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HD64180 

HIGH INTEGRATION CMOS CPU 

Based on a microcoded execution unit and advanced CMOS manufacturing 
technology, the II 064180 is an 8-bil CPU which provides the benefits of high per­
formance, reduced system cost and low power operation while maintaining com­
patibility with the large base of industry standard 8-bit software. 

Performance is improved by virtue of high operating frequency, pipelining, en­
hanced instruction set and an integrated Memary Management Unit (MMU) with 
5 I 2k bytes memory physical address space. - ' 

System cost is reduced by incorporating key system functions on-chip including 
the MMU, two channel Direct Memory Access Controller (DMAC), wait state gen­
erator, dynamic RAM refresh, two channel Asynchronous Serial Communication 
Interface (ASCI), Clocked Serial 1/0 Port (CSJ/O), two channel 16-bit Programma­
ble Reload Timer (PRT), Versatile 12 source interrupt controller and a 'dual' 
(68 x x , 80 x x ) bus interface. 

Low power consumption during normal CPU operation is supplemented by 
three specific software controlled low power standby modes. 

The 11064180, when combined with CMOS VLSI memories and peripherals, is 
useful in system· applications requiring high performance, battery power operation 
and standard software compatibility. 
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High Performance, High Integration CPU. 
Operating Frequency to 6 MHz. 
On-Chip MMU Supports 512k Bytes Memory and 64k Bytes 110 Address Space. 
Two Channel DMAC With Memory-Memory, Memory-110 and Memory­
Memory Mapped 1/0 Transfer Capability. 
WAIT• Input and Wait State Generator for Slow Memory and 1/0 Device Inter­
face. 
Programmable Dynamic RAM Refresh Addressing and Timing. 
Two Channel, Full Duplex Asynchronous Serial Communication Interface 
(ASCI) with Programmable Baud Rate Generator and Modem Control 1 land­
shake Signals. 
Clocked Serial 110 Port (CSI/0) with High Speed Operation (200k Hits/Second 
at4Mllz). 
Two Channel 16-bit Programmable Reload Timer (PRT) for Counting, Timing 
and Output Waveform Generation. 
Versatile Interrupt Controller Manages Four External and Eight Internal Inter­
rupt Sources. 
'Dual Bus' Interface Compatible With All Standard Memory and Peripheral LSI. 
On-chip Clock Generator. 

Enhanced Standard 8-bit Software Architecture. <Noie> 

Fully Compatible with CP/M-80, CP/M Plus and Existing System and Applica­
tion Software. 
Twelve new Instructions including Multiply. 
On-chip 110 ·Address Relocation Register for Board Level Compatibility with 
Existing Systems and Software. 
SLEEP Instruction, IOSTOP Mode and SYSTEM STOP Mode for Low Power 
Operation. 

VLSI CMOS Process Technology. 
- Low Power Operation - 50 mW at 4 MHz Operation. 

xx mW SLEEP Mode 
xx mW IOSTOP Mode 
x x mW SYSTEM STOP Mode 

- V cc = SV ± IO% - Fully TTL Compatible. 

(Note) CP/M-80 and CP/M plus are registered trademarks of Digital Research, Inc. 

CAUTION! 
Both XX xx in .Figures and X XX X • in the text show low active signals. 
For example, RESET• shows RESET. 
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1. HD64180 OVERVIEW 

1 . 1 Block Diagram 

The HD64180 combines a high performance CPU core with many of the sys-
tems and 1/0 resources required by a broad range of applications. 

The CPU core consists of five functional blocks. 
0 Clock Generator 
0 Bus State Controller 
0 Interrupt Controller 
0 Memory Management Unit (MMU) 
0 Central Processing Unit (CPU) 
The integrated 1/0 resources comprise the remaining four functional blocks. 
0 OMA Controller (DMAC - two channels) 
0 Asynchronous Serial Communication Interface 

(ASCI - two channels) 
0 Clocked Serial 1/0 Port (CSl/O - one channel) 
0 Programmable Reload Timer (PRT - two channels) 

Pin Assignment 

... '(> 

XTAL 63 iili 
!XTAL 6Z WR 
WAIT 61 m 

BuSAEK 60 [ 

iiis.£0 59 i1E 
ii£S£f 58 iO[ 

NMI 57 RH 
INTO 56 HAIT 
iNT1 10 55 TiN01 
TNfZ II 54 DIUQt 

ST IZ 53 CK5 

AO 13 5Z RXSICTSi 
Al 14 51 TXS 
AZ 15 50 CKAI /TlNDO 

A3 16 49 RXAI 
A4 17 48 TXAI 

A5 18 47 CKAOtDR£0ii 
A6 19 46 RXAO 
A7 zo 45 TXAO 
AS ZI 44 OCDO 
A9 zz 43 CT50 

AIO Z3 4Z mo 
Al I z4 41 D7 

Al2 25 40 06 

Al3 26 39 D5 
Al4 27 38 D4 

Al5 28 37 D3 

Al6 29 36 DZ 

Al7 30 35 DI 

A18/TOUT 31 34 DO 

Yee 32 33 ... 
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A18/TOUT 

TXS 

RXS/CTSI 

CKS 
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Figure 1.1.1 Block Diagram 
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1.2 CPU Architecture 

The five CPU core functional blocks are described in this section. 

Clock Generator 
Generates the system clock (rf>) from an external crystal or external clock 

input. Also, the system clock is programmably prescaled to generate timing for the 
on-chip 1/0 and system support devices. 

Bus State Controller 
Performs all status/control bus activity. This includes external bus cycle wait 

state timing, RESET•, DRAM refresh, and master DMA bus exchange. Generates 
'dual-bus' control signals for compatibility with peripheral devices. 

Interrupt Controller 
Monitors and prioritizes the four external and eight internal interrupt sources. A 

variety of interrupt response modes are programmable. 

Memory Management Unit (MMU) 
Maps the CPU 64k bytes logical memory address space into a 512k bytes physi­

cal memory address space. The MMU organization preserves software object code 
compatibility while providing extended memory access and uses an efficient 'com­
mon area - bank area' scheme. 1/0 accesses (64k bytes 1/0 address space) bypass 
the MMU. 

Central Processing Unit (CPUI 
The CPU is microcoded to implement an upward compatible superset of the 8-

bit standard software instruction set. Many instructions require fewer clock cycles for 
execution and twelve new instructions are added. 

OMA Controller (DMAC) 
The two channel DMAC provides high speed memory ~ memory, memo­

ry -E-~ 110 and memory -E----7 memory mapped 1/0 transfer. The DMAC fea­
tures edge or level sense request input, address increment/decrement/no-change 
and (for memory ~ memory transfers) programmable burst or cycle steal 
transfer. In addition, the DMAC can directly access the full 512k bytes physical 
memory address space (the MMU is bypassed during DMA) and transfers (up to 
64k bytes in length) can cross 64k bytes boundarys. See Fig. 2.9.l for further details. 

1.3 1/0 Resources 

Asynchronous Serial Communication Interface (ASCII 
The ASCI provides two separate full duplex UARTs and includes programmable 

baud rate generator, modem control signals, and a multiprocessor communication 
format. The ASCI can use the DMAC for high speed serial data transfer, reducing 
CPU overhead. See Fig. 2.10.1 for further details. 
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Clocked Serial 1/0 Port (CSl/0) 
The CSI/O provides a half duplex clocked serial transmitter and receiver. This 

can be used for simple, high speed connection to another microprocessor or micro­
computer. See Fig. 2.11.1 for further details. 

Programmable Reload Timer (PRT) 
The PRT contains two separate channels each consisting of 16-bit timer data and 

16-bit timer reload registers. The time base is divided by 20 (fixed) from the system 
clock and one PRT channel has an optional output allowing waveform generation. 
Sec Fig. 2.12.1 for further details. 
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2. HD64180 HARDWARE ARCHITECTURE 

2.1 Signal Description 

XTAL (IN) [2] 
Crystal oscillator connection. Should be left open if an external TTL clock is 

used. It is noted this input is not a TTL level input. See Table D.C. characteristics. 

EXT Al (IN) [3] 
Crystal oscillator connection. An external TTL clock can be input on this line. 

This input is schmitt triggered. 

</i (OUT) [64] 
System Clock. The frequency is equal to one-half of crystal oscillator. 

RESET• - CPU Reset (IN) [7] 
When LOW, initializes the II [)64180 CPU. All output signals are held inactive 

during RESET. 

AO-A17 - Address Bus (OUT, 3-STATE) [13-30] 
A18/TOUT [31] 

19-hit address bus provides physical memory addressing of up to 5 I 2k bytes. 
The address bus enters the high impedance state during RESET and when another 
device acquires the bus as indicated by BUSREQ• and BUSACK• LOW. Al8 is 
multiplexed with the TOUT output from PRT channel I. During RESET, the ad­
dress function is selected. The timer output function can be selected under software 
control. 

DO-D7 - Data Bus (IN/OUT. 3-STATE) [34-41] 
Bidirectional 8-bit data bus. The data bus enters the high impedance state during 

RESET and when another device acquires the bus as indicated by BUSREQ• and 
BUSACK• LOW. 

RD• - Read (OUT. 3-STATE) [63] 
Used during a CPU read cycle to enable transfer from the external memory or 

1/0 device to the CPU data bus. 

WR• - Write (OUT, 3-STATE) [62] 
Used during a CPU write cycle to enable transfer from the CPU data bus to the 

external memory or 1/0 device. 

ME• - Memory Enable (OUT. 3-STATE) [59] 
Indicates memory read or write operation. The HD64180 asserts ME• LOW in 

the following cases. 
(a) When fetching instructions and operands. 
(b) When reading or writing memory data. 
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(c) During memory access cycles of DMA. 
(d) During dynamic RAM refresh cycles. 

IOE• - 1/0 Enable (OUT, 3-STATE) [58) 
Indicates 1/0 read or write operation. The HD64180 asserts JOE• LOW in the 

following cases. 
(a) When reading or writing 1/0 data. 
(b) During 1/0 access cycles of OMA. 
(c) Acknowledge cycle of INTO. 

WAIT• - Bus Cycle Wait (IN) [4] 
Introduces wait states to extend memory and 1/0 cycles. If LOW at the falling 

edge of T2, a wait (Tw) state is inserted. Wait states will continue to be inserted 
until the WAIT• input is sampled HIGH at the falling edge of Tw, at which time 
the bus cycle wilt proceed to completion. 

E - Enable (OUT) [60) 
Synchronous clock for connection to HD63 x x series and other 6800/6500 

series compatible peripheral LSI. 

BUSREQ• - Bus Request (IN) [6] 
Another device may request use of the bus by asserting BUSREQ• LOW. The 

CPU wilt stop executing instructions and places the address bus, data bus, RD•, 
WR•, ME• and IOE• in the high impedance slate. 

BUSACK• - Bus Acknowledge (OUT) [5] 
When the CPU completes bus release (in response to BUSREQ• LOW), it will 

assert BUSACK• LOW. This acknowledges that the bus is free for use by the re­
questing device. 

HALT• - Halt/Sleep Status (OUT) [56) 
Asserted LOW after execution of the HALT and SLEEP instructions. Used with 

LIR• and ST output pins to encode CPU status. 

UR• - Load Instruction Register (OUT) [61) 
Asserted LOW when the current cycle is an Op-code Fetch cycle. Used with 

HALT• and ST output pins to encode CPU status. 

ST - Status (OUT) [12) 
Used with the HALT• and UR• output pins to encode CPU status. 
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Table 2. 1. 1 Status Summary 

ST RAlf LiR Operation 
t------!--------- ---

0 1 0 CPU operation 

f----- j 
(1st op-code fetch) 

1 1 0 CPU operation 
(2nd op-code and 
3rd op-code fetch) 

--- -- --
1 1 1 CPU operation 

(MC except for op-code 
fetch) 

f------f---1--~--

0 x 1 DMA operation 
·-·-- - -- - ------

0 0 0 HALT mode 
··--- - - ------- --------j 

1 0 1 SLEEP mode (including 
SYSTEM STOP mode) 

X : Don't care 
MC : Machine Cycle 

REF• - Refresh (OUT) [57] 
When LOW, indicates the CPU is in the dynamic RAM refresh cycle and the 

low order 8 bits (AO-A 7) of the address l:>us contain the refresh address. 

NMI• - Non-Maskable Interrupt (IN) [8] 
When edge transition from HIGll to LOW is detected, forces the CPU to save 

certain state information and vector to an interrupt service routine at address 66H. 
The saved state information is restored by executing the RETN (Return from Non­
Maskable Interrupt) instruction_ 

INTO• - Maskable Interrupt level 0 (IN) [9] 
When LOW level, requests a CPU interrupt (unless masked) and saves certain 

state information unless masked by software. INTO• requests service using one of 
three software programmable interrupt modes. 

Mode Operation 
0 Instruction fetched and executed from data bus. 
I Instruction fetched and executed from address 38H. 
2 Vector system - Low-order 8 bits vector table address fetched from data 

bus. 

In all modes, the saved state information is restored by execution of the RETI 
(Return from Interrupt) instruction. 

INT1•, INT2• - Maskable Interrupt level 1, 2 (IN) [10,11] 
When LOW level, requests a CPU interrupt (unless masked) and saves certain 
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state information unless masked by software. INTI• and INT2• (and internally gen­
erated interrupts) request interrupt service using a vector system similar to Mode 2 
of INTO. 

OREQO• - OMA Request - Channel 0 (IN) [47] 
When LOW (programmable edge or level sense), requests OMA transfer serv­

ice from channel 0 of the 11()64180 DMAC. DREQO• is used for Channel 0 memo­
ry < > 1/0 and memory <E -> memory mapped 1/0 transfers. DREQO• is not 
used for memory <- · > memory transfers. This pin is multiplexed with CKAO. 

TENOO• - Transfer End - Channel 0 (OUT) [50] 
Asserted LOW synchronous with the last write cycle of channel 0 DMA transfer 

to indicate DMA completion to an external device. This pin is multiplexed with 
CKAI. 

OREQl• - OMA Request - Channel 1 (IN) [54] 
When LOW (programmable edge or level sense), requests DMA data transfer 

service from channel I of the II 064180 DM AC. Channel I supports Memory 
~~ 1/0 transfers. 

TENDl • - Transfer End - Channel 1 (OUT) [55] 
Asserted LOW synchronous with the last write cycle of channel I DMA transfer 

to indicate DMA completion to an external device. 

TXAO - Asynchronous Transmit Data - Channel 0 (OUT) [45] 
Asynchronous transmit data from channel 0 of the Asynchronous Serial Com­

munication Interface (ASCI). 

RXAO - Asynchronous Receive Data - Channel 0 (IN) [46] 
Asynchronous receive data to channel 0 of the ASCI. 

CKAO - Asynchronous Clock - Channel 0 (IN/OUT) (47) 
Clock input/output for channel 0 of the ASCI. This pin is multiplexed (software 

selectable) with DREQO•. 

RTSO• - Request to Send - Channel 0 (OUT) (42] 
Programmable modem control output signal for channel 0 of the ASCI. 

CTSO• - Clear to Send - Channel 0 (IN) (43] 
Modem control input signal for channel 0 of the ASCI. 

OCOO• - Data Carrier Detect - Channel 0 (IN) (44) 
Modem control input signal for channel 0 of the ASCI. 

TXA 1 - Asynchronous Transmit Data - Channel 1 (OUT) (48] 
Asynchronous transmit data from channel I of the ASCI. 
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RXA 1 - Asynchronous Receive Data - Channel 1 (IN) [49) 
Asynchronous receive data to channel I of the ASCI. 

CKA 1 - Asynchronous Clock - Channel 1 (IN/OUT) [50) 
Clock input/output for channel I of the ASCI. This pin is multiplexed (software 

selectable) with TENDO•. 

CTS1• - Clear to Send - Channel 1 (IN) [52) 
Modem control input signal for channel I af the ASCI. This pin is multiplexed 

(software selectable) with RXS. 

TXS - Clocked Serial Transmit Data (OUT) [51) 
Clocked serial transmit data from the Clocked Serial 1/0 Port (CSI/0). 

RXS - Clocked Serial Receive Data (IN) [52) 
Clocked serial receive data to the CSl/O. This pin is multiplexed (software selec­

table) with ASCI channel I CTS I• modem control input. 

CKS - Serial Clock (IN/OUT) [53] 
Input or output clock for the CSI/O. 

TOUT - Timer Output (OUT) [31) 
Pulse output from Programmable Reload Timer channel I. This pin is multip­

lexed (software selectable) with A 18 (Address 18). 

Vee - Power Supply [32) 

Vss - Ground [1,33) 

HITACHI 11 



2.2 CPU Bus Timing 

This section explains the llD64180 CPU timing for the following operations. 
(I) Instruction (op-code) fetch timing. 
(2) Operand and data read/write timing. 
(3) 1/0 read/write timing. 
(4) Basic instruction (fetch and execute) timing. 
(5) RESET timing. 
(6) BUSREQ•/BUSACK• bus exchange timing. 
The basic CPU operation consists of one or more "machine cycles" (MC). A 

machine cycle consists of three system clocks, Tl, T2 and T3 while accessing 
memory or 1/0, or it consists of one system clock, Ti while the CPU internal opera­
tion. The system clock (cf>) is half frequency of crystal oscillation (Ex. 8 MHz crystal 
- cf> of 4 MHz, 250 nsec). For interfacing to slow memory or peripherals, optional 
wait states (Tw) may be inserted between T2 and T3. 

Instruction (Op-Code) Fetch Timing 
Fig. 2.2.1 shows the instruction (op-code) fetch timing with no wait states. 
An op-code fetch cycle is externally indicated when the LIR• (Load Instruction 

Register) output pin is LOW. 
In the first half of Tl, the address bus (AO-A 18) is driven with the contents of 

the Program Counter (PC). Note that this is the translated address output of the 
llD64180 on-chip MMU. 

In the second half of Tl, the ME• (Memory Enable) and RD• (Read) signals 
are asserted, enabling the memory. 

The op-code on the data bus is latched at the rising edge of T3 and the bus cy­
cle terminates at the end of T3. 

AO - A18 

00-07 

12 HITACHI 

~ r.tct.C:.,c'9 ---i 
T I T2 T3 TI T2 

==x !Pc! X PC•I 
-~~~~~:~~>--~~~~-

== == == ====~= ==~= ==== == ====== ' ' ' ' : : ~------­
~----;--!-' 

Figure 2.2.1 Op-Code Fetch Timing 



Fig. 2.2.2 illustrates the insertion of wait states into the op-code fetch cycle. Wait 
slates are controlled by the external WAIT• input combined with an on-chip pro­
grammable wait state generator. 

At the falling edge of T2 the combined wait state input is sampled. If asserted 
LOW, a wait stale (Tw) is inserted. The address bus, ME*, RD• and UR• are 
held slahle during wait states. When the wait state is sampled inactive HIGH al 
the falling edge of Tw, the bus cycle enters T3 and completes at the end of T3. 

hkh C1Jc"' 

T1 T2 Tw Tw T3 T1 T2 

•/• 
I 
I 

AO - A18 ==x== : x 
I 

DO - 07 e 
WAIT ·-- -----------~ ,--~ , __ - -....L.....-L -- - -- -- ---- -----------

------ ---------~· _____ ':.....!___..:' ____ / ' ·· .... 1 ____ ---- --- - --- --- --- --

1 
UR 

RD 

Figure 2.2.2 Op-Code Fetch Timing (with wait state) 

Operand and Data Read/Write Timing 
The instruction operand and data read/write timing differs from op-code fetch 

liming in two ways. First, the UR• output is held inactive. Second, the read cycle 
timing is relaxed by one-half <f> cycle since data is latched at the falling edge of T3. 

Instruction operands include immediate data, displacement and extended ad­
dresses and have the same timing as memory data reads. 

During memory write cycles the ME• signal goes active in the second half of 
Tl. At the end of Tl, the data bus is driven with the wriie data. 

At the start of T2, the WR• signal is asserted enabling the memory. ME• and 
WR• go inactive in the second half of T3 followed by deactivation of the write data 
on the data bus. 

Wait states are inserted as previously described for op-code fetch cycles. 
Fig. 2.2.3 illustrates the read/write timing without wait states while Fig. 2.2.4 il­

lustrates read/write timing with wait states. 
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AO -A 18 

DO -07 

WAIT 
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.,. 

AO -AIB 

00-07 

WAIT 

I Tl 
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' 
' 

I Tl 
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T2 T3 Tl 
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--------~---<~ 1 ( Wril• dale >----

' I : I 

-= = = = = = = == T\-_-_-_-_---:~----_-_-_ j: = ==-m= = = = == === = = = = = 
' I I 
I I 

\ !/ \ I \_ 

Figure 2.2.3 Memory Read/Write Timing (without wait state) 

I-;;-
HP.a<! Cyr.I'" 'w'ritf' Cyc~ 

T2 Tw 13 Tl T2 Tw T3 

~ x 
--------~:----~--<~ !~ 

I I ~ I '---------~, -----
1 I ..1 1 __ I __ I------

-=--=--=--=--=--=--=--=-=~----_-.Ti\_.:::.:::.:::.:::~====-==F== __ \LL_Yl\ __ --- -
I I 

\ I I : '------------' 

Figure 2.2.4 Memory Read/Write Timing (with wait state) 
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1/0 Read/Write Timing 
1/0 instructions cause data read/write transfer which differs from memory data 

transfer in the following three ways. The JOE• (l/O Enable) signal is asserted in­
stead of the ME• signal. The 16-bit 1/0 address is not translated by the MMU and 
Al6-A18 are held LOW. At least one wait state (Tw) is always inserted for 1/0 read 
and write cycles (except internal 1/0 cycles). 

Fig. 2.2.5 shows 110 read/write timing with the automatically inserted wait state. 

l/ORudC.,ici. 

Ao-Aia:.::X~ ___ 11_o_~_d_r•_••-~---~~X~~---~'-'o_._dd_r_e•_• ____ ~ 

DO -D7 -----~: ---'-1 -< Rud Dat 1 'w'ril• D~h 

=~~~~~ ~~ .=-r= =-=--A~===t=--=--+~ ~.~ ~ ~-t~..:: T'C_ ~~ ~ = ~~ ~ = 
I I I I 

IOE ~ t:\ I 

RD 

WR 

I 
I 

--\______;_ 
,--~~--~ 

I 

NOTE· A 16-A 18 - 0 tor 1/0 cyclr.s 

Figure 2.2.5 1/0 Read/Write Timing 

Basic Instruction Timing 
An instruction may consist of a number of machine cycles including op-code 

fetch, operand fetch and data read/write cycles. An instruction may also include cy­
cles for internal processing in which case the bus is idle. 

The example in Fig. 2.2.6 illustrates the bus timing for the data transfer instruc­
tion LD (IX+ d) ,g. This instruction moves the contents of a CPU register (g) to 
the memory location with address computed by adding an immediate displacement 
(d) to the contents of an index (IX) register. 

The instruction cycle starts with the two machine cycles to read the two bytes 
instruction op-code as indicated by LIR• LOW. Next, the instruction operand (d) is 
fetched. 

The external bus is idle while the CPU computes the effective address. Finally, 
the· computed memory location is written with the contents of the CPU register (g). 
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CPU intKM1 
hi Clp-Codo 2ndOJ>-Codo OH:pl1e•f'Of'nt 5~ Homory ~x• Instruction 
F•tch ht ch I RHd I I I Yr it• F•tch 

Tl T2 T3 Tl T2 T3 Tl T2 T3 Tl Ti Tl Tl T2 T3 Tl 12 

AO - At8 :::x PC X PC•t x--_____ PC_•~2 ___ -..JX DOd 

(OOH) (7QH - 77H) 

DO - D7 

UR 

Hf 

RD 

MCI HC2 HC3 IHC4HC5 HC6 HC7 

NUl'E. d d1o;placrnwn1 
q u•q1stcr contPnts 

Figure 2.2.6 LD(IX + d), g Instruction Timing 

RESET Timing 
Fig. 2.2.7 shows the llD64180 hardware RESET timing. If the RESET• pin is 

LOW for more than three clock cycles, processing is terminated and the II D64 I 80 
restarts execution from (logical and physical) address 0. 

I 
I 

Op-code Felch 

RESET \.i More then 3 Clocks II~ 1 

\~-....----------~11--1! 

AO-All! 
Highlmpedance ~ 

111------- ~ddr•ss 

Figure 2.2. 7 RESET Timing 
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BUSREQ•/BUSACK• Bus Exchange Timing 
The H 064180 can coordinate the exchange of control, address and data bus 

ownership with another bus master. The alternate bus master can request the bus by 
asserting the HD64180 BUSREQ• (Bus Request) input LOW. After the HD64180 
releases the bus, it relinquishes control to the alternate bus master by asserting the 
BUSACK• (Bus Acknowledge) output LOW. 

The bus may be released by the 11064180 at the end of each machine cycle. In 
this context a machine cycle consists of a minimum of 3 clock cycles (more if wait 
states are inserted) for op-code fetch, memory read/write and 1/0 read/write cycles. 
Except for these cases, a machine cycle corresponds to one clock cycle. 

When the bus is released, the address (AO-Al8), data (D0-07) and control 
(ME•, IOE*, RD•, and WR*) signals are placed in the high impedance state. 

Note that dynamic RAM refresh is not performed when the HD64180 has re­
leased the bus. The alternate bus master must provide dynamic memory refreshing 
if the bus is released for long periods of time. 

Fig. 2.2.8 illustrates BUSREQ•/BUSACK• bus exchange during a memory read 
cycle. Fig. 2.2.9 illustrates bus exchange when the bus is requested during an 
I ID64 I 80 internal CPU cycle. 

CPU memoi·y read cycle Bus release cycle CPU cycle 

AO - 1118 

DO- 07 

Figure 2.2.8 Bus Exchange Timing (1) 
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CPU internal aptnUan 

Ti Ti Tl Ti Tx Tx 

AO -Al8 

DO - D7 

Figure 2.2.9 Bus Exchange Timing (2) 

2.3 WAIT State Generator 

2.3.1 Wait State Timing 

I CPU cvclt 

Tx Tl 

To ease interfacing with slow memory and 1/0 devices, the 11064180 uses wait 
stales to extend bus cycle timing. A wait state(s) is inserted based on the combined 
(logical OR) state of the external WAIT* input and an internal programmable wait 
state generator. Wait states can be inserted in both CPU execution and OMA trans­
fer cycles. 

2.3.2 WAIT• Input 
When the external WAIT• input is asserted LOW, wait state (Tw) are inserted 

between T2 and T3 lo extend the bus cycle duration. The WAIT* input is sampled 
at the falling edge of the system clock in T2 or Tw. If the WAIT* input is asserted 
at the falling edge of the system clock in Tw, another Tw is inserted into the bus cy­
cle. Note that WAIT* input transitions must meet specified set-up and hold times. 
This can easily be accomplished by externally synchronizing WAIT• input transitions 
with the rising edge of the system clock. 

Dynamic RAM refresh is not performed during wait slates and thus systems de­
signs which uses the automatic refresh function must consider the affects of the oc­
currence and duration of wait states. 

2.3.3 Programmable Wait State Insertion 

In conjunction with the WAIT• input, wait states can also be programmably in­
serted using the HD64180 on-chip wait state generator. Wait state timing applies for 
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both CPU execution and on-chip DMAC cycles. 
By programming the 4 significant bits of the OMA/WAIT Control Register 

(DCNTL), the number of wait states automatically inserted in memory and 1/0 cy­
cles can be separately specified. Bits 4-5 specify the number of 1/0 wait states in­
serted and bits 6-7 specify the number of memory wait states inserted. 

OMA/WAIT Control Register (DCNTL : 1/0 Address = 32H) 

bit 7 6 5 4 

I MW I 1 IMWIOI I WI 1 IWIOI :: 
R/W R/W R/W R/W 

The number of wait states inserted in a specific cycle is the maximum of the 
number requested by the WAIT• input, and the number automatically generated by 
the on-chip wait state generator. 

0 Bit 7,6: MWl1, MWIO (Memory Wait Insertion) 

For CPU and DMAC cycles which access memory (including memory mapped 
1/0), 0-3 wait states may be automatically inserted depending on the programmed 
value in MWII and MWIO. 

MWll MWIO the number of wait states 

0 0 0 

0 1 1 

1 0 2 
!-----~-+-------~-"--~~~~~~~~------' 

1 1 3 
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0 Bit 5, 4: IWl1, IWIO (l/O Wait Insertion) 

For CPU and DMAC cycles which access external 1/0 (and interrupt 
acknowledge cycles), I to 6 wait states may be automatically inserted depending on 
the programmed value in IWI I and IWIO. 

--
the number of wait states 

- --
For external L'O For internal 1/0 For tNTO interrupt For INT1, INT2 For NMI interrupt 
registers accesses registers accesses acknowledge cy- and internal inter- acknowledge cy-

des when UR is rupts acknowledge des when liR is 
LOW cycles LOW 

!Note (211 !Note 1211 

IWll IWIO 

0 0 1 2 

0 1 2 0 4 
2 0 

1 0 3 (Note (1)) 5 

1 1 4 6 
-~----

Note: 
(I) For llDMIRO infernal 1/0 regisler access ()/()addresses 000011- OOJFll), IWll and IWIO do 

not determine wail stale liming. For ASCI, CSl/O and PRT Dala Register accesses, 0 to 4 wail 
slales will be generaled. The number of wait stales inserled during access to these registers is a 
function of internal synchronization requirements and CPU state. 
All other on-chip 1/0 register accesses (i.e. MMU, DMAC, ASCI Control Registers, etc.) 
have 0 wail slates inserted and thus require only three clock cycles. 

(2) For interrupt acknowledge cycles in which LIR• is lllGll, such as interrupt vector table read 
and PC stacking cycle. memory access timing applies. 

2.3.4 WAIT• Input and RESET 

During RESET, MWII, MWIO, IWII and IWIO are all set= I. selecting the 
maximum number of wait states (3 for memory accesses, 4 for external 1/0 ac­
cesses). 

Also. note that the WAIT* input is ignored during RESET. For example, if RE­
SET is detected while the 1-1064180 is in a wait state, the wait slated cycle in pro­
gress will be aborted, and the RESET sequence initiated. Thus, RESET has higher 
priority than WAIT. 
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2.4 HALT, SLEEP and Low Power Operation 

The llD64180 can operate in 4 different modes. HALT mode and three low 
power operation modes - SLEEP, IOSTOP and SYSTEM STOP. Note that in all 
operating modes, the basic CPU clock (XT AL, EXT AL) must remain active. 

2.4.1 HALT mode 

HALT mode is entered by execution of the HALT instruction (op-code = 
76!0 and has the following characteristics. 
(I) The internal CPU clock remains active. 
(2) All internal and external interrupts can be received. 
(3) Bus exchange (BUSREQ• and BUSACK•) can occur. 
(4) Dynamic RAM refresh cycle (REF•) insertion continues at the programmed 

interval. 
(5) 1/0 operations (ASCI, CSl/O and PRT) continue. 
(6) The DMAC can operate. 
(7) The HALT• output pin is asserted LOW. 
(8) The external bus activity consists of repeated 'dummy' fetches of the op-code 

following the HALT instruction. 
Essentially, the HD64180 operates normally in HALT mode, except that in­

struction execution is stopped. 
HALT mode can be exited in two ways. 

RESET Exit From HALT Mode 
If the RESET• input is asserted LOW for more than three clock cycles, HALT 

mode is exited and the normal RESET sequence (restart at address OOOOOH) is initi­
ated. 

Interrupt Exit From HALT Mode 
When an internal or external interrupt is generated, HALT mode is exited and 

the normal interrupt response sequence is initiated. 
If the interrupt source is masked (individually by enable bit, or globally by IEFI 

state), the HD64180 remains in HALT mode. However, NM! interrupt will initiate 
the normal NM! interrupt response sequence independent of the state of IEFI. 

HALT mode timing is shown in Fig. 2.4.1. 
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HALT htch HALT Hodo Op-Codo f•lch 

12 T3 Tl 12 T3 Tl T2 

INT, NMI 

AO - A18 HALT Op-Cod• Addnss X\.. __ ...:.Hc.:AL::cl_;Op:<.....:-C~odo:..:....:.A;.:.cldr;;;...;..;H.;;,.•_+1 _______ _ 

HALT 

Liii 

Figure 2.4.1 HALT Timing 

2.4.2 SLEEP Mode 

SLEEP mode is entered by execution of the two byte SLEEP instruction. 
SLEEP mode has the following characteristics. 
(I) The internal CPU clock stops, reducing power consumption. 
(2) The internal crystal oscillator does not stop. 
(3) Internal and external interrupt inputs can be received. 
(4) DRAM refresh cycles stop. 
(5) 1/0 operations using on-chip peripherals continue. 
(6) The internal DMAC stop. 
(7) BUSREQ• can be received and acknowledged. 
(8) Address outputs go HIGH and all other control signal output become inactive 

(lllGll). 
(9) Data Bus, 3-state. 

SLEEP mode is exited in one of two ways. 

RESET Exit From SLEEP Mode 
If the RESET* input is held LOW for more than 3 clock cycles, the HD64180will 

exit SLEEP mode and begin the normal RESET sequence with execution starting at 
address (logical and physical) 0. 

Interrupt Exit From SLEEP Mode 
The SLEEP mode is exited by detection of an external (NMI, INTO-INT2) or 

internal (ASCI, CSl/O, PRT) interrupt. 
In the case of NMI, SLEEP mode is exited and the CPU begins the normal 

NMI interrupt response sequence. 
In the case of all other interrupts, the interrupt response depends on the state of 
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the global interrupt enable flag OEFI) and the individual interrupt source enable bit. 
If the individual interrupt condition is disabled by the corresponding enable bit, 

occurrence of that interrupt is ignored and the CPU remains in the SLEEP state. 
Assuming the individual interrupt condition is enabled, the response to that in­

terrupt depends on the global interrupt enable flag (IEFI). If interrupts are globally 
enabled (IEFI = 1) and an individually enabled interrupt occurs, SLEEP mode is ex­
ited and the appropriate normal interrupt response sequence is executed. 

If interrupts are globally disabled OEFl=O) and an individually enabled inter­
rupt occurs, SLEEP mode is exited and instruc:tion execution begins with the in­
struction following the SLEEP instruction. Note that this provides a technique for 
synchronization with high speed external events without incurring the latency im­
posed by an interrupt response sequence. 

Fig. 2.4.2 shows SLEEP timing. 

INT ,NHI 

AO -A18 

SLP OP-code 
retch 

TZ T3 

2.4.3 IOSTOP Mode 

Sleep Mode 

l1 TZ TS TS 

Figure 2.4.2 SLEEP Timing 

I Op-Cod• r •lch ... lnl•nupl 
acknow)fdq! 

T 1 TZ T3 

IOSTOP mode is entered by setting the IOSTP bit of the 1/0 Control Register 
(ICR) to I. In this case, on-chip 1/0 (ASCI, CSl/O, PRT) stops operating, reducing 
power consumption. However, the CPU continues to operate. Recovery from 
IOSTOP mode is by resetting the IOSTP bit in ICR to 0. 

2.4.4 SYSTEM STOP Mode 

SYSTEM STOP mode is the combination of SLEEP and IOSTOP modes. SYS­
TEM STOP mode is entered by setting the IOSTP bit in ICR = 1 followed by ex­
ecution of the SLEEP instruction. Recovery from SYSTEM STOP mode is the same 
as recovery from SLEEP mode, noting that internal 1/0 sources (disabled by 
IOSTOP) cannot generate a recovery interrupt. 

HITACHI 23 



2.5 1/0 and Control Registers 

The II 064180 on-chip 1/0 and Control Registers occupy 64 110 addresses (in­
cluding reserved addresses). These registers access the on-chip 1/0 modules (ASCI, 
CSl/O, PRT) and control functions ([)MAC, DRAM refresh, interrupts, wait slate 
generator, MMU and 1/0 relocation). 

To avoid address connicts with external 110, the H D64 I 80 on-chip 1/0 ad­
dresses can be relocated on 64 bytes boundaries within the bottom 256 bytes of the 
64k bytes 1/0 address space. 

1/0 Control Register (ICRI 

ICR allows relocating of the on-chip 1/0 addresses. ICR also controls enabling/ 
disabling of the IOSTOP mode. 

1/0 Control Register (ICR : 1/0 Address = 3FHI 

bit 7 6 5 4 3 2 0 

IOA71 I O A 61 I 0 S T Pl 
R/W R/W R/W 

0 IOA7. 6: 1/0 Address Relocation (bits 7-6) 
IOA 7 and IOA6 relocate on-chip 1/0 as shown in Fig. 2.5.1. Nole Iha! the high­

order 8 bits of 16-bil on-chip 1/0 addresses arc always 0. JOA 7 and IOA6 arc 
cleared = 0 during RESET. 

0 IOSTP: IOSTOP Mode (bit 5) 

IOSTOP low power consumption mode is enabled when IOSTP is set = I. Nor­
mal 1/0 operation resumes when IOSTP is reset = 0. IOSTP is cleared = 0 during 
RESET. 

The on-chip 1/0 and control register addresses are shown in Table 2.5.1. These 
addresses are relative to the 64 bytes boundary base address specified in ICR. 
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IOA7 • !OA6= I 1-· 

IOA7 • !OA6= I 0- -- • 

JOA7 • JOA6= 0 I 

JOA7 • JOA6=0 O----~ 

I 
1 

OOfFH 

OOCOH 

OORfH 

008011 

007fH 

004011 

003fH 

I OOOOH 

Figure 2.5.1 On-chip 1/0 Address Relocation 



Table 2.5.1 1/0 Address Map 111 

Address 
Register Mnemonic 

Binary Hexadecima 

ASCl Control Register A Ch 0 CNTLAO xxoooooo OOH 

ASCI Control Register /\ Ch l CNTLAI XXOOOOOI O!H 

ASCI Control Register B Ch 0 CNTLBO XXOOOOIO 02H 

ASCI ASCI Control Register B Ch I CNTLBI XXOOOOll OJH 

/\SCI Status Register Ch 0 STA TO XXOOOIOO 04H 

ASCI Status Register Ch I STAT! XXOOOIOI 0511 

ASCI Transmit Data Register Ch 0 TORO XXOOOllO 0611 

ASCI Transmit Data Regi~ter Ch I TORI XXOOOl 11 0711 

ASCI Receive Data Register Ch 0 RDRO XXOOIOOO 0811 

/\SCI Receive Data Register Ch I RORI XXOOIOOI 09H 

csf7o CSI/0 Control Register CNTR XXOOIOIO OAH 

CSI/O Transmit/ Receive Data Register TRDR XXOOlOl l OBI! 

Timer Data Register Ch OL TMDROL XXOOllOO OCH 

Timer Data Register Ch OH TMDROH XXOOl IOI OOH 

Reload Register Ch OL RLDROL XXOOlllO OEH 

Timer Reload Register Ch OH RLDROH XXOOl l ll OFH 

Timer Control Register TCR XXOIOOOO JOH 

Reserved XXOIOOOI l IH 
I I 

XXOIOO!l 13H 

Timer Data Register Ch IL TMDR!L XXOIO!OO !4H 

Timer Data Register Ch IH TMDRIH XXO!OIOI !SH 

Reload Register Ch IL RLDRIL XXOIOllO 16H 

Reload Register Ch !H RLDRIH XXOIOlll 17H 

XXOl!OOO 1811 
\ \ 

Reserved XXO! l l ll !FH 
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Table 2.5.1 1/0 Address Map (2) 

Address 

Register Mnemonic 
Binary Hexadecima 

DMA Source M<lress Register Ch OL SAROL XXIOOOOO 20H 

DMA Source Address Register Ch OH SA ROH XXIOOOOI 2111 

IJMA Sourc1:1 Address Register Ch OB SAROB XXIOOOIO 22H 

IJMA IJMA fk>stfnation Acfdress Regf!';ter Ch 01 DAROL XXIOOllll 23H 

DMA Df>st ination Address Register Ch 01 DAR OH XXIOOIOO 2411 

IJMA Destination Address Register' Ch 01 DAROB XXIOOIOI 2511 

IJMA Byte Count Register Ch OL BCROL XXIOOl IO 2611 

DMA BytP Count Register Ch OH BCROll XXIOOl I) 27H 

IJMA MPmory AddrPss Rep,:ister Ch IL MARIL XXIOIOOIJ 2811 

DMA Memory Address Register Ch 111 MARIH XXIOIOOI 2911 

llMA Mf"mory Address Register Ch lR MARIB XXIOIOllJ 2AH 

DMA 1/0 Address Register Ch IL IARIL XXIOJOll 2811 

IJMA 1/0 Address Register Ch lH IARIH XXIOl 100 2CH 

Reserved XXIOl 101 Zl>H 

DMA Byte Count Rep,ister Ch IL BCRIL XXIOlllO 2EH 

DMA Byte Count Regf st er Ch IH BCRIH XXIOllll 2Fll 

DMA Status Register DSTAT XXl 10000 JOH 

IJMA Mode Register DMODE XX! 10001 31H 

IJl1A/ WAIT Control Register DC NTL XX! 10010 3211 

INT IL. Register (INT Vector Register) IL XXllOOll 3311 

INT/ TRAP Control Register ITC XXl 10100 3411 

Reserved XX! 10101 3511 
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Table 2.5.1 1/0 Address Map (3) 

Address 
Register Mnemonic 

Binary Hexadecima 

RPfresl Refresh Control Register RCR XXllOllO 36H 

Reserved XX! 10111 37H 

MMU MMlJ Common IJa~c Register CllR XXllllUI 38H 

M Ml/ Rank llasc Register BUR XX! 11001 39H 

MMlJ Common/Rank Arca Rcgi"'1cr CBi\R XXlllOlO 3AH 

1/0 Rc~crvcd XX! l 101 l 3BH 

) ~ 
XXlllllO 3EH 

1/0 Control Register ICR XX! l 1 l l I 3FH 

---· 

1/0 ADDRESSING NOTES 
The on-chip 1/0 register addresses are located in the 1/0 address space from 

OOOOH to OOFFH (16-bit 1/0 addresses). Thus, to access the on-chip 1/0 registers 
(using 1/0 instructions), the high-order 8 bits of the 16-bit 1/0 address must be 0. 

The conventional 1/0 instructions (OUT (m),A/ IN A,(m) I OUTI I !NI/ etc.) 
place the contents of a CPU register on the high-order 8 bits of the address bus, and 
thus may be difficult to use for accessing on chip 1/0 registers. 

For efficient on-chip 1/0 register access, a number of new instructions have 
been added which force the high-order 8 bits of the 16-bit 1/0 address to 0. These 
instructions are !NO, OUTO, OTIM, OTIMR, OTDM, OTDMR and TSTIO (See 
section 3.1 Instruction Sell. 

Note that when writing to an internal 1/0 register, the same 1/0 write occurs on 
the external bus. However, the duplicate external 1/0 write cycle will exhibit internal 
1/0 write cycle timing. For example, the WAIT• input and programmable wait state 
generator are ignored. Similarly, internal 1/0 read cycles also cause a duplicate exter­
nal 1/0 read cycle - however, the external read data is ignored by the HD64180. 

Normally, external 1/0 addresses should be chosen to avoid overlap with inter­
nal 1/0 addresses to avoid duplicate 1/0 accesses. 

2.6 Memory Management Unit (MMUI 

The HD64180 contains an on-chip MMU which performs the translation of the 
CPU 64k bytes (16-bit addresses- OOOOH to FFFFH) logical memory address space 
into a 5 l 2k bytes 0 9-bit addresses- OOOOOH to 7FFFFH) physical memory address 
space. Address translation occurs internally in parallel with other CPU operation. 
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LOGICAL ADDRESS SPACES 
The 64k bytes CPU logical address space is interpreted by the MMU as consisting 

of up to three separate logical address areas, Common Area 0, Bank Area and Com­
mon Area I. 

As shown in Fig. 2.6.1 a variety of logical memory configurations are possible. 
The boundaries between the Common and s;mk areas can be programmed with 4k 
bytes resolution. 

.-------- >-·--------

Common Area I Common Area l Common Area l 

Common ArPa I 

Bank Area 

Bank Area Cnmmon Area 0 

Common Area 0 

Figure 2.6.1 Logical Address Mapping Examples 

LOGICAL TO PHYSICAL ADDRESS TRANSLATION 
Fig. 2.6.2 shows an example in which the three logical address space portions arc 

mapped into a 512k bytes physical address space. The important points to note are 
that Common and Bank areas can overlap and that Common Area 1 and Bank Arca 
can be freely relocated (on 4k bytes physical address boundaries). Common Area 0 
(if it exists) is always based at physical address 0. 

----- TFFFFH 

HFFH-----
Common Area 1 

Bank Area 

Cornmort Arr.a O 
0 

Logical Space 

OOOOOH 

Physical Space 

Figure 2.6.2 Logical - Physical Memory Mapping Example 
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MMU BLOCK DIAGRAM 
The MMU block diagram is shown in Fig. 2.6.3. The MMU translates internal 

16-bit logical addresses to external 19-bit physical addresses. 

~~~~~-.--~~~~ln_t_er_n_al_A_d_d_re~ss_ID_a_t_a_B_us~~~~~~~~~-::> 
{ 14 i c <'.j l LA,, LA,, \/ 

MMU Common/Bank Area 
Register; CBAR (8) Memory 

Management Unit 

MMU Common Base 
Register; CBR (7) 

MMU Bank Base 
Register; BBR (7) 

LA: Loqical Address 
PA· Physical Address 

Figure 2.6.3 MMU Block Diagram 

Whether address translation takes place depends on the type of CPU cycle as 
follows. 
(I) Memory Cycles 

Address Translation occurs for all memory access cycles including instruction 
and operand fetches, memory data reads and writes, hardware interrupt vector fetch 
and software interrupt restarts. 
(2) 1/0 Cycles 

The MM U is logically bypassed for 1/0 cycles. The 16-bit logical 1/0 address 
space corresponds directly with the 16-bit physical 110 address space. The three high 
order bits (A 16-A 18) of the physical address are always 0 during 1/0 cycles. 

LA,~ LA o 

Logical Address 

"000" 

1 PAo 

Physical Address 

Figure 2.6.4 1/0 Address Translation 

(3) DMA Cycles 
When the HD64180 on-chip DMAC is using the external bus, the MMU is 
physically bypassed. The 19-bit source and destination registers in the DMAC 
are directly output on the physical address bus (AO-Al8). 

MMU REGISTERS 
Three MMU registers are used to program a specific configuration of logical and 
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physical memory. 
(I) MMU Common/Bank Area Register (CBAR) 
(2) MMU Common Base Register (CBR) 
(3) MMU Bank Base Register (BBR) 
CBAR is used to define the logical memory organization, while CBR and BBR 

are used to relocate logical areas within the 5 I 2k bytes physical address space. The re­
solution for both setting boundaries within the logical space and relocation within the 
physical space is 4k bytes. 

The CAR field of CBAR determines the start address of Common Area I (Up­
per Common) and by default, the end address of the Bank Area. The BAR field de­
termines the start address of the Bank Area and by default, the end address of 
Common Area 0 (Lower Common). 

The CA and BA fields of CBAR may be freely programmed subject only to the 
restriction that CA may never be less than BA. Fig. 2.6.5 and Fig. 2.6.6 shows 
examples of logical memory organizations associated with dilTerent values of CA and 
BA. 

r--·-·---~ 

Common Area 1 

Bank Area 

Common Area 0 

Common Area l 
Lower limit address 

> 
Bank Area 
Lower limit address 

> 
OOOOH 
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4 

Common Area l Common Area 1 

Common Area l 

Bank Area Common Area 0 

Common Area 1 Common Area 1 Common Area I 
Lower limit address Lower limit address Lower limit address 

) 

Bank Area Bank Area Bank Area 
Lower limit address Lower limit address Lower limit address 

> 
OOOOH OOOOH OOOOH 

(RESET condition) 

Figure 2.6.5 Logical Memory Organization 



rrrrH 
MMU Common/Bank Area Register Cornrnort Ar!?'.i 1 

11 I ti ol d -----4 DoooH~-----1 · · · - · 0 .. crrrtt 

MMU Common/Bank Area Register 

~Q] 4 __ ______. 4000H,__ ____ _, 
3HFH 

(l~ D2 01 [IQ 
C(•fflff1•:in Are.:. 0 

OOOOH~----~ 

Figure 2.6.6 Logical Space Configuration (Example) 

MMU REGISTER DESCRIPTION 

MMU Common/Bank Area Register (CBAR) 
CBAR specifies boundaries within the 1!064180 64k bytes logical address space 

for up to three areas, Common Area 0, Bank Area and Common Area 1. 

MMU Common/Bank Area Register (CBAR : 1/0 Address = 3AH) 

bit 7 6 5 4 3 2 1 0 

CA3 CA2 CAl CAO BA3 BA2 BAl BAO 

R/W R/W R/W R/W R/W R/W R/W R/W 

0 CA3-CAO: CA (bits 7-4) 
CA specifies the start (low) address (on 4k bytes boundaries) for the Common 

Area I. This also determines the last address of the Bank Area. All bits of CA are 
set to 1 during RESET. 
0 BA3-BAO: BA (bits 3-0) 

BA specifies the start (low) address (on 4k bytes boundaries) for the Bank Area. 
This also determines the last address of the Common Area 0. All bits of BA are reset to 
0 during RESET. 

MMU Common Base Register (CBR) 
CBR specifies the base address (on 4k bytes boundaries) used to generate a 19-bit 

physical address for Common Area 1 accesses. All bits ofCBR are reset to 0 during RE-· 
SET. 
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MMU Common Base Register (CBR : 1/0 Address = 38H) 
bit 7 6 5 4 3 2 1 0 

CB6 CB5 CB4 CB3 CB2 CBI CBO 

R/W R/W R/W R/W R/W R/W R/W 

MMU Bank Base Register (BBR) 
BBR specifies the base address (on 4k bytes boundaries) used to generate a 19-bit 

physical address for Bank Area accesses. All bits of BBR are reset to 0 during RESET. 

MMU Bank Base Register (BBR : 1/0 Address = 39H) 

bit 7 6 5 4 3 2 0 

886 BB5 884 883 BB2 BB I BBO 

R/W R/W R/W R/W R/W R/W R/W 

PHYSICAL ADDRESS TRANSLATION 
Fig. 2.6. 7 shows the way in which physical addresses arc generated based on the 

contents of CBAR, CBR and BBR. MMU comparators classify an access by logical 
area as defined by CBAR. Depending on which of the three potential logical areas 
(Common Area l, Bank Area or Common Area 0) is being accessed, the appropri­
ate 7-bit base address is added to the high-order 4 bits of the logical address, yield­
ing a 19-bit physical address. CBR is associated with Common Area I accesses. 
Common Area 0 accesses use a (non-accessible, internal) base register which con­
tains 0. Thus, Common Area 0, if defined, is always based at physical address 0. 
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Figure 2.6. 7 Physical Address Generation 

MMU AND RESET 
During RESET, all bits of the CA field ofCBAR are set to I while all bits of the BA 

field of CBAR, CBR and BBR are reset to 0. The logical 64k bytes address space corres­
ponds directly with the first 64k bytes (OOOOH to FFFFH) of the 5 l 2k bytes (OOOOOH to 
7FFFFH) physical address space. Thus, after RESET, the HD64180 will begin execu­
tion at logical and physical address 0. 

MMU REGISTER ACCESS TIMING 
When data is written into CBAR, CBR or BBR, the value will be effective from 

the cycle immediately following the 1/0 write cycle which updates these registers. 
Care must be taken during MMU programming to insure that CPU program ex­

ecution is not disrupted. Observe that the next cycle following MMU register pro­
gramming will normally be an op-code fetch from the newly translated address. One 
simple technique is to localize all MMU programming routines in a Common Area 
that is always enabled. 
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2. 7 Interrupts 

The H064180 CPU has twelve interrupt sources, four external and eight inter 
nal, with fixed priority. 

Higher 
Priority 

Lower 
Priority 

(1) TRAP (Undefined Op-code Trap) ............... . 
(2) NMI (Non Maskable Interrupt) 
(3) INTo (Maskable Interrupt Level 0) } 
(4) INT. (Maskable Interrupt Level 1) 
(5) INT, (Maskable Interrupt Level 2) 

(6) TimerO ) 
(7) Timer 1 
(8) OMA channel 0 
(9) DMA channel 1 

(10) Clocked Serial 1/0 Port 
( 11) Asynchronous SCI channel 0 
(12) Asynchronous SCI channel 1 

Figure 2. 7 .1 Interrupt Sources 

Internal Interrupt 

External Interrupt 

Internal Interrupt 

This section explains the CPU registers associated with interrupt processing, th1 
TRAP interrupt, interrupt response modes and the external interrupts. The detailec 
discussion of internal interrupt generation (except TRAP) is presented in the ap 
propriate hardware section (i.e. PRT, OMAC, ASCI and CSl/0). 

INTERRUPT CONTROL REGISTERS AND FLAGS 
The H064180 contains three registers and two flags which are associated wilt 

interrupt processing. 

Function 
(l) Interrupt Vector High 
(2) Interrupt Vector Low 
(3) lnterruptffrap Control 
(4) Interrupt Enable Flag 1,2 

Interrupt Vector Register (I) 

Name Access Method 
I LO A, I and LO I, A instructions 

IL 1/0 instruction (addr= 33H) 
ITC 1/0 instruction (addr= 34H) 

IEFl,2 EI and DI 
LO A, I 
LO A, R instructions 

Mode 2 for INTO external interrupt, INTI and INT2 external interrupts and all in 
ternal interrupts (except TRAP) use a programmable vectored technique to determim 
the address at which interrupt processing starts. In response to the interrupt a 16-bit ad 
dress is generated. This address accesses a vector table in memory to obtain the addres: 
at which execution. restarts. 

While the method for generation of the least significant byte of the table addres~ 
differs, all vectored interrupts .use the contents of I as the most significant byte o 
the table address. By programming the contents of I, vector tables can be relocatec 
on 256 bytes boundaries throughout the 64k bytes logical address space. 

Note that I is read/written with the LD A, I and LD I, A instructions rathe1 
than I/O (IN, OUT) instructions. 

I is initialized to 0 during RESET. 
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Interrupt Vector Low Register (IL) 

Interrupt Vector Low Register (IL : 1/0 Address = 33HI 

bit 7 6 5 4 3 2 1 0 

IL7 ILG I IL5 

R/W R/W R/W 

Programmable Interrupt Source Dependent Code 

This register determines the most significant three bits of the low order byte of 
the interrupt vector table address for external interrupts INTI and INT2 and all 
internal interrupts (except TRAP). The five least significant bits are fixed for each 
specific interrupt source. By programming IL the vector table can be relocated on 32 
bytes boundaries. 

IL is initialized to 0 during RESET. 

INT /TRAP Control Register (ITC) 

INT /TRAP Control Register (ITC : 1/0 Address = 34Hl 

bit 7 6 5 4 3 2 1 0 

I ITE21 ITEl 
R/W R R/W R/W R/W 

ITC is used to handle TRAP interrupts and to enable or disable the external 
maskable interrupt inputs INTO•, INTI• and INT2•. 

0 TRAP (bit 7) 
This bit is set to 1 when an undefined op-code is fetched. TRAP can be reset 

under program control by writing it with 0, however it cannot be written with 1 
under program control. TRAP is reset to 0 during RESET. 

0 UFO: Undefined Fetch Object (bit 6) 
When a TRAP interrupt occurs (TRAP bit set to 1), the contents of UFO allow 

determination of the starting address of the undefined instruction. This is necessary 
since the TRAP may occur on either the second or third byte of the op-code. UFO 
allows the stacked PC value (stacked in response to TRAP) to be correctly adjusted. 
If UFO = 0, the first op-code should be interpreted as the stacked PC- l. If UFO 
= 1, the first op-code address is stacked PC- 2. UFO is read-only. 

0 ITE2, 1,0: Interrupt Enable 2, 1,0 (bits 2-01 
ITE2, ITEI and ITEO enable and disable the external interrupt inputs INT2•, 

INTI• and INTO• respectively. If reset to 0, the interrupt is masked. During RESET, 
ITEO is initialized to 1 while ITEI and ITE2 are initialized to 0. 
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Interrupt Enable Flag 1,2 (IEF1 .21 
IEFI controls the overall enabling and disabling of all internal and external 

maskable interrupts (i.e. all interrupts except NMI and TRAP). 
If IEFI = 0, all maskable interrupts are disabled. IEFI can be reset to 0 by the 

DI (Disable Interrupts) instruction and set to 1 by the EI (Enable Interrupts) instruc­
tion. 

The purpose of 1EF2 is to correctly manage the occurrence of NMI. During NMI, 
the prior interrupt reception state is saved and all maskable interrupts are automatically 
disabled (IEFI copied to IEF2 and then IEFI cleared to 0). At the end of the NMI in­
terrupt service routine, execution of the RETN (Return from Non-maskable Interrupt) 
will automatically restore the interrupt receiving state (by copying IEF2 to IEFI) prior 
to the occurrence of NMI. 

1EF2 state can be reflected in the P/V bit of the CPU Status register by execution of 
the (a) LO A, I or (b) LO A, R instructions. 

Table 2.7.1 shows the state of lEFl and IEF2. 

Table 2.7.1 State of IEF1 and IEF2 

CPU Operation IEFI IEF2 REMARKS 

RESET 0 0 Inhibits the interrupt 
except NMI and TRAP. 

NMI 0 IEFI Copies the contents of 
IEFI to IEF2. 

RETN IEF2 not affected Returns from the NMI 
service routine. 

Interrupt except 0 0 Inhibits the interrupt. 
NMI and TRAP 

RETI not affected not affected 

TRAP not affected not affected 

El I I 

DI 0 0 

LD A, I not affecte~ not affecte~ Transfers the contents 
of IEF2 to P/V fl~ 

LD A, R not affect~ not affectecl Transfers the contents 
of IEF2 to P/V f la&• 

TRAP INTERRUPT 
The HD64180 generates a non-maskable (not affected by the state of IEFI) 

TRAP interrupt when an undefined op-code fetch occurs. This feature can be used 
to increase software reliability, implement an 'extended' instruction set, or both. 
TRAP may occur during op-code fetch cycles and also if an undefined op-code is 
fetched during the interrupt acknowledge cycle for INTO when Mode 0 is used. 

When a TRAP interrupt occurs the HD64180 operates as follows. 
(I) The TRAP bit in the Interrupt TRAP/Control OTC) register is set to 1. 
(2) The current PC (Program Counter) value, reflecting the location of the 

undefined op-code, is saved on the stack. 
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(3) The HD64180 vectors to logical address 0. Note that if logical address 0 is map­
ped to physical address 0, the vector is the same as for RESET. In this case, testing 
the TRAP bit in ITC will reveal whether the restart at physical address 0 was caused 
by RESET or TRAP. 
The state of the UFO (Undefined Fetch Object) bit in ITC allows TRAP han­

dling software to correctly 'adjust' the stacked PC depending on whether the second 
or third byte of the op-code generated the TRAP. If UFO = 0, the starting address 
of the invalid instruction is equal to the stacked PC-I. If UFO = l, the starting ad­
dress of the invalid instruction is equal to the stacked PC-2. Fig. 2.7.2 shows TRAP 
Timing. 

Note that Bus Release cycle, Refresh cycle, OMA cycle and WAIT cycle can't be 
inserted just after T TP state which is inserted for TRAP interrupt sequence. 
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EXTERNAL INTERRUPTS 
The HD64180 has four external hardware interrupt inputs. 
{I) NM! - Non-maskable Interrupt 
(2) lN10 -- Maskable Interrupt Level 0 
(3) iNTI - Maskable Interrupt Level 1 
(4) INT2 - Maskable Interrupt Level 2 
NMI, INTI and INT2 have fixed interrupt response modes. INTO has three 

different software programmable interrupt response modes - Mo<,le 0, Mode l and 
Mode 2. 

NMI - Non-Maskable Interrupt 
The NMI• interrupt input is edge sensitive and cannot be masked by software. 

When NMI• is detected, the 111)64180 operates as follows. 
(l) DMAC operation is suspended by the clearing of the DME (OMA Main Ena­

ble) bit in DCNTL. 
(2) The PC is pushed onto the stack. 
(3) The contents of IEFl are copied to IEF2. This saves the interrupt reception state 

that existed prior to NM!. 
(4) IEFI is cleared lo 0. This disables all external and interna) maskab!e interrupts 

(i.e. all interrupts except NMI and TRAP). 
(5) Execution commences at logical address 66H. 

The last instruction of an NM! service routine should be RETN (Return from 
Non-maskable Interrupt). This restores the stacked PC, allowing the interrupted 
program to continue. Furthermore, RETN causes IEF2 to be copied to lEFl, restor­
ing the interrupt reception state that existed prior to the N MI. 

Note that NM!, since it can be accepted during HD64 I 80 on-chip DMAC oper­
ation, can be used to externally interrupt DM A transfer. The NMI service routine 
can reactivate or abort the DM A operation as required by the application. 

For NM!, special care must be taken to insure that interrupt inputs do not 'over­
run' the NM! service routine. Unlimited NM!• inputs without a corresponding number 
of RETN instructions will eventually cause stack overnow. 

Fig. 2.7.3 shows the use of NM! and RETN while Fig. 2.7.4 details NM! response 
timing. The NMI response sequence is activated, if the internally lat~hed edge sensitive 
NMI* input is detected at the falling edge of T2 (or Tw). 

l[f I -l 1£f2 

fTlfl'ln O ~IHI ( 0066HI 
pn1qrom 11 PCll -l (SP- I) ,.--·'/,-?< 

.".~ u7 
~~ PCL r (SP) ------

PCH r (SP• I) 

NH! 

Interrupt Hendlinc, 

RHN 

Figure 2. 7.3 NMI Sequence 
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NM! acknowledge cycle 

PC push on stKk Rtst1rt from 0066H 

NMI 

AO-AIO --~X~ ___ PC __ ~X Sl'-1 x SP-2 x 0066H c= 

WR 

DO-D7 PCH 

Figure 2.7.4 NMI Timing 

INTO - Maskable Interrupt Level 0 

Instruct ion 

Pet 

The next highest priority external interrupt after NMI is INTO. The interrupt is 
masked if either the IEF I flag or the ITEO (Interrupt Enable 0) bit in ITC are reset to 0. 
Note that after RESET the state is as follows. 
(I) IEFI is 0, so INTO is masked. 
(2) ITEO is l, so INTO is enabled by execution of the EI (Enable Interrupts) instruc­

tion. 
The INTO interrupt is unique in that three programmable interrupt response 

modes are available - Mode 0, Mode l and Mode 2. The specific mode is selected 
with the IMO, IM I and IM2 (Set Interrupt Mode) instructions. During RESET, the 
HD64180 is initialized to use Mode 0 for INTO. 

The three interrupt response modes for INTO are ... 
(I) Mode 0 - Instruction fetch from data bus. 
(2) Mode I - Restart at logical address 38H. 
(3) Mode 2 - Low byte vector table address fetch from data bus. 

0 INTO Mode 0 
During the interrupt acknowledge cycle, an instruction is fetched from the data 

bus (DO-D7). Often, this instruction is one of the eight single byte RST (RE­
ST ART) instructi9ns which stack the PC and restart execution at a fixed logical ad­
dress. However, multi byte instructions can be processed if the interrupt acknowledg­
ing device can provide a multibyte response. Unlike all other interrupts, the PC is 
not automatically stacked. 

Note that TRAP interrupt will occur if an invalid instruction is fetched during 
Mode 0 interrupt acknowledge. 
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Fig. 2.7.5 shows INTO Mode 0 Timing. 

l .. t MC mo ldolowltdvo ever. RST inslroclion •-utton 

PCoulhon1IRk 

12 T! T t T2 Tw Tw T3 Ti Ti 

"' 
INTO 

AO-AIB x PC x SP-I ~ 

UR 

ME 

Iii> 

WR 

IOE 

RST instruction 

D0-07 0 PCH ~ 
MC: Machine Cyclr.. 

Figure 2.7.5 INTO Mode 0 Timing 
(RST Instruction on the Data Busl 

0 INTO Mode 1 
When INTO• is received, the PC is stacked and instruction execution restarts at 

logical address 38H. Both IEFI and IEF2 flags are reset to 0, disabling all maskable 
interrupts. The interrupt service routine should normally terminate with the EI 
(Enable Interrupts) instruction followed by the RETI (Return from Interrupt) in­
struction, so that the interrupts are reenabled. Fig. 2. 7.6 shows the use of INTO (Mode 
I) and RETI. 

Fig. 2.7.7 shows INTO interrupt Mode I timing. 
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Figure 2.7.6 INTO Mode 1 Interrupt Sequence 
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T3 Tl T2 T'w' 4 T'w'• T3 T1 T2 T3 Tl T2 T3 Tl T2 T3 

\_;-

__ ___,X\... __ _:_PC,::_ __ _,X SP-1 X SP-2 X 0038H 'X:_ 

''----~/ 

Figure 2.7.7 INTO Mode 1 Timing 
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0 INTO Mode 2 
This method determines the restart address by reading the contents of a table 

residing in memory. The table consists of up to 128 two-byte restart addresses 
stored in low byte, high byte order. 

The table address is located on 256 bytes boundaries in the 64k bytes logical ad­
dress space as programmed in the 8-bit I (Interrupt Vector) register. Fig. 2.7.8 
shows the Vector table. 

Next, the PC is stacked. Finally, the 16-bit restart address is fetched from the 
table and execution commences at that address. 

Note that external vector acquisition is indicated by LIR• and IOE• both LOW. 
Two wait states are automatically inserted for external vector fetch cycles. 

During RESET the I register is initialized to 0 and, if necessary, should be set to a 
different value prior to the occurren.:e of a Mode 2 INTO interrupt. Fig. 2. 7. 9 shows 
INTO interrupt Mode 2 Timing. 
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l"I MC INTO acknowledge cycle 
Op-codo 

ftlch ·~·" 

T3 Tl T2 Tw Tw T3 T; Tl T2 TJ" Tl 72 T3 Tl T2 T3 Tl T2 T3 Tl T2 T3 

AO-Ale ===><-----'PC~ __ _JX SP-1 X SP-2 X v .. 1 .. Xv .. ,.,.., X..._ __ _, 
m 

00-07 PCH PCl 

ST 

Figure 2.7.9 INTO Mode 2 Timing 

INT1. INT2 
The operation of external interrupts INTI and INT2 is a v~ctor mode similar to 

INTO Mode 2. The difference is that INTI and INT2 generate the low-order byte of 
vector table address using the IL (Interrupt Vector Low) register rather than fetching it 
from the data bus. This is also the interrupt response sequence used for all internal in­
terrupts (except TRAP). 

As shown in Fig. 2.7.10 the low-order byte of vector table address is comprised of 
the most significant three bits of the software programmable IL register while the least 
significant five bits are a unique fixed value for each interrupt (INTI, INT2 and inter­
nal) source. 

INTI• and INT2• are globally masked by IEFI = 0. Each is also individually 
maskable by respectively clearing the ITEI and ITE2 (bits I, 2) of the ITC register 
to 0. 

During RESET, IEFI, ITEi and ITE2 bits are reset = 0. 

INTERNAL INTERRUPTS 
Internal interrupts (except TRAP) use the same vectored response mode as 

INTI and INT2 (Fig. 2.7.10). Internal interrupts are globally masked by IEFI = 
0. Individual internal interrupts are enabled/disabled by programming each in-
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dividual 1/0 (PRT, DMAC, CSf/O, ASCI) control register. The lower vector of INT 
and internal interrupt are summarized in Table 2.7.2. 

· '~-~__,I.__" l" ... =-=.."'"'.__.I - (5 .. 1) 

[:· t11ft·or01r8btt ...... , ......... .., 
528 .... 

Figure 2.7.10 INT1, INT2 and Internal Interrupts Vector Acquisition 

Table 2. 7.2 Interrupt Source and Lower Vector 

IL Fixed Code 
Interrupt Priority 
Source h1 h6 h5 h4 h) h2 ht ho 

INTI lliglwst • • • 0 0 0 0 0 

INT2 * * * 0 0 0 I 0 

Ti mer channel 0 * * * 0 0 I 0 0 

Timer channel I * * • 0 0 I I 0 

rMA channel 0 * * * 0 I 0 0 0 

DMA channel I * * * 0 I 0 I 0 

CSI/0 * * * 0 I I 0 0 

ASCI channel 0 * * * 0 l l 1 0 

ASCI channel l * • * l 0 0 0 0 
f,,clWPSt 

* ProgrammablP 

INTERRUPT ACKNOWLEDGE CYCLE TIMING 
Fig. 2.7.11 shows interrupt acknowledge cycle timing for internal interrupts, INTI 

and INT2. 
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INTERRUPT SOURCES AND RESET 

I Register 
All bits reset to 0. 
Since I = 0 locates the vector tables starting al logical address 0, vectored inter­

rupts ONTO Mode 2, INTI, INT2 and internal interrupts) will overlap with fixed re­
start interrupts like RESET (0), NMI (66Hl, INTO Mode I (38H) and RST (OOH -
3811). The vector table(s) can be built elsewhere in memory and located on 256 
bytes boundaries by reprogramming I with the LD I, A instruction. 

IL Register 
Bits b7, b6 and b5 are reset to 0. 
The IL register can be programmed to locate the vector table for INTI, INT2 

and internal interrupts on 32 bytc:s sub-boundaries within the 256 bytes area speci­
fied by I. 

IEF1. IEF2 Flags 
Reset to 0. 
Interrupts other than NM! and TRAP are disabled. 

ITC Register 
ITEO set to I. ITEi, ITE2 reset to 0. 
INTO• can be enabled by the El instruction, which sets IEFI = 1. To enable 

INTI• and INT2• also requires that the ITE I and ITE2 bits be respectively set = I 
by writing to ITC. 

1/0 Control Registers 
Interrupt enable bits reset to 0. 
All HD64180 on-chip 1/0 (PRT, DMAC, CSl/O, ASCI) interrupts are disabled 

and can be individually enabled by writing to each 1/0 control register interrupt ena­
ble bit. 

2.8 Dynamic RAM Refresh Control 

The HD64180 incorporates a dynamic RAM refresh control circuit including 8 
bit refresh address generation and programmable refresh timing. This circuit gener­
ates asynchronous refresh cycles inserted at the programmable interval independent 
of CPU program execution. For systems which don't use dynamic RAM, the re­
fresh function can be disabled. 

When the internal refresh controller determines that a refresh cycle should oc­
cur, the current instruction is interrupted at the first breakpoint between machine 
cycles. The refresh cycle is inserted by placing the refresh address on AO-A 7 and the 
REF• output is driven LOW. 

Refresh cycles may be programmed to be either two or three clock cycles in 
duration by programming the REFW (Refresh Wait) bit in RCR (Refresh Control 
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Register). Note that the external WAIT• input and the internal wait state generator 
arc not effective during refresh. 

Fig. 2.8.1 shows the timing of a refresh cycle with a refresh wait (Trw) cycle. 

Jltfrt'h ,1gnel 
(lnttrnel ''Qntl) 

Rtfrnh C1,1t1t 

1: ,,, I '",. I ''2 I 

Ht 
. __________ ]___ , _____ ! 

OH 

NOTE: • il thrf'f! n•frr>sh cycll'S arP srmc1f11>d, T1w 1s inserted. 
Othf'1W1V', Trw is not insrrterl 

MC· Mar.him• Cyc:h~ 

Figure 2.8.1 Refresh Timing 

Refresh Control Register (RCR) 

\ ______ _ 

RCR specifies the interval and length of refresh cycles, as well as enabling or 
disabling the refresh function. 

Refresh Control Register (RCR: 1/0 Address = 36H) 

bit 7 6 5 4 3 2 0 

IREFE,RF.FWI ICYCl ICYCO 
R/W R/W R/W R'/W 

O REFE: Refresh Enable (bit 7) 
REFE = 0 disables the refresh controller while REFE = I enables refresh cycle 

insertion. REFE is set = l during RESET. 

0 REFW: Refresh Wait (bit 6) 
REFW = 0 causes the refresh cycle to be two clocks in duration. REFW = I 

causes the refresh cycle to be three clocks in duration by adding a refresh wait cycle 
(Trw). REFW is set= 1 during RESET. 

0 CYC1, 0: Cycle Interval (bit 1, 0) 
CYCI and CYCO specify the interval (in clock cycles) between refresh cycles. 
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In the case of dynamic RAMs requiring 128 refresh cycles every 2 ms (or 256 
cycles every 4 ms), the required refresh interval is less than or equal to 15.625 µs. 
Thus, the underlined values indicate the best refresh interval depending on CPU clock 
frequency. CYCO and CYCI are cleared= 0 during RESET. 

Table 2.8.1 Refresh Interval 

Time interval 
CYCl CYCO Insertion 

interval •P: 10 Mii' 8 MHz- 6 MHz 4 MHz 2. 5 MHz 

() 0 10 st :lt es-~.-0-µ-s --1--l.-2_5_µ_s-+-~l· .-6~6. µ s 2. 5 µ s 4.0 µs 

0 20 states 2.0 µs 2.5 µs 3.3 µs 5.0 µs 

0 4.0 µs 5.0 µs 6.6 µs 10.0 µs 16.0 µs 

80 states ~~ 10.0~ 13.3 µs 20.0µs 32.0 µs 

REFRESH CONTROi_ AND RESET 
After RESET, based on the initialized value or RCR, refresh cycles will occur with 

an interval of 10 clock cycles and be 3 clock cycles in duration. 

DYNAMIC RAM REFRESH OPERATION NOTES 
(I) Refresh cycle insertion is slopped when the CPU is in the following states. 

(a) During RESET 
(b) When the bus is released in response to BUSREQ• 
(c) During SLEEP mode 
(d) During WAIT states 

(2) Refresh cycles are suppressed when the bus is released in response to 
BUSREQ•. However, the refresh timer continues to operate. Thus, the time at 
which the first refresh cycle occurs after the HD64 I 80 re-acquires the bus de­
pends on the refresh timer, and has no timing relationship with the bus ex­
change. 

(3) Refresh cycles are suppressed during SLEEP mode. If a refresh cycle is re­
quested during SLEEP mode, the refresh cycle request is internally 'latched' 
(until replaced with the next refresh request). The 'latched' refresh cycle is in­
serted at the end of the first machine cycle after SLEEP mode is exited. After 
this initial cycle, the time at which the next refresh cycle will occur depending on 
the refresh time, and has no timing relationship with the exit from SLEEP mode. 

(4) Regarding (2) and (3), the refresh address is incremented by 1 for each success­
ful refresh cycle, not for each refresh request. Thus, independent of the number 
of 'missed' refresh requests, each refresh bus cycle will use a refresh address in­
cremented by 1 from that of the previous refresh bus cycles. 
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2.9 OMA Controller (DMAC) 

The llD64180 contains a two channel OMA (Direct Memory Access) controller 
which supports high speed data transfer. Both channels (channel 0 and channel 1) 
have the following capabilities. 

Memory Address Space 
Memory source and destination addresses can be directly specified anywhere 

within the SI 2k bytes physical address space using 19-bit source and destination 
memory addresses. In addition, memory transfers can arbitrarily cross 64k bytes 
physical address boundaries without CPU intervention. 

1/0 Address Space 
1/0 source and destination addresses can be directly specified anywhere within 

the 64k bytes 1/0 address space (16-bit source and destination 1/0 addresses). 

Transfer Length 
Up to 64k bytes can be transferred based on a 16-bit byte count register. 

DREQ• Input 
Level and edge sense DR EQ• input detection arc selectable. 

TEND• Output 
Used to indicate DM A completion lo external devices. 

Transfer Rate 
Each byte transfer can occur every six clock cycles. Wait states can be inserted 

in DMA cycles for slow memory or 1/0 devices. At the system clock (cf>) = 6 
MHz, the DMA transfer rate is as high as 1.0 megabytes/second (no wait states). 

Additional feature disc for DMA interrupt request by DMA END. 
Each channel has additional specific capabilities. 

Channel 0 
O Memory~ memory, memory <E-~ 110, memory~ memory map-

ped 1/0 transfers 
O Memory address increment, decrement, no-change 
0 Burst or cycle steal memory ~ memory transfers 
0 DMA to and from both ASCI channels 
O Higher priority than DMAC channel I 

Channel I 
0 Memory ~ 1/0 transfer 
0 Memory address increment, decrement 

DMAC Registers 
Each channel of the DMAC (channel 0, l) has three registers specifically associ­

ated with that channel. 
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(:_h_a111!9lQ 
SARO 
lJARO 
BCRO 

Channel 1 
- ----------

MAR 1 
IARI 
BCRI 

Source Address Register 
Destination Address Register 
Byte Count Register 

Memory Address Register 
110 Address Register 
Byte Count Register 

The two channels share three additional registers in common. 
DSTAT DMA Status Register 
DMODE - DMA Mode Register 
DCNTL - DM A Control Register 

Fig. 2.9.1 shows the 11()(14180 DMAC Block Diagram. 

< Internal Addre~!'t/Data Bu:J ---

~t 
OMA Sourc9 Addre9s 

Redster chO SARO ( J q) 

DHA De•tination Addr .. • 

Register chO IJAIW ( 19) 

DH! Byte Count 

Regl•ter chO BCRO (I 6) 

OKA Kemery Addroo• 

Red•ter ch! MARI ( 19) 

OHA I/O Addre•• 

Regi•ter chi !ARI (16) 

DllA Byte Count I 
Reghter ch l BCR I (16 ll 

DllA Sta tu• 

Re)!!'•tcr l).Si AT 1s1 

DHA Kode 

Regloter DMOUE(8 

DllAl'IAIT Control 

Reghter DCNTL(8 

OKA Control 

Incremen ter/Decremen ter (19) 

Priority & 

Reque9t 

Control 

Bu• & CPU 

Control 

TEN DO 
TEND! 

Request 

Figure 2.9.1 DMAC Block Diagram 

DMAC REGISTER DESCRIPTION 

> 
OREO. 

OREO, 

Channel 0 Source Address Register (SARO: 1/0 Address = 20H to 22H) 
Specifies the physical source address for channel 0 transfers. The register contains 

19 bits and may specify up to 5 I 2k bytes memory addresses or up to 64k bytes 1/0 ad­
dresses. Channel 0 source can be memory, 110 or memory mapped I/O. 
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Channel 0 Destination Address Register (DARO: 1/0 Address = 23H to 25H) 
Specifics the physical destination address for channel 0 transfers. The register con­

tains 19 bits and may speciry up to 5 I 2k bytes memory addresses or up to 64k bytes 1/0 
addresses. Channel 0 destination can be memory, 1/0 or memory mapped 1/0. 

Channel 0 Byte Count Register (BCRO: 1/0 Address = 26H to 27H) 
Specifics the number of bytes to be transferred. This register contains 16 bits and 

may specify up to 64k bytes transfers. When one byte is transferred, the register is de­
cremented by one. If "n" bytes should be transferred, "n" must be stored before the 
DMA operation. 

Channel 1 Memory Address Register (MAR1: 1/0 Address = 28H to 2AHl 
Specifics the physical memory address for channel 1 transfers. This may be de­

stination or source memory address. 
This register contains 19 bits and may specify up to 5 I 2k bytes memory addresses. 

Channel 1 1/0 Address Register (IAR1: 1/0 Address = 2BH to 2CH) 
Specifies the 1/0 address for channel 1 transfers. This may be destination or 

source 1/0 address. This register contains 16 bits and may specify up to 64k bytes 1/0 
addresses. 

Channel 1 Byte Count Register (BCR1: 1/0 Address = 2EH to 2FHI 
Specifies the number of bytes to be transferred. This register contains f6 bits 

and may specify up to 64k bytes transfers. When one byte is transferred, the register is 
decremented by one. 

OMA Status Register (DSTAT) 
DSTAT is used to enable and disable OMA transfer and OMA termination in­

terrupts. DSTAT also allows determining the status of a OMA transfer i.e. com­
pleted or in progress. 

OMA S.tatus Register (DST AT : 1/0 Address = 30H) 

bit 7 fi 5 1 3 2 0 

DE I [) F. 0 OWE, DWF. 0 D 1 F. I I I) I E 0 D!lllE 

R/W R/W w w R/W R/W R 

0 DE 1 : OMA Enable Channel 1 (bit 7) 
When DEi = l and DME = I, channel l OMA is enabled. When a OMA 

transfer terminates (BCR 1 = 0), DE I is reset to 0 by the OM AC. When DE I = 0 
and the OMA interrupt is enabled (DIEi = l), a DMA interrupt request is made 
~~cru. · 

To perform a software write to DE!, OWE!• should be written with 0 during 
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the same register write access. Writing DEl = 0 disabies channel l OMA, but 
DM A is restartable. Writing DEi = I enables channel 1 OMA and automatically 
sets DME (OMA Main Enable) = l. DEi is cleared = 0 during RESET. 

0 DEO: OMA Enable Channel 0 (bit 6) 
When DEO = l and DME = I, channel 0 DMA is enabled. When a OMA 

transfer terminates (BCRO = 0), DEO is reset to 0 by the DMAC. When DEO = 0 
and the OMA interrupt is enabled (DIEO = I), a DMA interrupt request is made 
to the CPU. 

To perform a software write to DEO, DWEO• should be written with 0 during 
the same register write access. Writing DEO = 0 disables channel 0 OMA. Writing 
DEO = I enables channel 0 OMA and automatically sets DME (DMA Main Ena­
ble) = I. DEO is cleared = 0 during RESET. 

0 DWE1 •: DE1 Bit Write Enable (bit 5) 
When performing any software write to DEi, OWE!• should be written with 0 

during the same access. DWEI• write value of 0 is not held and DWEI• is always 
read as I. 

0 DWEO•: DEO Bit Write Enable (bit 4) 
When performing any software write to DEO, DWEO• should be written with 0 

during the same access. DWEO• write value of 0 is not held and DWEO• is always 
read as I. 

0 DIE1: DMA Interrupt Enable Channel 1 (bit 3) 
When DIEi is set= I, the termination of channel I OMA transfer (indicated 

when DEi = 0) causes a CPU interrupt request to be generated. When DIEi = 0, 
the channel I OMA termination interrupt is disabled. DIEi is cleared = 0 during 
RESET. 

0 DIEO: DMA Interrupt Enable Channel 0 (bit 2) 
When DIEO is set = I, the termination channel 0 of OMA transfer (indicated 

when DEO = 0) causes a CPU interrupt request to be generated. When DJEO = 0, 
the channel 0 DMA termination interrupt is disabled. DJEO is cleared = 0 during 
RESET. 

0 DME: DMA Main Enable (bit 0) 
A DMA operation is only enabled when its DE bit (DEO for channel 0, DEi for 

channel I) and the DME bit are set = I. 
When NMI occurs, DME is reset = 0, thus disabling OMA activity during the 

NMI interrupt service routine. To restart OMA, DEO and/or DEi should be writ­
ten with I (even if the contents are already I). This automatically sets DME = I, 
allowing OMA operations to continue. Note that DME cannot be directly written. It 
is cleared = 0 by NMI or indirectly set = I by setting DEO and/or DEi = I. DME is 
cleared = 0 during RESET. 
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OMA Mode Register IDMODEI 
DMOOE is used to set the addressing and transfer mode for channel 0. 

OMA Mode Register (DMODE : 1/0 Address = 31 HI 

bit 7 6 5 4 3 2 1 0 

DM I DM 0 SM! SMO IMMODI 
R/W R/W R/W R/W R/W 

0 DM1, OMO: Destination Mode Channel 0 (bits 5-41 
Specifics whether the destination for channel 0 transfers is memory, 1/0 or 

memory mapped 1/0 and the corresponding address modifier. DM I and DMO arc 
cleared= 0 during RESET. 

Table 2.9.1 Destination 

·-------- HeMorYTITO --J\ddre-Rs llMI llMll 
Increment/ Dccn~mPn 

I) ----0 Memory 
___ +_) ____ 

0 Memory -I 

0 Memory fixed 

l/O fixPrl 

---- --·------

O SM1, SMO: Source Mode Channel 0 lbits 3-2) 
Specifies whether the source for channel 0 transters is memory, 110 or memory 

mapped 1/0 and the corresponding address modifier. SM I and SMO are cleared = 0 
during RESET. 

Table 2.9.2 Source 

i----siii SHO Memory/ I/O Address 
---, 

Increment/Decrement 
0 0 Memory +I 

0 I Memory -1 

I 0 Memory fixed 

I I 1/0 fixed 

Table 2.9.3 shows all OMA transfer mode combinations of OMO, DMI, SMO, 
SM I. Since 1/0 ~ 1/0 transfers are not implemented, twelve combinations are 
available. 
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Table 2.9.3 Combination of Transfer Mode 

DHI OMO SHI SMO Transfer Mode Address 
Increment/Decrement 

0 0 0 0 He1110ry- Memory SAR+!, DAR+! 

0 0 0 I He1110ry- Memory SAR-I, DAR+! 

0 0 I 0 Hf'Mnry nmppcd l/O-He111<>ry SAR fixed, DAR+! 

II 0 ·I I l/O - Memory SAR fixed, DAR+! 

0 I I) n M•·mory - Memory SAR+!, DAR-I 

0 I n I M("1110ry- H("mory SAR-I, DAR-I 

0 I I 0 H .. mory mapped I/O-Hcmory SAR flxed, DAR-I 

0 I I I 1/0 - Memory SAR fixed, DAR-I 

I 0 n 0 HPmnry-Hemory mapped 1/0 SAR+I, DAR fixed 

I 0 0 I H£Omory- Memory mapped I/O SAR-I, DAR fixed 

I I} I 0 reserved 

I 0 I I reserved 

I I 0 0 H••mory-I/O SAR+!, DAR fixed 

I I 0 I Hrmory-1/0 SAR-I, DAR fixed 

I I I II reserved 

I I I I reserved 
_ __,___ 

0 MMOD: Memory Mode Channel 0 lbit 01 
When channel 0 is conli(!ured for memory ~ memory transfers. the exter­

nal DREQO• input is not used to control the transfer timing. Instead, two automatic 
transfer timing modes are selectable - burst (MMOO = I) and cycle steal 
(MMOD = 0). For burst memory ~memory transfers. the OMAC will sieze 
control of the bus continuously until the OMA transfer completes (as shown by the 
byte count register = 0). In cycle steal mode, the CPU is given a cycle for each 
OMA byte transfer cycle until the transfer is completed. 

For channel 0 OMA with 1/0 source or destination. the OREQO• input times 
the transfer and thus MMOO is ignored. MMOO is cleared = 0 during RESET. 

OMA/WAIT Control Register IDCNTLI 
DCNTL controls the insertion of wait states into DMAC (and CPU) accesses of 

memory or 1/0. Also. the OMA request mode for each DREQ• (OREQO• and 
DREQI•) input is defined as level or edge sense. DCNTL also sets the OMA trans­
fer mode for channel I. which is limited to memory ~ 1/0 transfers. 
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OMA/WAIT Control Register (DCNTL: 1/0 Address= 32Hl 

bit 7 6 5 4 3 2 1 0 

I MW I 1 IMWIOI I WI 1 IWIO,DMSl IDMSOIDIMl IDIMOI 
R/W R/W R/W R/W R/W R/W R/W R/W 

0 MWl1, MWIO: Memory Wait Insertion (bits 7-6) 
Specifies the number of wait states introduced into CPU or DMAC memory ac­

cess cycles. MWII and MWIO are set = I during RESET. See section of Wait State 
Control for details. 

0 IWl1, IWIO: 1/0 Wait Insertion (bits 5-41 
Specifies the number of wait stales introduced into CPU or DMAC 1/0 access 

cycles. !WI I and IWIO are set = I during RESET. See section of Wait State Control for 
details. 

0 OMS1, OMSO: OMA Request Sense (bits 3-2) 
DMSI and DMSO specify the DMA request sense for channel 0 (DREQO*) and 

channel I (DREQI•) respectively. When reset to 0, the input is level sense and 
when set to 1 the input is edge sense. DMS I and DMSO are cleared = 0 during 
RESET. 

0 OIM1, OIMO: OMA Channel 1 1/0 and Memory Mode (bits 1-0) 
Specifies the source/destination and address modifier for channel memory 

~-----7 1/0 transfer modes. IM I and IMO are cleared = 0 during RESET. 

Table 2.9.4 Channel 1 Transfer Mode 

DlHI DlHO Transfer Mode Address 
Increment/Decrement 

0 0 Memory fTo HAR+!, IAR fixed 

0 I Memory -1/0 HAR-I, IAR fixed 

I 0 l/O - Memory IAR fixed, HAR+! 

I I 1/0 -Memory IAR fixed, HAR-I 

OMA OPERATION 
This section discusses the three OMA operation modes for channel 0, memory 
~ memory, memory~ 1/0 and memory~ memory mapped 1/0. 
In addition, the operation of channel 0 OMA with the on-chip ASCI (Asynchronous 
Serial Communication Interface) as well as Channel I OMA are described. 
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Memory ~ Memory - Channel 0 
For memory ~ memory transfers, the external DREQ<r input is not used 

for OMA transfer timing. Rather, the OMA operation is timed in one of two pro­
grammable modes - burst or cycle steal. In both modes, the OMA operation will 
automatically proceed until termination as shown by byte count (BCRO) = 0. 

In burst mode, the OMA operation will proceed until termination. In this case, 
the CPU cannot perform any program execution until the OMA operation is com­
pleted. 

In cycle steal mode, the DMA and CPU operation are alternated after each 
DMA byte transfer until the DMA is completed. The sequence ... 

I I CPU Machine Cycle) 
"DMA Byte Transfer · 

... is repeated until OMA is completed. Fig. 2.9.2 shows cycle steal mode OMA tim­
ing. 

Tl 12 Tl lf T2 T5 ft T2 T3 Tl 11 Tl Tl T2 

lflotJn ~ ........... lDt .. • 
Q>-C..... .,.. •• ,...._., ..,. •• tttw-v ~ .......... ~. 

WR 

... ,. 
Figure 2.9.2 Cycle Steal Mode 

To initiate memory ~:::>- memory OMA for channel 0, perform the following 
operations. 

(I) Load the memory source and destination addresses into SARO and DARO. 
(2) Specify memory ~ memory mode and address increment/decrement in the 

SMO, SMl, OMO and DM I bits of DMODE. 
(3) Load the number of bytes to transfer in BCRO. 
(4) Specify burst or cycle steal mode in the MMOD bit of DCNTL. 
(5) Program DEO = I (with DWEO• = 0 in the same access) in DST AT and the 

OMA operation will start I machine cycle later. If interrupt occurs at the same 
time, the IJIEO bit should be set = I. 

Memory ~ 1/0 (Memory Mapped 1/0) - Channel 0 
For memory ~ 1/0 (and memory ~ memory mapped 110) the 

DREQO• input is used to time the OMA transfers. In addition, the TENDO• (Trans­
fer End) output is used to indicate the last (byte count register, BCRO = 0) trans­
fer. 
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The DREQO• input can be programmed as level or edge sensitive. 
When level sense is programmed, the DMA operation begins when DREQO• is 

sampled LOW. If DREQO• is sampled HIGH, after the next DMA byte transfer, con­
trol is relinquished to the llD64180 CPU. As shown in Fig. 2.9.3. DREQO• is sampled 
at the rising edge of the clock cycle prior to T3 i.e. either T2 or Tw. 

011£QO 

DHA Yrtt• C\IClf. r 1.cPU HaehlM eve~ I .OMA Rud C\lcl• r I OMA Write Cycle {1/0) 

Tv Tv T3 Tl 12 T3 11 12 13 11 12 lv Tv 13 11 12 

1 .. 
\._ _____ _ 
... OREQO is samplP.d at l 

Figure 2.9.3 CPU Operation and OMA Operation 
(OREQO is programmed for level sense) 

When edge sense is programmed, OMA operation begins at the falling edge of 
DREQO•. If another falling edge is detected before the rising edge of the clock prior 
to T3 during write cycle (i.e. T2 or Tw), the DMAC continues operating. If an edge 
is not detected, the CPU is given control after the current byte DMA transfer com­
pletes. The CPU will continue operating until a DREQO• falling edge is detected be­
fore the rising edge of the clock prior to T3 at which time the DMA operation will 
(re)start. Fig. 2.9.4 shows the edge sense DMA timing. 

DREQO 

'w T1T1 T2 TJ 1 
;, T2 TJ Tl T2 ht r1' 1T1 T2 TJ 

• •oREOO is sampled at 1. 

Figure 2.9.4 CPU Operation and OMA Operation 
(DREQO is programmed for edge sense) 

During the transfers for channel 0, the TENUO• output will go LOW synchronous 
with the write cycle of the last (BCRO = 0) DMA transfer as shown in Fig. 2.9.5. 
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1· 

last DMA Cycle (BCR~ 0) 

Read Write : I 
Tl 12 T3 Tl 12 Tv T3 

TEND. 

Figure 2.9.5 TENDO Output Timing 

The DREQO• and TENDO• pins are programmably multiplexed with the CKAO 
and CKA I ASCI clock input/outputs. However. when DM A channel 0 is programmed 
for memory ~ 1/0 (and memory ~ memory mapped 1/0) transfers. the 
CKAO/DREQO• pin automatically functions as input pin even if it has been program­
med as output pin for CKAO. And the CKA l/TENDO• pin functions as output pin for 
TENDO• by setting CKA 1 D = I in CNTLA I. 

To initiate memory ~ 1/0 (and memory ~ memory mapped 1/0) 
DM A transfer for channel 0, perform the following operations. 

(I) Load the memory and 1/0 or memory mapped 1/0 source and destination ad­
dresses into SARO and DARO. Note that 1/0 addresses (not memory mapped I/ 
0) are limited to 16 hits (AO-Al5). Make sure that bits Al6, and J\17 are 0 
(Al8 is a don't care) to correctly enable the external DREQO* input. 

(2) Specify memory ~ 110 or memory ~ memory mapped 1/0 mode and 
address increment/decrement in the SMO, SM I, OMO and OM I bits of 
DMODE. 

(3) Load the number of bytes to transfer in BCRO. 
(4) Specify whether DREQO• is edge or level sense by programming the DMSO bit 

of DCNTL. 
(5) Enable or disable OM A termination interrupt with the DIEO bit in DST AT. 
(6) Program DEO = I (with DWEO• = 0 in the same access) in DST AT and the 

OMA operation will begin under the control of the DREQO• input. 

Memory ~ ASCI - Channel 0 
Channel 0 has extra capability to support OMA transfer to and from the on-chip 

two channel ASCI. In this case ti1e external DREQO• input is not used for OMA 
timing. Rather, the ASCI status bits are used to generate an internal DREQO•. The 
TORE (Transmit Data Register Empty) bit and the RDRF (Receive Data Register 
Full) bit are used to generate an internal DREQO• for ASCI transmission and recep­
tion respectively. 

To initiate memory ~ ASCI OMA transfer, perform the following opera­
tions. 

(I) Load the source and destination addresses into SARO and DARO. Specify the I/ 
0 (ASCIJ address as follows. 
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Bits AO-A 7 should be contain the address of the ASCI channel transmitter or 
receiver (1/0 addresses 6H-911). 
Bits A8-Al5 should equal 0. 
Bits Al7-Al6 should be set according lo the following table to enable use of the 
appropriate ASCI status bit as an internal DMA request. 

Table 2.9.5 OMA Request 

SARIS SAR17 SARl6 ~ATransfer Request 

x 0 0 DREQIJ 

x 0 RDRF (ASCI channel O) 

x 0 RIJRF (ASCI channel I) 

x reserved 

X: Don't care 

DARiil DARl7 DARl6 OOA Transfer Request 

----!------------- ---
x 0 0 DREQO 

x 0 TIJRE (ASCI channel 0) 

x 0 TIJRE (ASCI channel I) 

x reserved 

X: Don't care 

(2) Specify memory ~ 1/0 transfer mode and address increment/decrement in 
the SMO, SMl, OMO and DMl bits of OMOOE. 

(3) Load the number of bytes to transfer in BCRO. 
(4) The OMA request sense mode (OMSO bit in OCNTL) MUST be specified as 

'edge sense'_ 
(5) Enable or disable DMA termination interrupt with the OIEO bit in OST AT. 
(6) Program OEO = I (with DWEO• = 0 in the same access) in DST AT and the 

OMA operation with the ASCI will begin under control of the ASCI generated 
internal OMA request. 
The ASCI receiver or transmitter being u~ed for OMA must be initialized to 

allow the first OMA transfer to begin. 
The ASCI receiver must be 'empty' as shown by RORF = 0. 
The ASCI transmitter must be 'full' as shown by TORE = 0. Thus, the first 

byte should be written to the ASCI Transmit Data Register under program control. 
The remaining bytes will be transferred using OMA. 

Channel 1 OMA 
DMAC Channel l can perform memory ~ 1/0 transfers. Except for dif­

ferent registers and status/control bits, operation is exactly the same as described for 
channel 0 memory ~ 1/0 DMA. 
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To initiate OMA channel I memory ~ 1/0 operation perform the follow­
ing operations. 

(I) Load the memory address (19 bits) into MARI. 
(2) Load the 1/0 address (16 bits) into IAR I. 
(3) Program the source/destination and address increment/decrement mode using 

the DIM I and DIMO bits in DCNTL. · 
(4) Specify whether DREQJ• is level or edge sense in the DMSI bit in DCNTL 
(5) Enable or disable DMA termination interrupt with the DIEi bit in DST AT. 
(6) Program DEi = I (with DWEI• = 0 in the same access) in DSTAT and the 

DMA operation with the external 1/0 device will begin using the external 
DREQI• input and TEND!• output. 

OMA BUS TIMING 
When memory (and memory mapped 1/0) is specified as a source or destina­

tion, ME• goes LOW during the memory access. When 1/0 is specified as a source 
or destination, JOE• goes LOW during the 1/0 access. 

When 1/0 (and memory mapped 1/0) is specified as a source or destination, the 
DMA timing is controlled by the external DREQ• input and the TEND• output in­
dicates DMA termination. Note that external 1/0 devices may not overlap addresses 
with internal 1/0 and control registers, even using DMA. 

For 1/0 accesses. I wait state is automatically inserted. Additional wait states can 
be inserted by programming the on-chip wait state generator or using the external 
WAIT• input. Note that for memory mapped 1/0 accesses, this automatic 110 wait 
state is not inserted. 

For memory to memory transfers (channel 0 only), the external DREQO• input 
is ignored. Automatic DMA liming is programmed as either burst or cycle steal. 

When a OMA memory address carry/borrow between bits A 15 and A 16 of the 
address bus occurs (when crossing 64k bytes boundaries), the minimum bus cycle is 
extended to four clocks by automatic insertion of one internal Ti state. 

DMAC CHANNEL PRIORITY 
For simultaneous DREQ• requests, channel 0 has priority over channel I. When 

channel 0 is performing a memory ~ memory transfer, channel I cannot oper­
ate until the channel 0 operation has terminated. If channel I is operating, channel 0 
cannot operate until channel I releases control of the bus. 

DMAC AND BUSREQ•, BUSACK• 
The BUSREQ• and BUSACK• inputs allow another bus master to take control 

of the HD64180 bus. BUSREQ• and BUSACK• have priority over the on-chip 
DMAC and will suspend DMAC operation. The DMAC releases the bus to the ex­
ternal bus master at the breakpoint of the DMAC memory or 1/0 access. Since a 
single byte DMAC transfer requires a read and a write cycle, it is possible for the 
DMAC to be suspended ·after the DMAC read, but before the DMAC write. Even 

_in this case, when the external master releases the HD64180 bus (BUSREQ• 
HIGH), the on-chip DMAC will correctly continue the suspended OMA operation. 
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DMAC INTERNAL INTERRUPTS 
Fig. 2.9.6 illustrates the internal DMA interrupt request generation circuit. 

DEl 
DIE 1 

DEO 
DIEO 

IEF 1 

)-- Dl1A 1 lnt_e'rnipt 
Request 

-)--- [il1AO Interrupt 
./ Request 

Figure 2.9.6 DMAC Interrupt Request Circuit Diagram 

DEO and DEi are automatically cleared= 0 by the HD64180 at the completion 
(byte count = 0) of a OMA operation for channel 0 and channel I respectively. 
They remain 0 until a I is written. Since DEO and DEi use level sense, an interrupt 
will occur if the CPU IEFI flag is set to I. Therefore, the DMA termination inter­
rupt service routine should disable further DMA interrupts (by programming the 
channel DIE bit = 0) before enabling CPU interrupts (i.e. IEFl is set = I). After 
reloading the DMAC address and count registers, the DIE bit can be set = I to 
reenable the channel interrupt, and at the same time OMA can resume by program­
ming the channel DE bit = I. 

DMAC AND NMI 
NM!, unlike all other interrupts, automatically disables DMAC operation by 

clearing the DME bit of DST AT. Thus, the NMI interrupt service routine may res­
pond to time critical events without delay due to DMAC bus usage. Also, 
NMI can be effectively used as a external OMA abort input, recognizing that both 
channels are suspended by the clearing of DME. 

If the falling edge of NMI occurs before the falling clock of the state prior to 
T3 (T2 or Tw), the DMAC will be suspended and the CPU will start the NMI re­
sponse at the end of the current cycle. 

By setting a channels DE bit = I, that channels operation can be restarted, and 
OMA will correctly resume from the point at which it was suspended by NMI. See 
Fig. 2.9.7 for details. 
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Figure 2.9. 7 NMI and DMA Operation 

CPUC ... 

DH£• "O" ( DHA stop) 

During RESET the bits in DST AT, DMODE and DCNTL are initialized as stated 
in their individual register descriptions. Any OMA operation in progress is stopped 
allowing the CPU to use the bus to perform the RESET sequence. However, the ad­
dress register (SARO, DARO, MARI, IARl) and byte count register (BCRO, BCRI) 
contents are not chan~ed during RESET. 

2.10 Asynchronous Serial Communication Interface (ASCII 
The I ID64 I 80 on-chip ASCI has two independent full duplex channels. Based 

on full programmability of the following functions, the ASCI can directly communi­
cate with a wide variety of standard UARTs (Universal Asynchronous Receiver 
Transmitter) including the HD6350 CMOS ACIA and the Serial Communication In­
terface (SCI) contained on the HD6301 series CMOS single chip controllers. 

The key functions for ASCI are shown below. Each channel is independently 
programmable. 
0 Full duplex communication 
O 7- or 8-bit data length 
0 Program controlled 9th data bit for multiprocessor communication 
0 I or 2 stop bits 
0 Odd, even, no parity 
0 Parity, overrun, framing error detection 
0 Programmable baud rate generator, /16 and /64 modes 

Speed to 38.4k bits per second (CPU fc = 6.144 MHz) 
0 Modem control signals - Channel 0 has DCDO•, CTSO• and RTSO• Channel l has 

CTSl• 
0 Programmable interrupt condition enable and disable 
0 Operation with on-chip DMAC 

ASCI BLOCK DIAGRAM 
Fig. 2.10.l shows the ASCI Block Diagram. 
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Figure 2.10.1 ASCI Block Diagram 

ASCI REGISTER DESCRIPTION 

Transmit Shift Register 0, 1 fTSRO. 1) 

co I STATI (8) 

*Not progr~1m Acc(•s~.;ible 

When the Transmit Shift Register receives data from the Transmit Data Regis­
ter (TDR) the data is shifted out to the TXA pin. When transmission is completed, 
the next byte (if available) is automatically loaded from TDR into TSR and the next 
transmission starts. If no data is available for transmission, TSR idles by outputting a 
continuous HIGH level. This register is not program accessible. 

Transmit Data Register O. 1 fTDRO, 1 : 1/0 Address = 06H. 07HI 
Data written to the Transmit Data Register is transferred to the TSR as soon as 

TSR is empty. Data can be written to while TSR is shifting out the previous byte of 
data. Thus, the ASCI transmitter is double bufferred. 

Receive Shift Register 0, 1 (RSRO, 1) 
This register receives data shifted in on the RXJ1. pin. When full, data is auto­

matically transferred to the Receive Data Register (RDR) if it is empty. If RSR is 
not empty when the next incoming data byte is shifted in, an overrun error occurs. 
This register is not program accessible. 
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Receive Data Register 0, 1 !RDRO, 1 : 1/0 Address = OSH, 09H) 
When a complete incoming data byte is assembled in RSR, it is automatically 

transferred to the RDR if RDR is empty. The next incoming data byte can be 
shifted into RSR while RDR contains the previous received data byte. Thus, the 
ASCI receiver is double buffered. 

ASCI Status Register 0, 1 (STATO, 1) 
Each channel status register allows interrogation of ASCI communication, error 

and modem control signal status as well as enabling and disabling of ASCI inter­
rupts. 

ASCI Status Register 0 (ST A TO : 1/0 Address = 04H} 

hit 7 c " '1 :1 2 0 

Ii I I I I I 
[RllHF'<>VR\: 1 l'F I FE RIE 1nro, jTDREj TIE 
-~~----_L_ 

R H I< H R/W R R l</W 

ASCI Status Register 1 (ST A Tl : 1/0 Address = 05H) 
hi f 7 '; :, ·1 :1 2 l 0 

r-· --~----i-----
l R r> R_1·_0 v R" , l' 1· h~11· LT s I 1-:I T [l RE I TIE 

R R R H H/W R/W R R/W 

0 RDRF: Receive Data Register Full (bit 7) 
RDRF is set = I when an incoming data byte is loaded into RDR. Note that if 

a framing or parity error occurs. RDRF is still set and the receive data (which gen­
erated the error) is still loaded into RDR. RDRF is cleared = 0 by reading RDR, 
when the DCD• input is HIGH. in IOSTOP mode and during RESET. 

0 OVRN: Overrun Error (bit 6) 
OVRN is set = I when RDR is full and RSR becomes full. OVRN is cleared = 

0 when the EFR bit (Error Flag Reset) of CNTLA is written = 0, when DCD• is 
HIGH, in IOSTOP mode and during RESET. 

0 PE: Parity Error (bit 5) 
PE is set = I when a parity error is detected on an incoming data byte and 

ASCI parity detection is enabled (the MODI bit of CNTLA set = 1). PE is cleared 
= 0 when the EFR bit (Error Flag Reset) of CNTLA is written = 0, when DCD• 
is HIGH, in IOSTOP mode and during RESET. 

0 FE: Framing Error (bit 4) 
If a receive data byte frame is delimited by an invalid stop bit (i.e. 0, should be 

I), FE is set = l. FE is cleared = 0 when the EFR bit (Error Flag Reset) of CNTLA is 
written= 0, when DCD• is HIGH. in IOSTOP mode and during RESET. 
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0 RIE: Receive Interrupt Enable (bit 3) 
RIE should be set = l to enable ASCI receive interrupt requests. When RIE = 

I, if any of the nags RDRF, OVRN, PE, FE become set= l an interrupt request is 
generated. For channel 0, an interrupt will also be generated by the transition of the 
external DCDO• input from LOW to HIGH. RIE is cleared = 0 during RESET. 

0 DCDO•: Data Carrier Detect (bit 2 ST ATO) 
Channel 0 has an external DCDO• input pin. The DCDO• bit is set = l when the 

DCDO• input is lllG H. It is cleared = 0 on the first read of ST A TO following the 
DCDO• input transition from lllGH to LOW and during RESET. When DCDO• = 
I, receiver unit is reset and receiver operation is inhibited. 

0 CTS1E: Channel 1 CTS• Enable !bit 2 STAT1) 
Channel I has an external CTS l • input (pin 52) which is multiplexed with the 

receive data pin (RXS) for the CSl/O (Clocked Serial 1/0 Port). Setting CTSIE = 
I selects the CTS I• function and clearing CTS l E = 0 selects the RXS function. 

0 TORE: Transmit Data Register Empty (bit 1) 
TDRE = I indicates that the TDR is empty and the next transmit data byte can 

be written to TDR. After the byte is written to TDR, TDRE is cleared = 0 until 
the ASCI transfers the byte from the TDR to the TSR, at which time TDRE is 
again set= I. TDRE is set = l in IOSTOP mode and during RESET. When the exter­
nal CTS• input is HIGH, TDRE is reset= 0. 

0 TIE: Transmit Interrupt Enable (bit OI 
TIE should be set = l to enable ASCI transmit interrupt requests. If TIE = I, 

an interrupt will be requested when TORE = I. TIE is cleared = 0 during RESET. 

ASCI Control Register AO, 1 (CNTLAO, 1) 
Each ASCI channel Control Register A configures the major operating modes 

such as receiver/transmitter enable and disable, data format, and multiprocessor 
communication mode. 

ASCI Control Register A 0 (CNTLAO : 1/0 Address = OOH) 

bit 7 6 5 4 3 2 1 0 

MPE I RE TE la:rs.F~IMOD21MOD11M·ODOI 
R/W R/W R/W R/W R/W R/W R/W R/W 

ASCI Control Register A 1 (CNTLA 1 : 1/0 Address = 01 HI 
bit 7 6 5 4 3 2 1 0 

MPE RE TE le KA 1 oF~I Moo 2 I Moo 1 I Moo o I 
R/W R/W R/W R/W R/W R/W R/W R/W 
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0 MPE: Multi Processor Mode Enable (bit 7) 
The ASCI has a multiprocessor communication mode which utilizes an extra 

data bit for selective communication when a number of processors share a common 
serial bus. Multiprocessor data format is selected when the MP bit in CNTLB is set 
= 1. If multiprocessor mode is not selected (MP bit in CNTLB = 0), MPE has no 
effect. If multiprocessor mode is selected, MPE enables or disables the 'wake-up' 
feature as follows. If MPE is set = l, only received bytes in which the MPB (multi­
processor bit) is = I can affect the RDRF and error flags. Effectively, other bytes 
(with MPB = 0) are 'ignored' by the ASCI. If MPE is reset = 0, all bytes, regard­
less of the state of the MPB data bit, affect the RDRF and error nags. MPE is 
cleared = 0 during RESET. 

0 RE: Receiver Enable !bit 6) 
When RE is set= I, the ASCI receiver is enabled. When RE is reset = 0, the 

receiver is disabled and any receive operation in progress is interrupted. However, 
the RDRF and error nags are not reset and the previous contents of RDRF and 
error flags arc held. RE is cleared = 0 in IOSTOP mode and during RESET. 

O TE: Transmitter Enable (bit 5) 
When TE is set = 1, the ASCI transmitter is enabled. When TE is reset = 0, 

the transmitter is disabled and any transmit operation in progress is interrupted. 
llowevcr, the TDRE flag is not reset and the previous contents of TDRE are held. 
TE is cleared = 0 in IOSTOP mode and during RESET. 

0 RTSO• - Request to Send Channel 0 (bit 4 in CNTLAO) 
When RTSO• is reset= 0, the RTSO* output pin will go LOW. When RTSO• is set 

l, the RTSO• output immediately goes HIGH. RTSO* is set= I during RESET. 

0 CKA 1 D: CKA 1 Clock Disable (bit 4 in CNTLA 1) 
When CKAID is set= l. the multiplexed CKAl/TENDO• pin (pin 50) is used 

for the TENDO• function. When CKAID = 0, the pin is used as CKAI, an exter­
nal data clock input/output for channel I. CKA ID is cleared = 0 during RESET. 

0 MPBR/EFR: Multiprocessor Bit Receive/Error Flag Reset !bit 3) 
When multiprocessor mode is enabled (MP in CNTLB = l), MPBR, when 

read, contains the value of the MPB bit for the last receive operation. When written 
= 0, the EFR function is selected to reset all error flags (OVRN, FE and PE) to 0. 
MPBR/EFR is undefined during RESET. 

0 MOD2. 1. 0: ASCI Data Format Mode 2. 1. 0 (bits 2-01 
These bits program the ASCI data format as follows. 

MOD2 
= 0 - 7 bit data 
= I - 8 bit data 
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MODI 
= 0 - No parity 

MODO 
I - Parity enabled 

0 - I stop bit 
I - 2 stop bits 

The data formats available based on all combinations of MOD2, MODI and 
MODO are shown as follows. 

MOll2 MODI 
() 0 
0 0 
0 I 
O I 

0 
0 
I 

HODO 
0 
I 
0 
I 
0 
I 
0 

Start + 7 bit data + I stop 
Start + 7 bit data + 2 stop 
Start + 7 blt data+ parity+ I stop 
Start + 7 bit data + parity + 2 stop 
Start + 8 bit data + I stop 
Start + 8 bit data + 2 stop 
Start + 8 bit data + parity + l st•'P 
Start + 8 bit data + parity + 2 stop 

ASCI Control Register BO. 1 (CNTLBO, 11 
Each ASCI channel control register B configures multiprocessor mode, parity 

and baud rate selection. 

bit 7 

R/W 

ASCI Control Register B 0 (CNTLBO : 1/0 Address = 02H) 
ASCI Control Register B 1 (CNTLB1 : 1/0 Address = 03H) 

6 5 4 3 2 

MP PEO DR SS2 SSl 

R/W R/W R/W R/W R/W R/W 

0 MPBT: Multiprocessor Bit Transmit (bit 7) 

0 

sso 
R/W 

When multiprocessor communication format is selected (MP bit = ]), MPBT is 
used to specify the MPB data bit for transmission. If MPBT = l, then MPB = I is 
transmitted. If MPBT = 0, then MPB = 0 is transmitted. MPBT state is undefined 
during and after RESET. 

0 MP: Multiprocessor Mode {bit 6) 
When MP is set = 1, the data format is configured for multiprocessor mode 

based on the MOD2 (number of data bits) and MODO (number of stop bits) bits in 
CNTLA. The format is as follows. 

Start bit + 7 or 8 data bits + MPB bit + l or 2 stop bits 

Note that multiprocessor (MP = l) format has no provision for parity. If MP 
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= O. the data format is based on MODO. MODI and MOD2 and may include 
parity. The MP bit is cleared = 0 during RESET. 

0 CTS•/PS: Clear to Send/Prescale lbit 5) 
When read. CTS•/PS reflects the stale of the external CTS• input. If the CTS• 

input pin is HIGH, CTS•/PS will be read as l. Note that when the CTS• input pin is 
IIIGll. the TDRE bit is inhibited (i.e. held at 0). For channel I, the CTSl• input is 
multiplexed with RXS pin (Clocked Serial Receive Data). Thus, CTS•/PS is only valid 
when read if the channel I CTS IE bit = l and the CTS I* input pin function is 
selected. The read data of CTS•/PS is not affected by RESET. 

When written. CTS•/PS specifies the baud rate generator prescale factor. If 
CTS•/PS is set = I, the system clock (</,} is prescaled by 30 while if CTS•/PS is 
cleared = O. the system clock is pres.:aled by 10. CTS•/PS is cleared = 0 during RE­
SET. 

0 PEO: Parity Even Odd (bit 4) 
PEO selects even or odd parity. PEO does not affect the enabling/disabling of 

parity (MODI bit of CNTLA.). If PEO is cleared = 0, even parity is selected. If 
PEO is set= I. odd parity is selected. PEO is cleared = 0 during RESET. 

0 DR: Divide Ratio (bit 3) 
OR specifies the divider used to obtain baud rate from the data sampling clock. 

If DR is reset = O. divide by 16 is used while if DR is set = I, divide by 64 is 
used. OR is cleared = 0 during RESET. 

0 SS2. 1. 0: Source/Speed Select 2. 1. 0 !bits 2-01 
Specify the data clock source (internal or external) and baud rate prescale factor. 

SS2. SS I. SSO are all set = I during RESET. Table 2.10.2 shows the divide ratio cor­
responding to SS2, SS I and SSO. 

Table 2.10.1 Divide Ratio 

SS2 SS! sso Di vi de Ratio 

0 0 0 I/I 

0 0 I II! 

0 I 0 1/4 

0 I I l/X 

I 0 0 I /lo 

I 0 I 113~ 

I I 0 1/04 

I I I external clock 
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The external ASCI channel 0 data clock pins are multiplexed with OMA control 
lines (CKAO/DREQO• and CKAl/TENDO•). During RESET, these pins are initialized 
as ASCI data clock inputs. If SS2, SS I and SSO are reprogrammed (any other value 
than SS2, SS I, SSO = I) these pins become ASCI data clock outputs. I lowever, if 
DMAC channel 0 is configured to perform memory ~ 1/0 (and memory mapped 
110) transfors the CKAO/DREQO• pin revert to OMA control signals regardless ofSS2, 
SS I, SSO programming. Also, if the CKA ID bit in the CNTLA register is set = I, then 
the CKA l/TENDO• reverts lo the OMA Control output function regardless of SS2, 
SS I and SSO programming. 

Final data clock rates are based on CTS•/PS (prescale), DR, SS2, SSI, SSO and 
the 1 ID64180 clock «t» frequency as shown in Table 2.10.2. 

Table 2.10.2 Baud Rate list 
Pres ca le! Samplliii Baud Rate General Baud Rate (Example) CKA 

Rate Divide (BPS) 
P. Divide ~ Rat< ss2.SS1 ,SS( Di vicle Ratio ·•·6.1~ .,..4.6ffil '1'•3.07 1A1 Clock 

Ratio Ratio MHz Milz Ml!Zz Fre-
quency 

0 0 0 I .,. 7 160 38400 19200 ., .;. 10 

0 0 I 2 320 19200 9600 20 
0 l 0 4 640 9600 4800 40 -0 16 0 I I 8 1280 41!00 2400 (J 80 
I 0 0 16 2560 2400 1200 160 
l () I 32 5120 1200 600 320 
I I 0 64 10240 600 300 640 

0 +IO I I I - fd-160 - - - I fc 
0 0 0 .;. I .,. 7 640 9600 4800 ·•;. JO 
0 0 I 2 1280 4800 2400 20 
0 1 0 4 2560 2400 1200 40 

I 64 0 1 I 8 5120 1200 600 () 80 
1 0 0 16 10240 600 300 160 
I 0 1 32 20480 300 150 320 
1 I 0 64 40960 150 75 640 
1 I I - fcff}!O - - - I fc 
0 0 0 + 1 .,. + 480 9600 .,. + 30 
0 0 I 2 960 4800 60 
0 I 0 4 1920 2400 120 

0 16 0 1 1 8 3840 1200 0 240 
I 0 0 16 7680 600 480 
I 0 I 32 15360 300 960 
1 I 0 64 30720 150 1920 

I +30 1 I 1 - fc+l60 - - - I fc 
0 0 0 ;. 1 1>.;.1920 2400 .,. 7 30 
0 0 1 2 3840 1200 60 
0 1 0 4 7680 600 120 

1 64 0 1 1 8 15360 300 0 240 
1 0 0 16 30720 150 480 
1 0 1 32 61440 75 960 
1 I 0 64 122880 37. I 1920 
1 1 1 - fcT640 - - - I fc 

MODEM CONTROL SIGNALS 
ASCI channel 0 has CTSO•, DCDO• and RTSO• external modem control signals. 

ASCI channel I has a CTS I• modem control signal which is multiplexed with RXS pin 
(Clocked Serial Receive Data). 
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CTSO•: Clear to Send 0 (input) 
The CTSO• input allows external control (start/stop) of ASCI channel 0 transmit 

operations. When CTSO* is HIGH, channel 0 TDRE bit is held at 0 regardless of 
whether the TDRO (Transmit Data Register) is full or empty. When CTSO* is 
LOW, TDRE will renect the state of TORO. Note that the actual transmit operation 
is not disabled by CTSO* HIGH, only TORE is inhibited. 

DCDO•: Data Carrier Detect 0 !input) 
The DCOO• input allows external control (start/stop) of ASCI channel 0 receive 

operations. When DCDO• is lllGIJ, channel 0 RDRF bit is held at 0 regardless of 
whether the RDRO (Receive Data Register) is full or empty. The error nags (PE, 
FE and OVRN bits) are also held at 0. Even after the DCDO• input goes LOW, 
these bits will not resume normal ope,ration until the status register (ST A TO) is 
read. Note that this first read of STA TO, while enabling normal operation, will still 
indicate the DCDO• input is lllG H (DCDO• bit = I) even though it has gone 
LOW. Thus, the ST ATO register should be read twice to insure the DCDO• bit is re­
set= 0. 

RTSO•: Request to Send 0 (output) 
RTSO• allows the ASC! to control (start/stop) another communication devices 

transmission (for example, by connection to that devices CTS• input). RTSO• is es­
sentially a I bit output port, having no side effects on other ASCI registers or nags. 

CTS1•: Clear to Send 1 !input) 
Channel I CTSI* input is multiplexed with the RXS pin (Clocked Serial Receive 

Data). The CTSI• function is selected when the CTSI E bit in STAT! is set= I. When 
enabled, the CTS I* operation is equivalent to CTSO•. 

Modem control signal timing is shown in Fig. 2.10.2 (a) and Fig. 2.10.2 (b). 

OCDO Pin 

Status ReQtsler 
Read 
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1/0 Instruction 
1/0 Write C11tle 

TI T2 T3 

•/• 

IHSO pin 

Figure 2.10.2 (b) RTSO Timing 

ASCI INTERRUPTS 
Fig. 2.10.3 shows the ASCI interrupt request generation circuit. 

omo -
RORFO 

PEO 
FEO 

RORFI~ OVRNI 
PEI 
FE I RIEi 

TORE 1---r-'\ 
TIE! -l_) 

IHI 

ASCIO Interrupt 
ReQuesl 

ASCII Interrupt 
Request 

TI 

Figure 2.10.3 ASCI Interrupt Request Circuit Diagram 

ASCI ~ DMAC Operation 
Operation of the ASCI with the on-chip DMAC channel 0 requires the DMAC 

be correctly configured to utilize the ASCI flags as DMA request signals. 
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ASCI AND RESET 
During RESET, the ASCI status and control registers are initialized as defined 

in the individual register descriptions. 
Receive and Transmit operations are stopped during RESET. However, the con­

tents of the transmit and receive data registers (TOR and RDR) are not changed by 
RESET. 

2.11 Clocked Serial 1/0 Port (CSl/Ol 

The llD64 l 80 includes a simple, high speed clock synchronous serial 1/0 port. 
The CSl/O includes transmit/receive (half duplex), fixed 8-bit data and internal or 
external data clock selection. High speed operation (baud rate as high as 200k bits/ 
second at fc = 4 MHz) is provided The CSI/O is ideal for implementing a multi­
processor communication link between the HD64180 and the HMCS400 series (4-
bit) and the 1106301 series (8-bit) single chip controllers as well as additional 
II D64 I 80 CPUs. These secondary devices may typically perform a portion of the 
system 1/0 processing such as keyboard scan/decode, LCD interface, etc. 

CSl/0 BLOCK DIAGRAM 
The CSl/O block diagram is shown in Fig. 2.11.1. The CSI/O consists of two 

registers - the Transmit/Receive Data Register (TRDR) and Control Register 
(CNTRL 

<::~~~~{~"\-;-~-"•_l~A_d_d_re_s_•_/_D_•_t•~_Bu_:~~~~-~ 

\l l 
TXS +--Transmit/Receive Data Register 
RXS TROR (8) 

Control Register 

CNTR (8) 

Interrupt Request 

Baud Rate 
Gene:-ator 

Figure 2. 11. 1 CSl/0 Block Diagram 

CSl/O REGISTER DESCRIPTION 

Transmit/Receive Data Register (TADA: 1/0 Address = OBH) 

KS 

TRDR is used for both CSl/O transmission and reception. Thus, the system de­
sign must insure that the constraints of half-duplex operation are met (Transmit and 
receive operation can't occur simultaneously). For example, if a CSl/O transmission 
is attempted at the same time that the CS1/0 is receiving data, a CSI/O will not work. 
Also note that TRDR is not buffered. Therefore, attempting to perform a CSl/O trans-
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mil while the previous transmit data is still being shifted out causes the shift data to be 
immediately updated, thereby corrupting the transmit operation in progress. Similarly, 
reading TRDR while a transmit or receive is in progress should be avoided. 

Control/Status Register (CNTR: 1/0 Address = OAH) 
CNTR is used to monitor CSl/O status, enable and disable the CSl/O, enable 

and disable interrupt generation and select the data clock speed and source. 

CSl/O Control Register ICNTR : 1/0 Address = OAH) 

bit 7 6 5 4 3 2 1 0 

EF EIE RE TE SS2 s s 1 sso 
R R/W R/W R/W R/W R/W R/W 

0 EF: End Flag (bit 7) 
EF is set = I by the CSl/O to indicate completion of an 8-bit data transmit or 

receive operation. If EIE (End Interrupt Enable) bit = 1 when EF is set = I, a 
CPU interrupt request-will be generated. Program access of TRDR should only oc­
cur if EF = I. The CSl/O clears EF = 0 when TRDR is read or written. EF is 
cleared = 0 during RESET and IOSTOP mode. 

0 EIE: End Interrupt Enable (bit 6) 
EIE should be set = I to enable EF = 1 to generate a CPU interrupt request. 

The interrupt request is inhibited if EIE is reset = 0. EIE is cleared =. 0 during RE­
SET. 

0 RE: Receive Enable {bit 51 
A CSl/O receive operation is started by setting RE = l. When RE is set = I, 

the data clock is enabled. In internal clock mode, the data clock is output from the 
CKS pin. In external clock mode, the clock is input on the CKS pin. In either case, 
data is shifted in on the RXS pin in synchronization with the (internal or external) 
data clock. After receiving 8 bits of data, the CSl/O automatically clears RE = 0, 
EF is set = l and an interrupt (if enabled by EIE = 1) will be generated. Note that 
RE and TE should never both be set = l at the same time. RE is cleared = 0 dur­
ing RESET and JOSTOP mode. 

Note that the RXS pin (pin 52) is multiplexed with ASCI CTSI• modem control 
input. In order to enable the RXS function, the CTS IE bit in CNT Al should be reset 
= 0. 

0 TE: Transmit Enable ibit 4) 
A CSl/O transmit operation is started by setting TE = 1. When TE is set = 1, 

the data clock is enabled. In internal clock mode, the data clock is output from the 
CKS pin. In external clock mode, the clock is input on the CKS pin. In either case, 
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data is shifted out on the TXS pin synchronous with the (internal or external) data 
clock. After transmitting 8 bits of data, the CSI/O automatically clears TE = 0, EF is set 
= 1 and an interrupt (if enabled by EIE = l) will be generated. Note that TE and RE 
should never both be set = I at the same time. TE is cleared = 0 during RESET and 
IOSTOP mode. 

0 SS2. 1. 0: Speed Select 2. 1, 0 (bits 2-0) 
SS2, SSI and SSO select the CSI/O transmit/receive clock source and speed. 

SS2, SSI and SSO are all set= l during RESET. Table 2.11.1 shows CSl/O Baud Rate 
Selection. 

Table 2.11.1 CSl/0 Baud Rate Selection 

Divide Baud 
SS2 SS! sso Ratio Ratio 

0 0 0 .:. 20 (200000) 

0 0 l .:. 40 (100000) 

0 I 0 .:. 80 ( 50000) 

0 I I 160 ( 25000) 

I 0 0 .: 320 ( 12500) 

I 0 I "C 640 ( 6250) 

I I 0 -;1280 ( 3125) 

I I I external Clock input 
(less than .,, 20) 

( ) shows the baud rate (BPS) at ~ = 4 MHz. 

After RESET, the CKS pin is configured as an external clock input (SS2, SSl, SSO 
I). Changing these values causes CKS to become an output pin and the selected 

clock will be output when transmit or receive operations are enabled. 

CSl/0 INTERRUPTS 
The CSl/O interrupt request circuit is shown in Fig. 2.11.2. 
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EF 
EIE 

CSl/O OPERATION 

IHI 

Figure 2.11.2 CSl/0 Interrupt Circuit Diagram 

The CSI/O can be operated using status polling or interrupt driven algorithms. 

Transmit - Polling 
l. Poll the TE bit in CNTR until = 0. 
2. Write the transmit data into TRDR. 
3. Set the TE bit in CNTR = l. 
4. Repeat l to 3 for each transmit data byte. 

Transmit - Interrupts 
l. Poll the TE bit in CNTR until = 0. 
2. Write the first transmit data byte into TRDR. 
3. Set the TE and EIE bits in CNTR = l. 
4. When the transmit interrupt occurs, write the next transmit data byte into 

TRDR. 
5. Set the TE bit in CNTR = l. 
6. Repeat 4 to 5 for each transmit data byte. 

Receive - Polling 
1. Poll the RE bit in CNTR until = 0. 
2. Set the RE bit in CNTR = l. 
3. Poll the RE bit in CNTR until = 0. 
4. Read the receive data from TRDR. 
5. Repeat 2 to 4 for each receive data byte. 

Receive - Interrupts 
L Poll the RE bit in CNTR until = 0. 
2. Set the RE and EIE bits in CNTR = l. 
3. When the receive interrupt occurs read the receive data from TRDR. 
4. Set the RE bit in CNTR = 1. 
5. Repeat 3 to 4 for each receive data byte. 

CSl/0 OPERATION TIMING NOTES 
(l) Note that transmitter clocking and receiver sampling timings are different from 

internal and external clocking modes. Fig. 2.11.3 to Fig. 2.11.6 shows CSl/O Trans­
mit/Receive Timing. 
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Figure 2.11.4 Transmit Timing - External Clock 
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(2) The transmitter and receiver should be disabled (TE and RE 
initializing or changing the baud rate. 

CSl/0 OPERATION NOTES 

0) when 

(1) Disable the transmitter and receiver (TE and RE = 0) before initializing of 
changing the baud rate. When changing the baud rate after completion of trans­
mission or reception, a delay of a least one bit time is required before baud rate 
modification. 

(2) When RE or TE is cleared = 0 by software, a corresponding receive or transmit 
operation is immediately terminated. Normally, TE or RE should only be 
cleared = 0 when EF = 1. 

(3) Simultaneous transmission and reception is not possible. Thus, TE and RE 
should not both be 1 at the same time. 

CSl/O AND RESET 
During RESET each bit in the CNTR is initialized as defined in the CNTR register 

description. 
CSl/O transmit and receive operations in progress are aborted during RESET. 

However, the contents ofTRDR are not changed. 

2.12 Programmable Reload Timer (PAT) 

The HD64180 contains a two channel 16-bit Programmable Reload Timer. Each 
PRT channel contains a 16-bit down counter and a 16-bit reload register. The down 
counter can be directly read and written and a down counter overflow interrupt can 
be programmably enabled or disabled. In addition, PRT channel 1 has a TOUT out­
put pin (pin 31 - multiplexed with Al8) which can be set HIGH or LOW and tog­
gled. Thus PRTl can perform programmable output waveform generation. 

PAT BLOCK DIAGRAM 
The PRT block diagram is shown in Fig. 2.12.1. The two channels have separate 

timer data and reload registers and a common status/control register. The PRT 
input clock for both channels is equal to the system clock {</,} divided by 20. 
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L Interrupt Request 

Figure 2.12.1 PRT Block Diagram 

PRT REGISTER DESCRIPTION 

Timer Data Register (TMDR: 1/0 Address = CHO: OOH, OCH CH1: 15H, 14H) 
PRTO and PRTl each have 16-bit Timer Data Registers (TMDR). TMDRO and 

TMDRI are each accessed as low and high byte registers (TMDROH, TMDROL and 
TMDRIH, TMDRIL). During RESET, TMDRO and TMDRI are set= FFFFH. 

TMDR is decremented once every twenty q, clocks. When TMDR counts down 
to 0, it is automatically reloaded with the value contained in the Reload Register 
(RLDR). 

TMDR can be read and written by software using the following procedures. The 
read procedure uses a PRT internal temporary storage register to return accurate 
data without requiring the timer to be stopped. The write procedure requires that 
the timer be stopped. 

For reading (without stopping the timer), TMDR must be read in the order of 
lower byte - higher byte (TMDRnL, TMDRnH). The lower byte read (TMDRnL) 
will store the higher byte value in an internai'register. The foliowing higher byte read 
(TMDRnH) will access this internal register. This procedure insures timer data validity 
by eliminating the problem of potential 16-bit timer updating between each 8-bit read. 
Speci6cally, reading TMDR in higher byte - lower byte order may result in invalid 
data. Note the implications of TMDR higher byte internal storage for applications 
which may read only the lower and/or higher bytes. In normal operation all TMDR 
read routines should access both the lower and higher bytes. in that order. 

For writing, the TMDR down counting must be inhibited using the TOE 
(Timer Down Count Enable) bits in the TCR (Timer Control Register), following 
which any or both higher and lower bytes ofTMDR can be freely written (and read) in 
any order. 
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Reload Register IRLDR: 1/0 Address = CHO: OEH, OFH CH1: 16H, 17H) 
PRTO and PRTI each have 16-bit timer Reload Registers (RLDR). RLDRO and 

RLDR 1 are each accessed as low and high byte registers (RLDROH, RLDROL and 
RLDRIH, RLDRIL). During RESET RLDRO and RLDRI are set= FFFFll. 

When the TMDR counts down to 0, it is automatically reloaded with the con­
tents of RLDR. 

Timer Control Register (TCR) 
TCR monitors both channels (PRTO, PRTI) TMDR status and controls enab­

ling and disabling of down counting and interrupts as well as controlling the output 
pin (A18/TOUT-pin 31) for PRT I. 

Timer Control Register (TCR : 1/0 Address = 1 OH) 

bit 7 6 5 4 3 2 1 0 

ITIFl ITIFO I TI El ITIEO ITOCl ITOCO ITDEl 
R R R/W R/W R/W R/W R/W R/W 

0 TIF1: Timer Interrupt Flag 1 (bit 7) 
When TMDRI decrements to 0, TIFI is set = 1. This can generate an interrupt 

request if enabled by TIEI = 1. TIFI is reset = 0 when TCR is read and the higher or 
lower byte of TM DR I are read. During RESET, TIFI is cleared = 0. 

0 TIFO: Timer Interrupt Flag 0 (bit 6) 
When TMDRO decrements to 0, TIFO is set = I. This can generate an interrupt 

request if enabled by TIEO = I. TIFO is reset = 0 when TCR is read and the higher or 
lower byte of TMDRO are read. During RESET, TIFO is cleared = 0. 

0 TIE 1 : Timer Interrupt Enable 1 (bit 5) 
When TIE! is set = I, TIFI = 1 will generate a CPU interrupt request. When 

TIE! is reset = 0, the interrupt request is inhibited. During RESET, TIE! is cleared = 
0. 

0 TIEO: Timer Interrupt Enable 0 (bit 5) 
When TIEO is set = 1, TIFO = 1 will generate a CPU interrupt request. When 

TIEO is reset= 0, the interrupt request is inhibited. During RESET, TIEO is cleared= 
0. 

0 TOC1, 0: Timer Output Control (bits 3-2) 
TOCl and TOCO control the output of PRTI using the multiplexed A18/TOUT 

pin as shown below. During RESET, TOCI and TOCO are cleared= 0. This selects the 
address function for Al8/TOUT. By programming TOCI and TOCO, the Al8/TOUT 
pin can be forced HIGH, LOW or toggled when TMDRI decrements to 0. 
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TOCI TOCO 

0 0 

0 

0 

Inhibited 

OUTPUT 

(AIS/TOUT pin is selected as 
an address output functiona) 

(Al8/TOUT pin is selected 
as a Timer output function.) 

0 TDE1, 0: Timer Down Count Enable (bits 1-01 
TDEI and TDEO enable and disable down counting for TMDRI and TMDRO 

respectively. When TDEn is set = I, down counting is executed for TMDRn. 
When TDEn is reset = 0, down counting is stopped and TMDRn can be freely 
read or written. TDEI and TDEO arc cleared= 0 during RESET and TMDRn will not 
decrement until TDEn is set = I. 

Fig. 2.12.2 shows timer initialization, count down and reload timing. Fig. 2.12.3 
shows timer output (A 18/TOUT) timing. 

Tim•r Dete 
R•q;st•r 

TOE Flag 

TIF Flag 

R•loaid R•9ist•r 'W'dt• (OOO!H) 

! ' 
ffFrH 0003H : 

_____ __,f='w'rit• ··1 ··to TDE 

I t T;,.,.r Date R•9istor R .. d 

L r;,.,.r Control 
R•9istf'r R•ff 

figure 2.12.2 Timer Operation Timing 
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Figure 2. 12.3 Timer Output Timing 
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Request 

TlmerO Interrupt 
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Figure 2.12.4 Timer Interrupt Request Circuit Diagram 

The PRT interrupt request circuit is shown in Fig. 2.12.4. 

PRT AND RESET 
During RESET the bits in TCR are initialized as defined in the TCR register de­

scription. Down counting is stopped and the TMDR and RLDR registers are initialized 
to FFFFH. The A 18/TOUT pin reverts to the address output function. 

PRT OPERATION NOTES 
(I) TMDR data can be accurately read without stopping down counting by reading 

the lower (TMDRnL) and higher (TMDRnH) bytes in that order. Or, TMDR can 
be freely read or written by stopping the down counting. 

(2) Care should be taken to insure that a timer reload does not occur during or be­
tween lower (RLDRnL) and higher (RLDRnH) byte writes. This may be guaran­
teed by system design/timing or by stopping down counting (with TMDR contain­
ing a non-zero value) during the RLDR updating. 
Similarly, in applications in which TMDR is written at each TMDR overnow, the 

system/software design should guarantee that RL,DR can be updated before the next 
overflow occurs. Otherwise, time base inaccuracy will occur. 
(3) During RESET, the multiplexed A18/TOUT pin is selected as address bus output 

function. 
By reprogramming the TOCl and TOCO bits, the timer output function for PRT 

channel 1 can be selected. The initial state of the TOUT pin after TOCI and TOCO are 
programmed to select the PRT channel l timer output function is as follows. 
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(I) Timer (channel l) has not counted down to 0. 
If the timer has not counted down to 0 (timed out), the initial state of TOUT de­

pends on the programmed value in TOCI and TOCO. 

TOUT State After TOUT State After 
TOCI TOCO Programming TOCl/TOCO Next Timeout 

0 l HIGH (!) LOW (0) 
l 0 HIGH (l) LOW (0) 
l l lllGH (!) HIGH (l) 

(2) Timer (channel l) has counted down to 0 at least once. 
If the timer has counted down to 0 (timed out) at least once, the initial state of 

TOUT depends on the number of time outs (even or odd) that have occurred. 
Numbers of Timeouts TOUT State After 

(even or odd) Programming TOCl/TOCO 

Even (2, 4, 6 ... ) HIGH (l) 
Odd (I, 3, 5 ... ) LOW (0) 

2 .1 3 6800 Type Bus Interface 

A large selection of 6800 type peripheral devices can be connected to the 
HD64180, including the Hitachi 6300 CMOS series (6321 PIA, 6350 ACIA, etc.) as 
well as 6500 family devices. 

These devices require connection with the HD64180 synchronous E clock out­
put. The speed (access time) requirements for the peripheral device are determined 
by the 1!064180 clock rate. Table 2.13.1, Fig. 2.13.l and Fig. 2.13.2 define E clock 
output timing. 

Table 2.13.1 E Clock Timing in Each Condition 

Condition Duration of E Clock Output "'High'' 

Op-code Fetch Cycle T2' - TJi (l.S<f>+nw·<J>) 
Memory Read/Write Cycle 

ITo read Cycle 1st Tw! - TJ i ( 0. 5 <f> + nw · <f> ) 

flo W~ite Cycle 1st Tw' - TJ' (nw · <f> ) 

NHI Acknowledge !st HG Tz t - TJ: (I. 5 </> ) 

INTO Acknowledge 1st MC 1st Tw' - TJi (0.5 <f> + nw · </>) 

BUS RELEASE </> i - <bl- (2 </>or I </> ) 
SLEEP Mode 

NOTE) nw the numhPr of w:ti t states 

MC M:whinP Cycle 
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(b) E Clock Timing in SLEEP Mode 

Figure 2.13.2 E Clock Timing lin BUS RELEASE Mode, SLEEP Mode) 
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Wait states inserted in op-code fetch, memory read/write and 1/0 read/write cy­
cles extend the duratioh of E HIGH. Note that during 1/0 read/write cycles with 0 wait 
states (only occurs during on-chip 1/0 register accesses), E will not go lllGll. 

The correspondence between E HIGH duration and standard peripheral device 
speed selections is as follows. 

Device Speed Selection 
1.0 Miiz (ex: HD6321P) 
1.5 MHz (ex: HD63A21P) 
2.0 MHz (ex: HD63B21P) 

2.14 On-ehip Clock Generator 

Required E HIGH Duration 
500 ns min. 
333 ns min. 
230 ns min. 

The 11064180 contains a crystal oscillator and system clock «t» generator. I\ 
crystal can be directly connected or an external clock input can be provided. In 
either case, the system clock (cfJ) is equal to one-half the input clock. For example, a 
crystal or external clock input of 8 MHz corresponds with a system clock rate of</> 
= 4 MHz. 

The following table shows the AT cut crystal characteristics (Co, Rs) and the 
load capacitance (CL!, CL2) required for various frequencies of II D64 I 80 opera­
tion. 

Table 2.14.1 Crystal Characteristics 

~=v m 4Mffz 4MHz:>;f:i012MHz 12MHz<f::O 16Mffz 

Co <7 pF < 7 pF <7 pF 

Rs TBD TBD TBD 
-----

CL,, CL, TBD TBD TBD 

If an external clock input is used instead of a crystal, the waveform (twice the <P 
clock rate) should exhibit a 500Ai ± 5% duty cycle. Note that the minimum clock 
input HIGH voltage level is Vcc-0.6V. The external clock input is connected to 
the EXTAL pin, while the XTAL pin is left open. Fig. 2.14.1 shows external clock 
connection. 
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EXTAl+''--1 _____ JUUL 
External Clock Input 

XTA Z Open 

Figure 2.14.1 External Input Interface 

Fig. 2.14.2 shows the HD64180 clock generator circuit while Fig. 2.14.3 and Fig. 
2.14.4 specify circuit board design rules. 

Cl.I 

f;XTAL 'l__r~ 
CJ 

\TAJ, 2 ~I---, 
____ _, ci.2 Tfr 

Figure 2.14.2 Crystal Interface 

HD64180 

I -........_,.. A 

/ A,B S.,al 

HD64180 

Figure 2.14.3 Note for Board Design of the Oscillation Circuit 
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HD64180 

(Top View) 

Figure 2.14.4 Example of Board Design 

Circuit Board design should observe the following. 
(l) To prevent induced noise, the crystal and load capacitors should be physically 

located as close to the LSI as possible. 
(2) Signal.lines should not run parallel to the clock oscillator inputs. In particular, 

the clock input circuitry and the q, output (pin 64) should be separated as much as 
possible. 

(3) Similar to (2), Vee power lines should be separated from the clock oscillator 
input circuitry. 

(4) Resistivity between XT AL or EXT AL and the other pins should be greater than 
IOM ohms. 
Signal line layout should avoid areas marked with/////. 
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3. HD64180 SOFTWARE ARCHITECTURE 

3.1 Instruction Set 

The HD64180 is object code compatible with standard 8-bit operating system 
and application software. The instruction set also contains a number of new instruc­
tions to improve system and software performance, reliability and efficiency. 

New Instructions 

SLP 
MLT 
INO g, (m) 
OUTO (m), g 
OTIM 
OTIMR 
OTDM 
OTDMR 
TSTIOm 
TST g 
TSTm 
TST (HL) 

SLP - Sleep 

Operation 

Enter SLEEP mode 
8-bit multiply with 16-bit result 
Input contents of immediate 1/0 address into register 
Output register contents to immediate 1/0 address 
Block output - increment 
Block output - increment and repeat 
Block output - decrement 
Block output - decrement and repeat 
Non-destructive AND, I/O port and accumulator 
Non-destructive AND, register and accumulator 
Non-destructive AND, immediate data and accumulator 
Non-destructive AND, memory data and accumulator 

The SLP instruction causes the HD64180 to enter SLEEP low power consump­
tion mode. See section 2.4 for a complete description of the SLEEP state. 

MLT - Multiply 
The MLT performs unsigned multiplication on two 8 bit numbers yielding a 16 

bit result. MLT may specify BC, DE, HL or SP registers. In all cases, the 8-bit oper­
ands are loaded into each half of the 16-bit register and the 16-bit result is returned 
in that register. 

INO g, (ml - Input, Immediate 1/0 address 
The contents of immediately specified 8-bit I/O address are input into the specified 

register. When 110 is accessed, OOH is output in high-order bits of address automat­
ically. 

OUTO (ml. g - Output. immediate 1/0 address 
The contents of the specified register are output to the immediately specified 8-

bit I/O address. When 1/0 is accessed, OOH is output in high-order bits of address 
automatically. 

OTIM. OTIMR. OTDM, OTDMR - Block 1/0 
The contents of memory pointed to by HL is output to the I/O address in (C). 

The memory address (HL) and I/O address (C) are incremented in OTIM and 
OTIMR and decremented in OTDM and OTDMR respectively. B register is decre-
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mented. The OTIMR and OTDMR variants repeat the above sequence until register 
B is decremented to 0. Since the 1/0 address (C) is automatically incremented or 
decremented, these instructions are useful for block 1/0 (such as II D64 I 80 on-chip 
110) initialization. When 1/0 is accessed, OOH is output in high-order bits of address 
automatically. 

TSTIO m - Test 1/0 Port 
The contents of the 1/0 port addressed by C are ANDed with immediately spec­

ified 8-bit data and the status flags are updated. The 1/0 port contents are not writ­
ten (non-destructive AND). When 1/0 is accessed, OOH is output in higher bits of 
address automatically. 

TST g - Test Register 
The contents of the specified register are ANDed with the accumulator (A) and 

the status flags are updated. The accumulator and specified register are not changed 
(non-destructive AND). 

TST m - Test Immediate 
The contents of the immediately specified 8-bit data are ANDed with the ac­

cumulator (A) and the status flags are updated. The accumulator is not changed 
(non-destructive AND). 

TST (HL) - Test Memory 
The contents of memory pointed to by HL are ANDed with the accumulator 

(A) and the status flags are updated. The memory contents and accumulator are not 
changed (non-destructive AND). 

3.2 Registers 

The HD64180 main registers (Register Set GR) consist of an 8-bit accumulator 
(A), 8-bit status flag register (F) and three general purpose registers (BC, DE, HU. 
These latter registers may be treated as 16-bit registers or as individual 8-bit regis­
ters depending on the instruction being executed. The main registers also include 
Special Registers which consist of the interrupt Vector (!), R Counter (R), two 16-
bit index registers (IX and IY), stack pointer (SP) and the program counter (PC). 

The HD64180 also includes an alternate register set (Register Set GR') for the 
accumulator, flag and general purpose registers. While these registers are not directly 
accessible, their contents can be programmably exchanged at high speed with those 
of the main register set. This capability may be used for high speed context switch 
or for storing key, frequently accessed variables. 

Figure 3.2.1 shows CPU Registers. 
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Register Set GR Special Registers 

Accu•ulator Flag Interrupt R Counter 

A F Vector 

I R 

B Register c Register 
!----· --

Index Register I X 

D Register E Register --
Index Register I y 

H Register L Register 

Stack Pointer SP 

Progra• Counter PC 

Register Set GR' 

Accu•u la tor Flag 

A' F' 

B' Registetj C' Register< 

D' Registetj E' Register 

H' Registetj L' Registetj 

Figure 3.2.1 CPU Registers 

REGISTER DESCRIPTION 

Accumulator (A) 
The accumulator serves as the primary register used for many arithmetic, logical 

and 1/0 instructions. 

Flag (F) 
The Oag register stores various status bits (described in the next section) which re­

flect the results of instruction execution. 

General Purpose Registers (BC, DE, Hl) 
The General Purpose Registers are used for both address and data operation. 

Depending on instruction, each half (8 bits) of these registers (B, C, D, E, H, L) 
may also be used. 

Interrupt Vector Register (I) 
For interrupts which require a vector ·table address to be calculated (INTO Mode 

2, INTI, INT2 and internal interrupts), the Interrupt Vector Register provides the 
mo~t significant byte of the table address. 
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R Counter IRI 
The least significant seven bits of the R Counter (R) serve to count the number 

of instructions executed by the HD64180. R is incremented for each CPU op-code 
fetch cycles (each LIR cycles). 

Index Registers OX. IV) 
The Index Registers are used for both address and data operations. For address­

ing, the contents of a displacement specified in the instruction are added to or sub­
tracted from the Index Register to determine an effective operand address. 

Stack Pointer (SP) 
The Stack Pointer contains the address of the memory based LIFO stack. 

Program Counter (PC) 
The Program Counter contains the address of the instruction to be executed and 

is automatically updated after each instruction fetch. 

Flag (Fl Description 
The flag register stores the logical state reflecting the results of instruction ex­

ecution. The contents of the flag register are used to control program flow and in­
struction operation. 

7 6 5 4 3 2 1 0 

s - I Ptvl N I c I F Register 

0 S: Sign (bit 7) 

S stores the state of the most significant bit (bit 7) of the result. This is useful 
for operations with signed numbers in which values with bit 7 = 1 are interpreted 
as negative. 

0 Z: Zero (bit 6) 
Z is set = 1 when instruction execution results containing 0. Otherwise, Z is re­

set= 0. 

0 H: Half Carry (bit 4) 
H is used by the DAA (Decimal Adjust Accumulator) instruction to reflect bor­

row or carry from the least significant 4 bits and thereby adjust the results of BCD 
addition and subtraction. 

0 P/V: Parity/Overflow (bit 2) 
P/V serves a dual purpose. For logical operations P/V is set = I if the number 

of I bit in the result is even and P/V is reset = 0 if the number of I bit in the 
result is odd. For two complement arithmetic, P/V is set = 1 if the operation pro­
duces a result which is outside the allowable range ( + 127 to - 128 for 8-bit opera­
tions, + 32767 to - 32768 for 16-bit operations). 
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0 N: Negative lbit 11 
N is set = 1 if the last arithmetic instruction was a subtract operation (SUB, 

DEC, CP, etc.) and N is reset = 0 if the last arithmetic instruction was an addi­
tion operation (ADD, INC, etc.). 

0 C: Carry (bit 0) 
C is set = 1 when a carry (addition) or borrow (subtraction) from the most sig­

nificant bit of the result occurs. C is also affected by Accumulator logic operations 
such as shifts and rotates. 

3.3 Addressing Modes 

The HD64180 instruction set includes eight addressing modes. 
Implied Register 
Register Direct 
Register Indirect 
Indexed 
Extended 
Immediate 
Relative 
10 

Implied Register (IMP) 
Certain op-codes automatically imply register usage, such as the arithmetic oper­

ations which inherently reference the Accumulator, Index Registers, Stack Pointer and 
General Purpose Registers. 

Register Direct (REG) 
Many op-codes contain bit fields specifying registers to be used for the operation. 

The exact bit field definition vary depending on instruction as follows. 
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8-bit Register 

g or g' field Register WW field Register 

0 0 0 B 0 0 BC 

0 0 1 c 0 1 DE 
0 1 0 D 1 0 HL 
0 1 1 E 1 1 SP 

1 0 0 H 

1 0 1 L 

1 1 0 -
xx field Register 

1 1 1 A 0 0 BC 

0 1 DE 
1 0 IX 

1 1 SP 
16-bit Register 

zz field Register yy field Register 

0 0 BC 0 0 BC 

0 1 DE 0 1 DE 
1 0 HL 1 0 I y 

1 1 A, F 1 1 SP 

Register Indirect (REGI) 
The memory operand address is contained in one of the 16-bit General Purpose 

Registers (BC, DE or HL). 

BC 

DE 
HL Operand 

Memory 

Indexed (INDX) 
The memory operand address is calculated using the contents of an Index Regis­

ter (IX or IY) and an 8-bit displacement specified in the instruction. 
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op-code 

Sign extended 
op-code 2 

displacement (d) 

operand 

Ix or I Y 

Memory 

Extended IEXT) 
The memory operand address is specified by two bytes contained in the instruc­

tion. 

op-code 

n 

m 

m I n operand 

Memory 

Immediate llMMED) 
The memory operands are contained within one or two bytes of the instruction. 

Relative IREL) 

op-codP I 
1----m--h~ B-hit operand ~ 

~ 16-hit operand 

Relative addressing mode is only used by the conditional and unconditional 
branch instructions. The branch displacement (relative to the contents of the pro­
gram counter) is contained in the in~truction. 
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op-code 

displacemPnt (d) 

Program Counter (PC) 

10 !IOI 
IO addressing mode is used only by 1/0 instructions. This mode specifies 1/0 ad­

dress (IOE• = 0) and outputs them as follows. 
(l) An operand is output to AO-A 7. A content of accumulator is output to A8-A 15. 
(2) A content of Register B is output to AO-A 7. A content of Register C is output 

to A8-Al5. 
(3) An operand is output to AO-A7. OOH is output to A8-Al5. 

(useful for internal 1/0 register access) 
(4) A content of Register C is output to AO-A 7. OOH is output to A8-A 15. 

(useful for internal 1/0 register access) 
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4. HD64180 ELECTRICAL CHARACTERISTICS 

•ABSOLUTE MAXIMUM RATINGS 
Item Svmbol Value Unit 

Supply Volt.igl Vee -0.J - +7.0 v 
Input Voltage 

~- -0.3 ........ Vcc-t-0.J v 
Operating Temper•lure -~ 0 - + 70 --.-c 
Stor• Temper•ture r.., -55-+.150 •c 

!NOTE I Pe-r~nl LSI ~ m.., kCUf' if ~•imurn ratino• .,. ••«eded. N0tmal OQe••tion should be undl!r recommended operati"'9 
condi1ion1. If'"- condi1ion1 .,.. •wCffdild. it couk:l ;iilt..:1 ral~liw of LSI 

• DC CHARACTERISTICS (Vee= 5V ±10%.Vss = OV.Ta = o-+10°c1 
Syrnhnl I I em ('on di t ion MIN TY I' MAX Unit 

Input "II" Voltnge 

VHll fii-:sr;t. EXTAL. NMi v,, 0.6 Vee t 0.:-\ v 
I----

Input "II" Voltage 

v Ill 2 Ex""Pt Hi-~r:t. EXTAL. N!Vil 2.0 Ve.- +U.3 v 
Input "J," Volt.ngP, 

VIL I m:si-:1'. 1·:XTAL. N~1i o.~ 0.6 v 
I---· +.---- - -----~ 

Input "L" Voltage 

VIL 2 ;;,N'!,I Hf:SET. l·:XTAL. N ~ i I - 0 -~ O.R v 
1-----!----------· !----------· 

Output "II" VoltagP I Oii · 20011 A 2. •I 
f-· 

v 011 All Outputs I Oii 20 It/\ Vee 0.7 v 

Output"!," Volt.age 

V OJ, All Output~ I OL 1.6m A 0.6 v 

Input Lenknge 

!IL Current. All Inputs Vin ·~o.5- Ycc-0.5 1.0 vA 

focept XTAL. EXTAL 

Three State Lenknge 

I TL Current Vin-=0 . .5-Yn· ~0.5 1.0 uA 

Power Dissipation 

{Normal Operation) f~4Mllz I 0 TBD mA 
Ice 

Power Dissipation 

(SYSTF.M STOP Model TBD TBD mA 

Cp Pin Capncitance TBD TBD pF 
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• AC CHARACTERISTICS 

100 HITACHI 

t f:Y<: Tit11f' .2!i0 

( ~lock 

t Cll\V "II .. Pulse Width I 10 
!------+---------· 1---1 - ·-­

( ~lork 

;~noo I 117 

fi7 ns 
--- -----1----t-~ 

I CJ,W 
f----

"L" l'11ls1! Width 110 
--- --- ---j -

Id 

1. r.r 

t All 
f-----

I /\S 

I- - -

('.lock 

!"all Ti111f' 

Clnck 

Hist~ Tinw 

AddrP.s~ I )f!l11y 

Time 

/\ddrrss S1~t-up 

TirnP(r-., .. fi-; or i<>i•: 
I I 

---------- ---1----

t t'dEI II ME I Jpl11y Tim<' I 

-- ----·· -- ------+---!--- -

I Hl>lll HI> llPl:iy Timr> I 

111 10 

JO IO 

11!1 90 
- -

f------j 

- ---t- -- - - ----
Hf1 70 

-I---------- ---1--- ---··+----

~~-l_>_l __ l-~-''.-:~-:-:·-~fl~:-1.-~-~m_e_I~--+--•--1-0_1_1_+----+----l---H-O t--~~ 

I All Tirnf'<tvH: or H >E RO 

T) 

I Hlll>:~ lill l>rlav Time 2 
l-·-----+--------------1 --

t Lil 2 Lil! I ielny Time 2 
Dnta Hearl Set-up 

t l>HS Time 50 
f-------1-l-ln-lR_ll_n-nd-----1--l-

H5 

1011 

40 
1-------1 

--+-----+ -I 

70 

-------, 

70 

---+------' 
RO 

t DHll llold Timf1 0 0 ns 
1------1-------·--------'----"---1--_J_. __ --l--1 ----t----1 

I STD I ST !>day Time I 
l------+-------+--+---+----+---1-----<f---+----I 

I JO 90 

~r~~ ~Tllel!'_y_T __ im_• __ ._2-1-_ _,__-1-_1_1 __ 0--'------1------1---90__, __ -l 
Wi\IT Set up 

t WS Time RO 70 ns --+-- ---------11-----1---+-- -l---+----+---t-----1 

l \VII W !\IT llold Time 70 60 



Syrnhol 

~ -

It Pm 

t Wl>Z Finn ting I l<•l;iy 

Tinw 

I WHl>I WH Jlf'l<ly Ti!rn' 1 

-\V~~ t~ 11:~ I;~ -

I \Vlll> llPlnyT111w 

\Vritr lhtla S1•l 

1 \\.'l>S 11p Tim11cWH l l 

t WHl>2 WH l>Plnv Tinw 2 
-----

' \\'HP WH l'ulse Widrh 
-- -- - Wrilr I hi~;- \\old 

I \VIJii TinH' (\Vli fl 

I--------- -----
1 IOIJ I Hll·: llr>l:-iv Tim.- I 

t H >ll 2 JOE J)('Jnv Tirnr :! 

IOE flf"lnv T1rnP :1 

l IOl>:J I Liil I l 

INT Sr>t-up 

I INTS Tim(' I Q l l 

i\l'I' llnld 'firnl' 

I INTI\ (9 j I 
1--- -

t N\11\V Nf\.11 l'ulsc Width 

l{ftSHl·:q SPt up 

I 1rns Tinw(Li\ST S1ntP 

Oil 

(Vee -5V I 10~, Vss - OV, Ta -0- •70C) 

90 

90 
--+ -

9fl 

RO 

HO 
----t----

- -----

------~ 

HO 

--!------- -----

- ----- l..:1~J_ --~~ 

10 ns 
-- 1----- +----+---+----- 1---

H5 

- ---+-­
__ 8~-

70 ns 

}I}_ -~__li_ _ 

ill'"-' --1---<----l--=--l 

__ fl_!!_ - -- --- 1-LO +--~ ----1--~s _ 

70 liO 
--- -- -- -------

- . _ _Hl_J_ __ l---- +---- _!!_~_ 

RO 70 

-- ~) ____ ------:-- ----i---
fHISHEq llol1l T1mp 

I Bl!ll [\,i\ST Slntr I I 
I-- -- -- flUsAcl(iJ;;J;; 

t HAil I Time I 
I--------, 1\lf~ACt\~~;·-~ 

t BAD2 Time2 
I---- -Hl~FlonlttlR -

t B7,f) IJPlay Time 
1----- -- ME~~;v\;~.flh-- . 

_IQ_-t----1 _____ t-6Q__+---+----1--"~s'--i 

100 90 ns 

100 90 

90 80 

t ~U-:\l'H (111<;111 _____ ----~'_(J__t--+------1-11_11,.,o'-l--~l---···+-'""-'s~ 
J----- ~1-1lfif' W11!th 

t M~~\IL (LOW) 135 ns 
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<Vic !iV l lfl'\,. Vss ()\'.Ta II- 1 /fl''C l 

·1Mll7. i;Mll7. 
I 1 ,. m MIN TYi' M!\X ti.11N TYi' f\.t1\X 111111 

____ ,,,__, 

t !!Fill l!EF ll"lnv Time I 

, 1w11:~ 
~··· 

t llAlll 

t 11All2 

tlll!l~ 

llEi•' 1lPlr1y Tirrw 2 

-llAi:r l•r·l,;v 
Tim" I 

llAl.T llPlny 

Ti1111• ~ 

I >H Et/i SP I-up 

Timi' HO 

li11i~(li 11.;j,j - -- + -
t lll!llll Tirno 7fl 

f-------t-'IT:'Niilile.i;y ------l 

t TEfll f-- - --

t Tl-:ll~ 
f--

Tirnf' I 

fRNl>i Ti;;i;;y--l --
Timr. 2 

·------1---
Ellllhlr. llrlny 

Timr I 

i·:rmhi1• i->1•i1~~-

I J·:IJ:! Tinw 2 

Tinll'r I )nl put 

I T< >I) I >1•lny Ti nu• 

(~Sl-'C) 1'rnmnn1t. 

I STlll flnt11 l>f'lity Time 

lntrmnl Clnrk 

~ !J~r~~~ _i_1~~ ~ ··----­
( 'Sl/O Trnmm1it 

t STI U•: llntn Dr.lay Time 

(l•:xtr.mnl Clock 

t Sl!SI 

( ~·~·~:~!~~~~ -- --- . 
<'Sl/f) l{pcr.ivf' 

U11111 ~·l-1111 Timr 

(lnti•rnul <'lurk 

f >rw.ralion) 

('Sl 1fJ Ht'<'Pivr. 

I SHiii l>nt:i llolcl TimP. 

tlnt1?rnt1I Clock 

C>pr.rnlion) 
I------- -- C'SliffH.ceive - ---- --- -

t Sl!S~: llata Set-up Time 

( t-;xtprnnl CloC'k 

Oprrntion~~- ----1---­
CSl/O 1-tereive 

t Sl!ll~: l>ntn llold ·rime 

(J<;xlP.rn11I Clock 

1------
(>per at ion) 

--1 -----· 
. IU~q~;T Set:;;p--

t l!~~q Time RO 

·----~-~- -----
I 1!~:11 l!~~q~;T 1 lold Time 70 

1111 

till 

1111 

1111 

H!i 

:mo 

~Oil 

7.fi 

l.r.y-c 

+-:mn 

HO 

90 ns 
----- -------+---! 

!HI 
-· -·--- t---

70 ns 
-- -1- '----·-l 

Ill! ns 
---f-----1--

7fl 
-----+------- ---- .. ---j 

---+--

-· -- -·---· 

70 

711 

70 

:ton 

21111 

7.fi 

lcyc 

.._:ioo 

ns 

ns 
-· ' -

ns 

----1 

ns 

tcyr 

tcyr 

·-- t--- t---

tcyc 

----t 

tryc 

70 ns 

--t--
60 ns 



Anniu-:ss 

CPU Timing (1) 
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lhl:t 
IN 

iH!r 

~~~·-----------l-~ 

.,.,,,, 

!IF..IUI !>----------~ 
wn. wr. ----------1-1• 

if,\i,T 

CPU Timing (2) 
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tp 

DREQi 
(at level sense) 

DREQi 
(at edge sense1 

TENDi 

ST 

:z: 
~ 
0 
:!: -~ 

CPU or OMA Read/Write Cycle (Only OMA Write Cycle for TENOil 
T, 

*8 tSTDI 

01111 *' ·--
---------- I ___ _ ''----"---------- 1 

.... , I~ 
I tTIDI ,_...._ 

• 1 toRas and toROH are specified for rising edge of clock followed by T 3. 
·2 toRas and toRaH are specified for rising edge of clock. 
•3 OMA cycle starts. 

·4 CPU cycle starts. 

DMA Control Signals 



106HITACHI 

• .... 

----i..--+------- -

0 

" "' -

0 

" 0 

"' I 
0 

Cl 
c ·e 
;:: 
.II: 
u 
0 

u 
w 



.. 
ID 
E 
j:: 
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. 
~ 

ol 
< 

" u 
> u 
c 
0 
~ 
:I 

¥ 
>C w 

D.. _, 
en 



% 

~ 
() 

= -~ 

CSl/O Clock 

Transmit data 
(Internal clock) 

Transmit data 
(Extamal clock) 

Receive data 
(Internal clock) 

Receive data 
(Extamal clock) 

'nor 'smt 

CSl/0 Receive/Transmit Timing 



110 HITACHI 

Vee 

Test Point 

C=90pF R=12kQ 

Rt= 2.2kl! 

152074111> 
or Equiv. 

Bus Timing Test Load ITTL Load) 
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A. Instruction Set 

The followings explain the symbols in instruction set. 

I. Register 

g, g', ww, zz, xx, and yy specify a register to be used. g and g' 
specify an 8-bit register. ww, zz, xx, and yy specify a pair of 16-bit 
registers. Tite following tables show the correspondence between symbols and 
registers. 

_H R':!l: WW R~ xx R~ yy R~ zz R~ 
000 B 00 BC 00 BC 00 BC 00 BC 
001 c 01 DE 01 DE 01 DE 01 DE 
010 D 10 HL 10 IX 10 IY 10 HL 
011 E 11 SP 11 SP II SP ll A,F 
100 H 
101 L 
111 A 

2. Bit 

b specifies a bit to. be manipulated in the bit manipulation instruc­
tion. Tbe following table shows the correspondence between b and bits. 

b Bit 
000 0 
001 I 
010 2 
Oil 3 
100 4 
101 5 
110 6 
111 7 
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3. Condition 

f specifies the condition in program control instructions. 
The following shows the correspondence between f and conditions. 

f Condition 
000 NZ non zero 
001 z zero 
010 NC non carry 
Oil c carry 
100 PO parity odd 
IOI PE pari~ even 
LIO p s~n positive 
Ill N s~n n~ative 

4. Restart Address 

v specifies a restart address. Tile following table shows the 
correspondence between v and restart addresses. 

v Address 
000 OOH 
001 OBH 
010 !OH 
Oil IBH 
100 20H 
101 28H 
110 JOH 
111 38H 

5. Flag 

Tile following symbols show the flag conditions. 

not affected 
affected 

X unddinP.d 
S set=! 
R set=O 
P parity 
V overflow 

6. Miscellaneous 

114 HITACHI 

)M : a content in the memory address 
n or m 8-bit data 

mn 16-bit data 
), a content in the 1/0 address 



1. Arithmetic and Logical Instructions 

(1) Arithmetic Instructions (8-bit) 
Operation Addressinc No.of No.of flac 

MNEMONICS OP-code Operation 7 6 4 2 I 0 
nue IllllED EXT IND REG REGI IMP REL Bytes States s z H P/V N C 
ADD ADD A,c 10 000 ' s D I 4 Ar+1r .... Ar t 1 t V R t 

ADD A, (HL) 10 000 110 s D I 6 Ar+(HL) ..... Ar t 1 t V R t 
ADD A,• 11 000 110 s D 2 6 Ar+ ..... A.. t l"t V R t 

( • ) 

JAoo A, (IX+d) 11 Oil IOI s D 3 14 Ar+(IX+d) ..... Ar t l t V R t 
10 000 110 
( d ) 

~D A, (IY+d) 11 Ill 101 s D 3 14 A..+(IY+d) ..... Ar t 1 t V R t 
10 000 llO 
( d ) 

ADC ADC A,c 10 00! I s D I 4 A..+1r+c .... A.. t l t V R t 
ADC A, (HL) 10 001 110 s D I 6 Ar+ (HL).+c .... Ar t l t V R t 
ADC A,• 11 00! 110 s D 2 6 Ar+ .. c .... Ar t 1 t V R t 

( • ) 

jAoc A, (IX+d) 11 OU IOI s D 3 14 A..+(IX+d).+c .... Ar t 1 t V R t 
10 001 110 
( d ) . 

~DC A, (IY+d) 11 lll 101 s D 3 14 Ar+ (IY+d).+c .... A.. t 1 t V R t 
10 001 llO 
( d ) 

AND AND g 10 100 ' s D I 4 A..·1r .... A.. t 1 S P R R 
AND (HL) 10 100 110 s D I 6 Ar• (HL) ..... Ar t 1 s p R R 

% 

~ 
AND• 11 100 110 s D 2 6 Ar·• .... Ar t 1 s p R R 

( • ) 

AND (IX+d) 11 OU IOI s D 3 14 A..• (IX+d) ..... Ar t l S P R R 

0 10 100 110 

~ ( d ) 

VI 



°' :c 
~ 
(') 

:!: 
Operation Addressing No.of No.of l Flag 

MNEMONICS OP-code Operation 7 6 4 2 1 0 
na• IMM ED EXT IND REG REGI IMP REL Bytes States S Z H PIV N c 

AND (IY+d) 11 lll 101 s D 3 14 Ar• (IY+d).-+Ar t t S P R R 
10 100 110 
( d > 

Co111>are CP g 10 111 I s D 1 4 Ar-g,. t t t v s t 
CP (HL) 10 lll 110 s D 1 6 Ar- (HL). t t t v s t 
CP • 11 111 110 s D 2 6 Ar-· t t t v s t 

( • > 
CP (IX+d) 11 011 101 s D 3 14 Ar-(IX+d). t t t v s t 

10 111 110 
< d ) 

CP (IY+d) 11 111 101 s 0 3 14 Ar- (IY+d). t t t v s t 
10 111 110 
( d > 

COMPLEMENT CPL 00 101 111 , SID 1 3 A,.~A,. s s 
I 

DEC DEC 1 00' 101 SID 1 4 g,.-1 -+g,. t t t v s 
DEC (HL) 00 110 101 SID 1 10 (HL).- H (HL)" t t t v s 
DEC (IX+d) 11 Oil 101 SID 3 18 (IX+d).-1-+ t t t v s 

00 110 101 (IX+d). 
< d ) 

DEC (IY+d) 11 lll 101 SID 3 18 (IY+d).-1-+ t t t v s 
00 110 101 (IY+d). 
( d ) 

INC INC g 00' 100 SID 1 4 lr+l-+g,. It t t v R 
INC (HL) 00 110 100 I SID 1 10 (HL).+ 1-+ (HL). ! t t V R 
INC (IX+d) 11 011 101 SID 3 18 (IX+d).+1-+ It t ! V R 

00 110 100 l (IX+d). Jt ! t V R 



Operation Addressing No.of No.of Flac 
\!NEY!ON!CS OP-code ()psration 7 6 4 2 1 0 

na11e IMM ED i!XT IND REG REG! IMP REL Bytes States S Z H PIV N c 
( d ) 

INC (IY+d) 11 111 101 SID 3 18 (IY+d).+1-+ t t t V R 
00 110 100 (IY+d). 
( d ) 

MULT MLT vv 11 101 101 SID 2 17 vvH,.. X vvL,.~vw. 

01 vvl 100 
NEGATE NEG 11 101 101 SID 2 6 0-A.--+A, t t t v s t 

01 000 100 
OR OR c 10 110 ' s D 1 4 A.+g,.-+A. t t R p R R 

OR (HL) 10 110 110 s D 1 6 A,+ (HL).-+A,. t t R p R R 
OR • 11 110 110 s D 2 6 A.+11-+A. t t R p R R 

( • ) 

OR (IX+d) 11 011 101 s D 3 14 A,+ (IX+d).-+A. t t R p R R 
10 110 110 
( d ) 

OR (IY+d) 11 111 101 s D 3. 14 A,+(IY+d).-+A. t t R p R R 
10 110 110 
( d ) 

SUB SUB c 10 010 ' s D I 4 A.-g,.-+A, t t t v s t 
SUB (HL) 10 010 110 s D 1 6 A.-(HL).-+A. t t t v s t 
SUB• 11 010 110 s D 2 6 A ... -11~A,. t t t v s t 

( • ) 

SUB (IX+d) 11 011 101 s D 3 14 A.-(IX+d).-+A,. t t t v s t 
10 010 110 

::c ( d ) 

~ 
(') 

:E 
'l 



00 

l: 

~ 
0 Operation 

~ nue 
SUB 

SUBC 

TFST 

XOR 

~!~E,10'.'<!CS OP-code 

SUB (IY+d) I 11 lll 101 
10 010 110 
( d > 

SBC A,g 110 011 c 
SBC A, (HL) 10 011 110 
S8C A,• 11 011 110 

( . ) 

~ !, (IX+dll 11 011 101 
10 011 110 
( d > 

~ !, (IY+dlJ 11 111 101 
10 011 110 

TST c 

TST (HL) 

TST • 

XOR c 
XOR (HL) 

XOR• 

( d ) 

11 101 101 

00 ' 100 
11 101 101 
00 110 100 
11 101 101 
01 100 100 
( • > 

10 101 ' 
10 101 110 
11 101 110 
( . ) 

XOR (IX+d) I 11 011 101 
10 101 110 
( d > 

Addressing No.of 

OOIED I EXT I IND I REG I Rl!GI I IMP I REL I Bytes 

s 

s 

s 

s I I D I I 3 

s 
s 

s 

s 

s 

s 

s 
s 

D 
D 
D 

D 

D 

D 
D 

: 
l 

No.of 

States 
14 

4 
6 
6 

14 

14 

10 

4 
6 
6 

14 

Operation 

Ar-(IY+d).-+Ar 

!r-g,.-c-+ Ar 
!r-(HL).-c-+Ar 
!r-rc-+Ar 

!'lag 
764210 
S Z H P/V N C 
tt!VS! 

t ! t v s ! 
tttvst 
t!!VSt 

!r-(IX+d).-c-+!r It ! t V S t 

!r-(IY+d).-c-+!r I t t t V S t 

!r·g,. 

Ar· (HL). 

Ar·· 

~-+Ar 

Are(HL).-+!r 
Are.-+ Ar 

!re(IX+d) .-+Ar 

!tSPRR 

t t S P R R 

t t S P R R 

ttRPRR 
ttRPRR 
ttRPRR 

t!RPRR 



()per at ion Addressing No,of No.of F'lac 
\l'.';E\!O~ll:S Ol-'-coi.ic: Operation 7 6 4 2 1 0 

nue IllllED EXT IND REG REGI IMP REL Bytes States s z H P/V N c 
XOR (IY+d) 11 111 101 s D 3 14 Are(IY+d) ..... Ar t t R p R R 

10 101 110 
( d > 

::z: 

~ 
(') 

~ 

-0 



::5 
:::c 

~ 
0 
3: 

(2) Rotate and Shift Instructions 

Operation 
~1NEMONICS OP-code 

nue DlllED EXT 
Rotate RI.A 00 010 Ill 
and RL g 11 001 011 
Shift 00 010 g 

Data RL (!IL) 11 001 011 
00 010 llO 

RL (IX+d) 11 011 IOI 
11 001 011 
< d ) 

00 010 llO 
RL (IY+d) 11 lll 101 

11 001 011 
< d ) 

00 010 llO 
RLCA 00 000 Ill 
RLC g 11 001 011 

00 000 ' 
RLC (HL) 11 001 011 

00 000 llO 
RLC (IX+d) 11 011 101 

11 001 011 
< d ) 

00 000 llO 
RLC (IY+d) 11 Ill 101 

11 001 011 
< d ) 

00 000 llO 

RLO 11 101 IOI 

Addressing 

IND REG REGI DIP 
SID 

SID 

S/D 

SID 

S/D 

S/D 
SID 

SID 

S/D 

S/D 

SID 

No.of No.of Flag 
Operation 7 6 4 2 I 0 

Ra Bytes Stat~ s Z H P/V N C 
I 3 4i¢IIIITjl R R t 
2 7 t t R p R t 

2 13 t t R P R t 

4 19 t t R P R t 

4 19 t t R P R t 

1 3 ~ R R t 
2 7 t t R P R t 

2 13 t t R P R t 

4 19 t t R P R t 

4 19 t l R P R t 

~ 
~ 2 16 t l R p R 



Operation iddrea•inl No.of No.of Flag 

MNEMONICS OP-code Operation 764210 - IllllED EXT IND Rl!G REG! DIP REL Bytes Sta tea S Z K P/V N C 
Route 01 101 111 
and RRA 00 011 111 SID 1 3 lciIIIIlJH}J • R • R t 
Sbitt RR I 11 001 011 SID 2 7 " ~ ' t t R P R t 
O.ta . 000111 

RR (HL) 11 001 011 SID 2 13 t t R P R t 
00 Oil 110 

RR (IX+d) 11 011 101 SID 4 19 t t R P R t 
11 001 011 
( d > 
00 011 110 

RR (IY+d) 11 111 101 SID 4 19 t t R P R l 
11 001 011 
< d > 
00 011 110 

RRCA 00 001 lll SID 1 3 cg:r:rn:r:tj"19 • R • R l 
RRC I 11 001 011 SID 2 7 t l R P R t 

00 001 I 
RRC (HL) 11 001 011 SID 2 13 t l R P R t 

00 001 110 
RRC (IX+d) 11 Oil 101 SID 4 19 t l R P R l 

11 001 011 
( d > 
00 001 110 

RRC (IY+d) 11 111 101 SID 4 19 t l R P R t 

:: 
~ 
(') 

11 001 011 
( d > 
00 001 110 

3: -~ 
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Operation 

na1111 
Rotate 
and 
Shift 
Data 

W\E\10\ilC:i 

RRD 

SU g 

SU (HL) 

SU (IX+d) 

SU (IY+d) 

SRA g 

SRA (HL) 

SRA (IX+d) 

SRA (IY+d) 

SRL g 

Addressing 
OP-code 

Illlll!D EXT IND REG REGI 
11 101 101 
01 100 111 
11 001 011 SID 
00 100 g 

11 001 011 SID 
00 100 110 
11 011 101 SID 
11 001 011 
( d ) 

00 100 110 
11 111 101 SID 
11 001 011 
( d ) 

Oil 100 110 
11 001 011 SID 
00 101 g 

11 001 011 SID 
i 00 101 110 

11 011 101 SID 
11 001 011 
( d ) 

00 101 110 
11 111 101 SID 
11 001 011 
( d ) 

00 101 110 
11 001 011 SID 

No.of No.of Flag 
Operation 7 6 4 2 1 0 

IMP REL Bytes States S Z H P/Y N C 
SID 2 16 = t t R P R 

2 7 , 
!!RPRt 

c;i-g:m:rrg--, 
2 13 t t R P R t 

4 .19 ! ! R P R t 

4 19 l t R P R t 

2 7 
~ 

t t R P R t 

2 13 t t R P R l 

4 19 t!RPR! 

4 19 t t R P R t 

2 7 o-gnrrrg-Q t t R P R t 



:x 
~ 
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:!: 
IV 
w 

Operation 

na• 
Rotate 
and 
Shift 
Data 

! 
\!C\:0~10:\ICS 

SRL (HL) 

SRL (IX+d) 

SRL (IY+d) 

I 

-~-•w 

I Addressing No.of 

OP-code 

DIMED EXT IND REG REGI DIP REL Bytes 

00 111 ' I 

SID I 11 001 011 2 
00 ll1 110 

I 11 011 101 SID I 4 
11 001 OU I 
{ d > 

I 

I 

! 

00 lll llO 
11 111 101 SID 4 

11 001 011 
< d > 
00 111 110 

I I 
I I I 

I I 
I 
I 
I I 

I i I I I 

lllLLLlu 

No.of Flac 
Operation 7 6 4 2 l 0 

States S Z H P/V N C 

13 
•-U:::Im:LHJ ,. " . l t R P R t 

19 l l R p R t 

19 t l R p R t 

I 

_I 



/\l 
~ 

::c 
~ c 
~ 

(3) Bit Manipulation Instructions 
Operation 

MNEMONICS OP-code - Illlll!D l!XT 
Bit Set Sl!T b,g 11 001 011 

11 b ' SET b, (KL) 11 001 011 
11 b 110 

~T b, (IX+d) 11 011 101 
11 001 011 
< d ) 

11 b 110 
~ b,(IY+d) 11 l1l 101 

11 001 011 
< d ) 

11 b 110 
Bit Re1et Rl!S b,, 11 001 011 

10 b ' Rl!S b, (KL) 11 001 011 
10 b 110 

· jms b, (IX+d) 11 011 101 
11 001 011 
< d > 
10 b 110 

~ b,(IY+d) 11 l1l 101 
11 001 011 
< d > 
10 b 110 

Addreuinc No.of No.of Flag 
Operation 7 6 4 2 1 0 

IND Rl!G Rl!GI IllP REL Bytes States S Z H P/V N C 
SID 2 7 l-+b•1r 

SID 2 13 1-+bo(KL). 

SID 4 19 1-+bo(IX+d)" 

SID 4 19 1-+b• (IY+d) • 

SID 2 7 O-+b•1r 

SID 2 13 0-+b•(KL). 

SID 4 19 0-+b• (IX+d) • 

SID 4 19 0-+bo(IY+d) • 



:z: 
~ 
(') 
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Operation 

-Bit THt 

MNEMONICS 

BIT b,1 

BIT b,(IU.) 

PIT b, (IX+d) 

~IT b, (IY+d) 

Adclressi111 
OP-code 

IllNl!D l!XT IND ReG RBGI 
11 001 011 s 
01 b I 
11 001 Oil s 
01 b 110 
11 011 101 s 
11 001 011 
( d ) 

01 b 110 
11 111 101 s 
11 001 011 
( d ) 

01 b 110 

No,of No.of Flag 
Operation 7 6 4 2 1 0 

IllP REL Bytes State• S Z H P/V N C 

2 6 o:s;:-+z X l S X R . 
2 9 b• (HL).-+z x l S X R 

4 15 b• (IX+d).-+z X l S X R 

4 15 b• (IY+d).-+z X l S X R 



IV 

"' :c 
~ 
0 
~ 

(4) Arithmetic Instructions (16-bit) 
Operation Addreasin1 

MNE~IO!>IICS OP-code 

nue IllllED EXT IND REG REG! 
ADD ADD HL,wv 00 vvl 001 s 

ADD IX,xx 11 Oil IOI s 
00 xx! 001 

ADD IY ,yy 11 Ill 101 s 
00 yyl 001 

ADC ADC HL,vv 11 101 IOI s 
01 vvl 010 

Dl!C Dl!C vv 00 vvl 011 SID 
Dl!C IX II 011 101 

00 101 011 
Dl!C IY II Ill 101 

00 101 Oil 
INC INC vv 00 vvO 011 SID 

INC IX 11 011 101 
00 100 011 

INC IY II lll 101 
00 100 011 

sec SBC HL,vv 11 101 101 s 
01 .. o 010 

' 

IMP 
D 
D 

D 

D 

SID 

SID 

SID 

SID 

D 

No.of No.of nae 
()pent ion 7 6 4 2 1 0 

REL Bytes Stat~ s z II P/V N c 
I 7 Hl .......... 111.. x R l 
2 10 IX.+xx.-+IX. x R l 

2 10 IY.+yy.-+IY. x R l 

z 10 Hl..+n.+c-+Hl.. l l x v R l 

I 4 wv.-l~n. 

2 7 IX.-1-+Ix. 

2 7 IY.-1-+IY. 

I 4 •v.•1-+vv. 
2 7 IX.+1-+Ix. 

2 7 IY.+ 1-+ IY. 

2 JO 111..-wv.-c .... HL. l l x v s -l 



::r 
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2. Data Transfer Instructions 

(1) 8-Bit Load 
()per•tion 

MNE:>IONICS OP-code 

nam 
Load LD A,I 11 101 101 
8 bit Oat~ 01 010 111 

LD A,R 11 101 101 
01 011 111 

LD A, (BC) 00 001 010 
LD A, (DE) 00 011 010 
LD A,(m) 00 lll 010 

( n > 
< • > 

LD I,A 11 101 101 
01 000 lll 

LD R,A 11 101 101 
01 001 111 

LD (BC) ,A 00 000 010 
LD (DI!) ,A 00 010 010 
LD (m),A 00 110 010 

< n > 
< • > 

LD 1.1' 01 I ,. 
LD 1, (HL) 01 ' 110 
LD 1.• 00' 110 

< • > 
LD 1, (IX+d) 11 011 101 

01 ' 110 
( d > 

LD 1. (IY+d) 11 111 IOI 

01 ' llO 

Address inc 

IIOIED EXT IND REG Rl!GI 

s 
s 

s 

D 
D 

D 

SID 
D s 

s D 

s D 

s D 

No.of No.of nae 
Operation 7 6 4 2 1 0 

DIP REL Bytes States S Z H P/V N C 
S/D 2 6 Ir-+Ar- t t R1EF2R• 

SID 2 6 Jt..-+Ar- t t RIEF:R• 

D I 6 (BC).-+Ar 
D 1 6 (llll).-+Ar 
D 3 12 (m1).-+Ar 

SID 2 6 Ar-+Ir 

S/D 2 6 Ar-+Jt.. 

s 1 7 Ar-+(BC). 
s 1 7 Ar-+(DE). 
s 3 13 ....... ,..,). 

1 4 1r' -.gr 

1 6 (HL).-+er 
2 6 •-+er 

3 14 (IX+d).-+Cr 

3 14 I (IY+d) ..... ..,. 



'-.I 
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Operation 

Mlle 

\I'.'iEwi;,;1cs 

LD (HL) ,a 

LD (IX+d),a 

LD (IY+d),1 

LD(HL),g 
LD (IX+d),11 

LD (IY+d),~ 

OP-code 

< d ) 

00 110 110 
( • ) 

11 011 101 
00 110 110 

-< d ) 

( • ) 

11 Ill 101 
00 110 110 
( d ) 

( • ) 

01 110 ' 
11 011 101 

01 110 ' 
( d ) 

11 111 101 

01 110 ' 
( d ) 

!ddreasinc 

IllllED EXT IND REG REG! 

s D 

s D 

s D 

s D 
D s 

D s 

No.of No.of Flac 
Operation 7 6 4 2 1 0 

IMP REL Bytes States s z H P/V N C 

2 9 ~(lfL)M 

4 15 a-+(IX+d)M 

I 
4 15 a-+(IY+d)M 

1 7 &r-+(HL)M 
3 15 gr->(!X+d)M 

3 15 &r->(IY+d)M 



(2) 16-Bit Load 
Operation Addreasin& No.of No.of Flac 

MNEMONICS OP-code Operation 7 6 4 2 1 0 - Illlll!D l!XT IND REG RllGI IMP RBL Bytes States s z H P/V N C 
Load LD n,111 00 .. o 001 s D 3 9 111\~W'I .. . 
l&Bit Dat.t ( n > 

( • > 
LD II,111 11 011 101 s D 4 12 an .... IX.. 

00 100 001 
( n > 
( • > 

LD IY,111 11 lll 101 s D 4 12 ........ IY. 
00 100 001 
( n > 
( • > 

LD SP,HL 11 lll 001 SID 1 4 HL. .... SP. 
LD SP,IX 11 011 101 SID 2 7 rx., .... sp. 

11 Ill 001 
LD SP, IY 11 Ill 101 S/D 2 7 IY ..... sP. 

11 Ill 001 
LD n, (an) 11 101 101 s D 4 18 (an+ 1). _,.,,,!Ir 

01 nl 011 (mi) ..... ..,i, 
( n > 
( • > 

LD HL, (111) 00 101 010 s D 3 15 (an+l) ..... Hr 
( n > (.n) ..... L, 
( • > 

LD IX, (.n) 11 011 101 s D 4 18 (.n+ l) ..... IXH.-

::z: 

~ 
00 101 010 (•n)o-+ IX!.r 
( n > 
( • > 

(') 

:E 
~ 
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:!: 
Operation 

nue 
Load 
16Bit DATA 

~!NEMONICS 

LO IY, (1111) 

LO (.n),vv 

LO (mi) ,HL 

LO (111), IX 

LO (mn),IY 

OP-code 

11 lll 101 
00 101 010 
( n > 
( I > 
11 101 101 
01 nO 011 
( n > 
( I > 
00 100 010 
( n > 
( I > 
11 011 101 
00 100 010 
< n )' 

( I > 
11 lll 101 
00 100 010 
< n > 
( I > 

Addressin1 

IMMED EXT IND REG REGI 
s 

D s 

D 

D 

D 

No.of No.of Flag 
Operation 7 6 4 2 1 0 

IMP Rl!L Bytes States s z H P/V N c 

I D 
4 18 (1n+ 1) ..... IYHr 

(1111) ..... IYLr 

4 19 ••Hr_. (an+ 1). 
wt..-_. (mn) • 

s 3 16 11,._.(.,+l). 

!..- .... (.,). 

s 4 19 IXHr .... (111+ 1). 
IXk .... (111). 

s 4 19 IY!lr .... (1n+ 1). 
JYL,. .... ( .. ). 



(3) Block Transfer 
Operation Addreallinl 

MNEMONICS OP-code - Illll!D EXT IND REG REGI DIP REL 
Block 
Transfer CPD 11 101 101 s s 
S-rch 10 101 001 
Data 

CPDR 11 101 101 s s 
10 111 001 

CPI 11 101 101 s s 
10 100 001 

CPIR 11 101 101 s s 
10 110 001 

LDD 11 101 101 SID 
10 101 000 

% 

~ 
(') 

:!: 
w -

No.of No.of 
Operation 

Bytea Sta tea 

2 

2 

2 

2 

2 

12 Ar-(HL),. 
ec..-1-+BC. 
L-l-+111. 

14 SC..'11=0 Ar'll=(HL),. 
12 SC..=0 or A..= (Ill.). 

[Ar-(HL),. 
Q ac.-1-+ac. 

HL..-l-+111. 
. Repeat Q until 
Ar=(HL),. or BC.=< 

12 Ar-(HL),. 
BC.-1-+ac. 
L+l-+HL.. 

14 ac.-.o A..•(HL),. 
12 SC..=O 'or Ar=(HL). 

[Ar-(HL),. 
Q ac.-1-+ac. 

HL..+l-+111. 
Repeat Q until 
Ar11(HL),. or BC.•C 

12 (HL),.-+(DE),. 
ac.-1-+BC.. 
Dl!.-1-+DI!. 
HL..-1-+HL.. 

<D P/V=O : BC.-1=0 
P/Y=l : ec.-1 .. 0 

~ Z=l : Ar=(HL),. 
Z=O : Ar"" (HL),. 

Fl.q 
7&4].10 
S Z H P/V N C 
~ <D 

tttts· 

~ <D 
t t t t s . 

~ <D 
t t t i s . 

~ <D 
tttts· 

<D 
R t R • 



w 

"' ::c 
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~ 
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Operation 

name 
Block 
Transfer 
Search 
Data 

MNE).!ONICS 

LDDR 

LOI 

LDIR 

Addreasinc 
OP-code 

IMM ED EXT IND REG REGI IMP REL 
11 101 101 SID 
10 111 000 

' 
11 101 101 SID 
10 100 000 

11 101 101 SID 
10 110 000 

No,o~ No.of 
Operation 

Byt~ States 
2 14Cac. .-oi (HL).-.. (DE). 

12(SC.=0) Q SC.-1->SC. 
DE.-1->DE. 
111..-1->Hl.. 

Repeat Q until 
SC.=0 

2 12 (HL).->(DE). 
SC.-1->SC. 
DE.+1->0E. 
111..+l-+HL. 

2 14(SC. .-oi 

[""'-~"''" 12(SC.=O) Q SC.-1->SC. 
DE.+1->DE. 
Hl..+l->111.. 

Repeat Q until 
SC.=0 

<Il PIV=O : BC.-1=0 
PIV=l : ec.-1.-0 

Flag 
7 6 4 2 1 0 
s z H PIV N C 

R R R 

(1) 

R t R 

R R R 
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(4) Stack and Exchange 
oPeration 

MNEMONICS OP-code 

nuit 
PUSH PUSH zz 11 zzO IOI 

PUSH IX 11 011 101 
11 100 101 

PUSH IY 11 Ill 101 
11 100 101 

POP POP zz 11 zzO 001 

POP IX 11 Oil 101 
11 100 001 

POP IY 11 111 IOI 
11 100 001 

Elchan1e EX AF,AF' 00 001 000 
EX DE,HL 11 101 011 
EXX 11 011 001 

EX (SP).HL 11 100 Oil 

EX (SP), IX II Oil IOI 
II 100 011 

Addreuinc 

IllllED EXT IND REG Rl!GI 
s 

D 

I I j_ 

No.of No.of Flaa 
Operation 7 6 4 z 1 0 

IMP REL By tea State1 S Z H P/V N C 
D I 11 zzt, ... (SP-Z). 

zzllr. ... (SP-1). 
SP.-2 ... SP. 

S/D z 14 IXL,_,. (SP-2). 
IXHr_,. (SP-1). 
SP.-2 ... SP. 

S/D 2 14 IYLr ... (SP-2). 
IYl!r ... (SP-1)" 
SP.-2 ... SPo 

s I 9 (SP+l) .... zzllr 
(SP) .... zzt, 

SP.+2 ... SPo 
S/D 2 12 (SP+l) .... IXl!r 

(SP) .... IXLr 
SP.+2 ... SPo 

S/D z 12 (SP+l) .... IYHr 
(SP) .... IYLr 
SP.+Z ... SP. 

S/D I 4 AF.-AF.' 
SID I 3 DE.-HL. 
SID I 3 ec.-ec.· 

DE.-DE.' 
HL.-HL.' 

S/D I 16 Hr-(SP+I). 
Lr-(SP). 

I S/D 2 19 IXHr- (SP+ I). 
I IXLr-(SP). 



w 

"" :c 
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Operation 

name 
Exchange 

MNEMO~ICSI OP-code 

EX (SP),IY jilii1 IOI 

111 100 011 

I 

Addressing I No.of ' 

I '""'"ff'' :;: I "" I ";" I 
I : I I I 

I I I I I 
I . I I 

I 
I 

I 
l 

No.of f 

f Operation ! 7 
Statesj__ ls 
ig-TIYif, ... (SP+I). I . 

I '"·-,.,, . 

I 

I 

Flag 
6 4 2 I 0 
Z H P/V N C 
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3. Progra• Control Instructions 

Operation Addreaainl No.of I No.of Flac 
MNEMONICS! OP-code Operation - I!lllED I EXT I IND I REG I REG! I IMP I REL I Bytes I States 

764210 
S Z H P/V N C 

Call 

J1111P 

CALL m 11 001 101 
< n > 
( • > 

CALL f ,m I 11 f 100 

DJNZ j 

< n > 
( • > 

00 010 000 
( j-2 > 

JP f ,m I 11 f 010 
< n > 
( • > 

JP m I 11 000 011 

JP (HL) 
JP (IX) 

JP (IY) 

< n > 
( • > 
11 101 001 
11 011 101 
11 101 001 
11 lll 101 
11 101 001 

D I I I I I 3 I 16 I PCH.- .... (SP-1). 

D 

D 

D 

D 
D 

D 

PCl.r .... (SP-2). 
...... PC. 

3 I 6(f :falae*ontlnue:f i1 trull • • • 
~6(f :true) pu. m:f ia falN 

2 
2 

9 
7 

6 
9 

9 

(Br '11:0) 
(Br =O) 
Br-1 .... llr 
continue:Br=O 
PC.+j .... PC. :Br'lf:O 

(f :falee) 
(f :true) 
...... PC. :f ia true 
continue:f is 
fa lee 

...... PC. 

HL. .... PC. 
IX. .... PC. 

IY ..... PC. 



-w 
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Operation 

= nue 

Return 

MNEMONICS! OP-code 

JR j I 00 011 000 

JR C,j 

JR NC,j 

JR Z,j 

JR NZ,j 

Rl!T 

Rl!T f 

RETI 

RETN 

( j-2 ) 
00 Ill 000 
( j-2 ) 

00 110 000 
( j-2 ) 

00 101 000 
< j-2 ) 

00 100 000 
< j-2 ) 

11 001 001 

11 f 000 

11 101 101 
01 001 101 
11 101 101 
01 000 101 

Addreasing No.of No.of 
Operation 

IMMED I EXT I IND I REG I RBGI I IMP I RE!L I Bytes States 

0 

D 

D 

D 

D I 2 PC.+j ... PC. 

D 

D 

D 

D 

continue:C=O 
PC.+j ... PC. :C=l 

continue:C=l 
PC.+j .... PC. :C=O 

continue: Z=O 
PC.+j .... PC. :Z=l 

continue:Z=l 
PC.+ j .... PC. :Z=O 

1 I 9 ~SP).-+PCL.-
(SP+ l) ..... PCHr 

l ~(f :false) tinue:f is fal58 
1 ~O(f :true) l!T :f is true 

12 

12 

Return fro• 
interrupt 
Return fro• 
non-aaakable 
interrupt 

Flag 
764210 
S Z H P/V N C 



Operation I Addreuina No.of No,of Flaa 
MNEMONICS OP-code Operation 7 6 4 2 1 0 

naa IMNl!D EXT IND REG REGI DIP REL B~tea Sta tea S Z ff P/Y N C 
Reatart RST v 11 v Ill D 1 11 PCllr -t (SP..1). 

PCLr-t (SP-2). 

I 
0-tPCHr 
v-+PCLr 

i 

I 

l: 

~ 
~ 

I 
~ 
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4. I/0 Instructions 

Operation 
MNEMONICS 

na• 
INPUT IN A,(•) 

IN g, (C) 

INO g, (•) 

IND 

INDR 

OP-code 

11 011 011 
< • > 

11 101 101 

01 ' 000 

11 101 101 
00 c 000 
< I > 

11 101 101 
10 101 010 

11 101 101 
10 lll 010 

Addressing 

IIUIED EXT IND REG REG! IMP 
D 

D 

D 

D 

D 

IO 
s 

s 

s 

s 

s 

No.o~ No.of 

Byt~ States 
z 

z 

3 

2 

2 

9 

9 

12 

12 

14(8-*0) 
~2(8-=0) 

(al Z=l 
Z=O 

@ N=l 
N=O 

Operation 

(A•) I -+Ar 
•-+A,·A, 
A,-+A,,•Au 
(BC) I -+g,. 
c=l10: Only the 
flags vill 
change. 
C..-+Ao·A, 
8--+Ao·Au 
(OO•h -+g,. 
c=llO: Only the 
flags vill 
chance. 
1-+Ao-A, 
oo-+A8 -A11 

(BC) I -+(HL)" 
Ht.-1-+HI. 
s-+-•8-
C..-+Ao·A, 
8--+Ao ·Au 

[(BC) I -+ (HL)" 
Q HL.-1-+HL. 

8--1-+8-
Repeat Q until 
8-=0 
C..-+Ao·A, 
8--+A.·Au 

e,-1=0 
e,-1 'll=O 
MSB of Data= 1 
MSB of Oata=O 

Flag 
7 6 4 z 1 0 
s z H P/V N c 

t t R p R 

t t R P R 

<3) @ 

x t x x t x 

@ 

x s x x t x 



-
Operation Addre•ainc 

MNEMONICS OP-code - Illlll!D EXT IND REG RF.GI DIP IO 

!III 11 101 101 D 5 
10 100 010 

INIR 11 101 101 D 5 
10 110 010 

% 

~ 
~ 
~ 

No.Oi No.of Flq 
Operation 764210 

8)'tet State• S Z _H P/V N C 
~ ® 

2 12 (BC). -+(ID.). x t x x t x 
Ill.+ 1-+HL. 
llr-1-+llr 
Cr ...... ,, 

llr-+A.•Au ® 
2 ~4(11roit0) [(BC). ... (ID.). x sx x t x 

~Z(llr=O) Q HL.+1-+HL. 
llr·l-+llr 

Repeat Q Wltil 
llr=O 
Cr ...... ,, 
e,. ......... 

~ Z•l 
Z=O 

® N=l 
N=O 

Br-1•0 
Br-l '11< 0 
MSB of Data=! 
MSB of Data=O 



~ 
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Operation 

na• 
OUTPUT 

\'l:if:MO'.'>:ICS 

OUT (1),A 

OUT (C) ,g 

OUT0(1) ,g 

OTill 

' 

OTOOi 

OTDM 

OP-,code 

11 010 011 
< I > 

11 IOI IOI 
01 I 001 

11 101 101 
00 I 001 
< • > 
11 IOI IOI 
10 000 011 

11 101 101 
10 010 011 

11 101 101 
10 001 011 

Addressing 

IlfMED BXT IND REG REG! IMP IO 
s D 

s D 

s D 

s D 

s D 

s D 

No.Qii No.of Flag 
Operation 7 6 4 2 1 0 

Byt!!!i States s Z ff P/V N C 
2 10 Ar .... (A1), 

•,..Ao·A, 
Ar .... Ao·Au 

2 10 &r,..(BC), 
C.. .... Ao·A, 
Br-+A1 •A11 

3 13 g,.-+(001), 
1->A,·A, 
oo_.A .... Au ® (j) 

2 14 (HL).-+ (OOC), ! t t p t t 
HL.•1-+HL. 
C..+1-+C.. 
Br-1-+Br 
C..-+Ao·A, 
oo_.A, ... A11 ~ 

2 ~6(8r:l:O) ['"-'-~'""''' R S R S l R 
14(8r=O) Q HL.+1-+HI. 

C..+1->C.. 
Br-1 .... Br 

Repeat Q until 
Br=O 
C..-+Ao-A, 
oo-+Ao-Au ® © 

2 14 (HL) ..... (OOC), x t x p x t 
HL.-1-+HL. 
c..-1 .... c,. 



Operation Addresain1 No,;;i 
MNEMONICS OP-code 

n .. IllNl!D EXT IND REG REG! IMP IO Byte• 

OTOllR 11 101 101 s D 2 
10 OU 011 

OTIR 11 101 101 s D 2 
10 110 011 

OOTI 11 101 101 s D 2 
10 100 011 

omR 11 101 101 s D 2 

::c 10 111 011 

~ 
C') 

~ 
I>--

No.of 

Statea 

~S(Br*O) 
~4(8r=O) 

14(Br*O) 
~2(8r=O) 

12 

~4(Br*O) 
~2(8r=O) 

Operation 

Br-1-+Br 
C,.-+A,,-AT 
oo ... A.-Au 

['"-'·~'""'· Q HL..-1-+HL. 
C,.-1-+C,. 
Br-1-+Br 

Repeat Q until 
Br=O 
C,.-+Ac,-AT 
oo-+Ae-Au 

[ (HL) ..... (BC) I 

Q HL.+1-+HL. 
e..-1 ... e.. 

Repeat Q until 
Br=O 
C,.-+A.-AT 
Br-+A.-Au 
(HL) .... (BC) I 

Hl.+l-+HL. 
Br-1-+Br 
C,.-+A,,-AT 
0..-+A.-Au 

[ (HL) ..... (BC) I 

Q HL.-1-+HL. 
Br-1-+Br 

Repeat Q until 

Br-1=0 
Br-1"*0 

Flac 
7 6 4 2 l 0 
S Z H P/V N C 

ill 
R S R S t 0 

~ 
x s x x t x 

(3) ill 
x t x x t x 

Ill 
x s x x t x 

13> Z= l 
Z•O 

© N•l 
N•O 

MSB of Data=! 
MSB of Data=O 



""' "' :::c 

~ 
() 

~ 

Operation 

ns• 
MNEMONICS 

oum 

TSTIO a 

OP-code 

11 101 101 
10 101 011 

11 101 101 
01 110 100 
< • ) 

Addreesin1 No,o~ 

IllMl!D BXT IND REG REG! IllP IO Byt«:!'j 

s D 2 

s s 3 

No.of 
Operation 

States 
S,.=0 
C..-+Ao-A, 
S,.-+A1 -Au 

12 (HL).-+ (BC) I 

HL.-l-+111.. 
S,.-1-+S,. 
C..-+A.,-A, 
S,.-+A,-A .. 

12 (OOC) I •• 

C..-+A.-A, 
co-+Ae-A1s 

GP Z=l 
Z=O 

ill N=l 
N=O 

e.-1=0 
e.-1.-0 
MSB of Data=! 
MSB of Data=O 

nas 
7 6 4 2 1 0 
s z H P/V N C 

(!) ill 
x t x x t x 

t t s p R R 
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5. Special Control Instructions 

Operation 
MNEMONICS OP-code 

nue DIMEO 
Special Oil 00 100 111 
Function 

Carry CCF 00 111 111 
Control SCF 00 110 111 
CPll DI 11 110 011 
Control l!I 11 lll 011 

HALT 01 110 110 
IllO 11 101 101 

01 000 110 
Illl 11 101 101 

01 010 110 
IM2 11 101 101 

01 011 110 
NOP 00 000 000 
SLP 11 101 101 

01 110 110 

AcldreHin1 

EXT IND REG REGI IMP REL 
S/D 

• 
• 
• 
• 
• 
• 
. 
. 
• . 

No.of No.of F'lac 
Operation 7 6 4 2 1 0 

Bytes States s z ff P/V N c 
1 4 Deci.al x x x p x 

Adjust 
Accu1111lator 

1 3 c-.c R R l 
l 3 l~c R R s 
1 3 o~IEF 

1 3 l~IEF 

1 3 CPU halted 
2 6 Interrupt 

llOdeO 
2 6 Interrupt 

llOdel 
2 6 Interrupt 

llOde2 
1 3 No operation 
2 8+ Sleep 



B. Instruction Summary in Alphabetical Order 

MNl·:MONJ('S No of bytes No of Nachine No of states 

ADC A,• 2 2 6 

ADC A,g I 2 4 

ADC A, (HL) I 2 6 

ADC A, (IX+d) 3 6 14 

ADC A, (IY+d) 3 6 14 

ADD A,• 2 2 6 

ADD A,g 1 2 4 

ADD A, (HL) I 2 6 

ADD A, (IX+d) 3 6 14 

ADD A, (IY+d) 3 6 14 

ADC HL,vv 2 6 10 

ADD HL,ww 1 5 7 

ADD IX,u 2 6 10 

ADD IY,yy 2 6 10 

AND • 2 2 6 

AND g 1 2 4 

AND (HL) 1 2 6 

AND (Il+d) 3 6 14 

AND (IY+d) 3 6 14 

BIT b, (HL) 2 3 9 

BIT b, (IX+d) 4 5 15 

BIT b, (IY+d) 4 5 15 

BIT b,g 

I 
2 2 6 

CALL f,•n 3 2 6 

(If condi tlon is false) 

3 6 16 

I (If condition ia true) 
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MN~:MONICS No of bytes No of llachine No of states 

CALL 1111 3 6 16 

CCF 1 1 3 

CPD 2 6 12 

CPDR 2 8 14 

(If BC. '¢D and Ar'¢ (HL)") 

2 6 12 

(If BC.=0 or Ar=(HL)") 

CP (HL) 1 2 6 

CPI 2 6 12 

CPIR 2 8 14 

(If BC. '¢0 and Ar'¢ (HL)") 

2 6 12 

(If BC.=0 or Ar=(HL)") 

CP (Il+d) 3 6 14 

CP (IY+d) 3 6 14 

CPL 1 1 3 

CP • 2 2 6 

CP & 1 2 4 

DAA 1 2 4 

Dl!C (HL) 1 4 10 

Dl!C II 2 3 7 

Dl!C IY 2 3 7 

Dl!C (IJl+d) 3 8 18 

Dl!C (IY+d) 3 8 18 

Dl!C & 1 2 4 

Dl!C •• 1 ·2 4 

DI 1 1 3 
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MNEMONICS No of bytes No of llachine No of states 

DJNZ j 2 5 9 (If O,.'¢ 0) 

2 3 7 (If Br= 0) 

l!I I I 3 

l!X Al',AI'' I 2 4 

l!X Dl!,HL I I 3 

l!X (SP) ,HL I 6 16 

l!X (SP),IX 2 7 19 

l!ll (SP) ,IY 2 7 19 

l!XX I 1 3 

HALT I 1 3 

IllO 2 2 6 

1111 2 2 6 

IllZ 2 2 6 

INC 1 1 2 4 

INC (HL) 1 4 10 

IllC (IJl+d) 3 8 18 

INC (IY+d) 3 a . 18 

INC n 1 z 4 

INC IX 2 3 7 

INC IY 2 3 7 

IN .A,(•) 2 3 9 

IN g, (C) 2 3 9 

INI 2 4 12 

INIR 2 6 14 (If Br '¢0) 

2 4 12 (If Br=O) 

IND 2 4 12 

INDR 2 6 14 (If 8r'¢0) 
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MN~:MONICS llo of b:rtem No of Machine llo of •tetee 

INDR 2 4 12 (If Br=O) 

IND I•(•) 3 4 12 

JP f,.,. 3 2 6 

(If f is false) 

3 3 9 

(If f is true) 

JP (HL) 1 I 3 

JP (IX) 2 2 6 

JP (IY) 2 2 6 

JP mn 3 3 9 

JR Z,j 2 2 6 

(If condition is false) 

2 4 8 

(If condition is true) 

JR C,j 2 2 6 

(If condition is false) 

z 4 a 

(If condition is true) 

JR j 2 4 a 
JR NC,j 2 2 6 

(If condition le false) 

2 4 a 
(If condition is true) 

JR llZ,j 2 2 6 

(If condition ie false) 

2 4· a 

(If condition le true) 

HITACHI 147 



MN~:MONICS No of bytes No of llachine No of states 

LD A, (BC) l 2 6 

LD A,(DE) I 2 6 

LD A,I 2 2 6 

LD A, (•n) 3 4 12 

LD A,R 2 2 6 

LD (BC) ,A l 3 7 

LDD 2 4 12 

LD (DE),A I 3 7 

LD vv.•n 3 3 9 

LD vv,(•n) 4 6 18 

LDDR 2 6 14 (If BC. *D) 

2 4 12 (If BC.=0) 

LD (HL),• 2 3 9 

LD HL,(mn) 3 5 15 

LD (HL) ,g I 3 7 

LDI 2 4 12 

LD I,A 2 2 6 

LDIR 2 6 14 (If BC. *D) 

2 4 12 (If OC.=0) 

LD IX,•n 4 4 12 

LD IX.(mn) 4 6 18 

LD (IX+d),• 4 5 15 

LD (IX+d),g 3 7 15 

LD IY,mn 4 4 12 

LD IY,(mn) 4 6 18 

LD (IY+d),• 4 5 15 

LD (IY+d),g 3 7 15 
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MN~:M<lNICS No of brte• No of llachlne llo of states 

LO (an),.A 3 5 13 

LO (an),•• 4 7 19 

LO ( ... ),HL 3 6 16 

LO ( ... ),II 4 7 19 

LO (an),IY 4 7 19 

LO R,A 2 2 6 

LO g, (HL) l 2 6 

LO g,(IX+d) 3 6 14 

LD g,(IY+d) 3 6 14 

LD g,a 2 2 6 

LD g,g' l 2 4 

LD SP,HL I 2 4 

LD SP,IX 2 3 7 

LD SP,IY 2 3 7 

llLT vv 2 13 17 

Nl!G 2 2 6 

NOP 1 l 3 

DR (HL) l 2 6 

DR (IX+d) 3 6 14 

OR (IY+d) 3 6 14 

OR • 2 2 6 

OR c I 2 4 

OTDll 2 6 14 

OTDllR 2 a 16 (If Br"" 0) 

2 6 14 (If Br=O) 

OTDR 2 s· 14 (If Br oloO) 

2 4 12 (If llr=O) 
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MNEMONICS No of bytes lfo of llachlne No of states 

OTill 2 6 14 

OTillR 2 8 16 (If Br*O) 

2 6 14 (If B..=O) 

OTIR 2 6 14 (If Br *D) 

2 4 12 (If B..=O) 

OUT (C),g 2 4 10 

OUTD 2 4 12 

OUTI 2 4 12 

OUT (•),A 2 4 10 

OUTO (•),g 3 5 13 

POP II 2 4 12 

POP IY 2 4 12 

POP zz 1 3 9 

PUSH II 2 6 14 

PUSH IY 2 6 14 

PUSH zz 1 5 11 

RES b,(HL) 2 5 13 

RES b, (ll+d) 4 7 19 

RES b, (IY+d) 4 7 19 

RES b,g 2 3 7 

Rl!T 1 3 9 

Rl!T f 1 3 5 

(If condition ls false) 

I 4 10 

(If condition ls true) 

Rl!TI 2 4 12 

Rl!TN 2 4 1Z 
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MNEMONICS No of bytes No of Machine No of states 

RU 1 I 3 

RLCA 1 I 3 

RLC (HL) 2 5 13 

RLC (IX+d) 4 7 1& 

RLC (IY+d) 4 7 19 

RLC g 2 3 7 

RLD 2 a 16 

RL (HL) 2 5 13 

RL (IX+d) 4 7 19 

RL (IY+d) 4 7 19 

RL g 2 3 7 

RRA 1 1 3 

RRCA 1 1 3 

RRC (HL) 2 5 13 

RRC (IX+d) 4 7 19 

RRC (IY+d) 4 7 19 

RRC g 2 3 7 

RRD 2 8 16 

RR (HL) 2 5 13 

RR (Il+d) 4 7 19 

RR (IY+d) 4 7 19 

RR 11 2 3 7 

RST v 1 5 11 

SBC A, (HL) 1 2 6 

SBC A, (IX+d) 3 6 14 

SBC A, (IY+d) 3 6 14 

SBC A,• 2 2 6 
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MNEMCINICS No of bytes No of llachine No of states 

sec A,g 1 2 4 

sec HL,vv 2 6 10 

scr I 1 3 

SHT b, (HL) 2 5 13 

SHT b, (IX+d) 4 7 19 

SET b, (IY+d) 4 7 19 

SHT b,g 2 3 7 

SLA (HL) 2 5 13 

SLA (IX+d) 4 7 19 

SLA (IY+d) 4 7 19 

SLA Iii 2 3 7 

SLP 2 2 8 

SRA (HL) 2 5 13 

SRA (IX+d) 4 7 19 

SRA (IY+d) 4 7 19 

SRA Iii 2 3 7 

SRL (HL) 2 5 13 

SRL (IX+d) 4 7 19 

SRL (IY+d) 4 7 19 

SRL Iii 2 3 7 

sue (HL) 1 2 6 

sue (IX+d) 3 6 14 

sue (IY•d) 3 6 14 

sue • 2 2 6 

sue Iii I 2 4 

TSTIO a 3 4 12 

TST Iii 2 3 7 
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MN~:MONICS llo of bytes No of llachlne No of states 

TST • 3 3 9 

TST (HL) 2 4 10 

IOR (HL) 1 2 6 

XOR (IX+d) 3 6 14 

IOR (IY+d) 3 6 14 

XOR • 2 2 6 

XOR g 1 2 4 
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Table 1 HD64180 Op-code Map 
1st op-code 
Instruction format : ~ 

wv(LO=ALL) 
BC DE HL SP 

I (L0=~7) 

B D H (HL) 

~ 0000 0001 0010 0011 
0 0 l 2 3 

B 0000 0 NOP J)Nz j [R NZ, ~NC, 
c 0001 l LD vv,an 
D 0010 2 LD(vv) ,A _Et) _t:1111) 

,HL ,A 
E 0011 3 INC vv 
H 0100 4 INC I JNOTE!l 

L 0101 5 DEC I ;(NOTE!l 

(ID..) 0110 6 LD g,m :{NOTE!l 

A Olll 7 RLCA RU DAA SCF 
B 1000 8 WF,AI' JR j JIB Z,jjJ!_ C,j 
c 1001 9 ADD HL,n 

"' D 1010 A LD A, (wv) LO HL, LO A, 
(mi) (mi) 

E 1011 B DEC vv 
H 1100 c INC & 

L 1101 D D!!C I 
(ID..) lllO E LD g,m 
A llll F RRCA RRA CPL CCF 

0 l 2 3 
c E L A 

c(LO=H') 

B J D j H J (HL) 
0100 I 0101I0110 I Olll ;ooo 
4j5j6J7 8 

;!NCJrP.l 

LD g,s ~DD A 
,s 

:(N,CJ!E( :· .... : :::::~ (NOT~;2\ 

LO g,s ~DC A 
,s 

. ................. ........ 
(NOTE2) (NOTF::2l 

......... ...... .. ......... ...... 

4j5j6}7 8 
cJE}LlA 

1001 1010 1011 
9 A B 

~UB s ~ND s PR • 

INO'r82\ (NOTf:Zl (NOTF.21 
I 

~BC A ~OR s p s .. 
(Ntn'E2l (NOTE2\ (NOTE2l 

9 A B 

L0=0~7 

BC DE HL AF zz 
NZ NC PO p f 

OOH lOH 20H 30H v 
1100 1101 lllO 1111 
c D E F 

RET f 0 
POP zz l 
JP f,mn 2 

JP 1111 UT(•) L(SP) 01 3 
,A ,HL 

CALL f ,1111 4 
PUSH zz 5 

~DD A~ SUB •_IND • OR • 6 
RST v 7 

R!!T f 8 
R!!T EXX P(HLE~P, 9 

JP f,an A 
(Table2) IN A,(•) EXre,HI. El B 

CALL f ,an c 
ALLan {NOTE3l (Table3 I NOTE3) D 
~ A~BC A~R a CP a E 

RST v F 
c D E F 
z c PE M f 
08H 18H 28H 38H v 

L0=8~F 

fl 
0 
i' 
~ 
(!) 

s:: 
~ 



NOTE I) (HL) replaces g. 

2) (HL) replaces •· 

3) If DOH is supplemented as 1st op-code for the instructions which 
have HL or (HL) as an operand ln Table l, the instructions are executed 
replacing HL with IX and (HL) with (IX+d). 

ex. 22H 

i 
DOH 22H 

LO (mn), HL 

LO (mn), IX 

If FDH is supplemented as 1st op-code for the lnstructions which 
have HL or (HL) as an operand in Table 1, the instructions are executed 
replacing HL with IY and (HL) with (IY+d). 

ex. 34H 
i 

INC (HL) 

FDH 34H INC ( IY+d) 

However, JP (HL) and EX DE, HL are exception. 
Note the followings. 
If OOH is supplemented as 1st op-code for JP (HL), (IX) replaces (HL) 
as operand and JP (IX) is executed. 
If FDH is supplemented as 1st op-code for JP (HL), (IY) replaces (HL) 
as operand and JP (IY) is executed. 
Even if DOH or FDH is supplemented as lst op-code for EX DE, HL, HL is 
not replaced and the instruction is regarded as illegal instruction. 
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VI 

°' ::c 
~ 
(') 

iE 

Table 2 HD64180 Op-code Map 
2nd op-code 
Instruction format : ~ 

~ 0000 0001 0010 OOll 
0 1 2 3 

B 0000 0 
c 0001 1 
D 0010 2 
E 0011 3 
H 0100 4 RLC I RL g SU~ 
L 0101 5 

::; (HL) 0110 6 (NOTf.;[) !NlJ'rnJl (MYn:11 ... 
< A 0111 7 
II 

g B 1000 8 
c 1001 9 

w D 1010 A 
E 1011 B 
H 1100 c RRq RR g SRA g SRL g 
L 1101 D 

(HL) 1110 E <Nrn·1·:n !Nun:n (NOTEll 1,'J{YH:!l 

A ll11 F 
0 1 2 3 

b (L0=0--7) 

o I 2 l 4 i s 
0100J 0101} 0110 I 0111 

OJ2I4J6 
1000I100111010J 1011 

0 l 2.1 4 l 6 
1100} 1101IlllOJ1111 

4J5j6j7 Bj9JAJB CjDjEJF 

. BIT b,g RES b,g SET b,g 

.......... ,,, ............................ ········· ................•...••..•....... """"" ............................... 
rN(l'J'EU !NUH:ll 1Nf1ffrn . ......................................... .......................... ...... ..... ................ ...... .................. 

BIT b,g RES b,& SET b,g 

1N<Yrnll (N<JTEll !NOTE]) ... 

4J5}6J7 
lj3J5J7 

8 I 9 I A l B 
lj3J5J7 

CjDjEjF 
1}3J5J7 

b (LO=N) 

NOTE 1) If DOH is supplemented as 1st op-code for the instructions which have (HL) as 
operand in Table 2, the instructions are executed replacing (HL) with (IX+d). 
If FDH is supplemented as 1st op-code for the instructions which have (HL) as 
operand in Table 2, the instructions are executed replacing (HL) with (IY+d). 

t.+ 1 r-y-
~ 
~ 
~ 
f--s--1 
r--.r1 
~ 
~ 
f-4-, 

B 
~ 
tQ-1 
7 
~ 



l: 

~ 
~ 
ii: 
~ 

Table 3 HD64180 Op-code Map 
2nd op-code .. (LO=AU.) 

Instruction format : ED x x BCIDEIHLISP ::==:;:;;...... ________ ~ __ _.... __ __. __ _._ __ -1 

' (L0=0-7) 

BIDIHI IBIDIH 

Hl 0000 0001 0010 0011 0100 0101 0110 Olll 1000 1001 IOIO 1011 1100 1101 lllO llll 

LO 0 l 2 3 4 5 6 7 8 9 A B C D E F 

0000 0 INO 1, (•) IN 1. (C) J LOI LDIR 0 

0001 l OUTO (•) ,, J OUT(C) ,, I CPI CPIR l 

0010 2 sec HL,... INI INIR 2 

0011 3 LD (mn), vv OTIM _E!IMR OUTI OTIR 3 

0100 4 TSTs J!t(HL) NEG l TST•~I~ 4 

0101 5 RETN 5 

0110 6 IMO IMl j Jill 6 

Olll 7 µi I,Aj.D AJ RRD I 7 

1000 8 INO ,, (•) IN I• (C) LDD LDDR 8 

1001 9 OUTO (•) ,, OUT (C) ,, l f CPD CPDR 9 

1010 A 

1011 B 

HOO I C 

0 
c 

TST I 

l 

E 

ADC HL,vw 

LD vv, (1111) 

111.T vv 

RETI 

IM2 

D R,~A~ RLD 

2 I 3 I 4 5 6 I 7 

L I A I C E L I A 

& (L0=8-F) 

IND INDR A 

OTDM OTDM OUTD OTDR B 

8] 9 A B c I D I E I F 

c 
D 

E 

F 



D. Bus and Control Signal Condition in each Machine Cycle 

States - - - -
LT~ HAq Instruction 

eycle 
ADDRl!SS DATA RD VR Mil IOI! ST 

}st op-code !st 

ADD HL,wv NC1 T1 T, T, Address op-co<ltl 0 I 0 1 0 1 0 

NC, 

NC, Ti TiTi Ti 
1st op-code 1st 

ADD IX,u NC1 T1T,T, Address op-cod<j 0 1 0 I 0 1 0 

ADD IY ,yy 2nd op-code 2nd 

NC, T, Ta T, Address op-cod<j 0 1 0 1 0 1 1 

MC, 

KC0 TiTiTiTi 
!st op-code !st 

NC, T, T. T, Address op-code 0 I 0 I 0 1 0 
ADC HL,vv 2nd op-code 2nd 

SBC HL,vv MC, r, T. T, Address op-code 0 I 0 I 0 1 I 
MC, 

NC0 TiTiTiTi 
ADD A,g 

. 
ADC A,g !st op-code !st 

SUB g NC, T, T, T, Address op-code! 0 1 0 1 0 1 0 

sec A,1 
AND g 

OR g 
XOR g NC, Ti 

CP I 
ADD A,• 

ADC A,• 1st op-code !st 

sue • NC, T,T,T, Address op-code! 0 1 0 1 0 1 0 

sec A,• 

AND • 

OR • 1st operand 

XOR•,CP• NCa r, T, T, Address • 0 1 0 1 1 1 1 
ADD A, (HL) 
ADC A, (HL) !st op-code lat 

SUB (HL) NC, T, r, T, Address op-code! 0 1 0 I 0 1 0 
sec A, (HL) 

AND (HL) 
OR (HL) 

XOR (HL) NC, T, T, r, HL DATA 0 I 0 I I 1 1 
CP (HL) 

ADD A, (IX+d) !st op-code tst 
ADD A, (IY+d) NC, r, T, T, Address op-code! 0 I 0 1 0 1 0 
ADC A, (IX+d) 
AOC A, (IY+d) 
SUB (IX+d) 2nd op-code 2nd 
SUB (IY+d) NC, T, Ta T, Address op-code 0 I 0 1 0 1 I 
sec A, (IX+d) 
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~ycle 
States 

DATA 
- -

Ill! IDE Uii ~ Inatructlon ADDRESS RD VR ST 

AND (IX+d) 1st operand 
AND (IY+d) NC, T, T, T, Address d 0 1 0 1 1 1 1 
OR (ll+d) 
OR (IY+d) 11c. 
XOR (IX+d) 11c. TiTi 
XOR (IY+d) 
SBC A, (IY+d) 
CP (IX+d) IX+d 
CP (IY+d) llC. r,r.r. IY+d DATA 0 1 0 1 I I 1 

!st op-code 1st 
llC, r, r. r. Address op-co~ 0 I 0 I 0 I 0 

BIT b,g 2nd op-code 2nd 
llC, r, r. r. Address op-cod~ 0 I 0 1 0 I I 

lat op-code 1st 
llC, r, T, T. Address op-code 0 I 0 I 0 1 0 

2nd op-code 2nd 
BIT b, (HI.) 11c. T1.TaTa Address op-cod~ 0 I 0 I 0 1 I 

llC, T, r. r. HI. DATA 0 I 0 I I I I 
lat op-code 1st 

llC, T,r.r. Address op-code 0 I 0 I 0 I 0 
2nd op-code 2nd 

llC, T, r. r. Addresa op-code 0 I 0 I 0 I I 
!st operand 

BIT b, (IX+d) llC, T, T, T, Address d 0 I 0 I I I 1 
BIT b, (IY+d) 3rd op-code 3rd 

11c. T 1. Ta Ta Address op-co~ 0 I 0 I 0 I I 
IX+d 

llC, 11 Ta Ta IY+d DATA 0 I 0 I I I I 
1st op-code 1st 

llC, T, T, T, Address op-cod~ 0 I 0 I 0 I 0 
1st operand 

llC, T, r. T. Address n 0 1 0 I I 1 I 
2nd operand 

CALL 11n llC, T, T, T, Addre88 • 0 1 0 I I I 1 

11c. Ti 

11c. T, T, T, SP-1 PCH I 0 0 I I I I 

11c. Ta Ta Ta SP-2 PCI. I 0 0 I 1 1 I 
1st op-code !st 

CAI.I. f •. •n llC, T1 Ta Ta Address op-cod~ 0 I 0 1 0 l 0 
(If condition 1st operand 
is false) 11c. r, r. r. Address n 0 I 0 1 1 1 1 
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Instruction ~ycle 
States 

ADDRl!SS DATA Ro iR NI! IOI! ~ iili'i ST 

1st op-code 1st 
NC, r.r.r. Address op-cod~ 0 1 0 1 0 1 0 

1st operand 

NC, T1 Ta T.~ Address n 0 1 0 1 1 1 1 
2nd operand 

CALL f ,.n !IC, T,T,T, Address • 0 I 0 I I I I 

(If condi tio~ 
is true) HC. Ti 

NC, T1 T, T, SP-I PCH I 0 0 I I I I 

HC. Ti. Tz T3 SP-2 PCL I 0 0 I I I I 

!st op-code bt 

CCF NC1 T1 T, T3 Address op-co<!e 0 I 0 I 0 I 0 
!st op-code !st 

HC, r.r.r, Address op-code! 0 I 0 1 0 I 0 
2nd op-code 2nd 

HC, T1 T, T, Address op-co<!!' 0 I 0 I 0 I I 
CPI 

CPO NC, T1 T, T3 HL DATA 0 I 0 I I I I 

NC. 

NC. TiTiTi 
1st op-code !st . 

NC1 T, T, T, Address op-code 0 I 0 1 0 I 0 
CPIR 2nd op-code 2nd 

CPDR NC, T1 T,T, Address op-cocltj 0 I 0 I 0 I 1 
(If BC. .. o and 

A ... (HL),.) NC, T,T,T, HL DATA 0 I 0 1 I I I 
NC. 

l!_iti Ti Ti!! NC0 

lat op-code lat 

NC, r,r,r. Address op-cod~ 0 I 0 I 0 l 0 
CPIR 2nd op-code 2nd 
CPOR NC, T, T, T, AddreH op-cod~ 0 I 0 1 0 1 I 
(If BC.=O or 

A.=(HL),.) NC, T, T, T, HL DATA 0 1 0 1 I I 1 
NC. 
NC0 TiTiTi 

CPL !st op-code lat 
llC, T, T, T, AddreSB op-cod-" 0 I 0 I 0 I 0 

!st op-code !st 
DAA NC, T, T, T, Address op-codfj 0 1 0 I 0 I 0 

NC. Ti 
DI !st op-code lat 

NC, T, T, T, Addre98 op-c~ 0 1 0 1 0 1 0 
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States 
DATA 

- ii - ~ Hill Instruction ~ycle ADDRllSS RD NI! IOI! ST 

lst op-code lst 

NC1 T1 Ta T:11 Address op-cod~ 0 1 0 l 0 1 0 

DJNZ j NC, Ti 
(If 11r .. o> lst operand 

NC. r. r. r. Address j-2 0 l 0 l l l 1 
NC. 
NC5 TiTi 

1st op-code 1st 
DJNZ j NC1 Ta Ta T:11 Address op-co~ 0 1 0 1 0 I 0 
(If llr=O) ~Ti 

lat operand 

NC. r. r. r. Addre98 j-2 0 I 0 I I I l 

l!I 1st op-code !st 
NC1 r, r. r. Address op-cod~ 0 I 0 I 0 1 0 

EX Dl!,HL lat op-code 1,.t 
EIX NC, T, T, T, AddreH op-code 0 I 0 I 0 I 0 

lat op-code 1st 
l!X AF,AF' NC, T, T, T, Address op-code 0 I 0 I 0 I 0 

NC, Ti 
1st op-code 1st 

llC1 r, r. r. Address op-co~e 0 I 0 I 0 I 0 

NC, r, r. r. SP DATA 0 I 0 I I I I 

l!X (SP) ,HL NC. T, T, T, SP+l DATA 0 I 0 I I I I 

11c. Ti 

NC. r, r, r. SP+l ff I 0 0 I I I I 

llC. T, T, T. SP L I 0 0 l I I I 
1st· op-code lst 

NC1 T, T, T. Address op-code 0 I 0 I 0 I 0 
2nd op-code 2nd 

11c. T, r. r. Address op-cod~ 0 1 0 1 0 I 1 

11c. T1 T, T. SP DATA 0 I 0 I 1 l I 
l!I (SP) ,IX 

l!ll (SP) ,IY 11c. r, r. r. SP+l DATA 0 I 0 I I I I 

11c. Ti 
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Instruction 

EX (SP), IX 

EX (SP), IY 

HALT 

INC g 

DEC g 

INC (Ht) 
DEC (HL) 

INC (Il+d) 

INC (IY+d) 

DEC (U+d) 
DEC {IY+d) 

INC n 

DEC vv 

INC Ill 
INC IY 
Dl!C Ill 
Dl!C IY 
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~ycle 
States 

ADDRESS DATA RD VR iffi IOE ! UR Im" ST 

NC, T, r. r, 

PIC. T, r. r, 

SP+! 

SP 
1st op-code 

Address 

!st op-code 

Address 
2nd op-code 

Address 
1st op-code 

,_ll_C~1,_T~1~T~• _T ·~_._Address 

MC, Ti 

IXH 

IYH 
IXL 

IYL 

!st 

0 0 

0 0 

op-co~ 0 I 0 I 

(0) (!) (0) (!) 

!st 

op-co<!<J 0 

2nd 

op-co~ 0 
!st 

op-co~ 0 

0 

0 

0 

0 I 0 

(0) (0) <«!lJ 

0 0 

0 

0 0 

j Mr_ !st op-code !st 

~ T1 ~T,_-+-A_d_d __ r_es_s __ -+---o_p_-c_o_d--+-~-O-+-_l-+--_O-+-_l-+--O--+-~l--+-_o__, 

~c, I, r. T, H_L __ ~---+-DA_T_A_-+--_0-1--_1_+_0+-_1+--1-+-_l-+-_1---i 

t KC, Ti 

MC. T1 T, T, HL 
1st op-code 

Address 

DATA I 
!st 

op-co<!<J 0 
2nd op-code 2nd 

0 0 

0 0 0 

MC, T1 T,i:,~-+-Ad_d_r_e_ss __ _,_o_p_-_cod_d-+-e_O-+_t_,__o--+-_l--+-_O-+-_l--+_·_,1 
1st operand 

~!r!-~•_T_~·T~,~-+--A_d_d_re_s_s __ +-_d_--;1--0-+_l+-_o-+--_l-+--_l-1---l-+-l-1 
MC. 
PIC, TiTi 

PICT Ti 

11c, r, r. r. 
llCa Ti 

llC1 T1 Ta T, 

PIC, T, r. r. 
llC, Ti 

IX+d 

IY+d 

IX+d 

IY+d 

!st op-code 

Address 

!st op-code 

Address 
2nd op-code 
Address 

DATA 0 I 0 

DATA l 0 0 
!st 

op-cod~ 0 

!st 
op-cod~ 0 
2nd 
op-code o 

0 

0 

0 

I I I I 

l I I I 

0 0 

0 0 

0 



Instruction 
e;cle 

States 
ADDRl!SS DATA RD ii Ml! IOI! L~ iifil ST 

1st op-code 1st 
llC. T, T. T. AddreH op-cod• 0 1 0 1 0 1 0 

IN A,(e) lat operand 

NC. T, Ta T, Addreaa • 0 I 0 I 1 I 1 
• to Ao-A, 

NC. T, T. T, A to As-A11 DATA 0 I I 0 1 1 I 
lat op-code 1st 

llC, T, Ta T, Addresa op-code 0 1 0 1 0 I 0 
IN g,(C) 2nd op-code 2nd 

llC, T, Ts T, Address op-coclt!I 0 I 0 1 0 1 1 

NC, T, Ts Ta BC DATA 0 I 1 0 1 1 I 
!st op-code 1st 

NC, T, Ta T. Address op-cod~ 0 I 0 I 0 1 0 
2nd op-code 2nd 

INO 1, (•) NC. T, Ta Ta Address op-cod19 0 I 0 I 0 1 I 
lat operand 

11c. T, Ta T, Addresa • 0 I 0 I I I 1 
~ to A.-A, 

11c. r, r. r. ~H to A.-A., DATA 0 I 1 0 I 1 I 
1st op-code 1st 

llC, r, r. r. Address op-cod~ 0 1 0 1 0 I 0 
2nd op-code 2nd 

INI 11c. r, r. r. Address op-co~ 0 1 0 1 0 1 I 
IND 

11c. T, Ta T. BC DATA 0 1 1 0 I 1 I 

NC, T, Ta T, HL DATA I 0 0 1 I I I 
1st op-code !st 

NC, r. r. r. Address op-c~ 0 I 0 I 0 I 0 
2nd op-code 2nd 

INIR 11c. r, r. r. Address op-c~ 0 I 0 I 0 I I 
INDR 
(If Br *O) NC. T, r. r. BC DATA 0 I I 0 I I I 

11c. r, r. r. HL DATA I 0 0 I I I I 
llC, 
llC. TiTi 

1st op-code lat 
llC, r. r. r. Address op-cod~ 0 I 0 1 0 I 0 

INIR 2nd op-code 2nd 
INDR 11c. r. r. r. Address op-c~ 0 I 0 1 0 1 I 
(If Br:O) 

11c. t, r. r. BC DATA 0 I I 0 I I I 

11c. T, T, T, HL • DATA 1 0 0 1 1 1 1 
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Instruction ~ycle 
States 

ADDRl!SS DATA RD iii Ill! IOI! I~ iili1 ST 

1st op-code lat 

11c. r. r. r. Address op-cod~ 0 1 0 1 0 1 0 
1st operand 

JP mn 11c. r. r. r. Address n 0 1 0 1 1 1 1 
2nd operand 

11c. r. r. r. Addreas • 0 1 0 1 1 1 I 
lat op-code lat 

JP f,•n 11c. r. r. r. AddreH op-cod~ 0 1 0 1 0 1 0 
(If f is 1st operand 

false) 11c. r. r. r. Address n 0 1 0 1 1 1 1 
lat op-code 1st 

JP f,•n 11c. r. r. r. Addreas op-cod~ 0 1 0 1 0 1 0 
(If f la lat operand 

true) 11c. r. r. r. Address n 0 1 0 1 1 1 1 
2nd operand 

11c. r. r. r. Addreas • 0 1 0 1 I I I 
JP (HL) lat op-code !st 

11c. r, r, r. Address op-code 0 1 0 1 0 1 0 
!st op-code 1st 

JP (IX) nc. r. r. r. Address op-coclej 0 I 0 I 0 1 0 
JP (IY) 2nd op-code 2nd 

11c. r. r. r. Address op-cod~ 0 1 0 I 0 I I 
lat op-code lat 

11c. r. r. r. Address op-cod~ 0 I 0 1 0 1 0 
JR j 1st operand 

llC1 r. r, r. Address j-2 0 1 0 1 1 1 1 
11c. 

1-11c. TiTi 
pH C,j JR NC,_~ lat op-code lat 
PR Z,j JR NZ, -I 11c. r. r. r. Address op-co~ 0 1 0 I 0 I 0 
(If condition lat operand 

is false) 11c. r. r. r. Addreas j-2 0 I 0 1 1 I 1 
flR C,j JR NC, !st op-code 1st 
~R Z,j JR NZ, llC1 r. r, r. AddreH op-coclej 0 1 0 1 0 1 0 
(If condition lat operand 

is true) 11c. r, r. r. Address j-2 0 I 0 1 1 1 1 
11c. 
11c. TiTi 

lat op-code lat 
LD g,g' 11c. r. r. r. Add re BB op-cod~ 0 1 0 1 0 1 0 

11c. Ti 
lat op-code !st 

LD 1.• 11c. r. r. r. AddreH op-co~ 0 1 0 1 0 1 0 
lat operand 

11c. r. r. r. Address • 0 I 0 I 1 I 1 
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Instruction 
eycle 

States 
ADDRESS DATA iiD iii NI! IOI! ill ~ ST 

lat op-code lat 
LD g, (HL) NC, r, r. r. AddreH op-co~ 0 I 0 I 0 1 0 

NCa r. r. r. HL DATA 0 I 0 1 I 1 I 
lat op-code lat 

NC, r. r. r. Address op-co~ 0 I 0 I 0 I 0 
2nd op-code 2nd 

NCa r, r. r. Addreaa op-co~ 0 I 0 1 0 1 I 
LD g, (IX+d) !st operand 
LD g, (IY+d) NC, r. r. r. Address d 0 I 0 1 I I I 

NC. 
NC, TiTi 

IX+d 
NC. r, r. r. IY+d DATA 0 I 0 I I I 1 

!st op-code 1st 
NC, r. r. r. Address op-coc!tj 0 I 0 I 0 I 0 

LO (HL).g NC, Ti 
NC, 1, r. r. HL g I 0 0 I I I I 

lat op-code !st 
NC, r,r.r. Address op-co~ 0 1 0 1 0 1 0 

2nd op-code 2nd 
NC, T, T. T, Address op-code 0 I 0 I 0 1 I 

LD (IX+d).g 1st operand 
LD (IY+d) ,g NC, r, r. r. Addreaa d 0 I 0 1 I 1 I 

NC. 
NC. TiTiTi 

IX+d 
NC, 1, r. r. IY+d g I 0 0 I 1 1 1 

lat op-code !st 
NC, r, r. r. Addresa op-cod~ 0 1 0 I 0 I 0 

!st operand 
LD (HL).a NC. r, r. r. Address a 0 I 0 I 1 I 1 

Ne, r. r. r. HL DATA I 0 0 I 1 I I 
!st op-code 1st 

NC, r, r. r. Address op-cod~ 0 I 0 I 0 I 0 
2nd op-code 2nd 

MC, T1 T8 T, AddreH op-cod~ 0 I 0 1 0 1 I 
LD (IX+d) •• lat operand 

LD (IY+d).• NC, r, r. r. Address d 0 I 0 1 I I 1 
2nd operand 

NC. r, r. r. Address • 0 I 0 I I I 1 
IX+d 

NC, r, r. r. IY+d DATA 1 0 0 1 1 1 1 
LD A, (BC) 1st op-code lat 
LD A, (DI!) NC, r, r. r. Address op-coc!tj 0 I 0 1 0 1 0 
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Instruction 
eycle 

States 
ADDRl!SS DATA Rii iR "E IOE ~ ~ ST 

LD A, (BC) BC 
LD A, (DE) "c· T1 T, T, DI! DATA 0 1 0 I I I I 

!st op-code !st 

"C1 k_1 T1 l1 Address op-co~ 0 I 0 I 0 I 0 
!st operand 

"c, ~iTaTJI Address n 0 I 0 I I I I 
LO A,(mn) 2nd operand 

"c· _tt1 Ta TJI Address • 0 I 0 I I I I 

"c· [.. r. J31 •n DATA 0 I 0 I I I I 
!st op-code !st 

"c, ~. r. r. Address op-code 0 I 0 I 0 I 0 

LD (BC) ,A "c,[i 
LD (DE) ,A BC 

"c· t!J l1 l1 DE A I 0 0 I I I I 
!st op-code !st 

"c, ~.Ta f3 Address op-cod~ 0 I 0 I 0 I 0 
!st operand 

LO (mn),A "c, 1 Ta T:1 Address n 0 1 0 I I 1 I 
2nd operand 

"c, ~Tali Address • 0 1 0 I I I I 

"c.J!_i 

"c, .l!._1 Ta I:. •n A I 0 0 1 1 1 I 
LD A,I !st op-code lst 
LO A,R "c, ~Ta Ta Address op-cocl!! 0 I 0 I 0 1 0 
LO I,A 2nd op-code 2nd 
LO l(,A "c, ~r. rJI Address op-cocl!! 0 I 0 I 0 I I 

!st op-code !st 

NC1 tr.r. Address op-cocl!! 0 I 0 I 0 I 0 
1st operand 

LD vv,•n "c· ~r.r. Address n 0 I 0 I I I I 
2nd operand 

NC, [_,Ta Ta Address • 0 I 0 I I I I 
!st op-code !st 

"c, t_r.aT1 Address op-co~ 0 I 0 I 0 I 0 
2nd op-code 2nd 

LO IX,•n NC, ~r.r. Address op-cod<! 0 I 0 I 0 I I 
LO IY,•n !st operand 

"c· ~TaTa Address n 0 I 0 I I I I 
2nd operand 

NC. ~r.r, Address • 0 I 0 I I I 1 
1st op-code 1st 

LD HL, (mo) NC, ~Tala AddreH op-co~ 0 1 0 1 0 I 0 
!st operand 

NC, ~ r. r. AddreH n 0 I 0 I 1 I 1 
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Instruction ~ycl~ 
States 

ADDRESS DATA iiii ¥R ;rn JOE iTR HALlj ST 

2nd operand 

LO HL, (•n) MC, T, Ta T, Address • 0 I 0 I I I I 

MC. T1 T, T, •n DATA 0 I 0 I I I I 

MC, T1 T, T, •n•I DATA 0 I 0 I I I I 
1st op-code !st 

MC, T,T,T, Address op-co<lfi 0 I 0 I 0 I 0 
2nd op-code 2nd 

MC, T1 Ta T:1 Address op-co~ 0 I 0 I 0 I I 
LO vv, (•n) !st operand 

MC, T1 T, T, Address n 0 I 0 I I I I 
2nd operand 

MC. T1 T, T, Address • 0 I 0 I I I I 

MC, T1 Ta T:1 mn DATA 0 I 0 I I I I 

MCa T, T, T, •n•l DATA 0 I 0 I I I I 
)st op-code 1st 

MC, r,r,r, Address op-co~ 0 I 0 I 0 I 0 
2nd op-code 2nd 

MC, T1 Ta T:1 Address op-codej 0 I 0 I 0 I I 
LO IX, (•n) !st operand 

LO IY, (•n) MC, T, T, T, Address n 0 I 0 I I I I 
2nd operand 

MC. T1TaT:1 Address • 0 I 0 I I I I 

MC, T, T, T, 1n DATA 0 I 0 I I I I 

MC. T1 Ta T:1 •n+l DATA 0 I 0 I I I I 
!st op-code 1st 

MC, T1 T1 T:1 Address op-co~ 0 I 0 I 0 I 0 
1st operand 

MC, T1 T:a T:1 Address n 0 I 0 I I I I 

LO (•n) ,HL 2nd operand 

MC, T1 Ta T, Address • 0 I 0 I I I I 

MC. Ti 

MC, T1 T, T, •n L I 0 0 I I I I 

MCa T1 T, T, •n+l ff I 0 0 I I I I 
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Instruction ~ycle 
States 

ADDRESS DATA iiD iR iii! IOI! ill Hill ST 

!st op-code !st 

KC, T,T,T, Address op-co<f<l 0 I 0 I 0 I 0 
2nd op-code 2nd 

KC, T, T, T, Address op-co<f<l 0 I 0 I 0 I I 

LD (•n) ,vv !st operand 

KC, T,T,T, Address n 0 I 0 I I I I 
2nd operand 

KC. T, T, T, Address • 0 I 0 I I I I 

KC, Ti 

KC. T, r. r. •n vvL I 0 0 I I I I 

KC, T, T, T, •n+I vvH 1 0 0 1 I I I 
!st op-code !st 

KC, T, Ta T, Address op-co~ 0 1 0 I 0 I 0 
2nd op-code 2nd 

KC, T, T, T, Address op-code 0 1 0 I 0 I I 
LD (•n), IX !st operand 

LD (•n), IY KC, T, T, T, Address n 0 I 0 I I I I 
2nd operand 

KC. T,T,T, Address • 0 1 0 1 1 I I 

KC, Ti 
IXL 

KC. r, r. r. •n IYL 1 0 0 1 I I 1 
IXH 

NC, T, Ta T, •n•l IYH 1 0 0 I 1 1 1 
!st op-code 1st 

LD SP,HL NC, T, T, T, Address op-co<f<l 0 1 0 1 0 I 0 

NC, Ti 
lat op-code 1st 

NC, T, T, T, Address op-co<f<l 0 1 0 1 0 I 0 
LD SP,IX 2nd op-code 2nd 
LD SP,IY NC, r, r, r. Address op-co<f<l 0 I 0 1 0 I 1 

NC, Ti 
lat op-code !st 

NC, r, r. r. Address op-cod-" 0 I 0 I 0 I 0 
LOI 2nd op-code 2nd 
LDD NC, r, r. r, Address op-cod-" 0 I 0 I 0 I I 

NC, r, r. r, HL DATA 0 I 0 1 1 I I 

NC. r, r, r, DI! DATA I 0 0 1 1 1 1 
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Instruction ~ycle 
States 

ADDRl!SS DATA iffi iii iii! IOI! ~ HID ST 

lat op-code lat 
MC, r. r. r. Address op-cod_lj 0 1 0 1 0 I 0 

2nd op-code 2nd 

11c. r. r. r. Address op-cod_lj 0 1 0 I 0 I 1 
I.DIR 

I.DOR MC, r. r. r. HI. DATA 0 I 0 I I I I 
Of ec.,,,. o> 

11c. r. r. r. DI! DATA 1 0 0 1 I I I 
NC, 

-NC. TiTi 
lat op-code lat 

!IC, r. r. r. Address op-co~ 0 1 0 I 0 I 0 
2nd op-code 2nd 

I.DIR 11c. r, r. r. Address op-co~ 0 I 0 I 0 I I 
I.DOR 
(If BC.=O) NC, r. r. r. HI. DATA 0 I 0 I I I I 

NC. r. r. r. DI! DATA I 0 0 I I I I 
!st op-code lat 

!IC, r. r. r. Address op-co~ 0 I 0 I 0 I 0 
2nd op-code 2nd 

111.T vv 11c. r. r. r. Add re BS op-co«!!! 0 1 0 1 0 -1 1 
TiTiTi Ti 

NC, TiTiTi Ti 
11c .. TiTiTi 

NEG !st op-code 1st 
!IC, r, r. r. Address op-co~ 0 I 0 I 0 I 0 

2nd op-code 2nd 

11c. r, r. r. Address op-co~ 0 1 0 I 0 1 I 
NOP lat op-code 1st 

!IC, r, r. r. Address op-co~ 0 1 0 1 0 I 0 
1st op-code lat 

NC, r, r. r. Address op-co~ 0 1 0 1 0 I 0 
1st operand 

OUT (•),A NC, r, r. r. Address • 0 I 0 I 1 1 I 

NC0 Ti 
• to A.-A, 

NC. r, r. r. A to A0 -A,. A 1 0 1 0 1 I I 
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Instruction ~ycle 
States 

ADDRl!SS DATA RD iii iiH IDB ill lii"E ST 

lat op-code 1st 

NC, T, T. T. Address op-code 0 1 0 1 0 1 0 
2nd op-code 2nd 

OUT (C) ,g NCa T, r. r. Address op-code 0 1 0 1 0 1 1 

NC, Ti 

NC. T, Ta T, DC g 1 0 1 0 1 1 1 
1st op-code 1st 

NC, r, r. r. Address op-co~ 0 I 0 I 0 I 0 

OUTO (s) ,g 2nd op-code 2nd 

NC a r, T. T. Address op-coclej 0 I 0 I 0 I I 

lat operand 
NC, r, r. r. Address • 0 I 0 I I I I 

NC4 Ti 
• to A.-A, 

NC5 r, T. r. ~H to A.-A .. c 1 0 1 0 1 I I 
1st op-code !st 

NC, r, r. T, Add re as op-co~ 0 1 0 I 0 1 0 
2nd op-code 2nd 

OUTI NC a T, T. T. Address op-c~ 0 1 0 1 0 1 I 
OUTD 

11c. 1, 121, HI. DATA 0 1 0 1 I 1 1 

11c. 11 la1, DC DATA 1 0 1 0 1 1 1 
1st op-code 1st 

llC, T, r. r. Address op-cod_!j 0 1 0 1 0 1 0 
2nd op-code 2nd 

OTIR 11c. T, Ta T, Add re BS op-cod,_ 0 1 0 1 0 1 1 
OTDR 
(IF 8r'¢0) NC. r, r. r. HI. DATA 0 1 0 I 1 1 I 

11c. r, 1. r. DC DATA 1 0 I 0 I I 1 
llC, 

11c. nu 
lat op-code 1st 

NC, r, r. r. Address op-cod~ 0 I 0 1 0 1 0 
OTIR 2nd op-code 2nd 
OTDR NC, r, r. r. Address op-cod_!j 0 1 0 I 0 I I 
(If Br=O) 

NC, r. r. r. HI. DATA 0 1 0 1 1 1 1 

NC4 r, r. r. DC DAT.A 1 0 1 0 I I 1 
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Instruction 
States 

DATA Ro WR 
-

IOI! ill I~ ~ycle ADDRESS NI! ST 

!st op-code !st 

"c· r,r.r, Address _op-cod~ 0 I 0 I 0 1 0 
2nd op-code 2nd 

OTIN NC, T1 T, J, Address op-code 0 1 0 I 0 1 I 
OTDN 

NC, Ti 

NC. T1 T, T, HL DATA 0 I 0 I I I I 
C to A.-A, 

NC, T1 T, T, poH to A.-A11 DATA I 0 I 0 I I I 

NC, Ti 
!st op-code !st 

NC1 T1 T, T, AddreH op-code 0 I 0 I 0 I 0 
2nd op-code 2nd 

OTINR NC, T, T, T, Address op-cod'1 0 I 0 I 0 I I 
OTDNR 

(If Br*O) NC, Ti 

NC. T, T, T, HL DATA 0 I 0 1 I 1 I 
C to A.-A, 

NC, T1 T, T, poH to Ao-A11 DATA I 0 I 0 I I 1 
NC. 

NC0 TiTiTi 
!st op-code !st 

NC1 T1 T, T, Address op-cod~ 0 1 0 I 0 I 0 
2nd op-code 2nd 

OTINR MC, T1T• l1 Address op-co~ 0 I 0 I 0 I I 
OTDNR 

(If Br=O) NC, Ti 

NC. r. r. r. HL DATA 0 1 0 I I I I 
C to A.-A, 

NC, T1 T, T, ~H to A0 -A11 DATA I 0 I 0 I I l 

NC, Ti 
!st op-code !st 

NC1 Ts Ta Ta Address op-cod<( 0 I 0 1 0 I 0 

POP zz 

MC, r. T, r, SP DATA 0 1 0 1 1 1 I 

NC, T, T, J, SP+! DATA 0 1 0 1 I I I 
POP IX !st op-code !st 

POP IY NC, T1 T, T, Address op-cod@! 0 1 0 I 0 1 0 
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States 
ADDRl!SS DATA 

- - -
IOI! LIR Hill Instruction ~ycle RD VR NI! ST 

2nd op-code 2nd 

POP IX NC, r, r. r. Address op-co<I<! 0 I 0 I 0 I I 

POP IY 

NC, r, r. r. SP DATA 0 I 0 I I I I 

NC. r, r, r. SP+! DATA 0 I 0 I I I I 

!st op-code !st 

NC, r, r. r. Address op-codij 0 I 0 I 0 I 0 

NC, 
NC, TiTi 

PUSH zz 

NC. r, r. r. SP-I zzH I 0 0 I I I I 

NC, T, T, T, SP-2 zzL I 0 0 I I I I 

lst op-code 1st 

NC, T, T, T, Address op-cocl<! 0 I 0 I 0 I 0 
2nd op-code 2nd 

NC, r, r. r. Address op-code 0 I 0 I 0 I I 
PUSH IX NC, 
PUSH IY NC. Till 

IXH 

NC, T, T, T, SP-I IYH I 0 0 I I I I 

IXL 

NC. T, T, T, SP-2 IYL I 0 0 I I I I 

Is t . op-code 1st 
NC, T, J, T, Address op-cod!! 0 I 0 I 0 I 0 

Rl!T 

NC, T, T, T, SP DATA 0 I 0 I I I I 

llC, T,J,T, SP+I DATA 0 I 0 I I I I 
Rl!T f lst op-code !st 

(If conditi- NC~ T1 T, T, Address op-cod~ 0 I 0 I 0 I 0 
on is false) llC, 

NC, TiTi 
1st op-code !st 

NC, T,T,T, Address op-co'!!j 0 I 0 I 0 I 0 

Rl!T f NC, Ti 
{If conditi -
on is true) NC, T,T,J, SP DATA 0 I 0 I I I I 

NC. T, Ta T, SP+l DATA 0 I 0 I I I I 
!st op-code !st 

Rl!TI llC, T, T, T, Address op-co<llj 0 I 0 I 0 I 0 
Rl!TN 2nd op-code 2nd 

NC, T, T, T, Address op-codej 0 I 0 I 0 I I 
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Instruction 
eycle 

States 
ADDRESS DATA RD iif Kl! IOI! lrn HAQ ST 

Rl!TI !IC, r. r. r. SP DATA 0 1 0 1 1 1 1 
Rl!TN 

11c. r. r. r. SP+! DATA 0 I 0 I I I I 
RLCA 

RLA !st op-code !st 
RRCA llC1 r. r. r. Address op-code 0 I 0 I 0 I 0 
RRA 
RLC g !st op-code !st 

RL c llC1 r, r. r. Address op-cod~ 0 I 0 I 0 1 0 
RRC g 2nd op-code 2nd 
RR g 11c. r. r. r. Address op-cod_<! 0 1 0 I 0 I I 
SLA g 

SRA 1 11c. Ti 
SRL g 

lat op-code !st 
RLC (HL) llC1 r,r.r. Address op-codtj 0 I 0 I 0 I 0 
KL (HL) 2nd op-code 2nd 
RRC (HL) llC, r.r.r. Address op-cod~ 0 I 0 I 0 I I 
RR (HL) 

SLA (HL) 11c. r. r. r. HL DATA 0 I 0 I I 1 I 
SRA (HL) 

SRL (HL) 11c. Ti 

llC, r, r. r, HL DATA 1 ol 0 I I 
, , 

I 
RLC (IX+d) !st op-code !st 
RLC (IY+d) !IC, r,r.r. Address op-cocltj 0 I 0 I 0 I 0 
RL (IX+d) 2nd op-code 2nd 

RL (IY+d) llC, r. r. r, Address op-cocllj 0 1 0 1 0 I I 
RRC (IX+d) 1st operand 

RRC (IY+d) llC, r, r. r. Address d 0 I 0 I 1 I I 
RR (IX+d) 3rd op-code 3rd 
RR (IY+d) 11c. r, r. r. AddreH op-cod<! 0 I 0 I 0 1 1 

SLA (IX+d) IX+d 
SLA (IY+d) llC, r. r. r. IY+d DATA 0 I 0 I I I I 
SRA (IX+d) 

SRA (IY+d) 11c. Ti 
SRL (IX+d) IX+d 
SRL (IY+d) llC, T, T0 T, IY+d DATA 1 0 0 I I 1 1 

1st op-code !st 
llC1 r. r. r. Address op-cod~ 0 I 0 I 0 1 0 

RLD 2nd op-code 2nd 

RRD 11c. r.r.r. Address op-cod~ 0 1 0 1 0 I 1 

11c. r, r. r. HL DATA 0 I 0 I I 1 1 
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States - - - - Lili iiALT Instruction ~ycle ADDRESS DATA RD WR "E IOE ST 

RLD "c· 
RRD "C, TiTiTiTi I---~--

"c· T, T, T, HL DATA I 0 0 I I I l 
]st op-code !st 

"c, T1 l1.T:1 Address op-cod_"! 0 I 0 _!__ !---() __ l_t-~ t-;tc; t--· 
RST v "c, TiTi -+-- -- ---j 

"c· T1 Tz T.J SP-I PCH I 0 0 !-__!_ I I l 
- - . ·--

"c, T1 T2 T:i SP-2 PCL I 0 0 I I I I 

SC~ 1st op-code !st 

"c, T1 T, T, Address op-co~ 0 I 0 I 0 I 0 

!st op-code !st 

"C, T, T, T, Address op-code 0 I 0 l 0 I 0 
·-

SET b,g 2nd op-code 2nd 
RES b,g "c, T, T, T, Address op-co~ 0 I 0 I o~ _!__, 

"c, Ti 
1st op-code 1st 

"c, T1 T2 T;i Address _op-co~ 0 I 0 1-+-0 I 0 
2nd op-code 2nd 

"c, T, T, T, Address op-code 0 I 0 I 0 I l 

SET b, (HL) 
RES b, (HL) "c, 11 Ta T:1 HL DATA 0 I 0 I I I I 

"c· Ti 

"c, T,T,T, HL DATA I 0 0 I I I I 
!st op-code !st 

SET b, (IX+d) "C, Ti. T2 l:1 Address op-cod.i 0 I 0 I 0 I 0 
SET b, (IY+d) 

t--
2nd op-code 2nd 

RES b,(IX+d) MC, T1 T:1l1 Address OF-cod-1 0 I 0 I 0 I I 
RES b,(IY+d) 1st operand 

"c, T, T, T, Address d 0 I 0 I I I I 
3rd op-code 3rd 

"c• T1 Tz T.a Addrees op-code! 0 I 0 I 0 I I 
IX+d 

MC, T, T, T, IY+d DATA 0 I 0 I I I I 

"c• Ti 
IX+d 

"C, T, T, T, IY•d DATA 1 0 0 I I I I 
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States 
ADDRl!SS DATA RD VR 

-
IOE '~ iiiU Instruction ~ycle NI! ST 

1st op-code !st 

51.P NC, T1 T, T, Addresa op-code 0 I 0 I 0 I 0 
2nd op-code 2nd 

NC, T1 T, T, Address op-cod'1 0 1 0 I 0 I I 
(I) (I) (I) (I) (I) (0) c!] 

!st op-code !st 
NC, T,T,T, Address op-code 0 I 0 I 0 I 0 

TSTIO • 2nd op-code 2nd 
MC, T, T, T, Address op-code 0 I 0 I 0 I I 

!st operand 

MC, T,T,T, Address • 0 1 o, I 1 1 I 
C to A0 -A, 

MC4 T,T,T, poH to A.-A., DATA 0 I I 0 I I I 
1st op-code !st 

MC1 T, T, T, Address op-cod-" 0 I 0 1 0 I 0 

TST • 2nd op-code 2rtd 
MC, T,T,T, Address op-cod-" 0 1 0 I 0 1 I 

1st operand 
MC, T,T,T, Address • 0 I 0 I I l I 

!st op-code !st 

MC, T, T, T, Address op-co~ 0 I 0 I 0 I 0 

TST 1 2nd op-code 2nd 
MC, T,T,T, Address op-code 0 I 0 I 0 I I 

·---1 
MC, Ti 

!st op-code !st 

MC, T,T,T, Address op-co~ 0 1 0 I 0 1 0 
2nd op-code 2nd 

TST (HI.) MC, T1 T, T, Address op-co~ 0 I 0 1 0 I 1 
MC, Ti 

MC. T,T,T, HI. DATA 0 I 0 I I 1 I 
INTl!RRUPT 

Ne• t op-code 

MC, T,T,T, Address (PC) 0 I 0 1 0 l 0 
NC, 

NMI MC, TiTi 

MC. 11 la Ta SP-1 PCH I 0 0 I 1 I I 

MC, T, T, T, SP-2 PCI. I 0 0 I I I I 
T, T, T• Ne• t op-code 1st 

INT. MODE 0 MC, TvT, Address (PC) op-co~ 1 I I 0 0 I 0 
(RST INSERTl!D) MC, 

MC, TiTl 
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Instruction ~ycle 
States 

ADDRESS DATA 

INT. NOOE 0 NC. T' T. T' - _j _S_P __ -c:._l ___ t-PC.c_Hc___-1-=1-+--'o--+-o-+_"-1 +--""-1+--=l-+--'1'-I 
(RST INSERTED) 

NC, T, T2 T, SP-2 PCL I 0 0 
T, T2 Tv Ne•t op-code 1st 

~ TvT,_~d_r_e_s_s-'--(P_c.~)-+-o-'p_-_c_od_f~+--'+--'-+--I--+_0--+_0-+--'+---0~ 

~,T2 T:'___~-------+-n---+--o--+_1+--_o+--'+--'-+--'-+-'--1 

I I • PC+! I I 0 I 0 
--+--+---lf-----lf-----1 INT. NOOE 0 ~-T' T, 

(CALL-

INSERTEO) ~~---f--- ----+----+-+---l--+---+--+---+---1 

INT. NOOE I 

.__N_C..o,,_T,,_T-"z'-T"-,--'-S_P_-_Ic._ __ ~PC+2(H) 1 0 0 I I I I 

NC. T, T, T, SP-2 PC+2(L) I 0 0 I I I I 
T, T, Tv Ne•t op-cod~ 

NC, TvT,_-+_A_d_d_re~s~s~('-PC~)--+----1-='-+--''--+--=-l+---'-O+-~O-+---=l-+--'O'-I 

i-1!'.'.4-T_,_T,T~____;_S_P._-_1 ___ ,_PC_H ____ I 0 0 

f, T, Tv 
NC, TvT, 

NC, Ti 

SP-2 PCL 
Next op-cod• 

Address(PC) Vccl<'r 

I 0 0 

I I I 

I I I I 
---+--- +--

I I 1 I 

0 0 I 0 

INT. NOOE 2 t-NC~,'l-T~,~T·~T-",-+-S_P_-_l ___ t-PC'-H--1-=1-+ __ o--+_o--+-"-l+-.O'+--=l+--'''-I 

INT, 
INT, 
Internal 
Interrupts 
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NC. T,T,T, SP-2 PCL I 0 0 I I I I 

NC, T,T,T, I, Voctor DATA 0 I 0 I I 1 1 

NC. T,T,T, !,Vector +1 DATA 0 I 0 I I I I 
T, T, Tv Ne•t op-code 

~~!>.__--+-Ad_d_r_e_s_s~(PC~)+----+-l+-_1+--1-+--'-+--'-+---'+---0~ 

~N'-C~1~T-'--i __ _,_ ______ ~-'------ ~·----'>----+---+-+--+---1 

NC, T,T,T, SP-I PCH I 0 0 I I 1 I 

NC. T, T, T, SP-2 PCL I 0 0 I 1 I 1 

NC, T, T, T'-+--1'-, _Vee_. _1o_r_-+-D~A'-T-"A-+---'--O+--'l-+--'O:.+--'l:.+--"-l +----=-'+-~1~ 

NC0 T, T, T, !,Vector +I DATA 0 I 0 1 I I l 



~ 
m 

Normal Operation Interrupt Bus Release SYSTEM STOP 
I -(CPU model WAIT State Refresh Cycle Acknowledge OMA Cycle 

Mode SLEEP Mode 
Mode t 

s 
( IOSTOP model Cycle :a 

WAIT input Acceptable Acceptable Ignored Acceptable Acceptable Ignored Ignored Ignored .! 
Refresh Req. Refresh cycle Not acceptable Refresh cycle Refresh cycle Not acceptable On-chip refresh c 

CD 
(Request of begins at - begins at begins at controller stops - Ill ... 
Refresh by the on-chip theend of MC. the end of MC. the end of MC. )> Refresh Controller) n 

OMA Req. OMA cycle 
1 

OMAcycle I Acceptable Acceptable Acceptable Acceptable Acceptable Acceptable n 
CD 

begins at the begins at the •, Refresh cycle ·.OMA cycle Refer to ·.After Bus ·.Alter CPU •.After CPU 'ti ..... 
end of MC. end of MC. precedes. begins after "2.9 OMA release cycle. exiting from exiting from QI 

OMA cycle 1st interrupt Controller" OMA cycle SLEEP mode, SYSTEM STOP ;, 
n 

begins at the acknowledge for details. begins at the OMA cycle mode, OMA 51 end of one cycle. end of one begins at the cycle begins 
MC. MC. end of one at the end of 3· 

MC. one MC. m 
Bus Req. I Bus is released I Ignored Bus is released Bus is released Ignored Ignored 

QI 
n 

at the end of at the end of at the end of - - ;;' 

MC. MC. MC. 0 
Interrupt I INT0, INT1. I Accepted after Not acceptable Not acceptable Acceptable "i 

INT2 executing the Return from - ; 
current - - ~ SLEEP mode 3· instruction. to normal 

~ration. 
cc 

Internal 

J 
~ 

1/0 t t t t t t t - 0 
Q. 

Interrupt CD 

NMI T Not acceptable Acceptable 
Interrupt OMA cycle 
acknowledge stops. 

t I t I t I cycle precedes. I t I t I -NM I is accepted 
I after executing 

l the next in· 
struction. 

::c NOTE! not acceptable when OMA Request 1s in level sense. 

~ 
t same as the above 
~ same as the left 

() MC: Machine Cycle 

= ::,j 
'l 



E-2. Request Priority 

The H 064180 has the following three types of requests. 

Type 1. 
To be accepted in specified state .......... WAIT 

Type 2. 
To be accepted in each machine cycle .......... Refresh Req. 

Type 3. 

OMA Req. 
Bus Req. 

To be accepted in each instruction .......... Interrupt Req. 

Type I, Type 2, and Type 3 requests priority is shown as follows. 

highest priority Type I > Type 2 > Type 3 lowest priority 

Each request priority in Type 2 is shown as follows. 

highest priority Bus Req. > Refresh Req. > OMA Req. lowest priority 
(NOTE) If Bus Req. and Refresh Req. occurs simultaneously, Bus Req. 

is accepted .but Refresh Req. is cleared. 
Refer to "2.7 Interrupts" for each n,quest priority in Type 3. 
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F. Status Signals 

The following table shows pin outputs in each operating mode. 

Mode 
Address Data 

rn ~ 10£ llO WR lITT HID ~I ST BUS BUS 

Op-code Fetch 
0 0 1 0 1 1 1 1 0 A I 

(1st op-code) 

Op-code Fetch 
!except 1st 0 0 1 0 1 1 1 1 1 A I 
op-code) 

CPU 
Memory Read 1 0 1 0 1 1 1 1 1 A I 

Operation 
Memory Write 1 0 1 1 0 1 1 1 1 A 0 

VO Read 1 1 0 0 1 1 1 1 1 A I 

VO Write 1 1 0 1 0 1 1 1 1 A 0 

Internal 
1 1 1 1 1 1 1 1 1 A I 

Operation 

Refresh 
1 0 1 1 1 0 1 1 1/0 A I 

NMI 0 0 1 0 1 1 1 1 0 A I 

INTo 
lntemJpt 

0 1 0 1 1 1 1 1 0 A I 

1NT,. INT2 & 
1 1 1 1 1 1 1 1 0 A I 

Internal Interrupts 

BUS RELEASE 
1 z z z z 1 1 0 1/0 z I 

HALT 0 0 1 0 1 1 0 1 0 A I 

SLEEP 1 1 1 1 1 1 0 1 1 1 I 

Memory Read 1 0 1 0 1 1 1 1 0 A I 

Internal Memory Write 1 0 1 1 0 1 1 1 0 A 0 

OMA VO Read 1 1 0 0 1 1 1 1 0 A I 

VO Write 1 1 0 1 0 1 1 1 0 A 0 

RESET 1 1 1 1 1 1 1 1 1 z I 

NOTE) 1: HIGH 
0: LOW 
A: Programmable 
Z: High Impedance 
I: Input 
0: Output 
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G. Internal 1/0 Registers 

Internal 1/0 register address ranges from OOOOH to OOFFH. IOA 7 and IOA6 can be 
defined by software. The following shows the addresses in the case of IOA 7 and IOA6 
= 0. 

REGISTER 1 MNEMONICS ADDRESS REMARKS 

ASCI Control Register A Channel 0 0 0 MPBR/ 
CNTLAO bit MPE RE TE ~ EFR MOD2 MODI MODO 

during RESET 0 0 0 1 invalid 0 0 0 

R/W A/W R/W R/W R/W A/W A/W A/W A/W 

1 LMODE-
Multi Processor Bit Receive/ 
Error Flag Reset 

Request To Send 
'-Transmit Enable 

~Receive Enable 
L- Mufti Processor Enable 

ASCI Control Register A Channel 1 0 1 
CNTLA1 

MPE RE MPBR/ 
bit TE KAID 

EFR 
MOD2 MODI MODO 

during RESET 0 0 0 1 i'lva&d 0 0 0 

R/W A/W R/W R/W R/W A/W R/W A/W R/W IT. , __ 
Multi Processor Bit Receive/ 
E"°'FlagReset 

CKA 1 [l;sab4e 

'-Transmit Enable 
'--Receive Enable 

L- Mufti Processor Enable 

M002.1.0 
000 Start+ 7bi1Dala+ !Stop 
0 0 1 Start+ 7bit0ata+ 2Slop 
0 1 0 Start+ 7bitDa1a+ Parity+ !Stop 
0 1 1 Start+ 7bit0ala+ Parity+ 2Stop 
1 0 0 Start+ BbitData + 1 Stop 
101 Start+ BbitDa1a+ 2Stop 
1 1 0 Start+ 8 bit Dala + Parity+ 1 Stop 
1 1 1 Start + 8 bit Data + Parity + 2 Stop 

jo.sc1 Control Reg;sW e Channel o 0 2 
MPBT MP 

m1 
PEO DR SS2 SS! sso CNTUIO bit PS 

during RESET invalid 0 .. 0 0 1 1 1 

A/W A/W R/W A/W R/W A/W RIW A/W A/W 

LI L Clocl< Soun:e and Speed Select 
DNide Ratio . 

'-Parity E_, Of Odd 
'-- Clear To Send/PntSCalo 

'-Multi Processor 
Multi Pmc:ossor Bit Transmit 

• CTS ' Depending on the - of CTS termi'lal . 
PS oClondtoO. 
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REGISTER MNEMONICS ADDRESS 

ASCI Coolrol Registe< B Channel 1 
CNTLB1 

ASCI Status Register Channel 0 
STATO 

SCI Status Register Channel 1 
, STAT1 

0 3 

0 4 

0 5 

during RESET 

RNV 

c;e.-a1 
divide ratio 

SS2.1.0 

000 
001 
010 
011 
100 
101 
110 

REMARKS 

MPBT MP 
CTSI 

PEO DR SS2 SS1 sso 
PS 

invalid 0 0 0 0 1 1 1 

RNV RNV RNV RJW R'W R/W R.W RNV ll L Clock Soo•ce 
Speed Select 

OMdeRatio 

and 

~Parity Even 0< Odd 
'--- Clea< To Send/P...aile 

L- Muhi Processor 
L- Multi Processor Bit Transmit 

PS=O 
(divide ratio::::::- 1 0) 

DR=O (X 16) 

,J>+ 160 
320 
640 

1280 
2560 
5120 

,. 10240 

OR=1 (X64) 

,J>+ 640 
+ 1280 
,. 2560 
+ 5120 
+ 10240 
+20480 
+40960 

PS= 1 
ldnnderatio=301 

DR=O (x 16) OR=1 (X64) 

,J>+ 480 
960 

1920 
3840 
7680 

+ 15360 
+30720 

,J>+ 1920 
3840 
7680 

15360 
30720 
61440 

' 122880 

1 1 1 External clock (the frequency <"' .;..- 40) 

bit RDRF OVRN PE FE RIE i5Cl), TORE TIE 

during RESET 0 0 0 0 0 0 
t----t----i--+----+--+----+---t---; 

R/W R A R R A1W R A R.W 

Transmrt 

lntenupt 
E.-

Transmit Data 
Register Empty 

Data Carrier Detect 
Receive lntem.Jpt Enable 

Framing Error 
Parity ErrOI' 

Over Run Error 

Receive Data Register Ful 
" OCD(! Depending on the conctitlOn of DCDn lemMnal 

bit ROAF OVRN PE FE RIE CTSlE TORE 

during RESET t--o-+_o_+-_o_+-_o_+-_o_+--_0_1----+-0---1 
RJW RR R RR•WR;WR 

Transmit 
Interrupt l r.ans!::":a 

Register Empty 
CTS1 E.W. 

Receive Interrupt Enable 
Framing Enor 

Parity Enor 
0- Run Enor 

Recen.. Data Registe< F .. 
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REGISTER MNEMONICS ADDRESS 

ASCI Transm~ Oata Regisl8r Channel 0 6 
0 

: TORO 

ASCI Transm~ Oata Regisl8r Channel 0 7 
1 

TORI 

ASCI Receive Data Reggl8f Channel 0 8 
0 

: TSRO 

ASCI Receive Data Register Channel 0 9 
1 

CSl/O Conlrol Register 

CSVD T""1Sn1illllec Data 
Regis18r 

: TSRl 

0 A 
: CNTR 

D B 

: TRDR 

Tm. Data Ragis18r Channel Ol 0 C 
: TMDROL 

Tm. Data Rogis9 Channel OH 0 D 
: TMDROH 

Tm. Reload Ragisl8r Channel Ol 0 
: RLDROI. 

Tm. Reload Regisle< Channol OH 0 F 
: Rl.DROH 

0 
: TCR 

182 HITACHI 

REMARKS 

~ ff ·~ u ~ ~ ~ 

during RESET 1-.::D_l-.::O_l-.::_+_0.::_+-'---1-1,--+::-::-:--t~l-:-:-1 
MN R R/W R/W R/W R/W R/W 

R/W 

T-Enable 
Receive Enable 

Endln_E,_ 

Speed Select 

End Flag 

SS2.1.D Baud Rate 

000 </>+ 20 
001 + 40 
010 + 80 
011 + 160 

R 

ss2.1.o Baud Rate 

100 <1>+ 320 
101 + 640 
110 + 1280 
111 Extemat 

(the frequency < + 20 

Tm.Down 
Coun1E.­

Tm. Output Control 1,0 

Timer In- Enable 1.0 
Timer 1n18rrupt Flog 1,0 

TOCl,O 

00 
01 
10 
11 

A•o/TOUT 

Inhibited 
Toggle 

0 
1 



REGISTER I MNEMONICS; ADDRESS REMARKS 

T- Data Reg;ster Channel 1 l 1 4 
'TMDR1l 

T- Data Reg;ster Channel 1 H 1 5 
; TMDRIH 

T- Reload Register Channel 1 l 1 6 
; RLDRIL 

T- Reload Register Channel 1 H 1 7 
. RLDR1H 

OMA Soorce Address Register 2 0 
ChaMOIOL 

; SAAOl 

Oii/iA Soun:e Addnlss Register 2 1 
ChannelOH 

SAROH 

Oii/iA Source Addnlu Register 2 2 Bits 0-2 ..., used 10< SAROll 
ChaMOIOB Ate. A11. A" 

SAROB x 0 0 DREOolox-
x 0 1 RORO CASCIO) 
x 1 0 ROR1 IASClll 

Oii/iA Dostinetion A- Register 2 3 x 1 1 Not Usod 
ChannelOl 

. DAAOl 

OMA Destination Addnlss Register 2 4 
ChannelOH 

; DAROH . 
Oii/iA Destination Addnlss Register 2 5 Bits 0-2 are used for DAROB 

Channel 08 A1ft. A11. A,. 
DAROll x 0 0 

=·c.:~ x 0 1 
x 1 0 TORI IASCl1) 

Oii/iA Byte Count Register Channel 2 6 x t 1 Not Used 
Ol 

BCROL 

OMA Byte Count Re,pstar Channel 2 7 
OH 

BC ROH 

OMA Memory Addnoss Register 2 8 
Channelll 

MAR1l 

OMA Memory Addnlss Register 2 9 
Channel 1H 

MAR1H 

Oii/iA Memory Addnlss Register 2 A Bits 0-2 are used for MAR18. 
Channel1B 

MAR18 

Oii/iA VO Addnlss Register Channel 2 8 
1l 

; IAR1l 

Oii/iA VO Addnlss Register Channel 2 c 
1H 

; 1AR1H 

OMA Byte Count Register ChaMOI 2 E 
1l 

; BCR1l 
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REGISTER MNEMONICS ADDRESS 

OMA Byte Count Register Channel 2 F 
1H 

BCR1H 

DMA Status Register 3 0 
DST AT 

OMA Mode Register 3 1 
: DMODE 
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REMARKS 

tm DE1 DEO DWE1 DWEO DIE1 

during RESET 0 0 0 

R/W R/W R/W w w R/W 

MA 

MA Interrupt Enable 1,0 
OMA Enable Bit Write Enable 1.0 

OMA Enable ch 1,0 

b~ 

during RESET 

R/W 

SM1.0 Address 

00 M DAR +1 
0 1 M DAR -1 
1 0 M fixed 
1 1 1/0 fixed 

MMOD ~ 

0 Cycle Steal Mode 
Burst Mode 

DM1 

0 

R/W 

OMO SM! SMO MMOD 

0 0 0 0 

R/W R/W R/W R/W 

Ch 0 Destination 

M-1.0 

MemO<v 
MODE 
Select 

Ch 0 Source 

M-1.0 

SM 1. 0 Address 

00 M SAR+! 
01 M SAR-1 
1 0 M fixed 
1 1 VO fixed 



REGISTER MNEMONICS ADORE SS 

OMA/WAIT Conlrol Register 3 2 
· DCNTl 

L Vector Register 3 3 
:L 

I'll !TRAP Conlrol Reg;!"" 3 4 
ITC 

Ref""'h Conlrol Reg;s..- 3 6 
· RCR 

REMARKS 

bit IW11 IWtO OMS1 ()tM() 

during RESET 0 0 0 

R/W R.w R,w R.w R'W R/W R•W 

1/0 Memory 

Mode Select 
OOEOiSetect i =- 1.0 

VO WM. Insertion 
MemolyWM.-

The number of The number of 

MWl1,0 waft states IW11,0 wait states 

00 0 00 0 
01 1 01 2 
10 2 10 3 
11 3 11 4 

OMS; 

1 Edge s.......-.se 
0 level sense 

DIM1,0 Address Increment/Decrement 

00 
01 
10 
11 

bit 

during RESET 

R/W 

bit 

during RESET 

R/W 

bit 

during RESET 

R/W 

CYCl,O 

00 
01 
10 
11 

M~l!O MAR-f-1 
M-VO MAR-1 
VO-·M IAR fixed 
110-M IAR fixed 

L7 LS 

0 0 0 

R/W R/W 

lnteNal of Rehesh Cycle 

10 State 
20 
40 
80 

lAR fixed 
lAR fixed 
MAR+l 
MAR 1 

0 0 0 

ITE2 ITEl ITEO 

0 0 

R/W R/W R/W 

INT E..- 2.1,0 

CYC1 CYCO 

0 0 

R/W R/W 

Cycle Select 

HITACHI 185 



REGISTER MNEMONICS ADDRESS 

MMU Cornman Base Register 
CBR 

MMU Bank Base Register' 
BBR 

MMU Common/Bank Area Register 
CBAR 

110 Control Register 
ICR 

186 HITACHI 

3 8 

3 9 

3 A 

3 F 

brt 

duri"lg RESET 

R/W 

bit 

dunng RESET 

R-W 

REMARKS 

0 0 0 0 

R/W R/W R/W R/W 



@HITACHI 
EUROPEAN SALES LOCATIONS 
FOR 
e SEMICONDUCTORS AND INTEGRATED CIRCUITS 
e DISPLAY TUBES AND OTHER TUBES 
e LCD AND LCD MODULES 
e BUBBLE MEMORIES 

HITACHI ELECTRONIC 
COMPONENTSEUROPEGMBH 
MONCHEN, HEADQUAR111R 
Hans-Pinsel-StraBe 10 A 

8013 Haar/b. MUnchen 

.. (089)4614-0 

Telex: 5-22 593 hitc d 

Telefax: (089) 46 31 51 

HITACHI ELECTRONIC 
COMPONENTSEUROPEGMBH 
PARIS 
Bureau de Representation en France 
95-101, Rue Charles-Michels 

F-93200 5aint Denis 

.. 01-8 216015 

Telex:611387hitachif 
Telefax: 01-243 69 97 

NISSEI SANGYO GMBH 
MONCHEN 
TriebstraBe 32 

8000 MUnchen 50 

.. (089) 14 90 30 

Telex: 5-29 963 nism d 

Telefax: (089) 149 30 10 

HITACHI ELECTRONIC 
COMPONENTS (UK) L m. 
LONDON, HEADQUAR111R 
Hitec House, 221-225 Station Road 

Harrow, Middlesex, HA 1 2XL 

S' 01-8 611414 

Telex: 9 36 293 hitec g 
Telefax: 01-8 63 66 46 

HITACHI ELECTRONIC 
COMPONENTS EUROPE GMBH 
Sales Office for 
BeNeLux and North Gennany 
NEUSS 
Breslauer StraBe 6 

4040 Neuss 1 

.. (0 21 01) 15 00 27-29 

Telex: 8-518 039 hiec d 

Telefax: (0 21 01) 10 15 13 

HITACHI ELECTRONIC 
COMPONENTS EUROPE GMBH 
MILANO 
Via 8. Davanzati, 27 

1-20158 Milano 

.. 02-376 30 24 

Telex: 323 377 hitec i 
Telefax: 02-68 37 30 

NISSEI SANGYO S.A.R.L. 
PARIS 
Tour Neptune, Cedex 20 

92086 Paris La Defense 

.. 0033-1-7206960 

Telex: 630489 nisp f 

Telefax: (01) 0033-1-7208033 

HITACHI ELECTRONIC 
COMPONENTS (UK) LID. 
STOCKHOLM 
Box 1062 

16311 Spanga 
Hankadalsgatan 10 Kista 

.. 08-751 0035 
Telex: 14 106 hitecst s 

Telefax: 08- 7 51 50 73 

HITACHI ELECTRONIC 
COMPONENTSEUROPEGMBH 
STUTTGART 
FabrikstraBe 17 

7024 Filderstadt 4 
.. (07 11) 77 20 11 

Teletex: 7111 410 HITECS 

Telefax: (07 11) 7 77 51 16 

NISSEI SANGYO S.A.R.L 
BARCELONA 
Gran Via Gartos Ill, 98 

Plante 1 

Edificio Trade 

08028 Barcelona 

.. 3.3 309 805 

Telex: 97 860 nisb e 

Telefax: (03) 3 390 995 

EUROPEAN MANUFACTURING LOCATION 
HITACHI SEMICONDUCTOR 
(EUROPE) GMBH 
LANDSHUT 
Jenaer StraBe 1 

8300 Landshut 

.. (08 71) 68 40 

Telex: 5-8 288 hisee d 

Telefax: (08 71) 7 54 70 



HITACHI-DISTRIBUTORS 
SEMICONDUCTOR DISTRIBUTORS 

©=.:,c:~H 
3000 Hannover 91 

PLZ Tel.(0511)456082 
2+3 Telex923509henhad 

Pl.Z 
7 

© 

DITRONIC GMBH 
Jullus-HOlder-str. 42 
7000Sluttgart70 
Tel.(0711)72001131 
Telex 7 255 638 ditc d 

OMNtTECH 
29 Rue Lectu Rolin 
92153 Sunlsnes Cedex 
Tel. (01) n28 181 
Telex 613 890 omt f 

CD FANTON MILANO S.R.L. 
Via G. B. Bertini No. 34 
20154 Milano 
Tai. (02)318 9855+3491008 
Telex 315 842 falton i 

CD::S~~ 
Via Savelli No. 1 
30000-
Tel.(049)n5822 
Telex 430 192 fanton i 

FENNER ELEKTRONIK AG 
Route de Sauvemy 
1290Versoix 
Tel.~553444 
Telex 289 559 fane ch 

r.;;"\ ARCOllELB.V. 
~ ...__ .. _ ... 

5340AHOSS 
Tel. (04120)30335 
Telex 37 489 arcob nl 
Telefax30635 

© MOUEAWUPPERTAL 
HERBERT M. M0u.ER 
VERTRIEllSGESELLSCHAFT MBH 
Venlinstr.17 
5600-1 

Pl.Z Tel.(0202)428018 
4+5 Telex8591543rrueld 

Pl.Z 
8 

DATA MODllLGMBH 
~Sb-.33l 
8000 M(ft::han 21 
Tel.(089)560170 
Telax5213118damod 

© FllANELEC 
Z.l.•l.esO..... 
6-8, RueAmbroise-Croiza 
91120Palaiseall 
Tel.(08)9202002 
Telex 690 826 aonelro f 

l'7'\ FANTON TORINO s.R.L. 
\..V Via Cinmbue No. 5 

10137 Torino 
Tel. (011) 309 73 47 -49 
Telex 224 129 fanton i 

CD FANTON BOLOGNAS.R.L 
Via Machiavell, 16 
40069 Riale di Zola Pnldosa 90 
Tai. J)51) 75 17 10 
Telex 218 613 fentob i 

© ING. ERNST STEINER 
Hummelgasse 14 
A-1130Wlen 
Tel. (02 22) 827 47 40 
Telex 135 026esa 

PAOMILECT (PTY.) LTD. 
P.O. Box 56310 
Pinegowrie 2123 
Tel. (011) 789-1400 
Telex420452sa 

OPTO SPECIALIZED DISTRIBUTORS 

© =~":'so LASER GM8H 
Billbrookdeich 186 
2000-74 
Tel. (040) 733 40 10 
Telex 214 511 sinsd 

GWSA. 
-Optic-"'""' ca.e-
Avenue du Temple 19 
1010 Lausanne 10 
Tel. (021) 33 33 28 
Telex 24 423 gmpsa ch 

© OPTILAS 
ZJ.LaPeale­
C.E. No. 1422 
91019 Evry Cedax 
Tel.(08)11174083 
Telex 800 019 optilas f 

MICROEUT 
Via P. PLECefto 8 
20148 Milano 
Tel.(02)4890444 
Telex 334 284 bn11e i 

LCD/LCM SPECIALIZED DISTRIBUTORS 

DATA MOIMIL llMBH 
~Sb-.33l 
8000 MUnchen 21 
Tel.(089)580170 
Telex 5 213 118 damo d 

©~ 
COMPONENTS--GmbH 
-Olllce: 
lnduatrieslr.16 
-1380 
7513 Stutansee 
Tel. p 72 49) 7075 
Telex 17 724 911 msc d. 

PLZ Telelex724911 MSCO 
8 + 7 Telefax (0721) 8 60 13 54 

© =..Olllce--·"" 8200-32 
Tel.(06121)718094 
Telex 4 186 665 

© =...°":'c:.m.t 
Pootfach37 
6710 Frankenthat 
Tel.(06233)26643 
Telex 485 230 te1e d 

©~~-S.A. 
Bo1le Poslale No 5 

•• - Emasl-Cagnacq 
92301 LevalloisParatCedex 
Tel.(01)7581111 
Telex 820 630 radi f 

l'7'\ FANTON ROMA 
\...!/ Via Salrico 1 

00183Rona 
Tel.(06)7597869 

7597879 

t:::l\ FENNER~AG 
~Rheinfeldar.dr.18 4450-Tel. "81) 98 22 02 

Telex966 017 fene Ch 

© J.P.LEMAIRE 
U......,,Slirum 
1810Wemmal 
Tel.(02)41110560 
Tdmc 246101emair b 

r.;;"\ OPTILASB.V. 
~ Groanestein 67-69 

2403.JM-e/d .... 
Tel. (17) 203 12 34 
Telex 39 733 opds nl 






