Zentronics 
4004 Beltline, Suite 200 14360 S.E. Eastgate Way 861 O Commerce Court 520 McCaffrey Street 
Dallas 75244 Bellevue 96007 Burnaby V5A 4N6 St. Laurent H4T 1 Nl 
Tel: (214) 308-8168 Tel: (206) 643-9992 Tel: (604) 420-4101 Tel: (514) 737-9700 
FAX: (214) 308-8129 FAX: (206) 643-9709 FAX: (604) 420-5376 FAX: (514) 737-5212 
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FINLAND 

Intel Finland OY 
Ruosilantie 2 
00390 Helsinki 
Tel: (358) 0 544 644 
FAX: (358) 0 544 030 

FRANCE 

Intel Corporation S.A.R.L. 
1 , Rue Edison-BP 303 
78054 St. Quentln-en-Yvelines 
Cedex 
Tel: (33) (1) 30 57 70 00 
FAX: (33) (1) 30 64 60 32 

EUROPEAN SALES OFFICES 
GERMANY 

Intel GmbH 
Domacher Strasse 1 
8016 Feldkirchen bei Muenchen 
Tel: (49) 089/90992-0 
FAX: (49) 089/9043948 

ISRAEL 

Intel Semiconductor Ltd. 
Atidim Industrial Park-Neve Sharet 
P.O. Box 43202 
Tel-Aviv 61430 
Tel: (972) 03 498080 
FAX: (972) 03 491870 

ITALY 

Intel Corporation Italia S.p.A 
Milanofiori Palazzo E 
20094 Assago 
Milano 
Tel: (39) (2) 575441 
FAX: (39) (2) 3498464 

NETHERLANDS 

Intel Semiconductor B.V. 
Postbus 84130 
3009 CC Rotterdam 
Tel: (31) 10 407 11 11 
FAX: (31) 10 455 4688 

RUSSIA 

~r~~:~~~~~~~~=:a ~1~-
121 as1 Moscow 
Tel: 007-095-4439785 
FAX: 007-095-4459420 
TLX: 612092 Smail SU. 

SPAIN 

Intel Iberia S.A. 
Zubaran, 28 
2801 O Madrid 
Tel: (34) (1) 308 2552 
FAX: (34) (1) 410 7570 

SWEDEN 

Intel Sweden AB. 
Dalvagen 24 
171 36 Solna 
Tel: (46) 8 705 5600 
FAX: (46) 8 278085 

UNITED KINGDOM 

Intel Corporation (U.K.) Ltd. 
Pipers Way 
Swindon, Wiltshire SN3 1 RJ 
Tel: (44) (0793) 696000 
FAX: (44) (0793) 641440 

EUROPEAN DISTRIBUTORS/REPRESENTATIVES 
AUSTRIA 

t*Bacher Electronics GmbH 
Aotenmuehlgasse 26 
A-1120 Wien 
Tel: (43) 222 81356460 
FAX: (43) 222 834276 

BELGIUM 

t*lnelco Distribution 
Avenue des Croix de Guerre 94 
1120 Bruxelles 
Tel: (32) 2 244 2811 
FAX: (32) 2 216 3304 

*Diode Belgium 
~;;~e~!~n~!~rvastraat, 14/82 
Tel: (32) 2 725 46 60 
FAX: (32) 2 725 45 11 

DENMARK 

*Nortec Electronics AS 
Transformervej 17 
DK-2730 Herlev 
Tel: (45) 4284 2000 
FAX: (45) 4492 1552 

t*ITI Multikomponent AS 
Naverland 29 
DK-2600 Glostrup 
Tel: (45) 4245 6645 
FAX: (45) 4245 7624 

t*OY Fintronic AB 
Helkkilantie 2a 
SF-0021 O Helsinki 
Tel: (358) 0 692 6022 
FAX: (358) 0 682 1251 

FRANCE 

*Almex 
48, Aue de l'Aubepine 
B.P. 102 
92164 Antony Cedex 
Tel: (33) (1) 4096 5400 
FAX: (33) (1) 4666 6028 

*Arrow Electronique 
73-79 Rue des Solets 
smc sas 
94663 Aungis Cedex 
Tel: (33) (1) 4978 4978 
FAX: (33) (1) 4978 0596 

tMetrologie 
Tour d'Asnieres 
4, Avenue Laurent Cely 
92606 Asnieres Cedex 
Tel: (33) (1) 40 80 90 00 
FAX: (33) (1) 47 91 05 61 

*Tekelec 
Cite des Bruyeres 
5, Aue Garia Vernet-BP 2 
9231 O Sevres 
Tel: (33) (1) 4623 2425 
FAX: (33) (1) 4507 2191 

*Technical Distributor 
tVAO 

GERMANY 

*Electronic 2000 
Bauelemente GmbH 

~~~t~~~~~~n 1i2 
Tel: (49) 89 42110-01 
FAX: (49) 89 42110209 

*Jermyn GmbH 
Im Dachsstueck 9 
6250 Limburg 
Tel: (49) 6431 5080 
FAX: (49) 6431 508289 

tMetrologie GmbH 
Steinerstrasse 15 
8000 Muenchen 70 
Tel: (49) 89 724470 
FAX: (49) 89 72447111 

*Proelectron Vertriebs GmbH 
Max-Planck-Strasse 1-3 
6072 Dreieich 
Tel: (49) 6103 304343 
FAX: (49) 6103 304425 

tRein Elektronik GmbH 
Loetscher Weg 66 
4054 Nettetal 1 
Tel: (49) 2153 7330 
FAX: (49) 2153 733513 

GREECE 

tErgodata 
Aigiroupoleos 2A 
176 76 Kallthea 
Tel: (30) 1 95 10 922 
FAX: (30) 1 95 93 160 

*Pouliadis Associates Corp. 
Koumbari Street 5 
Kotonaki Square 
106 74 Athens 
Tel: (30) 1 36 03 741 
FAX: (30) 1 36 07 501 

IRELAND 

t*Micro Marketing 
Taney Halt 
Eglinton Terrace 
Oundrum 
Dublin 14 
Tel: (353) (i) 298 9400 
FAX: (353) (1) 298 9828 

ISRAEL 

t*Eastronics Limited 
Rozanls 11 
P.O.B. 39300 
Tel Baruch 
Tel-Aviv 61392 
Tel: (972) 3 6458 777 
FAX: (972) 3 6458 666 

ITALY SOUTH AFRICA UNITED KINGDOM 

*lntesi Div. Della Deutsche t*EBE 
Divisione ITI Industries GmbH PO Box 912-1222 *Arrow Electronics 
P.I. 06550110156 Silverton 0127 St. Martins Business Centre 
Milanofiori Palazzo e5 178 Erasmus Street Cambridge Road 
20094 Assago (Milano) Meyerspark Bedford · MK42 OLF 
Tel: (39) 2 824701 Pretoria 0184 Tel: (44) 234 270272 
FAX: (39) 2 8242631 Tel: (27) 12 803 7680-93 FAX: (44) 234 211434 

*Lasi Elettronica 
FAX: (27) 12 803 8294 

P.1. 00839000155 *Avnet EMG Ltd. 
Viale Fulvio Testi, N.280 SPAIN Jubilee House 
20126 Milano * ATD Electronica Jubilee Road 
TeL (39) 2 661431 Avenue de la lndustria, 32, 2B Letchworth 
FAX: (39) 2 66101385 28100 Alcobendas Hertsfordshire - SG6 1 OH 

Madrid Tel: (44) 462 488 500 
tTelcom Tel: (34) (1) 661 6551 FAX: (44) 462 488 567 
Via Trombetta 
20090 Segrate-Milano FAX: (34) (1) 661 6300 

Tel: (39) 2 216 061 tMetrologia lberica 
*Bytech Components 
12a Cedarwood 

FAX: (39) 2 213 8010 Avda. lndustria, 32-2 Chineham Business Park 
28100 Alcobendas Crockford Lane 

NETHERLANDS Madrid Basingstoke 
tDatelcom 

Tel: (34) (1) 661 1142 Hants RG12 1RW 
Computerweg 10-16 FAX: (34) (1) 661 5755 Tel: (44) 256 707 107 
3600 BO Maarsen SWEDEN 

FAX: (44) 256 707 162 
Tel: (31) 3465 95222 
FAX: (39) 3465 71245 *ITT Multikomponent AB tB~ech Systems 
*Diode Components Ankdammsgatan 32 5 he Sterlin3 Centre 
Cottbaan 17 Box 1330 Eastern Roa 
3439 NG Nieuwegein S-171 26 Solna Bracknell 
Tel: (31) 3402 9 12 34 Tel: (46) 8 830020 Berks - RG12 2PW 
FAX: (31) 3402 3 59 24 FAX: (46) 8 27 13 03 Tel: (44) 344 55 333 

FAX: (44) 344 867 270 
t*Koning en Hartman *Nortec Elektronics AB 
Energieweg 1 Box 1830 
2627 AP Delft S-171 27 Solna *Jermyn Electronics 

Tel: (31) 15 609 906 Tel: (46) 8705 1800 Vestry Estate 

FAX: (31) 15 619 194 FAX: (46) 883 6918 Otford Road 
Sevenoaks 

tNortelco AB Kent TN 14 SEU 
NORWAY Box 184 Tel: (44) 732 743 743 
tComputer System Integration A/S S-123 23 Farsta FAX: (44) 732 451 251 
Postbox 198 Tel: (46) 8 705 18 00 
N-2013 Skjetten FAX: (46) 8 735 2373 tMetrologie VA 
Tel: (47) 6 84 54 11 

SWITZERLAND 
Rapid House 

FAX: (47) 6 84 53 10 Oxford Road 
*Nortec Electronics A/S tlMIC Microcomputer High Wycombe 
Postboks 123 Zurichstrasse Bucks - HP11 2E 
Smedsvingen 4 CH-8185 Winkel-Ruti Tel: (44) 494 526 271 
N-1364 Hvalstad Tel: (41) (1) 8620055 FAX: (44) 494 452 144 

Tel: (47) 284 6210 FAX: (41) (1) 8620266 
FAX: (47) 284 6545 t*lndustrade A.G. *MMD/Rapid Ltd. 

Rapid Silicon 
PORTUGAL 

Hertistrasse 31 3 Bennet Court CH·8304 Wallisellen Bennet Road 
*ATD Electronica LDA Tel: (41) (1) 8328111 Reading 
Rua dr. Faria de Vasconcelos, 3a FAX: (41) (1) 8307550 Berks • RG2 OOX 
1900 Lisboa Tel: (44) 734 750 697 
Tel: (351) (1) 847 2200 TURKEY FAX: (44) 734 313 255 
FAX: (351) (1) 847 2197 *Empa Electronic 

~~:'b~~o~:i!b~~C:a:~~~e~~s 3A 
34630 Besyol Londra Asfalti 
Ftorya Is Merkezi Sefakoy 

1900 Lisboa Istanbul 
Tel: (351) (1) 847 2202 
FAX: (351) (1) 847 2197 

Tel: (90) (1) 599 3050 
FAX: (90) (1) 598 5353 
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AUSTRALIA 

Intel Australia Ply. ltd. 
Unlt13 
Allamble Grove Business Part< 
25 French• Forest Road East 
Franchs Forest, NSW, 2086 

~::'li%-975-3300 
FAX: 61-2·975-3375 

Intel Australia Ply. ltd. 
711 High Street 
1st Floor 
East Kw, Vic., 3102 
Melbourne 
Tel: 61-3-810-2141 
FAX: 61-3-619 7200 

BRAZIL 
Intel Semlconductores do Brazil LTDA 
Avenlda PauHsta, 1159-CJS 404/405 
CEP 01311 - Sao Paulo - S.P. 
Tel: 55-11·287-5699 
FAX: 55-11-287-5119 

CHINA/HONG KONG 

Intel PRC Corporation 
15/F, Office 1, Citic Bldg. 
Jian Guo Men Wai Street 

¥!W(Jt rali~eso 
TLJ(: 22947 INTEL CN 
FAX: (1) 500-2953 

INTERNATIONAL SALES ,OFFICES 
Intel Semiconductor Ltd.* 
1 O/F East Tower 
BondCe
Queensway, Central 

~:'?~ 
FAX: (852) 868-1989 

INDIA 

Intel Asia Electronics, Inc. 
4/2, Samrah P-
St. Mart<'s Road 
Bangalore 580001 
Tel: 91-812-215773 
nx: 953-845-2646 INTEL IN 

·FAX: 091:812-215067 

JAPAN 

Intel Japan K.K. 
5-6 Tokodal, Tsukuba-shi 
lbaraki, 300-26 
Tel: 0296-47-8511 
FAX: 0298-47-6450 

lntei~l<.K.' 
Hach I ON Bldg. 
4-7-14 yolin-machi 
~:iim~1~%° 192. 
FAX: 0428-48-6775 

Intel Japan K.K.' 
Kawe-asa Bldg. 
2-11·5 Shin-Yokohama 
Kohoku-ku, Yokohama-sh! 
Kanagawa, 222 
Tel: 045-474-7660 
FAX: 045-471-4394 

~k~~~:i·~~-
2-4--1 Terauchi 

+~~='be~aka 560 
FAX: 06-963-1084 

Intel Japan K.K 
Shlnmaru Bldg. 
1-5-1 Marunouchl 
Chlyoda-ku, Tokyo 1 oo 
Tel: 03-3201-3621 
FAX: 03-3201-6850 

Intel Japan K.K.' 
TK Gotanda Bldg. 9F 
8-3-6 Nishi Go!anda 

~~~~~f141 
FAX: 03-3493-5951 

KOREA 

Intel Korea, ltd: 
16th Fioo<, Life Bldg. 
~~'1~g~8· Youngdeungpo-Ku 

Tel: (2) 784-8186 
FAX: (2) 784-8098 

MEXICO 

Intel Technologica de Mexico 
SA de C.V. 
Av. Mexico No. 2798-9B, S.H. 

i!F£ ~..&~~~~~ 
SINGAPORE 

. Intel Singapore Tachnology, Ltd. 
101 Thomson Road #06-03/06 
United Square 
Singapore 1130 
Tel: (65) 250-7811 
FAX: (65) 250-9256 

TAIWAN 

~~'il'~~~~~o East Ltd. 
8th Floor, No. 205 
Bank Tower Bldg. 
Tung Hua N. Road 
Taipei 
Tel: 886·2-5144202 
FAX: 886-2-717-2455 

INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES 
ARGENTINA 

Delays S.R.L. 
ChaCabuco, 90-6 Piso 
1069-Buenos Aires 
Tel. & FAX: 54.1334.1871 

AUSTRALIA 

Email Electronics 
15·17 Hume Street 

~~,~~~~~44 
TLX: AA 30695 
FAX: 011-61-3-543-9179 
NSD-Australla 

~ ~/~d~=i~~-
Tel: 03 8900970 
FA)(: 03 8990819 

BRAZIL 
Mlcrollnear 
Largo do Arouche, 24 
01219 Sao Paulo, SP 
Tel: 5511-220-2215 
FAX: 5511-22D-5750 

CHILE 
Sisteco 
Veclnal 40-Las Condos 
Santiago 
Tel: 562-234-1644 
FAX: 562-233-9895 

CHINA/HONG KOl!IQ 
Novel P.-lon Machinery Co., Ltd. 
Room 728 Trade Square 
881 Cheul'll Sha Wan Road 

~~~g 
lWX: 32032 NVTNL HX 
FAX: (852) 725-3695 

GUATEMALA 
Ablnltlo 
11 Calle 2-Zona 9 
Guatemals City 
Tel: 5022-32-4104 
FAX: 5022-32-4123 

INDIA 
Prlya International Limit9d 
D-6, II Floor 
Devatha Plaza, 1a1/132 Residency Rd. 
Bangalore 560 025 
Tel: (91) 812-214027, 812-214395 
FAX: (91) 812-214105 

'Field Application Location 

Priya International Limited 
Podar Chambers, 4th Floor 
109, S.A. Brelvl Road, Fort 
Bombay 400 001 
Tel: (91) 22-2863611, 22-2863676, 

22-2863900, 22-2864026 
FAX: (91) 22-2619935 

Prlya lntemational Limited 
Fiat No. 8, 1 Olh Floor 
:l'r:'lf.:1~r1 ~i~b~9, earakhambs Rd. 
Tel: (91) 11-3314512, 11-3310413 
FAX: (91) 11-3719107 

~ c'.":"ryetiP= Limited 
560-562 Mount Road, Teynempet 
Madras 800 018 
Tel: (91) 44-451031, 44-451597 

Prlya lntemetional Limited 
No. 10, I floor 
Minerva House, 94 Sarojlnl Devi Rd. 
Secunderabad 500 003 
Tel: (91) 842·70220, 842-77059 

~f,S~~<g.~d Technologies Pvt. Ltd. 

239 Palace Upper Orchards 
Sankey Road, Sadashlvanagar 
Bangalora 560 080 

S&S Corporation 
1587 Kooeer Road 
San Jose, CA 95118 
Tel: (408) 978-6216 
TLX: 820281 
FAX: (408) 978-8835 

JAMAICA 

MC~ems 
10-12 Grenada Crescent 
Kingston s 
Tel: (809) 928-0104 
FAX: (809) 929-5678 

JAPAN 

Asahi Electronics Co. Ltd. 
=.:~~:~14·1 Asano 

=~~~·r:i~'l2 
FAX: 093-551·7861 

CTC Components Systems Co., Ltd. 
4-8-1 Dobeshi, Mlyamae-ku 
~~~~~agawa 213 
FAX: 044-677-4268 

Dia Semicon SyStems, Inc. 
Flower Hill Shlnmachl Higashl-kan 
1-23 Shlnmachl, Selagaya-ku 
Tokyo 154 
Tel: 03-3439-1600 
FAX: 03-3439-1801 

~!re=. 
Naka-l<u, Nagoya-shi 460 
Tel: 052-204-6315 
FAX: 052-204-8380 

Ryoyo Electro Corp. 
KonwaBldg. 
1-12-22 Tsukiji 

~:i~~t'1104 
FAX: 03-3546-5044 

KOREA 

J-Tek Corporation 

~:-~t'il'.lln~~g-:ng, Kangnam-Ku 
Seoul 135-090 
Tel: (822) 557-6039 
FAX: (822) 557-6304 

Samsung Electronics 
Samsung Main Bid~ 
~Ji"i"&r,~-Ro- , Chung-Ku 

C.P.O. Box 8780 
Tel: (822) 751-3680 
TWX: KORSST K 27970 
FAX: (822) 753-9065 

MEXICO 

PSI S.A. de C.V. 

~:,~:~S:M~~~1~ 
Tel: 52·73-11·1994/5 
FAX: 52-73-17-5333 

NEW ZEALAND 

Email Eleclronics 
36 Olive Rood 
Penrose, Auckland 
1$1: 011-64-9-591-155 
FAX: 011-64-9-592-881 

SAUDI ARABIA 

~~-=·l~n..\'v.. 
Sunnyvale, CA 94086 
U.S.A. 
Tel: (408) 732-1710 
FAX: (408) 732-3095 
TLX: 494-3405 AAE SYS 

SINGAPORE 

Electronk: Resources Pte, Ltd. 

:,7Jo"';7inRoad re 1336 
Tel: (65) 2~~8 
TWX: RS 56541 ERS 
FAX: (BS) 289-5327 

SOUTH AFRICA 

ri~~~~'~foi~~=eyet S1.) 
Meyerspark, Pretoria, 0184 
Tel: 011-2712-803-7880 . 
FAX: 011-2712-803-8294 

TAIWAN 

Micro Electronics Corporation 
12th Floor, Section 3 

~~~~".il'i~ast Road 
Tel: (886) 2-7198419 
FAX: (886) 2-7197916 

Mer Sertek Inc. 
15th Floor, Section 2 
Chien Kuo North Rd. 
Taipei 18479 R.0.C. 
Tel: 888-2-501-0055 
lWX: 23756 SERTEK 
FAX: (886) 2-5012521 

URUGUAY 

lnterlase 
Blvr. Espana 2094 
11200 Montevideo 
Tel: 5982-49-4600 
FAX: 5982-49-3040 

VENEZUELA 

UnixelCA 
4 Transversal de Monte Cristo 
Edi. AXXA, Plso 1, ol. 1 &2 
Centro Empresarial Boleita 
Caracas 
Tel: 582-238-7749 
FAX: 582-238-1816 
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UNITED STA TES 
Intel Corporation 
2200 Mission College Boulevard 
P.O. Box 58119 
Santa Clara, CA 95052-8119 

JAPAN 
Intel Japan K.K. 
5-6 Tokodai, Tsukuba-shi 
lbaraki, 300-26 

FRANCE 
Intel Corporation S.A.R.L. 
1, Rue Edison, BP 303 
78054 Saint-Quentin-en-Yvelines Cedex 

UNITED KINGDOM 
Intel Corporation (U .K.) Ltd. 
Pipers Way 
Swindon 
Wiltshire, England SN3 lRJ 

GERMANY 
Intel GmbH 
Domacher Strasse 1 
8016 Feldkirchen bei Muenchen 

HONGKONG 
Intel Semiconductor Ltd. 
10/F East Tower 
Bond Center 
Queensway, Central 

CANADA 
Intel Semiconductor of Canada, Ltd. 
190 Attwell Drive, Suite 500 
Rexdale, Ontario M9W 6H8 

CG/020392 






