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G65SCXX Series
GIE G65SC1XX Series

Microcircuits
CMOS G65SCXXX 8-Bit Microprocessor Family

Features General Description

e CMOS family that is compatible with NMOS 6500 series The G65SCXXX is a totally software-compatible microprocessor family
microprocessors manufactured using the state-of-the-art silicon gate CMOS process.

® Uses single +5 volt power supply The family consists of two series of devices: one series, designated

® Low power consumption (4mA @ 1 MHz) allows battery-powered G65SCXX is pin-to-pin compatible with NMOS versions of the 6500 cur-
operation rently on the market; the other series, designated G65SC1XX includes

several enhancements not available with other designs. The family
provides the designer with a wide selection of addressable memory
ranges, on-board or external clocks, and input interrupt options. All of the
microprocessors are software compatible within the group and all are bus
compatible with MC6800 products.

Enhanced instruction set: 27 additional op codes encompassing eight
new instructions enhance software performance compared to existing
NMOS 6500 microprocessor instruction set

—64 microprocessor instructions

—178 operational codes

—15 addressing modes As shown in Table I, the family includes 18 microprocessors of which
® Choice of 4K, 8K or 65K-byte addressable memory three have on-chip oscillators while the others require an external clock
® 1,2, 3 or 4 MHz operation generator. The G655C02, G65SC102 or G65SC112 clock generator circuit
e Choice of external or on-board clock generator operation may be driven by an external crystal (Figure 2a), anRC network (Figure 2b)
e On-board clock tor/oscill N or bxan external clock source. The versions o_l the mleoproce;sorwhlch

on-board clock generator/oscillator can be driven by an external require an external clock source are generally intended for multiprocessor
single-phase clock input, an RC network, or a crystal circuit applications where maximum timing control is necessary. The three family
® Advanced memory access timing (¢4) on selected versions members with on-chip oscillators are intended for high performance, low
® Early address valid allows use with slower memories cost operations where single phase inputs, crystals, or RC inputs provide
e Early write data for dynamic memories the time base.
¢ 8-bit parallel processing Ten of the microprocessors in the GE5SCXX Series are pin-to-pin com-
e Decimal and binary arithmetic patible with the NMOS 6500 microprocessors offered by several other
® Pipeline architecture manufacturers. However, the use of the leading-edge CMOS process
o Programmable stack pointer technology ensures several software or programming enhancements not
e Variable length stack available to users of the NMOS 6500. The enhancements include two
o Interrupt capability additional addressing modes, an expanded microprocessor instruction
X set (from 56 to 64 instructions), and expanded operational codes (from
¢ Non-maskable interrupt 15110 178). In addition, a series of operational enhancements are provided
® 8-bit bidirectional data bus which materially improve the effective use of the microprocessor. These
* “Ready” input (for single cycle execution) enhancements are explained in Table V of the section of this data sheet
® Direct memory access capability devoted to system software and programming. This series of micro-
e Bus compatible with M6800 processors provides the user an architecture and instruction set with
. which he is basically familiar (6502), the several operational enhance-

Available on selected versions, a memory lock output and bus

. . X . . i ding, pl li of thi ant. f leading edge CMOS
enable input signals simplify multiprocessor designs ments notwithstanding, plus all of the advantages o ding edg

technology; i.e., increased noise immunity, higher reliability, and greatly
reduced power consumption. (Continued on page 2)

TABLE 1. G65SCXXX FAMILY MICROPROCESSOR CAPABILITIES
ON-BOARD EXTERNAL

ADDRESSABLE CLOCK CLOCK ADVANCED
ITEM PART oIP MEMORY  OSCILLATOR GENERATOR MEMORY o
NO. NUMBER PINS (BYTES) (SEE NOTE) REQUIRED ACCESS (¢#4) IRQ NMi SO DBE BE SYNC RDY ML ES
1 G655C02 40 65K . . . . . . .
2 G655C03 28 4K . . .
3 G65SC04 28 8K . . .
4 G65SC05 28 4K . . . .
5 G655C06 28 4K . . .
6 G65SC07 28 8K . . .
7 G65SC12 40 65K 3 . . . . . .
8 G65SC13 28 4K . . . .
9 G65SC14 28 8K . . .
10 G655C15 28 4K . . . .
Al G655C102 40 65K . . . . . . . . . .
12 G655C103 28 4K . . . . .
13 G65SC104 28 8K . . . .
14 G65SC105 28 4K . . . . .
15 G65SC106 28 4K . . . .
16 G655C107 28 8K . . . .
17 G658C112 40 65K . . . . . . . . .
18 G65SC115 28 4K i . . . .
NOTE: These devices can operate in any of the following clock generation modes: 1. External crystal 2. External RC network 3 ¢0(IN) from external clock source
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General Description (Continued)

In addition to enhanced software programming, the use of CMOS
processing also allows several hardware enhancements that are not
available to users of the NMOS 6500 products. These hardware enhance-
ments are listed and explained in Table Il.

The G65SC1XX Series microprocessors (the “one-hundred” series) are
a natural evolution of the 6500 product line. Basically, these products
(G65SC102-107) have the same features as the GB5SCXX Series, except
these products also offer the designer the advantage of an on-board
divide-by-four oscillator. The divide-by-four network permits the use of

an economical television crystal (3.579545 MHz), plus the added advan-
tage of increasing the access time (tacc) by approximately 25 percent.

On the G65SC102, additional features include memory lock output (ML)
and bus enable (BE), both of which will tend to simplify system applica-
tions. These functions are explained in the section of this data sheet
entitled “Signal Description.”

All versions of the GB5SCXXX microprocessor family are available in
plastic, ceramic, cerdip, or leadless chip carrier packaging. All versions
are available in 1, 2, 3 and 4 MHz maximum operating frequencies.

Absolute Maximum Ratings: (Note 1)

Rating Symbol Value Unit
Supply Voltage Voo -0.3t0 +7.0 v
Input Voltage VIN -0.3 to Vop +0.3 Vv
Operating Temperature TA -40 to +85 °C
Storage Temperature Ts -55 to +150 °C

This device contains input protection against damage due to high static

voltages or electric fields; however, precautions should be taken to avoid

application of voltages higher than the maximum rating.

Notes:

1. Exceeding these ratings may result in permanent damage. Functional
operation under these conditions is not implied.

DC Characteristics: voo = 5.0V £5%, Vss = 0V, Ta =-40°C to +85°C Industrial, 0°C to +70°C Commercial

Parameter Symbol Min Max Unit
Input High Voitage '
@0(IN), CLK (IN) 24 Voo + 0.3 \Y
42 (IN) . . ViH VoD - 0.2 VoD + 0.3 v
RES, NMI, RDY, IRQ, Data, SO, DBE, BE 2.0 Voo + 0.3 \
Input Low Voltage
0 (IN), CLK (IN) -0.3 0.4 \
@2 (IN) . ViL -0.3 0.2 "
RES, NMI, RDY, TRQ, Data, SO, DBE, BE -0.3 0.8 \J
Input Leakage Current (VIN = 0 to VoD)
RES, NMI, RDY, TRQ, S0, DBE, BE (Internal Pull-Up), SN
CLK (IN) [10X] 1.0/-100 uA
@2 (IN), ¢0 (IN), CLK (IN) [0X, 1X, 11X] *1.0 uA
Three-State Leakage Current
Address, Data, R/W ITs1 +10.0 nA
Output High Voltage (loH = -100 A, VDD = 4.75V)
SYNC, Data, A0-A15, R/'W VoH 24 — v
Output Low Voltage (loL = 1.6 mA, VDD = 4.5V)
SYNC, Data, A0-A15, R/'W VoL — 0.4 "
Supply Current =1 MHz lob —_ 4 mA
(No Load) f=2MHz . 8
f=3MHz 12
f=4MHz 16
Standby Power Dissipation (¢2 = ViH, Inputs = Vss or Voo PsBY 50.0 uW
Outputs Unloaded)
Capacitance (VIN =0, Ta = 25°C, f = 1 MHz) pF
Logic, #0(IN), CLK (IN) CIN — 10
A0-A15, R/W Data (Three-State) Crs — 15
¢2 (IN) C2 (IN) — 40
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AC Characteristics, G65SC02-07, G65SC12-15, G65SC112, 115: vop = 5.0V +5%, Ta = -40°C to +85°C Industrial,
0°C to +70°C Commercial

1 MHz 2 MHz 3 MHz 4 MHz
Parameter Symbol Min Max Min Max Min Max Min Max Unit
Delay Time, ¢0 (IN) to ¢2 (OUT) toeo — 40 —_ 40 — 40 — 40 nS
Delay Time, ¢2 (IN) to ¢2 (OUT) toe2 — 35 - 35 — 35 — 35 nS
Delay Time, ¢1 (OUT) to ¢2 (OUT) tog1 — 50 — 50 - 50 — 50 nS
Delay Time, $2 (OUT) to OSC (OUT) toosc — 50 — 50 — 50 — 50 nS
Cycle Time tcve 1.0 DC 0.50 DC 0.33 DC 0.25 DC uS
Clock Pulse Width Low tPw (¢2L) 470 {10000 240 | 10000 160 | 10000 115 10000 nS
Clock Pulse Width High tPw (62H) 470 - 240 — 160 — 115 — nS
Fall Time, Rise Time tr, tR — 25 — 25 — 15 —_ 15 nS
Address Hold Time tAH 15 — 15 — 15 — 15 — nS
Address Setup Time taos — 225 — 140 - 110 - 90 nS
Access Time tacc 675 — 310 — 170 - 110 — nS
Read Data Hold Time tDHR 10 — 10 — 10 — 10 — nS
Read Data Setup Time tDsR 100 — 50 — 50 - 50 — nS
Write Data Delay Time tMDS — 175 — 100 — 75 — 70 nS
Write Data Hold Time toHW 15 — 15 — 15 — 15 — nS
SYNC, ML Setup Time tsy, tmL — 225 — 140 — 110 — 90 nS
SYNC, ML Hold Time tSYH, tMLH — 0 — 0 — 0 — 0 nS
S0 Setup Time tso 100 — 50 - 35 - 25 — nS
Processor Control Setup Time tPcs 200 — 200 — 150 — 120 — nS
AC Characteristics, G65SC102-107: voo = 5.0V +5%, Ta = -40°C to +85°C Industrial, 0° C to +70°C Commercial
1 MHz 2 MHz 3 MHz 4 MHz
Parameter Symbol Min Max Min Max Min Max Min Max Unit
Delay Time, CLK (IN) to ¢2 (OUT) tocLk —_ 75 — 75 - 75 - 75 nS
Delay Time, OSC (OUT) to ¢2 (OUT) toosc — 70 — 70 — 70 — 70 nS
Cycle Time tcyc 1.0 DC 0.50 DC 0.33 DC 0.25 DC uS
Clock Pulse Width Low tPw (¢2L) 470 | 10000 240 | 10000 160 | 10000 115 | 10000 nS
Clock Pulse Width High tPw (¢2H) 470 — 240 — 160 — 115 — nS
Fall Time, Rise Time tF, tR - 25 —_ 25 — 15 —_ 15 nS
Delay Time, ¢2 (OUT) to ¢4 (OUT) tavs — 250 — 125 — 83 —_ 63 nS
Address Valid to ¢4 (OUT) tags 50 - 25 - 16 —_ 12 — nS
Address Hold Time tAH 15 — 15 — 15 — 15 — nS
Access Time tacc 695 — 340 - 220 - 170 — nS
Read Data Hold Time toHR 10 — 10 — 10 —_ 10 — nS
Read Data Setup Time tosR 80 — 40 — 30 _ 20 — nS
Write Data Hold Time toHwW 15 — 15 — 15 — 15 — nS
Write Data Delay Time tDDe4 — 200 — 110 — 70 — 30 nS
SYNC, ML Setup Time tsy, tML — 225 — 140 — 110 — 90 nS
SYNC, ML Hold Time tSYH, tMLH - 225 — 140 - 110 - 90 nS
SO Setup Time tso 100 — 50 — 35 — 25 — nS
Processor Control Setup Time tecs 100 -_ 50 — 35 — 25 — nS
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TIMING DIAGRAM:

G65SC02, 03, 04,05, 06, 07
G65SC12, 13, 14°, 15°
G65SC112, 115°

*Variation of timing required.

Contact factory for details.

30 (IN) AN
p=— D0
62(IN) AN
f=— tDo2
#1(0UT) /
f=— tDo1
OSC (ouT) \ﬁ
I ‘ -—
—— toosc
teve
l— R, —e] | tF
— e[| e
= tew S
$2(0UT) (o2L)
< jp SE— \JIZ

—] uo.s —e{ tAH
ADDR, R/W >{ :I Z
! L «— 1OHR
tOSR —ai b |
e WA, S
—=| tMos [|—=— —= toHw
WRITE DATA | J{‘————j
=] sy —i tsyH
SYNC :' E
—=l tmL —=— tMLH
. S K
p— [=— tPCS
RODY, IRQ
NMi, RES X
1so
= St
TIMING DIAGRAM:
G65SC102-107 CLK (IN)
f=— tocLk
son /N / /S S S S
—={ |=—toosc .
CYC
—_——
$2(0UT) y m«m;—A i A .
PE— }__" R N o
4 (OUT)
Ard  f—— taH
ADDR,R/W g{: j E
= t oon —— toHR
00000 e
I —=—{ toD4 ] orw
WRITE DATA H i
1
— ] tsy — tsvm
SYNC j E
—e— ML — ML
. S X
tecs
RDY, IRQ
1S0 fe—
SO

Notes: 1. Load = 100 pF.

2. Voltage levels shown are VL < 0.4 V, VH = 2.4 V, unless otherwise specified.
3. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified.
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<——— REGISTER SECTION

CONTROL SECTION ————

BE RES iRQ NMI
m —
X A INTERRUPT
A0 < s LOGIC
-
Al + +
INDEX (:'__:)
A2 - REGIXSTER - ROY
e 2 _l— SYNC
=] —
ABL Q STACK POINT
A4 - A o (r:'l REGISTER _
K S - L
As -] v z
— w
w < INSTRUCTION g
A6 <o z ALY - TIMING
" [** conTroL
A7 -] K | |
.
ADDRESS
BUS
ACCUMULATOR SEE NOTE
- A BELOW
A8
X
A9 <a 2 Pl 1t
3 et CLOCK |- 40 (IN)/2 (IN)/CLK (IN)
- 2 GENERATOR/ -
Ato - » PCH PROCESSOR OSCILLATOR |- GSC (OUT)
A1 - b A REGISTER P
Az 2" : JE RSl 1 (OUT)/4 (OUT)
A A\r:
- L) L 2(0UT)
A13 -] 50
————————— & R/W
A14 -] i DBE
A1s <. DATA BUS INSTRUCTION
BUFFER REGISTER
— YYYVY) —
i *L ]I; l > D0
D1
LEGEND > 02
D3 DATA
ﬁ D4 BUS
- D5
8BITLINE 05
— 07

I =1BITLINE

Note: Refer to Table | for signal input/output applicability.

Figure 1.

Internal Architecture Simplified Block Diagram

Functional Description

Timing Control

The timing control unit keeps track of the instruction cycle being moni-
tored. The unit is set to zero each time an instruction fetch is executed
and is advanced at the beginning of each phase one clock pulse for as
many cycles as is required to complete the instruction. Each data transfer
which takes place between the registers depends upon decoding the
contents of both the instruction register and the timing control unit.

Program Counter
The 16-bit program counter provides the addresses which step the micro-
processor through sequential instructions in a program.

Each time the microprocessor fetches an instruction from program mem-
ory, the lower byte of the program counter (PCL) is placed on the low-
order bits of the address bus and the higher byte of the program counter
(PCH) is placed on the high-order 8 bits. The counter isincremented each
time an instruction or data is fetched from program memory.

Instruction Register and Decode

Instructions fetched from memory are gated onto the internal data bus.
These instructions are latched into the instruction register then decoded,
along with timing and interrupt signals, to generate control signals for the
various registers.

Arithmetic and Logic Unit (ALU)

All arithmetic and logic operations take place in the ALU including in-
crementing and decrementing internal registers (except the program
counter). The ALU has no internal memory and is used only to perform
logical and transient numerical operations.

Accumulator

The accumulator is a general purpose 8-bit register that stores the resuits
of most arithmetic and logic operations. In addition, the accumulator
usually contains one of the two data words used in these operations.
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Functional Description (Continued)

Index Registers
There are two 8-bitindex registers (X and Y), which may be used to count
program steps or to provide an index value to be used in generating an
effective address.

When executing an instruction which specifies indexed addressing, the
CPU fetches the op code and the base address, and modifies the address
by adding the index register to it prior to performing the desired opera-
tion. Pre- or post-indexing of indirect addresses is possible.

Stack Pointer

The stack pointer is an 8-bit register used to control the addressing of the
variable-length stack. The stack pointer is automatically incremented and

decremented under control of the microprocessor to perform stack
manipulations under direction of either the program or interrupts (NMI
and IRQ). The stack allows simple implementation of nested subroutines
and multiple level interrupts.

Processor Status Register

The 8-bit processor status register contains seven status flags. Some of
the flags are controlled by the program, others may be controlled both by
the program and the CPU. The 6500 instruction set contains a number of
conditional branch instructions which are designed to allow testing of
these flags.

Signal Description

Address Bus (AO-AXX)

Refer to the particular package configuration for the respective number
of address lines.

In both the 40-pin and 44-pin packages, A0-A15 forms a 16-bit address
bus for memory and I/0 exchanges on the data bus. The address lines are
set (See BE below.) to the high impedance state by the bus enable (BE)
signal. The output of each address line is TTL compatible, capable of
driving one standard TTL load and 130 pF.

Bus Enable (BE)

This signal allows external control of the data and the address output
buffers and R/ﬂ. For normal operation, BE is high causing the address
buffers and R/W to be active and the data buffers to be active during a
write cycle. For external control, BE is held low to disable the buffers.

Clock In (CLK (IN))

The 65SC10X Series is supplied with aninternal clock generator operating
atfour timesthe ¢2 frequency. The frequency of these clocks is externally
controlled by the crystal or oscillator circuit shown in Figure 2.

Phase 0 In (¢0(IN))
This is the buffered clock input to the internal clock generator on the

G65SCOX series. Clock outputs ¢1(OUT) and $2(OUT)are derived from
this signal.

Phase 2 In (#2(IN))

This is the unbuffered clock input to the internal clock generator on the
G65SC1X and G65SC11X series. The clock output, $2(OUT), is derived
from this signal.

Data Bus Enable (DBE)

This TTL-compatible input allows external control of the three-state data
output buffers. In normal operation, DBE would be driven by the phase
two (¢2) clock, thus allowing data input from microprocessor only during
$2. During the read cycle, the data bus buffers are internally disabled,
becoming essentially an open circuit. To disable the data bus externally,
DBE should be held low.

DataBus (D0-D7)

The data lines (D0-D7) constitute an 8-bit bidirectional data bus used for
data exchanges to and from the device and peripherals. The outputs are
three-state buffers capable of driving one TTL load and 130 pF. The data
lines are set to the high impedance state by BE or DBE.

Interrupt Request (IRQ)
This TTL compatible signal requests that an interrupt sequence begin
within the microprocessor. The IRQ is sampled during ¢2 operation; if

the interrupt flag in the processor status register is zero, the current in-
struction is completed and the interrupt sequence begins during ¢1. The
program counter and processor status register are stored in the stack.
The microprocessor will then set the interrupt mask flag high sa that no
further interrupts may occur. Atthe end of this cycle, the prograrn counter
low will be loaded from address FFFE, and program counter high from
location FFFF, transferring program control to the memory vector located
atthese addresses. The RDY signal must be in the high state for any inter-
rupt to be recognized. A 3K ohm external resistor should be used for
proper wire-OR operation.

Memory Lock (ML)

In a multiprocessor system, ML indicates the need to defer the rearbitra-
tion of the next bus cycle to ensure the integrity of read-modify-write
instructions. ML goes low during ASL, DEC, INC, LSR, ROL, ROR, TRB,
TSB memory referencing instructions. This signal is low for the modify
and write cycles.

Non-Maskable Interrupt (NMI)

A negative-going edge on this input requests that a non-maskable inter-
rupt sequence be generated within the microprocessor. The NMI is
sampled during ¢2; the current instruction is completed and the interrupt
sequence begins during ¢1. The program counter is loaded with the
interrupt vector from locations FFFA (low byte) and FFFB (high byte),
thereby transferring program control to the non-maskable interrupt
routine. However, it should be noted this is an edge-sensitive input. As a
result, another interrupt will occur if there is another negative-going tran-
sition and the program has not returned from a previous interrupt. Also,
no interrupt will occur if NMI is low and negative-going edge has not
occurred since the last non-maskable interrupt.

Oscillator Out (OSC (OUT))

On the G65SC102 microprocessor, an internal inverter and a resistor are
connected between pins 35 and 37 on the DIP package and pins 39 and
41 on the PLCC package. The inverter has sufficient loop gain to provide
oscillation using an external crystal.

Phase 1 Out (¢1(OUT)) _
This inverted $2(OUT) signal provides timing for external R/W operations.

Phase 2 Out (¢2(OUT))

This signal provides timing for external bus R/W operations. Addresses
are valid after the address setup time (taps) from the falling edge of
$2(0UT).

Phase 4 Out (¢4(0OUT))
This signal is delayed by tavs from ¢2(OUT). The address output is valid
prior to the rising edge of $4(OUT).
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Signal Description (Continued)

Ready (RDY)

This input signal allows the user to single-cycle the microprocessor on
all cycles including write cycles. A negative transition to the low state
during or coincident with phase one (¢1) will halt the microprocessor
with the output address lines reflecting the current address being fetched.
This condition will remain through a subsequent phase two (¢2) in which
the ready signal is low. This feature allows microprocessor interfacing
with low-speed memory as well as direct memory access (DMA).

Reset (RES)

This input is used to reset the microprocessor. Reset must be held low
for at least two clock cycles after Voo reaches operating voltage from a
power down. A positive transition on this pin will then cause an initializa-
tion sequence to begin. After the system has been operating, a low on
this line of at least two cycles will cease microprocessing activity.

When a positive edge is detected, there is an initialization sequence
lasting six clock cycles. The previous program counter and status
register values are written to the stack memory area. Then the interrupt
mask flag is set, the decimal mode is cleared and the program counter is
loaded with the restart vector from locations FFFC (low byte) and FFFD
(high byte). This is the start location for program control. This input
should be high in normal operation.

Read/Write (R/W)

This signal is normally in the high state indicating that the microprocessor
is reading data from memory or I/0 bus. In the low state the data bus has
valid data from the microprocessor to be stored at the addressed memory
location. R/W is set to the high impedance state by BE.

Set Overflow (50)
A negative transition on this line sets the overfiow bit in the status code
register. The signal is sampled on the trailing edge of ¢1.

Synchronize (SYNC)

This output line is provided to identify those cycles during which the
microprocessor is doing an OP CODE fetch. The SYNC line goes high
during ¢1 of an OP CODE fetch and stays high for the remainder of that
cycle. If the RDY line is pulled low during the ¢1 clock pulse in which
SYNC went high, the processor will stop in its current state and will re-
main in the state until the RDY line goes high. In this manner, the SYNC
signal can be used to control RDY to cause single instruction execution.

CLK(IN) or 40 (IN) upe o
I ¢t =
SRt Ix1
l c2

OSC(OUT) or 41 (OUT) F -
C1, C2= 51pF
R1 = 200KQ
X1 = 1MHz

Figure 2(a). Crystal Circuit for
Internal Oscillator

c
$2(0UT) {
$0(IN)
>
SR
#1(0UT)

Suggested RC network configuration
for internal oscillator.

1 MHz operation at Voo = 5.0V:
C = 56pF
R=5.6KK()
Figure 2(b). RC Circuit for
Internal Oscillator

Table II. Microprocessor Hardware Enhancements

Function

NMOS 6500

G65SCXXX Family

Oscillator.

Requires external active components.

Crystal or RC network will oscillate when connected
between ¢0 (IN) and ¢1 (OUT).

Assertion of Ready (RDY) during write
operations.

Ignored.

Stops processor during ¢2.

1X series clock inputs.
and ¢2) are required.

Two non-overlapping clock inputs (¢1

@2 (IN) is the only required clock.

Unused input-only pins (IRQ, NMI,
RDY, RES, SO, DBE, BE).

Must be connected to low impedance
signal to avoid noise problems.

Connected internally by a high-resistance to Vob
(approximately 1 Megohm).
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Addressing Modes

Fifteen addressing modes are available to the user of the GTE G65SCXXX
family of microprocessors. The addressing modes are described in the
following paragraphs:

Implied Addressing
In the implied addressing mode, the address containing the operand is
implicitly stated in the operation code of the instruction.

Accumulator Addressing
This form of addressing is represented with a one byte instruction and
implies an operation on the accumulator.

Immediate Addressing
With immediate addressing, the operand is contained in the second byte
of the instruction; no further memory addressing is required.

Absolute Addressing

For absolute addressing, the second byte of the instruction specifies the
eight low order bits of the effective address while the third byte specifies
the eight high order bits. Therefore, this addressing mode allows access
to the total 65K bytes of addressable memory.

Zero Page Addressing

Zero page addressing allows shorter code and execution times by only
fetching the second byte of the instruction and assuming a zero high
address byte. The careful use of zero page addressing can result in signifi-
cant increase in code efficiency.

Absolute Indexed Addressing

Absolute indexed addressing is used in conjunction with X and Y index
register andis referred to as “Absolute, X,” and “Absolute, Y.” The effective
address is formed by adding the contents of X and Y to the address con-
tained in the second and third bytes of the instruction. This mode allows
the index register to contain the index or count value and the instruction
to contain the base address. This type of indexing allows any location
referencing and the index to modify multiple fields resulting in reduced
coding and execution time.

Zero Page Indexed Addressing

Zero page absolute addressing is used in conjunction with the index
register andis referred to as “Zero Page, X" or “Zero Page, Y.” The effective
address is calculated by adding the second byte to the contents of the
index register. Since this is a form of “Zero Page” addressing, the content
of the second byte references a location in page zero. Additionally, due
to the “Zero Page” addressing nature of this mode, no carry is added to
the high order eight bits of memory and crossing of page boundaries does
not occur.

Relative Addressing
Relative addressing is used only with branch instruction; it establishes
a destination for the conditional branch.

Zero Page Indexed Indirect Addressing

With zero page indexed indirect addressing (usually referred to as Indirect
X) the second byte of the instruction is added to the contents of the X index
register; the carry is discarded. The result of this addition points to a mem-
ory location on page zero whose contents is the low order eight bits of the
effective address. The next memory location in page zero contains the
high order eight bits of the effective address. Both memory locations
specifying the high and low order bytes of the effective address must be
in page zero.

Absolute Indexed Indirect Addressing (Jump Instruction Only)
With absolute indexed indirect addressing, the contents of the second
and third instruction bytes are added to the X register. The result of this
addition points to a memory location containing the lower-order eight
bits of the effective address. The next memory location contains the
higher-order eight bits of the effective address.

Indirect Indexed Addressing

This form of addressing is usualiy referred to as Indirect, Y. The second
byte of the instruction points to a memory location in page zero. The con-
tents of this memory location is added to the contents of the Y index regis-
ter, the result being the low order eight bits of the effective address. The
carry from this addition is added to the contents of the next page zero
memory location, the result being the high order eight bits of the effec-
tive address.

Zero Page Indirect Addressing

In this form of addressing, the second byte of the instruction contains
the low order eight bits of a memory location. The high order eight bits
is always zero. The contents of the fully specified memory location is the
low order byte of the effective address. The next memory location con-
tains the high order byte of the effective address.

Absolute Indirect Addressing (Jump Instruction Only)

The second byte of the instruction contains the low order eight bits of a
memory location. The high order eight bits of that memory location is
contained in the third byte of the instruction. The contents of the fully
specified memory location is the low order byte of the effective address.
The next memory location contains the high order byte of the effective
address which is loaded into the 16 bits of the program counter.

h A ( ACCUMULATOR A
: Y INDEX REGISTER Y
! X INDEX REGISTER X
‘Is PCH L PCL PROGRAM COUNTER PC
8L1 S STACK POINTER S

TzTC] PROCESSOR STATUS

I—-REG “P”
CARRY 1 = TRUE

'—— ZERO 1= RESULT

IRQ DISABLE 1 = DISABLE
DECIMAL MODE 1 = TRUE
BRK COMMAND 1 = BRK
OVERFLOW 1 = TRUE
NEGATIVE 1 = NEG.

[nfvi1]B]D]

Figure 3. Microprocessor Programming Model
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Table lil. Instruction Set—Alphabetical Sequence

ADC  Add Memory to Accumulator with Carry LDY  Load Index Y with Memory

AND “"AND" Memory with Accumulator LSR  Shift One Bit Right

ASL  Shift One Bit Left NOP  No Operation

BCC Branch on Carry Clear ORA  "OR" Memory with Accumulator

BCS Branch on Carry Set PHA  Push Accumulator on Stack

BEQ Branch on Result Zero PHP  Push Processor Status on Stack

BIT Test Memory Bits with Accumulator ® PHX Push index X on Stack

BMI  Branch on Result Minus ® PHY PushlIndex Y on Stack

BNE  Branch on Result Not Zero PLA  Pull Accumulator from Stack

BPL  Branch on Resuit Plus PLP  Pull Processor Status from Stack
® BRA Branch Always ® PLX PullIndex X from Stack

BRK  Force Break ® PLY  PullIndex Y from Stack

BVC Branch on Overflow Clear ROL  Rotate One Bit Left

BVS  Branch on Overflow Set ROR  Rotate One Bit Right

CLC Clear Carry Flag RTI  Return from Interrupt

CLD  Clear Decimal Mode RTS  Return from Subroutine

CLI Clear Interrupt Disable Bit SBC  Subtract Memory from Accumulator with Borrow

CLV  Clear Overflow Flag SEC  Set Carry Flag

CMP  Compare Memory and Accumulator SED  Set Decimal Mode

CPX Compare Memory and Index X SEI Set Interrupt Disable Bit

CPY Compare Memory and Index Y STA  Store Accumulator in Memory

DEC Decrement by One STX  Store Index X in Memory

DEX Decrement Index X by One STY  Store Index Y in Memory

DEY Decrement index Y by One ® STZ  Store Zero in Memory

EOR  “Exclusive-or" Memory with Accumulator TAX  Transfer Accumulator to Index X

INC  Increment by One TAY  Transfer Accumulator to Index Y

INX  Increment Index X by One ® TRB Test and Reset Memory Bits with Accumulator

INY  Increment index Y by One ® TSB Testand Set Memory Bits with Accumulator

JMP  Jump to New Location TSX  Transfer Stack Pointer to Index X

JSR  Jump to New Location Saving Return Address TXA  Transfer Index X to Accumulator

LDA  Load Accumulator with Memory TXS  Transfer Index X to Stack Pointer

LDX Load Index X with Memory TYA  Transfer Index Y to Accumulator

Note: ® = New Instruction

7 8 D E F
PHP ORA ASL 0
abs abs
CLC ORA ASL 1
abs, X | abs, X
PLP AND ROL 2
abs abs
SEC AND ROL 3
abs, X | abs, X
PHA EOR LSR 4
abs abs
Ccul EOR LSR 5
abs, X | abs, X
PLA ADC ROR 6
abs abs
SEI ADC ROR 7
abs, X abs, X
DEY STA STX 8
abs
TYA STA 9
abs, X
TAY LDA TAX LDY LDA A
imm abs abs
CLv LDA TSX LDY LDA LDX B
abs, Y abs, X | abs, X | abs, Y
INY CMP DEX CPY CMP DEC C
i abs abs abs
CLD CMP DEC D
abs, X | abs, X
INX CPX SBC INC E
abs abs abs
SED SBC INC F
zpg, X abs, X | abs, X
5 7 8 B C D E F

Note:

Figure 4. Microprocessor Op Code Table
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Table IV. Operational Codes, Execution Time, and Memory Requirements

IMME-| ABSO-| zEro| (4 ™M ) (1) | ReLa-| INDI- PROCESSOR
DIATE| LUTE | PAGE |IMPLIED|(IND. X)|(IND). Y| zPG.Xx | ABS,X| ABS.Y |TIVE(2)| RECT | ZPG,Y| STATUS CODE
MNE- i T 7643210 MNE-
MONIC|  OPERATION OP|n|#|OP|n|# [OP|n]# |OP|n|#|OP|n|#|OP|n|#| OP|n|# |OP|n |# |OP]|n|# |OP|n|# |OP|n|# JOP|n]#|N VB D I ZC|MONIC
ADC [A+M+C—~A (3) | 69]2]2] 6D]4[3] 65| 3[2 61| 6] 2] 71 s|2| 75]4[2] 70 4[3[ 79[ 4|3 72|52 NV e ««2zC| ADC
AND |AAM—A 29| 2|2| 20| 4|3 25| 3| 2 21{6|2] 31| 52| 35|4|2] 30| 4|3 39} 4|3 32|52 Nesoseeze| AND
ASL |C-[7___ 0] -0 0E| 6|3 | o8| 52| 0A[2]1 16[6[2] 1€] 6|3 Neooezc| AsL
BCC | BRANCH IF C=0 90| 2|2 e e oeee| BCC
BCS | BRANCH IF C=1 Bo[2[2 e+ seee]| BCS
BEQ | BRANCH IF Z=1 Fol 2|2 ee s eeee| BEQ
BIT [AAM (5) | 89|2|2| 2c|4|3] 24| 3|2 34/4|2] ac| 4|3 MiMes o ¢ Zo| BIT
BMI | BRANCH IF N=1 30|2|2 cessseel BM
BNE | BRANCH IF 2=0 Do| 2|2 eeeeees]| BNE
BPL | BRANCH IF N=0 10{ 2|2 e e s eeeal BPL
BRA | BRANCH ALWAYS 80|22 e el BRA
BRK | BREAK 00|71 e+ 101ee| BRK
BVC |BRANCH IF V=0 50| 2|2 se s eeee| BvC
BVS |BRANCH IF V=1 70| 2|2 se s ecesl BYS
ce |o-c 18{2|1 «0| cLc
co_fo-D D8|2|1 eee0eee| CLD
cu [o—1 58[2]1 eese0ee| cU
cw |o-v B8[2|1 e0eeeee| CLV
CMP |A-M c9|2|2|cp|a|3|csla|2 c1{6|2| D1|5|2| Ds|4|2|DD| 4|3 | Dof4|3 D252 Ne e eezC| CMP
CPX | X-M £0|2|2| EC|4|3 | E4| 3|2 Ne o ee2C| CPX
CPY_|Y-M col2|2|cc|a|3|c4|3]2 Ne o CPY
DEC | DECREMENT cefe[3|cs|s|2]3a[2]1 p6|6]2|DE[6[3 Ne o DEC
DEX |X-1-X cAf2|1 Ne o DEX
DEY |Y-1-Y 88|21 Ne o DEY
EOR [AvM —A 49(2|2| 4D|4 3| 45|32 41|6|2| 51[5|2| 55[{4|2|5D| 43| 59)4|3 52|5|2 Ne o EOR
INC | INCREMENT EEf6|3] E6]5|2] 1A]2]1 F6/6)2| FE|6|3 Ne o INC
INX [Xx+1-X esf2[1 Ne o INX
INY |Y+1—Y cs|2|1 Ne s INY
JMP [ JUMP TO NEW LOC acls|3 7cl6 6cle|3 ce e JMP
JSR | JUMP SUB 20(6|3 co e JSR
LDA |M—A A9[2|2|AD|43 | As|3|2 A1]6|2| B1|5|2| B5|4|2|BD| 43| B9|4[3 B2[5[2 Ne o LDA
LDX [M =X A2|2]2] aE]4]3 [ A6[3]2 BE|4]3 Be[4]2[N s+ LDX
Loy [M-Y A0|2[2|AC|4(3 | A4|3|2 B4|4[2|BC|4|3 Ne o LDY
LSR [o-[7___0d-c 4e(6{3 | 46|5|2| 4a|2{1 s6(6(2 | 5E{63 0o LSR
NOP | NO OPERATION EA[2[1 ce e NOP
ORA |AVM-—A 09]2[2| 0D|4|3 | 05|3[2 01|6|2| 11{5[2| 15[4|2]| 10|43 ] 19]4[3 12|5(2 Ne e ORA
PHA |A—Ms S-1-S 48[3[1 ce e PHA
PHP |P—Ms S-1-8 083|1 R PHP
PHX |X—Ms S-1-S DA|3[1 ce e PHX
PHY [Y—Ms S-1-S 5A(3]1 e e PHY
PLA_ [S+1-S Ms—A 68|41 Neo o oo PLA
PLP [S+1-S Ms—P 28[41 NV 1DI PLP
PLX |S+1-S Ms—X FA|4|1 Nesooo PLX
PLY |St1-S Ms—Y 7Ala 1 Nesooo PLY
roL | - —C 26l6(3 | 26|5|2 | 2a 2|1 3616{2] 3€l6]3 . ROL
ROR | c-7—1 6E|6[3 | 66[5|2 |6A 2|1 76(6(2| 7E[6[3 ROR
RTI |RTRN INT 4061 RTI
RTS |RTRN SUB 60(6 1 RTS
SBC |A-M-C-A ) |esl2fo|eD[4f3 | ES|3|2 e1l6|2| F1|s|2| Fs|4|2|FD|4]3| Folals F2{s5|2 SBC
SEC |1-¢C 38)2]1 SEC
SED [1-D F8l2]1 SED
SEI |1-1 78|2|1 SEI
STA |A—M 8D[4(3 ] 85/3]2 81(6[2 91/6]|2| 95|4]2|9D|5[3 | 99]5|3 92(5(2 STA
STX [X—M 8E|4[3 | 863|2 STX
STY |Y—-M 8C|4|3 | 84|3|2 94)4]2 STY
STZ [00—~M oc|al3| ea|3]2 74laf2] 9|5]3 STZ
TAX |A =X AA[2]1 TAX
TAY |A-Y Asl2|1 TAY
TRB |AAM—=M (6) 1Cl6[3 | 14|52 TRB
TSB_|AVM - M (6) oc|6{3 | 04|5{2 TSB
TSX [S—X BA[2]1 TSX
TXA [X-A 8Al2|1 TXA
@S [x-—s 9Al2]1 ™S
TYA |Y—~A 98 2|1 TYA
Notes:
1. Add 1 to “n" if page boundary is crossed, except STA and STZ. X Index X + Add n No. Cycles
2. Add 1to"n" if branch occurs to same page. Add 2 to “n” if branch occurs to different page. Y Index Y - Subtract # No. Bytes
3. Add 1 to “n" if decimal mode. A Accumulator A And Mes Memory Bit #6
4. Accumulator address is included in Implied address M Memory per effective address Vv Or M- Memory Bit #7

5"

" and "V" flags are unchanged in immediate mode.
6. “Z" flag indicates AAM result (same as BIT instruction).

Ms Memory per stack pointer

V¥ Exclusive or




Microcircuits

G65SCXX

Enhanced Operational Characteristics

The GTE G65SCXXX family of microprocessors is a complete series of

devices designed for building state-of-the-art microcomputer systems.

Each member of the family is carefully designed to be hardware com-
patible, utilize the same basic software instruction set, and to be bus
compatible with the MC6800 product line. Accordingly, the G65SCXX

series is pin compatible with existing NMOS 6500 type microprocessors.

However, as stated previously, the CMOS design allows several opera-
tional enhancements to be incorporated in the current product. These
operational enhancements are explained in Table V.

Table V. Microprocessor Operational Enhancements

Function

NMOS 6500
Microprocessor

GB5SCXXX Family
Microprocessor

Indexed addressing across page boundary.

Extra read of invalid address.

Extra read of last instruction byte.

Execution of invalid op codes.

Some terminate only by reset. Results are
undefined.

All are NOPs (reserved for future use).

Op Code Bytes Cycles
X2 2 2
X3, X7, XB, XF 1 1
44 2 3
54, D4, F4 2 4
5C 3 8
DC, FC 3 4

Jump indirect, operand = XXFF.

Page address does not increment.

Page address increments, one additional cycle.

Read/modify/write instructions at effective
address.

One read and two write cycles.

Two read and one write cycle.

Decimal flag.

Indeterminate after reset.

Initialized to binary mode (D=0) after reset and
interrupts.

Flags after decimal operation.

Invalid N, V and Z flags.

Valid flags. One additional cycle.

Interrupt after fetch of BRK instruction.

Interrupt vector is loaded; BRK vector is
ignored.

BRK is executed, then interrupt is executed.

Reset Reads three stack locations. Writes program counter and status register
to stack
Read/Modify/Write instructions absolute Seven cycles. Six cycles.
indexed in same page.
Pin Function

Pin Description Pin Description
AO0-Axx Address Bus osc (OUT) Oscillator Output
BE Bus Enable ¢1(0OUT) Phase 1 Out
CLK (IN) Clock Input #2(0UT) Phase 2 Out
@0(IN) Phase 0 In $4(0OUT) Phase 4 Out
$2(IN) Phase 2 In RDY Ready
DBE Data Bus Enable RES Reset
DO0-D7 Data Bus R/W Read/Write
TRQ Interrupt Request S0 Set Overflow
ML Memory Lock SYNC Synchronize
NC No Connection Voo Positive Power Supply (+5.0 Volts)
NMI Non-Maskable Interrupt Vss Internal Logic Ground
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Pin Configuration

vss []1 40[ ) RES
RoY []2 39[ ]2 (0UT) g g
) 5 [ s £
o1ouT) []3 38{ ] SO ° g ‘;;'5 g glm‘“lﬁ £,
iRa [Ja 37[ ] 00 (IN) z = « x S s 2
Ne s 36[J NC ©w e o N3 QY 35Q
NI []e 3s[] NC [ ]
= N N
syne 7 31 RW M7 3| NC
voo [Js 331 oo SYNC | 8 s NC.
NC | 9 RIW
a0 9 gesscoz 32 01 37
a1 o 31[J o2 Voo |10 36| DO
a2 COn 30[] o3 A0 N 3s| ot
a3 [ 20 pa Al |12 G65SC02 34| D2
as 3 281 os A2 |13 33| D3
as 11 271 s A3 |14 32| Da
as [1s 2] o7 A4 |15 31| os
a7 16 5[] ats As |16 30| D6
as 17 24 ] A4 a6 | 17 2| b7
A9 18 23[] A13
A0 []1e 22[7] A12 22L& IREERE
~ e N o T 0
an a2 21[7] vss PEEEEREEREEE
Vvss 1 40 RES - -
[wm ] e g s
ROY []2 39[ ] 2 (0uT) o 3 5o o % E -
©a(oum) []3 B[]S 2 |2 Iee glg T3 08
iRG [ 37 CLK (IN) e o <o ~-r3Cogcs
ML s 36["] BE Y
NMI E 6 35[] OSC (ouT) N | 7 39 | OSC(OUT)
SYNC 7 3a[ ] RW syNe | 8 38| NC
voo (s 33[1 oo nNe | e a7 | R
20 Ko gesscroz 2 01 voo |10 35| o0
a1 o 311 p2 a0 |11 35| o1
a2 v w03 a2 G655C102 u|o2
o b ”g o4 Az |13 33| D3
A4 E 13 203 05 s |1s 2| oa
as e 271 s as |1 sl os
as [J1s 261 o7
A5 |16 0| oe
a7 e 25[] a5
A6 | 17 29| o7
as 17 2a[] a4
ro e w3 EEEEEREEREE
At A2
= = TR EEEE
an T2 21 vss < < T < <<
e
vss (1 40[] RES 3 g
RroYy [J2 39[ ] ¢2(ouT) glg 2 § g E [ § §§
Nc 3 38[] §0 =
iRa 4 37[J o208 ©@w o Nr-3Q295FE
[ ]
Vss 5 36 DBE
b = i {7 ss|we
=N s e SYNC | 8 NC
syne (7 [ pW Ne b o
voo (8 33 po s L4
Voo | 10 36| DO
a0 9 gesgcya 32 ot o1
a1 0o 31 o2 Ao M 35
a2 O 30[] o3 A1 (12 G65SC12 2| 02
as 12 29[ pa A2 |13 33{ D3
as s [ os A3 |14 32| D4
as e 27[J oe A4 |15 31| s
as s 263 o7 AS | 16 30| pe
ar s 251 a1s as |17 2] o7
as 17 24[] a1a oo o . N
a9 Clve 237 a3 223 3QILLRER
~ e o e e w
at0 19 22[] at2 <22;§§g=;:=
an 2o 217 vss




Microcircuits GGSSCXX

Pin Configuration, Continued

vss [J1 0[] RES
rov []2 3[ ]2 oum)
Ne s 15
irRa ]s [ Jo2(N) g 3
w s 38[J s |i'|g¥§gglg§|8§5‘
Nmi [ 35[ ] OSC (ouT) ©weeo N30y TQ
syne 7 u[Jrw [ ]
voo (8 331 oo i (7 39| NC
a0 o gesscrrz [0 SYNC | 8 38 | B5€(0UT)
a1 o an[ o2 NC | 9 37| AW
a2 T 30 oa Voo | 10 36| DO
as 12 2901 pa Ao |11 35| D1
as s 281 s A1 |12 GB5SC112 | D2
as e 27(J os A2 |13 33| 03
as [CJ1s 26 o7 As |14 32| Da
a7 e 25 ats as | s los
as []17 241 ata a5 |16 20| o8
as e 23] a3 a6 |17 2] o7
at0 [ 2] a2
A Cao 2 vss R EEEEEELE]
TITZEELELIE
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Pin Configuration, Continued
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Ordering Information

G 65SCXXX AP | -2
Description
C—Special G—Standard

Product Identification Number

Version

Package

P—Plastic E—Leaded Chip Carrier
C—Ceramic L—Leadless Chip Carrier
D—Cerdip X—Dice

Temperature/Processing

None— 0°Cto+70°C, + 5% P.S. Tol. S— 0°Cto+70°C, = 10%P.S. Tol.
1—-40°Cto +85°C, £ 5% P.S. Tol. W— -40°C to +85°C, + 10% P.S. Tol.

Performance Designator

Designators selected for speed and power specifications

—1 1MHz —3 3MHz
—2 2MHz —4 4MHz




GTE G65SC21

Microcircuits
CMOS Peripheral Interface Adapter

Features General Description
e CMOS process technology for low power The GTE G65SC21 is a very flexible Peripheral Intertace
consumption Adapter for use with GTE and other 8-bit microprocessor
e Direct replacement for NMOS 6521 and 6821 devices families. The G65SC21 provides programmed microprocessor
manufactured by others control of up to two peripheral devices (Port A and Port B).
® Low power consumption (2 mA at 1MHz) allows battery Peripheral device control is accomplished through two 8-bit
powered operation bidirectional I/0O Ports, with individually assigned Data
o Two programmable 8-bit bidirectional I/0 Ports for Direction Registers. The Data Direction Registers allow
peripheral device interfacing selection of data flow direction (input or output) at each
¢ Individual Data Direction Registers for each I/0 Port r'espectlye A Port: Dgta "o‘.N dlrpctlon may be se[ected 'on.a
o Microprocessor/peripheral “handshake” interrupt feature line-by-line basis with intermixed input and output lines within

the same port. The “handshake” interrupt control feature is

for enhanced data transfer control provided by four peripheral control lines. This capability

* Programmable interrupt capability provides enhanced control over data transfer functions
* Four operating frequencies—1, 2,3 and 4 MHz between the microprocessor and peripheral devices, as well as
® Automatic power-up initialization bidirectional data transfer between G65SC21 Peripheral Inter-
e Single +5 volt power supply face Adapters in multiprocessor systems.

e Available in 40-pin dual-in-line or 44-pin PLCC package

Block Diagram

TROA = INTERRUPT STATUS |<—— CA1
t CONTROL A a— CA2
N CONTROL -
REGISTER A DATA DIRECTION
r\/ (CRA) REGISTER A
D0 «+— (DDRA)
D1 a—»
D2 «—| DATABUS [
D3 «—»|  BUFFERS OUTPUT BUS -
2I3 e K e
D5 4——p -
D6 < PERIPHERAL PERIPHERAL PA2
D7 <*— ] OUTPUT INTERFACE lt——— PA3
REGISTER A BUFFER la—— PAS4
(ORA) A lt——> PAS
l<—— PA6
1T s
PERIPHERAL PBO
DATA INPUT OUTPUT l«—»- PB1
REGISTER REGISTER B PERIPHERAL  |@— PB2
(DIR) (ORB) INTERFACE l-——» pB3
BUFFER l<«——> PB4
B le——» PB5
la— PB6
cso :: PB7
gg; — CHIP INPUT BUS
"so o]  SELECT DATA DIRECTION
RS1 — AND CONTROL REGISTER B
R/W ———— R/W REGISTER B (DDRB)
ENABLE ——»| CONTROL (CRBy
RESET ———p»f
) A #! INTERRUPT STATUS [#———CB1
IRQB - CONTROL B le«—» CB2
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Absolute Maximum Ratings: (Note 1)

This device contains input protection against damage due to
high static voltages or electric fields; however, precautions

| - .
Rating Symbo Value should be taken to avoid application of voltages higher than
Supply Voltage VoD -0.3V to +7.0V the maximum rating.
Input Voltage VIN -0.3V to Voo +0.3V Not
- > otes:
Operating Temperature Ta ~40°Cto +85°C 1. Exceeding these ratings may cause permanent damage,
Storage Temperature Ts -55°C to +150°C functional operation under these conditions is not implied.

DC Characteristics: Voo = 5.0V £ 5%, Vss = 0V, TA = -40°C to +85° C Industrial, 0° C to +70° C Commercial

Parameter Symbol Min. Max. Unit
Input High Voltage ViH 20 Voo +0.3 \]
Input Low Voltage ViL -0.3 0.8 Vv
Input Leakage Current (VIN =0 to VDD), IIN +1.0 nA
Input Only Pins, o
R/W, RES, RS0, RS1, CS0, CS1, CS2, CA1, CB1,¢2
Three-State Leakage Current (VIN = 0.4 t0 2.4V), ITsi +10.0 A
D0-D7, PB0-PB7, CB2, IRQA, IRQB
Input High Current (VIH = 2.4V), IiH -200 nA
Peripheral Inputs with Pullups, PAO-PA7, CA2
Input Low Current (ViL = 0.4V) L -24 mA
Peripheral Inputs with Pullups, PAO-PA7, CA2
Output Low Voltage (loL = 3.2 mA), VoL 04 \
PAOQ-PA7, PB0-PB7, D0-D7, CA2, CB2, IRQA, IRQB
Output High Voltage (I0H = -200 uA), VOH 2.4 Vv
PAO-PA7, PB0-PB7, D0O-D7, CA2, CB2, IRQA, IRQB
Output High Current (Sourcing) IoH -3.0 mA
(VoH = 1.5V, Direct Transistor Drive), PB0-PB7, CB2
Supply Current f=1MHz IDD 2.0 mA
(No Load) f=2MHz [[s]s} 4.0 mA
f=3MHz oD 6.0 mA
f=4MHz DD 8.0 mA
Power Dissipation (Inputs = Vss or VDD, No Loads),
Operating (VDD =5.5V, f =1 MHz) PD 11.0 mwW
Standby (Static) PosB 11.0 uW
Input Capacitance (f = 1 MHz) CIN 5.0 pF
Output Capacitance (f = 1 MHz) Cout 10.0 pF

AC Characteristics—Processor Interface Timing: Vob =5.0V + 5%, Vss =0V, TA =-40°C to +85° C Industrial,
0°C to +70° C Commercial

G65SC21-1 G65SC21-2 G65SC21-3 G65SC21-4

Parameter Symbol | Min Max Min Max Min Max Min Max | Unit
Cycle Time tcyc 1000 — 500 — 330 — 250 — nS
Phase 2 Pulse Width High tPWH 470 — 240 — 160 — 120 — nS
Phase 2 Pulse Width Low tPwL 470 — 240 —_ 160 — 120 — nS
Phase 2 Transition tRF — 30 — 30 — 30 — 30 nS

Read Timing (Figure 1)

Select, R/W Setup tACR 160 — 90 — 65 — 45 — nS
Select, R/W Hold tCAR 0 — 0 — 0 — 0 — nS
Data Bus Delay tCDR - 320 — 190 — 130 — 90 nS
Data Bus Hold tHR 10 — 10 — 10 -— 10 — nS
Peripheral Data Setup tPCR 300 — 150 — 110 — 75 — nS
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AC Characteristics: (Continued)

G65SC21-1 G655C21-2 G65SC21-3 G65SC21-4
Parameter | Symbol | Min Max Min Max Min Max Min ] Max | Unit
Write Timing (Figure 2)
Select R/W Setup tacw 160 — 90 — 65 — 45 - nS
Select, R/W Hold tCAW 0 — 0 — 0 — 0 — nS
Data Bus Setup tocw 195 — 90 — 65 — 45 — nS
Data Bus Hold tHW 10 = 10 — 10 - 10 — nS
Peripheral Data Delay ~ (PortA) tcpw — 1000 - 500 — 330 — 320 nS
(Port B) — 1000 — 500 — 330 — 250
Note: Measurement points 0.8V and 2.0V unless otherwise specified.
AC Characteristics—Peripheral Interface Timing: Vo = 5.0V + 5%, Vss = 0V, TA = -40° C to +85° C Industrial,
0°C to +70°C Commercial
G65SC21-1 G65SC21-2 G65SC21-3 G65SC21-4
Parameter Symbol | Min Max Min Max Min Max Min Max | Unit
CAZ2 Delay Time, High-to-Low tca2 — 1.0 — 0.5 — 0.33 — 0.25 uS
CAZ2 Delay Time, Low-to-High tRs1 — 1.0 — 0.5 —_ 0.33 —_ 0.25 uS
CAZ2 Delay Time, Handshake Mode tRs2 — 2.0 — 1.0 — 0.67 —_ 0.50 uS
CB2 Delay Time, High-to-Low tce2 — 1.0 — 0.5 —_ 0.33 — 0.25 uS
CB2 Delay Time, Low-to-High trRs1 — 1.0 — 0.5 — 0.33 — 0.25 uS
CB2 Delay Time, Handshake Mode trRs2 — 2.0 — 1.0 — 0.67 — 0.50 uS
CB2 Delay Time from Data Valid toc 20 — 20 —_ 20 — 20 — nS
Interrupt Input Pulse Width Pwi 500 —_ 500 — 330 - 250 - nS
Interrupt Response Time tRS3 — 1.0 — 1.0 — 0.67 — 0.33 uS
Interrupt Clear Delay tir — 1.6 — 0.85 — 0.67 —_ 0.33 uS
Rise and Fall Times—
CA1, CA2,CB1,CB2 tR, tF — 1.0 — 1.0 - 0.67 — 0.33 uS
Timing Diagrams
tcyc
t tPWH- T S—
20V 20V
2 08 v7Zi 0.8V 08V
tACR I -‘——————'CAR tPwWi —————=—|
ADDRESS 20V 20V
CS,Rs, ETC 08V 08V /////// //// / A
i S
tPCR —=—i
PERIPHERAL
20V
DATA,
CA2, CB2 // 08V
~==—tCOR: —e=—1 tHR
DATA 24V 24V
BUS 0.4V 04V

Figure 1. Read Timing
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Timing Diagram (continued)

tcve
R f————tPWH f— tF
»2 20V 20v
08V e 08V A 08V
f—— tPWL ———{

ACW | —e= {CAW

ADDRESS 20V 20V
CS,RS,ETC 0.8V 08V
RiwW 08V 08V

tcpw

Y o

o L ///ﬁ{

tDCW —w=i tHw
20V
08V

Figure 2. Write Timing

2 / . \

PAQ-PA7
PB0-PB7

tPCR =

Figure 3. Peripheral Data Setup Time

[e——t{CA2
CA2
(HIGH-TO-LOW)

pea— RS 1
CA2
(LOW-TO-HIGH)

Figure 4. CA2 Timing

CA2

Figure 5. CA1/CA2 Timing

S/ N

[e—1{CB2
cB2
(HIGH-TO-LOW)

e tRS 1
cBe2
(LOW-TO-HIGH)

Figure 6. CB2 Timing

ce1
RS2
cB2

Figure 7. CB1/CB2 Handshake Timing

TN T
Mo L

Figure 8. PA Port Delay Time

tepw
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Timing Diagrams (continued)

PBO-PB7 7/////// / ///W: Test Load sov

- LCPW -t

cB2 1.2K()

——e={ tDC

Figure 9. PB Port Delay Time PIN

[=—Pw|

CA1,CA2
CB1,CB2
IRQA, IRQB
’-————‘ tRs3:
OPEN DRAIN
OUTPUT TEST LOAD

Figure 10. Interrupt Timing K

»2 PIN

R

IRQA, IRQB |

Figure 11. Interrupt Clear Timing

100 pF

7 6 5 4 3 2 1 0

CRA IRQA1 IRQA2 CA2 Control DDRA CA1 Control
f . ) Access

7 6 5 4 3 2 1 0

CRB IRQB1 IRQB2 CB2 Control DDRB CB1 Control
T L 1 Access

Figure 12. Control Registers

REGISTER DATA DIRECTION
SELECT REGISTER ACCESS
PIN CONTROL BIT
RS1 RSO CRA-2 CRB-2 REGISTER SELECTED
0 1 — Peripheral Interface A
0 0 0 — Data Direction Register A
0 1 — — Control Register A
1 0 - 1 Peripheral Interface B
1 0 - 0 Data Direction Register B
1 1 - —_ Control Register B

Figure 13. Register Addressing
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Signal Description

Data Bus (D0-D7)
The eight bidirectional data bus lines are used to transfer
data between the G65SC21 and the microprocessor.

During a Read operation, the contents of the G65SC21
internal Data Bus Buffer (DBB) are transferred to the micro-
processor via the Data Bus lines. During a Write operation,
the Data Bus lines represent high impedance inputs over
whichdatais transferred from the microprocessor to the Data
Input Register (DIR). The Data Bus lines are in the high
impedance state when the G65SC21 is unselected.

Chip Select (CS0, CS1, CS2)

Normally, the three Chip Select lines are connected to the
microprocessor address lines. This connection may be either
director through an external decoder. To access the G65SC21,
CS0 and CS1 must be high (Logic 1) and CS2 must be low
(Logic 0).

Register Select (RS0, RS1)
The Register Select inputs allow the microprocessor to select
G65SC21 internal registers as presented in Figure 13.

Read/Write (R/W)

The Read/Write signal is generated by the microprocessor
and is used to control the transfer of data between the
G65SC21 and the microprocessor. When R/W is in the high
state (Logic 1) and the chip is selected, data is transferred
from the G65SC21 to the microprocessor (Read operation).
Conversely, when R/W is in the low state (Logic 0), data is
transferred from the processor to the selected G65SC21
internal register (Write operation). Read/Write must always
be preceded by Chip Select (CS0, CS1 and CS2).

Input Clock (42)
The system ¢2 Input Clock controls all data transfers between
the G65SC21 and the microprocessor.

Interrupt Request (IRQA, IRQB)

The Interrupt Request (IRQA for Port A, and IRQB for Port B)
output signals become true (Logic 0) whenever an internal
interrupt condition is determined by Interrupt Status Control
Registers A and B. These two signals are active low and have
open-drain outputs. The open-drain configuration allows the
Interrupt Request signals to be wire-ORed to a common
microprocessor IRQ input line.

Reset (RES)

A low signal (Logic 0) on the Reset line serves to initialize the
G65SC21, clearing all internal registers and placing all
peripheral interface lines (PA and PB) in the input state.

Peripheral Data Port A (PA0-PA7)

Peripheral Data Port A is an 8-line, bidirectional bus used for
the transfer of data, control and status information between
the G65SC21 and a peripheral device. Each data portbusline
may be individually programmed as either an input or output
under control of the Data Direction Register (DDRA). Data
flow direction may be selected on a line-by-line basis with
intermixed input and output lines within the same port.

Peripheral Data Port B (PB0-PB7)

Peripheral Data Port B is an 8-line, bidirectional bus used for
the transfer of data, control and status information between
the G65SC21 and a peripheral device. Functional operation is
identical to Peripheral Data Port A, thus allowing the G65SC21
to independently control two peripheral devices.

Interrupt Status Control—

CA1, CA2 (Port A) and CB1, CB2 (Port B)

The two Interrupt Status Control lines for each Data Port are
controlled by the Interrupt Status Control logic (A and B).

This logic interprets the contents of the corresponding
Control Register (CRA and CRB), allowing the Interrupt
Status Control lines to perform various peripheral control
functions.

Functional Description

Organization of the G65SC21 consists of two independent
control sections (A and B). Section A and Section B are
identical—each consisting of a Control Register (CRA and
CRB), Data Direction Register (DDRA and DDRB), Output
Register (ORA and ORB), Interrupt Status Control (A and B)
and Peripheral Interface Buffers (A and B). The Data Bus
Buffers (DBB), Data input Register (DIR) and the Chip Select
and Read/Write control logic is common to both sections.
Refer to the Block Diagram on Page 1.

Data Input Register (DIR)

During a Write data operation, the microprocessor writes data
into the G65SC21 by placing data on the Data Bus. This data
isthen latched into the Data Input Register by the Phase Two
(¢2) clock. Once in the Data Input Register, this data byte is
transferred into one of six internal registers. This data transfer
occurs after the trailing edge of the ¢2 clock pulse that
latched the data byte into the Data Input Register. This timing
delay guarantees the data on the peripheral output lines (PA
or PB) will make a smooth transition from low to high or high
to low, and the output voltage will remain stable when there is
to be no change in polarity.

Control Registers (CRA and CRB)

The individual Control Registers allow the microprocessor to
program the operation of the Interrupt Control inputs (CA1,
CA2, CB1, and CB2), and the Peripheral Control outputs
(CA2 and CB2). Refer to Figure 4. Bit 2 in each Control
Register controls the addressing of the Data Direction Reg-
isters (DDRA and DDRB) and also the Output Registers (ORA
and ORB). Bits 6 and 7 are interrupt flag bits which indicate
the status of the Interrupt Status Control input lines (CA1,
CA2, CB1, and CB2). These two interrupt status flags are
normally interrogated by the microprocessor during the
interrupt service routine to determine the source of an active
interrupt. These two interrupt lines drive the interrupt input
(TRQ and NMI) of the microprocessor.

Interrupt Status Control Logic (A and B)

The G65SC21 contains four interrupt/peripheral control lines
(CA1,CA2,CB1, and CB2). These lines are controlled by the
Interrupt Status Control logic (A and B). The Interrupt Status
Control logic serves to interpret the contents of the cor-
responding Control Register, thus allowing these lines to
perform various control functions as described in Figure 16.

Data Direction Registers (DDRA and DDRB)

By use of the Data Direction Registers (DDR), the micro-
processor can program each individual peripheral 1/0 Port
line as an input or output. Each bit within the register controls
a corresponding line of the 1/0 Port, with DDRA controlling
peripheral 1/0 Port A and DDRB controlling I/0 Port B. A
programmed “0” in any bit position of a DDR results in the
corresponding I/0 Port line being designated as an input.
A “1” results in the line being an output.

Peripheral Output Registers (ORA and ORB)

All output data to a peripheral is stored in the corresponding
Output Register (ORA or ORB). This datais then presented to
the Peripheral Interface Buffer (A and B) and placed on the
respective I/0 Port lines. Writing a “0” into any bit position of
ORA or ORBresultsin the corresponding peripheral I/O Port
line going low (<0.4V), providing that particular line is
programmed as an output. Writing a “1” into a bit position
results in the corresponding output going high.
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Register Access and Selection

Register Select lines RS0 and RS1 are used in combination
with Chip Select to access the six function registers within the
G65SC21. These lines are normally connected to the micro-
processor address output lines. As can be seen from Figure
13, the Register Select lines are used in combination with bit2
of the Control Registers (CRA and CRB) to access the Data
Direction Registers (DDRA and DDRB) and the peripheral
interface Output Registers (ORA and ORB). If bit 2 is a Logic
1, a Peripheral Output Register is selected, and if bit 2 is a
Logic 0, a Data Direction Register is selected. Thus, with
appropriate addressing the microprocessor can write directly
into the Control Registers, the Data Direction Registers, and
the peripheral interface Output Registers. Also, the micro-
processor can read the contents of the Control Registers and
the Data Direction Registers.

Data Access—Peripheral /O Port A

Depending on the contents of Data Direction Register A, the
eight lines of Peripheral 1/0 Port A may be programmed as
either inputs or outputs. When a particular line(s) is pro-
grammed as an output, it will reflect the contents of the
corresponding bit in peripheral Output Register A (ORA).
When programmed as inputs, these lines will reflect the logic
state of corresponding peripheral input data. Lines pro-
grammed as inputs are not affected by the peripheral Output
Register (ORA). To perform a Read operation (RS1 = 0,
RS0 = 0, and Data Direction Register Access Control bit
(GRA-2) = 1), data on peripheral I/O Port A lines is directly
transferred to the microprocessor via the Data Bus. The trans-
ferred byte will contain both input and output data from all
eight /O Port A lines. It is the responsibility of the micro-
processor to recognize and interpret only those bits'which are
important to a particular peripheral operation being per-
formed. Note that the microprocessor always reads the I/0
Port A“pins” and not the contents of the ORA. This being the
case, the actual data read into the microprocessor may differ
from the contents of the peripheral ORA, i.e., for a particular
data “output” line. This condition occurs when the I/0 pin is
not allowed toreach a full +2.4 volts DC for a Logic 1. When this
occurs, the microprocessor will read a Logic 0, even though
the corresponding bit in the peripheral ORA is a Logic 1.

Data Access—Peripheral I/0 Port B

When reading peripheral I/0 Port B, a combination of input
and output data is read in a similar manner to peripheral I/0
Port A above. The major difference is that for I/0O Port B, data
is read directly from peripheral Output Register B (ORB) for
those lines programmed as outputs. This being the case, it is
possible to load down 1/O Port B lines without causing
incorrect data to be transferred to the microprocessor during
a Read operation.

Interrupt Request (IRQA, IRQB)

Both Interrupt Request (IRQA, IRQB) lines are active low,
and serve to interrupt the microprocessor either directly or
through external interrupt priority circuitry. Each line is
“open drain” and is capable of sinking 3.2 milliamps from an
external source, thus allowing all interrupts to be tied together
in a wired-OR configuration. Each Interrupt Request line is
assigned to a particular Peripheral Interface I/0O Port (IRQA
for Port A, and IRQB for Port B). Two interrupt flag bits are
used with each Interrupt Request line. When true, these flag
bits cause the Interrupt Request line to go low. The flag bits
(bits 6 and 7 in each of the two Control Registers) act as the
link between the peripheral interrupt signals and the micro-
processor interrupt inputs. Each flag has a corresponding
interrupt disable bit which allows the microprocessor to
enable or disable the interrupts from each of the four inter-
ruptinputs, i.e., CA1, CA2, CB1 and CB2. Each interrupt flag
is set by an active transition on the interrupt input (CA1, CA2,
CB1 and CB2).

Interrupt A Control (IRQA)

Bit 7 of Control Register A is always set by an active transition
of the CA1interrupt control signal. This flag can be prevented
from interrupting (disabled) by setting bit 0 of Control
Register A to a Logic 0. Bit 6 of Control Register A is always
set by an active transition of the CA2 interrupt control signal.
This flag can be prevented from interrupting (disabled) by
setting bit 3 of Control Register A to a Logic 0.

Both bit 6 and bit 7 in Control Register A are reset by a “Read
Peripheral Output Register A” operation. To perform this Read
operation, the proper Chip Select and appropriate Register
Select signals must be present.

Interrupt B Control (IRQB)

The control of Interrupt Request B (IRQB) is performed in the
same manner as that described above for IRQA, except that
for 1/0 Port B, Control Register bit 7 is set by an active
transition on CB1 and interrupt enable/disable is controlled
by Control Register bit 0. Control Register bit 6 is set by CB2
and its enable/disable is controlled by Control Register bit 3.
Here again, both bit6 and bit 7 in Control Register B are reset
by a“Read Peripheral Output Register B” operation. Note that
the interrupt disable bits (CRB bits 0 and 3) allow the
microprocessor to control the interrupt function.

Interrupt Control Summary

goes low when CRA-7=1and CRA-0=10r
when CRA-6=1and CRA-3=1

goes low when CRA-7=1and CRA-0=1o0r
when CRA-6 = 1and CRA-3=1

IRQA
IRQB

Peripheral 1/0 Ports

The G65SC21 provides two 8-bit bidirectional Data Ports (PA
and PB) and four interrupt/control lines (CA1, CA2, CB1 and
CB2) forinterfacing to peripheral devices. Peripheral |/O Port
A and 1/0 Port B allow the microprocessor to interface the
peripheral device input lines by loading data into the cor-
responding Peripheral Output Register. The microprocessor
interfaces the peripheral device output lines by reading data
onthe /O Portinput lines directly onto the Data Bus and into
the internal registers of the microprocessor.

Peripheral I/0 Port A (PA0-PA7)

Each Peripheral I/O Port line can be programmed to act as an
input or an output, as determined by the corresponding bitsin
the Data Direction Register. Within the Data Direction Reg-
ister, a Logic 1 in a particular bit position represents an
output line. Likewise, a Logic 0 in a particular bit position
represents aninput line. The Data Buffers which drive the I/0
Port A lines contain “active” puli-up transistors as shown in
Figure 14. Since these pull-ups are p-channel transistors they
allow the output voltage to go to VoD for a Logic 1. Also, since
these switches can sink a full 3.2 milliamp, the buffers are
capable of driving one standard TTL load. In the input mode,
the pull-up devices shown in Figure 14 remain connected to
the 1/0 pin and continue to supply current to the pin. For this
reason, these lines represent one standard TTL load in the
input mode.

Peripheral I/0 Port B (PB0-PB7)

Thelines of Peripheral I/O Port B function in a similar manner
to the discussion of I/0 Port A above. Programmed selection
for input/output function is identical. There are, however,
several characteristics of the buffers driving these lines which
affect their use in peripheral interfacing. Peripheral 1I/O Port B
buffers are push-pull devices as shown in Figure 15.

The active pull-up devices can source up to 3 milliamp at 1.5
volts. This current drive capability is provided to allow direct
connection to Darlington transistor switches. This allows
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convenient control of relays, lamps, etc. Because the I/0 Port
B outputs are designed to drive transistors directly, the output
data is read directly from Peripheral Output Register B for
those lines programmed as inputs. The I/0O Port B push-pull
buffers also provide a high impedance input state. When
these lines are programmed as inputs, the output buffer
enters the high impedance state.

Interrupt Input/Peripheral Control Lines

(CA1, CA2, CB1 and CB2)

The G65SC21 contains four interruptinput/peripheral control
lines (CA1, CA2, CB1 and CB2) which offer a number of
special peripheral controi functions. These functions greatly
enhance the performance of the two I/0 Ports. Refer to Figure
16 for a summary of control line operation.

1/0 Port A Interrupt input/Peripheral Control

Lines (CA1, CA2)

Line CAtisaninterruptinput only. An active transition on this
line will set bit 7 in Control Register Atoa Logic 1. This flag bit
(bit 7) can be programmed to set on either a positive or
negative CA1 transition. Bit 7 will be set on a negative
transition if bit 1 in the Control Register is set to a Logic 0.
Likewise, bit 7 can be set on a positive transition if bit 1 in the
Control Register is set to a Logic 1.

It should be noted that a negative transition is defined as a
transition from high to low, and a positive transition is a
transition from low to high.

Setting the interrupt flag (bit 7 or the Control Register) will
interrupt the microprocessor via IRQA if bit 0 in Control
Register A is a Logic 1 as described in earlier paragraphs.

Line CA2 can act as a totally independent interruptinput oras
a peripheral control output. CA2 acts as an interrupt input
when Control Register A bit 5 is a Logic 0. In this case, CA2
will set the interrupt flag (bit 6 of Control Register A) to a
Logic 1 on the active transition as selected by bit 4 of the
Control Register. The Control Register bits and interrupt
inputs serve the same basic function as that described above
for CA1. The input transition sets the interrupt flag which
serves as the link between the microprocessor interrupt
configuration and the peripheral device. The interrupt disable

bit allows the microprocessor to exercise control over the
system interrupts.

CAZ2serves in the output control mode when Control Register
A bit 5 is a Logic 1. In this case, CA2 can operate indepen-
dently to generate a sample pulse each time the micropro-
cessor reads data on I/0 Port A. This mode is selected by
setting bit 4 of the Control Register to a Logic0and bit3toa
Logic 1. This pulse output is normally used to control
counters, shift registers, etc. which provide sequential data to
the peripheral input lines.

A second output mode allows CA2 to be used in conjunction
with CA1 to “handshake” between the peripheral device and
the microprocessor. With respect to I/0 Port A, this “hand-
shake” allows positive control of data transfers from the
peripheral device into the microprocessor. The “handshake”
function operates as follows:

The CA1 input signals the microprocessor that data 'is
available by interrupting the microprocessor. The micro-
processor then reads the dataand sets CA2toa Logic 0. This
signals the peripheral device that it can now place new data
on the I/0 Port line.

A third output mode can be selected by setting Control

. Register bit 4 to a Logic 1. In this mode, CA2 is a simple

peripheral control output which can be set high or low by
setting bit 3 of Control Register A to a Logic 1 or a Logic 0
respectively.

1/0 Port B Interrupt Input/Peripheral Control Lines
(CB1,CB2)

The CB1 line operates as an interrupt input only in the same
manner as CA1 above. In this case, bit 7 of Control Register B
is set by the active transition on CB1 as selected by bit 0 of the
Control Register. The CB2 input modes operate identical.to
the CA2 input modes. However, the CB2 output modes
(Control Register B bit 5 set to Logic 1) differ somewhat from
those of CA2. That is, the puise ouput occurs when the
microprocessor writes data into Output Register B. Also, the
“handshaking” operates on data transfers from the micro-
processor into the peripheral device.

DDR
PIN

DATA

INPUT

Figure 14. Port A Buffer Circuit (PA0-PA7)

Bl

P
PIN
DDR
IN
DATA
INPUT I__.L_
(OUTPUT MODE) -

INPUT (INPUT MODE)

Figure 15. Port B Buffer Circuit (PB0-PB7)
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CA1/CB1 CONTROL

CRA (CRB) ACTIVE TRANSITION
BIT1 BITO OF INPUT SIGNAL* IRQA (IRQB) INTERRUPT OUTPUTS
0 0 Negative Disable—remain high
0 1 Negative Enable—goes low when bit 7 in CRA (CRB) is set by active transition of signal on
CA1(CB1)
1 0 Positive Disable—remain high
1 1 Positive Enable—as explained above
“Note: Bit 7 of CRA (CRB) will be set to a Logic 1 by an active transition of the CA1 (CB1) signal. This is independent of the state of bit 0 in
CRA (CRB).
CA2/CB2 INPUT MODES
CRA (CRB) ACTIVE TRANSITION
BIT5 | BIT4 | BIT3 OF INPUT SIGNAL* IRQA (IRQB) INTERRUPT OUTPUTS
0 0 0 Negative Disable—remains high
0 0 1 Negative Enable—goes low when bit 6 in CRA (CRB) is set by active transition of signal on
CA2 (CB2)
0 1 0 Positive Disable—remains high
0 1 1 Positive Enable—as explained above
*Note: Bit 6 of CRA (CRB) will be set to a Logic 1 by an active transition of the CA2 (CB2) signal. This is independent of the state of bit0in
CRA (CRB).
CA2 OUTPUT MODES
CRA
BITS BIT 4 BIT3 MODE DESCRIPTION
1 0 0 “Handshake” CA2 is set high on an active transition of the CA1 interrupt input signal and set
on Read low by a microprocessor “Read A Data” operation. This allows positive control of
data transfers from the peripheral device to the microprocessor.
1 0 1 Pulse Output CA2 goes low for one cycle after a “Read A Data” operation. This pulse can be
used to signal the peripheral device that data was taken.
1 1 0 Manual Output CA2 set low
1 1 1 Manual Output CAZ2 set high
CB2 OUTPUT MODES
CRB
BITS BIT 4 BIT3 MODE DESCRIPTION
1 0 0 “Handshake” CB2 is set low on microprocessor “Write B Data” operation and is set high by an
on Write active transition of the CB1 interrupt input signal. This allows positive control of
data transfers from the microprocessor to the peripheral device.
1 0 1 Pulse Output CB2 goes low for one cycle after a microprocessor “Write B Data” operation. This
( can be used to signal the peripheral device that data is available.
1 1 0 Manual Output CB2 set low
1 1 1 Manual Output CB2 set high

Figure 16. Interrupt Input/Peripheral Control Lines Operation
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Pin Function Table

Pin Description Pin Description
DO0-D7 Data Bus IRQB Interrupt Request (Port B)
PAOD-PA7 Peripheral I/0 Port A CS0, CS1, Chip Select Inputs
PB0-PB7|  Peripheral I/0 Port B cs2
#2 Phase 2 Internal Clock RSO, RS1 Register Selects
RES Reset CA1, CA2| Peripheral A Control Lines
R/W Read/Write CB1, CB2| Peripheral B Control Lines
IRQA | Interrupt Request (Port A) Vop _ |Positive Power Supply (+5V)
Vss Internal Logic Ground
Pin Configuration
n«woowzglgEu
F§8gzL50lxie 2
vssT] 1 40 [car © T M N T O N
pao ] 2 ®[caz / .evcvs
PAIC] 3 B[ iRAA
PA2(] 4 37 ] iRaB PAg | 7 39| RSO
PAIC] 5 3% [rso PAS | 8 38 | Rs1
PAJE 6 ugnm PaG | 9 37 | RES
P phiie
p::(: : ::J"D:s PA7 |10 36| DO
PATL] 9 QQD‘” PBO | 11 35| D1
PBOLC]10 gsscay 31302 PB1 | 12 G65SC21 3| D2
P81 1 303
Pl D
PB2(]12 29704 B2 | 13 33| D3
P83 13 2805 PB3 | 14 32| D4
PB4CT]14 27os PB4 |15 31| D5
PASCH15 207 PBS |16 30| os
PB6 {16 542
P77 24 cst PB6 | 17 29| o7
cBir]18 arés2
core 2Fce 28R SR IR 8N R
voo (20 2R/W N e N0 OO O W
EBEE2RERB 2
Ordering Information
G 658C21 P | :_2_
Description T
C—Special G—Standard
Product Identification Number
Package
P—Plastic E—Leaded Chip Carrier
C—Ceramic L—Leadless Chip Carrier
D—Cerdip X—Dice
Temperature/Processing
None— 0°Cto +70°C, £ 5% P.S. Tol. S— 0°Cto+70°C, + 10% P.S. Tol.

|—-40°C to +85°C, = 5% P.S. Tol.-
Performance Designator

W— -40°C to +85°C, £ 10% P.S. Tol.

Designators selected for speed and power specifications.

—1 1MHz
—2 2MHz

—3 3MHz
—4 4 MHz
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CMOS Versatile interface Adapter With Interval

Timer/Counters

Features

® CMOS process technology for low power consumption
e Fully compatible with NMOS 6522 devices

® | ow power consumption allows battery-powered operation
(2 mA at 1 MHz)

Two 8-bit, bidirectional peripheral 1/0 Ports

Two powerful 16-bit programmable Interval Timer/Counters
Serial bidirectional peripheral I/O Port

Enhanced “handshake” feature

Latched Input/Output Registers on both I/0 Ports
Programmable Data Direction Registers

Four operating frequencies—1, 2, 3 and 4 MHz

TTL compatible I/O peripheral lines

Single +5 volts power supply

Available in 40-pin dual-in-line or 44-pin PLCC package

General Description

The GTE G65SC22 Versatile Interface Adapter (VIA) is a
flexible 1/0 device for use with the GTE G65SCXXX series
8-bit microprocessor family. The G65SC22 includes functions
for programmed control of up to two peripheral devices (Ports
A and B). Two program controlled 8-bit bidirectional peri-
pheral 1/0 ports allow direct interfacing between the micro-
processor and selected peripheral units. Each port has input
data latching capability. Two programmable Data Direction
Registers (A and B) allow selection of data direction (input or
output) on anindividual line basis. Also provided are two pro-
grammable 16-bit Interval Timer/Counters with latches. Timer
1 may be operated in a One-Shot Interrupt Mode with inter-
rupts on each count-to-zero, or in a Free-Run Mode with a
continuous series of evenly spaced interrupts. Timer 2 func-
tions as both an interval and pulse counter. Serial data
transfers are provided by a serial-to-parallel/parallel-to-serial
shift register. Application versatility is further increased by
various control registers, including—an Interrupt Flag Reg-
ister, an Interrupt Enable Register and two Function Control
Registers.

Block Diagram
RS0 —] &> IRQ
RS1 — [
RS2 — 8>
RS3 —®>| ACCESS CONTROL LOGIC PORT A REGISTERS PORT A
CS1 —#={ CONTROL ¢ INTERRUPT & BUFFERS DATA BUS
@ — LOGIC ¢ FUNCTION
RES —b>|
¢2 —
R/W —] ————————— CA2
TIMER LOGIC :> HANDSHAKE [ — CAl
L]
. TMER2 CONTROLLOGIC |«& & CB2
- » CB1
SERIAL SHIFT
REGISTER -
DATA DATA | —
BUS BUS
BUFFERS PORT B REGISTERS PORT B
& BUFFERS DATA BUS
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Absolute Maximum Ratings: (Note 1)

Rating Symbol Vaiue
Supply Voltage Voo -0.3V to +7.0V
Input Voltage VIN -0.3V to Vpp +0.3V
Operating Temperature TA -40°C to +85°C
Storage Temperature Ts -55°C to +150°C

This device contains input protection against damage due to
high static voltages or electric fields; however, precautions
should be taken to avoid application of voltages higher than
the maximum rating.

Notes:
1. Exceeding these ratings may cause permanent damage,
functional operation under these conditions is not implied.

DC Characteristics: VoD =5.0V + 5%, Vss = 0V, TA = -40° C to +85° C Industrial, 0°C to +70° C Commercial

Parameter Symbol Min. Max. Unit
Input High Voltage VIH 20 Vop +0.3 v
Input Low Voltage ViL -0.3 0.8 Vv
Input Leakage Current (VIN = 0 to VDD), Input Only Pins, IIN +1.0 wA
R/W, RES, RS0-RS3, CS1, CS2, CA1,¢2
Three-State Leakage Current (VIN = 0.4 t0 2.4V), ITs1 +10.0 pA
D0-D7,IRQ
Input High Current (ViH = 2.4V), IIiH -200 nA
Peripheral Inputs with Pullups,
PAO-PA7, PBO-PB7, CA2, CB1, CB2
Input Low Current (ViL = 0.4V) i -1.6 mA
Peripheral Inputs with Pullups
PAO0-PA7, PB0-PB7, CA2, CB1, CB2
Output Low Voltage (loL = 3.2 mA), o VoL 0.4 \"
PAO-PA7, PB0O-PB7, D0-D7, CA2, CB1, CB2, IRQ
Output High Voltage (I0H = -200 uA), o VOH 24 Vv
PAO0-PA7, PB0O-PB7, D0-D7, CA2, CB1, CB2, IRQ
Output High Current (Sourcing) I0H -3.0 mA
(VoH = 1.5V, Direct Transistor Drive), PB0O-PB7
Supply Current f=1MHz Iop 2.0 mA
(No Load) f=2MHz [ss] 4.0 mA
f=3MHz 1D 6.0 mA
f=4MHz Iob 8.0 mA
Power Dissipation (Inputs = Vss or Vob, No Loads),
Operating (VDD = 5.5V, f =1 MHz) PD 11.0 mW
Standby (Static) PosB 100 uW
Input Capacitance (f = 1 MHz) CIN 5.0 pF
Output Capacitance (f = 1 MHz) Cout 10.0 pF
AC Characteristics—Processor Interface Timing: VoD =5.0V * 5%, Vss = 0V, TA = -40° C to +85° C Industrial,
0°C to +70°C Commercial -
G65SC22-1 G65SC22-2 G65SC22-3 G65SC22-4
Parameter Symbol | Min Max Min Max Min Max Min Max | Unit
Cycle Time tcvc 1000 — 500 - 330 -_ 250 — nS
Phase 2 Pulse Width High tPWH 470 — 240 — 160 — 120 — nS
Phase 2 Pulse Width Low tPWL 470 —_ 240 - 160 —_ 120 — nS
Phase 2 Transition tRF — 30 — 30 — 30 — 30 nS
Read Timing (Figure 2)
Select, R/W Setup tACR 160 — 90 — 65 - 45 — nS
Select, R/W Hold tCAR 0 — 0 - 0 — 0 — nS
Data Bus Delay tCDR — 320 — 190 - 130 - 90 nS
Data Bus Hold tHR 10 — 10 - 10 —_ 10 —_— nS
Peripheral Data Setup tPCR 300 — 150 —_ 110 —_ 75 — nS
Write Timing (Figure 3)
Select R/W Setup tacw 160 - 90 - 65 — 45 — nS
Select, R/W Hold tcAW 0 — 0 — 0 — 0 — nS
Data Bus Setup tocw 195 — 90 — 65 — 45 - nS
Data Bus Hold tHwW 10 —_ 10 - 10 - 10 - nS
Peripheral Data Delay (Port A) tcpw — 1000 -—_ 500 — 330 — 320 nS
(Port B) — 1000 — 500 — 330 — 250 nS
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AC Characteristics—Peripheral Interface Timing: Vop =5.0V * 5%, Vss = 0V, TA = -40° C to +85° C Industrial,
0°C to +70°C Commercial.

(See Figures 4 through 12)

Parameter Symbol Min Max Unit Figure
Rise and Fall Time for CA1, CB1, CA2 and CB2 Input Signals tR, tF — 1.0 uS —
Delay Time, Clock Negative Transition to CA2 Negative tcaz — 1.0 uS 4,5
Transition (Read Handshake or Pulse Mode)
Delay Time, Clock Negative Transition to CA2 Positive tRs1 . 1.0 uS 4
Transition (Pulse Mode)
Delay Time, CA1 Active Transition to CA2 Positive Transition tRs2 - 2.0 uS 5
(Handshake Mode)
Delay Time, Clock Positive Transition to CA2 or CB2 Negative tWHS 1.0 uS 6,7
Transition (Write Handshake)
Delay Time, Peripheral Data Valid to CA2 or tDs 40 — nS 6,7
CB2 Negative Transition
Delay Time, Clock Positive Transition to CA2 or CB2 Positive tRS3 — 1.0 uS 6
Transition (Pulse Mode)
Delay Time, CA1 or CB1 Active Transition to CA2 or CB2 tRS4 — 2.0 uS 7
Positive Transition (Handshake Mode)
Delay Time Required from CA2 Output to CA1 Active t21 400 — nS 7
Transition (Handshake Mode)
Set-up Time, Peripheral Data Valid to CA1 or CB1 Active tiL 300 — nS 8
Transition (Input Latching)
[Shift-Out Delay Time—Time from ¢2 Falling Edge to CB2 tsR1 — 300 nS 9
Data Out
Shift-In Set-up Time—Time from CB2 Data In to ¢2 Rising Edge tsR2 300 — nS 10
External Shift Clock (CB1) Set-up Time Relative to ¢2 tSR3 100 tcye nS 10
Trailing Edge
Pulse Width—PB6 Input Pulse tipw 2 xtcyc — 12
Pulse Width—CB1 Input Clock ticw 2 x tcyc — 1
Pulse Spacing—PB6 Input Pulse tiPs 2 x tcyc — 12
Pulse Spacing—CB1 Input Pulse tics 2 x tcyc — LA
CA1, CB1 Set Up Prior to Transition to Arm Latch tAL 300 = nS 8
Peripheral Data Hold After CA1, CB1 Transition tPDH 150 — nS 8
== ' -
RS3 —8>| ACCESS INTERRUPT CONTROL f?:;&“ﬁngﬁ‘s‘) PORT PORTS
% —| CONTROL : :m‘:ié"l:}‘ e OUTPUT (ORA) BUFFERS DATA BUS
§2 % toaic (IER) o DATA DIRECTION(DDRA)| (PA)
$2 —p]
RW — - & CA2
FUNCTION CONTROL 9 HANDSHAKE CONTROL CA1
* PERIPHERAL (PCR) * PORTA
« AUXILIARY (ACR) « PORT B - oo
g & CB1
DATA<——> DATA
BUS BUS
BUFFERS
[TTMERT
* LATCHES TIL-H, SERIAL DATA -
© COUNTERS (TAC-H, SHIFT REGISTER (SR) |-
TiC-L)
TIMER 2 PORT B REGISTERS PORT
o LATCH (T2L-L) ::>- INPUT LATCH (IRB) <:§ B <:> PORT A
* COUNTERS (T2C-H, * QUTPUT (ORB) BUFFERS DATA BUS
T2C-L) o DATA DIRECTION(DDRB) (PB)

Figure 1. Functional Block Diagram
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Timing Diagrams: Measurement points 0.8.V and 2.0V unless otherwise specified.

tcve

»2 4 l\ / \\
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ADDRESS
CS,RS,ETC

N\

R/IW

N

tPCR —mf

PERIPHERAL
DATA,
CA2,CB2

[~=—{CDR —= HR
DATA
BUS

Figure 2. Read Timing

- tPWH q [ tF

N
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2

L
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Figure 3. Write Timing
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Figure 4. Read Handshake, Pulse Mode Timing (CA2)
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Timing Diagrams (Continued): Measurement points 0.8V and 2.0V unless otherwise specified.

= N\ ,

s

CA2 N\
“DATA TAKEN" K. /L

”w

1CA2 tRs2
/L
CAl /4
“DATA READY” /L
/s
ACTIVE
TRANSITION

Figure 5. Read Handshake, Handshake Mode Timing (CA2)

b2
WRITE ORA, ORB
OPERATION \
CA2,CB2
“DATA READY" | \k /

tos

tWHS —————e— tRS3—————e=]

Figure 6. Write Handshake, Puilse Mode Timing (CA2, CB2)

. ﬂ
_/

tWHS ———e=]

WRITE ORA, ORB
OPERATION /L

7

CA2,CB2 F
“DATA READY” 1 ! \ Q_/L-——_—-——/
DS

/L

PA,PB 7/
PERIPHERAL
DATA ,;/
[—t21 tRS4——e]
CA1,CB1 4
“DATA TAKEN" i

7

ACTIVE
TRANSITION

Figure 7. Write Handshake, Handshake Mode Timing (CA2, CB2)
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Timing Diagrams (Continued): Measurement points 0.8V and 2.0V unless otherwise specified.

PA, PB

PERIPHERAL

INPUT DATA

tiL ————s=—t—=—{PDH
CA1,CB1 2
INPUT LATCHING >§
CONTROL I~
AL ———y

ACTIVE
TRANSITION

Figure 8. Peripheral Data, Input Latching Timing

e L L1 7L
o

tsR1

cB1

(NPUTOR DN
X

OUTPUT)

DELAY TIME MEASURED FROM THE FIRST ¢2
FALLING EDGE AFTER CB1 FALLING EDGE

Figure 9. Data Shift Out, internal or External Shift Clock Timing

“ IIII_I'III[LII

CB1 \

SHIFT CLOCK { N\
(INPUT OR / /// fj SETUP TIME MEASURED TO THE FIRST ¢2
tsR3

OUTPUT) RISING EDGE AFTER CB1 RISING EDGE.

fre——

Figure 10. Data Shift In, Internal or External Shift Clock Timing

cB1 I(
SHIFT CLOCK" \_| "\
INPUT
| ) | |
Figure 11. External Shift Clock Timing
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Timing Diagrams (Continued): Measurement points 0.8V and 2.0V unless otherwise specified.

PB6

PULSE COUNT
INPUT
I | ) |
Figure 12. Pulse Count Input Timing
OPEN DRAIN
OUTPUT TEST LOAD
5.0V Voo
1.2K0 3KQ
PIN PIN
100 pF

1

Figure 13. Test Load

Signal Description

Reset (RES)

Reset (RES) clears all internal registers (except T1 and T2
counters and latches, and the Shift Register (SR)). In the RES
condition, all peripheral interface lines (PA and PB) are
placed in the input state. Also, the Timers (T1 and T2), SR
and interrupt logic are disabled from operation.

Input Clock (¢2)
The system ¢2 Input Clock controls all data transfers between
the G65SC22 and the microprocessor.

Read/Write (R/W)

The R/W signal is generated by the microprocessor and is
used to control the transfer of data between the G65SC22 and
the microprocessor. When R/W is in the high state (Logic 1)
and the chip is selected, data is transferred from the G65SC22
to the microprocessor (Read operation). Conversely, when
R/W is in the low state (Logic 0), data is transferred from the
processor to the selected G65SC22 register (Write operation).
Read/Write must always be preceded by a proper Chip Select
(CS1,CS2).

Data Bus (D0-D7)
The eight bidirectional Data Bus lines are used to transfer data
between the G65SC22 and the microprocessor. During a Read

operation, the contents of the selected G65SC22 internal reg-
ister are transferred to the microprocessor via the Data Bus
lines. During a Write operation, the Data Bus lines serve as
high impedance inputs over which data is transferred from the
microprocessor to a selected G65SC22 register. The Data Bus
lines are in the high impedance state when the G65SC22 is
unselected.

Chip Select (CS1, CS2)

Normally, the two Chip Select lines are connected to the
microprocessor address lines. This connection may be direct
or through decoding. To access a selected G65SC22 register,
CS1 must be high (Logic 1) and CS2 must be low (Logic 0).

Register Select (RS0-RS3)

The Register Select.inputs allow the microprocessor to select
one of 16 internal registers within the G65SC22. Refer to Table
1 for Register Select coding and a functional description.

Interrupt Request (IRQ)
The Interrupt Request (IRQ) output signal is generated
(Logic 0) whenever an internal Interrupt Flag bit is set (Logic
1) and the corresponding Interrupt Enable bit is a Logic 1.
The Interrupt Request output is an open-drain configuration,
thus allowing the IRQ signal to be wire-ORed to a common
microprocessor IRQ input line.
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Table 1. G65SC22 Internal Registers

Regist RS Coding Register Description
Number RS3 RS2 RS1 RSO Designation Write (R/W =0) Read (R/W=1)
0 0 0 0 0 ORB/IRB Output Register “B” Input Register “B”
1 0 0 0 1 ORA/IRA Output Register “A” Input Register “A”
2 0 0 1 0 DDRB Data Direction Register “B”
3 0 0 1 1 DDRA Data Direction Register “A”
4 0 1 0 0 T1C-L T1 Low-Order Latches T1 Low-Order Counter
5 0 1 0 1 T1C-H T1 High-Order Counter
6 0 1 1 0 T1L-L T1 Low-Order Latches
7 0 1 1 1 TiL-H T1 High-Order Latches
8 1 0 0 0 [Tec-L T2 Low-Order Latches [ T2Low-Order Counter
9 1 0 0 1 T2C-H T2 High-Order Counter
10 1 0 1 0 SR Shift Register
11 1 0 1 1 ACR Auxiliary Control Register
12 1 1 0 0 PCR Peripheral Control Register
13 1 1 0 1 IFR Interrupt Flag Register
14 1 1 1 0 IER Interrupt Enable Register
15 1 1 1 1 ORA/IRA Same As Reg 1 Except No “Handshake”

Peripheral Data Port A (PA0-PA7)

Peripheral Data Port A is an 8-line, bidirectional bus used for
the transfer of data, control and status information between
the G65SC22 and a peripheral device. Each Peripheral Data
Port bus line may be individually programmed as either an
input or output under control of a Data Direction Register.
Data flow direction may be selected on a line-by-line basis
with intermixed input and output lines within the same port.
When a “0” is written to any bit position of the Data Direction
Register, the corresponding line will be programmed as an
input. Likewise, when a “1” is written into any bit position of
the register, the corresponding data line will serve as an out-
put. Polarity of the data output is determined by the Output
Register, while input data may be latched into the Input Reg-
ister under control of the CA1 line. All modes are program
controlled by the microprocessor by way of the G65SC22’s
internal control registers. Each Peripheral Data Port line
represents one TTL load in the input mode and will drive one
standard TTL load in the output mode. A typical output cir-
cuit for Peripheral Data Port A is shown in Figure 14.

PIN
DATA

INPUT
Figure 14. Port A Buffer Circuit (PA0-PA7, CA2)

Peripheral Data Port A Control Lines (CA1, CA2)
Control lines CA1 and CA2 serve as interrupt inputs or hand-
shake outputs for Peripheral Data Port A. Each line controls
an internal Interrupt Flag with a corresponding Interrupt
Enable bit. CA1 also controls the latching of Input Data on
Port A. CA1 is a high impedance input, while CA2 represents
one standard TTL load in the input mode. In the output mode,
CA2 will drive one standard TTL load.

Peripheral Data Port B (PB0-PB7)

Peripheral Data Port B is an 8-line, bidirectional bus which is
controlled by an Output Register, Input Register and Data
Direction Register in a manner much the same as Data Port
A. With respect to Port B, the output signal on line PB7 may
be controlled by Timer 1 while Timer 2 may be programmed
to count pulses on the PB6 line. Port B lines represent one
standard TTL load in the input mode and will drive one TTL
load in the output mode. Port B lines are also capable of
sourcing 3.0 mA at 1.5 Vdc in the output mode. This allows
the outputs to directly drive Darlington transistor circuits. A
typical output circuit for Port B is shown in Figure 15.

PIN

DATA
INPUT
(OUTPUT MODE)

INPUT (INPUT MODE)

Figure 15. Port B Buffer Circuit
(PBO-PB7, CB1, CB2)

Peripheral Data Port B Control Lines (CB1, CB2)
Control lines CB1 and CB2 serve as interrupt inputs or hand-
shake outputs for Peripheral Data Port B. Like Port A, these
two control lines control an internal Interrupt Flag with a cor-
responding Interrupt Enable bit. These lines also serve as a
serial data port under control of the Shift Register (SR). Each
control line represents one standard TTL load in the input
mode and can drive one TTL load in the output mode. Note
that CB1 and CB2 cannot drive Darlington transistor circuits.
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Functional Description

Peripheral Data Ports (Port A, Port B)

Each Peripheral Data Port operates in conjunction with a
Data Direction Register (DDRA or DDRB). Under program
control, the Data Direction Registers specify which lines
within the port bus are to be designated as inputs or outputs.
A Logic 0 in any bit position of the register will cause the
corresponding line to serve as an input, while a Logic 1 will
cause the line to serve as an output.

When aline is programmed as an output, it is controlled by a
corresponding bit in the Output Register (ORA & ORB). A
Logic 1 in the Output Register will cause the corresponding
output line to go high, while a Logic 0 will cause the line to go
low. Under program control, data is written into the Output
Register bit positions corresponding to the output lines
which have been programmed as outputs. Should data be
written into bit positions corresponding to lines which have
been programmed as inputs, the output lines will be
unaffected.

When reading a Peripheral Data Port, the contents of the
corresponding Input Register (IRA or IRB) is transferred onto
the Data Bus. When the input latching feature is disabled,
Input Register A (IRA) will reflect the logic levels present on
the Port A bus lines. However, with input latching enabled
and the selected active transition on CA1 having occurred,
Input Register A will contain the data present on the Port A
bus lines at the time of the transition. In this case, once Input
Register A has been read, it will appear transparent, reflecting
the current state of the Port A bus lines until the next CA1
latching transition.

With respect to Input Register B, it operates similar to Input
Register A except that for those Port B bus lines which have
been programmed as outputs, there is a difference. When
reading Input Register A, the logic level on the bus line
determines whether a Logic 1 or 0 is sensed. However, when
reading Input Register B, the logic level stored in Output Reg-
ister B (ORB) is the logic level sensed. For this reason, those
outputs which have large loading effects may cause the read-
ing of Input Register A to result in the reading of a Logic 0
when a 1 was actually programmed, and reading a Logic 1
when a 0 was programmed. However, when reading Input
Register B, the logic level read will be correct, regardless of
loading on the particular bus line.

For information on formats and operation of the Peripheral
Data Port registers, refer to Figures 16, 17 and 18. It should be
noted that the input latching modes are controlled by the
Auxiliary Control Register (See Figure 24).

Data Transfer—Handshake Control

A powerful feature of the G65SC22 is its ability to provide
absolute control over data transfers between the micropro-
cessor and peripheral devices. This control is accomplished
by way of “handshake” lines. Port A lines (CA1, CA2) hand-
shake data transfers on both Read and Write operations,
while Port B lines (CB1, CB2) handshake data on Write oper-
ations only.

Read Handshake Control

Read Handshaking provides effective control of data
transfers from a peripheral device to the microprocessor. To
accomplish the Read Handshake, the peripheral device gen-
erates a Data Ready signal to the G65SC22 which indicates
valid data is present on the Peripheral Data Port bus. In most
cases, this Data Ready signal will interrupt the microproces-
sor, which will then read the data and generate a Data Taken
signal. Once the peripheral senses the Data Taken signal,
new data will be placed on the bus. This process continues
until the data transfer is complete.

Automatic Read Handshaking applies to Peripheral Data Port
A only. The Data Ready signal is transmitted by the peri-
pheral device over the CA1 interrupt line, while the Data
Taken signal is generated and transmitted to the peripheral
device over the CA2 line. When the Data Ready signal is
received, it sets an internal flag in the Interrupt Flag Register
(IFR). This flag may interrupt the microprocessor or it may be
polled under program control. As an option, the Data Taken
signal may be either a pulse or a level. In either case, it is set
low (Logic 0) by the microprocessor and is cleared by the
next Data Ready signal. Refer to Figure 19 for Read Hand-
shake timing and operating sequence.

Write Handshake Control

The Write Handshake operation is similar to Read Hand-
shaking. For Write Handshaking, however, the G65SC22 gener-
ates the Data Ready signal and the peripheral device must
generate the Data Taken return signal. Note that Write Hand-
shaking may occur on both Data Ports (A and B). For a Write
Handshake, CA2 or CB2 serve as the Data Ready output and
can operate in either the Handshake Mode or the Pulse Mode.
The Data Taken signal is received by CA1 or CB1. The Data
Taken signal sets a flag in the Interrupt Flag Register and
clears the Data Ready output signal. Refer to Figure 20 for
Write Handshake timing and operating sequence. Note that
the selection of Read or Write Handshake operating modes
(CA1, CA2, CB1and CB2) is accomplished by the Peripheral
Control Register (PCR). See Figure 21.
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REG 0—ORB/IRB [rTes]«]2]2]1]0]

PBO |
PB1

PB2 |  OUTPUT REGISTER “B” (ORB)
OR

PB3
pBa | INPUT REGISTER “B” (IRB)

PB4

PBS

PB6

PB7

PIN
DATA DIRECTION
SELECTION

WRITE

READ

DDRB="1" (OUTPUT)

MPU writes Output Level (ORB)

MPU reads output register bit in
ORB. Pin level has no effect

DDRB ="0" (INPUT)
(Input latching disabled)

DDRB ="0" (INPUT)
(Input latching enabled)

MPU writes into ORB, but no
effect on pin level, until DDRB
changed.

MPU reads input level on PB pin.

MPU reads IRB bit, which is the
level of the PB pin at the time of
the last CB1 active transition.

Figure 16. Output Register B (ORB), Input Register B (IRB)

REG1—ORA/IRA [7T6]s]4]3]2]1]0]

—_
PAO

PA1
PA2

PA3

PAS

PA6

PA7 |

pag [

OUTPUT REGISTER “A” (ORA)
OR
INPUT REGISTER “A” (IRA)

PIN
DATA DIRECTION
SELECTION

WRITE

READ

DDRA ="1" (OUTPUT)
(Input latching disabled)

DDRA ="1" (OUTPUT)
(Input latching enabled)

MPU writes Output Level (ORA)

MPU reads level on PA pin.

MPU reads IRA bit which is the
level of the PA pin at the time
of the last CA1 active transition.

DDRA ="0" (INPUT)
(Input latching disabled)

DDRA ="0" (INPUT)
(Input latching enabled)

MPU writes into ORA, but no
effect on pin level, until DDRA
changed.

MPU reads level on PA pin.

MPU reads IRA bit which is the
level of the PA pin at the time of
the last CA1 active transition.

Figure 17. Output Register A (ORA), Input Register A (IRA)

REG—DDRB AND REG 3—DDRA

Lrle]s[e]sf2]1]o]

[

PBO/PAOT

PB1/PA1
PB2/PA2
PB3/PA3
PB4/PA4
PBS/PAS
PB6/PA6

| DATA DIRECTION REGISTER
“B"OR"A" (DDRB/DDRA)

“0"ASSOCIATED PB/PA PIN IS AN INPUT (HIGH-IMPEDANCE)
“1"ASSOCIATED PB/PA PIN IS AN OUTPUT, WHOSE LEVEL IS

PB7/PA7

DETERMINED BY ORB/ORA REGISTER BIT.

Figure 18. Data Direction Registers (DDRB, DDRA)
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Sinlplpipfplipipininfainlinl

“DATA READY"
(CA1)

oz

iRQ OUTPUT

L

READ IRA OPERATION

)

“DATA TAKEN"

HANDSHAKE MODE
(CA2)

“DATA TAKEN"

PULSE MODE
(CA2)

| —

Figure 19. Read Handshake (Port A Only)

S [ U I I I I I O I

WRITE ORA, ORB
OPERATION

“DATA READY"
HANDSHAKE MODE
(CA2,CB2)

“DATA READY"

PULSE MODE
(CA2, CB2)

]

“DATA TAKEN"
(CA1,CB1)

Vi

iRG OUTPUT

:

Figure 20. Write Handshake (Ports A and B)

REG 12—PERIPHERAL CONTROL REGISTER

CB2 CONTROL -—]

o]

|765
L S S

BE
J |t

CA1INTERRUPT CONTROL

*See Note Accompanying Figure 37.

7 6 5 Operation 0 = Negative Active Edge|
0 0 Input-negative active edge 1 = Positive Active Edge
0 0 1 Independent interrupt input-
negative edge" CA2 CONTROL
0 1 0 Input-positive active edge 3 2 1 Operation
0 1 1 Independent interrupt input- 0 0 0 Input-negative active edge
positive edge* - -
0 0 1 Independent interrupt input-
1 0 0 | Handshake output negative edge*
1 0 1 | Pulseoutput 0 1 0 | Input-positive active edge
1 1 0 Low output 0 1 1 Independent interrupt input-
1 1 1 | High output positive edge*
1 0 0 Handshake output
CB1 INTERRUPT CONTROL 1 0 1 Pulse output
0 = Negative Active Edge 1 1 Y Low output
1 = Positive Active Edge 1 1 1 High output

Figure 21. CA1, CA2, CB1, CB2 Control

1-35




Microcircuits

G65SC22

Timer 1 Operation

Interval Timer T1 consists of two 8-bit latches and a 16-bit
counter. The latches serve to store data which is to be loaded
into the counter. Once the counter is loaded under program
control, it decrements at a Phase 2 (¢2) clock rate. Upon
reaching zero, an Interrupt Flag is set, causing Interrupt
Request (IRQ) to go low (Logic 0) if the corresponding Inter-
rupt Enable bit is set. Once the Timer reaches a count of zero,
it will either disable any further interrupts (provided it has
been programmed to do so), or it will automatically transfer
the contents of the latches into the counter and proceed to
decrement again. The counter may also be programmed to
invert the output signal on PB7 each time it reaches a count of
zero. Each of these counter modes is presented below. The
T1 counter format and operation is shown in Figure 22, with
corresponding latch format and operation in Figure 23.
Additional control bits are provided in the Auxiliary Control
Register (bits 6 and 7) to allow selection of Timer T1 operat-
ing modes. The four available modes are shown in Figure 24.

It should be noted that the microprocessor does not write
directly into the low-order counter (T1C-L). Instead, this half
of the counter is loaded automatically from the low-order
register when the microprocessor writes into the high-order
register and counter. In fact, it may not be necessary to write
to the low-order register in some applications since the timing
operation is triggered by writing to the high-order register
and counter.

Timer 1 One-Shot Mode

Interval Timer T1 may operate in the One-Shot Mode which
allows the generation of a single Interrupt Flag each time the
Timer is loaded. The Timer can also be programmed to pro-
duce asingle negative pulse on Data Port line PB7.

To generate a single interrupt, it is required that bits 6 and 7 of
the Auxiliary Control Register be low (Logic 0). The low-
order T1 counter (T1C-L) or the low-order T1 latch (T1L-L)
must then be loaded with the low-order count value. Note
that a load to T1C-L is effectively a load to T1L-L. Next, the
high-order count value must be loaded into the high-order T1
counter (T1C-H), at which time the value is simultaneously
loaded into high-order T1 latch (T1L-H). During this load
sequence, the contents of T1L-L is transferred to T1C-L. The
counter will start counting down on the next ¢2 clock follow-
ing the load sequence into T1C-H, and will decrement at the
¢2 clock rate. Once the T1 counter reaches a zero count, the
Interrupt Flag is set. To generate a negative pulse on Data Port
line PB7, the sequence is identical to the above except bit 7 of

the Auxiliary Control Register must be high (Logic 1). Data
Port line PB7 will then go low (Logic 0) following the load to
T1C-H, and will go high (Logic 1) again when the counter
reaches a zero count.

Once set, the T1 Interrupt Flag is reset by either loading
T1C-H, which starts a new count, or by reading T1C-L. Refer
to Figure 25 for One-Shot Mode timing information.

Timer 1 Free-Run Mode

An important advantage within the G65SC22 is the ability of
the latches associated with the T1 counter to provide a con-
tinuous series of evenly spaced interrupts or a square wave
on Data Port line PB7. It should also be noted that the contin-
uous series of interrupts and square waves are not affected
by variations in the microprocessor interrupt response time.
These advantages are all produced in the Free-Run Mode.
When operating in the Free-Run Mode, the Interrupt Flag is
set and the signal on PB7 is inverted each time the counter
reaches a count of zero. In the Free-Run Mode, however, the
counter does not continue to decrement after reaching a zero
count. Instead, the counter automatically transfers to contents
of the latch into the counter (16 bits) and then decrements
from the new count value. As can be seen, it is not necessary
to reload the timer in order to set the Interrupt Flag on the
next count of zero. When set, the Interrupt Flag can be
cleared by either reading T1C-L, by writing directly into the
Interrupt Flag Register (IFR) as will be discussed later, or by a
load into T1C-H when a new count value is desired.

Since the interval timers are all retriggerable, reloading the
counter will always reinitialize the time-out period. Should
the microprocessor continue to reload the counter before it
reaches zero, counter time-out can be prevented. Timer 1 is
able to operate in this manner provided the microprocessor
writes into the high-order counter (T1C-H). By loading the
latches only, the microprocessor can access the timer during
each count-down operation without affecting the time-out in
progress. In this way, data loaded into the latches will deter-
mine the length of the next subsequent time-out period. This
capability is of value in the Free-Run Mode with the output
enabled. In the Free-Run Mode, the signal on Data Port line
PB7 is inverted and the Interrupt Flag is set with each counter
time-out. When the microprocessor responds to the inter-
rupts with new data for the latches, it can determine the
period of the next half-cycle during each half-cycle of the
output signal on line PB7. In this way, complex waveforms
can be generated. Refer to Figure 26 for timing information
on the Free-Run Mode.

REG 4—TIMER 1 LOW-ORDER COUNTER

Clelsfefa]=]+]o]

COUNT

16| VALUE

128)

WRITE—8 bits loaded into T1 low-order latches. Latch contents
are transferred into low-order counter at the time the
high-order counter is loaded (Reg. 5).

READ—8 bits from T1 low-order counter transferred to MPU. In
addition, T1 interrupt flag is reset (bit 6 in interrupt flag
register).

REG 5—TIMER 1 HIGH-ORDER COUNTER

Ulefslefefz] o]

256 |
512
1024

2048| COUNT
4096| VALUE

8192

16384

32768

WRITE—8 bits loaded into T1 high-order latches. Also, at this
time both high and low-order latches transferred into
T1 counter, and initiates countdown. T1 interrupt flag
also is reset.

READ—S8 bits from T1 high-order counter transferred to MPU.

Figure 22. T1 Counter Format and Operation
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REG 6—TIMER 1 LOW-ORDER LATCHES REG 7—TIMER 1 HIGH-ORDER LATCHES
Lrlefsfefefz]]o] Llelslefsfo] o]
L-———— ] 256
2 512
4 t————————— 1024
R —
8| COUNT 2048 | COUNT
16| VALUE 4096 | VALUE
32 8192
64 16384
128 32768
pd -
WRITE—8 bits loaded into T1 low-order latches. This operation WRITE—8 bits loaded into T1 high-order latches. Unlike Reg. 4
is no different than a write into Reg. 4. operation no latch-to-counter transfers take place.
READ—8 bits from T1 low-order latches transferred to MPU. READ—8 bits from T1 high-order latches transferred to MPU.

Unlike Reg. 4 operation, this does not cause reset of
T1interrupt flag.

Figure 23. T1 Latch Format and Operation

REG 11—AUXILIARY CONTROL REGISTER

aoagngos

PA
LATCH ENABLE/DISABLE
L PB
T1TIMER CONTROL 0=Disable
1=Enable Latching
7 6 Operation PB7
0 0 Timed interrupt each time
T1is loaded Disabled
0 1 Continuous interrupts SHIFT REGISTER CONTROL
1 0 Timed interrupt each time One shot -
T1is loaded output 4] 3 1 2 | Operation
1 1 Continuous interrupts Square wave 0 0 0 Disabled
output 0 0 1 Shift in under control of T2
0 1 0 Shift in under control of $2
T2 TIMER CONTROL 0 1 1 Shift in under control of 'ext. clk.
1 0 0 Shift out free-running at T2 rate
5 | Operation 1 0 1 Shift out under control of T2
0 | Timed interrupt 1 1 0 Shift out under control of ¢2
1 | Countdown with pulses on PB6 1 1 1 Shift out under control of ext. clk.

Figure 24. Auxiliary Control Register Format and Operation
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WRITE T1C-H
OPERATION

/L

"
/4

iRQ OUTPUT

PB7 OUTPUT
(T1, ONLY)

7

T1COUNT N |

|~ |

|

/L
4

| FFlFFl | N-1 | N-2 |

T2 COUNT N

| wa | wa | |

| FF]FF l FFFE | FFFD | FFFC |

N+1.5CYCLES

Figure 25. One-Shot Mode (Timer 1 and Timer 2)

S I [ I I I I I I

WRITE T1C-H
OPERATION

r

/A

s
/4

s

iRQ OUTPUT

PB7 OUTPUT I

£

./

_J

Vi
4

|

i'— N+15 CYCLES——-I——N +2 CVCLESH

Note: A precaution to take in the use of PB7 as the timer output

the Data Dii for PB7. Both DDRB bit 7

and ACR bit 7 must be 1 for PB7 to function as the timer output. If either is a 0, then PB7 ﬁmcllom as a normal output pin, controlied by

ORB bit7.

Figure 26. Free-Run Mode (Timer 1)

Timer 2 Operation

Timer 2 operates in the One-Shot Mode only (as an interval
timer), or as a pulse counter for counting negative puises on
Data Port line PB6. A single control bit within the Auxiliary
Control Register is used to select between these two modes.
Timer 2 is made up of a write-only low-order latch (T2L-L), a
read-only low-order counter (T2C-L), and a read/write high-
order counter (T2C-H). This 16-bit counter decrements at a
@2 clock rate. Refer to Figure 27 for T2 counter format and
operation.

Timer 2 One-Shot Mode

Operation of Timer 2 in the One-Shot Mode is similar to
Timer 1. That is, for each load T2C-H operation, Timer 2 sets
the Interrupt Flag for each countdown to zero. However, after
a time-out, the T2 counters roll over to all 1s (FFFF16) and
continue to decrement. This two’'s complement decrement
allows the user to determine how long the T2 Interrupt Flag
has been set. Since the Interrupt Flag logic is disabled
after-the initial interrupt set (zero count), further interrupts
cannot be set by a subsequent count to zero. To enable the
Interrupt Flag logic, the microprocessor must reload T2C-H.
The Interrupt Flag is cleared by either reading T2C-L or by
loading T2C-H. Refer to Figure 25 for timing information on
the One-Shot Mode.

Timer 2 Pulse Counting Mode

In the Pulse Counting Mode, Timer 2 counts a predetermined
number of negative-going pulses on Data Port line PB6. To
accomplish this, a count number is loaded into T2C-H, which
clears the Interrupt Flag logic and starts the counter to -
decrement each time a negative pulse is applied to Data Port
line PB6. When the T2 counter reaches a count of zero, the
Interrupt Flag is set and the counter continues to decrement
with each pulse on PB6. To enable the Interrupt Flag for sub-
sequent countdowns, it is necessary to reload T2C-H. The
decrement pulse on line PB6 must be low (Logic 0) during
the leading edge of the ¢2 clock. Refer to Figure 28 for timing
information.

Shift Register Operation

The Shift Register performs bidirectional serial data transfers
on line CB2. These transfers are controlled by an internal
modulo-8 counter. Shift pulses can be applied to the CB1 line
from an external source, or (with proper mode selection) shift
pulses may be generated internally which will appear on the
CBt1 line for controlling external devices. Each Shift Register
operating mode is controlled by control bits within the Auxil-
iary Control Register. Refer to Figure 29 for format and con-
trol bit information. Also refer to Figures 30 through 36 for
operation of the various Shift Register modes.
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REG 8—TIMER 2L

L lels]e]e

OW-0

2 |1

RDER COUNTER
o]
L -

SN
'
8
16
32
64
128

L COUNT
VALUE

WRITE—8 bits loaded into T2 low-order latches.

READ—8 bits from T2 low-order counter transferred to MPU.
T2 interrupt flag is reset.

REG 9—TIMER

[ToT]

2HIG
312

H-ORDER COUNTER
1]0

L

256
512

1024
2048
4096
8192
16384
32768

WRITE—8 bits loaded into T2 high-order counter. Also, low-
order latches transferred to low-order counter. In addi-
tion, T2 interrrupt flag is reset.

READ—8 bits from T2 high-order counter transferred to MPU.

|_COUNT
VALUE

Figure 27. T2 Counter Format and Operation

A
L] L1 LI
iRQ OUTPUT l

N | N-1 |

N-2

//zl 1|

Figure 28. Pulse Counting Mode (Timer 2)

Shift Register Input Modes

Shift Register Disabled (000)—In the 000 mode, the Shift
Register is disabled from all operation. The microprocessor
can read or write the Shift Register, but shifting is disabled
and both CB1 and CB2 are controlled by bits in the Peri-
pheral Control Register (PCR). The Shift Register Interrupt
Flag is held low (disabled).

Shift In—Counter T2 Control (001)—In this mode, the
shifting rate is controlled by the low order eight bits of
counter T2. Shift pulses are generated on the CB1 line to
control shifting in external devices. The time between transi-
tions of the CB1 output clock is determined by the ¢2 clock
period and the contents of the low-order T2 latch (N). Shift-
ing occurs by writing or reading the Shift Register. Data is
shifted into the low-order bit first, and is then shifted into the
next higher order bit on the negative-going edge of each
clock pulse. Input data should change before the positive-
going edge of the CB1 clock pulse. This data is then shifted
into the Shift Register during the ¢2 clock cycle following
the positive-going edge of the CB1 clock pulse. After eight
CB1 clock pulses, the Shift Register Interrupt Flag will set
and IRQ will go low (Logic 0). Refer to Figure 30.

Shift In—¢2 Clock Control (010)—In this mode, the shift
rate is controlled by the ¢2 clock frequency. Shift pulses are
generated on the CB1 line to control shifting in external
devices. Timer 2 operates as an independent interval timer
and has no influence on the Shift Register. Shifting occurs
by reading or writing the Shift Register. Data is shifted into
the low order bit first, and is then shifted into the next higher
order bit on the trailing edge of the ¢2 clock pulse. After
eight clock pulses, the Shift Register Interrupt Flag will be set,
and output clock pulses on the CB1 line will stop. Refer
to Figure 31.

Shift In—External CB1 Clock Control (011)—in this mode,
CB1 serves as an input to the Shift Register. In this way, an
external device can load the Shift Register at its own pace.
The Shift Register counter will interrupt the microprocessor
after each eight bits have been shifted in. The Shift Register
counter does not stop the shifting operation. Its function is
simply that of a pulse counter. Reading or writing the Shift
Register resets the Interrupt Flag and initializes the counter
to count another eight pulses. Note that data is shifted
during the first 2 clock cycle following the positive-going
edge of the CB1 shift pulse. For this reason, data must be
held stable during the first full cycle following CB1 going
high. Refer to Figure 32.
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REG 10—SHIFT REGISTER REG 11—AUXILIARY CONTROL REGISTER
lelelefof2] o] Cles]fs[2]"]e]
hn
| T
L J
SHI
L AEGISTER SHIFT REGISTER
BITS MODE CONTROL
4 3 2 Operation
0 0 0 Disabled
- 0 0 1 | Shiftin under control of T2

0 1 0 Shiftin under control of ¢2
0 1 1 Shift in under control of ext. clk

Notes: 1 0 0 Shift out free-running at T2 rate

1. When shifting out, bit 7 is the first bit out and simultaneously is 1 0 1 Shift out under control of T2

rotated back into bit 0. N
2. When shifting in, bits initially enter bit 0 and are shifted towards ! ! 0 Sh!ft out under control of ¢2
bit 7. 1 1 1 Shift out under control of ext. clk.
Figure 29. Shift Register and Auxiliary Control Register Control Bits
|
| « JUTIUUUUIiuriuiivriiiiiiguug
WRITE OR READ
SHIFT REG I_I v/
N+2CYCLES N+2 P
CB1OUTPUT CYCLES /a
SHIFT CLOCK 1 2 | | 1__3_]

A L U R U
o L

Figure 30. Shift In—Counter T2 Control

o« AR AR AL TR
OPERATION [ !
o, LML

oara  zzpzzzrrioX s Xa XS X a X X Xa X Xz

Figure 31. Shift In—¢2 Clock Control
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Figure 32. Shift In—External CB1 Clock Control

Shift Register Output Modes

Shift Out—Free Running at T2 Rate (100)—This mode is
similar to mode 101 in which the shifting rate is determined
by T2. However, in mode 100 the Shift Register Counter
does not stop the shifting operation. Since Shift Register bit
7 (SR7) is recirculated back into bit 0, the eight bits loaded
into the Shift Register will be clocked onto the CB2 line
repetitively. In this mode, the Shift Register Counter is dis-
abled and IRQ is never set. Refer to Figure 33.

Shift Out—T2 Control (101)—In this mode, the shift rate is
controlled by T2 (as in mode 100). However, with each read
or write of the Shift Register, the Shift Register Counter is
reset and eight bits are shifted onto the CB2 line. At the
same time, eight shift pulses are placed on the CB1 line to
control shifting in external devices. After the eight shift

pulses, the shifting is disabled, the Interrupt Flag is set, and
CB2 will remain at the last data level. Refer to Figure 34.

Shift Out—¢2 Clock Control (110)—In this mode, the shift
rate is controlled by the system ¢2 Clock. Refer to Figure 35.

Shift Out—External CB1 Clock Control (111)—In this mode,
shifting is controlled by external pulses applied to the CB1
line. The Shift Register Counter sets the Interrupt Flag for
each eight-pulse count, but does not disable the shifting func-
tion. Each time the microprocessor reads or writes the Shift
Register, the Interrupt Flag is reset and the counter is
initialized to begin counting the next eight pulses on the
CBi1 line. After eight shift pulses, the Interrupt Flag is set.
The microprocessor can then load the Shift Register with
the next eight bits of data. Refer to Figure 36.

s JUUNUUUUUUUUUUUUUIUIUUUUU U UUTiUUgL

WRITE SR
OPERATION M l

N+2 CYCLES N+2 CYCLES P
CB10UTPUT ' 7/
SHIFT CLOCK ! 2 3 4 8 9

JAL

CB20UTPUT
DATA W‘X’J“]‘"//x‘x‘

Figure 33. Shift Out—Free Running T2 Rate
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CLOCK
[1]

WRITE SR
OPERATION

N+2 CYCLES

CB1OUTPUT
SHIFT CLOCK

|

N+2 CYCLES |
2

CB20OUTPUT
DATA

AN, A

iRQ

Figure 34. Shift Out—T2 Control

o LML LY

= | |
OPERATION I —
g 28 E e (P e P 0 62
™ 7227777777776 7 X X X/ X7 X s
iRQ
Figure 35. Shift Out—¢2 Control
uaininipinipigigigigigigigigigigigips
orenamon 1 |
CB1INPUT Wﬁ_ _L.I——
SHIFT CLOCK
szonT 2 ) 1 X X
iRQ
Figure 36. Shift Out—External CB1 Clock Control
Interrupt Operation

There are three basic interrupt operations, including: setting
the interrupt flag within the interrupt Flag Register (IFR),
enabling the interrupt by way of a corresponding bit in the
Interrupt Enable Register (IER), and signaling the micro-
processor with an Interrupt Request (IRQ). An Interrupt Flag
can be set by conditions internal to the chip or by inputs to
the chip from external sources. Normally, an Interrupt Flag
will remain set until the interrupt is serviced. To determine
the source of an interrupt, the microprocessor must examine
each flag in order, from highest to lowest priority. This is
accomplished by reading the contents of the Interrupt Flag
Register into the microprocessor accumulator, shifting the
contents either left or right and then using conditional branch
instructions to detect an active interrupt. Each Interrupt Flag

has a corresponding Interrupt Enable bit in the Interrupt
Enable Register. The enable bits are controlled by the micro-
processor (set or reset). If an Interrupt Flag is high (Logic 1),
and the corresponding Interrupt Enable bit is high (Logic 1),
the Interrupt Request (TRQ) will go low (Logic 0). is an
open-collector output which can be wire-ORed with other
devices within the system.

All Interrupt Flags are contained within a single Interrupt Flag
Register. Bit 7 of this register will be high (Logic 1) whenever
an Interrupt Flag is set, thus allowing convenient polling of
several devices within a system to determine the source of the
interrupt.

1-42



Microcircuits

G65SC22

The Interrupt Flag Register (IFR) and Interrupt Enable Regis-
ter (IER) format and operation is shown in Figures 37 and 38
respectively. The Interrupt Flag Register may be read directly
by the microprocessor, and individual flag bits may be
cleared by writing a “1” into the appropriate bit of the IFR. Bit
7 of the IFR indicates the status of the Interrupt Request
(IRQ) output. Bit 7 corresponds to the following logic func-
tion: IRQ = IFR6 x IER6 + IFR5 x IER5 + IFR4 x IER4 + IFR3 x
IER3 + IFR2 x IER2 + IFR1 x IER1 + IFRO x IERO. Note: x =
Logic AND, +=Logic OR.

Bit 7 is not a flag. For this reason, bit 7 is not directly cleared
by writing a “1” into its bit position. It can be cleared, how-
ever, by clearing all the flags within the register, or by dis-
abling all active interrupts as presented in the next section.
Each Interrupt Flag within the IFR has a corresponding ena-
ble bit in the Interrupt Enable Register (IER). The micropro-
cessor can set or clear selected bits within the IER. This

allows the control of individual interrupts without affecting
others. To set or clear a particular Interrupt Enable bit, the
microprocessor must write to address 1110 (IER address).
During this write operation, if bit 7 on the Data Bus is a “0",
each “1” in bits 6 thru 0 will clear the corresponding bit in the
Interrupt Enable Register. For each “0” in bits 6 thru 0, the
corresponding bit in the IER will be unaffected.

Setting selected bits in the IER is accomplished by writing to
the same address with bit 7 on the Data Bus setto a “1”. In
this case, each “1” in bits 6 thru O will set the corresponding
bitto a“1"”. For each ““0”, the corresponding bit will be unaf-
fected. This method of controlling the bits in the Interrupt
Enable Register allows convenient user control of interrupts
during system operation. The microprocessor can also read
the contents of the IER by placing the proper address on the
Register Select and Chip Select inputs with the R/W line high.
Bit7 willbereadas a “1".

REG 13—INTERRUPT FLAG REGISTER

Lfels]e]e]2] fo]

CA2
CA1
SHIFT REG ——
L cB2
—CB1
L_TIMER 2
L-TIMER 1
L-IrRQ

SET BY CLEARED BY
CA2 active edge | Read or write
Reg. 1 (ORA)*
CAT1 active edge | Read or write
Reg. 1 (ORA)
Complete 8 shifts| Read or write
Shift Reg.
CB2 active edge | Read or write ORB"
CB1 active edge | Read or write ORB
Time-out of T2 Read T2 low or write
T2 high
Time-out of T1 Read T1 low or write
T1 high
Any enabled Clear all interrupts
interrupt

*If the CA2/CB2 control in the PCR is selected as “independent” interrupt input, then
reading or writing the output register ORA/ORB will not clear the flag bit. Instead, the
bit must be cleared by writing into the IFR, as described previously.

Figure 37. Interrupt Flag Register (IFR)

REG 14—INTERRUPT ENABLE REGIS

lefe]«fe]]]o]
| —

Notes:

TER

CA2
CA1
SHIFT REG
cB2

cB1

TIMER 2
TIMER 1
SET/CLEAR

0= INTERRUPT DISABLED

1=INTERRUPT ENABLED

1. Ifbit 7 is a “0”, then each “1” in bits 0-6 disables the corresponding interrupt.
2. Ifbit7 isa“1”, then each “1” in bits 0-6 enables the corresponding interrupt.
3. If aread of this register is done, bit 7 will be “1” and all other bits will reflect their

enable/disable state.

Figure 38. interrupt Enable Register (IER)
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Pin Function Table
Pin Description Pin Description
D0-D7 DataBus Cs1,Cs2 Chip Select
PAO-PA7 Peripheral I/0 Port A RSO0-RS3 Register Select
PBO-PB7 Peripheral 1/0 Port B CA1, CA2| Peripheral A Control Lines
@2 Phase 2 Internal Clock CB1, CB2| Peripheral B Control Lines
RES Reset Vop  |Positive Power Supply (+5V)
R/W Read/Write Vss Internal Logic Ground
iRQ Interrupt Request
Pin Configuration

vssC 1 w0 [IcAt $ 293228322353
=N s Flons §dszdfsseee
PA1 3 38 RS0 @w e o - 3T
PA2 4 37 JRs1 [ ]
PA3 5 36 [IRS2 PAS | 7 39| RS3
PA4 6 35 CIRs3 PAG
PAS 7 34 [JRES 38 [NC
PAG s 3300 Pa7 | 9 37 | RES
PA7 9 ngm PBO | 10 36 | Do
PBO OG“SCZZ" D2
N 1

PB1 11 0o3 c so
pe2 312 2006 PB1 | 12 G65SC22 4| D2
P83 13 2805 PB2 | 13 33| NC
PB4 1 27Jos PB3 | 14 32| D3
Pes 15 2607
s ot 2502 PB4 |15 31| s
P77 24cst PB5 | 16 0| D5
cB1]18 23pcs2 PB6 | 17 29| D6
cB2]19 2R/W
voo (20 21jiRa 222 3838 8 8

N e N2 0B NS

§3822RzlRass

Ordering Information
G 658C22 P | -2
Description

C—Special G—Standard
Product Identification Number

Package

P—Plastic E—Leaded Chip Carrier
C—Ceramic L—Leadless Chip Carrier
D—Cerdip X—Dice

Temperature/Processing

None— 0°Cto+70°C,*+5%P
|—-40°C to +85°C, + 5% P.

Performance Designator

.S. Tol. S— 0°Cto+70°C,+10%P.S. Tol.
S. Tol W— -40°C to +85°C, £ 10% P.S. Tol.

Designators selected for speed and power specifications.

—1 1MHz —3 3MHz
—2 2MHz —4 4MHz




GTE G65SC32

Microcircuits
CMOS RAM, I/0, Timer

Features General Description
e CMOS process technology for low power The G65SC32 is a programmable RAM, I/O, Timer device for
consumption use with the G65SCXXX series 8-bit microprocessor family.

The G65SC32 includes functions for programmed control of
up to two peripheral devices (Port A and Port B). These

Fully compatible with NMOS 6532 devices

e Bus compatible with 6500 and 6800 microprocessors functions include:
. e 128 X 8 bit static RAM for microprocessor scratch pad
® Low power consumption (2 mA at 1 MHz) activity.
o 128 X 8 bit static RAM * Two program controlled 8-bit bidirectional Data Ports for
direct interfacing between the microprocessor and selected
e Two 8-bit bidirectional peripheral data ports peripheral units.

Two programmable Data Direction Registers (A and B) for
data direction control at each peripheral Data Port.

Two programmable Data Direction Registers

e Programmable Edge Sense Interrupt function e A programmable Interrupt Timer with interrupt timing
. X . . capability in intervals ranging from 1 to 262,144 clock
e Interrupt Timer with programmable interrupt intervals periods.
e Peripheral 1/0 Port B allows direct transistor drive . Edge—de(ect intef(upt circuitry for interrupt generation on
. active edge transitions.
® High impedance three-state Data Bus The G65SC32 offers the many advantages of GTE's leading
. edge CMOS technology, i.e., increased noise immunity, higher

Q:i:?gi‘ﬁ g‘IL‘Z:O(-:pm duakin-tine package reliability, and greatly reduced power consumption.

Block Diagram

I !

RES —— o
R/W ————]
DEVICE 128 % 8 DIRECRON outePuT PERIPHERAL o e
—
@2 CONTROL SyAnC REGISTER REGISTER BUFFER | PORT A
cst——— A A P W
[ A———
D°<—|—>
DATA A i /
| s INTERNAL BUS I
or<a—L— \ | ) | \
40—
PBO
DATA PERIPHERAL
U | e | [ | ] e || oo || e || e T
26 | g, DECODER ONTR TIMER REGISTER 5 BUFFER 8
B [
[ J— P87

_ I
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Absolute Maximum Ratings: (Note 1)

Rating Symbol Value
Supply Voltage Voo -0.3V to +7.0V
Input/Output Voltage VIN -0.3V to Voo + 0.3V
Operating Temperature TA -40°C to +85°C
Storage Temperature Ts -55°C to +150°C

This device contains input protection against damage due to
high static voltages or electric fields; however, precautions
should be taken to avoid application of voltages higher than
the maximum rating.

Notes:

1. Exceeding these rating may cause permanent damage,
functional operation under these conditions is not implied.

DC Characteristics: VDD = 5.0V + 5%, Vss = 0V, Ta = -40°C to +85° C Industrial, 0°C to +70°C Commercial

Parameter Symbol Min. Max. Unit
Input High Voltage VIH 20 VoD +0.3 \
Input Low Voltage ViL -0.3 0.8 \)
Input Leakage Current (VIN=0toVoD), IN +1.0 HA
Input Only Pins, A0-A6, ¢2, CS1, CS2, R/W, RES, RS)
Three-State, Leakage Current (VIN = 0.4 to 2.4V), ITs| +10.0 kA
D0-D7, IRQ
Input High Current (ViH = 2.4V), Peripheral Inputs with Pullups, hH -200 rA
PA0-PA7, PB0-PB7
Input Low Current (ViL = 0.4V), Peripheral Inputs with Pullups, e 1.6 mA
PA0-PA7, PBO-PB7
Output Low Voltage (loL =3.2 mA), VoL 0.4 V'
DO0-D7, PA0O-PA7, PB0-PB7, IRQ
Output High Voltage (IoH = -200 uA), VOH 24 \"
DO0-D7, PA0O-PA7, PBO-PB7, IRQ
Output High Current (Sourcing) loH -3.0 mA
(VOH = 1.5V, Direct Transistor Drive), PB0-PB7
Supply Current f=1MHz [s]5] 2.0 mA
(No Load) f=2MHz ([s]»] 4.0 mA
f=3MHz IbD 6.0 mA
f=4MHz Ioo 8.0 mA
Power Dissipation (Inputs = Vss or Voo, No Loads),
Operating (VDD = 5.25V, f =1 MHz) PD 110 mwW
Standby (Static) PDsB 100 uW
Input Capacitance (f = 1 MHz) CIN 5.0 pF
Output Capacitance (f = 1 MHz) Cout 10.0 pF
AC Characteristics—Processor Interface Timing: Vop = 5.0V + 5%, Vss = 0V, TA =-40°C to +85°C
e o h
Industrial, 0°Cto +70°C Commercial G65SC32-1 | G65SC32-2 | G65SC32-3 | G65SC32-4
Parameter Symbol | Min Max Min Max Min Max Min Max | Unit
Cycle Time tcyc 1000 — 500 — 330 — 250 — nS
Phase 2 Pulse Width High tPWH 470 — 240 — 160 — 120 — nS
Phase 2 Pulse Width Low tPwL 470 — 240 - 160 - 120 - nS
Phase 2 Transition tRF —_ 30 — 30 - 30 - 30 nS
Read Timing (Figure 1)
Select, R/W Setup tACR 160 — 90 — 65 — 45 —_ nS
Select, R/W Hold tCAR 0 — 0 — 0 — 0 — nS
Data Bus Delay tCOR — 320 — 190 — 130 - 90 nS
Data Bus Hold tHR 10 — 10 — 10 — 10 — nS
Peripheral Data Setup tPCR 300 — 150 - 110 -_— 75 - nS
Write Timing (Figure 2)
Select R/W Setup tacw 160 — 90 - 65 — 45 — nS
Select, R/W Hold tcaw 0 — 0 — 0 — 0 — nS
Data Bus Setup tocw 195 — 90 — 65 — 45 — nS
Data Bus Hold tHW 10 — 10 — 10 — 10 — nS
Peripheral Data Delay (PortA) tcPw — 1000 — 500 — 330 — 320 nS
(Port B) — 1000 — 500 — 330 — 250
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Timing Diagrams

tcyc
tR ——e—] P (PWH f—— tF
20V 20V
"2 0.8V A /| kosv

—.__.__.pr__...

WUCR = — ftCAR
ADDRESS 7/ 20V 20V
CS.RS,ETC 0.8V 08V

RIW 20v
PCR —ami
PERIPHERAL 20V
DATA / 08V
[~=—{COR —=— {HR
DATA 20V 20V
8US 0.8V 0.8V
Figure 1. Read Timing
| teve
1R p—————{PWH pe— {F
’2 20V 20V
0.8V 0.8V A o8V

tACW e ——a {CAW

ADDRESS 20V 20V

CS.RS,ETC 08V 0.8V

RIwW 0.8V 08V

pea——{CPW
PERIPHERAL 7 / 20V
DATA 7 08V
DCW —e=i tHw

w7200 % e ey

Figure 2. Write Timing

Test Load

OPEN DRAIN
OUTPUT TEST LOAD

Voo

PIN
3KQ

1

PIN

100 pF
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Interface Signals

Input Clock (¢2)
The Input Clock consists of a system ¢2 clock source. This
clock can be either alow level clock (V). <0.4,V|4>2.4)ora

high level clock (VIL <0.2, V)4 = Vpp * 0.3 “or” Vpp - 0.2).

Reset (RES) .

During system initialization a Logic “0” on the RES input will
cause all four 1/0 registers to be zeroed. This in turn will
cause all lines within the 1/0 bus to serve as inputs. This
arrangement protects external components from possible
damage and/or erroneous data being written during system
configuration under software control. Also, the Data Bus
Buffers are placed in an Off-State during any RES. Interrupt
capability is disabled during RES. The REg signal must be
held low for a minimum of one clock period during a RES
function.

Interrupt Request (IRQ)

The IRQ output signal is derived from the Interrupt Control Logic,
andis normally in the high state (Logic “1”). When in the low state
(Logic"“0"), IRQindicates an interrupt exists within the G65SC32.
This interrupt output may be activated (Logic “0”) by a logical
transition on line PA7 of peripheral I/O Bus A, or by timeout of the
Interval Timer. Interrupt Request is an open-drain output, thus
allowing several units to be wire-ORed to a common micropro-
cessor IRQ input pin.

Data Bus (D0-D7)

The G65SC32 contains eight bidirectional data lines (D0-D7) for
transfer of data to and from the microprocessor. The Data Buffer
is active during a Read operation, and is held in the Off-State
during all other operations.

Read/Write (R/W)

The R/W signal is generated by the microprocessor and is
used to control the transfer of data to and from the G65SC32.
When R/Wi is in the high state (Logic “1”), the microproces-
sor is allowed to read data from the G65SC32. Conversely,
when R/Wisin the low state (Logic “0"), the microprocessor
may write data to the G65SC32. Read/Write functions must
always be preceded by proper addressing.

Peripheral Data Ports (PA0-PA7 and PB0-PB7)

The G65SC32 contains two 8-bit peripheral I/0 Ports...Port
A (lines PA0O-PA7) and Port B (lines PB0-PB7). An important
feature of the G65SC32 is that each peripheral portbus line is
individually programmable as either an input or an output.
Data flow direction may be selected on a line-by-line basis
with intermixed input and output lines within the same port.
This feature is accomplished by the Data Direction Registers.
When a “0” is written to any bit position of the Data Direction
Register (DDRA or DDRB), the corresponding line will be
programmed as an input. Likewise, when a “1” is written into
any bit position of DDRA or DDRB, the corresponding data
line will serve as an output.

When an I/0 Port line has been programmed as an input and
its Output Register (ORA or ORB) is read by the micropro-
cessor, the TTL level on the I/0 Port line will be transferred to
the Data Bus (D0-D7). When programmed as outputs, the I/0
Port lines will reflect data as written by the microprocessor
into the Output Registers. I/0 Port line PA7 also serves an
Edge Sense Interrupt function as described in the following
sections.

Address and Select Lines (A0-A6, RS, CS1 and CS2)
Address lines A0-A6 serve to address the RAM, I/0O Regis-

ters, Timer and Flag Register. CS1and CS2 are used to select
(enable access to) the G65SC32.

Functional Description

In reference to the Block Diagram on page one, the G65SC32
is shown to consist of four basic functions; that is, RAM, I/0,
Timer and Interrupt Control. RAM interfaces directly with the
microprocessor by way of the Data Bus and Address Lines.
The peripheral I/0 functions consist of two 8-bit I/0 Ports.
Each port is supported by a Data Direction Register and an
Output Register.

RAM (128 Bytes, 1024 Bits)

Within the G65SC32 is a 128 X 8 bit static RAM. This RAM is
used as a scratch pad or special data buffer, and is addressed
by A0-A6 (Byte Select), RS, CS1 and CS2.

Peripheral I/0 Port Registers

The peripheral I/0 Port Registers consist of two Data Direc-
tion Registers and two data Output Registers. The Data
Direction Register (A and B) controls the direction of data
into and out of the peripheral I/0 Ports as described under
the Peripheral Data Ports Section above. The voltage level on
any I/0 Port line which has been programmed as an output,
is determined by the corresponding bit in the Output Regis-
ter (ORA or ORB).

During a peripheral Read operation over I/0 Port A, data is
read directly from the I/O Port bus (PAO-PA7). During this
Read operation, should a particular PA line be programmed
as an output, data transferred into the microprocessor will be
identical to the corresponding data in Output Register A
providing that line loading is such that the line voltage is >
2.4 voltsforaLogic “1”,and < 0.4 volts fora Logic “0”. Under
severe loading conditions where these voltage limits cannot
be guaranteed, the resulting Read operation may not match
the contents of Output Register A.

The output buffer which services I/0 Port B (PB0-PB7) is
different from the buffers for I/0 Port A. The buffers for Port
B are push-pull devices capable of sourcing 3 mA at 1.5 volts.
This allows these lines to directly drive transistor circuits. To
ensure valid data will be read during a peripheral Read oper-
ation, I/0 Port B contains logic which allows the micropro-
cessor to read the contents of Output Register B instead of
reading directly from the Port B data bus.

Interval Timer

Figure 3shows the three basic functions of the Interval Timer
section. These functions include: a preliminary divide-down
register, a programmable 8-bit register, and all necessary
interrupt logic.

R/W PA7 A3 D7D6DSD4DID2D1D0  R/W Al A0
INTERRUPT PROGRAMMABLE 0 DIVIDE
1RG <— ‘conTroL [ REGISTER DowN [®—¢2

i

\
07 D6

DS D4 D3 D2 D1 DO

Figure 3. Basic Functions of Interval Timer
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The Interval Timer can be programmed to count up to 256
time intervals. Each time interval can be selected as 1T, 8T,
64T, or 1024T increments, where T is the system clock (¢2)
period. When a full interval count has been reached, the
interrupt flag is set to the Logic “1” state. Once the flag has
been set, the internal clock starts counting down at a 1T rate
to a maximum count of -255T. This arrangement allows the
user to read the counter and thus determine the elapsed time
since the interrupt was set.

The G65SC32's internal Data Bus is used to transfer data to
and from the Interval Timer. Forexample, if acount of 52 time
intervals is desired, the pattern 00110100 would be puton the
Data Bus and written into the Interval Time Register. During
the time when data is being written into the Interval Timer,
timing intervals 1,8,64 and 1024T are decoded from address
lines A0 and A1. During Read and Write operations, address
line A3 controls the interrupt capability of IRQ. Thatis, when
A3=1, IRQ is enabled. When A3=0, IRQ is disabled. In either
case, when timeout occurs, bit 7 of the Interrupt Flag Regis-
teris set. This flag is cleared when the Timer register is either
read to or written from by the microprocessor. When IRQ is
enabled by A3 and an interrupt occurs, IRQ will go low.
Should the Timer be read prior to the interrupt flag being set,
the number of remaining time intervals will be read, i.e., 51,
50, 49, etc.

Once the Timer has counted down to 00000000, an interrupt
will occur on the next count time which will result in the
Timer reading 11111111. Following the interrupt, the Timer
registers decrements at a divide by “1” rate of the clock
system. After interrupt, should the Timer read a value of
11100100, then the time since the last interrapt is 28T. The
value read is in two’s complement as follows:

Value read = 11100100
Complement = 00011011
Add 1 =00011100 = 28T (28 ¢2 clock periods)

Thus, to arrive at the total elapsed time since the Timer count
was originally program set, simply perform a two's comple-
ment of the Timer value and add this to the original time value
written into the Timer. For example, assume the original time
written was 00110100 (=52). With a divide-by-8T, total time to
interrupt would be (52 X 8) + 1 = 417T. In this case, total
elapsed time would then be 416T + 28T = 444T, assuming the
value read after interrupt was 11100100.

Following an interrupt, whenever the Timer is read or written
the interrupt is reset. However, should the Timer be read at
the same time the interrupt occurs, the interrupt flag will not
reset. Figure 4 is an example of Timer Interrupt Timing.

® (ONNO)
421N 0 1 2 3 21 214 415 416 500| 50
WRITE T _ﬁ
iRQ
S

Figure 4. Timer Interrupt Timing

-

. Data written into Interval Timers: 00110100 = 5219
2. Data in Interval Timer: 000110100 = 2519
ie., 52 - 2%§ -1=52-26-1=25

3. Data in Interval Timer: 00000000 = 019
e 52- ié§ -1=52-51-1=0

4. Interrupt occurred at ¢2 clock pulse number 416
Data in Interval Timer = 11111111

5. Data in Interval Timer: 10101100
Two’s complement: 01010100 = 8419
Therefore, 84 + (52 x 8) = 50019

When reading the timer following an interrupt, address line
A3 must be low such that IRQ will be disabled. This proce-
dure prevents future interrupts until a future Write operation
has occurred.

Interrupt Flag Register

The Interrupt Flag Register consists of two bits ... the Timer
interrupt flag (bit 7) and the PA7 Edge Sense Interrupt flag
(bit ). Whenever a Read operation is performed on the
Interrupt Flag Register, the two bits are transferred to the
microprocessor viathe internal Data Bus. Figure 5 shows the
Interrupt Flag Register bit configuration.

1
wgr
PA7 FLAG
TIMER FLAG

Figure 5. Interrupt Flag Register

It should be noted that the PA7 flag is cleared when the
Interrupt Flag Registeris read. Also, the Timer flag is cleared
when the Timer is either read or written.

Addressing

The G65SC32 is addressed by way of the 7-bit Address Bus
(A0-AS6), the RS input, and the two Chip Selectinputs (CS1and
C52). To address the RAM, CS1 must be high with CS2and RS
both low. To address the I/0 and Interval Timer, CS1 and RS
must be high with CS2 low. It is apparent that in order to ac-
cess the G65SC32 device, CS1 must be high and CS2 must be
low. The RS input is used to distinguish between the RAM and
the 1/0 — Interval Timer Sections. When RS is low, RAM is
addressed. When RS is high, the I/0 — Interval Timer Section
is addressed. To distinguish between Interval Timer and 1/0,
address line A2 is used. With A2 high, the Interval Timer is
accessed. With A2 low, the |/O registers are accessed. Table 1
provides addressing requirements for the G65SC32.
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Edge Sense iInterrupt

In addition to its use as a peripheral I/O line, PA7 can also
function as an Edge Sense Interrupt input. In the interrupt
mode, an active transition on line PA7 will set the in-
ternal interrupt flag (bit 6 of the Interrupt Flag Register). When
this occurs, providing the PA7 interrupt has been enabled, the
IRQ output will go low.

Control of the PA7 edge detection logic is accomplished by a
Write operation to one of four addresses. The data lines for this
Write operation are “don’t care” and the addresses to be used
can be found in Table 1.

Setting the internal interrupt flag by an active transition on PA7
is always enabled, independent of whether PA7 is set up as an
input or output by the Data Direction Register.

The Reset signal (RES) will disable the PA7 interruptand at the -

same time set the active transition logic to the negative edge-
detect state. During the RES operation, the interrupt flag may

be set by a negative transition of PA7. This being the case, it
may therefore be necessary to clear the interrupt flag prior to
being enabled for its normal use as an edge detecting input.
This special Reset can be achieved by reading the Interrupt
Flag Register.

1/0 Register—Timer Addressing

Table 1 provides the address decoding for all internal functions
and Timer programming. Address line A2 distinguishes the
1/0 registers from the Timer. When A2 is low and RS is high,
the 1/0 registers are addressed. Once the 1/O registers are
addressed, address lines A1 and AO may be used to address
the desired register.

With A2 high and RS high, the Timer is selected, and address
lines A1 and A0 are available to decode the “divide-by” matrix
as defined in Table 1. Address line A3 is used to enable the
interrupt flag to the IRQ output.

Address Decoding
Table 1. G65SC32 Address Decoding
Operation RS R/W A4 A3 A2 Al A0
Write RAM 0 0 - — - — —
Read RAM 0 1 — — — — —
Write Output Reg A 1 0 — — 0 0 0
Read Output Reg A 1 1 - — 0 0 0
Write DDRA 1 0 — — 0 0 1
Read DDRA 1 1 — — 0 0 1
Write Output Reg B 1 0 - —_ 0 1 0
Read Output Reg B 1 1 - — 0 1 0
Write DDRB 1 0 — — 0 1 1
Read DDRB 1 1 - - 0 1 1
Write Timer
+1T 1 0 1 (a) 1 0 0
+8T 1 0 1 (a) 1 0 1
+ 64T 1 0 1 (a) 1 1 0
+1024T 1 0 1 (a) 1 1 1
Read Timer 1 1 —_ (a) 1 —_ 0
Read Interrupt Flag 1 1 —_ —_ 1 —_ 1
Write Edge Detect Control 1 0 0 — 1 (b) (c)

Notes: — = Don't Care, “1” = High Level (= 2.4V), “0” =
(a) A3 =0 to Disable Interrupt from Timer to iRQ
A3 = 1 to Enable Interrupt from Timer to IRQ
(b) A1 =0 to Disable Interrupt from PA7 to iIRQ
A1 =1to Enable Interrupt from PA7 to IRQ
(c) AO =0 for Negative Edge-Detect
A0 = 1 for Positive Edge-Detect

Low Level (< 0.4V)

1-50



Microcircuits G65$C32

Application Diagram

ROM/EPROM

PERIPHERAL
G65SC32 A

PROGRAMMABLE RAM, I/0, TIMER DEVICE

MICROPROCESSOR * RAM (128 x 8)
G65SC02 PERIPHERAL 1/0 BUS (2)

.
© DATA DIRECTION CONTROL
.
.

INTERRUPT LOGIC
INTERVAL TIMER <:> PERIPHERAL
B
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Pin Function Table

A0-A6 Address Bus RS Function Select
DO-D7 Data Bus R/W Read/Write
PAO-PA7 Peripheral /0 Port A RES Reset
PBO-PB7 Peripheral I/0O Port B iRQ Interrupt
@2 Phase 2 Internal Clock Voo Power Supply (+5V)
CS1/CS2 Device Select Vss Internal Logic Ground
Pin Configuration
- N
$aegzzdexBRe
g:g /omvn«;:gg;
[Jcs1 -
:% NC | 7 39 | R/W
RS Al |8 38 | RES
égﬁf? a |9 a7 | oo
i PR0 | 10 36| o1
101 PA1 | 11 35 | D2
Gesscaz’! (202 PAZ | 12 G655C32 ol Bt
30 o3 Pa3 | 13 33 | D4
D4
s PA4 | 14 32| Ds
e PAS | 15 31| D6
g% PaG | 16 % | o7
- PBO NC | 17 29 | IR@
[ PB1
I PB2 22 g R IR I L EKE
[ PB3 P
FE88eEERE
Ordering Information
G 65sC32 P | 2
Description
C—Special G—Standard
Product Identification Number
Package
P—Plastic E—Leaded Chip Carrier
C—Ceramic L—Leadless Chip Carrier
D—Cerdip X—Dice
Temperature/Processing
None— 0°Cto +70°C,+5%P.S. Tol. S— 0°Cto+70°C,+10%P.S. Tol.
|—-40°C to +85°C, + 5% P.S. Tol. W— -40°C to +85°C, + 10% P.S. Tol.
Performance Designator

Designators selected for speed and power specifications

—1 1MHz —3 3MHz
—2 2MHz —4 4 MHz
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GTE G65SC37

Microcircuits
CMOS Timing and Keyboard/Display Interface (TKDI)

Features General Description
® Advanced CMOS design for low power consumption GTE Microcircuits’ G65SC37 Timing and Keyboard/Display
o Comprehensive Keyboard/Display Interface within a single Interface (TKDI) circuit provides a highly versatile interface
chip between a keyboard and/or display unit and any 6500 or 6800
o Interface compatible with any 6500 or 6800 series series microprocessor. The G65SC37 is manufactured using
microprocessor GTE's Advanced CMOS technology for low power consump-
® Internal Keyscanner and Display RAM tion and precise data handling. The G65SC37 is a multifunction
® Automatically scans and stores the status of up to 64 device. It provides automatic scanning of a matrix of up to 64
keys or switches keys or switches, storing the status of each key into an internal
® Provides multiplex matrix drive for up to 64 display Keyboard RAM. An internal Display RAM allows multiplex driv-
indicators (LEDs) ing for an array of up to 64 display LED indicators. Internal
® Internally generated Real Time Clock, 10-Millisecond Interrupt Control Logic provides for the polling and servicing
Interrupt and 1-Second Watch Dog Timer signals of up to three external interrupts, plus an internal Real Time
® Provides detection, enabling, polling and servicing of up Clock interrupt. Internally generated timing signals consist of
to three external interrupt signals a Real Time Clock, 10-Millisecond Interrupt and a One-Second
® Single +5 volt power supply Watch-Dog Timer. A pin-select input clock feature allows the
® Available in 68 pin PLCC package TKDI to operate from an external input clock frequency of either

1 MHz or 2.048 MHz. For new and future system designs. the
G65SC37 TKDI is the ideal single-chip solution for keyboard/
display applications.

Block Diagram

*2 CLOCK MULTIPLEXER 3708 :> SEErNT
—»| GENERATOR & > DECODER SCNO-SCN1
LOGIC CONTROL RAM
ADDRESS
FREQ SEL ——-——J
WDT =
INTERNAL DATA BUS DISPLAY
DB0-DB7 ). > 3-STATE : ) : Y 3-STATE :“ > DSPO-DSP7
o < LATCH : ;': LATCH
— ¢ 8 ‘::')
ADO, AD1 Q
_ < -
oy > e g KEVSC:NNER L T
__ z Q
— = |  DISPLA 4
W % § DRIVERV o
2 —>1 o LOGIC I +
RES — >

RD = 3-STATE K : KEYSCAN K 3-STATE K KYBO-KYB7

o= LATCH RAM LATCH
-
- B X8
INTERO -
INTERRUPT
INTER1 L CONTROL

INTER2 Loaic

\

IRQ == I

ADVAN C E l N Fo R MAT I 0 N This is advanced information and specifications
are subject to change without notice.
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GTE G65SC51

Microcircuits

CMOS Asynchronous Communications Interface Adapter

Features General Description

® CMOS process technology for low power consumption The GTE G65SC51 is an Asynchronous Communications

® 15 programmable baud rates (50 to 19,200 baud) Interface Adapter which offers many versatile features for inter-

e External 16X clock input for nonstandard baud rates to facing 6500/6800 microprocessors to serial communication
125,000 baud data sets and modems. The G65SC51's most significant feature

e Programmable interrupt and status registers is its internal baud rate generator, allowing programmable

® Full-duplex or half-duplex operating modes baud rate selection from 50 to 19,200 baud. This full range of

® Selectable 5, 6, 7, 8 or 9 bit transmission rates baud rates is derived from a single standard 1.8432 MHz exter-

® Programmable word length, parity generation and detection, nal crystal. For non-standard baud rates up to 125,000 baud, an
and number of stop bits external 16X clock inputis provided. In addition to its powerful

® Programmable parity options—odd, even, none, mark communications control features, the G65SC51 offers the
or space advantages of GTE's leading edge CMOS technology, i.e.,

® Includes data set and modem control signals increased noise immunity, higher reliablity, and greatly

® Faise start bit detection reduced power consumption.

® Serial echo mode

® Four operating frequencies—1, 2, 3 and 4 MHz

® Available in 28-pin DIP or PLCC package

Block Diagram

TRANSMIT

CONTROL [ CTS
]

TRANSMIT TRANSMIT
$2 —| DATA M SHIFT |——&=TxD

R/W — REGISTER REGISTER
cso—w-  SELECT o
cs1 CONTROL STATUS INTERRUPT IR
RS0 —» LOGIC - ¢——DCD
RS1 REGISTER LOGIC . 5sR

RES —p»|
BAUD lg¢— RxC
—N S?&E’;‘E’k > RATE |@——XTAL1
Vv GENERATOR [«@——— xTAL2

RECEIVE | A RECEIVE
DBO <& DATA SHIFT RxD

! DATA REGISTER | N REGISTER

| BUS A
.: » BUFFERS ——JI> COMMAND RECEIVE
DbB? REGISTER CONTROL

ll — DTR
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Absolute Maximum Ratings: (Note 1) This device contains input protection against damage due to
high static voltages or electric fields; however, precautions
Rating Symbol Value should be taken to avoid application of voltages higher than
Supply Voltage Voo ~0.3V to +7.0V the maximum ratings.
Input Voltage VIN -0.3V to Vop + 0.3V NOTES:
Operating Temperature Ta -40°C to +85°C 1. Exceeding these ratings may cause permanent damage,
Storage Temperature Ts _55°C to +150°C functional operation under these conditions is not implied.

DC Characteristics: VoD =5.0V + 5%, Vss = 0V, TA = -40° C to +85° C Industrial, 0° C to +70° C Commercial

Parameter Symbol Min. Max. Unit
Input High Voltage (Except XTAL1) 1 ViH 20 Vop + 0.3 \
Input High Voltage (XTAL1 only) VIHX 3.1 Vv
Input Low Voltage (Except XTAL1) ViL -0.3 0.8 Vv
Input Low Voltage (XTAL1 only) ViLx 19 \
Input Leakage Current (VIN = 0 to VDD), Input Only Pins hN +1.0 uA
Three-State Leakage Current, (VIN = 0.4 to 2.4V) ITst +10.0 uA
Output Low Voltage (loL = 3.2mA) VoL 04 \
Output High Voltage (loH = -200 uA) VOH 24 \
Supply Current f=1MHz {[s]s] 20 mA
(No Loads) f=2MHz IDD 4.0 mA
f=3MHz : oo 6.0 mA
f=4MHz [s]o} 8.0 mA
Power Dissipation (Inputs = Vss or VoD, No Loads),
Operating (VDD = 5.5V, f = 1 MHz) PD 11.0 mW
Standby (Static) PDSB 300 uWw
Input Capacitance (f = 1 MHz) CiN 5.0 pF
Output Capacitance (f = 1 MHz) Cout 10.0 pF

AC Characteristics—Processor Interface Timing: Voo =5.0V = 5%, Vss =0V, TA = -40°C to +85° C Industrial,

0°C to +70° C Commercial
G65SC51-1 G65SC51-2 G65SC51-3 G65SC51-4
Parameter Symbol | Min Max Min Max Min Max Min Max | Unit

Cycle Time tcyc 1000 — 500 — 330 — 250 — nS

Phase 2 Pulse Width High tPWH 470 - 240 — 160 — 120 - nS

Phase 2 Pulse Width Low tPWL 470 - 240 — 160 — 120 - nS

Phase 2 Transition tRF — 30 —_ 30 — 30 — 30 nS
Read Timing

Select, R/W Setup tACR 160 — 90 — 65 — 45 — nS

Select, R/W Hold tCAR 0 — 0 — 0 - 0 — nS

Data Bus Delay tCOR - 320 — 190 — 130 — 90 nS

Data Bus Hold tHR 10 - 10 — 10 — 10 — nS
Write Timing

Select R/W Setup tacw 160 — 90 — 65 — 45 — nS

Select, R/W Hold tcAw 0 — 0 — 0 — 0 — nS

Data Bus Setup tocw 195 — 90 — 65 — 45 — nS

Data Bus Hold tHW 10 — 10 — 10 — 10 — nS
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G65SC51

AC Characteristics—Transmit/Receive Timing:

VDD =5.0V + 5%, VSS =0V, TA = -40° C to +85° C Industrial,
0°C to +70° C Commercial

G65SC51-1 G65SC51-2 G65SC51-3 G65SC51-4
Parameter Symbol | Min Max Min Max Min Max Min Max | Unit
Transmit/Receive Clock Cycle Time (" tcey 400 — 400 — 400 — 400 - nS
Transmit/Receive Clock High Time tcH 175 — 175 — 175 — 175 — nS
Transmit/Receive Clock Low Time tcL 175 - 175 — 175 — 175 - nS
XTAL 1 to TxD Propagation Delay top — 500 — 500 — 330 — 250 nS
Propagation Delay (RTS, DTR) toLy — 500 — 500 — 330 — 250 nS
TRQ Propagation Delay (Clear) @ tiRQ — 500 — 500 — 500 — 500 nS
1. The baud rate with external clocking is: Baud Rate = ————
16 x tccy
2. Propagation Delay is a function
of external RC time constant.
Timing Diagrams
tcye
tR—e=] |-———tPWH: [——tF
. 20V 20V
2 08V 7Z 08V 08V
tACR  |a— o tomn tewe J
ADDRESS 20V 20V
CS,RS,ETC 0.8V 08V
RIW 20V \
}'.—'COR —e tHR
DATA 20V 20V
BUS 08V 0.8V
Figure 1. Read Timing
| teve
tR | tPWH [— tF
20V 20v
*»2 08V 08V 08V
et tP WL~
ACW  |— —e={ (CAW
ADDRESS 20V 20V
CS.RS,ETC 0.8V 0.8V
Riw 0.8V 0.8V
toCW —==d | —_— tHW
DATA 20V 20v
BUS / // // 08V 0.8 v#

Figure 2. Write Timing

NOTE: Voltage levels shown are VIL < 0.4V, VIH > 2.4V,
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Timing Diagrams (Continued)

42 ____/_\, 0.8V

XTAL1
(TRANSMIT towy
CLOCK INPUT)
PR 2.0V
DTR, RTS o.8v
TxD —_ tira —
IRQ
(CLEAR) 2ov
NOTE: 1. TxD is 1/16 TxC rate.
2. XTAL input voltage ViL < 1.5V, Vit > 3.5V. NOTE: 1. Voltage levels shown are ViL < 0.4V, Vix > 2.4V.
Figure 3. Transmit Timing with Figure 4. Interrupt and Output
External Clock Timing
| teey |
VIH = 2.4V
RxC
(INPUT)
VIL< 0.4V
NOTE: 1. RxD rate is 1/16 RxC rate.
2. Voltage levels shown are VIL < 0.4V, VIH > 2.4V.
Figure 5. Receive External Clock Timing
Test and Crystal Specifications Clock Generation
G65SC51
1. Temperature stability + 0.01% (-40°C to +85°C) XTAL1 EXTERNAL XTAL1
2. Characteristics at 25°C + 2°C € cLoCK 6
a. Frequency (MHz) 1.8432
b. Frequency tolerance (+%) 0.02
c. Resonance mode Series E:l
d. Equivalent resistance (ohm) 400 max. —
e. Drive level (mW) 2
f. ghur‘\lt cgpacita(;\ce (pF) 7 max. xTAL2 | open  XTAL2
g. Oscillation mode Fundamental woor CIRCUIT 7
p|
:_L— INTERNAL CLOCK EXTERNAL CLOCK
Test Load
5.0V
OPEN DRAIN
OUTPUT TEST LOAD
Voo
1.2KQ
PIN 3KQ
100 pF
12K PIN

iI—

100 pF

) 1
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Signal Description (Microprocessor Interface)

Reset (RES)
Reset clears all internal registers during system initialization.

Interrupt Request (IRQ)

The Interrupt Request (IRQ) output signal is generated by the
Interrupt Control Logic. TRQ is normally held to a high level
and goes low when an interrupt occurs. IRQ is an open-drain
output, thus allowing the IRQ signal to be wire-ORed to acom-
mon microprocessor Interrupt input line.

Read/Write (R/W)

The R/W signal is generated by the microprocessor and is used
to control the transfer of data between the G65SC51 and the
microprocessor. When R/W is in the high state (Logic 1) and
the chip is selected, data is transferred from the G65SC51 to
the microprocessor (Read operation). Conversely, when R/W
isin the low state (Logic 0), data is transferred from the proces-
sor to the G65SC51 (Write operation).

Input Clock (¢2)
The ¢2 clock is used to trigger all data transfers between the
microprocessor and the G65SC51.

Data Bus (DB0-DB7)

The eight bidirectional Data Bus lines are used to transfer
data between the G65SC51 and the microprocessor. During a
Read operation, data is transferred from the G65SC51 to the
microprocessor. During a Write operation, the Data Bus lines
serve as highimpedance inputs over which data is transferred
from the microprocessor to the G65SC51. The Data Bus lines
are in the high impedance state when the G65SC51 is un-
selected.

Chip Select (CS0, CS1)

The two Chip Select lines are normally connected to the pro-
cessor address lines either directly or through decoders. To
access a selected G65SC51, CS0 must be high (Logic 1) and
CS1 must be low (Logic 0).

Register Select (RS0, RS1)
The two Register Select lines are normally connected to the
processor address lines. This allows the processor to select
the various G65SC51 internal registers. Refer to Table 1 for
internal register select coding.

Table 1. Register Select Coding

RS1 RSO Write Read

0 0 Transmit Data Receiver Data

Register Register

0 1 Programmed Status Register
Reset (Data is
“Don’t Care”)

1 0 Command Register

1 1 Control Register

Note that only the Command and Control Registers can be
accessed during both Read and Write operations. Programmed
Reset operation does not cause data transfer, but is used to
clear (reset) all G65SC51 internal registers. Programmed Reset
isused in a slightly different way as compared to the hardware
Reset (RES). These differences are described under each indi-
vidual register description.

Signal Description (Communications Interface)

Transmit Data (TxD)

TxD is an output line used to transfer NRZ (Non-Return-to-
Zero) data to a modem. The LSB (Least Significant Bit) of the
Transmit Data Register is the first data bit transmitted. The
rate of data transmission (baud rate) is determined by the
selected baud rate.

Receive Data (RxD)

RxD is an input line used to receive NRZ input data from a
modem. The LSB is always the first data bit received. Received
data will always be at the G65SC51’s internally programmed
baud rate or the baud rate of an externally generated receiver
clock. The baud rate is a selection which is made by program-
ming the Control Register. See Figure 6, Control Register
Format.

Receive Clock (RxC)

RxC serves as a bidirectional “pin” which can be either the 16X
Clock Input or the receiver 16X Clock Output. The 16X Clock
Output mode results if the internal baud rate generator is
selected for External Receiver Clocking. See Figure 6, Control
Register Format.

Request to Send (RTS)

RTSis an output line used as a control function to the modem.
The state of RTS is determined by the contents of the Com-
mand Register. Refer to Figure 7, Command Register Format.

Data Carrier Detect (DCD)

DCD is an input line used to indicate carrier-detect output
status from the modem. A low level indicates the modem carrier
signal is present, and a high level indicates the modem carrier
signal is not present. DCDis a high impedance input and must
not be used as a no-connect. That is, if unused, this pin must
be driven high or low, but not switched.

NOTE: If Command Register Bit 0 is a high (Logic 1) and a
change of state on DCD occurs, IRQwill be set, and the Status
Register Bit 5 will reflect the new level. The state of DCD does
not affect Transmitter operation, but must be low (Logic 0) for
the Receiver to operate.

Clear to Send (CTS)

CTS is an input used to control Transmitter operation. The
Transmitter is enabled when CTSis low (Logic 0), and is auto-
matically disabled when CTS is high (Logic 1).

Data Terminal Ready (DTR)

DTR is an output line used to indicate G65SC51 status to the
modem, and is controlled by the processor via Bit 0 of the Com-
mand Register. DTR low (Logic 0) indicates the G65SC51 is
enabled, while DTR high (Logic 1) indicates the device is
disabled.

Data Set Ready (DSR)

DSR is an input line used to indicate modem status to the
G65SC51. DSR low (Logic 0) indicates the modem is “ready”,
while a high (Logic 1) indicates the modem is in a “not ready”
state. Like DCD, DSR is a high impedance input and must not
be used as a no-connect. If unused, this line must be driven
either high or low, but not switched.

NOTE: If Command Register Bit 0 is high (Logic 1) and a
change of state on DSR occurs, TRQ will be set, and Status
Register Bit 6 will reflect the new level. The state of DSR does
not affect either Transmitter or Receiver operation.
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Microcircuits G65SC51
CONTROL REGISTER
Lrlelsfelo]afr]o]
J l I BAUD RATE
STOP BITS N , GENERATOR
0 = 1 Stop Bit 0 0 0 0 16x EXTERNAL CLOCK
=2 gtop gits'f Word Length 0 0 0 1 50 BAUD
1 Stop Bit if Word Lengt|
= 8 Bits and Parity* 0 0 1 0 7%
1% Stop Bits if Word Length 0 0 1 1 109.92
= 5 Bits and No Parity ) p ) ) 13458
0 1 0 1 150
WORD LENGTH
0 1 1 0 300
BIT DATA WORD 0 1 1 1 600
6]s LENGTH 1 0 0 0 1200
ojo 8 1 0 0 1 1800
0f1 7 1 0 1 1] 2400
110 6 1 0 1 1 3600
1 1 5 1 1 0 0 4800
RECEIVER CLOCK SOURCE 1 1 0 1 7200
0 = External Receiver Clock 1 1 1 0 9600
1 = Baud Rate Generator 1 1 1 1 19,200
*This allows for 9-bit transmission
(8 data bits plus parity). 6 5 4 3 2 1 0
HARDWARE RESET 0 [] 0 0 0 0 0 0
PROGRAM RESET - — - - - - — -

PARITY CHECK CONTROLS

Figure 6. Control Register Format

COMMAND REGISTER

LT[ -1 1]
C LT [T 1

BIT

OPERATION

Parity Disabled—No Parity Bit
Generated—No Parity Bit Received

o
o
-

[Odd Parity Receiver and Transmitter|

-
-

Even Parity Receiver and
Transmitter

Mark Parity Bit Transmitted,
Parity Check Disabled

Space Parity Bit Transmitted,
Parity Check Disabled

FOR RECEIVER

NORMAL/ECHO MODE

DATA TERMINAL READY

0 = Disable Receiver and All
Interrupts (DTR high)

1= Enable Receiver and All
Interrupts (DTR low)

RECEIVER INTERRUPT ENABLE

0 = IRQ Interrupt Enabled from Bit 3
of Status Register
1 = iRQ Interrupt Disabled

TRANSMITTER CONTROLS

0 = Normal
1= Echo (Bits 2and 3
must be “0")

BIT TRANSMIT RTS
3] 2] INTERRUPT LEVEL TRANSMITTER
0o Disabled High Off
01 Enabled Low On
110 Disabled Low Oon.
111 Disabled Low Transmit BRK
6 5 4 3 2 1 0

HARDWARE RESET | 0

0 0 0 0 0 0 0

PROGRAM RESET

- 0 0 0 0 0

Figure 7. Command Register Format
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External Crystal Pins (XTAL1, XTAL2)

These two crystal pins are normally used to connect an exter-
nal crystal (1.8432 MHz) to the internal baud rate generator.
This crystal is used to derive the full range of available baud
rates. For nonstandard baud rates, an externally generated
clock may be connected to the XTAL1 pin. In this case, the
XTAL2 pin must float.

Internal Functions

Figure 8 shows the Transmitter/Receiver sections of the
G65SC51. Bits 0-3 of the Control Register are used to select the
“divisor” whichin turn generates the selected baud rate for the
Transmitter. Should the Receiver clock be using the same baud
rate as the Transmitter, then RxC becomes an output pin and
can be used to slave other circuits to the G65SC51.

Command Register

The Command Register is used to control Transmit/Receive
functions. Refer to Figure 7, Command Register Format, for
detailed operation and programming information.

Transmit and Receive Data Registers

The Transmit and Receive Data Registers are used as tempo-

rary data storage within the G65SC51. Transmit Data Register

characteristics are as follows:

e Bit 0 is always the leading bit during any transmission.

® Unused data bits are always the high-order bits in the data
word. These unused high-order bits are “don’t care” during
data transmission.

Receive Register characteristics are as follows:

e Bit 0 is always the leading bit received.

e Unused data bits are always the high-order bits and are
“zeros” for the receiver.

e Parity bits are not stored in the Receive Register. The parity

bits are stripped off after being used for external parity check-
RECEIVER RxD ing. Therefore, received data in the Receive Data Register
SHIFT REGISTER will have all parity and unused high-order bits as “zeros.”
i Figure 9 shows an example of a transmitted or received data
word which contains eight data bits, a parity bit and a single
CLOCK A
. SYNC stop bit.
RxC DIVIDER LoaIc
CONTROL (+16)
REGISTER Status Register
XTAL1 BIT4-"1" The Status Register indicates to the processor the status of
BAUD CLOCK various G65SC51 functions. Refer to Figure 10 for detailed
] RATE [~ DIVIDER Status Register operation and programming information.
ENERATOR| (+16)
XTAL2 * * * * *
\__‘.._—/
BITS 0-3IN TRANSMITTER |  aTaD
CONTROL SHIFT REGISTER
REGISTER “MARK" “MARK"
T
Ldelefzlsfefsfelr]e] :
Figure 8. Transmitter/Receiver Clock Circuits \ T ~/
DATA BITS
Control Register START bl
The Control Register selects the various operating modes for STOP BIT
the G65SC51. Note that the Baud Rate Generator, word length,
number of stop bits and the Receiver Clock Source are all con-
trolled by the Control Register. Refer to Figure 6, Control Figure 9. Serial Data Stream Example
Register Format, for detailed operation and programming
information.
7 5|43 110
STATUS SET BY CLEARED BY
. 0 = No Error i N *NO INTERRUPT GENERATED FOR THESE CONDITIONS
Parity Error* 1=E Self Clearing **CLEARED AUTOMATICALLY AFTER A READ OF RDR AND
rror THE NEXT ERROR-FREE RECEIPT OF DATA.
. 0 = No Error IS
Framing Error* - Self Clearing*
- 1S HARDWARE £ £ 4 2 2 L L
Overrun* ? - gﬁ_oEr"m Self-Clearing** RESET —|-J]rjofofo]o
Receive Data 0 = Not Full Read Receive RESET _ i Bl I el e
Register Full 1=Full Data Register
l— | Transmit Data 0 = Not Empty Write Transmit
Register Empty | 1=Empty Data Register
56D 0-DChLow | Nojneseliable Figure 10. Status Register
1=DCD High State Format
0 = DSR Low Not Resettable
DSR 1= DSR High gteaf‘lgcts DS
RQ 0 = No Interrupt | Read
1 = Interrupt Status Register
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Pin Function Table

CSo, CS1 Chip Select RxC Receive Clock
RES Reset RTS Request to Send
@2 Input Clock CTS Clear to Send
R/W Read/Write DTR Data Terminal Ready
RQ Interrupt Request DSR Data Set Ready
RS0, RS1 Register Selects DCD Data Carrier Detect
XTAL1, DB0-DB7 Data Bus
XTAL2 Crystal Inputs Voo Positive Power Supply
TxD Transmit Data . (+5.0 volts)
RxD Receive Data Vss Internal Logic Ground
Pin Configuration
ves [ ¢ 280 RAW R
cso o , o = zoogz%ls
€81 ] 5 26 g "G ABERBEEE
RES [] 4 25 DB? Rxc [ S o 25 | pB7
RxC ] s 24 DB6 XTAL1 | 6 2 | pB6
XTALY (] 23 DBS
xTAL2 T :Gssscv” ) oBs xTaLz | 7 2| oss
ATS s 21} oe3 RTs | 8 G65SC51 22 | pB4
[ Y e Y 20 oB2 cis| @ 21 | pB3
g;_g :«1) :: g g:; TxD | 10 20 | bB2
RxD [J12 17 6sR DTR 11$!2 : 22:;9 DB1
Rs°=13 ‘szm o0 @ v o n :
RS1 14 15173 voo 222E0B 8
Ordering Information
658C51 P | -2
= - £
Description T
C—Special G—Standard
Product Identification Number
Package

P—Plastic E—Leaded Chip Carrier

C—Ceramic L—Leadless Chip Carrier

D—Cerdip X—Dice

Temperature/Processing

None— 0°Cto +70°C, 5% P.S. Tol. S— 0°Cto+70°C,+10%P.S. Tol.
|—-40°C to +85°C, £ 5% P.S. Tol. W— -40°C to +85°C, = 10% P.S. Tol.

Performance Designator

Designators selected for speed and power specifications.

—1 1MHz —3 3MHz
—2 2MHz —4 4MHz
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CMOS Communications Terminal Unit
(Telecommunication Microcomputer)

Features

e Generates signals compatible with switched telephone networks
or packet switched data networks

Provides Dial Pulse (DP), Dual Tone Multi-Frequency (DTMF),
and 0-600 baud modem signaling capabilities

Low power mode (300 uA) enables telephone line-powered
operation

External microprocessor address and data bus facilitates memory
and I/0 expansion

On-chip memory: 2K bytes ROM
64 bytes RAM

Standard DTMF and modem frequencies can be generated which
are accurate to £1.0% with a 3.58 MHz crystal

Two sine wave generators

6800 and 6500 bus compatibility

Utilizes G65SCO00 microprocessor as CPU

27 TTL compatible 1/0 lines

Bus expandable to address 65K bytes of external memory

Single +5 volt power supply

Available in 68-pin chip carriers

General Description

The GTE G65SC150 Communications Terminal Unit (CTU) is asingle
chip telecommunications microcomputer manufactured using state-
of-the-art silicon gate CMOS process technology, which is optimized
for telephone line signaling and data transmission applications. A
functional block diagram is shown which illustrates the major system
functions that are included on the integrated circuit.

The CTU uses the GTE G65SC00 8-bit microprocessor which
executes the complete G65SCO00 series instruction set. With 2K
bytes of ROM and 64 bytes of RAM, the CTU operates as a single-
chip microcomputer.

The internal bus interconnects all microcomputer functions. The
address and data bus buffers permit expansion of ROM, RAM and
memory mapped I/0 using the full 65K addressing space of the
microprocessor. A peripheral mode is available for use with
multiprocessor systems. A test and prototyping mode switches
internal ROM addresses to external access. An on-chip oscillator
may be driven by an external clock source.

The telecommunications interface circuitry consists of a timer,
row/receive counter, column/transmit counter and dual sine wave
generators. In addition, 27 general purpose I/0 lines can be used for
keyboard, telephone Dial Pulse (DP) signaling, phone line control,
and other peripheral devices.

Block Diagram
CLK(IN)
0osc(ouT) vss
RES l VDD
NM! IRQ1 IRQO OSCILLATOR
I... CLOCK GENERATOR —J
RESET
BE—5>]
G655C00
RDY—# MICROPROCESSOR )
AND RAM ROM
SYNC<—| CONTROL REGISTER 64x8 2048 <8 le-BiT | ExTR
ML
| [ K> ao0-ats
ADDRESS AND DATA BUS - $2(0UT)
| ] | | - s4(0un
COLUMN/ DUAL ROW/ lat— R/W

TRANSMIT » 26-STEP < RECEIVE

PERIPHERAL I/O

8-BIT SINE WAVE 16-BIT 27 LINES O D0-D7
COUNTER GENERATOR COUNTER
PAQ-PA7
PBO0-PB7
VREG  BXC/DTMF RXC ATG PC0-PC7
PD0-PD2
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Absolute Maximum Ratings: (Note 1)

Rating Symbol Value Unit
Supply Voltage VoD -0.3t0 +7.0 \
Input Voltage VIN -0.3to Voo + 0.3 \2
Operating Temperature TA -40 to +85 °C
Storage Temperature Ts -65 to +150 °C
Regulated Voltage VREG {-0.3to VoD +0.3 v

This device containsinput protection against damage due to high static
voltages or electric fields; however, precautions should be taken to
avoid application of voltages higher than the maximum rating.

Notes:

1. Exceedingtheseratings may resultin permanent damage. Functional
operation under these conditions is not implied.

DC Characteristics: All signals except TXC/DTMF, Vo = 5.0V *+ 10% unless otherwise stated, Ta = -40°C to +85°C

Parameter Symbol Min Max Units
Input High Volitage ViH
CLK (IN) 2.4 Voo + 0.3 Vv
All Other Inputs 2.0 Voo +0.3 \
input Low Voltage ViL
CLK (IN) -0.3 0.4 \
All Other Inputs -0.3 0.8 Vv
Output High Voltage VoH 2.4 Vv
Address, Data, R/W (loH = -100uA)
Peripheral 1/0
Option B (loH = -10 uA)
Option C (loH = -200pA)
Option D (loH = -1.0mA)
Output Low Voltage (loL = 3.2mA) Vou 0.4 Vv
Input Leakage Current (Vin = 0 to Vob), No Pullup Option, hiN
RES, NMI, IRQO, IRQ1, RDY, BE, CLK(IN) +1.0 uA
Three-State Leakage Current (ViN = 0.4 to 2.4V), ITsi
1/0 Ports +10.0 uA
Pull Down Current (Control Register Bit 5 = 0) IPD 20 uA
Input Puilup Current (Inputs with Pullup Option), IpLP
RES, NMI, IRQO, IRQ1, RDY, BE -20.0 A
Input High Current (Vi = 2.4V) hH
Option A 0 uA
Option B -10 nA
Option C -200 nA
Input Low Current (ViL =0.4V) I
Option B -100 nA
Option C -2.4 mA
Output Source Current (VoH = 1.5V) loH
1/0 Ports Option D 3.0 mA
Supply Current o))
Standby Mode (No Clock, Vbp = 3.0V) 300 uA
4 MHz (¢2 = 10 KHz — Bus Off) 1 mA
4 MHz (¢2 = 1 MHz — Bus Off) 4 mA
4 MHz (62 = 1 MHz — Bus On) 6 mA
8 MHz (¢2 = 2 MHz — Bus On) 11 mA
Supply Current (VReG = VDD) IREG 1.7 mA
Capacitance (VIN = 0V, Ta = 25°C, F = 1 MHz)
A0-A15, R/W, Data (Off State) CTts 15 pF
All Other Signals Cin 10 pF
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AC Characteristics: Voo = 5.0V + 10%, Ta = -40°C to +85°C

1 MHz 2 MHz
Parameter Symbol Min Max Min Max Units
Delay Time, CLK(IN) to $2(OUT) tocLk — 100 — 100 nS
Delay Time, OSC(OUT) to ¢2(OUT) toosc — 75 — 75 nS
Cycle Time tcyc 1.0 bC 0.50 DC uS
Clock Pulse Width Low tPw (42L) 470 — 240 — nS
Clock Pulse Width High tPW (#2H) 470 — 240 — nS
Fall Time, Rise Time tF, tR — 25 — 25 nS
Delay Time, ¢2(OUT) to ¢4(OUT) tavs — 250 — 125 nS
Address Valid to ¢4(OUT) taga 50 - 25 —_ nS
Address Hold Time tAH 10 — 10 —_ nS
Access Time tacc 695 — 340 — nS
Read Data Hold Time tDHR 10 — 10 — nS
Read Data Setup Time tosR 90 — 90 — nS
Write Data Hold Time tDHW 30 — 30 — nS
Write Data Delay Time tDDo4 — 200 —_ 110 nS
Processor Control Setup Time tpcs 90 — 90 — nS
Select, R/W Setup tac 160 — 90 —_ nS
Select, R/W Hold tca 0 — 0 - nS
Data Bus Delay tcbr — 320 — 180 nS
Data Bus Hold tHR 10 — 10 —_ nS
Data Bus Setup tocw 195 — 90 —_ nS
Data Bus Hold tHW 10 —_ 10 — nS
AC Characteristics, TXC/DTMF Output: Vrec = Voo, R = 10K(), VDD = 5.5V
Parameter Symbol Min Typ Max Units Conditions
Row Tone Vor 303 340 382 mVrms
Column and Transmit Tone Voc 392 440 494 mVrms
Pre-emphasis, DTMF High Group PEHB 1.0 20 3.0 dB
DTMF Total Distortion DIst -25 dB Total out-of-band power relative

to sum of Row and Column
fundamental power.

DTMF Single Frequency Distortion  ~ DISs -30 dB 0 to 3.4 KHz band.
(Any spectral component.)

Idle Noise ViDLE -80 dB
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Timing Diagram

N S S S

|
— tocix

toosc

L* -

osc (OUT)_—\_T_/——\_/—\__/_—\__/_\___/_
|

—

-]

o |
\ el |
|| - tPw(o2L) - Y
#2(0UT) N\'\ / N\
It i -
—»{ ::4—(; —>= l,‘—ln :
1 tavs ( ! |
1 ha)
»4 (OUT) i A'/!/ i \ !
i
™ — | :
| : — - tase |
tan —emi| p— 1 |
R/W, SYNC, K \ T
ABO-15, ML ! i !
I ' T T
toHR—] la— : I I — l“-— tosr
—:_\L :“ tacc |
S E—
READ DATA . : !
1
| | | i
+ ]
! AN L/ i
WRITE DATA
e ) :
tnnw—bi f-— toDse ' : —>i Ed— tecs
|
1RQ, NMI, |
RDY, RES H
t
Peripheral
Mode Timing
, .
i‘ tac | —_— "‘—' tca
_ [
RIW, / 1
ABO-15 !
— ! !<—lcon tHR 1
r T
READ DATA 4 !
I 1
1 |
- tocw
1

Notes: 1. Load = 100 pF.
2. Voltage levels shown are VL < 0.4V, VH > 2.4V, unless otherwise specified.
3. Measurement points shown are 0.8V and 2.0V, unless otherwise specified.
4. TaH measured at 1.5V.
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Characteristic Curve

Test Circuits

5.0V

ALL PINS, I/O PORTS, OPTION C
RL = 1.2K()

8 —
s TEST POINT
100 pF

s -

5 c,-s‘ 11+
= 5 4 1o ——— — — — — —
£ <, oS |
24T e o8l = =
8 N i .
2 58 | Figure 2(a). Test Load

r 55E °fr |

2+ OZE [ 50V 5.0V

xes
1+ | Voo VREG TO OSCILLATOR
| OR SPECTRUM
0.1 1 1 J 1 L 11 ANALYZER
0 0.5 1.0 2.0 0 3 4 5 55 TXC/DTMF|
¢2 FREQUENCY (MHz) Voo (V) 0K

Figure 1(a). Typical Supply Current (IDD)
Versus ¢2 Frequency—
Microprocessor Only

Figure 1(b). Normalized Output Amplitude
(TXC/DTMF) Versus Supply
Voltage, Unregulated Option

Vss
i S
Figure 2(b). Audio Test Load

Signal Description

Microprocessor Signals

Interrupt Request (TRQO, iIRQ1)—These TTL compatible signals
(bidirectional, active low—two lines) request that aninterrupt sequence
begin within the microprocessor. The IRQ signals are sampled during
$2(OUT) operation. If the interrupt flag in the status register is zero, the
current instruction is completed and the interrupt sequence begins
when ¢2(OUT) goes low. The program counter and processor status
register are stored in the stack. The interrupt flag is set so that no other
maskable interrupts occur. The program counter is loaded with the
interrupt vector thereby transferring program control to an interrupt
routine. Interrupt and vector addresses are shown in Figure 3. Note that
this is a level sensitive input. As a result, another interrupt will occur as
soon as the interrupt flag is cleared if IRQ remains low. No interrupt will
occur when the interrupt flag is cleared and TRQ is high but was low
prior to clearing the flag. Also note that these are bidirectional signals
which are “wire-ORed” with both internal and external interrupt
sources. The signals are decoded to form three separate interrupt
vector addresses as shown in Figure 3. Since these signals are “wire-
ORed"” for both internal and external interrupts, the generation_of
internal interrupts will cause high and low logic level swings atthe IRQ
pins. As outputs, these signals serve to indicate that a specific internal
interrupt has occurred. This being the case, caution should be used to
prevent connecting these signals to external circuitry which could
falsely respond to an internal interrupt condition.

Vector

Address Description Comment
FFFE,F |Break Software Interrupt
FFF8,9 |Row/Receive Counter Pulls IRQO and IRQ1 Low
FFFA,B |External iRQ1
FFFC,D |Timer/Counter Pulls IRQO Low
FFEE,F |Reset RES
FFEC, D |Non-Maskable NMI

Figure 3. Interrupt and Vector Addresses

Non-Maskable Interrupt (NMI)—A negative-going edge on this input,
active low signal unconditionally starts a non-maskable interrupt

sequence within the microprocessor. The NMT signal is sampled during
#2(OUT) operation. The current instruction is completed and the
interrupt sequence begins when ¢2(OUT) goes low. The program
counter and processor status register are stored in the stack. The
interrupt flag is set so that no maskable interrupts occur. The program
counter is loaded with the interrupt vector from locations FFEC (low
byte) and FFED (high byte), thereby transferring program control to the
non-maskable interrupt routine. Note that this is an edge-sensitive
input. As a result, another interrupt will occur if there is another
negative-going transition and the program_has not returned from a
previous interrupt. No interrupt will occur if NMl is low and a negative-
going edge has not occured since the last non-maskable interrupt.

Bus Enable (BE)—When this input, active high signal is high, (R/W) is
an output, indicating internal control of read and write operations.
When BE is low, the address/data bus is reversed allowing access to
internal ROM, RAM and I/0 from an external device. R/W becomes an
input, controlling the internal read and write operations. The ¢62(OUT)
and ¢4(OUT) outputs are used for system timing. BE is also used to
switch the computer to the test and prototype mode. During processor
initialization, BE is high before Reset (RES) goes high for normal opera-
tion. When in the Test and Prototype Mode, internal ROM may be disabled,
thus allowing the use of external memory addresses F800 through FFFF.
Toinitiate the Test and Prototype Mode, BE must be held low while bring-
ing Reset high. Note that BE must remain low for at least one clock cycle
after Reset becomes high. For additional information, refer to the Testand
Prototype Mode section under Operating Modes.

Synchronize (SYNC)—This output, active high signal identifies micro-
processor op code fetches. Synchronize goes high after the start of an
op code fetch cycle and stays high for the remainder of that cycle.

Ready (RDY)—This input, active high signal provides a single cycle
stepping capability and allows operation with slow memory devices for
read or write cycles. If this signal is low when ¢2(OUT) is low, the
processor will stop when ¢2(OUT) goes high. The address and data
lines remain at their current state. When RDY goes high, the processor
resumes operation.

Memory Lock (W..)—Th_i§ signal is an active low output and, in a
multiprocessor system, ML indicates the need to defer the rearbitration
of the next bus cycle to ensure the integrity of read-modify-write
instructions. ML goes low during ASL, DEC, INC, LSR, ROL, ROR, TRB
and TSB memory referencing instructions. This signal is low for two
cycles: the modify and write cycles, and is available as a metal mask
option in place of PD2.
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Bus Signals
Address Bus (A0-A15)

Output (BE = 1)

A0-A15 forms athree-state, 16-bit, input/output, active high address
bus (65,536 locations) for memory and I/0 exchanges on the data
bus. Ifthe TSC control register bit is set, these lines are pulled to the
low state by a high resistance device.

Input (BE = 0)
These lines drive the internal address decoder to select internal
ROM, RAM or I/0 for external read and write cycles.

Clocks ($2(OUT) and $4(OUT))—These output, active high signals (2
lines) provide timing for external bus read and write operations. ¢ 4(OUT)
is a metal mask option in place of SYNC.

Data Bus (D0-D7)—DO0-D7 constitute an 8-bit bidirectional active high,
three-state data bus, used for data exchanges with memory and I/0. If
the TSC control register bit is set, these lines are pulled to the low state
by a high resistance device.

Read/Write (R/W)

Output (BE = 1)

This output, active low signal is normally in the high state indicating
thatthe CPU is reading data from memory or1/0. In the low state the
data bus has valid data from the CPU to be stored at the addressed
memory or|/O location. If the TSC control register bit is set, thisline
is pulled to ground by a high resistance device.

Input (BE = 0)

In systems where this part is used as a peripheral controller, R/W is
an input, active low signal which controls the output data buffers.
When R/W is high, the buffers are active and internal data is read by
the external microprocessor.

Telecommunications Signals

Transmit Carrier and Dual Tone Multifrequency (TXC/DTMF)—This
output signal is connected to the output of an operational amplifier
which mixes the two sine wave generator outputs. In a telecommunica-
tion application, these signals may be the row and column tones used in
DTMF signaling. The level of the dual-tone output is the sum of the
levels of a single row and single column output. The modem Transmit
Carrier (TXC) is generated by the column/transmit counter and sine
wave generator. Thissignal level is controlled by VReG voltage reference
supply and is gated by CCO, CC1, and CC2 control register bits.

Audible Tone Generator (ATG)—This output signal is derived from the
carry output of the row/receive counter. The square wave output is
gated by the ATG control register bit.

Receive Carrier (RXC)—When the row/receive counter is in the pulse
width timer mode, this input signal generates a maskable interrupt after
both positive and negative transitions. At the same time, the counter
contents are transferred to the row/receive register. In this way, the time
between transitions can be measured by an interrupt servicing program.

Peripheral Signals

There are 27 peripheral input/output lines: PA0-PA7, PB0-PB7, PCO-
PC7,PD0-PD2. Four memory addressable registers are associated with
these signals. Depending upon the mask option chosen, the output can
source either 0, 10 or 400 pA at VoH = 2.4 volts. The higher sourcing
current may be used to directly drive the base of an external NPN
transistor having a grounded emitter, or in a Darlington configuration.

Miscellaneous Signals

Reset (RES)—A positive transition of this input, active low signal causes
an initialization sequence to begin. Reset must be held low for at least
two clock cycles after Voo reaches operating voltage from a power
down condition. After this time R/W is high. The 1/0 ports (PA, PB, PC
and PD) are forced to the high state. All bits in the control register are set
to zero. When a positive edge is detected, there is an initialization
sequence lasting six clock cycles. The interrupt mask flag is set and the
program counter is loaded with the restart vector from locations FFEE
(low byte) and FFEF (high byte).

Clock In (CLK(IN)) —The microcomputer contains an internal clock
generator operating at four times the ¢2 frequency. The frequency of

these clocks is externally controlled by a crystal oscillator circuit as
shown in Figure 4. The internal generator may also be controlled by an
input signal from any external clock source.

Oscillator Out (OSC(OUT))—An inverter whose inputis CLK(IN) and out-
put is OSC(OUT) is connected between these two clock pins. This active
low inverter has sufficient loop gain to provide oscillation using a crystal.
Frequency deviation, usually less than 0.05%, will affect the tone output
frequency. There is a bias resistor mask option between the two pins.

External ROM(EXTR—Normally PD1)—When in the Test and Prototype
Mode, the PD1 pin assumes an additional function and becomes PD1/
EXTR, where an active high input selects external memory and an active
low input switches back to internal ROM only. For additional information,
refer to the Test and Prototype Mode section under Operating Modes.

Regulated Supply Voltage (VRec)—The D-to-A resistor networks and
summing amplifier are powered by connecting VReG. The TXC/DTMF
output level is directly proportional to VREG.

Internal Logic Ground (Vss)—This connection is used for the power
supply internal logic ground.

Positive Supply Voltage (Vop)—This connection serves as the positive
power supply input. Reset (RES) should be held low for at least two clock
cycles after Voo reaches operating voltage from a power down condition.

Operating Modes

Normal Mode

In the normal mode, the internal microprocessor is operating and its
memory map includes the internal 2K bytes of ROM, 64 bytes of RAM,
four general purpose I/O registers, one control register and five
timer/counter registers. The three-state control bit in the control
register determines whether the external bus is active, thus allowing
access to the full 65K addressing space.

Test and Prototype Mode

The Test and Prototype Mode provides a convenient means for system
testing and debugging without the need for mask-programmed ROM. The
Test and Prototype Mode enables the use of external memory at address
locations normally occupied by internal ROM (F800 through FFFF), with
internal ROM being disabled. In this mode, system programs can be
developed using external memory for the prototype system. The program
can then be developed using the same memory locations as reserved for
internal ROM. Once the program has been debugged and tested, it can
then be committed to internal ROM. The Test and Prototype Mode is
initiated during the Reset sequence by holding Bus Enable (BE) low while
bringing Reset high. Note that BE must remain low for at least one clock
cycle after Reset becomes high. Also, BE must be high before the begin-
ning of the first Vector Read cycle. During the Reset sequence, the Reset
Vector will be accessed from external memory locations FFFC and FFFD.
Note that the Control Register TSC bit has no effectin the Testand Proto-
type Mode. Also, in this mode the PD1 I/0 line is assigned an additional
function and becomes PD1/EXTR. An active high input on this I/0 pin
selects external memory, while an active low input disables external
memory and places internal ROM back into the memory map.

Peripheral Mode

In the peripheral mode, internal ROM, RAM and I/0 may be accessed
from an external device. This mode is useful when the G65SC150 is used
as a peripheral device in amicroprocessor system. To enable this mode,
the Bus Enable (BE) signal is held low. This stops the microprocessor
and reverses the address and data buses. Read/Write becomes aninput,
thus allowing external control of internal read and write operations.

Low Power Mode

Since power consumption in CMOS circuits is directly related to
operating frequency, this mode allows operation at greatly reduced
power by reducing the microprocessor clock frequency. This mode is
enabled by storing a value in the 16-bit Timer register and then setting
the 2 mode bit in the control register. The timer counter becomes a
programmable clock divider. To further reduce power, the external
address and data bus may be disabled by clearing the three-state
control bit in the control register.

Functional Description

G65SC150 Microprocessor Unit
For a detailed functional and software programming description of the

1-68



Microcircuits

G65SC150

1
CLK (IN) D !___L
2*RIOX1

0SC (ouT) T {—

C1,C2 = 51pF
R1 = 1.5 Meg
X1 = 1,4 or 8 MHz

*R1is deleted if internal option (R ~ 1.5 Meg) is selected.
Figure 4. Crystal Circuit for Internal Oscillator

microprocessor, refer to the data sheet for the G65SCXXX family of 8-bit
microprocessors. Figure 17 (page 12) illustrates a microprocessor
programming model, while a complete listing of operational codes,
execution times and memory requirements is provided in Figure 19
(page 13). A brief functional description of the G65SCXXX micro-
processor is as follows:

Timing Control—The timing control unit keeps track of the instruction
cycle being monitored. The unit is set to zero each time an instruction
fetch is executed and is advanced at the beginning of each ¢1 clock
pulse foras many cycles asis required to complete the instruction. Each
data transfer which takes place between the registers depends upon
decoding the contents of both the instruction register and the timing
control unit.

Program Counter—The 16-bit program counter provides the addresses
which step the microprocessor through sequential instructions in a
program.

Each time the microprocessor fetches an instruction from program
memory, the lower byte of the program counter (PCL) is placed on the
low-order bits of the address bus and the higher byte of the program
counter (PCH) is placed on the high-order 8 bits. The counter is
incremented each time an instruction or data is fetched from program
memory.

Instruction Register and Decode—Instructions fetched from memory
are gated onto the internal data bus. These instructions are latched into
the instruction register then decoded, along with timing and interrupt
signals, to generate control signals for the various registers.

Arithmetic and Logic Unit (ALU)—AIl arithmetic and logic operations
take place in the ALU including incrementing and decrementing
internal registers (except the program counter). The ALU has no
internal memory and is used only to perform logical and transient
numerical operations.

Accumulator—The accumulator is a general purpose 8-bit register that
stores the results of most arithmetic and logic operations. In addition,
the accumulator usually contains one of the two data words used in
these operations.

Index Registers—There are two 8-bit index registers (X and Y), which
may be used to count program steps or to provide an index value to be
used in generating an effective address.

When executing an instruction which specifies indexed addressing, the
CPU fetches the op code and the base address, and modifies the
address by adding the index register to it prior to performing the desired
operation. Pre- or post-indexing of indirect addresses is possible.

Stack Pointer—The stack pointer is an 8-bit register used to control the
addressing of the variable-length stack. The stack pointer is auto-
matically incremented and decremented under control of the micro-
processor to perform stack manipulations under direction of either the
program or interrupts (NMI and IRQ). The stack allows simple
implementation of nested subroutines and multiple level interrupts.

Pr Status Register—The 8-bit processor status register contains
seven status flags. Some of the flags are controlled by the program,
others may be controlled both by the program and the CPU. The 6500
instruction set contains a number of conditional branch instructions
which are designed to allow testing of these flags.

Oscillator/Clock Generator

Afunctional block diagram of the oscillator/clock generator circuitry is
shown in Figure 5. The circuits are described in the following three
paragraphs:

Oscillator—The clock oscillator accommodates a crystal of up to 8
MHz. CLK(IN) and OSC(OUT) are TTL compatible. An oscillator bias
resistor between these pads is a mask option. With the resistor
connected, the circuit requires only an external crystal. For an external
oscillator, the resistor is disconnected to eliminate static current drain
in low-power system.

Microcomputer Clock—In the maximum frequency mode (¢2 mode = 0)
the oscillator frequency divided-by-four provides the microcomputer
bus timing signals ¢#2(OUT) and #4(OUT). The quadrature clock
generator delays the ¢2(OUT) signal by one oscillator period. The
low-power mode (¢2 mode = 1) uses the timer counter as a programmable
$2(0OUT) clock divider.

Timer and Counter Clock—A mask option determines whether a divide-
by-two circuit is inserted in the counter and timer clocks. With the
divider, a higher frequency crystal (8 MHz maximum) may be used to
increase the microprocessor speed while the counter and timer speeds
remain unchanged. The modem function is enabled by bits in the
control register (CC2, CC1, CCO = 101).

Random Access Memory (RAM)

The 64-byte memory resides in two ranges in the microcomputer
address map. Address bit A8 is not decoded for the RAM, allowing
addressing at both 01C0-01FF and 00C0-00EF (O0F0-00FF is reserved
for the telecommunication register set). In a typical program, the RAM
would be partitioned for both stack addressing (01XX) and zero page
addressing (00XX).

Read Only Memory (ROM)
The 2048-byte ROM is used for program and constant data storage in
the microcomputer system. The ROM occupies addresses F800-FFFF in
the microcomputer address map.

Control Register

The on-chip timer and counters with their associated interrupts are
configured by setting bits in the control register at address 00F7 as
shown in Figure 6.

A functional description of the various control register bits is contained
in the following paragraphs:

C ication Mode Select—CC2, bit2; CC1, bit1; CCO, bit0—These

bits select one of eight operating modes for the row/receive and
column/transmit registers and counters.

000—Idle Mode
Both the Row/Receive Counter (RRC) and Row/Receiver Register
(RRR) are inactive, with no interrupt generated and no tone output.

001—Interval Timer Mode
In this mode, the row/receive counteris configured as an additional
interval counter based on the contents of the row/receive register.

010—Pulse Width Timer Mode

In this mode, the row/receive counter is configured as a pulse width
interval timer...measuring the period between transitions of the
receive carrier input.

011—Single Tone Row/Tone Generator Mode

As determined by the ATG bit, a square wave is generated at the
Audible Tone Generator (ATG), or a sine wave is generated which
appears at the TXC/DTMF output.

100—Single Tone Column Mode

In this mode, a single frequency is generated at the TXC/DTMF
output.

101—Modem

This mode is a concurrent application of the pulse width timer mode
and the single tone column mode.

110—Modem—Divide-by-Two Prescaler Mode
This mode allows transmit and receive, plus low frequency transmit
carrier generation.

111—Dual Tone Multifrequency Mode
This mode allows the generation of standard DTMF signaling tones.

Phase 2 Mode Select—Phase 2, Bit 3—This mode controls the frequency
at which the microprocessor oscillator operates. Refer to Figure 5,
Clock Functional Block Diagram.

0—Maximum Frequency Mode

The frequency at CLK (IN) divided by four is the microprocessor

clock.
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Figure 5. Clock Functional Block Diagram
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TSC
5

ATG
4

ADDRESS
00F7

COMMUNICATION MODE

000 = IDLE 100 = SINGLE TONE COLUMN

001 = INTERVAL TIMER 101 = MODEM
010 = PULSE WIDTH TIMER 110 = MODEM + 2 PRESCALER
011 = SINGLE TONE ROW, ATG 111 = DTMF

$2 MODE

0 = MAXIMUM FREQUENCY
1= LOW POWER

AUDIBLE TONE GENERATOR

0 = DISABLE
1= ENABLE
THREE-STATE CONTROL

0 = THREE-STATE
1=ACTIVE

TIMER INTERRUPT
0 = DISABLE

1=ENABLE
NON-MASKABLE INTERRUPT

0 = NMI SIGNAL IS ONE
1 = NMI SIGNAL IS ZERO

Figure 6. Control Register Functional Block Diagram

1—Low Power Mode

The timer overflow signal is the microprocessor clock. The timer
clock input is the frequency CLK(IN) divided by either four or eight
depending on a mask option in the clock circuitry. The timer divide
ratio is the contents of the timer register plus two.

Audible Tone Generator Enable—ATG, Bit 4
0—Audible Tone Disabled
1—Audible Tone Enabled

Three-State Control Enable—TSC, Bit 5

0—Three-State _

The external address and data buses and R/W are pulled to Vssby a
high resistance device. In a typical application TSC is set to zero
when operating in low or back-up power condition. The bus is
powered down and not driven externally.

1—Bus Active
Timer Interrupt Enable—TI, Bit 6

0—Timer Interrupt Disabled
The timer register value is transferred to the counter when changing

to the enabled interrupt state.
1—Timer Interrupt Enabled

Non-Maskable Interrupt Input—NMI, Bit 7
0—NMI Signal = One (No interrupt)

1—NMi Signal = Zero (Interrupt)

In a typical application this condition indicates low or back-up
power system operation. The microprocessor program would monitor
this condition to return to normal power operation.

Timer

The 16-bit free-running timer counter and register operates in one of
two modes determined by timer interrupt signal and ¢2 bits in the
control register. Figure 7 illustrates the timer functional block diagram.
With a 3.579545 MHz clock, the timer mode is capable of 1.1175 uS
resolution. An interrupt is generated at intervals from 2.2349 uS to
73.234 mS. In the low power mode, the counter carry output becomes
the microprocessor ¢2(OUT) clock. Refer to Figure 18 (page 12),
Microprocessor Clock Frequency and Timer Interval.
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TO MICROPROCESSOR voo TI
cLOCK )
i
TIMER COUNTER LOW (TCL) TIMER COUNTER AIGH (TCH)
TIMER CLOCK 00F8 (READ) 00F9 (READ) '
TIMER

R

TIMER REG. L (
00F8 (WRITE)

M EG. (
00F9 (WRITE)

CARRY
INTERRUPT

DATA BUS

Figure 7. Timer Functional Block Diagram

RECEIVE CARRIER (RXC)

AUDIBLE TONE
GENERATOR (ATG)

~

mgf;:gz; i e wave OPERATIONAL
CLK (IN) ] COUNTER GENERATOR QpERATION
TXC/DTMF
DATA BUS <@-—=1  COLUMN/ P
[V pe— COUNTER GE""?RVAETOR

Figure 8. Frequency Detection/Generation
Block Diagram

Timer Operation—The timer operating mode is enabled by setting the
control register timer interrupt bit to one. The desired time interval is
written in the 16-bit timer register (00F8,9). When the timer interrupt (T1)
bit is set to one the timer carry interrupts the microprocessor; the
counter decrements toward a zero value. When the counter generates a
carry by counting past zero, the timer register is again transferred to the
counter and interrupts the microprocessor if the interrupt bit in the
status register is zero. A read operation will read the contents of the
counter and reset the interrupt latch.

Low Power Operation—This mode is enabled by setting the control
register ¢2 mode bit to one. Since chip power consumption is directly
related to operating frequency, power can be reduced by lowering the
microprocessor clock frequency. The desired clock divide ratio is
written in the 16-bit timer register at address 00F8 and 00F9. When the
counter decrements from zero, the timer register is transferred to the
counter. In this configuration, the counter carry output becomes the
system ¢2 clock (See Figure 5b).

Frequency Detection/Generation

The frequency detection/generation section of the G65SC150 contains
the necessary circuitry to generate a wide range of sine waves, either
singularly or in pairs. See Figure 8, Frequency Detection/Generation
Block Diagram. In addition, a square wave may be generated as a
separate frequency output. Furthermore, a frequency detection input
(RXC) is provided for measurement or duplex communications. The
row/receive counter and column/transmit counter operate independent-
ly orin conjunction with each other to perform the various communica-
tions modes as determined by bits CC0, CC1 and CC2 of the control
register. The row/receive and column/transmit counters are program-
mable. Register values for typical applications are shown in Figure 16
(page 12).

Row/Receive Counter

The 16-bit Row/Receive Counter (RRC) and Row/Receive Register
(RRR) (address 00F4, 5) operate as a tone generator, pulse width
interval timer or interval timer as determined by CCX bits in the Control
Register. Figure 9illustrates the RRC/RRR functional block diagram for
these three modes.

Inthe Idle Mode (CCX = 000), both the counter (RRC) and the register
(RRR) are inactive, nointerrupt is generated and there is no tone output.
With the exception of the single tone column (CCX = 100), any change in
CCX to any other state will cause the row/receive counter to be
initialized with the current register value and the counter to begin
counting.

Inthe Interval Timer Mode (CCX =001), the row/receive counter serves
as an additional interval timer. The counter interval is received from the
row/receive register via the Data Bus. Upon generation of a carry, a
timer interrupt is generated and the new contents of RRR is transferred
to the counter (RRC). The counter continues counting and the process
(cycle) continues until modified. In the interval timer mode, an interrupt
is generated at intervals from 2.2349 microseconds to 73.234 miili-
seconds with a resolution of 1.1175 microseconds.

In the Pulse Width Timer Mode (CCX = 010), the row/receiver counter is
used as a pulse width timer, measuring the period between Receive
Carrier (RXC) transitions. In this case, both positive and negative
transitions of the RXC input cause aninterrupt and transfers the counter
value to the row/receive register where it may be read by the
microprocessor. Following each transfer, the counter continues
counting. In telecommunications applications, receive carrier detect
and dial tone detect functions can be accomplished.

In the Single Tone Row/Tone Generator mode (CCX = 011), a row/
receive counter overflow reloads the counter from the row/receive
register. No interrupt is generated. The overflow (carry signal) goes to
either the ATG divide-by-two circuit, or to the sine wave generator and
TXC/DTMF depending on the state of the ATG control register bit. With
a clock frequency of 3.579545 MHz, a square wave with a frequency in
the range of 13.7 Hz to 447 KHz may be generated at the Audible Tone
Generator (ATG) output. For the same set of inputs, a sine wave with a
frequency in the range of 1.05 Hz to 34.4 KHz appears at the TXC/DTMF
output.

Column/Transmit Counter

The column/transmit counter circuit is enabled by the CC2 control
register bit. A sine wave frequency in the range of 267.8 Hz to 34.4 KHz
appears at the TXC/DTMF output. Figure 10 illustrates the column/
transmit functional block diagram. For modem operation without the
prescaler, the frequencyrangeis535.7 Hzto 68.8 KHz. A binary countis
loaded into the register (CTR) at address location 00F6. The input is
then transferred to the counter (CTC). As the counter continues to
count, an overflow is generated which serves to reload the counter
(CTC) from the contents of the register (CTR).

Inthe Single Tone Column Mode (CCX = 100), no interrupt is generated.
In this mode, the overflow signal serves as one of the clock input signals
to the sine wave generator. In this way, a single tone is generated at the
TXC/DTMF output.

Combined Modes

Inthe Modem Mode (CCX = 101), both the pulse width timer mode of the
row/receive counter and the single tone column mode are active. This
allows simultaneous reception and transmission of data. In telecom-
munications applications such as duplex 300 bps modem, the row/
receive circuitry demodulates the receive carrier at the RXC input while
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Microcircuits
LOW (RRCL)

CLK(IN)—D'

I ROW/RECEIVE REGISTER '

ROW/RECEIVE COUNTER | GARRY ATG
HIGH (RRCH)

i

ROW/RECEIVE REGISTER
HIGH (RRRH) 00F5

LOW (RRRL) 00F4

TWO

DIVIDE
BY

ATG
—-

cu((m)—-i

RRCL | RRCH

OUTPUT

{

RRRL |

{

RRRH

DATA BUS

SINGLE TONE ROW/TONE GENERATOR MODE

TRANSFER
RXC

TIMER
INTERRUPT

DATA BUS——!*“

RECEIVE MODE

cu((m)—-L

TRANSFER

DATA BUS

TIMER MODE

Figure 9. Row/Receive Functional Block Diagram

COLUMN/TRANSMIT CARRY

COUNTER (CTC)

i

COLUMN/TRANSMIT
REGISTER (CTR) 00F6

DATA BUS ;

Figure 10. Column/Transmit Functional Block Diagram

SINE WAVE

CLK (IN) —= GENERATOR

TRANSFER

the column/transmit circuitry generates the modulated transmit carrier
at the TXC/DTMF output. Maximum clock frequency is applied to
increase the precision of the transmit carrier frequencies.

In the Modem—Divide-by-Two Prescaler Mode (CCX = 110), operation
is the same as the modem mode except that the-divide-by-two prescaler
is used. In this way, this mode allows low frequency transmit carrier
generation.

In the Dual Tone Multifrequency Mode (CCX = 111), a combination of
the single tone row mode and single tone column mode is used. In
telecommunications applications, this arrangement allows standard
DTMF signaling tones to be generated.

Sine Wave Generator

The modem and DTMF output signals are synthesized by the sine wave
generator. An approximation of a sine wave is formed by a series of 26
voltage steps per cycle as shown in Figure 11. Figure 12 illustrates the
sine wave generator functional block diagram. The two identical divide
by 26 circuits are step counters that determine the fixed number of steps
per cycle of the sine wave. The inputs to these counters are the outputs
of the row/receive and column/transmit dividers that determine the
variable step length, or frequency, of each sine wave.

A step select PLA translates the step number from the step counterto a
number corresponding to the step voltage level. The D-to-A resistor
networks convert these numbers to voltage levels to form the sine wave
asshownin Figure 11. The column (high group) frequency amplitude is
approximately 2.0 dB greater than the row frequency amplitude to
compensate for the high frequency roll-off of the telephone circuit. The
outputs of the two D-to-A converters are combined to drive the
operational amplifier. VReG is the power supply for the converters and
amplifier to ensure a constant tone output level independent of Voo
variations. The amplifier output appears on the TXC/DTMF output
depending on control register bits, CCO, CC1 and CC2.

To avoid transients when starting or stopping sine wave generation, the
output remains at the voltage level defined by the step counters and
D-to-A resistor networks when the step counters are stopped.

VOR “OR” VOoC

VREG

08

4

1
P

107
26

27
26

i

2

6 B
26 26

TIME —

ar
26

Figure 11. Sine Wave Generator Step Heights

General Formula for Determining Register Values

! osc OSC = Oscillator Frequency
= -2
Register Value KxF F = Desired Frequency
OsCxT T = Timer Period
i ) i = -2
Register Value (Timer) K - Constant
Desired Frequency (F) Limits
Modem K =26 Limit=535.7 Hz to 68.8 KHz
DTMF and Modem with o _ 55 | it = 267.8 Hz to 34.4 KHz
Prescaler
ATG K=4 Limit = 13.7 Hz to 447 KHz
wP Clock K=4  Limit=13.7 Hz to 447 KHz
Timer K=4  Limits = 2.2349 uS to 73.234 mS

F = 3.579545 MHz
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Input/Output Registers

Figure 13 illustrates the 1/O registers and their addresses. There are 27
1/0 lines (PAO-PA7, PB0-PB7, PCO-PC7 and PD0-PD2) associated with
four memory addressable registers (00F0-3).

Outputs are set by loading the desired bit pattern into the correspond-
ing 1/0 register. A logic 1" selects a high output (or OFF), and a logic
“0" selects a low output. A read operation always detects the logic state
at the 1/0 pin, regardiess of the previously loaded register value. When
using the I/0 pins as inputs, the I/O register should be loaded to provide
the appropriate active level. When reset is active (RES 0), all 11O
registers and pins are initialized to a logic “1".

Figure 14illustrates the circuitry associated with each 1/0 pin. Depending
on the mask option chosen, the output can source either 0 uA, 10 A,
200 uA, or 1.0mA at VoH = 2.4 volts, or 3mA at 1.5 volts.

Address and Data Buffer

These buffers allow memory and 1/O expansion of the microprocessor
bus. Each buffer is TTL compatible. Control register bit TSC is set to
one for normal operation (bus active). When TSC is set to zero, R/W,

and address lines ABO-AB15 and DB0-DB7 are pulled to ground by a
high resistance device. In a typical application, TSC is set to zero when
the external bus is not powered. Figure 15 illustrates a complete
memory address map.

VREG
ctC TO n
CARRY ] STEP D-TO-
e DIVIDE SELECT RESISTOR [
PLA NETWORK
TXC/DTMF
RRC ’
CARRY ] STEP D-TO-A
- DIVIDE SELECT RESISTOR
PLA NETWORK
Figure 12. Sine Wave Generator Functional Block Diagram
| 7 | ¢ | 5 | &« | 3 2 | 1] o
00F3, PORT OUT MASK
1 1 1 1 1 (00F3) PORT OUT onnsK
—
PORT C (00F2) ton
PORT
-—
oL
PORT B (00F1) aSK
OPTIONS IOH (min) @ VOH = 2.4
=] A OuA /0 High Impedance
B -10uA VO
PORT A (00F0) PORT m—oQ——— c  -z0ua 1O
D -1.0mA Output Only

Figure 13. 1/0 Port Functional Block Diagram

Figure 14. 1/0 Port Schematic

ADDRESS DESCRIPTION
FFFE, F BREAK

FFFC,D TIMER COUNTER INTERRUPT

FFFA, B EXTERNAL VECTORS

FFF8,9 ROW/RECEIVE COUNTER 2048
FFEE, F RESET BYTES
FFEC,D NON-MASKABLE ROM
FFEB

F800

01FF } 64 BYTES
01C0 RAM
00FF

00F8, 9 TIMER TELECOM.
00F7 CONTROL REGS.
00F6 COLUMN/TRANSMIT

00F4, 5 ROW/RECEIVE

00F3 PDO-2 1/0

00F2 PCO-7 1/0

00F1 PBO-7 1/0

00F0 PAO-7 1/0

00EF { SEE RANDOM ACCESS (SAME AS 01C0 THRU O1EF, 48 BYTES)

00C0 MEMORY PARAGRAPH, PAGE 6.

Figure 15. Memory Map
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Oscillator Oscillator Oscillator Oscillator
3.579545 MHz 4.000000 MHz 3.579545 MHz 4.000000 MHz
Standard Register Actual Register Actual Standard Register Actual Register Actual
Frequency Value Frequency Value Frequency Frequency Value Frequency Value Frequency
(Hz) (Hz) (Hz) (Hz) (Hz) (Hz)
¢ DTMF Row e European 110,300 Baud Modem
697 98 695 109 699 980 69 983 77 986
770 88 773 99 769 1180 57 1187 64 1183
852 80 850 89 855 1650 41 1639 46 1637
941 72 943 81 938 1850 36 1860 41 1832
® DTMF Column * Teletext
1209 56 1208 63 1202 390 176 389 196 390
1336 51 1324 57 1326 450 152 450 170 450
1477 46 1465 51 1479 1300 52 1299 58 1304
1633 41 1639 46 1637 2100 32 2086 36 2079
e Call-Progress Tones e U.S. 1200 Baud Modem
350 196 349 219 350 390 176 389 196 390
440 1565 441 174 440 450 152 450 170 450
480 142 481 159 481 1200 56 1208 63 1202
620 110 620 123 620 2200 30 2221 34 2198
. ® U.S. 110,300 Baud Modem
1070 63 1076 7 1068
1270 53 1275 60 1261 Figure 16. Communications Frequency Generated by
2025 33 2025 37 2024 Row/Receive and Column/Transmit Counters
2225 30 2221 34 2198

7

0

| A ACCUMULATOR A

7

)

7

0

PCL | PROGRAM COUNTERPC

v

Q

I
NP~

Figure 17. Microprocessor Programming Model

|N|VI1|BIDII[Z'C

PROCESSOR STATUS
REG."P"

CARRY 1: TRUE
ZERO1=RESULT

iRQ DISABLE 1= DISABLE
DECIMAL MODE 1= TRUE
BRK COMMAND 1 = BRK

OVERFLOW 1 = TRUE
NEGATIVE 1 = NEG.

Maximum Frequency Mode (Phase 2, bit 3 is 0)

Crystal Frequency Microprocessor Clock
8 MHz 2 MHz
4 MHz 1 MHz
3.579545 MHz 894.9 KHz*
Lower Power Mode (Phase 2, bit 3 is 1)
Timer Interrupt Interval
Crystal Frequency Timer Count Microprocessor Clock (max. freq. mode)
8 MHz 1 1.0 MHz 1uS
19 100 KHz 10 S
199 10 KHz 100 uS
1999 1 KHz 1mS
19999 100 Hz 10 mS
65535 30.5 Hz" 131.072 mS
4 MHz 1 500 KHz 2uS
9 100 KHz 10 uS
99 10 KHz 100 S
999 1 KHz 1mS
9999 100 Hz 10 mS
65535 15.3 Hz* 65.536 mS
3.579545 MHz 1 447.4 KHz"* 22 uS*
8 99.4 KHz* 10.1 uS*
88 10.1 KHz" 99.5 uS*
894 999.8 Hz* 1.0 ms*
8948 100.0 Hz* 10.0 mS*
65535 13.7 HzZ" 73.2mS*

*Approximate value

Figure 18. Microprocessor Clock Frequency and Timer Interval
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IMME-| ABSO-{ ZERO (4) 1) (1) 1) RELA-| INDI- PROCESSOR
DIATE| LUTE | PAGE |IMPLIED|(IND. X)[(IND), Y| zPG x| ABS.X| ABS.Y |TIVE (2| RECT | ZPG,Y|STATUS CODE
MNE- 7 643210] MNE-
MONIC OPERATION OP|n|#]OP|n|# |[OP[n|# |OP|n|# |OP{n|#[OP|n|#[OP|n|# |OP|n|# |OP|n|# [OP|n|# [OP|n{# |OP|n|#|N VB D | ZC} MONIC
ADC [A+M+C—A (3) | 69[2|2]| 6D|4|3| 65 3|2 61)6(2| 71 5|2f 75|4|2] 7D 4]3} 79{4|3 72)5)2 NV e eeZC ADC“
AND |AAM—A 29(212| 2D| 4|3 | 29 3|2 21| 6|2| 31| 5/2] 35|4|2| 301 4|3| 39| 4|3 32]5|2 Ne o oo Ze| AND
ASL |C-|7 o] -0 OE| 63| 06 5{2| 0A|2]1 16{6{2| 1€ 63 Ne e e e ZC| ASL
BCC | BRANCH IF C=0 90| 2| 2 e o e e el BCC
BCS | BRANCH IF C=1 B0} 2|2 ee o eees| BCS
BEQ | BRANCH IF Z=1 FO Erz ees e oo e BEQ
BIT |[AAM (5) | 89]2|2] 2C|4(3| 24{ 3|2 34{4/213C{ 4(3 MiMee o o Z o BIT
BMI | BRANCH IF N=1 30| 2(2 cessseel BMI
BNE | BRANCH IF Z=0 Dol 2|2 e o o0 e| BNE
BPL [ BRANCH IF N=0 10{ 2|2 oo o ool BPL
BRA | BRANCH ALWAYS 80| 2|2 c*c | BRA
BRK | BREAK 00| 7|1 e* 101ee| BRK
BVC | BRANCH IF V=0 50(2(2 ee e ool BYC
BVS | BRANCH IF V=1 70| 212 s e eees| BYS
CLC |0—-C 18{2|1 se e 00| CLC
CLD |c—-D D8|2|1 eeeQeessi CLD
CLI 0—1 58(2{1 o e e Cul
CLv [0~V B8|2|1 e0eeeese| CLV
CMP [ A-M C9|2|2|CD|4|3|C5| 3|2 C1|6|2| D1} 5|2| D5}{4|2|DD|4|3| D9{4|3 D2|5|2 Ne o o e2C{ CMP
CPX |X-M EO0|2{2] EC[4(3 | E4{3(2 Ne o oe2Z2C| CPX
CPY |Y-M C0|2j2|CC|4]3|C4|3|2 Ne e eeZC| CPY
DEC | DECREMENT CE|6|3|C6|5|2| 3A|2|1 D6|6|2 | DE| 6|3 Ne e oeZe| DEC
DEX |X-1—-X CA|2]1 Ne o oeoZel DEX
DEY |Y-1-Y 88|2|1 Ne o oo Ze) DEY
EOR |AVM —A 49{2]2]| 4D|4|3 | 45|3|2 4116(2| 51|5]|2| 55|4|2|5D|4|3| 59{4(3 52|5(2 Ne e oo Ze| EOR
INC INCREMENT EE|6[3 ]| E6{5|2] 1A[2]1 F6[{6[2]| FE|6|3 Ne o eoeZe INC
INX | X+1—-X E8|2|1 Ne oo INX
INY Y+1—-Y Cc8|2]|1 Ne oo INY
JMP | JUMP TO NEW LOC aclsls 7C|8(3 6C{6|3 ce e JMP
JSR [Jump sus 2063 . ce e JSR
LDA [M—A A9{2|2|AD|4[3 | A5|3]2 A1[6]2{ B1}5{2| B5/4[2|BD|4]3| B9|4|3 B2|5|2 Ne oo LDA
LDX [M-—-X A2|2|2| AE|4|3 | A6| 3|2 BE|4(3 B6|4|2[N ¢ o o LDX
LDY {M—Y Aol2[2|Ac|4|3 | A43]2 B4{4]21BC|4|3 Ne oo LDY
LsR |o-[7___og-c 4E|6|3 | a6|5|2] aa|2|1 5662 | sE| 6|3 O o LSR
NOP | NO OPERATION EA|2|1 e o0 NOP
ORA |AVM —- A 09[22{0D{4(3{ 05[3]2 01{6{2f 11{5[2{ 15[4{2|1D{4|3] 19]4|3 12|52 Ne oo ORA
PHA |A—-Ms S-1—5 4831 e sees| PHA
PHP |P—Ms S-1-8 08|31 ees ool PHP
PHX [X—Ms s-1-§ DA(3[1 ee s eeee] PHX
PHY |Y—Ms S-1-8 5A|3]1 ee s eese| PHY
PLA |S*1—-S Ms—A 6841 NeooozZel PLA
PLP |S+1—-S Ms—P 28|41 NV 1DIZC| PLP
PLX [S+1-S Ms—X FAl4]1 Neoeoosoze|l PLX
PLY |S#1-S Ms—Y 7A 411 Ne o oeoZel PLY
roL |-G ___d] —c 2€|6{3 [ 26|5(2 | 2A(2]1 36l6[2| 3E[6]3 Ne e+ ++2C| ROL
ROR | Lc-T a1 J 6E|6(3 | 66(5]|2 [6A[2[1 76|6/2| 7€[6]3 Ne e o +ZC| ROR
RTI RTRN INT 40161 NV 1DI1ZC| RTI
RTS |RTRN SUB 60(6|1 ee e oo e| RTS
SBC |A-M-C—-A (3) | E9|2|2|ED|4{3 | E5|3|2 E1(6(2| F1[5(2| F5[4{2|FD{4|3| F9{4(3 F2{5]2 NV e o SBC
SEC |1—-C 38)21 ce o SEC
SED [1—-D F8l2|1 oo o SED
SEI 11 78(211 oo o o SE|
STA |A—-M 8D}4(3 | 85(3(2 811612 | 91/6]2| 95{4(2]9D}5}3] 99|53 9215|2 LR STA
STX |X—-M 8E|4|3 | 86|32 96{ 42| o o o STX
STY |Y—-M 8C|[413 | 84[3(2 941412 LI STY
stz {00~M oc(4[3 | e4[3]2 74[4]2] 9€[5]3 eeseseel 5TZ
TAX |A—-X AA 211 NeoooZel| TAX
TAY [A—Y asl2|1 NeoooZel TAy
TRB [AAM—M (6) 1c(63 | 14(5]2 eeeeeze| TRB
TSB_|AVM - M (6) ocle|3 ] o4]s)2 sseseze| TSB
TSX |S—X BA|2|1 Ne o oeoZel TSX
TXA |X—A 8A (2|1 Ne o ooZel TXA
TXS |X—S 9A 211 e e o 00| TXS
TYA |Y—-A 98121 Ne o ooZe|l TYA
Notes:
1. Add 1 to “n" if page boundary is crossed, except STA and STZ. X Index X + Add n No. Cycles
2. Add 1to"n"if branch occurs to same page. Add 2 to “n” if branch occurs to different page. Y Index Y - Subtract # No. Bytes
3. Add 1 to “n" if decimal mode. A Accumulator A And Me Memory Bit #6
4. Accumulator address is included in Implied address. M Memory per effective address VvV Or M: Memory Bit #7
5. “N" and “V" flags are unchanged in immediate mode Ms Memory per stack pointer ¥ Exclusive or

6. "Z" flag indicates AAM result (same as BIT instruction).
Figure 19. Operational Codes, Execution Times, and Memory Requirements
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Pin Function Table

1. $4(OUT) AND ML ARE METAL MASK OPTIONS
2. EXTR SELECTED ONLY IN TEST AND PROTOTYPE MODE

PIN DESCRIPTION PIN DESCRIPTION
AO0-Axx Address Bus PAO-PA7 Port A
ATG Audible Tone Generator PBO-PB7 Port B
BE Bus Enable PCO-PC7 Port C
DO-D7 Data Bus PDO-PD2 Port D
TXC/DTMF Transmit Carrier/Dual Tone Multifrequency RDY Ready
iRQ Interrupt Request RES Reset
ML Memory Lock RXC Receive Carrier
EXTR External ROM R/W Read/Write
NMT Non-Maskable Interrupt SYNC Synchronize
CLK(IN) Clock Input
CSc(ouT) Oscillator Output Voo Positive Power Supply (+5.0 volts)
$2(0UT) Phase 2 Out VREG Regulated Supply Voltage
@»4(0UT) Phase 4 Out Vss Internal Logic Ground
Pin Configuration
68-Pin Leaded Plastic and Ceramic Chip Carrier
(Top-side View)
£3 g
» 5 = MR
SR L THE
/"°"‘°""'"“"$.'38$3825
A8 |10 ® 60| SYNC (44(0UT) (1)
A9 |11 59| veee
At0] 12 58| ATG
A11]13 57| RXC
A12| 14 56| TXC/DTMF
A13] 15 55| RDY
A4 16 54| Voo
A15]17 53| pPpo
vss|18 52| PD1(EXTR) (2
Do |19 s1| po2 (ML) (1)
D1 |20 50| PBo
D2 |21 49| PB1
D3 |22 48| PB2
Da |23 47| P83
D5 |24 46| PB4
D6 |25 45| PBS
D7 |26 4| pes
NRABF-88388583885¢9¢9
MO W e ONET O NOW M N "0 N
9883885358333 3:¢8
NOTES:
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G65SC150 Mask Options

The following mask options are available for the G65SC150, and must
be specified before an order can be placed. To ensure that the proper
options are selected, always contact the nearest GTE Microcircuits
Sales Office prior to placing an order.

1. Oscillator feedback resistor
® Feedback resistor between CLK(IN) and OSC(OUT)
* No feedback resistor

2. Thefollowingsignals are available with or without pull-up resistors:
BE NMI
IRQO
IRQ1

RDY
RES

3. Pin 51 is available with the following signal option:
PD2 or ML

4. Pin 60 is available with the following signal option:

SYNC or ¢4

. Three optional /O source currents are available for the following

signals. These source currents include: OuA, 10uA, 200uA @ 2.4V,
and TmA @ 2.4V or 3amA @ 1.5V.

PAO-PA7

PBO-PB7

PCO-PC7

PDO-PD2

ATG

Ordering Information

G 65SC150 PE W -2

Description

C—Special G—Standard

Product Identification Number

Package

P—Plastic E—Leaded Chip Carrier
C—Ceramic L—Leadless Chip Carrier
D—Cerdip X—Dice

Temperature/Processing

W—-40°C to +85°C, £ 10% P.S. Tol.

Performance Designator

Designators selected for speed and power specifications.

—1 1MHz —2 2MHz
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Standard Option

ADV-CMOS Communications Terminal Unit
(Telecommunication Microcomputer)

Features

Standard Option to the G65SC150 Communications Terminal
Unit (CTU)

Generates signals compatible with switched telephone
networks or packet switched data networks

Provides Dial Pulse (DP), Dual Tone Multi-Frequency
(DTMF), and 0-600 baud modem signaling capabilities
Low power mode (300 uA) enables telephone line-powered
operation

External microprocessor address and data bus facilitates
memory and I/0 expansion

On-chip memory: 64 bytes RAM, with facilities for external
ROM or EPROM

Standard DTMF and modem frequencies can be generated
which are accurate to +1.0% with a 3.58 MHz crystal

Two sine wave generators

6800 and 6500 bus compatibility

Utilizes G65SCO00 microprocessor as CPU

27 TTL compatible 1/0 lines

Bus expandable to address 65K bytes of external memory
Single +5 volt power supply

Available in 68-pin chip carriers

General Description

GTE Microcircuits’ G65SC151 is configured as a Standard Mask
Option to the G65SC150 Communications Terminal Unit (CTU).
The G65SC150 CTU offers a variety of mask options which
allow the user to configure a CTU that best suits the needs of a
particular or unique design application. The G65SC151, how-
ever, is offered as a standard product (Standard Option) con-
figuration which includes those options representing the
general needs of most application requirements. Included
options are detailed on page two. The G65SC151 is asingle chip
telecommunications microcomputer manufactured using GTE
Microcircuits’ Advanced CMOS (ADV-CMOS) processing tech-
nology. The G65SC151 has been optimized for telephone line
signaling and data transmission applications. A functional
block diagram is included to illustrate major system functions.
For technical specifications and a detailed functional descrip-
tion, refer to the G65SC150 data sheet.
The G65SC151 CTU uses GTE Microcircuits’ G65SCO00 8-bit
microprocessor which executes the complete G65SCO00 series
instruction set. With 64 bytes of internal RAM and bus expand-
able memory, the CTU operates as a single-chip microcomputer.
(continued)

Block Diagram

NM1  IRQ1 IRQO

G65SC00
MICROPROCESSOR
AND
CONTROL REGISTER

BE—&>1

RDY—p RAM

___ CLK(IN)
osqour)l Vss

RES l Voo

L]

OSCILLATOR
CLOCK GENERATOR
RESET

ROM

2048 x 8 16-BIT

TIMER

] 1

<> ao-a1s

ADDRESS AND DATA BUS L s2(0UT)
l l J r —— s4(OUT)
COLUMN/ DUAL ROW/ ——R/W
TRANSMIT 26-STEP RECEIVE PERIPHERAL 1/0
8-BIT 1 SINEWAVE [ 16-BIT 27 LINES D0-D7
COUNTER GENERATOR COUNTER
L
PAO-PA7
PBO-PB7
VREG  TXC/DTMF RXC ATG PCO-PC7

PDO0-PD2
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The CTU’s internal bus interconnects all microcomputer func-
tions. The address and data bus buffers permit expansion for
the addition of ROM, RAM and memory mapped I/0 using the
full 65K addressing space of the microprocessor. A peripheral
mode is available for use with multiprocessor systems. The
on-chip oscillator may be driven by an external clock source.

The telecommunications interface circuitry consists of a timer,
row/receive counter, column/transmit counter and dual sine
wave generators. In addition, 27 general purpose I/0 lines can
be used for keyboard, telephone Dial Pulse (DP) signaling,
phone line control, and other peripheral devices.

Standard Options

The following Standard Options have been implemented within
the G65SC151 CTU. Note that the G65SC151 is identical to the
G65SC150 CTU in technical specifications and functional op-
eration. Refer to the G65SC150 CTU data sheet for detailed
specifications and operation.

1. The oscillator feedback resistor (between CLK (IN) and OSC
(OUT)) is not provided.

2. The following control signals are provided with pull-up re-
sistors at 20 uA pull-up current:

BE
IRQO RDY
IRQ1 RES

3. Pin 51 is provided with the Port D signal PD2.

4. Pin 60 is provided with the ¢4 (OUT) clock signal.

5. Pin 59 (VREG) requires an external connection to Vob.

6. The following I/0 source currents are provided:
PAO-PA7 200 uA pull-up PDO-PD2 1 mA pull-up
PBO-PB7 200 uA pull-up ATG 10 uA pull-up
PCO0-PC7  no pull-up

Pin Configuration

68-Pin Leaded Plastic and Ceramic Chip Carrier

(Top View)
£
£03
w5 = >4 =~
- i
2232z tEBBELEE <
//'m I A 3
A8 |10 L] 60| o4(OUT)
A9 |11 59| VREG
A10} 12 58| ATG
A11]13 57| RXC
A12] 14 56| TXC/DTMF
A13[ 15 55| RDY
At4| 16 54| Voo
A5} 17 6553(:151 53| PDO
vss|18 52| PD1(EXTR)(1)
DO |19 51| PD2
Dt |20 50| PBO
D2 |21 49| PB1
D3 |22 48| PB2
D4 |23 47| PB3
D5 {24 46 | PB4
D6 |25 45| PBS
D7 |26 44 | PB6
SRQ88583388583235¢9¢
N~ O N T MNYTYT O N~N® T M N T"ON
g80¢800p8ssgsdfags
NOTES:

1. EXTR SELECTED ONLY IN TEST AND PROTOTYPE MODE.

Application Programs

The following program consists of two subroutines which will
be of value in G65SC151 applications. Note that these sub-
routines will be included in internal ROM on future devices.
These subroutines include:

External Interrupt Vector Table
During the “Normal Mode” startup sequence, this subroutine
automatically directs the microprocessor to an Interrupt Vector

Table located in external ROM. In this way, the external Reset
circuit is no longer required to initiate the Test and Prototype
Mode in order to access external ROM. The Reset circuit can
now perform the normal reset function, thus greatly simplifying
the Reset circuit requirement.

DTMF Frequency Generator

This subroutine generates DTMF frequencies for various oscil-
lator frequencies. The DTMF frequencies are presented at the
TXC/DTMF output (pin 56).

0020 0000 CTUROM START

0021 0000

0022 0000 ORG $FEQO

0023 0000

0024 0000 * TABLE OF ACCUMULATOR VALUES

0025 0000 * FOR DUAL TONE FREQUENCIES

0026 0000 * (same as 8860 and 8870 DTMF decoders)
0027 0000

0028 0000 * + + +

0029 0000 *1 1 1 2 t 3 1 D | 697

0030 0000 * 4+

0031 0000 *1 4 1 5 1 &6 1 E | 770

0032 0000 ® ¢ +

0033 0000 *1 72 1 8 1 9 | F | 852

0034 0000 * 4+ + +

0035 0000 *1 B | A I C 1 0 1 941

0036 0000 * + + +

0037 0000 * 1209 1336 1477 1433

0038 0000

0039 0000 * EXTERNAL INTERRUPT VECTOR ADDRESSES
0040 0000 NMIV EQU  $EFEC Non-Maskable Interrupt
0041 0000 RSTV EQU $EFEE Reset

0042 0000 RCW EQU $EFF8 Row-Receive Counter
0043 0000 EXTV EQU  $EFFA  External

0044 0000 T™CV EQU $EFFC Timer

1-80



Microcircuits G 655C1 51

0045 0000 BRKY EQU $EFFE Break Instruction
0046 0000

0047 0000 * CTU ON-CHIP 1/0 ADDRESSES

0048 0000 ROW EQU $F4 Row-Receive Counter
0049 0000 coL EQU $F& Column-Transmit Counter
00S0 0000 CNTRL EQU $F7 Control-Status Register
0051 0000

0052 0000 * CONSTANTS

0053 0000 TsC EQU $20 External Bus Three-State Control
0054 0000 DTMF EQU $07 DTMF Mode

0055 0000 EJECT

0056 0000 * DTMF VALUES FOR ROW-RECEIVE COUNTER
0057 0000

0058 0000 484262 R358 DbC 11°72,98,98,98° 3.58 MHz
0059 0004 585858 DC 11/88,88,88,80"

0060 0008 S0S048 DC 11-80,80,72,727

00461 000C 484258 oc 11°72,98,88,80"

0062 0010

0043 0010 S514D&D R40 o] 11781,109,109,109° 4.0 MHz
0064 0014 636343 DC 11799,99,99,89°

0065 0018 S5959S1 oc 11/89,89,81,81"

0066 001C S16Dé&3 DC 1181,109,99,89"

0067 0020

0068 0020 7AASAS R&0 oc 117122,165,185,145° 4.0 MHz
0069 0024 959595 o]0} 117149,149,149,134"

0070 0028 86847A DC 117134,134,122,122°

0071 002C 7AAS9S o]} 11°122,165,149,1347

0072 0030

0073 0030 A2DCDC R80 oC 117162,220,220,220° 8.0 MHz
0074 0034 C7C7C7 DC 11°199,199,199,180°

0075 0038 B4B4A2 DC 117180,180,162,1627

0076 003C A20CC7 DC 117162,220,199,180°

0077 0040

0078 0040 * DTMF Values for Column Divider

0079 0040

0080 0040 293833 Cc358 DC 11741,56,51,46° 3.58 MHz
0081 0044 38332E oC 1156,51,46,56"

0082 0048 332E33 DC 11°51,46,51,56"

0083 004C 2E2929 oC 11746,41,41,41°

0084 0050 .

0085 0050 2E3F39 Cc40 oC 11746,63,57,51° 4.0 MHz
0086 0054 3F3933 DC 11763,57,51,63"

0087 00S8 393339 DC 11°57,51,57,637

0088 00SC 332E2E DC 11/51,46,46,46"

0089 00640

0090 0040 44SESS céo DC 11°70,94,85,777 4.0 MHz
0091 0044 SESS4D oC 11794,85,77,94°

0092 0048 554DSS DC 11°85,77,85,94"

0093 006C 4D4446 bc 11°77,70,70,70"

0094 0070

0095 0070 SD7E?72 cso bC 11°93,126,114,103° 8.0 MHz
0096 0074 7E7267 DC 117126,114,103,1267

0097 0078 726772 DC 117114,103,114,126"

0098 007C &7SDSD oc 117103,93,93,93"

0099 0080 EJECT

0100 0080 *# Subroutine loads dividers with DTMF tone values
0101 0080

0102 0080 BD3000 p8so LDA R80,X

0103 0083 BC7000 LDY c80,X

0104 0086 8014 BRA SEND

0105 0088

0106 0088 BD2000 D40 LDA R&0,X

0107 008B BC&000 LDY Cé0,X

0108 O00BE 800E BRA SEND

0109 0090

0110 0090 BD100O D40 LDA R40,X

0111 0093 BCS000 LDY C40,X

0112 0096 8004 BRA SEND

0113 0098

0114 0098 BDOOOO D358 LDA R358,X

0115 009B BC4000 LDY Cc358,X

0116 00%E

0117 O009E 8SF4 SEND STA ROW

0118 00A0 84F¢& STY cou

0119 00A2 40 RTS

0120 00A3

0121 00A3

0122 00A3 AP07 DOFF LDA #DTMF INITIALIZE TONES OFF
0123 00AS 04F7 TSB CNTRL

0124 00A7 &44FS sTZ ROW+1

0125 00AYP 44F4 sTZ ROW

0126 O00AB 64F¢ sT2Z coL

0127 00AD 40 RTS

0128 OOAE

0129 O00AE * INTERRUPT WECTOR ROUTINES

0130 O0OAE 4CECEF NMI JMP (NMIV) Non-Maskable

0131 00B1
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0132 00B1 A%20 RST LDA #TSC
0133 00B3 8SF7 STA CNTRL
0134 00BS &CEEEF JMP (RSTV)
0135 oo0B8

0136 00B8 4CFSEF RCV JMP (RCW)
0137 00BB &CFAEF EXT JMP (EXTV)
0138 O00BE 4CFCEF ™C JMP (TMCV)

Reset

Set TSC bit to enable

external bus

Row-Receive
External

Timer

0139 00C1 &CFEEF BRK JMP (BRKV) Break Instruction
0140 00C4 EJECT

0141 00C4 ORG $FF80

0142 00C4

0143 00C4 % Set DTMF tone, oscillator frequency

0144 00C4 4CA300 DTMFOF JMP DOFF
0145 00C7 4C9800 DTMF35 JMP D358
0146 00CA 4C?000 DTMF40 JMP D40
0147 00CD 4C8800 DTMF&0 JMP Déo
0148 00D0 4C8000 DTMF80 JMP D80
0149 00D3

Tones off,

3.579545 MHz
4.000000 MHz
6.000000 MHz
8.000000 MHz

01S0 0003 ORG $FFEC

0151 00D3

0152 00D3 * Interrupt Vectors

0153 00D3 AE10 oc A’NMI“ Non-Maskable
0154 00DS B110O bc A’RST’ Reset

0155 00D7

0156 0007 ORG $FFF8

0157 00D7

0158 00D7 B81O oc A’RCV’ Row-Receive
0159 00D? BB1O oC A’EXT’ External
0140 0ODB BE1O DC A’TMC’ Timer

0161 00DD C110 oC A‘BRK’ Break Instruction
0162 00DF

0163 O0ODF END

Local Symbol Table

and initialize

BRK 00C1 BRKV EFFE C358 0040 C40 0050
cé0 0040 C80 0070 CNTRL 00F7 COL 00F&
D358 0098 D40 0090 Dé0 0088 D80 0080
DOFF 00A3 DTMF 0007 DTMF3S 00C7 DTMF40 o0ocaA
DTMF &0 00CD DTMFS80 00D0 DTMFOF 00C4 EXT 00BB
EXTV EFFA NMI 00AE NMIV EFEC R3S8 0000
R40 0010 Ré0 0020 R8O 0030 RCV ooBs
RCW EFF8 ROW 00F4 RST 00B1 RSTV EFEE
SEND 009E TMC 00BE TMCV EFFC TsC 0020
Ordering Information
G 658C151 PE W -
Description T

C—Special G—Standard
Product Identification Number

Package

P—Plastic E—Leaded Chip Carrier
C—Ceramic L—Leadless Chip Carrier
D—Cerdip X—Dice

Temperature/Processing

W-— -40°C to +85°C, + 10% P.S. Tol.

Performance Designator

Designators selected for speed and power specifications.

—1 1MHz —2 2MHz
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G65SC816

CMOS 8/16-Bit Microprocessor Family

Features

e Advanced CMOS design for low power consumption and increased
noise immunity

Emulation mode for total software compatibility with 6502 designs
Full 16-bit ALU, Accumulator, Stack Pointer, and Index Registers
Direct Register for “zero page” addressing

24 addressing modes (including 13 original 6502 modes)

Wait for interrupt (WAI) and Stop the Clock (STP) instructions for
reduced power consumption and decreased interrupt latency

© 91 instructions with 255 opcodes
e Co-Processor (COP) instruction and associated vector
e Powerful Block Move instructions

Features (G65SC802 Only)

e 8-Bit Mode with both software and hardware (pin-to-pin) com-
patibility with 6502 designs (64 KByte memory space)

® Program selectable 16-bit operation

® Choice of external or on-board clock generation

Features (G65SC816 Only)
o Fuil 16-bit operation with 24 address lines for 16 MByte memory
® Program selectable 8-Bit Mode for 6502 coding compatibility.

e Valid Program Address (VPA) and Valid Data Address (VDA) outputs
for dual cache and DMA cycle steal implementation

® Vector Pull (W‘-‘) output indicates when interrupt vectors are being
fetched. May be used for vectoring/prioritizing interrupts

e Abort interrupt and associated vector for interrupting any instruction
without modifying internal registers

e Memory Lock (W.) for multiprocessor system implementation

General Description

The G65SC802 and G65SC816 are ADV-CMOS (ADVanced CMOS) 16-
bit microprocessors featuring total software compatibility with 8-bit
NMOS and CMOS 6500 series microprocessors. The G65SC802 is pin-
to-pin compatible with 8-bit 6502 devices currently available, while also
providing full 16-bit internal operation. The G65SC816 provides 24 ad-
dress lines for 16 MByte addressing, while providing both 8-bit and 16-bit
operation.

Each microprocessor contains an Emulation (E) mode for emulating
8-bit NMOS and CMOS 6500-Series microprocessors. A software switch
determines whether the processor is in the 8-bit emulation mode or in
the Native 16-bit mode. This allows existing 8-bit system designs to use
the many powerful features of the G65SC802 and G65SC816.

The G65SC802 and G65SC816 provide the system engineer with many
powerful features and options. A 16-bit Direct Page Register is provided
to augment the Direct Page addressing mode, and there are separate
Program Bank Registers for 24-bit memory addressing. Other valuable
features include:

e An Abort input which can interrupt the current instruction without
modifying internal registers.

e Valid Data Address (VDA) and Valid Program Address (VPA) outputs
which facilitate dual cache memory by indicating whether a data or
program segment is being accessed.

e Vector modification by simply monitoring the Vector Pull (W’) output.

® Block Move instructions.

GTE Microcircuits’ G65SC802 and G65SC816 microprocessors offer the
design engineer a new freedom of design and application, and the many
advantages of state-of-the-art ADV-CMOS technology.

Simplified Block Diagram

INDEX X & Y/STACK|
POINTER REGS (16)

ACCUMULATOR
6)
PROGRAM
COUNTER (16)

1]

A0-A15 £

ADDRESS BUFFER

CONTROL -
SIGNALS

ABORT
(816)

[<@— RES

[ NMI

[<@— IRQ
f—

INTERRUPT
CONTROL

}t— rOY
TIMING g~ 02(IN)

AND
CLOCK GEN. | g ¢1(OUT) (802)

= $2(0UT)(802)

INSTRUCTION
DECODE

AND
CONTROL

—— R/W

DIRECT REG.
18)
PROGRAM/DATA
BANK REGS (8)

16-BIT INTERNAL DATA BUS

Y TITY

1]

DO-D7
wamrmr((m <:>

DATA BUS/BANK
ADDRESS BUFFER

CPU
K X STATUS .

A4

——— SYNC (802)
f———= vPa (816)
}——= voa(s16)

SYSTEM
CONTROL L g W (816 DIP AND PLCC, 802 PLCC)

|——- VP (816 DIP AND PLCC, 802 PLCC)

——=» E (816 DIP AND PLCC, 802 PLCC)

{;
7
£

BE (816)

4 Rec ~——= M/X (816)

S0 (802)

This is advanced information and specifications
are subject to change without notice.

ADVANCE INFORMATION
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Absolute Maximum Ratings: (Note 1)

Rating Symbol Value This device contains input protection against damage due to high static
~ voltages or electric fields; however, precautions should be taken to avoid
Supply Voltage Voo 03V to +7.0¢ application of voltages higher than the maximum rating.
Input Voltage VIN -0.3V to Voo +0.3V Notes:
; o o
Operating Temperature Ta 0°Cto+70°C 1. Exceeding these ratings may cause permanent damage. Functional
Storage Temperature Ts -55°C to +150°C operation under these conditions is not implied.

DC Characteristics (All Devices): Voo = 5.0V +5%, Vss = 0V, Ta = 0°C to +70°C

Parameter Symbol Min Max Unit
Input High Voltage VIH
RES, RDY, IRQ, Data, SO, BE 2.0 Voo + 0.3 v
ABORT, NMI, ¢2 (IN) 0.7 Voo Voo + 0.3 \
Input Low Voltage ViL
RES, RDY, IRQ, Data, SO, BE . -0.3 0.8 v
ABORT NMI @2 (IN) -0.3 0.2 v
Input Leakage Current (Vin = 0 to VoD) IiN
RES, NMI, IRQ, SO, BE, ABORT (internal Pullup) -100 1 MA
RDY (Internal Pullup, Open Drain) -100 10 RA
@2 (IN) -1 1 HA
Address, Data, R/W (Off State, BE = 0) -10 10 HA
Output High Voltage (loH = -100uA) VoH
SYNC, Data, Address, R/W, ML, VP, M/X, E, VDA, VPA,
@1 (0OUT), 92 (OUT) 0.7 Voo - \
Output Low Voltage (loL = 1.6mA) VoL
SYNC, Data, Address, R/W ML, VP, M/X, E, VDA, VPA,
@1 (OUT), ¢2 (OUT) — 04 \]
Supply Current =2 MHz Iop — 10 - mA
(No Load) f=4MHz — 20 mA
f=6MHz — 30 mA
f=8MHz — 40 mA
Standby Current (No Load; Data Bus = Vss or Voo; IsB
@2(IN) = ABORT = RES = NMI = IRQ = SO = BE = Vop) — 10 UA
Capacitance (VIN = 0V, Ta = 25°C, f = 2 MHz)
Logic, ¢2 (IN) CiIN — 10 pF
Address, Data, R/W (Off State) CTs — 15 pF

AC Characteristics (G65SC802): Voo = 5.0V +5%, Vss = 0V, Ta = 0°C to +70°C

2 MHz 4 MHz 6 MHz 8 MHz

Parameter Symbol Min | Max | Min | Max | Min | Max | Min | Max | Unit
Cycle Time tcve 500 DC 250 DC 167 DC 125 DC nS
Clock Pulse Width Low tPwL 0.240 10 0.120 10 0.080 10 0.060 10 uS
Clock Pulse Width High tPwH 240 %0 120 % 80 e 60 o nS
Fall Time, Rise Time tF, tR — 10 — 10 — 5 — 5 nS
Delay Time, ¢2 (IN) to ¢1 (OUT) tog1 — 40 - 40 — 40 — 40 nS
Delay Time, ¢2 (IN) to ¢2 (OUT) tog2 — 40 — 40 — 40 —_ 40 nS
Address Hold Time tAH 10 — 10 — 10 — 10 — nS
Address Setup Time tADS — 100 — 75 - 60 - 40 nS
Access Time tacc 365 — 130 — 87 — 70 — nS
Read Data Hold Time toHR 10 — 10 — 10 — 10 - nS
Read Data Setup Time tosr 40 — 30 — 20 — 15 — nS
Write Data Delay Time tMDs — 100 — 70 - 60 - 40 nS
Write Data Hold Time toHW 10 — 10 — 10 — 10 - nS
Processor Control Setup Time tpcs 40 — 30 — 20 — 15 — nS
Processor Control Hold Time tPcH 10 — 10 - 10 — 10 — nS
E Output Hold Time teH 10 —_ 10 — 5 - 5 — nS
E Output Setup Time tes 50 — 50 - 25 — 15 — nS
Capacitive Load (Address, Data, and R/W) Cext — 100 — 100 - 35 — 35 pF
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AC Characteristics (G65SC816): Voo = 5.0V +5%, Vss = 0V, Ta= 0°C to +70°C

2 MHz 4 MHz 6 MHz 8 MHz
Parameter Symbol Min Max Min Max Min Max Min Max Unit
Cycle Time tcve 500 DC 250 DC 167 DC 125 DC nS
Clock Pulse Width Low tPwL 0.240 10 0.120 10 0.080 10 0.060 10 uS
Clock Pulse Width High tPwH 240 x 120 x 80 % 60 o nS
Fall Time, Rise Time tF, tR — 10 - 10 - 5 — 5 nS
A0-A15 Hold Time tAH 10 — 10 — 10 — 10 — nS
A0-A15 Setup Time tans — 100 — 75 — 60 — 40 nS
BAO-BA7 Hold Time tBH 10 — 10 — 10 — 10 — nS
BAO-BA7 Setup Time teAs — 100 — 90 — 65 — 45 nS
Access Time tacc 365 - 130 — 87 -— 70 — nS
Read Data Hold Time tDHR 10 — 10 - 10 - 10 — nS
Read Data Setup Time tDsR 40 — 30 - 20 — 15 — nS
Write Data Delay Time tMDs — 100 — 70 - 60 — 40 nS
Write Data Hold Time toHw 10 - 10 — 10 — 10 — nS
Processor Control Setup Time tecs 40 - 30 —_ 20 — 15 — nS
Processor Control Hold Time tPCH 10 - 10 - 10 — 10 — nS
E,MX Output Hold Time teH 10 — 10 - 5 — 5 — nS
E,MX Output Setup Time tes 50 — 50 - 25 — 15 — nS
Capacitive Load (Address, Data, and R/W) CEexT — 100 — 100 — 35 — 35 pF
BE to High Impedance State teHz — 30 - 30 — 30 — 30 nS
BE to Valid Data tevo — 30 — 30 — 30 — 30 nS
Timing Diagram (G65SC802)
teve ’-‘—- tF
2 (IN) ——
N / 'sL
tF tPwiL tPWH
-——ﬁ | (R
1(0UT) _>—7 | = 001 1061 — | \LI—— /
¢2(0UT) —]  |—— tDg2 L
! i \
tog2
fest—— tAH —ﬂ
R/W, SYNC,
AO-A15
.VP ]
taDs tacc tosr
READ DATA b : READ DATA
tOHR R | te—— tMDS
WRITE DATA E _ WRITE DATA
1DHW ——] let— tecs
SO / tPCH —{ [———
IRQ, NMi, RES, 33 §<:
ROY
— Fe— tpCH ——] |—=— tpCS
tEH tES ——t fe——
b
e Y

Timing Notes: 1. Typical output load = 100 pF

2. Voltage levels are VL < 0.4V, VH > 2.4V
3. Timing measurement points are 0.8V and 2.0V
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Timing Diagram (G65SC816)

teve —tF
o2(1N) ——_,#
IS:
tF —-ﬁ B tPwL tPwH
—— tAH ——3=t lt— tR l
R/W, ML, VP
A0-A1S, VDA, VPA L
| tADS — tacc |-a— tOSR
READ DATA, - P - L I
BAO-BA7 s 3 BA0-BA7 - READ DATA
tOHR ——] | — —
tBAS —— [~t— tBH
WRITE DATA, 3 = -
BA0-BAT m‘ BAO-BA7 m WRITE DATA
1DHW ] —— — ! j—— tMDS < 1PCS

N

g |~ tPCH

w T WU
— tEH N ".-<- teH — H—_'ES

Y, S

Timing Notes:
1. Typical output load = 100 pF
2. Voltage levels are VL < 0.4V, VH > 2.4V
3. Timing measurement points are 0.8V and 2.0V

Functional Description

The G65SC802 offers the design engineer the opportunity to utilize both
existing software programs and hardware configurations, while also
achieving the added advantages of increased register lengths and faster
execution times. The G65SC802's “ease of use” design and implementa-
tion features provide the designer with increased flexibility and reduced
implementation costs. In the Emulation mode, the G65SC802 not only
offers software compatibility, but is also hardware (pin-to-pin) com-
patible with 6502 designs...plus it provides the advantages of 16-bit
internal operation in 6502-compatible applications. The G65SC802 is an
excellent direct replacement microprocessor for 6502 designs.

The G65SC816 provides the design engineer with upward mobility and
software compatibility in applications where a 16-bit system configura-
tion is desired. The G65SC816's 16-bit hardware configuration, coupled
with current software allows a wide selection of system applications. In
the Emulation mode, the G65SC816 offers many advantages, including
full software compatibility with 6502 coding. In addition, the G65SC816's
powerful instruction set and addressing modes make it an excellent
choice for new 16-bit designs.

Internal organization of the G65SC802 and G65SCB816 can be divided
into two parts: 1) The Register Section, and 2) The Control Section. In-
structions (or opcodes) obtained from program memory are executed
by implementing a series of data transfers within the Register Section.
Signals that cause data transfers to be executed are generated within the
Control Section. Both the G65SC802 and the G65SC816 have a 16-bit
internal architecture with an 8-bit external data bus.

Instruction Register and Decode

An opcode enters the processor on the Data Bus, and is latched into the
Instruction Register during the instruction fetch cycle. This instruction is
then decoded, along with timing and interrupt signals, to generate the
various Instruction Register control signals.

Timing Control Unit (TCU)
The Timing Control Unit keeps track of each instruction cycle as itis ex-

ecuted. The TCU is setto zero each time an instruction fetch is executed,
and is advanced at the beginning of each cycle for as many cycles as is
required to complete the instruction. Each data transfer between regis-
ters depends upon decoding the contents of both the Instruction Regis-
ter and the Timing Control Unit.

Arithmetic and Logic Unit (ALU)

All arithmetic and logic operations take place within the 16-bit ALU. In
addition to data operations, the ALU also calculates the effective address
for relative and indexed addressing modes. The result of a data operation
is stored in either memory or an internal register. Carry, Negative, Over-
flow and Zero flags may be updated following the ALU data operation.

Internal Registers (Refer to Figure 2, Programming Model)

Accumulator (A)

The Accumulator is a general purpose register which stores one of the
operands, or the result of most arithmetic and logical operations. In the
Native mode (E=0), when the Accumulator Select Bit (M) equals zero, the
Accumulator is established as 16 bits wide. When the Accumulator Select
Bit (M) equals one, the Accumulator is 8 bits wide. In this case, the upper
8 bits (AH) may be used for temporary storage in conjunction with the
Exchange AH and AL instruction.

Data Bank (DB)

During the Native mode (E=0), the 8-bit Data Bank Register holds the
default bank address for memory transfers. The 24-bit address is com-
posed of the 16-bit instruction effective address and the 8-bit Data Bank
address. The register value is multiplexed with the data value and is pres-
enton the Data/Address lines during the first half of a data transfer mem-
ory cycle for the G65SC816. The Data Bank Register is initialized to zero
during Reset.

Direct (D)

The 16-bit Direct Register provides an address offset for all instructions
using direct addressing. The effective bank zero address is formed by
adding the 8-bit instruction operand address to the Direct Register. The
Direct Register is initialized to zero during Reset.
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Index (X and Y)
There are two Index Registers (X and Y) which may be used as general flags are always equal to one in the Emulation mode. When an interrupt
purpose registers or to provide an index value for calculation of the ef- occurs during the Emulation mode, the Break flag is written to stack mem-

fective address. When executing an instruction with indexed addressing, ory as bit 4 of the Processor Status Register.

the microprocessor fetches the opcode and the base address, and then Program Bank (PB)

modifies the address by adding the Index Register contents to the ad- 1,6 gt Program Bank Register holds the bank address for all instruc-
dress prior to performing the desired operation. Pre-indexing or post- 4, fetches. The 24-bit address consists of the 16-bit instruction effective
indexing of indirect addresses may be selected. Inthe Nativemode (E=0),  ,4ress and the 8-bit Program Bank address. The register value is multi-
both Index Registers are 16 bits wide (providing the Index Select Bit (X) 1, 6,q with the data value and presented on the Data/Address lines during
equals zero). If the Index Select Bit (X) equals one, both registers will be the first half of a program memory read cycle. The Program Bank Regis-
8 bits wide. ter is initialized to zero during Reset.

Processor Status (P) ) ) Program Counter (PC)

The 8-bit Processor Status Register contains status flags and mode select The 16-bit Program Counter Register provides the addresses which are
bits. The Carry (C), Negative (N), Overtlow (V), and Zero (Z) status flags used to step the microprocessor through sequential program instruc-
serveto report the status of most ALU operations. Thesestatus flagsare  tions. The register is incremented each time an instruction or operand is
tested by use of Conditional Branch instructions. The Decimal (D), IRQ fetched from program memory.

Disable (I), Memory/Accumulator (M), and Index (X) bits are used as Stack Pointer (S)

mode select flags. These flags are set by the program to change micro- The Stack Pointer is a 16-bit register which is used to indicate the next

processor operations. available location in the stack memory area. It serves as the effective ad-
The Emulation (E) select and the Break (B) flags are accessible only  dressin stack addressing modes as well as subroutine and interrupt pro-
through the Processor Status Register. The Emulation mode selectflag  cessing. The Stack Pointer allows simple implementation of nested sub-
is selected by the Exchange Carry and Emulation Bits (XCE) instruction. routines and multiple-level interrupts. During the Emulation mode, the
Table 2, G65SC802 and G65SC816 Mode Comparison, illustrates the Stack Pointer high-order byte (SH) is always equal to 01. The Bank
features of the Native (E=0) and Emulation (E=1) modes. The M and X Address is 00 for all Stack operations.

INSTRUCTION REGISTER
(8 BITS) " M/X (816)

L] DATA U
LATery PREDECODE
PREDECODE

56 (802) Note: 1. 816 DIP and PLCC,
Figure 1. Block Diagram — Internal Architecture 802PLCC.

T INDEX X
(16BITS)
H
] INDEX Y o
Hl=EEae M
& _ le— iRG
& STACK POINTER @ INTERRUPT
a - (S) (18 BITS) “ H LOGIC . Voo
A0-A7 § <: e [ -—
§ < E > § le—— RES - vss
< -
ALY
K (16 BITS) = AN
E b
< :: o
<
TIMING
| <:> E, CONT. [ RDY
o
z
_ TRANSFER
SWITCHES
g D
f o
] g :
Xz ']
i 2 ACCUMULATOR L = — 020N)
As-Ats 2 H (A) (16 BITS) @ L o
2 e o w w CLOCK
g g 2 2 82 | 8 GEN- |— ¢1(0UT) (802)
= @ = H 8 ERATOR
8 é E & of ag = 92 (0UT) (802)
< ] PROG. COUNTER ] H zz HH
3 (PC) (16 BITS) 2 H oz 2t
= z = 08 os
c « 2 5%
w w cZ [3
DIRECT (D) .z- 5 3 3 I
(16 BITS) z 2 2 2 e
w
3
w (8 BITS)
5 = vPaA (816)
]
@ DATA BANK (DB) —s= VDA (816
2 SYSTEM @
D07 (802) g PROCESSOR e
D-/BAO-D7/BAT (816) < STATUS (P)
H (8 8ITS) _—
] *
8 E_—)
o
<
e
H

C
2
e

1-87




Microcircuits

G65SC802/816

Signal Description

The following Signal Description applies to both the G65SC802 and the
G65SC816 except as otherwise noted.

Abort (ABORT)—G65SC816

The Abort input prevents modification of any internal registers during
execution of the current instruction. Upon completion of this instruc-
tion, an interrupt sequence is initiated. The location of the aborted
opcode is stored as the return address in Stack memory. The Abort
vector address is 00FFF8, 9 (Emulation mode) or 00FFES, 9 (Native
mode). Abort is asserted whenever there is a low level on the Abort
input, and the ¢2 clock is high. The Abort internal latch is cleared dur-
ing the second cycle of the interrupt sequence. This signal may be used
to handle out-of-bounds memory references in virtual memory systems.

Address Bus (A0-A15)

These sixteen output lines form the Address Bus for memory and 1/0
exchange on the Data Bus. When using the G65SCB816, the address lines
may be set to the high impedance state by the Bus Enable (BE) signal.

Bus Enable (BE)

The Bus Enable input signal allows external control of the Address and
Data Buffers, as well as the R/W signal. With Bus Enable high, the R/W
and Address Buffers are active. The Data/Address Buffers are active
during the first half of every cycle and the second half of a write cycle.
When BE is low, these buffers are disabled. Bus Enable is an asynchro-
nous signal.

Data Bus (D0-D7)—G65SC802

The eight Data Bus lines provide an 8-bit bidirectional Data Bus for use
during data exchanges between the microprocessor and external mem-
ory or peripherals. Two memory cycles are required for the transfer of
16-bit values.

Data/Address Bus (D0/BA0-D7/BA7)—G65SC816

These eight lines multiplex bits BAO-BA7 with the data value. The Bank
address is present during the first half of a memory cycle, and the data
value is read or written during the second half of the memory cycle.
The Bank address external transparent latch should be latched when
the ¢2 clock is highor RDY is low. Two memory cycles are required to
transfer 16-bit values. These lines may be set to the high impedance
state by the Bus Enable (BE) signal.

Emulation Status (E)—G65SC816 (Also Applies to G65SC802,
44-Pin Version)

The Emulation Status output reflects the state of the Emulation (E) mode
flag in the Processor Status (P) Register. This signal may be thought of
as an opcode extension and used for memory and system management.

Interrupt Request (IRQ)

The Interrupt Request input signal is used to request that an interrupt
sequence be initiated. When the IRQ Disable (1) flag is cleared, alow in-
put logic level initiates an interrupt sequence after the current instruc-
tion is completed. The Wait for Interrupt (WAI) instruction may be ex-
ecuted toensure the interrupt will be recognized immediately. The inter-
rupt Request vector address is 00FFFE,F (Emulation mode) or 00FFEE,F
(Native mode). Since IRQ is a level-sensitive input, an interrupt will
occur if the interrupt source was not cleared since the last interrupt.
Also, no interrupt will occur if the interrupt source is cleared prior to
interrupt recognition.

Memory Lock (ML)—G65SC816 (Also Applies to

G65SC802, 44-Pin Version)

The Memory Lock output may be used to ensure the integrity of Read-
Modify-Write instructions in a multiprocessor system. Memory Lock
indicates the need to defer arbitration of the next bus cycle. Memory
Lock is low during the last three or five cycles of ASL, DEC, INC, LSR,
ROL, ROR, TRB, and TSB memory referencing instructions, depending
on the state of the M flag.

Memory/Index Select Status (M/X)—G65SC816

This multiplexed output reflects the state of the Accumulator (M) and
Index (X) select flags (bits 5 and 4 of the Processor Status (P)Register).
Flag M is valid during the 2 clock positive transition.Instructions PLP,
REP, RTI and SEP may change the state of these bits. Note that the
M/X output may be invalid in the cycle following a change in the M or
X bits. These bits may be thought of as opcode extensions and may
be used for memory and system management.

Non-Maskable Interrupt (NMI)

A high-to-low transition initiates an interrupt sequence after the current
instruction is completed. The Wait for Interrupt (WAI) instruction may be
executed to ensure that the interrupt will be recognized immediately. The
Non-Maskable Interrupt vector address is 00FFFA,B (Emulation mode)
or 0OFFEA,B (Native mode). Since NMI is an edge-sensitive input, an
interrupt will occur if there is a negative transition while servicing a pre-
vious interrupt. Also, no interrupt will occur if NMI remains low.

Phase 1 Out (¢1 (OUT))—G65SC802

This inverted clock output signal provides timing for external read and
write operations. Executing the Stop (STP) instruction holds this clock
in the low state.

Phase 2 In (92 (IN))

This is the system clock input to the microprocessor internal clock gen-
erator (equivalent to ¢0 (IN) on the 6502). During the low power Standby
Mode, 92 (IN) should be held in the high state to preserve the contents
of internal registers.

- Phase 2 Out (92 (OUT))—G65SC802

This clock output signal provides timing for external read and write op-
erations. Addresses are valid (after the Address Setup Time (Taps)) fol-
lowing the negative transition of Phase 2 Out. Executing the Stop (STP)
instruction holds Phase 2 Out in the High state.

Read/Write (R/W)

When the R/W output signal is in the high state, the microprocessor is
reading data from memory or I/0. When in the low state, the Data Bus
contains valid data from the microprocessor which is to be stored at the
addressed memory location. When using the G65SC816, the R/W signal
may be set to the high impedance state by Bus Enable (BE).

Ready (RDY)

This bidirectional signal indicates that a Wait for Interrupt (WAI) instruc-
tion has been executed allowing the user to halt operation of the micro-
processor. A low input logic level will halt the microprocessor in its cur-
rent state (note that when in the Emulation mode, the G65SC802 stops
only during a read cycle). Returning RDY to the active high state allows
the microprocessor to continue following the next Phase 2 In Clock
negative transition. The RDY signal is internally pulled low following the
execution of a Wait for Interrupt (WAI) instruction, and then returned to
the high state when a RES, AB , NMI, or IRQ external interrupt is
provided. This feature may be used to eliminate interrupt latency by
placing the WAl instruction at the beginning of the IRQ servicing routine.
Ifthe IRQ Disable flag has been set, the next instruction will be executed
when the IRQ occurs. The processor will not stop after a WAI instruction
if RDY has been forced to a high state. The Stop (STP) instruction has
no effect on RDY.

Reset (RES)

The Reset input is used to initialize the microprocessor and start pro-
gram execution. The Reset input buffer has hysteresis such thata simple
R-C timing circuit may be used with the internal pullup device. The RES
signal must be held low for at least two clock cycles after Voo reaches
operating voltage. Ready (RDY) has no effect while RES is being held low.
During this Reset conditioning period, the following processor initializa-
tion takes place:

Registers
D = 0000 SH = 01
DB = 00 XH = 00
PB = 00 YH = 00
N V M X D | Z CE
P =[#* % 1 1 0 1 % #/1]%=Notinitialized

STP and WAI instructions are cleared.

Signals
E =1 VDA =
M/X =1 VP =1
RW =1 VPA =0
SYNC= 0

When Reset is brought high, an interrupt sequence is initiated:
® R/W remains in the high state during the stack address cycles.
® The Reset vector address is 00FFFC,D.
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Set Overtlow (SO)—G65SC802
A negative transition on this input sets the Overflow (V) flag, bit 6 of the
Processor Status (P) Register.

Synchronize (SYNC)—G65SC802

The SYNC output is provided to identify those cycles during which the
microprocessor is fetching an opcode. The SYNC signal is high during
an opcode fetch cycle, and when combined with Ready (RDY), can be
used for single instruction execution.

Valid Data Address (VDA) and

Valid Program Address (VPA)—G65SC816

These two output signals indicate the type of memory being accessed by

the address bus. The following coding applies:

VDA VPA

0 0 Internal Operation—Address and Data Bus available.

Address outputs may be invalid due to low byte addi-
tions only.

0 1 Valid program address—may be used for program cache
control.

1 0 Valid data address—may be used for data cache control.

1 1 Opcode fetch—may be used for program cache control
and single step control.

Vop and Vss

Voo is the positive supply voltage and Vss is system ground. When
using only one ground on the G65SC802 DIP package, pin 21 is
preferred.

Vector Pull (VP)—G65SC816 (Also Applies to G65SC802,
44-Pin Version)

The Vector Pull outputindicates that a vector location is being addressed
during an interrupt sequence. VP is low during the last two interrupt
sequence cycles, during which time the processor reads the interrupt
vector. The VP signal may be used to selectand prioritize interrupts from
several sources by modifying the vector addresses.

[eBis [ smits [ seits |

DB DATA BANK REGISTER
INDEX REGISTER (X)
INDEX REGISTER (Y)

[ 00 T sH [ st | stackPpoINTER(s)

Ca LA ] sccmuunronan

P |[ oM [ PoL ] PROSRAM SANK REGISTER (Pe)

[ oo T on T oL ]| oirectrecisTer (D)

ALWAYS 1IFE =1

BREAK
0 ON STACK AFTER INTERRUPT IFE = 1

l—— EMULATION BIT 0 = NATIVE MODE
1= 6502 EMULATION

1B E

PROCESSOR STATUS REGISTER (P)

NVMXDI ZC

I l— CARRY 1=TRUE
ZERO 1= RESULT ZERO
IRQ DISABLE 1= DISABLE
DECIMAL MODE

1 = DECIMAL MODE
INDEX REG. SELECT 1-8BIT,0=16BIT
MEMORY/ACC. SELECT 1=8BIT,0=16BIT

L =LOW, H = HIGH OVERFLOW 1= TRUE
NEGATIVE 1= NEGATIVE
Figure 2. Programming Model
Table 1. G65SC802 and G65SC816 Compatibility
Function G65SC802/816 Emulation G65SC02 NMOS 6502

Decimal Mode:
e After Interrupts 0—-D 0—-D Not initialized
e N, Z Flags Valid Valid Undefined
® ADC, SBC No added cycle Add 1 cycle No added cycle
Read-Modify-Write:
® Absolute Indexed, No Page Crossing 7 cycles 6 cycles 7 cycles
® Write Last 2 cycles Last cycle Last 2 cycles
® Memory Lock Last 3 cycles Last 2 cycles Not available
Jump Indirect:
e Cycles 5 cycles 6 cycles 5 cycles
® Jump Address, Operand = XXFF Correct Correct Invalid

Branch or Index Across Page Boundary

Read last program byte

Read last program byte

Read invalid address

0 — RDY During Write

G65SC802: Ignored until read
G65SC816: Processor stops

Processor stops

Ignored until read

Write During Reset No Yes No
Unused Opcodes No operation No operation Undefined
@1 (OUT), $2 (OUT), SO, SYNC Signals Available with G65SC802 only Available Available
RDY Signal Bidirectional Input Input
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Table 2. G65SC802 and G65SC816 Mode Comparison

Emulation (E = 1)
8 bits in page 1

Function
Stack Pointer (S)

Native (E = 0)

16 bits

Direct Index Address

Wrap within page

Crosses page boundary

Processor Status (P):

e Bit4 Always one, except zero in stack after X flag (8/16-bit Index)
hardware interrupt
® Bit5 Always one M flag (8/16-bit Accumulator)
Branch Across Page Boundary 4 cycles 3 cycles
Vector Locations:
ABORT 00FFF8,9 00FFE8,9
BRK 00FFFE,F 00FFES,7
cop 00FFF4,5 O00FFE4,5
IRQ 00FFFE,F O00FFEE,F
NMI 00FFFA,B O00FFEA,B
RES 00FFFC,D 00FFFC,D (1 —~ E)

Program Bank (PB) During Interrupt, RTI

Not pushed, pulled

Pushed and pulled

0 — RDY During Write

G65SC802: Ignored until read
G65SC816: Processor stops

Processor stops

Write During Read-Modify-Write Last 2 cycles

Last 1 or 2 cycles depending on M flag

G65SC802 and G65SC816
Microprocessor Addressing Modes

The G65SC816 is capable of directly addressing 16 MBytes of memory.
This address space has special significance within certain addressing
modes, as follows:

Reset and Interrupt Vectors
The Reset and Interrupt vectors use the majority of the fixed addresses
between 00FFEO and 00FFFF.

Stack

The Native mode Stack address will always be within the range 000000
to OOFFFF. In the Emulation mode, the Stack address range is 000100
to 0001FF. The following opcodes and addressing modes can increment
or decrement beyond this range when accessing two or three bytes:
JSL; JSR (a,x); PEA; PEI; PER; PHD; PLD; RTL; d,s; (d,s),y.

Direct

The Direct addressing modes are often used to access memory
registers and pointers. The contents of the Direct Register (D) is
added to the offset contained in the instruction operand to produce
an address in the range 000000 to 00FFFF. Note that in the Emulation
mode, [Direct] and [Direct),y addressing modes and the PEI instruc-
tion will increment from 0000FE or 0000FF into the Stack area, even
if D=0.

Program Address Space

The Program Bank register is not affected by the Relative, Relative Long,
Absolute, Absolute Indirect, and Absolute Indexed Indirect addressing
modes or by incrementing the Program Counter from FFFF. The only
instructions that affect the Program Bank register are: RTI, RTL, JML,
JSL, and JMP Absolute Long. Program code may exceed 64K bytes al-
though code segments may not span bank boundaries.

Data Address Space

The data address space is contiguous throughout the 16 MByte address
space. Words, arrays, records, or any data structures may span 64
KByte bank boundaries with no compromise in code efficiency. As a
result, indexing from page FF in the G65SC802 may result in data
accessed in page zero. The following addressing modes generate 24-bit
effective addresses.

® Direct Indexed Indirect (d,x)

® Direct Indirect Indexed (d),y

* Direct Indirect (d)

® Direct Indirect Long [d]

e Direct Indirect Indexed Long [d].y
® Absolute

® Absolute,x

e Absolute,y

® Absolute long

® Absolute long indexed
® Stack Relative Indirect Indexed (d,s),y

The following addressing mode descriptions provide additional detail as
to how effective addresses are calculated.

Twenty-four addressing modes are available for use with the G65SC802
and G65SC816 microprocessors. The “long” addressing modes may be
used with the G65SC802; however, the high byte of the address is not
available to the hardware. Detailed descriptions of the 24 addressing
modes are as follows:

1. Immediate Addressing—#
The operand is the second byte (second and third bytes when in the
16-bit mode) of the instruction.

2. Absolute—a

With Absolute addressing the second and third bytes of the instruc-
tion form the low-order 16 bits of the effective address. The Data
Bank Register contains the high-order 8 bits of the operand address.

Instruction: [ opcode | addrl | addrh |
Operand | | | l
Address: DB addrh addrl

3. Absolute Long—al
The second, third, and fourth byte of the instruction form the 24-bit
effective address.

Instruction: [ opcode | addrl | addrh | baddr |
o] d

Ag::::s: | baddr | addrh | addrl |

4. Direct—d

The second byte of the instruction is added to the Direct Register
(D) to form the effective address. An additional cycle is required
when the Direct Register is not page aligned (DL not equal 0). The
Bank register is always 0.

Instruction: ﬁpcode |

offset |

I Direct Register l

+ | offset I

Operand |

Address: 00 | effective address |

5. Accumulator—A

This form of addressing always uses a single byte instruction. The
operand is the Accumulator.
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6.

7.

Implied—.
Implied addressing uses a single byte instruction. The operand is
implicitly defined by the instruction.

Direct Indirect Indexed—(d),y

This address mode is often referred to as Indirect,Y. The second
byte of the instruction is added to the Direct Register (D). The 16-bit
contents of this memory location is then combined with the Data
Bank register to form a 24-bit base address. The Y Index Register is
added to the base address to form the effective address.

offset |

Instruction: [ opcode |

I Direct Register I

+ | offset I
| 00 | direct address |
then:
| 00 I (direct address) ]
+| o |
| base address '
+ | { YReg |
Operand | |
Address: effective address

Direct Indirect Indexed Long—([d],y

With this addressing mode, the 24-bit base address is pointed to by
the sum of the second byte of the instruction and the Direct
Register. The effective address is this 24-bit base address plus the Y
Index Register.

Instruction: [ opcode [ offset |
| Direct Register |
+ | offset |
| 00 | direct address |
then:
I (direct address) |
+ | | YReg |
Operand | I
Address: effective address

Direct Indexed Indirect—(d,x)

This address mode is often referred to as Indirect,X. The second
byte of the instruction is added to the sum of the Direct Register
and the X Index Register. The result points to the low-order 16 bits
of the effective address. The Data Bank Register contains the high-
order 8 bits of the effective address.

Instruction: I:opcode offset ]

| Direct Register

+ | offset

I direct address

1}
+ | i XReg

| 00 | address
then:

| 00 | (address) |

+ o8 |

Operand I |
Address: effective address

10. Direct Indexed With X—d,x

The second byte of the instruction is added to the sum of the Direct
Register and the X Index Register to form the 16-bit effective
address. The operand is always in Bank 0.

Instruction: [ opcode | offset |
I Direct Register |
+ I offset |
| direct address l
+| | XReg |

Operand

Address: | 00 | effective address |

11. Direct Indexed With Y—d,y

The second byte of the instruction is added to the sum of the Direct
Register and the Y Index Register to form the 16-bit effective
address. The operand is always in Bank 0.

offset |

I Direct Register |

Instruction: [ opcode |

+ | offset |

] direct address I
|

+] !
'

Y Reg

Operand

Address: | 00 I effective address |

12. Absolute Indexed With X—a,x

The second and third bytes of the instruction are added to the
X Index Register to form the low-order 16 bits of the effective ad-
dress. The Data Bank Register contains the high-order 8 bits of the
effective address.

Instruction: [ opcode [ addri | addrh |

| o8 | addah | adan |

+| ! XReg |

Operand | [
Address: effective address

13. Absolute Indexed With Y—a,y

The second and third bytes of the instruction are added to the
Y Index Register to form the low-order 16 bits of the effective ad-
dress. The Data Bank Register contains the high-order 8 bits of the
effective address.

Instruction: [ opcode | addrl | adarnh ]

| o8 | addah | adan |

+| | YReg |

Operand I I
Address: effective address

14. Absolute Long Indexed With X—al,x

The second, third and fourth bytes of the instruction form a 24-bit
base address. The effective address is the sum of this 24-bit address
and the X Index Register.

Instruction: [ opcode | addrl | addrh | badar
| baddr | addrh | addn |
«| | XReg |
Operand | |
Address: effective address
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15.

16.

17.

18.

19.

20.

Program Counter Relative—r

This address mode, referred to as Relative Addressing, is used only
with the Branch instructions. If the condition being tested is met,
the second byte of the instruction is added to the Program Counter,
which has been updated to point to the opcode of the next instruc-
tion. The offset is a signed 8-bit quantity in the range from -128 to
127. The Program Bank Register is not affected.

Program Counter Relative Long—r|

This address mode, referred to as Relative Long Addressing, is used
only with the Unconditional Branch Long instruction (BRL) and the
Push Effective Relative instruction (PER). The second and third
bytes of the instruction are added to the Program Counter, which
has been updated to point to the opcode of the nextinstruction. With
the branch instruction, the Program Counter is loaded with the
result. With the Push Effective Relative instruction, the result is
stored on the stack. The offset and result are both an unsigned
16-bit quantity in the range 0 to 65535.

Absolute Indirect—(a)

The second and third bytes of the instruction form an address to a
pointer in Bank 0. The Program Counter is loaded with the firstand
second bytes at this pointer. With the Jump Long (JML) instruction,
the Program Bank Register is loaded with the third byte of the
pointer.

Instruction: [ opcode | addri [ addrh |

Indirect Address= | 00 | addrh | adan |
New PC = (indirect address)

with JML:
New PC = (indirect address)

New PB = (indirect address +2)

Direct Indirect—(d)

Thesecond byte of the instruction is added to the Direct Register to
form a pointer to the low-order 16 bits of the effective address. The
Data Bank Register contains the high-order 8 bits of the effective
address.

Instruction: | opcode | offset |

| Direct Register |

+ | offset |

| 00 | direct address |
then:
00 | (direct address) |
+| o |
Operand I l
Address: effective address
Direct Indirect Long—[d]

The second byte of the instruction is added to the Direct Register to
form a pointer to the 24-bit effective address.

Instruction: [ opcode | offset |

I Direct Register |

+ | offset |
l 00 | direct address |
then:
Operand
Address: I (direct address) I
Absolute Indexed Indirect—(a,x)

The second and third bytes of the instruction are added to the
X Index Register to form a 16-bit pointer in Bank 0. The contents of
this pointer are loaded in the Program Counter. The Program Bank
Register is not changed.

21.

22

23.

24,

Instruction: [ opcode | addrl | addrh |
' addrh | addrl |
| | xReg |

| 00 ] address l
then:

PC = (address)

Stack—s

Stack addressing refers to all instructions that push or pull data
from the stack, such as Push, Pull, Jump to Subroutine, Return from
Subroutine, Interrupts, and Return from Interrupt. The bank ad-
dress is always 0. Interrupt Vectors are always fetched from Bank 0.

Stack Relative—d,s

The low-order 16 bits of the effective address is formed from the
sum of the second byte of the instruction and the Stack Pointer. The
high-order 8 bits of the effective address is always zero. The relative
offset is an unsigned 8-bit quantity in the range of 0 to 255.

offset |

l Stack Pointer I

‘ |

Instruction: [ opcode |

offset I

Operand
Address: | 00 |

Stack Relative Indirect Indexed—(d,s),y

The second byte of the instruction is added to the Stack Pointer to
form a pointer to the low-order 16-bit base address in Bank 0. The
Data Bank Register contains the high-order 8 bits of the base ad-
dress. The effective address is the sum of the 24-bit base address
and the Y Index Register.

effective address '

Instruction: [ opcode | offset |
| Stack Pointer |
+ | offset |
| o | S + offset |
then:
| S + offset |
+| o8 |
| base address |
+ | E Y Reg I
Operand
Address: | effective address |

Block Source Bank, Destination Bank—xyc

This addressing mode is used by the Block Move instructions. The
second byte of the instruction contains the high-order 8 bits of the
destination address. The Y Index Register contains the low-order
16 bits of the destination address. The third byte of the instruction
contains the high-order 8 bits of the source address. The X Index
Register contains the low-order 16 bits of the source address. The
Accumulator contains one less than the number of bytes to move.
The second byte of the block move instructions is also loaded into
the Data Bank Register.

Instruction: [ opcode | dstonk | srcbnk |
dstonk — DB
Source
Address: l srcbnk | X Reg l
Destination
Address: I DB | Y Reg I

Increment (MVN) or decrement (MVP) X and Y.
Decrement A, (if greater than zero), then PC-3 — PC.
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Notes on G65SC802/816 Instructions

All Opcodes Function in All Modes of Operation

It should be noted that all opcodes function in all modes of operation.
However, some instructions and addressing modes are intended for
G65SC816 24-bit addressing and are therefore less useful for the
G65SC802. The following is a list of instructions and addressing modes
which are primarily intended for G65SC816 use:

JSL: RTL; [d]; [d].y; JMP al; JML; al; al,x

The following instructions may be used with the G65SC802 even
though a Bank Address is not multiplexed on the Data Bus:

PHK; PHB; PLB

The following instructions have “limited” use in the Emulation mode:

e The REP and SEP instructions cannot modify the M and X bits when
in the Emulation mode. In this mode the M and X bits will always be
high (logic 1).

e When in the Emulation mode, the MVP and MVN instructions only
move date in page zero since X and Y Index Register high byte is zero.

Indirect Jumps

The JMP (a) and JML (a) instructions use the direct Bank for indirect
addressing, while JMP (a,x) and JSR (a,x) use the Program Bank for in-
direct address tables.

Switching Modes

When switching from the Native mode to the Emulation mode, the X
and M bits of the Status Register are set high (logic 1), the high byte of
the Stack is set to 01, and the high bytes of the X and Y Index Registers
are set to 00. To save previous values, these bytes must always be
stored before changing modes. Note that the low byte of the S, X and Y
Registers and the low and high byte of the Accumulator AL and AH are
not affected by a mode change.

WAI Instruction
The WAI instruction pulls RDY low and places the processor in the WAI
“low power” mode. NMI, IRQ or RESET will terminate the WAI condi-

tion and transfer control to the interrupt handler routing. Note that an
ABORT input will abort the WAI instruction, but will.not restart the
processor. When the Status Register | flag is set (IRQ disabled), the IRQ
interrupt will cause the next instruction (following the WAI instruction)
to be executed without going to the TRQ interrupt handler. This method
results in the highest speed response to an IRQ input. When an inter-
rupt is received after an ABORT which occurs during the WAI instruc-
tion, the processor will return to the WAI instruction. Other than RES
(highest priority), ABORT is the next highest priority, followed by NMi
or IRQ interrupts.

STP Instruction

The STP instruction disables the ¢2 clock to all circuitry. When disabled,
the ¢2 clock is held in the high state. In this case, the Data Bus will
remain in the data transfer state and the Bank address will not be multi-
plexed onto the Data Bus. Upon executing the STP instruction, the RES
signal is the only input which can restart the processor. The processor
is restarted by enabling the ¢2 clock, which occurs on the falling edge
of the RES input. Note that the external oscillator must be stable and
operating properly before RES goes high.

Tranfers from 8-Bit to 16-Bit, or 16-Bit to 8-Bit Registers

All transfers from one register to another will result in a full 16-bit out-
put from the source register. The destination register size will determine
the number of bits actually stored in the destination register and the
values stored in the processor Status Register. The following are always
16-bit transfers, regardless of the accumulator size:

TCS; TSC; TCD; TDC

Stack Transfers

When in the Emulation mode, a 01 is forced into SH. In this case, the B
Accumulator will not be loaded into SH during a TCS instruction. When
in the Native mode, the B Accumulator is transferred to SH. Note that in
both the Emulation and Native modes, the full 16 bits of the Stack
Register are transferred to the Accumulator, regardless of the state of
the M bit in the Status Register.
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Interrupt Processing Sequence

The interrupt processing sequence is initiated as the direct result of hard-
ware Abort, Interrupt Request, Non-Maskable Interrupt, or Reset inputs.

Hardware Interrupt—ABORT, iRQ, NMI, RES Inputs

The interrupt sequence can also be initiated as a result of the Break or
Co-Processor instructions within the software. The following listings
describe the function of each cycle in the interrupt processing sequence:

Cycle No. _ .
E=0 E=1 Address Data R/W SYNC | VDA | VPA vP Description
1 1 PC X 1 1 1 1 1 Internal Operation
2 2 PC X 1 0 0 0 1 Internal Operation
3 1] S PB 0 0 1 0 1 Write PB to Stack, S-1— S
4 3 S PCH [2] 0 (3] 0 1 0 1 Write PCH to Stack, S-1—~ S
5 4 5 PCL [2] 0[3] 0 1 0 1 Write PCL to Stack, S-1— S
6 5 s P (4] 01[3) 0 1 0 1 Write P to Stack, S-1— S
7 6 VL (VL) 1 0 1 0 0 Read Vector Low Byte, 0 - Pp,1 —~ P1,00 — PB
8 7 VH (VH) 1 0 1 0 0 Read Vector High Byte
Software Interrupt—BRK, COP Instructions
Cycle No. _ -
E=0 E=1 Address Data R/W SYNC | VDA | VPA vP Description
1 1 PC-2 X 1 1 1 1 1 Opcode
2 2 PC-1 X 1 0 0 1 1 Signature
3 1] S PB 0 0 1 0 1 Write PB to Stack, S-1— S
4 3 S PCH 0 0 1 0 1 Write PCH to Stack, S-1 — S
5 4 S PCL 0 0 1 0 1 Write PCL to Stack, S-1—§
6 5 S P 0 0 1 0 1 Write P to Stack, S-1— S
7 6 VL (VL) 1 0 1 0 0 Read Vector Low Byte, 0— Pp, 1 — P,,00— PB
8 7 VH (VH) 1 0 1 0 0 Read Vector High Byte
Notes:
[1] Delete this cycle in Emulation mode.
[2] Abort writes address of aborted opcode.
[3] R/W remains in the high state during Reset.
[4] In Emulation mode, bit 4 written to stack is changed to 0.
Table 3. Vector Locations
Emulation Native Priority
Name Source (E=1) (E=0) Level
ABORT Hardware OOFFF8,9 O0OFFE8,9 2
BRK Software OOFFFE,F O00FFES6,7 N/A
copP Software 00FFF4,5 00FFE4,5 N/A
IRQ Hardware OOFFFE,F O0OFFEE,F 4
NMI Hardware 00FFFA,B 00FFEA,B 3
ES Hardware O00FFFC,D 00FFFC,D 1
(1—-E)
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ADC
AND
ASL
BCC*
BCS*
BEQ
BIT
BMI
BNE
BPL
BRA
BRK
BRL
BVC
BVS
CLC
CLD
CcLI
cLv
CMP*
CcoP
CPX
CPY
DEC*
DEX
DEY
EOR
INC*
INX
INY
JML*
JMP
JsL**
JSR
LDA
LDX
LDOY
LSR
MVN
MVP
NOP
ORA
PEA

PEI
PER

Table 4. G65SC802 and G65SC816 Instruction Set—Alphabetical Sequence

Add Memory to Accumulator with Carry
“AND” Memory with Accumulator

Shift One Bit Left, Memory or Accumulator
Branch on Carry Clear (Pc = 0)

Branch on Carry Set (Pc = 1)

Branch if Equal (Pz = 1)

Bit Test

Branch if Result Minus (PN = 1)

Branch if Not Equal (Pz = 0)

Branch if Result Plus (PN = 0)

Branch Always

Force Break

Branch Always Long

Branch on Overflow Clear (Pv = 0)

Branch on Overfiow Set (Pv = 1)

Clear Carry Flag

Clear Decimal Mode

Clear Interrupt Disable Bit

Clear Overflow Flag

Compare Memory and Accumulator
Coprocessor

Compare Memory and Index X

Compare Memory and Index Y

Decrement Memory or Accumulator by One
Decrement Index X by One

Decrement Index Y by One

“Exclusive OR" Memory with Accumulator
Increment Memory or Accumulator by One
Increment Index X by One

Increment Index Y by One

Jump Long

Jump to New Location

Jump Subroutine Long

Jump to New Location Saving Return Address
Load Accumulator with Memory

Load Index X with Memory

Load Index Y with Memory

Shift One Bit Right (Memory or Accumulator)
Block Move Negative

Block Move Positive

No Operation

“OR"” Memory with Accumulator

Push Effective Absolute Address on Stack (or Push Immediate
Data on Stack)

Push Effective Indirect Address on Stack (add one cycle
if DL # 0)

Push Effective Program Counter Relative Address on Stack

.« M ic Al
Mnemonic Alias
BCC BLT
BCS BGE
CMP CPA
DEC A DEA
INC A INA
TCD TAD
TCS TAS
TDC TDA
TSC TSA
XBA SWA

PHA
PHB
PHD
PHK
PHP
PHX
PHY
PLA
PLB
PLD
PLP
PLX
PLY
REP
ROL
ROR
RTI
RTL
RTS
SBC
SEC
SED
SEI
SEP
STA
STP
STX
STY
STZ
TAX
TAY
TCD*
TCS*
TDC*
TRB
TSB
TSC*
TSX
TXA
TXS
TXY
TYA
TYX
WAI
XBA*
XCE

Push Accumulator on Stack

Push Data Bank Register on Stack

Push Direct Register on Stack

Push Program Bank Register on Stack

Push Processor Status on Stack

Push Index X on Stack

Push Index Y on Stack

Pull Accumulator from Stack

Pull Data Bank Register from Stack

Pull Direct Register from Stack

Pull Processor Status from Stack

Pull Index X from Stack

Pull Index Y form Stack

Reset Status Bits

Rotate One Bit Left (Memory or Accumulator)
Rotate One Bit Right (Memory or Accumulator)
Return from Interrupt

Return from Subroutine Long

Return from Subroutine

Subtract Memory from Accumulator with Borrow
Set Carry Flag

Set Decimal Mode

Set Interrupt Disable Status

Set Processor Status Bits

Store Accumulator in Memory

Stop the Clock

Store Index X in Memory

Store Index Y in Memory

Store Zero in Memory

Transfer Accumulator to Index X

Transfer Accumulator to Index Y

Transfer Accumulator to Direct Register
Transfer Accumulator to Stack Pointer Register
Transfer Direct Register to Accumulator

Test and Reset Bit

Test and Set Bit

Transfer Stack Pointer Register to Accumulator
Transfer Stack Pointer Register to Index X
Transfer Index X to Accumulator

Transfer Index X to Stack Pointer Register
Transfer Index X to Index Y

Transfer Index Y to Accumulator

Transfer Index Y to Index X

Wait for Interrupt

Exchange AH and AL

Exchange Carry and Emulation Bits

**JSL should be recognized as equivalent to JSR
when it is specified with long absolute addresses.

JML is equivalent to JMP with long addressing forced.
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Table 5. Arithmetic and Logical Instructions
Addressing Mode

OPERATION g
E=10r E=0 3 | = - » > g
MNE- E=0and and E 3lelzlzlslE|S|slS sl s|3]2|2]el® STATUS u
MONIC | M/X|  M/Xx=1 wxo |E|§|5|5|5|s|8|8|3|2|E|5|8|8|E|2|S|nvmxDizc| 3
ADC Pm |AL+B+Pc—~AL| A+W+Pc—A | 69 65| 75 72|61 |71 |67 |77 |6D | 7D |79 | 6F | 7F | 63| 73|N V . Z C|ADC
AND Pm |ALAB ~AL | AAW —~A 29 25| 35 32|21 |31 )27 |37 )|2D|3D|39|2F [3F|23|33|N . . Z .|AND
ASL (2) | Pm |Pc—B-0 Pc—-W-0 OA | 06 [ 16 OE | 1E N . . . Z C|AsL
BIT (1) | Pm [ALAB AAW 89 24 | 34 2C | 3c NV . . Z . |8IT
CMP Pm |AL-B A-W c9 Cc5| D5 D2|C1|D1|cC7|D7|CD|DD|D9|CF|DF|C3|D3|N . . Zc|cmp
CPX Px |XL-B X-W EO E4 EC N . . Z C|CPX
CPY Px |YL-B Y-w co ca cc N . . Z c|cPY
DEC (2) | Pm |B-1-B W-1-W 3A | C6 | D6 CE | DE N . . Z .|DEC
EOR Pm | ALVB—-AL AVW—A 49 45| 55 52 |41 |51 |47 [ 57 | 4D [5D | 59 | 4F | 5F | 43 | 53|N . . Z .|EOR
INC (2) | Pm|B+1-B WH1—W 1A | E6 | F6 EE | FE N . . Z .|INC
LDA Pm |B—AL W-A A9 A5 | BS B2 | A1 | B1 | A7 | B7 | AD |BD | B9 | AF [ BF [ A3|B3|N . . Z .|LDA
LDX Px | B—~XL W—X A2 A6 B6 AE BE N . . Z .|LDX
Loy Px |B-YL W-Y A0 A4 | B4 AC |BC N . . Z .|LoY
LSR (2) | Pm |0—~B—~Pc 0—-W—Pc 4A | 46 | 56 4E | 5E 0. . Z C|LSR
ORA Pm | ALVB-AL | AVW—-A 09 05| 15 12|01 |11 |07 ] 17 |0D|1D |19 [OF [1F |03 |13|N . . Z .|ORA
ROL (2) | Pm |Pc—B—Pc PC—W--Pc 2A | 26 | 36 2E | 3E N . . Z C|ROL
ROR (2)| Pm [PC~B=Pc | Pc~W—Pc 6A | 66 | 76 6E | 7E N .. . Z C|ROR
SBC Pm | AL-B-Pc—~AL| A-W-Pc—A | E9 ES | F5 F2 |E1 | F1 | E7 [ F7 |ED [FD|F9 |EF |FF|E3|{F3INV . . . . Z C|SBC
STA(7) | Pm |AL—-B A-W 85| 95 92|81 |91 |87 |97 (8D |9D |99 |8F [OF |83f93|. . . . . . . .|STA
STX Px [XL—-B X—-W 86 96 8E T K12
STY Px | YL-B Y—-W 84 | 94 8C A K144
STZ(7) | Pm|0-B 0w 64 | 74 9C | 9E R -1 14
TRB (8) | Pm | ALAB—B ANW-W 14 1C . Z .|TRB
TSB (8) | Pm | ALVB—B AVW-W 04 oc . Z .|TsB
| “— add one cycle if DL # 0 — |
Emulation (E=1) or cycles 2| 2| 3| 4fla|5|6|5@)| 6|6 a]a@fsa@)|5(|[5] 4
Native (E=0) Mode,
8 bit (M/X=1) bytes 2|l 122|222l 2|2|2|3|3|3[4|4]2]2
Native Mode (E=0), cycles 3| 2| a4|5s5|s|e]7|6|7]|7|5|5]|5|6|5|5]|8
16 bit (M/X=0) bytes | 3| 1] 2] 2] 2 22223 a|a|afa]2]2
v logical OR B byte per effective address
A logical AND w word per effective address
¥ logical exclusive OR r relative offset
+ arithmetic addition A Accumulator, AL low half of Accumulator
- arithmetic subtraction X Index Register, XL low half of X register
#  notequal Y Index Register, YL low half of Y register
« . status bit not affected Pc carry bit
M/X  effective mode bit in Status Register (Pm or Px)
Ws word per stack pointer
Bs byte per stack pointer
Notes:

1. BITinstruction does not affect N and V flags when using immediate addressing mode. When using other addressing modes, the Nand V flags
are respectively set to bits 7 and 6 or 15 and 14 of the addressed memory depending on mode (byte or word).

2. For all Read/Modify/Write instruction addressing modes except accumulator—
Add 2 cycles for E=1 or E=0 and Pm=1 (8-bit mode).
Add 3 cycles for E=0 and Pm=0 (16-bit mode).

3. Add one cycle when indexing across page boundary and E=1 except for STA and STZ instructions.

4. If E=1then 1—SH and XL—SL. If E=0 then X—S regardless of Pm or Px.

5. Exchanges the carry (Pc) and E bits. Whenever the E bit is set the following registers and status bits are locked into the indicated state:
XH=0, YH=0, SH=1, Pm=1, Px=1.

6. Add 1 cycle if branch is taken. In Emulation (E=1) mode only—add 1 cycle if the branch is taken and crosses a page boundary.

7. Add 1 cycle in Emulation mode (E=1) for (dir),y; abs,x; and abs,y addressing modes.

8. With TSB and TRB instruction, the Z flag is set or cleared by the result of AAB or AAW.
For all Read/Modify/Write instruction addressing modes except accumulator—
Add 2 cycles for E=1 or E=0 and Pm=1 (8-bit mode).
Add 3 cycles for E=0 and Pm=0 (16-bit mode).
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Table 6. Branch, Transfer, Push, Pull, and Implied Addressing Mode Instructions

Operation Operation Status

Mnemonic | Bytes | M/X | Cycles 8 Bit Cycles 16 Bit Implied | Stack | Relative NVM X D | Z C| Mnemonic
BCC (6) 2 - 2 PC+r—PC 2 PC+r—-PC 90 e BCC
BCS (6) 2 — 2 PC+r—PC 2 PC+r—PC BO P BCS
BEQ (6) 2 — 2 PC+r—-PC 2 PC+r—-PC FO e BEQ
BMI (6) 2 — 2 PC+r—PC 2 PC+r—PC 30 J BMI

BNE (6) 2 — 2 PC+r—-PC 2 PC+r—PC Do e BNE
BPL (6) 2 — 2 PC+r—PC 2 PC+r—PC 10 e BPL

BRA (6) 2 — 2 PC+r—-PC 2 PC+—PC 80 L BRA
BVC (6) 2 — 2 PC+r—PC 2 PC+r—PC 50 L BvVC
BVS (6) 2 — 2 PC+r—PC 2 PC+r—PC 70 e BvVS
CcLC 1 — 2 0—Pc 2 0—Pc 18 ... ... 0 CcLC
CLD 1 — 2 0—Pd 2 0—Pd o] T« CLD
cul 1 — 2 0—Pi 2 0—-Pi 58 R CLl

CLv 1 — 2 0—Pv 2 0—Pv B8 R CLv

DEX 1 Px 2 XL-1-XL 2 X-1-X CA N . 4 DEX
DEY 1 Px 2 YL-1-YL 2 Y-1-Y 88 N.....Z. DEY
INX 1 Px 2 XL+1—-XL 2 X+1—-X E8 N. . . ..2Z. INX

INY 1 Px 2 YL+1—-YL 2 Y+1-Y cs N.....2Z. INY

NOP 1 — 2 no operation 2 no operation EA L NOP
PEA 3 — 5 W-Ws, §-2—-S 5 same F4 e PEA
PEI 2 - 6 W-Ws, §-2—-S 6 same (2 2 R PEI

PER 3 - 6 W-Ws, §-2—-8 6 same 62 e PER
PHA 1 Pm 3 AL—Bs, S-1-S 4 A—Ws, S-2—S 48 e PHA
PHB 1 — 3 DB—Bs, S-1—-S| 3 same 8B e PHB
PHD 1 - 4 D—Ws, $-2—-S 4 same* oB |  |..... R PHD
PHK 1 - 3 PB—Bs, S-1—-S 3 same 48 e . PHK
PHP 1 — 3 P—Bs, S-1—-S 3 same 08 e PHP
PHX 1 Px 3 XL—Bs, S-1—-S 4 X—Ws, §-2—-§ DA | | .. R PHX
PHY 1 Px 3 YL—Bs, S-1—-§ 4 Y—Ws, §-2—-S 5A e PHY
PLA 1 Pm 4 S+1-—8§, Bs—AL 5 §+2—8, Ws—A 68 N z PLA
PLB 1 — 4 S+1—-S,Bs—DB| 4 same AB N . Z. PLB
PLD 1 — 5 S$+2-8, Ws—D 5 same 2B N. ... .Z. PLD
PLP 1 — 4 S+1—8§, Bs—P 4 same 28 NVMXD I ZC PLP

PLX 1 Px 4 S+1—8, Bs—XL 5 S+2—-8§, Ws—X FA N 4 PLX

PLY 1 Px 4 S+1—8§, Bs—YL 5 S§+2—8, Ws—Y 7A N.....Z. PLY

SEC 1 - 2 1—-Pc 2 1-Pc 38 R | SEC
SED 1 — 2 1—-Pd 2 1-Pd F8 R SED
SE! 1 — 2 1-Pi 2 1-Pi 78 B R SEI

TAX 1 Px 2 AL—-XL 2 A-X AA N.....2Z TAX
TAY 1 Px 2 AL-YL 2 A-Y A8 N . z TAY
TCD 1 - 2 A-D 2 A-D 58 N.....2Z. TCD
TCS 1 — 2 A-S 2 A-S 1B e TCS
TDC 1 — 2 D—-A 2 D—-A 78 N . . Y4 TDC
TSC 1 — 2 S—A 2 S—A 38 N . z TSC
TSX 1 Px 2 SL—XL 2 S—X BA N . z TSX
TXA 1 Pm 2 XL—-AL 2 X—=A 8A N . z TXA
XS 1 - 2 see note 4 2 X-S 9A . TXS
TXY 1 Px 2 XL—-YL 2 X-Y 98 N . z TXY
TYA 1 Pm 2 YL—~AL 2 Y—-A 98 N . Y4 TYA
TYX 1 Px 2 YL—-XL 2 Y-X BB N.....Z. TYX
XCE 1 - 2 see note 5 2 see note 5 FB .o ... .. C XCE

See Notes on page 13.
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Table 7. Other Addressing Mode Instructions

Op Status
Mnemonic Addressing Mode Code|Cycles |Bytes) NVM X D | Z C| Mnemonic Function

BRK stack 00 | 7/8 2 oo .01 L BRK See discussion in Interrupt Processing
Sequence section.

BRL relative long 82 |3 3 1. BRL PC+r—PC where -32768<r<32767.

cop stack 02 | 7/8 2 .01 L. COP See discussion in Interrupt Processing
Sequence section.

JML absolute indirect DC |6 3 JML W-PC, B-PB

JMP absolute 4C | 3 3 JMP W-PC

JMP absolute indirect 6C | 5 3 JMP W-PC

JMP absolute indexed indirect| 7C | 6 3 JMP W-PC

JMP absolute long 5C | 4 4 JMP W-PC, B—~PB

JSL absolute long 2 |8 4 JSL PB—Bs, S-1—§, PC—Ws, §-2—S, W—PC,
B—-PB

JSR absolute 20 |6 3 JSR PC—~Ws, §-2—S, W—PC

JSR absolute indexed indirecf FC | 6 3 JSR PC—Ws, S-2—-S, W—PC

MVN block 54 | 7/byte | 3 MVN See discussion in Addressing Mode
section

MVP block 44 | 7/byte | 3 e e e MVP _

REP immediate c2 |3 2 INVMXDI ZC REP PAB—P

RTI stack 40 | 6/7 1 [NVMXDIZC RTI S§+1-8, Bs—P, S+2—S, Ws—PC, if E=0
then S+1—S, Bs—PB

RTL stack 6B | 6 1 RTL S+2—8§, Ws+1—-PC, S+1—8§, Bs—PB

RTS stack 60 | 6 1 e RTS S+2—8, Ws+1—-PC

SEP immediate E2 |3 2 I[INVMXDI12ZC SEP PVB—-P

STP implied DB | 3+ 1 e e STP Stop the clock. Requires reset to
continue.

WAI implied CcB |3+ 1 WAI Wait for interrupt. RDY held low until
interrupt.

XBA implied EB | 3 1 N.....Z. XBA Swap AH and AL. Status bits reflect
final condition of AL.

See Notes on page 13.

1-98



Microcircuits G65SC802/816

Table 8. Opcode Matrix

L] M
S S
D LSD D
[} 1 2 3 4 5 6 7 8 9 A B8 c D E F
0 BRKs| ORA(dx)] COPs | ORAds | TSBd | ORAd| ASLd | ORA[d] | PHPs| ORA# |ASLA|PHDs| TSBa ORAa | ASLa | ORAal 0
2 8 2 6 2 8 2 4 25 23 25 2 6 13 22 |1 211 4 3 6 3 4 3 6 4 5
1 BPL r | ORA (d),y | ORA (d) |JORA (d:s).y| TRBd |ORAd.x|ASLdx| ORA[d)y| CLCi |ORAay|INCA|TCSi| TRBa | ORAax |ASL a,x |ORA al,x 1
2 2 25 2 5 27 25 2 4 2 6 2 6 12 34 |'1 2|12 3 6 3 4 37 4 5
2 JSRa|AND (dx) | JSLal | ANDd.s BITd |ANDd | ROLd | AND[d] | PLPs | AND # |ROLA|PLDs| BITa ANDa | ROLa | ANDal 2
3 6 2 6 4 8 2 4 2 3 2 3 25 2 6 1 4 22 |1 2|t 5 3 4 3 4 3 6 4 5
3 BMi r | AND (d).y | AND (d) JAND (d.s).y| BIT d.x |AND d,x|ROL d,x| AND [d].y | SECi |AND a,y [DEC A|TSCi | BIT a,x | AND a,x |ROL a,x |JAND al,x 3
2 2 2 5 25 27 2 4 2 4 2 6 2 6 12 3 4 11 2112 3 4 3 4 37 4 5
4 RTIs | EOR (d.x) | reserve | EORd,s |MVPxya| EORd | LSRd EOR|[d]) | PHAs| EOR# |LSRA|IPHKS| JMPa EORa | LSRa | EORal 4
17 2 6 2 2 2 4 37 23 2 5 2 6 13 22 |12(13 33 3 4 3 6 4 5
s BVC r | EOR (d).y | EOR (d) | EOR (d,s).y| MVN xya|EOR d.x| LSRd,x| EOR [d}.y | CLIi |EORay|PHYs|TCDi| JMPal | EORax |LSR a,x |EOR al,x s
2 2 2 5 2 5 27 37 2 4 2 6 2 6 12 34 (13|12 4 4 3 4 37 4 5
6 RTSs | ADC(dx)| PERs | ADCd,s STZd | ADCd| RORd| ADC([d) | PLAs | ADC# |RORA|{RTLs| JMP(a) | ADCa | RORa | ADCal 6
16 2 6 3 6 2 4 2 3 2 3 25 2 6 1 4 22 (12116 35 3 4 3 6 4 5
7 BVS r | ADC (d).y | ADC (d) |ADC (d.s).y| STZ d.x |ADC d.x{ROR d.x} ADC [d).y| SEli |ADCay}PLYs|TDCi|JMP (ax)] ADC a,x |ROR a,x|ADC al,x 7
2 2 25 2 5 27 2 4 2 4 2 6 2 6 12 34 |1 4112 3 6 3 4 37 4 5
8 BRAr| STA(dx) | BRL STAds STyd | STAd | STXd STA[d] | DEYi| BIT# | TXAi|PHBs| STYa STAa | STXa | STAal 8
2 2 2 6 3 3 2 4 2 3 2 3 23 2 6 12 2 2112113 3 4 3 4 3 4 4 5
9 BCCr| STA(d).y | STA (d) | STA (d;s).y| STYd,x |STAdx|STX d,y| STA[dl.y | TYAi |STAay | TXSi|TXYi| STZa | STAax [STZax|STAalx 9
2 2 2 6 25 27 2 4 2 4 2 4 2 6 12 35 (12|12 3 4 3 5 35 4 5
A LDY#| LDA(dx) | LDOX# | LDAds LDYd | LDAd | LDXd LOA(d] | TAYi | LDA# | TAXi|PLBs| LDYa LDAa | LDXa | LDAal A
2 2 2 6 2 2 2 4 2 3 2 3 23 2 6 12 22 |1 21 4 3 4 3 4 3 4 4 5
B BCSr | LDA (d).y | LDA (d) | LDA (d.s).y| LDY d.x |LDAd.x{LDXd,y| LDA[d),y| CLVi {LDAay| TSXi] TYXi}| LDYax | LDAax |LDX ay |LDA alx B
2 2 25 25 27 2 4 2 4 2 4 2 6 12 34 |1 2] 2 3 4 3 4 3 4 4 5
c CPY#|CMP (dx)| REP# | CMPds CPYd |CMPd| DECd| CMP[d]) | INYi | CMP# | DEXi|WAIi| CPYa CMPa | DECa | CMPal c
2 2 2 6 2 3 2 4 2 3 2 3 25 2 6 12 2 2 |1 2|13 3 4 3 4 3 6 4 5
D BNE r | CMP (d),y | CMP (d)|CMP (d,s).y] PEls |CMP d,x|DEC d,x| CMP [d].,y| CLDi |[CMP a,y| PHXs| STPi | JML (a) | CMP a,x |DEC a,x |CMP al,x D
22 2 5 25 27 2 6 2 4 2 6 2 6 12 34 |1 3]13 3 6 34°137 4 5
E CPX#]SBC(dx)| SEP# | SBCds CPXd | SBCd | INCd SBC[d] | INXi | SBC# |NOPi}XBAi| CPXa SBCa | INCa | SBCal E
2 2 2 6 23 2 4 23 23 25 2 6 12 22 12|13 3 4 3 4 3 6 4 5
F BEQ | SBC (d),y | SBC (d)|SBC (d.s).y] PEAs [SBCd.x|INCd,x| SBC[d)y| SEDi |SBCa,y|PLXs|XCEi|JSR (ax)| SBC ax |INCa,x |SBC al,x F
2 2 2 5 2 5 27 3 5 2 4 2 6 2 6 12 34 |1 412 3 6 3 4 37 4 5
0 1 2 3 4 5 6 7 8 9 A B [ 2] E F
ymbol " ing mode ymbol ddressing mode
# immediate {d] direct indirect long
A accumulator [dly direct indirect indexed long
r program counter relative a absolute
[ program counter relative long ax absolute indexed (with x)
i implied ay absolute indexed (with y)
s stack al absolute long
d direct al,x absolute indexed long
d,x direct indexed (with x) ds stack relative
dy direct indexed (with y) (d.s)y stack relative indirect indexed
(d) direct indirect (a) absolute indirect
(d.x) direct indexed indirect (a.x) absolute indexed indirect
(d).y direct indirect indexed xya block move
legend
instruction addressing
mnemonic mode

base number of | base number of
bytes cycles
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Microcircuits 'G65SC802/816

Table 9. Detailed Instruction Operation

ADDRESS MODE CYCLE VP, ML, VDA,VPA ADDRESS BUS DATABUS R/W ADDRESS MODE CYCLE VP, ML, VDA,VPA ADDRESS BUS DATABUS R/W
1. Immediate—# 1. 1 1 1 1 PBRPC Op Code 1 7. Direct Indirect Indexed—(d).y 1. 1 1 1 1 PBRPC Op Code 1
(LOY.CPY.CPX,LDX,0RA, 2 1 1 0 1 PBRPCH oL 1 (ORA,AND,EOR.ADC, 2 1 1 0 1 PBRPC+ 0o 1
ANDEORADCBITLDA, (1(8) 2a 1 1 0 1 PBRPC+2 1DH 1 STA.LDA.CMP.SBC) 2 2 1+ 1 0 0 PBRPCH 10 1
CMP,SBC REP,SEP) (8 Op Codes) 3. 1 1 1 0 0D+DO AAL 1
(14 Op Codes) (2 bytes) 4 11 1 0 0D+00" AAH 1
(2 and 3 bytes) (5.6.7 and 8 cycles) (4) 4a. 1 1 0 0 DBRAAHAAL+YLIO 1
(2 and 3 cycles) 5. 11 1 0 DBRAA+Y Datalow  1/0
2a. Absolute—a 1 11 1 1 PBRPC Op Code 1 (h Sa. 1 1 1 0 DBRAAsY+1  DataHigh 1/0
(BITSTY,STZ,LDY, 2 1 1 0 1 PBRPCs AAL 1 8. Direct Indirect 1. 11 1 1 PBRPC Op Code 1
CPY.CPX,STX,LOX. 3. 1 1 0 1 PBRPC2 AAH 1 Indexed Long—{d].y 2 1 1 0 1 PBRPCH 00 1
ORAAND,EOR,ADC, 4 1 1 1 0 DBRAA Datalow  1/0 (ORA AND,EOR,ADC, 2 2 1 1 0 0 PBRPC+ 10 1
STA.LDA.CMP.SBC) (1) 42 1 1 1 0 DBRAA+ DataHigh  1/0 STA.LDA.CMP.SBC) 3 1 1 1 0 0000 AAL 1
(16 Op Codes) (8 Op Codes) 4 1 1 1 0 0D+DO+ AAH 1
(3 bytes) (2 bytes) 5. 11 1 0 0D+DO+2 AAB 1
{4 and 5 cycles) (6.7 and 8 cycles) 6. 1 1 1 0 AABAA+Y Data Low 10
2b. Absolute (R-M-W)—a . 1 1 1 1 PBRPC Op Code 1 () 6a 1 1 1 0 AABAA++1  DataHigh 1/0
2 1 1 0 1 PBRPCH AAL 1 9. Direct Indexed Indirect—(d,x) 1. 1 1 1 1 PBRPC Op Code 1
(ASL,ROL,LSR,ROR 3. 1 1 0 1 PBRPC2 AAH 1 (ORA,AND,EOR,ADC, 2 1 1 0 1 PBRPCH 00 1
DEC,INC.TSB,TRB) 4. 1.0 1 0 DBRAA Data Low 1 STA,LDA.CMP.SBC) (2 2 1 1 0 0 PBRPC+ 10 1
(8 Op Codes) (1) 4a. 1 0 1 0 DBRAA# DataHigh 1 (8 Op Codes) 3, 11 0 0 PBRPCH 10 1
(3 bytes) @) s. 1 0 0 0 DBRAA 10 1 (2 bytes) 4 1 1 1 0 0D+DO+X AAL 1
(6 and 8 cycles) (1) 6a. 1 0 1 0 DBRAA+ Data High L] (6.7 and 8 cycles) 5. 1 1 1 0 0D+DO+X+1  AAH 1
6. 1 0 1 0 DBRAA Datalow 0 6. 1 1 1 0 DBRAA Datalow 10
2¢. Absolute (JUMP)—a 1 11 1 1 PBRPC Op Code 1 () 6a. 1 1 1 0 DBRAAH Data High  1/0
{umP)(aC) 2. 1 1 0 1 PBRPC+l NEW PCL 1 10a. Direct,X—d,x 1. 1 1 1 1 PBRPC Op Code 1
(1 Op Code) 3. 1 1 0 1 PBRPC+2 NEWPCH 1 (BIT.STZSTY,LOY, 2. 1 1 0 1 PBRPC+ 0o 1
(3 bytes) . 1 1 1 1 PBR NEWPC NewOpCode 1 ORA.AND,EOR.ADC, (2 2 1 1 0 0 PBRPC+ 10 1
(3 cycles) (s‘rzAbLDéo%MP).sam 3, 1 1 0 0 PBRPCH 10 1
2d. Absolute (Jump to 1. 11 1 1 PBRPC Op Code 1 p Codes) 4.1 1 1 0 0D+DO+X DataLow /0
smutin(e)—: 2 1 1 0 1 PBRPCH NEWPOL 1 (2 bytes) () 4. 1 1 1 0 0D+DO+X+1  DataHigh 10
(JSR) 3 1 1 0 1 PBRPCs2 NEWPCH 1 (45 and 8 cycles)
(1 Op Code) 4 1 1 0 0 PBRPC+2 10 1 10b. Direct,X (R-M-W)—d,x 1 11 1 1 PBRPC Op Code 1
(3 bytes) 5 1.1 1 0 08 PCH 0 (ASL,ROL,LSR,ROR, 2 1 1 0 1 PBRPC+ 00 1
(6 cycles) 6 1 1 1 0 081 PCL 0 DEC.INC) 2 2 1 1 0 0 PBRPCH 10 1
(ditferent order from N6502) .1 1 1 1 PBRNEWPC NewOpCode 1 (g hoo Codes) 3 11 0 0 PSA.Pgﬂ 10 1
#3a. Absolute Long—al 1. 11 1 1 PBRP 1 (2 bytes) . 10 1 0 0D+DOX Data Low 1
(ORAAND.EOR ADC 2 11 0 1 P:R.Pgﬂ 2:5 ode 1 (6.7.8and 9 cycles) (M 42 1 0 1 0 0D/DO+X+1  DataHigh 1
STALDA.CMP,SBC) 3 1 1 0 1 PBRPCe2 AAH 1 @ s 1.0 0 0 0DDO+Xs1 1O !
(8 Op Codes) 4 1 1 0 1 PBRPC' AAB 1 () € -1 .0 1 0 0D+DO+X+1  DataHigh 0
(4 bytes) 5. 11 1 0 AABAA Datatow  1/0 6 1.0 1 0 0DDO+X Datalow 0
(5 and 6 cycles) (1) Sa. 11 1 0 AABAAY Data High /0 11. Direct, Y—d.y 1 1 1 1 1 PBRPC Op Code 1
#3b. Absolute Long (JUMP)—al 1 11 1 1 PBR, 1 (STX.LDX) 2 1 1 0 1 PBRPCH oo 1
(IMP) o (UMP) 2 11 0 1 vea.:gﬂ Sé’v?%"ci 1 (2 Op Codes) @ 2. 1 1 0 0 PBAPCH 10 !
(1 0p Code) 3 1 1.0 1 PBRPC+2 NEWPCH 1 (2 bytes) 3 1 1 0 0 PBRPGH 1o 1
(4 bytes) 4 1 1 0 1 PBRPC+3 NEW BR 1 (4,5 and 6 cycles) 4. 1 1 1 0 0D+DO+Y Data Low 10
(4 cycles) 1.1 1 1 1 NEWPBRPC NewOpCode (M 4a 1 1 1 0 0DDO++1  DataHigh 110
1 12a. Absolute,X—a,x 1. 1 1 1 1 PBRPC Op Code 1
(BIT.LDY.STZ, 2 1 1 0 1 PBRPC+ AAL 1
#3c. Absolute Long (Jump to 1 1 1 1 PBRPC 1 ORA.AND,EOR.ADC, 31 1 0 1 PBRPCs2 AAH 1
Subroutine Lgn(gl—:I 2 11 0 1 PBRPCH 32&:3 1 STA.LDA.CMP.SBC) (4 3 1 1 0 0 DBRAAHAAL+XLIO 1
(ISt 3 1 1 0 1 PBAPGe2 NEWPCH 1 (11 Op Codes) 4 1 1 1 0 DBRAAX Datalow  1/0
(1 Op Code) " 11 1 0 08 PBR 0 (3 bytes) (1) 4. 1 1 1 0 DBRAA+X+1 DataHigh 1/0
(4 bytes) 5. 11 0 0 0§ 10 1 (4.5 and 6 cycles)
(7 cycles) 6. 1 1 0 1 PBRPC NEWPBR 1 12b. Absolute,X (R-M-W)—a,x . 1 1 1 1 PBRPC Op Code 1
71 1 1 0 051 PCH [ (ASL,ROL,LSR,ROR, 2 1 1 0 1 PBRPCH AAL 1
& 1 1 1 0 082 PCL 0 DEC.INC) 3 1 1 0 1 PBRPC+ AAH 1
.1 1 1 1 NEWPBRPC NewOpCode 1 (6 Op Codes) 4 1 1 0 0 DBRAAHAAL+XLIO 1
4a. Direct—d .1 1 1 1 PBRPC Code 1 (3 bytes) 5 1.0 1 0 DBRAAX Oatalow 1
(BIT.STZ.STY.LDY. 2 11 0 1 PBRPCH 88 1 (7 and 9 cycles) (;l S5a. 1 0 1 0 DBRAA+Xs1 DataHigh 1
CPY,CPX.STX,LDX. (2 2. 1 1 0 0 PBRPC+ 10 1 =|; ‘7“. 10 0 0 DBRAAX:1 10 1
ORA.AND,EOR,ADC, 3 1 1 1 0 0000 DataLow  1/0 ¥ 1 0 1 0 DBRAAWX:1  DataHigh 0
STA,LDA,CMP.SBC) () 3 1 1 1 0 0D+DO DataHigh /0 © 1 0 1 0 DBRAA«X Datalow 0
(16 Op Codes) #13. Absolute Long,X—al,x 1 1 1 1 1 PBRPC Op Code 1
(2 bytes) (ORA,AND,EOR,ADC, 2 1 1 0 1 PBRPCH AAL 1
(3.4and 5 cycles) STALDA.CMP,SBC) 3, 1 1 0 1 PBRPC+2 AAH 1
4b. Direct (R-M-W)—d 1 11 1 1 PBRPC Op Code 1 (8 Op Codes) 41 1 0 1 PBRPC AAB 1
(ASL.R‘OL.LSR,)ROR 2. 11 0 1 PBRPC+ 08 1 (4 bytes) s. 11 10 AABAAWX Oatatow  1/0
DEC.INC.TSB,TRB) (2 2a. 1 1 0 0 PBRPCe 10 1 (5.and 6 cycles) () %a 1 1 1 0 AABAAX+1 DataHigh 1/0
(8 0p Codes) 3. 1.0 1 0 00+DO Data Low 1 14. Absolute,Y—a,y 1. 1 1 1 1 PBRPC Op Code 1
(2 bytes) () 3 1 0 1 0 00D+DO+ Data High 1 (LDX.ORA,AND,EOR,ADC, 2 1 1 0 1 PBRPCH AAL 1
(56,7 and 8 cycles) (3 4 1 0 0 0 00+DO+ 10 1 STA.LDA.CMP.SBC) 3, 1 1 0 1 PBRPC:2 AAH 1
(1) 58, 1 0 1 0 0D+DO1 DataHigh 0 (9 Op Codes) (4 33 1 1 0 0 DBRAAHAAL+YLIO 1
5., 1 .0 1 0 0DDO Datalow 0 (3 bytes) 4 1 1 1 0 DBRAAsY Datalow  1/0
5. Accumulator—A 1 1 1 1 1 PBRPC Op Code 1 (4.5 and 6 cycles) () 4a. 1 1 1 0 DBRAA+Y+1 DataHigh  1/0
(ASLINC,ROLDEC.LSRROR) 2 1 1 0 0 PBRPCH 10 1 15. Relative—r .1 1 1 1 PBRPC Op Code 1
(6 Op Codes) (BPL,BMI,BVC,BVS,BCC, 2 1 1 0 1 PBRPCH Offset 1
(1 byte) BCS,BNE.BEQ.BRA) (5 2a 1 1 0 0 PBRPC+2 10 1
(2 cycles) (9 Op Codes) 6 26. 1 1 0 0 PBRPC+2+OFF IO 1
6a. Impliea—i 1. 11 1 1 PBRPC Op Code 1 (2 bytes) 1 1 1 1 PBRNewPC NewOpCode 1
(DEY, INY, INX, DEX, NOP, 2 11 0 0 PBRPCH 10 1 (23 and 4 cycles)
XCE, TYA, TAY,TXA, TXS, #16. Relative Long—"1 1. 11 1 1 PBRPC Op Code 1
TAX.TSX,TCS,TSC.TCD, (BAL) 2 1 1 0 1 PBRPCH OftsetLow 1
TDC.TXY.TYX,CLC.SEC. (1 0p Code) 3. 1 1 0 1 PBRPCH2 OffsetHigh 1
CLISEI,CLV.CLD.SED) (3 bytes) a. 1 1 0 0 PBRPC+2 10 1
(25 Op Codes) (4 cycles) 1. 1 1 1 1 PBRNewPC NewOpCode 1
(1byte) 17a. Absolute Indirect —(a) 1 11 1 1 PBRPC Op Code 1
(2cycles) (JMP) 2 1 1 0 1 PBRPCH AAL 1
#eb, Implied—i 1 11 1 1 PBRPC Op Code 1 (1 Op Code) 3, 11 0 1 PBRPC2 AAH 1
(XBA) 2 11 0 0 PBRPCH 10 1 (3 bytes) 4 11 1 0 0AA NEWPCL 1
(10p Code) 3 1 1 0 0 PBRPC+ 10 1 (5 cycles) 5. 11 1 0 0AAM NEWPCH 1
(1byte) 1. 1 1 1 1 PBRNEWPC Op Code 1
(3cycles) #*17b. Absolute Indirect—(a) 1 11 1 1 PBRPC Op Code 1
RDY 2, 1 1 0 1 PBRPCH AAL 1
@ 6c. Wait For Interrupt ML) 3. 1 1 0 1 PBRPC+ AAH 1
(WAI) 1 1 1 1 1 1 PBRPC  OpCode 1 (1 Op Code) 4 11 1 0 0AA NEWPCL 1
(10p Code) @ 2 11 0 0 1 PBRPCs1 10 1 (3 bytes) 5. 111 0 0AAn NEWPCH 1
(1byte) - 3 1 1 0 0 0 PBRPC+st 10 1 (6 cycles) 6. 1 1 1 0 0AA+2 NEW PBR 1
(3cycles) IRQNMIE 1 1 1 1 1 1 PBRPC+! IRQ(BRK) 1 1 1 1t 1 1t NEWPBRPC NewOpCode 1
@ 6d. Stop-The-Clock © 18, Direct indirect —(d) 1. 1 1 1 1 PBRPC Op Code 1
(STP) ) 1.1 1t 1 1 PBRPC  Op Code 1 (ORA,AND,EOR.ADC. 2 11 0 1 PBRPCH 00 1
(10p Code) 2 1 1t 0 0 1 PBRPCst 10 1 STA.LDA.CMP,SBC) (2 22 1 1 0 0 PBRPC+ 10 1
(1byte) RESs1 3. 1 1 0 0 1 PBRPC'1 10 1 (8 Op Codes) 3 1 1 1 0 0000 AAL N
(3cycles) RES=0 1c. 1 1 0 0 1 PBRPC+1 RES(BRK) 1 (2 bytes) 4 1 1 1 0 00+DO0% AAH 1
RES=0 . 1 1 0 0 1 PBAPC*1 RES(BRK) 1 (5.6 and 7 cycles) 5. 1 1 1 0 DBRAA Datatow  1/0
RESs1 1a. 1 1 0 0 1 PBRPCel RES(BRK) 1 () S&. 1 1 1 0 DBRAA+ Datatow 110
See 21a Stack 1.1 1 1 1 1 PBRPC«1 BEGIN 1

(Hardware interrupt)
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Microcircuits G65SC802/816

Table 9. Detailed Instruction Operation (continued)

ADDRESS MODE CYCLE VP, ML, VDA,VPA ADDRESS BUS DATABUS R/W ADDRESS MODE CYCLE VP, ML, VDA,VPA ADDRESS BUS DATA BUS R/W
#*19. Direct Indirect Long —[d] 1. 1 1 1 1 PBRPC Op Code 1 #*23. Stack Relative Indirect 1 1 1 1 1 PBRPC Op Code 1
(ORA,AND,EOR,ADC 2. 1 1 0 1 PBRPC+ 00 1 Indexed —(d,s).y 2. 11 0 1 PBRPCe SO 1
STA,LDA,CMP,SBC) (2 2a 1 1 0 0 PBRPCH 10 1 (ORA,AND.EOR,ADC, 3 1 1 0 0 PBRePCe 10 1
(8 Op Codes) 3 11 1 0 0D+00 AAL 1 STA.LDA.CMP.SBC) 4 1 1 1 0 0S80 AAL 1
(2 bytes) 4 1 1 1 0 0.0+DO+1 AAH 1 (8 Op Codes) 5. 1 1 1 0 0S+SO%1 AAH 1
(6.7 and 8 cycles) 5. 11 1 0 0D+DO%2 AAB 1 (2 bytes) 6. T 1 0 0 0550+ 10 1
6. 11 1 0 AABAA Datalow  1/0 (7and 8 Cycles) 7 1 1 1 0 DBRAA+Y Datatow 10
(1) 68 1 1 1 0 AAB.AA*1 DataHigh  1/0 () 7a. 1 1 1 0 DBRAA'Y+1 DataHigh 10
20a. Absolute Indexed indirect —(a,x) 1 1 1 1 1 PBRPC Op Code 1 *24a. Block Move Positive M 1 1 1 1 PBRPC Op Code 1
(JMP) 2 11 0 1 PBRPC* AAL 1 (forward) —xyc 2 1 1 0 1 PBRPCe DBA 1
(1 0p Code) 3 11 0 1 PBRPC2 AAH 1 (MVP) 3 11 0 1 PBRPCs2 SBA 1
(3 bytes) 4 11 0 0 PBRPC:2 10 1 (1 Op Code) N-2 |4 11 1 0 SBAX Source Data 1
(6 cycles) 5. 11 0 1 PBRAAX NEW PCL 1 (3 bytes) Byte | 5 t 1 1 0 DBAY Dest. Data 0
6. T 1 0 1 PBRAAX*1 NEWPCH 1 (7 cycles) c2|6 1 1 0 0 DBAY 10 1
1 1T 1 1 1 PBRNEWPC NewOpCode 1 x = Source Address L7 1 1 0 0 DBAY 10 1
#*20b. Absolute Indexed Indirect 1 11 1 1 PBRPC Op Code 1 ¥ ¢ Destination ! 1 1 1 PBRPC Op Code !
(Jump to Subroutine Indexed 2 11 0 1 PBRPCH AAL 1 © =Number of Bytes to Move -1 | 2. ' 1 0 1 PBRPCH OBA !
Indirect) —(a.x) 3 111 0 o8 PCH P x.y Decrement 3 1 1 0 1 PBRPCe2 SBA 1
(JSR) s 11 1 0 081 POL 0 MVP is used when the N-1 | 4 1t 1 1 0 SBAX-1 Source Data 1
{1 Op Code) 5 11 0 1 PBRPC:2 AAH 1 destination startaddress Byt | 5. 1 1 1 0 DBAY-1 Dest.Data 0
(3 bytes) 6 1 1 0 0 PBRPC+2 10 1 ishigher (more positive) ~ C=1 | 6. 1 0 0 DBAY-1 10 !
(8 cycles) 7. 11 0 1 PBRAA+X NEW PCL 1 than the source start address.  L7- t 1 0 0 DBAY-1 10 1
8. 11 0 1 PBRAA'Xs1 NEWPCH 1 . 1t 1 1 1 PBRPC Op Code 1
1 1T 1 1 1 PBRNEWPC NewOpCode 1 FFFFFF 2 1 1 0 1 PBRPCH DBA 1
21a. Stack (Hardware 11 1 1 1 PBRPC 10 1 Dest. Start NByte | 3 !t 0 1 PBRPC:2 SBA !
Interrupts) —s @ 2 t 1 0 0 PBRPC 10 1 Last 4 Vo1 0 SBAX-2 Source Data 1
(IRQ.NMI,ABORT RES) @ 3 11 1 0 os PBR ° Source Start c=0|s 11 1 0 DBAY-2 Dest.Data 0
(4 hardware interrupts) (10) 4. 11 1 0 081 PCH 0 |_ Dest. End 2 11 0 0 DBAY-2 o !
(0 bytes) a0 5 11 1 0 ose POL 0 Source End 7 1 1 0 0 DBAY-2 10 1
(7 and 8 cycles) (10)(11) 6. 11 1 0 083 P 0 Lt 1 1 1 1 PBRPC+3 New Op Code 1
7 0 1 1 0 OVA AAVL 1
8. 0 1 1 0 O0VA+ AAVH 1 #24b. Block Move Negative Kl 1 1 1 1 PBRPC Op Code 1
1 11 1 1 0AAV New Op Code 1 (backward) —xyc 2 1 1 0 1 PBRPC+ DBA 1
21b. Stack (Software 1 1 1 1 1 PBRPC Op Code 1 (MVN) N-2 | 3. 1 1 0 1 PBRPC+2 SBA 1
Interrupts) —s @ 2 1 1 0 1 PBRPC+ Signature 1 (1 0p Code) Byte | 4 11 1 0 SBAX Source Data 1
(BRK,COP) @ 3 11 1 0 0S8 PBR 0 (3 bytes) C=2 (s 1 1 1 0 DBAY Dest. Data 0
(2 Op Codes) 4. 11 1 0 081 PCH 0 (7 cycles) 6. 1 1 0 0 DBAY 10 1
(2 bytes) s, 11 1 0 0S-2 PCL [ x = Source Address L7 1 1 0 0 DBAY 10 1
7 and 8 cycles) 6. 11 1 0 0S-3 (COPLatches) P 0 y = Destination -
{ vetes) 7 0 1 1 0 OVA f i:vsz 1 ¢ = Number of Bytes to Move -1 | ! 1 1 1 PBRPC Op Code 1
& 0 1 1 0 OVA AAVH 1 x.y Increment 2 ' 10 1 PBRPCH 0BA !
1 1t 1 1 0AAV New Op Code 1 FFFFFF N-113 1 1 0 1 PBRPC+2 SBA 1
21c. Stack (Return from 1 11 1 1 PBRPC Op Code 1 Source End Byte | 4 !1 1 0 SBAXH Source Data 1
- g p Co c=1 |5 11 1 0 DBAY+l Dest. Data o
Interrupt) —s 2. 1 1 0 0 PBRPC+ 10 1 6 1 1 0 0 DBAY+ 10 1
(RTI) 3 3 1 1 0 0 PBRPC+ 10 1 gesl-E"g' . 7 1 1 0 0 DBAYs 10 1
1 0p Code 4. 11 1 0 081 P 1 ource Star =
11 b;:e) ! 5. 11 1 0 082 New PCL 1 Dest. Start 11t 1 1 PBRPC Op Code 1
(6 and 7 cycles) 6. 11 1 0 0S+3 New PCH 1 NG g L g : sg:'sc" 0BA :
(different order from N6502) (7) 7. 11 1 0 0S4 PBR 1 000000 yte | 3. vt .PC+2 SBA
! 1 1 1 1 PBRNewPC NewOpCode 1 c:0 |4 11 1 0 SBAXe2 Source Data 1
MVN is used when the 5 11 1 0 DBAY+2 Dest.Data 0
21d. Stack (Return from 1 1 1 1 1 PBRPC Op Code 1 destination start address 6 1 1 0 0 DBAY+2 0 1
Subroutine)—s 2 1 1 0 0 PBRPC+ 10 1 is lower (more negative) 7 1 1 0 0 DBAY+2 10 1
(RTS) 3 1 1 0 0 PBRPC+ 10 1 than the source start 1 1 1 1 1 PBRPC+3 New Op Code 1
(1 0p Code) 4. 11 1 0 08+ NewPCL-1 1 address,
(1 byte) 5. 1 1 0 08+2 New PCH 1
(6 cycles) 6 11 0 0 08+ 10 1
1 1 1 1 1 PBRNewPC NewOpCode 1 Notes:
#21e. Stack (Return from 1 11 1 1 PBRPC Op Code 1 (1) Add 1 byte (for immediate only) for M=0 or X=0 (i.e. 16 bit data). add 1 cycle for M=0 or X:0.
Subroutine Long) —s 2 1 1 0 0 PBRPC: 10 1 (2) Add 1 cycle for direct register low (DL) not equal 0
(RTL) 3. 11 0 0 PBRPC 1o ! (3) Special case for aborting instruction. This is the last cycle which may be aborted or the Status,
(10p Code) 4 T 1 o1 0 081 NEWPCL 1 PBR or DBR registers will be updated
(1 byte) 5. 11 1 0 o082 NEWPCH 1 -
(6 cycles) 6. 11 1 0 05+3 NEW PBR 1 (4) Add 1 gycle for indexing across page bouf\danes. or write, or X=0. When X=1 or in the
1 11 1 1 NEWPBRPC NewOpCode 1 emulation mode, this cycle contains invalid addresses.
211, Stack (Push)—s 1 11 1 1 PBRPC Op Code 1 (5) Add 1 cycle if branch s taken
(PHP.PHA PHY,PHX, 2. 1 1 0 0 PBR.,PC+1 10 1 (6) Add 1 cycleif branch is taken across page boundaries in 6502 emulation mode (E - 1)
PHD,PHK,PHB) (1) 3a 11 1 0 08 Register High 0 (7) Subtract 1 cycle for 6502 emulation mode (E=1)
:: bo;:jom) 3 11 1 0 081 Register Low 0 (8) Add 1 cycle for REP.SEP

(3 and 4 cycles) (9) Wait at cycle 2 for 2 cycles after NMT or TRQ active input

21g. Stack (Pull)—s 1 1 1 1 PBR.PC Op Code 1 (10) R/W remains high during Reset.

(PLP.PLA,PLY,PLX.PLD,PLB) 2 1 1 0 0 PBRPCH 10 1 (11) BRK bit 4 equals "0" in Emulation mode.
(Different than N6502) 3 1 1 0 0 PBRPC+ 10 1
(6 Op Codes) 4 11 1 0 0S% Register Low 1 Abbreviations
(1 byte) (1) 4a 11 1 0 082 Register High 1 AAB Absolute Address Bank
(4and § cycles) AAH Absolute Address High

*21h. Stack (Push Effective 1 t 1 1 1 PBRPC Op Code 1 AAL Absolute Address Low
Indirect Address) —s 2 Tt 0 1 PBRPCH 0o 1 AAVH Absolute Address Vector High
(PEN) (2) 2a 1 1 0 0 PBRPC+ 0 1 AAVL Absolute Address Vector Low
(1 Op Code) 3 11 1 0 0000 AAL 1 C Accumulator
(2 bytes) 4. 1 1 1 0 0D+DO+t AAH 1 D Direct Register
(6:and 7 cycles) 5. 1 1 0 0S8 AAH 0 DBA Destination Bank Address

6. t1 1 0 081 AAL 0 DBR Data Bank Register

%211 Stack (Push Effective 1 1 1 1 PBR,PC Op Code 1 DO Direct Offset
Absolute Address) —s 2 11 0 1 PBRPC+ AAL 1 IDH Immediate Data High
(PEA) 3 1 1 0 1 PBRPC+2 AAH 1 IDL Immediate Data Low
(1 Op Code) 4 11 1 0 0S AAH [ 10 Internal Operation
(3 bytes) 5. 11 1 0 0S-1 AAL [ P Status Register
(5 cycles) PBR Program Bank Register

*21). Stack (Push Effective 1 1 1 1 1 PBRPC Op Code 1 PC Program Counter

' Program Counter Relative 2 1 1 0 1 PBRPC+ OffsetLow 1 R-M-W Read-Modify-Write
Address) —s 3 1 1 0 1 PBRPG+2 Offset High 1 S Stack Address
(PER) 4 1 1 0 0 PBRPC+2 10 1 SBA Source Bank Address
(1 0p Code) 5 11 1 0 08 PCH + Offset 0 SO Stack Oftset
e s soanny Xy ncos Rageters
(cycles) et 008 PCL. + Offset 0 * - New G65SC816/802 Addressing Modes
%22 Stack Relative —d,s 1 11 1 1 PBR.PC Op Code 1 © = New G65SC02 Addressing Modes

(ORA.AND.EOR,ADL. 2 1 1 0 1 PBRPC+ SO 1 Blank - NMOS 6502 Addressing Modes
STA,LDA.CMP,SBC) 3 1 1 0 0 PBRPC 10 1
(8 Op Codes) 4 1t 1 1 0 0S+SO Data Low 10
(2 bytes) (1) 4a 11 1 0 0S+SO+1 Data High 1/0

(4and 5 cycles)
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G65SC802/816

Pin Function Table

Pin Description Pin Description
A0-A15 Address Bus NC No Connection
ABORT Abort Input NMI Non-Maskable Interrupt
BE Bus Enable RDY Ready
@2 (IN) Phase 2 In Clock RES Reset
$1(0OUT) Phase 1 Out Clock RIW Read/Write
¢2 (OUT) Phase 2 Out Clock SO Set Overflow
D0-D7 Data Bus (G65SC802) SYNC Synchronize
DO0/BA0-D7/BA7 Data Bus, Multiplexed (G65SC816) VDA Valid Data Address
E Emulation Select VP Vector Pull
IRQ Interrupt Request VPA Valid Program Address
ML Memory Lock Voo Positive Power Supply (+5 Volts)
M/X Mode Select (Pm or Px) Vss Internal Logic Ground
Pin Configuration G65SC802
£ £ 2 —
s 3 .= ” 3 = vss(] 1 40 [IRES
RIEZae s Joag ROY ] 2 39[ 42 (0um)
[ |E s l> > |¢ e'm ° z s1oun ] 3 38156
®©w e o 3298589 iRAC] 4 37 [ p2(IN)
— [ ] 39l e® Nc T s 3s[INC
Nmi 7 _ NI 6 3s[INC
SYNC | 8 38| R/IW sync I 7 W [RW
voo | 9 37| NC®? voo ] 8 33[Joo
A0 | 10 36| DO A0 9 32[Jo1
a1l 11 35| b1 A1 31[p2
NCO |42 24| 02 A2 30[D3
G655C802 A2 204
A2113 33| D3 A 2805
A3 | 14 32| D4 AS 14 27706
As |15 31| os A6 15 26[Jo7
As |16 30| pe ATT16 25A15
A8 (17 FZ] am PNY
o A 2907 A9[]18 23MA13
222888 IQERSR at0 19 21A12
~ N O rs s N0 T WV A1 J20 21 Vss
122835, 8583% -
H
[ -
& ... Z G65SC816
o xS — —_
ilgﬁ‘&l‘;g&‘g:%&' e ) 40 [IREs
= = ROY(] 2 39 1vDA
/""""“".399"3 ABORT] 3 38w
— RQC] 4 7T 92(IN)
CTTH B4 39 E_ W s s ee
VPA| 8 38 l\\/w(2 Wi 6 e
voo | o a7 |NCc @ veal 7 H[IRW
A0 | 10 36 | DO/BAD voo( & 337 po/BAO
At |11 35 | D1/BA1 Ao 9 32[JovBA1
Ne™ 142 G65SC816 34 | p2/BA2 A1 10 31)D2/BA2
A2 30 [ D3/BA3
A2 {13 33 | D3/BA3 A3 12 207 parBAs
A3 |14 32 | Da/BASG As]13 28[ ) D5/BAS
A4 |15 31 | D5/BAS ASC 14 271 pe/BAG
as |16 30 | D6/BAG A6 (15 26 [ D7/BAT
as |17 29 |o7/BAT ATH1e BEALs
P2RINRIBLRE AsC17 24 A14
A9 18 23 A13
~ 22 rc N oxe Al0C]19 22
“g%28cz g2 — [ A12
«<gFeaxa AN 20 217 vss
Notes:

1. Future G65SC802/816 PLCC devices will have Vss added to this pin.
2. Future G65SC802/816 PLCC devices will have VDD added to this pin.
3. New signal pins on G65SC802 not available on 40-pin DIP version.
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G65SC802/816

Ordering Information

Description

C—Special G—Standard
Product Identification Number

Package

P—Plastic E—Leaded Chip Carrier
C—Ceramic L—Leadless Chip Carrier
D—Cerdip X—Dice

Temperature/Processing

None— 0°Cto+70°C, 5% P.S. Tol.
|—-40°C to +85°C, £ 5% P.S. Tol.

Performance Designator

Designators selected for speed and power specifications

—2 2MHz —6 6MHz
—4 4MHz —8 8MHz
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GTE

Microcircuits

G65DS-150

Evaluation Board for G65SC150 CTU

Features

Emulates GTE's G65SC150 Communications Terminal Unit (CTU)
Executes full GB5SC150 instruction set

Allows real-time G65SC150 emulation for in-circuit prototype debug-
ging and program development when used with an In-Circuit
Emulation system.

Can be configured for stand-alone, full capability CTU emulation in
designer’s prototype system

2K x 8 EPROM or RAM for use during program development
(RAM supplied)

Crystal oscillator (3 to 16 MHz) for driving CTU clock input (3.58
MHz supplied)

Vectored interrupt logic for vector address translation

General Description

GTE's G65SC150 Communications Terminal Unit (CTU) is a single-chip
microcomputer which incorporates a G65SC00 Series microprocessor,
RAM, ROM and several I/0 functions. When developing a CTU-based
system, the design engineer requires a convenient means for not only
prototype development and debugging, but also software development.
The G65DS-150 Evaluation Board serves this purpose by providing
G65SC150 CTU emulation during the various phases of system and
software development. The Evaluation Board's primary features include:
e G65SC150 CTU
2K x 8 EPROM or RAM
Internal oscillator (3 to 16 MHz)
Vector translation logic
Configuration switches for function selection

(continued on page 2)

10
770
- Y- 68-PIN
TA HEADER
— O RAM AND
ADDRESS ADDRESS
oo BUFFER PROTOTYPE
DATA (TARGET)
SYSTEM
;> G655C150 E
cTU
Lo 42 (OUT
IN-CIRCUIT 2 0um
EMULATOR
)
ADDRESS VECTOR ADDRESS/DATA
= DECODE TRANSLATION
LOGIC 2
SOCKET 16 MHz
(40-PIN) CONFIGURATION
DATA BUS SWITCHES XTAL CLK (IN)
SW2-1,2,3,4,5 osc TocTu
G655C02 VECTOR ADDRESS AND TB2

Figure 1. Evaluation Board Block Diagram
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G65DS-150

e 40-pin socket for connection to an In-Circuit Emulator
* 68-pin grid array header for connection to the prototype system

The G65SC150 CTU replaces the prototype system’'s CTU during the
development and emulation phase. During initial hardware and soft-
ware development, the Evaluation Board is normally used in conjunc-
tion with an In-Circuit Emulator. With the G65SC150 CTU operating in
the peripheral mode, the In-Circuit Emulator serves to replace the
CTU's internal microprocessor, thus allowing full emulation of all
GB5SC150 CTU functions—including its full instruction set. In this
mode, the CTU's internal microprocessor is disabled. This way the
In-Circuit Emulator's debugging and software development capabil-
ities can be used on the designer's CTU-based system.

Furthermore, the on-chip CTU ROM can be disabled during software
development and replaced by a 2K x 8 EPROM or RAM (designer's
choice) on the Evaluation Board. This feature allows the designer's
program to be easily debugged and modified prior to committing the

code to the CTU's mask-programmed ROM. Normally, RAM storage is
used in the memory location during the initial program development.
Once the programis partially debugged, the RAM can be replaced with
the less volatile EPROM for continued evaluation. Both RAM and
EPROM plug into the same socket on the Evaluation Board.

Once the designer’s prototype system and software has been partially
debugged, the In-Circuit Emulator is normally disconnected, the CTU
microprocessor is enabled, and the CTU is switched from the peri-
pheral mode to the CTU mode. In this arrangement, the Evaluation
Board appears as a full-functioning CTU to the designer’s prototype
system. The Evaluation Board’s EPROM will continue to be used until
development is complete and the CTU ROM is masked for final coding.

Functional Configurations

Tables 1 and 2 provide a description of the G65DS-150 Configuration
Switches and the various system configurations available.

Table 1. G65DS-150 Configuration Switches

Switch Name Function Switch Name Function
SW2-1 Off-Board Open—CTU ROM, or on-board EPROM Sw2-4 Oscillator  Open—Prototype system oscillator is used
Memory  or RAM at memory addresses $F800 as CTU clock input at J1, pin 5, CLK (IN).
through $FFFF. Closed—On-board oscillator is used as
Closed—Memory at $F800 through $FFFF CTU clock input, CLK (IN). This signal
is in prototype system. drives J1, Pin 5.
SW2-2  Processor Open—CTU microprocessor is enabled for SW2-5 EPROM  Open—Memory socket at UB7 contains
Select use without In-Circuit Emulator. Or RAM  EPROM or write-protected RAM at addresses
Closed—CTU is in peripheral mode (BE = 0). $F800 through $FFFF.
In-Circuit Emulator microprocessor is in Closed—Memory socket at UB7 contains
use, replacing CTU microprocessor. write-enabled RAM at addresses $F800
SW2:3 CTUROM Open—On-board EPROM or RAM is __ through $FFFF. _
Enable enabled at addresses $F800 through $FFFF. TB82 R/W Select A-B—CTU microprocessor is in use. R/W is
PD1 (EXTR) = 1. Program control of PD1 (Jumper) an output. _
is enabled. B-C—CTU is in peripheral mode. R/W is
Closed—CTU ROM is enabled. PD1 an input.
(EXTR) = 0. Program control of PD1 is
disabled.
Table 2. System Configurations
Configuration SW2-1 SW2-2 SwW2-3 Swa-4 SwW2-5 TB2
Processor
In-Circuit Emulator connected to socket X Closed X X X B-C
UB4. CTU in peripheral mode. ’
Stand-alone CTU emulator mode. CTU X Open X X X A-B
microprocessor is in use. In-Circuit
Emulator disconnected from UB4 socket.
Memory at $F800 Through $FFFF
CTU ROM in use. Open X Closed X X X
On-board EPROM or write-protected Open X Open X Open X
RAM in use.
On-board write-enabled RAM in use. Open X Open X Closed X
Prototype system memory in use. Closed X Open X X X
Clock Source
On-board oscillator in use. X X X Closed X X
Prototype system clock in use (J1, Pin 5). X X X Open X X
Specifications Ordering Information
Input Voltage 5.0 Vdc +5%
Input Current 200 mA Max. Item Part Number
Height 0.6 inches Evaluation Board for G65SC150 (Assembly) G65DS-150
Length 7.0 inches Evaluation Board for G65SC150 (Board Only) G65DS-151
Width 6.0 inches In-Circuit Cable for Use with the G65DS-151 G65DS-152
Weight 0.3 pounds Instruction Guide for G65DS-150 3003-02-00
Operating Temp. 0°C to 50°C
Storage Temp. -40°C to 85°C

Relative Humidity

20 to 80 percent
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Custom/Semicustom

Custom/Semicustom Advantages

A custom integrated circuit solution becomes a major
advantage when system volumes are high, board space
is low, or when standard products are unable to offer a
solution. When deciding on a custom/semicustom cir-
cuit the following advantages should be considered:

Reliability—As the total system size is reduced and
the number of components is decreased, reliability in-
creases. For the user, increased reliability means less
down time, reduced cost and increased productivity.

Lower Cost—Custom/semicustom circuits can re-
place large numbers of components. This results in
reduced inventory cost, less PC board assembly time
and greatly reduced power supply requirements.

Design Features—Many design features which are
not available in standard products can be cost-
effectively designed into custom ICs.

Competitive Edge—Custom/semicustom circuits re-
sult in cost effective products with increased user
value. Furthermore, custom circuits with special
features are difficult to copy! This feature alone is a
major consideration in maintaining a product’'s com-
petitive edge.

Watch Your Custom Designs Come Alive

At GTE Microcircuits, we can make your custom designs
come alive. We have a variety of custom/semicustom

approaches to turn your most sophisticated designs into
reality. Our Application Specific Integrated Circuit
(ASIC) solutions include Gate Arrays, Standard Cells,
Full Custom and CFT™ (Customer Furnished Tooling).

Engineer-To-Engineer

We have found the most effective way to assure the
success of a custom/semicustom design. At GTE
Microcircuits we stress the importance of our engineers
interacting with your engineers. No matter how detailed
the specification, all design considerations cannot be
accounted for. We have found that this type of problem
can best be eliminated through good engineering
communications.

Cooperation

If your custom/semicustom circuit doesn'’t function, we
have failed! To most customers, the decision to go with
a custom/semicustom design is like sailing in uncharted
waters. We at GTE Microcircuits can supply the maps.
We are willing to do as much or as little of the work as
necessary...it's your decision. For example, our engi-
neering staff will do all the work, guide you through the
process, or pick up the effort at any point you desire.
Just let us know so we can provide the services you
need for success.
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Semicustom Design
GTE Gate Arrays

The Large Scale Integrated (LSI) circuit has become the
state-of-the-art solution to highly complex electronic
circuit design requirements. For compact individualized
circuit designs, the custom LS| is the most cost-effective
and reliable approach to high volume production require-
ments. The high cost of initial design and fabrication,
however, makes the custom LS| circuit prohibitive for
the low to moderate volume user.

The solution for the low to moderate volume user is
GTE Gate Array technology; a matrix of uncommitted
P-channel and N-channel transistors that allow the
designer to obtain the economic benefits of volume
manufacturing for relatively small runs while at the same
time incorporating original or proprietary circuit designs.

GTE Gate Array wafers are prefabricated and banked
(stored) at metal, with the user's metal interconnect
pattern (mask) being the final processing step to per-
sonalizing the array. As non-personalized wafers can
be banked in quantity, the user gains the benefits of a
low parts count, reliability of proven technology,
minimum development costs and a fast turnaround.

General Description

GTE Microcircuit’'s family of Gate Arrays are manu-
factured ‘using high-performance CMOS technologies
for higher speed and lower power operation. Inputs and
outputs may be selected from 14 possible configurations.
A growing library of macro cells, ranging from single
2-input gates to counters and static shift registers, are
characterized and available.

GTE is attune to the changing requirements of the gate
array user community and is continuously evolving their
family of products to meet this changing need.

As your Total Resource Company, there are three rea-
sons why GTE Microcircuits has become the industry’s
first choice for Gate Array design, fabrication and
production.

1. Total Capability...From Logic to Devices

The designing and processing of a Gate Array chip is
really quite simple. In fact, just provide us with your logic
diagrams and interface specifications and GTE will do
the rest. We will provide logic simplification or com-
plexity reduction, simulation, timing analysis, intercon-
nect place and route, prototype fabrication and testing,
and final production integrated circuits. With this
approach, you do what you do best and we’ll do the rest.
For minimum involvement, you do the logic and system
design and we’'ll take it from there...reducing your design

to an efficient, low cost and functionally equivalent
integrated circuit.

2. Fully Automated Logic Integration System...
It's a Step Ahead!

Once your logic design has been evaluated and reduced
to macro logic functions, and a test plan developed,
GTE's computerized system performs logic simulation,
testing and pinout compatibility with the Gate Array
macro structure. Your logic design is then ready for logic
element placement and interconnection within the Gate
Array matrix. Although this procedure can be accom-
plished by the customer, it can be performed much more
efficiently by GTE’s Automated Logic Integration System
(ALIS). GTE’s ALIS is a step ahead of the Gate Array
industry. It not only relieves the burdensome job of
manual logic element placement and interconnection,
but also virtually eliminates the possibility of costly
human error. Once the place and route is complete, the
routed array is digitized and pattern generation tapes are
produced for final mask tooling and prototype assembly.

3. Advanced CMOS Gate Array Technology...It'’s the
Way of the Future!

GTE Microcircuits has the leading edge in Advanced
CMOS Gate Array technology. Isolated Complementary
Metal Oxide Semiconductors offers the speed and per-
formance advantages of NMOS with the added benefits
of increased reliability, greater noise immunity, and per-
haps most important, significantly less power consump-
tion. And furthermore, Advanced CMOS Gate Arrays
are TTL/CMOS input/output compatible, and they re-
quire only a single supply voltage (+5V).

N—CHANNEL DEVICE P—CHANNEL DEVICE
POLYSILICON POLYSILICON
INTER! NECT
ALUMINUM GATE Co:ILEIgON ALUMINUM
- CONTACT
CONTACT DIOXIDE

| N—TYPE SUBSTRATE I

CMOS Topology

Technical Description
Features

o CMOS high speed, low power technology
e Gate propagation delay—2.9 nS (2-input NAND)
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Gate Array Design Flow
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4-Input NAND circuit

e CMOS or TTL input configurations

® 4 to 6 week design turnaround

e Wide range of package options

e Specialized support during all phases of gate array
designs

e Low NRE charges

e Above 90% array utilization

The Transistor Array

Each macro function is implemented within a cell or by
grouping multiple cells. Each array is based on a matrix

of uncommitted cells, where each cell consists of eight -

transistors...four cascaded N-channel and four cascaded
P-channel devices. These cells are arranged in rows,
and when appropriately connected, make up the various
logic functions found in the Macro Cell Library.

Configuring a cell is accomplished by metal traces in
the bus paths and by using polysilicon underpasses.
These underpasses run horizontally between the cell
rows as well as through the cells themselves. There are
also vertical underpasses which serve to provide inter-
connection across a column of cells or bus paths
without obstructing the bus paths. I/0 pads, input pro-
tection circuitry, resistors, capacitors and output drivers

are placed around the periphery of the array and are
readily connected to the internal logic functions.

The Macro Cell Library

Table 1 provides a partial listing of currently available
macro cell logic function. GTE offers over 88 different
logic function configurations ranging from a simple
2-input NAND gate to cascadable shift registers. GTE’s
complement of macro logic functions will satisfy your
most demanding system configuration and we’re adding
new functions all the time. As a special note, if you have
a logic configuration which is not represented in our
library, GTE will develop a custom macro cell for your
requirement...and the cost is nominal.

Gate Array Configurations

GTE uses the “gate equivalent” method for describing
the various array sizes. One “gate” is equivalent to a
2-input NAND/NOR gate. In this way, each macro cell
function within the Macro Cell Library can be related to
a “gate equivalent” (2-input NAND) requiring one-half
cell, but an Edge-Triggered “D” Flip-Flop requires four
cells. Therefore, the Flip-Flop requires array space equal
to eight “gate equivalents”. The “gate equivalent” method
will help you in planning the array size needed for your
application.
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I/0 Configurations

Your Gate Array I/O configuration will vary with the

array size and to some degree with its complexity. All

I/0 pads except those predefined as power supply

connection can be configured as Inputs or Outputs.

1/0 configuration characteristics include:

e Individually tailored input switching characteristics
for either CMOS or TTL compatibility

e Low power Schottky output buffers for driving up to
two “LS” TTL loads (CMOS level output)

e TTL output buffers for driving up to 1.5 standard TTL
loads or six “LS” TTL loads (CMOS level outputs)

e All Gate Array output buffers can be configured for
three-state or open-drain (open collector) operation
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G50000B Series

CMOS Gate Arrays

Features
e CMOS high speed, low power technology

e Gate propagation delay—2.9 nS
(2-input NAND)

e Gate power dissipation—5 uW at 1 MHz typical
® CMOS or TTL interface

e Bus oriented interconnect paths

e On-chip resistors and capacitors

® Array sizes from 100 to 3000 gates

e Over 88 macro logic functions

e Single power supply (+5 Vdc)

® Wide range of packaging options

General Description

GTE's G50000B Series Gate Arrays are manufactured using
CMOS high performance technology for higher speed and
lower power operation. Each Gate Array cell consists of a
matrix of four P-channel and four N-channel transistors which
can be programmed for metal mask interconnection to provide
virtually unlimited implementation of LS| logic designs. Within
each logic cell and under the bus routes, polysilicon cross-
unders provide logic interconnection with the metal layer.
These crossunders, combined with vertical bus routes, allow
both vertical and horizontal interconnection, thus providing
highly efficient chip utilization and circuit complexity. Macro
logic functions are selected from a standard library of over 88
preconnected logic functions. Each array contains a number
of resistors and capacitors which provide the circuits with
limited analog capability. GTE offers arrays in sizes ranging
from 100 to 3000 equivalent 2-input NANDS, with up to 94 I/0
pads per array.

GTE Gate Array Configurations

Package
No. of No. of Chip Pins

Device | Gates(1) | Pads(2) Size Required
G50100B 120 24 92x 118 14-24
G505008 504 44 124 x 200 16-44
G51000B 960 54 175 x 223 24-68
G51500B 1512 70 228 x 247 24-68
G520008 2024 82 245 x 289 24-84
G530008 3000 100(3) | 267x282 | 24-84

(1) Gates configured as 2-input NAND.
(2) Includes one VDD pad and one Vss pad.
(3) Includes three VDD pads and three Vss pads.

On-Chip Resistors and Capacitors

On-chip resistors and capacitors are positioned around the
array to allow connection to either I/O cells or function cells.

| Resistors Resistors Capacitors

Device 40K 2 (typ.) [ 100K Q (typ.) | 0.5 pF (typ.)
G501008 0 31 0
G505008 12 39 9
G510008 12 53 9
G51500B 12 76 9
G52000B 12 90 9
G530008 12 106 9

Array Configuration
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G50000B

Absolute Maximum Ratings: (Note 1)

Parameter Symbol Value
Supply Voltage Vop |-0.5Vto7.0V
Input Voltage Vi -0.3V to Vcc + 0.3V
Output Current, Any Output lo +50 mA
Operating Temperature TA -55°C to 125°C
Storage Temperature Ts -65°C to 150°C

This device contains input protection against damage due to high
static voltages or electric fields; however, precautions should be
taken to avoid application of voitages higher than the maximum
rating.

Notes:
1. Exceeding these ratings may cause permanent damage,
functional operation under these conditions is not implied.

DC Characteristics, Low Power Schottky Compatible Configurations: VDD = 5.0V + 10%, Vss =0V, TA=0°C to +70°C

Parameter Symbol Min Max Unit Test Conditions
High Level Input Voltage ViH 2.0 Vv vcce =4.50
Low Level Input Voltage ViL 0.8 Vv Vcc =4.50
High Level Output Voltage (Type 2 Output) VOH 2.4 Vv IoH = 6.0 mA, Vcc = 4.50V
4.5 v loH = 2.0 mA, Vce = 4.50V
Low Level Output Voltage (Type 2 Output) VoL 04 Vv loL=3.2mA
High Level Input Current i1 10 pA Vi=27V
Low Level Input Current e -10 nA Vi =04V
Off-State Output Current, High-Level Voltage Applied lozH 20 pA Vo = 2.7V
Off-State Output Current, Low-Level Voltage Applied - lozu -20 pA Vo = 0.4V
DC Characteristics, CMOS Compatible Configuration: VDD = 5.0V * 10%, Vss =0V, TA = 0°C to +70°C
Parameter Symbol Min Max Unit Test Conditions
High Level Input Voltage ViH 3.5 \
Low Level Input Voltage ViL 1.5 \
High Level Output Voltage VoH 4.95 \ loH = 1A
Low Level Output Voltage VoL 0.05 \" loL = -1uA
High Level Input Current hH 1 uA Vi =50V
Low Level Input Current he -1 pA Vi =0V
Off-State Output Current, High-Level Voltage Applied lozH 20 pA Vo = 5.0V
Off-State Output Current, Low-Level Voltage Applied lozL -20 uA Vo =0V
AC Characteristics: Vop = 5.0V, Vss = 0V, TA = 27°C, R = 02, CL = 1 Unit Load, Input Rise/Fall = 5 nS
Parameter Macro Cell| Min ‘Max Unit Test Conditions
Single Inverter GTES5002 1.7 nS
2-Input NAND GTES5005 29 nS
Output Buffer, Non-Inverting Stage With Three-State Output GTE5208 13.1 nS R =4000Q, CL = 15 pF
Input Buffer, TTL (Inverting) GTE5102 2.2 nS
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Standard Cells

Building Blocks for Single Chip Designs

GTE Microcircuits offers a variety of Advanced CMOS
Standard Cells. These cells are your building blocks for
semicustom chip configurations. Many times, the needs
of a particular application cannot support the expense
and time of a full custom integrated circuit. When this is
the case, GTE's Standard Cells provide the perfect
solution...offering not only ease of implementation and
design flexibility, but low cost and fast turnaround time.
You'll find that your choice of internal functions and
interface configurations is almost limitless...and it all
takes place within a single chip. Internal design functions
may include:

® Microprocessor—from the G65SC00 Microprocessor
family

ROM—for permanent data storage

RAM—for temporary data storage

1/O—special or expanded I/O configurations
Logic—GTE Gate Array Macro Logic and other
internal logic cells for logic control functions

So next time you have an application which requires
multiple-chip functions, contact GTE Microcircuits.
Chances are, we can put it ALL IN A SINGLE CHIP!

Semicustom Designs From Standard Cells

TIMER/COUNTERS

MICROPROCESSOR
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Custom Products
Customer Furnished Tooling (CFT™)

Make Your IC Designs Come Alive!

We're GTE Microcircuits, and we have what it takes to
turn your IC designs into working silicon...from wafers
to packaged and fully tested ICs ready for market or
installation into your system’s circuit boards. You can
specify exactly what services you need and then get
prototypes without committing to large production runs.
In fact, you can enter the GTE Microcircuits program at
any point in the process with just about any volume
and we will work with you to ensure the highest possible
quality and the best possible yield.

And make no mistake! We're serious about your require-
ments. We understand just how much you have put into
your IC designs. You've invested many hours of design
time and perhaps the allocation of Computer Aided
Design (CAD) resources. Now it's time to implement
your design into silicon and you want to use the best
process available. You need look no further...you will
find the best process is at GTE Microcircuits. Our
state-of-the-art processing capabilities and ultra-modern
facilities will guarantee you the ultimate in design
performance and product reliability. So if you want the
best, rely on GTE Microcircuits to make your IC designs
come alive.

At GTE Microcircuits, we can process your designs in 3,
4 or 5 micron CMOS. We can also provide you with

complete wafer fabrication through fully tested and
packaged parts. In fact, you can enter the production
process at any point and we’ll take it from there. In this
way, you can tailor your requirements to meet your
specific needs. You'll find the GTE Microcircuits program
is flexible and designed to help you gain the competi-
tive edge.

GTE Provides The Total Solution

We call it the Customer Furnished Tooling (CFT™)
program, and it's for those customers who have access
to an integrated circuit design group and wish to design
their own devices. It is also for those companies that
have a design from another supplier and want to tool
up a second source. GTE Microcircuits’ CFT™ program
is easy to use and contains a variety of options which
allow you to enter the program at the point best suited
to your needs. And remember, no challenge is too great
...we welcome your most complex designs. At GTE
Microcircuits we offer the TOTAL SOLUTION to your
integrated circuit processing requirements.

GTE Microcircuits Makes It Easy!

How easy? Let's take a look at an example of a basic
entry level. In this case, the customer furnishes us with
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working plates or masks. We will then manufacture ten
or more wafers using CMOS technology.

Once processing is complete, these wafers will be re-
turned to you for testing, cr they can be tested by GTE
Microcircuits using a customer-furnished test tape.
Following test and evaluation, arrangements are made
for volume processing, packaging, and shipment as
originally specified.

It is highly recommended that GTE Microcircuits pro-
cess monitors and alignment marks be incorporated into
your masks and plates. These control monitors and
alignment keys must be included during the digitizing
process. The use of control monitors assures that all
process controls are maintained throughout the wafer
fabrication process.

Although this example represents the most basic CFT™
program, it is quite typical of most processing require-
ments. But whatever your requirement, GTE Microcir-
cuits will offer assistance for entry at any level of the
manufacturing process as shown in the flow diagram.
Remember, the entry point is your choice.

If you are engaged in a new design, we prefer to work
with your design engineers at the earliest possible point
in the design process. This approach allows us to pro-
vide you with appropriate specifications relative to
design rules and process parameters. So, if you are
considering a new design, or would like to establisfi a

reliable, long term second source...GTE Microcircuits
has the answer.

For Flexibility In Action, You Define The
Interface

When working with GTE Microcircuits, you define the
interface which best suits your program needs. In pro-
viding assistance, we will work closely with you to deter-
mine the best working arrangement for your specific
program, or to put it another way: “Where is the best
place for a customer to enter the CFT™ program?” This
question depends on many factors, some of which are
based on technical difficulty, circuit performance require-
ments, anticipated production volume, and the avail-
ability of your design engineers at the beginning of the
program. The amount of time required for given tasks
varies and this variance is in direct relation to the
complexity of the circuits being processed. Nevertheless,
before a program is started, realistic task ranges will be
established and agreed upon. In this way, you will be
fully aware of all tasks and worst case scheduling
associated with performing these tasks.

Notice that the basic manufacturing flow diagram
describes how the CFT™ program may be entered at
any of several break points. The interfacing of any one
of these entry points takes a mutual involvement by both
GTE Microcircuits and the customer. Let’s take a look!

PATTERN GENERATION

MASK FABRICATION

WAFER FABRICATION

WAFER SORT TEST

PACKAGING

FINAL TEST

QA/FINAL ACCEPTANCE

SHIP

TEST GENERATION
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Pattern Generation

GTE Microcircuits can accept a composite design and
digitize it using computer-aided design techniques.
The digitized information is then used to generate check
plots which are used by the customer for comparison
against the original composite design. It is at this stage
that GTE Microcircuits’ test monitors and alignment
marks are incorporated. Overall, digitizing is an iterative
procedure that requires several interactions before a data
base tape can be approved for a total composite design.

The digitized information (data base tape) is then used
for reticle generation (pattern generation). The reticle
is normally generated 10X scale.

Mask Fabrication

If desired, you may enter the GTE Microcircuits CFT™
program at the mask fabrication stage. In this case,
customer-generated data base tapes are used to produce
a set of reticles from which a master plate will be produced.
Before the master plate is produced, the reticles are
used to photographically generate blow-backs for each
layer. These blow-backs are compared to the composite
design as a final check to ensure the reticles are correct.
GTE Microcircuits test monitors and alignment marks
can also be implemented at this step in the procedure.
The approved reticle is then used to step-and-repeat a
master plate which, in turn, is used to generate all
working plates.

Wafer Fabrication

Wafer fabrication is performed using GTE's CMOS
process. Geometric technology, wafer size and density
will have been previously determined by the customer
and GTE Microcircuits. It is important to note that the
quality of wafers produced during wafer fabrication will
reflect the quality of the customer-provided input.
Customer-provided masks will be thoroughly inspected
prior to wafer fabrication.

Each customer program is based on a two-phase
approach. In Phase |, a wafer lot is processed. This lot
is then process mapped, optically inspected, and de-
livered (untested) to the customer in the form requested.
In Phase I, additional wafer lots are run. These wafers
are delivered to the customer as prototype units. Upon
customer approval of the prototype units, volume
production will be initiated.

Wafer Sort Test

Wafers can be tested using state-of-the-art LS| testers.
Each test unit contains its own minicomputer and is
capable of extensive functional and parametric testing.
All wafer testing is performed using customer-supplied
test programs. Each program must be consistent with
the appropriate GTE Microcircuits test format.

Packaging

Packaging can be included as a part of any CFT™
program. Or if you wish, customer-provided wafers or

die can be supplied for packaging. In either case, each
die is inspected before it is mounted into the package.
Leads are then bonded to the pads, with a final visual
inspection being performed prior to sealing. Sealed
packages can then be tested by GTE Microcircuits or
delivered to the customer untested.

Final Test

Final testing is performed using customer-supplied test
programs. Most testing is conducted at 25°C and then
correlated with temperature limits. Testing at extreme
temperatures can also be accomplished upon request.

Quality Assurance And Final Acceptance

Quality Assurance is an integral part of the CFT™ pro-
gram. Standard QA sampling is accomplished on all
packaged products where each lot is sampled for
acceptance testing. Completed packages are subjected
to various environmental processes to ensure electro-
mechanical integrity. Leak tests are performed on cavity
packages to check hermeticity, and temperature cycling
is performed to customer specifications. Additional
environmental testing can be performed to satisfy indi-
vidual customer requirements.

Quality Products From A Quality
Program

The GTE Microcircuits Quality Assurance and Reliability
program is designed to provide strong support to the
CFT™ program. Quality measurement and appraisal
activities encompass every facet of the company’s
operation. This objective ensures all products are
manufactured to a high standard of quality...a quality
level which meets or exceeds customer requirements.

Since wafer fabrication is a high technology operation,
significant effort is exerted to guarantee the highest
possible product quality and yields. For example, three
critical inspection gates are maintained at the photomask
stage. Each of these three gates involves visual inspec-
tions to not only guarantee correct mask alignment, but
to ensure critical dimensions fall within specified limits.

Quality monitors are used during both diffusion implan-
tation processes. These monitors provide Capacitance/
Voltage (CV) analysis of ion implantation. The CV
analysis is a useful tool, providing measurements of
how much phosphorus or boron is being doped into
each wafer. Furthermore, CV analysis is used during
the diffusion process to monitor oxide quality and
system cleanliness. Another means of ensuring quality
involves sheet resistance and layer thickness measure-

“ ments. These measurements are continuously monitored

and compared against established criteria.

Quality Monitors During Test And Assembly

Wafer testing is performed prior to final assembly and
consists of 100 percent functional and parametric test-
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ing. During assembly, quality procedures require audit
points, with each audit consisting of as many as 20
separate steps. At least three audit points involve optical
inspections at critical stages within the assembly pro-
cess. These inspections ensure that:

o Wafers have been correctly and fully probed.

e Damage did not occur as wafers were separated
into individual dice.

® Quality is maintained during die attachment to the
package and during bonding.

Once packaging has been completed, each ceramic and
cerdip package is required to pass a 100 percent gross
leak test. As a further check of package hermeticity, a
sample fine leak test is conducted. At this point, each
device is ready for final electrical testing during which
worst case voltage and timing tests are performed.
Temperatures and burn-in times vary with product type
and individual product specifications. During burn-in,
both voltage and temperature stresses are applied to
weed out all possible infant mortalities.

In summary, the total GTE Microcircuits quality assur-
ance program is designed to ensure product quality is
built into the manufacturing process. This total quality
concept is dedicated to making sure each step is done
right the first time and every time.

A Total Resource In Capability And
Dedication

GTE Microcircuits is your total resource for manufac-
turing capability. We are dedicated to the proposition
that you must obtain advantages in both time and cost
...thus guaranteeing your competitive edge. To this end,
GTE Microcircuits maintains continuing programs for
the advancement of designs, technologies, and systems
...always striving to remain in the forefront of leading
edge technology. This effort results in a better product,
a better understanding of industry needs, and a keen
insight into customer requirements.

Let Us Review Your Requirements

At GTE Microcircuits, we understand your processing
needs, and we are prepared to help you find the neces-
sary solutions. We're your Total Resource, derived not
only from the industry’s most advanced fully automated
logic integration system, but also from dedicated engi-
neers and system designers...and a project management
concept that is unmatched in the industry.

In summary, GTE Microcircuits offers the Total Solution.
You can be assured that your system performance and
time-to-market requirements will be met...and at the
lowest possible cost.

Table 1. Electrical Parameters

Electrical Parameters 25°C 5 Micron 4 Micron 3 Micron Units
Vt N-Channel 0.4100.9 0.4t0 0.9 0.4t00.9 Vv
KN (Conduction Factor) 60 to 180 70 to 180 39 to 47 uA/NV2
Bvdss N-Channel >18 >18 >12 \
Field Threshold
N-Channel Poly Si >14 >12 >14 \
Vt P-Channel 0.4t00.9 04t0 0.9 041t009 -V
KP (Conduction Factor) 20to 75 30 to 100 16 to 20 uA/NV2
Bvdss P-Channel <-17 <-17 <-10 v
Field Threshold
P-Channel Poly Si <-12 <-10 <-10 \"
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Table 2. Process Parameters

Process Parameters 5 Micron 4 Micron 3 Micron Units
Substrate
Type N100 N100 N100
Resistivity 19to 2.6 19to 2.6 19to 2.6 Ohm-cm
Tub
Type P- P- P-
Xj 55 5.0 5.0 pm
Resistivity 19t0 3.2 1.6t0 3.0 20t0 4.0 Kohm/sq
Field Oxide Thickness 18,500 15,000 15,000 Angstrom
Gate Oxide Thickness 800 630 450 Angstrom
Polysilicon Thickness 4,400 4,400 4,400 Angstrom
Metal Thickness
(A1-1.0% Si-0.5% Cu) 9,500 9,500 9,500 Angstrom
Final Passivation
Thickness 11,000 11,000 11,000 Angstrom
Phos % wt 35t05.0 3.5t05.0 35t05.0 %
Table 3. Design Parameters
Design Parameters 5 Micron 4 Micron 3 Micron Units
Diffusion
Pitch 10 8 6 pm
Min. Space 4 2 um
Min. Width 4 4 um
Polysilicon
Pitch 10 8 6 um
Min. Space 5 4 3 um
Min. Width 5 4 3 um
Contact Size 5 4 3 um
Metal
Pitch 10 8 7 pm
Min. Space 5 4 3 um
Min. Width 5 4 4 um
Min. N-to-P Space
P+ to P- 125 10 10 um
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Full Custom

Full custom designs are cost effective when the features
required are not available in semicustom or standard
product alternatives, or when the system volumes are
large. Full custom circuits offer the advantages of re-
duced cost, expanded features, reliability and a competi-
tive edge.

Resident at GTE Microcircuits is a staff of highly skilled
designers. Our expertise spans the range of digital,
analog, and mixed signal technology. The efforts of this

staff have produced many high volume, cost effective
custom integrated circuit solutions.

In designing a custom circuit our design staff will com-
municate often with your engineers and our test, process,
packaging, manufacturing and quality assurance groups.
This will ensure that you receive the product that you
desire and that it is reliable, testable and takes full
advantage of our advanced CMOS process.
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Glossary of Telecommunication Terms

Introduction

The following is a list of terms, and their definitions, com-
monly encountered in the telecommunications industry.
Where possible, definitions have been based on the interna-
tional recommendation of CCITT.

A-Law—European companding/encoding law commonly used
in PCM systems.

A-Law/u-Law Companded—Eight-bit PCM binary code; codes
almost universally used for PCM digital switching and trans-
mission. Where a reference is made to PCM, it is almost
invariably these codes which are being referred to (A-Law
version in Europe and u-Law version in North America).

A/B Signaling—A special case of 8th-bit (LSB) signaling in a
u-Law system that allows four logic states to be multiplexed
with voice on PCM channels.

A/D (Analog-to-Digital) Converter—Converts an analog signal
sample to a digital representation suitable for digital pro-
cessing and switching.

Address—In communications, a sequence of bits, a character,
or a group of characters that identifies a network station, user,
or application. The address is mainly used for routing pur-
poses. In telephony, it is the number entered by the caller that
identifies the party called.

ADI—Alternate Digit Inversion. ADI is used with A-Law to
ensure sufficient 1-0/0-1 transitions for clock extraction
(timing recovery) in PCM multiplex transmission equipment.

ADPCM—Adaptive Differential Pulse Code Modulation.
ADPCM is an encoding technique, standardized by the CCITT,
that allows an analog voice conversation to be carried within
a 32-kbit/s digital channel. Three or four bits are used to
describe each sample, which represents the difference
between two adjacent samples. Sampling is performed 8,000
times a second.

Aliasing Noise—A distortion component that is created when
frequencies present in a sampled signal are greater than
one-half the sample rate.

Alternate-Mark Inversion Signal (AMI or BAMI, Bipolar Sig-
nal)—A pseudo ternary signal, conveying binary digits, in
which successive “marks” are normally of alternate, positive
and negative polarity but equal in amplitude and in which
“space” is of zero amplitude.

Alternate Routing—A feature of network switches, especially
PBXs, where a call is completed over other circuit routes
when first-choice routes are unavailable, not in service,
or occupied.

Amplifier—Any electronic component that boosts the strength
or amplitude of a transmitted signal (usually analog). It is
functionally equivalent to a repeater in digital transmissions.

Amplitude Modulation (AM)—A transmission method in which
variations in the voltage or current waveform of a carrier sig-
nal determine encoded information.

Analog—In communications, a transmission employing vari-
able and continuous waveforms to represent information
values, where interpretation by the receiver is an estimated
approximation (quantization) of the encoded value (compare
with digital).

Anti-Aliasing Filter—A filter (normally low-pass) that band
limits an input signal before sampling to prevent aliasing noise.

ASCll—American Standard Code for Information Interchange.
ASCII is the standard, and predominant, seven-bit (eight bits,
with parity) character code used for data communications
and data processing.

Asynchronous—A mode of data transmission in which the
time occurrence of the bits within each character or block of
characters relates to a fixed time frame, but the start of each
character or block of characters is not related to this fixed
time frame.

Asynchronous Transmission—A mode of communication
characterized by start/stop transmissions with undefined time
intervals between transmissions.

Attenuation—Reduction or loss of signal strength, measured
in decibels (opposite of gain).

Balanced-to-Ground—With a two-wire circuit, where the
impedance-to-ground on one wire equals the impedance-
to-ground on the other wire. Compare with unbalanced-to-
ground, a preferable condition for data transmission.

Balancing Network—An arrangement of impedances con-
nected to one branch of hybrid to match the impedance of a
line connected to the opposite branch.

Bandwidth—The difference, expressed in Hertz (Hz), between
the highest and lowest frequencies of a transmission channel.

Baseband—The frequency band occupied by information-
bearing signals before combining with a carrier in the
modulation process.

Baud—A unit of signaling speed equal to the number of dis-
crete signal conditions or events per second. Baud refers to
the physical symbols/second used within a transmission
channel.

Binary Digit—A member selected from a binary set, e.g. 1, 0;
V+, V- H, L.

Bipolar—The predominant signaling method used for digital
transmission services, such as DDS and T1, in which the
signal carrying the binary value successively alternates
between positive and negative polarities. Zero and one values




Microcircuits

Glossary of Terms

are represented by the signal amplitude at either polarity,
while non-value “spaces” are at zero amplitude. Also in refer-
ence to polar transmission. Bipolar is also a type of integrated
circuit (IC, or semiconductor) that uses both positively and
negatively charged currents, characterized by high opera-
tional speed and cost.

Bisync—Binary Synchronous Communications (BSC) char-
acter-oriented data communications protocol developed by
IBM. It is oriented toward half-duplex link operation. Bisync
is still widely employed, though replaced in current IBM data
communications products by the bit-oriented Synchronous
Data Link Control (SDLC).

Bit—A binary digit, the representation of a signal, wave, or
state, as either a binary zero or one.

Bit Duration—Equivalent to the time that it takes one encoded
bit to pass a point on the transmission medium. In serial
communications, a relative unit of time measurement, used
for comparison of delay times (e.g., propagation delay, access
latency) where the data rate of a transmission channel
can vary.

Bit Error—The case where the value of an encoded bit is
changed in transmission, and interpreted incorrectly by the
receiver.

Bit Error Rate (BER)—The percentage of received bits that
are in error, relative to a specific amount of bits received. It is
usually expressed as a number referenced to a power of 10;
e.g., 1in 105

Bit/s—Bits per second; basic unit of measure for serial data
transmission capacity; Kbit/s, or kilobit/s, for thousands of
bits per second; Mbit/s, or megabit/s, for millions of bits per
second; Gbit/s, or gigabit/s for billions of bits per second;
Tbit/s, or terabit/s for trillions of bits per second.

Bit Oriented—Describing a communications protocol or trans-
mission procedure where control information is encoded in
fields of one or more bits. Normally oriented toward full-
duplex link operation. Bit orientation uses less overhead, and
is therefore more efficient than character-, or byte-, oriented
protocols.

Bit Rate—The speed at which data bits are transmitted over
a communication path, usually expressed in bits per second.
A 9600 bps terminal is a 2400 baud system with 4 bits
per baud.

Bit Stuffing--~A process, in bit-oriented data communications
protocols, where a string of “one” bits is broken by an in-
serted “zero” which is added by the sender and removed by
the receiver. Adding of “zero” bits is done to prevent user data
from containing a series of “one” bits.

Blocking—A condition in a switching system in which no
paths or circuits are available to establish a connection to
the called party, even though it is not busy, thus resulting in
a busy tone to the calling party.

BOC—Bell Operating Company. One of 22 local telephone
companies spun off from AT&T as a result of divestiture, and
now reorganized into seven regional Bell holding companies.
They are among the largest of the 1,600 independent local
phone companies in the U.S.

BORS(C)HT—Battery, Overvoltage, Ringing, Supervision,
(Codec), Hybrid, Test; the functions performed by a sub-
scriber line card in a telephone exchange.

Broadband—A transmission facility whose bandwidth is
greater than that available on voice-grade facilities.

Buffering—The process of temporarily storing data in a reg-
ister or in RAM, which allows transmission devices to ac-

commodate differences in data rates and to perform error
checking and retransmission of data received in error.

Bus—A transmission path or channel. Typically an electrical
connection, with one or more conductors, wherein all at-
tached devices receive all transmissions at the same time. It
can be a local-network topology, such as used in Ethernet
and the token bus, where all network nodes “listen” to all
transmissions, selecting certain ones based on address iden-
tification. A bus involves some sort of contention-control
mechanism for accessing the bus transmission medium.

Byte—Generally an 8-bit quantity of information, used mainly
in referring to parallel data transfer, semiconductor capacity,
and data storage. In data communications it is generally
referred to as an octet or character.

Byte Multiplexer Channel—A mainframe input/output channel
that allows for the interleaving, or multiplexing, of data
in bytes.

C-Message—A frequency weighting that evaluates the effects
of noise based on its annoyance to the “typical” subscriber
of standard telephone service or the effects of noise (back-
ground or impulse) on voice-grade data service.

Carrier—An analog signal of fixed amplitude and frequency
that combines with an information-bearing signal by modula-
tion to produce an output signal suitable for transmission.

CCITT—Consultative Committee for International Telephone
and Telegraph; an international standards group of the
European International Telecommunications Union.

Central Office (CO)—A main telephone office, usually within
a few miles of a subscriber, that houses switching gear. The
central office is commonly capable of handling about 10,000
subscribers.

Centrex—A widespread telephone company switching service
that uses (typically digital) central office switching equipment,
and to which customers connect via individual-extension
access lines. Centrex central offices use telephone company
equipment exclusively, with each phone set at the customer’s
premises connected via a separate and dedicated access line,
while a Centrex Customer Unit involves the placement of
some switching, contention, or concentration equipment on
the customer’s premises. Typical features include Direct
Inward Dialing (DID), Direct Distance Dialing (DDD), and
attendant switchboards.

CEPT—Conference of European Postal and Telecommunica-
tions administrations.

Channel—In communications, a physical or logical path allow-
ing the transmission of information. Also, the path connecting
a data source and a data sink, or receiver.

Channel Bank—Communications equipment commonly used
for multiplexing voice-grade channels into a digital trans-
mission signal (typically 24 channels in the U.S. and 30
channels in Europe).

Channel Time Slot—A time slot starting at a particular phase
in a frame and allocated to a channel for transmitting a
character signal and possibly in-slot signaling or other
information.

Character—Standard bit representation of a symbol, letter,
number, or punctuation mark. It generally takes on the same
meaning as byte.

Character Code—One of several standard sets of binary
representations for the alphabet, numerals, and common
symbols, such as ASCII, EBCDIC, BCD.

Character Signal—A set of signal elements representing a
character, or in PCM representing the quantizing value of a
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sample. In PCM, the term “PCM word” may be used in
this sense.

Circuit Switching—The process of establishing and maintain-
ing a circuit between two or more users on demand, such
that the users have exclusive use of the circuit until the con-
nection is released.

Clock—An oscillator-generated signal that provides a timing
reference for a transmission link. It is used to control the
timing of functions such as sampling interval, signaling rate,
and duration of signal elements.

Codec—COder-DECoder. Codec represents the A/D and
D/A function on a subscriber line card within a telephone
exchange. )

Code Conversion—The process of changing the bit grouping
for a character in one code into the corresponding bit group-
ing for the character in another.

COFIDEC—COder-Fliter-DECoder. This is the combination
of a codec, the associated filtering, and voltage references
required to code and decode voice in a subscriber line card.

Common Channel Signaling—A signaling method using a link
common to a number of channels for the transmission of
signals necessary for the traffic via these channels.

Companding—Compressing/expanding; the process of re-
ducing the bandwidth required for representation of an analog
waveform for transmission, and then reconstructing (most of)
the original waveform at the receiving end. This function is
performed by electronic circuitry that applies a compression
algorithm. Compression/expansion is generally associated
with analog voice signals.

Companding Law (CCITT Encoding Law)—Mathematically
defined non-linear transfer characteristic used for compand-
ing. This may be a smooth continuous function or a piecewise
(commonly linear) approximation to a continuous function
(CCITT segmented encoding law). The two commonly used

_laws in telecommunications are u-Law (North America)
and A-Law (Europe).

Compression—The application of any of several techniques
that reduce the number of bits required to represent informa-
tion in data transmission or storage, thus conserving band-
width and/or memory, wherein the original form of the
information can be reconstructed. May also be referred to as
compaction.

CPE—Customer Premises Equipment. In telephony, equip-
ment that interfaces to the telephone network and physically
resides at the user’s location. Normally includes most, but not
all, of the gear referred to as network channel terminating
equipment (NCTE).

CRC—Cyclic Redundancy Check. CRC is a characteristic
link-level feature of bit-oriented data communications proto-
cols, wherein data integrity of a received frame, or packet, is
checked using a polynomial algorithm based on the content
of the frame, and then matched with the result performed by
the sender and included in a field appended to the frame.
CRC is a basic error-checking method for link-level data
transmissions.

Crosstalk—Unwanted transference of electrical energy from
one transmission medium to another, usually an adjacent
medium. Crosstalk usually occurs in the voice-grade fre-
quency range and is typical of unshielded twisted pair wires
in telephony.

CSDC—Circuit Switched Digital Capability. CSDC is an AT&T-

designed service, implemented within the BOCs, that offers
users a 56-Kbit/s digital channel on a user-switchable basis.

It uses the same local loop as for analog voice, but without
loading coils. The user first sets up the analog circuit, then
switches to digital mode. CSDC employs time-compression
mulitiplexing over a local loop. :

CVSD—Continuous Variable-Slope Delta modulation. CVSD
is a speech encoding and digitizing technique that uses a
one-bit sample to encode the difference between two succes-
sive signal levels. Sampling is usually done at 32,000 times
per second, though some implementations employ lower
sampling rates.

D3—D3 channel bank; a specific generation of AT&T 24-
channel PCM terminal that multiplexes 24 voice channels into
a 1.544 MHz digital bit stream. The specifications associated
with D3 channel banks are the basis for all PCM device
specifications.

D/A (Digital-to-Analog) Converter—Convert a digital word to
an analog value.

dB (Decibel)—A power or voltage-level measurement unit.

dBm—The decibel signal level referred to one milliwatt, i.e.,
0dBm =1mW.

dBmO—Signal power measured at a point in a standard test
tone level at the same point, i.e., dBmO = dBm - dBr, where
dBr is the relative transmission level, or level relative to the
point in the system defined as the zero transmission
level point.

dBmOp—Circuit noise in dBmO, measured on a line with a
noise measuring set having psophometric weighting.

dBr—Relative to point of zero transmission level.

dBrn—Relative signal level expressed in decibels above
reference noise, where reference noise is 1 pW. Hence, 0
dBrn =1 pW =-90dBm.

dBrnC—Indicates dBrn measurement made with a C-message
weighting filter. These units are most commonly used in the
U.S., where psophometric weighting is rarely used.

dBrnc0—Noise measured in dBrnc referenced to zero trans-
mission level.

Decoder (PCM Receiver)—A device which performs repeated
D/A conversion, expansion and the sample-and-hold function
necessary to convert a serial stream of PCM samples to a
sample-and-hold equivalent of the originally encoded analog
signal. See Codec and Decoding.

Decoding—A process in which one of a set of reconstructed
analog samples is generated from the digital character signal
representing a sample.

Dedicated Line—A dedicated circuit, a nonswitched channel,
or a private line.

Delay—In communications, the wait time between two events,
such as from when a signal is sent until it is received.

Demodulator—A functional section of a modem that converts
received analog line signals to digital form.

Dial-Up—Describes the process of, or the equipment or facili-
ties involved in, establishing a temporary connection via the
switched telephone network.

Digit—A member selected from a finite set. Note that in digital
transmission, a digit may be represented by a signal element,
being characterized by the dynamic nature, discrete condition
and discrete timing of the element, e.g., it may be represented
as a pulse of specified amplitude and duration.

Digital—Digital refers to communications procedures, tech-
niques, and equipment where information is encoded as either
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a binary “1” or “0”. It is the representation of information in
discrete binary form, discontinuous in time, as opposed to the
analog representation of information in variable, but con-
tinuous, waveforms.

Digital Loopback—A technique for testing the digital pro-
cessing circuitry of a communications device. It may be ini-
tiated locally, or remotely via a telecommunications circuit.
The device being tested will echo back a received test mes-
sage, after first decoding and then re-encoding it, the results
of which are compared with the original message.

Digital Multiplex Equipment—Equipment for combining, by
time- division multiplexing (multiplexer), a defined integral
number of digital input signals into a single digital signal at a
defined digit rate and also for carrying out the inverse func-
tion (demultiplexer).

Digital Signal—A signal constrained to have a discontinuous
characteristic in time and a set of permitted discrete values.

Digital Switching—The process of establishing and maintain-
ing a connection, under stored program control, where binary-
encoded information is routed between an input and an output
port. Generally, a “virtual” through circuit is derived from a
series of time slots (time-division multiplexing), which is more
efficient than requiring dedicated circuits for the period of
time that connections are set up.

Digital Telephone—A telephone terminal that digitizes a voice
signal for transmission and decodes a received digital signal
back to a voice signal. Note that it will normally multiplex 64
Kbps voice and separate data inputs at multiples of 8 Kbps.

Distortion—The failure to reproduce an original signal's
amplitude, phase, delay, frequency, etc. characteristics
accurately.

DPSK—Differential Phase Shift Keying. DPSK is a modulation
technique for transmission where the frequency remains
constant but phase changes will occur from 90°, 180° and
270° to define the digital information.

Dry Line—A telephone line without battery voltage present.
DTMF—Dual Tone Multi-Frequency (dialing).

Duplex—A mode of operation permitting the simultaneous
two-way independent transmission of telegraph or data
signals.

Echo—In communications, the reflection back to the sender
of transmitted signal energy. The amount of delay in an echo
depends on the distance from the transmitter to the point
of reflection.

Echo Cancellation—A technique being used in new higher-
speed analog-line modems, that allows for the isolation and
filtering out of unwanted signal energy resulting from echoes,
from the main transmitted signal.

Echo Suppressor—A device used to minimize the effect of
echo by blocking the echo return currents; typically a voice-
operated gate that allows communication one way at a time.

Encoder (PCM)—A device that performs repeated sampling,
compression, and A/D conversion to change an analog signal
to a serial stream of PCM samples representing the ana-
log signal.

Envelope Delay Distortion—Envelope delay is the derivative
of the circuit phase shift (in radians) with respect to frequency
(radians per second). The deviation of this derivative at any
frequency from the derivative's value at a prescribed fre-
quency (usually 1800 Hz) is called envelope delay distor-
tion (EDD).

Equalizer—An electrical network in which phase delay or gain
varies with frequency to compensate for an undesired ampli-

tude or phase characteristic in a frequency-dependent trans-
mission line.

Equivalent Bit Rate—In a line-coded signal, the number of
binary digits that can be transmitted in a unit of time.

Error Ratio—A measure for the distortion of a digital signal
is the error rate which is defined as the number of wrongly
received bits divided by the total number of received bits.

Expansion—Expansion of a compressed signal back to its
original dynamic range. See Companding.

FDM—Frequency-Division Multiplex. A process that permits
the transmission of two or more signals over a common path
by using a different frequency band for each signal.

FDX—Full duplex.

Flag—In communications, a bit pattern of six consecutive “1”
bits (character representation is 01111110), used in many
bit-oriented protocols to mark the beginning (and often also
the end) of a frame.

Four-Wire Circuit—A circuit with two pairs of conductors,
one pair for the “go” channel and one pair for the “return”
channel.

Frame—A set of consecutive digit time slots in which the
position of each digit slot can be identified by reference to a
frame alignment. The frame alignment signal does not neces-
sarily occur, in whole or in part, in each frame.

Frame Alignment—The state in which the frame of the receiv-
ing equipment is correctly phased with respect to that of the
received signal.

Frame Alignment Signal—The distinctive signal used to
enable frame alignment to be secured.

Frame Alignment Time Slot—A time slot starting at a particu-
lar phase in each frame and allocated to the transmission of
a frame alignment signal.

Frequency Modulation (FM)—A method used to encode a
carrier wave by varying the frequency of the transmit-
ted signal.

FSK—Frequency-Shift Keying. A modulation technique where
two different tones represent either the “0” or the “1” state of
binary information.

Full Duplex—A mode of operation permitting simultaneous
transmission of information between two locations in both
directions.

Gain—The increase in signal amplitude realized when a signal
passes through an amplifier or repeater (normally measured
in decibels).

Gain Level Linearity (Gain Tracking)—A measurement of the
dependence of a device gain on signal level. The output signal
is compared to the input signal (assuming unity gain) over a
range of input signals. The variation of gain from a constant
gain (determined at 0dBm input level) is the gain track-
ing error.

Gaussian Noise—Undesirable random electrical energy that
is introduced into a transmission channel from the environ-
ment. It is generally of low amplitude but may still occasion-
ally interfere with a carrier signal. Also known as electrical
background noise.

Ground Start—A telephony term describing a signaling
method where one station detects that a circuit is grounded
at the other end.

Half-Duplex—A mode of operation permitting transmission
of information between two locations in only one direction at
atime.
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HDB-3 Code, High Density Bipolar 3 Code—In this code, two
consecutive ones of the same polarity are permitted (inter-
rupting a zero sequence which is too long). These violation
bits, moreover, are arranged to form an AMI sequence in itself.

Highway—A common path or a set of parallel paths over
which signals from a number of channels pass with separation
achieved by time division.

Hybrid—A bridge-type circuit or connecting device that
combines the function of providing impedance matching
between certain circuits and isolation between other circuits.
A hybrid is often used to connect four-wire lines to a two-wire
line so that in both directions of transmission the four-wire
lines are isolated from each other, but are connected to the
two-wire line.

Idle Channel Noise (ICN)—The total signal energy measured
at the output of a device or channel under test when the input
of the device or channel is grounded (often a wide-band noise
measurement using a C-message weighting filter to band-
limit the output noise).

Interface—A shared boundary. A physical point of demar-
cation between two devices, where the electrical signals,
connectors, timing and handshaking are defined. It is also
the procedure, codes, and protocols that enable two entities
to interact for the meaningful exchange of information.

Intermodulation—The modulation of the components of a
complex wave by each other (in a nonlinear system).

Intermodulation Distortion—An énalog line impairment when
two frequencies interact to create an erroneous frequency, in
turn distorting the data signal representation.

ISDN—Integrated Services Digital Network. A future com-
munication network intended to carry digitized voice and data
multiplexed onto the public network.

IVDT—Integrated Voice/Data Terminal. One of a relatively new
family of devices that features a terminal keyboard/display
and voice telephone instrument. It may contain varying
degrees of local processing power, ranging from full personal
computer capacity to directory storage for automatic tele-
phone dialing. May also be designed to work with a specific
customer premises PBX, or else be PBX independent.

Jitter—A type of analog communication line distortion caused
by abrupt, spurious signal variation from a reference timing
position, and capable of causing data transmission error,
particularly at high speeds. The variation can be in amplitude,
time, frequency or phase.

Justification (Pulse Stuffing)—A process of changing the rate
of a digital signal in a controlled manner so that it can accord
with a rate different from its own inherent rate, usually without
loss of information.

Kbit/s—Kilobits per seconds; a standard measure of data rate
and transmission capacity.

Key System—A miniature PABX that accepts 4 to 10 lines and
can direct them to as many as 30 telsets.

u-Law—A companding law accepted as the North American
standard for PCM based systems.

LAN—Local Area Network; a data-only communications
network between data terminals using a standard interface
to the network.

Line Code—A code chosen to suit the transmission medium
and giving the equivalence between a set of digits generated
in a terminal of other processing equipment and the pulses
chosen to represent that set of digits for the line transmission.

Load Capacity (Overload Point)—In PCM, the level expressed
in dBmO, of a sinusoidal signal the positive and negative

peaks of which coincide with the positive and negative virtual
decision values of the encoder.

Loading—A process of adding inductance to a transmission
line to minimize amplitude distortion. It is generally accom-
plished with loading coils.

Local Loop—In telephony, the wire pair that connects a
subscriber to a phone company end office. It typically con-
tains two wires, though four-wire local loops are common,
especially with leased voice-grade circuits.

Local Network—A type of high-speed data communications
arrangement wherein all segments of the transmission
medium (typically, coaxial cable, twisted-pair wire, or optical
fiber) are under the control of the network operator. Also
referred to as LAN for local-area network.

Longitudinal Balance—The common-mode rejection of a
telephone circuit.

Loopback—Directing signals back toward the source at some
pointalong a communication path.

Loop Resistance—The loop resistance of a cable pair is the
dc resistance from the telephone office to a distant point. It
may include a coil at the far end. If no coil is present, a short
must be placed across the tip and ring. Corrections for
temperature variations from 68°F must be made to the mea-
sured dc resistance in order to determine if the loop resis-
tance is correct.

Loop Start—The most commonly used method of signaling
an off-hook condition between an analog phone set and a
switch, where picking up the receiver closes a wire loop, thus
allowing DC current to flow, which is detected by a PBX or
central office switch and interpreted as a request for service.

Loss—A reduction in signal strength, expressed in decibels.
Also attenuation, opposite of gain.

Low Pass—A specific frequency level, below which an analog
filter will allow all frequencies to pass; opposite of high-pass.

LRC—Longitudinal Redundancy Check.
Master Clock—A clock which generates accurate timing

signals for the control of other clocks and possible other
equipments.

MCU—MicroComputer Unit (Also MicroController Unit).
Modem—MOdulator-DEModulator. The modem is a unit that
modulates and demodulates digital information from a ter-
minal or computer port to an analog carrier signal for passage
over an analog line.

Modified Alternate Mark Inversion—An AMI signal which
does not strictly conform with alternate mark inversion but
includes violation in accordance with a defined set of rules.

MPU—MicroProcessor Unit.

Mu Law—A companding/encoding law commonly used in the
U.S. (same as u-Law).

Multiframe—A set of consecutive frames in which the position
of each frame can be identified by reference to a multiframe
alignment signal. The multiframe signal does not necessarily
occur, in whole or in part, in each multiframe.

Multiplex—To simultaneously transmit two or more messages
on asingle channel.

Multiplexing—The process of combining multiple signals into
a single channel for transmission over common facilities.

Mux—Multiplex or multiplexer.

Mux, 30-Channel (U.K. & Europe)—CCITT recommended form
for PCM multiplex equipment. Consists of 8-digit A-Law, 30
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speech channels plus two utility channels (32 time slots in all),
and a transmission rate of 2,048 kbit/s.

Mux, 24-Channel (U.K.)—Early PCM muitiplex equipment.
Consists of 7-digit A-Law, one signaling bit associated witn
each time slot, 24 channels (time slots), and a transmission
rate of 1536 Kbit/s.

Noise—Any extraneous and unwanted signal disturbances in
a communications link (e.g., electromagnetic interference, or
EMI). Usually experienced as random variations in signal
voltage or current, or interfering signals.

Non-Synchronous Network (Asynchronous Network)—A net-
work in which the clocks need not be synchronous or
mesochronous.

Off-Hook—The circuit condition resulting when the handset
is lifted from the hook switch of the telephone set; i.e., a low
dc impedance is placed across the line causing loop current
flow that is recognized by a relay at the central office as a
request for service.

Off-Line—The condition in which a user, terminal, or other
device is not connected to a computer, or is not actively
transmitting via a network.

On-Hook—The circuit condition resulting when the handset
of a telephone is replaced on its cradle (high dc impedance).

On-Line—The condition in which a user, terminal, or other
device is actively connected with the facilities of a communi-
cations network or computer.

PABX—Private Automatic Branch Exchange; a customer-
owned, switchable telephone system providing internal and/or
external station-to-station dialing.

Packet—A sequence of data, with associated control ele-
ments, that is switched and transmitted as a whole. Packet
refers mainly to the field structure and format defined within
the CCITT X.25 recommendation. Multiple packets may be
required to carry one complete document or a lengthy block
of information.

PAD—Packet Assembler/Disassembler; a network interface
device that allows multiple asynchronous and/or synchronous
terminals or host computer ports to interface to a packet-
switching network. It is also a protocol conversion device that
allows user terminals not equipped for packet switching to
communicate over an X.25-based channel. May also be used
to allow connected user stations to open and close sessions
with a remote host and to set specific transmission para-
meters. PAD operation and functions are fully delineated in
CCITT recommendations.

PBX—Private Branch Exchange; a class of service in standard
Bell System terminology that typically provides the same
service as PABX.

PCM Binary Code—A pulse code in which the qUantized
values are identified by binary numbers taken in order. Note
that this term should not be used for line transmission.

PCM Multiplex Equipment—Equipment for deriving a single
digital signal at a defined digit rate from two or more analog
channels by using a combination of pulse code modulation
and time-division multiplexing (multiplexer), and also for
carrying out the inverse function (demultiplexer). The descrip-
tion should be preceded by the relevant equivalent binary
digit rate, e.g., 2048 Kbit/s PCM multiplex equipment.

Peak Limiting—In PCM, the effect caused by the application
to an encoder of an input signal whose value exceeds the
virtual decision values of the encoder.

Phase Jitter—Iin telephony, the measurement, in degrees out
of phase, that an analog signal deviates from the referenced

phase of the main data-carrying signal. Phase jitter is often
caused by alternating current components in a telecom-
munications network.

Port—A point of access into a computer, a network, or other
electronic device. It is also the physical or electrical interface
through which one gains access, or the interface between a
process and a communications or transmission facility.

Primary Block (American: Digroup)—A basic group of PCM
channels assembled by time-division multiplexing.

Propagation Delay—The time interval between specified
reference points on the input and output voltage waveforms.

Protocol—A formal set of rules which govern the format,
timing, sequencing, and error control of exchanged messages
on a data network. It may also include facilities for managing
a communications link and/or contention resolution. A pro-
tocol may be oriented toward data transfer over an interface,
between two logical units directly connected, or on an end-
to-end basis between two end users over a large and com-
plex network.

Psophometric Weighting—A frequency weighting similar to
C-Message weighting that is used as the standard for
European telephone system testing.

Pulse Code Modulation (PCM)—A process in which an analog
signal is sampled, and the magnitude of each sample with
respect to a fixed reference is quantized and converted by
coding to a digital signal. This is the prevalent technique for
digital transmission in communications systems.

Pulse Dialer—A device that generates pulse trains corre-
sponding to digits or characters used in impulse or loop-
disconnect dialing.

Quantizing—A process in which samples are classified into a
number of adjacent intervals (amplitude steps), with each
interval step being represented by a single value called the
quantized value.

Quantizing Distortion—Due to the restriction of a finite
number of produced amplitude steps, a difference occurs
between the information which can be transmitted and the
original information. This difference is called quantizing
distortion.

Quantizing Distortion Power—The power of the distortion
component of the output signal resulting from the process of
quantizing.

Queuing—In telephony, a feature that allows calls to be “held”
or delayed at the origination switch while waiting for a trunk
to become available. It is also the sequencing of batch data
sessions.

Regeneration—The process of recognizing and reconstructing
a digital signal so that the amplitude, waveform and timing are
constrained within stated limits.

Repeater—An amplifier and associated equipment used in a
telephone circuit to process a signal and retransmit it.

Repertory Dialer—A dialer that stores a repertory of telephone
numbers and dials any one of them automatically on request.

Return Loss (RL)—The return loss of a circuit is a measure
of the amount of transmitting current which is transferred to
the receiver at the same location due to impedance mis-
matches. The higher the ratio in dB, the better the return loss.

Sample—The value of a particular characteristic of a signal
at a chosen instant.

Sampled Data System—A system that operates on samples
of the analog input signals. It can be either analog (e.g.,
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switched capacitor filter) or digital (speech coding/digitai
filter) processing or both.

SCU—Subscriber Channel Unit; the circuitry at a telephone
exchange associated with an individual subscriber line or
channel.

Segmented Encoding Law—An encoding law where an
approximation to a smooth law is obtained by a number of
linear segments.

Signaling—The transmission of control or status information
between switching systems in the form of dedicated bits or
channels of information which is inserted on trunks with
voice data.

Signaling Time Slot—A time siot starting at a particular phase
in each frame and allocated to the transmission of signaling.

Signal-To-Distortion Ratio (S/D)—The ratio of the input signal
level to the level of all components that are present when the
input signal (usually a 1.020 KHz sinusoid) is eliminated
from the output signal (e.g., by filtering).

Single Channel Codec—A codec which is designated to
operate on a single signal source and not in a multiplexed
mode which performs the codec function for more than one
signal source.

Single Chip Codec—A single integrated circuit capable of
performing all codec functions and in some cases providing
an auxiliary signaling interface. It may be either single
channel or multiplexable.

SLIC—Subscriber Line Interface Circuit; a device that per-
forms the 2-4 wire conversion, battery feed and other line
interface functions on a subscriber telephone line. .

Smoothing (Decode or Reconstruction) Filter—Usually low
pass. Restores the desired analog signal at the S & H, D/A or
decoder output by blocking high frequency components
produced by sampling.

Subscriber Line—The permanent connection between a sta-
tion and the switching center that serves it.

Syn (Sync)—A bit or character used to synchronize a time
frame in a time-division multiplexer. Also, a sequence used
by a synchronous modem to perform bit synchronization or
by a line controller for character synchronization.

Synchronous—Two signals are synchronous if their
corresponding significant instants have a specific phase
relationship.

Synchronous Modem—A modem that uses a derived clocking
signal to perform bit synchronization with incoming signals.

Synchronous Network—A network in which the clocks are
controlled so as to run, ideally, at identical rates, or at the
same mean rate with limited relative phase displacement.

Synchronous Transmission—A mode of digital transmission
in which discrete signal elements (symbols) are transmitted
at a fixed and continuous rate.

T Carrier—A time-division multiplexed, typically telephone
company-supplied, digital transmission facility, usually operat-
ing at an aggregate data rate of 1.544 Mbit/s and above.

T1 Carrier—A PCM system operating at 1.544 Mbit/s and
carrying 24 individual voice-frequency channels.

T1C—ATA&T term for a digital carrier facility used to transmit
a DS-1C formatted digital carrier signal at 3.152 Mbit/s.
T2—ATA&T term for a digital carrier facility used to transmit a
DS-2 formatted digital carrier signal at 6.312 Mbit/s.

Telco—Telephone Central Office, in most usages; but also, a
generic abbreviation for telephone company.

Tie Line—A leased or private dedicated telephone circuit
provided by common carriers that links two points together
without using the switched telephone network.

Time Division Multiplexing (TDM)—Interleaving digital data
from many users onto one or two serial communications links
by dividing channel capacity into time slices.

Time Slot—Any cyclic time interval which can be recognized
and defined uniquely.

Timing Recovery (Timing Extraction)—The derivation of a
timing signal from a received signal.

Timing Signal—A cyclic signal used to control the timing
of operations.

Tip (T) and Ring (R)—Terms used to identify the two conduc-
tors of a telephone circuit. These terms originate from switch-
board terminology for cord circuits, in which a four-wire
circuit is designated T1, T2, and R1 and R2.

Transceiver—Generic term describing any device, usually a
terminal, that can both transmit and receive.

Transients—Intermittent, short-duration signal impairments.

Translator—In telephony, a central office device that converts
dialed or tone digits into call-processing information.

Transmission—The dispatching of a signal, message, or other
form of intelligence by wire, radio, telegraphy, telephony,
facsimile, or other means (ISO). It consists of a series of
characters, messages or blocks, including control information
and user data. Also referred to as the signaling of data over
communications channels.

Transmultiplexer—An equipment which transforms signals
derived from frequency-division multiplex equipment to time-
division muitiplexed signals having the same structure as
those derived from PCM multiplex equipment and vice versa.

Transparent Mode—Typically bisync data transmission where
the recognition of control characters is suppressed. Also the
operation (usually) of a digital transmjssion facility such that
the user has complete and free use of the available bandwidth;
generally implies out-of-band signaling.

Trunk—A telephone circuit or channel between two central
offices or switching entities.

Trunk Exchange—A telephone exchange dedicated primarily
to interconnecting trunks.

Trunk Group—Muiltipie trunk circuits between the same two
switching centers that can be accessed by dialing a single
trunk number and use the same multiplexing equipment at
both ends.

T-Span—A telephone circuit or cable through which a
T-carrier runs.

Twist—The amplitude ratio of a pair of DTMF tones. Because
of transmission and equipment variations, a pair of tones that
originated equal in amplitude may arrive with a considerable
difference in amplitude.

Two-Wire Circuit—A circuit with two conductors providing
“go” and “return” channels.

Virtual Decision Value—Two hypothetical decision values,
used in quantizing or encoding. Located at the ends of the
working range used, and obtained by extrapolation from the
real decision values. Effectively specifies the maximum input
signal amplitude.

Voice Digitization—The conversion of an analog voice into
digital symbols for storage or transmission.
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Voice Frequency—A frequency within that part of the audio
range that is used for the transmission of speech of com-
mercial quality, i.e., 300-3400 Hz.

Voice-Grade Channel—A telecommunications circuit used
primarily for speech transmission but suitable for the trans-
mission of analog or digital data, or facsimile. It typically
supports a frequency range of 300 to 3400 Hz.

Weighting Fiiters—Several different filters have been used to
represent the transmission pass-band characteristics of dif-
ferent communications networks. The two most frequently

used are C-message (North America) and Psophometric
(Europe) weighting filters.

Wet Line—A telephone line with battery voltage present.

Working Range—The permitted range of values of an analog
signal over which a transmission or other processing equip-
ment can operate.

Zero Transmission Level Point (OTLP)—An arbitrary point in
a transmission system to which all relative levels at other
points in the system are referred. The OTLP is usually the
transmitting toll switchboard or testboard.
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Subscriber Line Interface Circuit (SLIC) — Interface IC

Features

® Advanced Dielectrically Isolated Bipolar Monolithic
technology

® Meets both North American and LSSGR Central Office
Transmission and Signaling Standards

@ Provides SLIC interface and BORSHT functions

® Longitudinal balance of 59 dB or greater

o Tip Party Mark detection

o Tip/Ring to ground or battery short circuit detection

©® Thermal shutdown circuit

® Source/sink current capability (117 mA at Tip and Ring)

® Program-controlled power reduction in Idie mode

@ Available in 28-pin DIP or PLCC package

General Description

GTE Microcircuits’ G24002 SLIC Interface IC is a High Voltage
Dielectrically Isolated Bipolar Monolithic LSI circuit designed
to provide a direct interface to a telephone subscriber loop.
The Interface IC is designed to function in combination with
the GTE G24010 SLIC Control IC. This two-chip set, when
combined with a PCM Codec/Filter, results in a highly versatile
solid-state SLIC-based Line Card which is ideally suited for
Central Office Switch or PABX applications. The two-chip set
provides BORSHT functions which include:

® Floating-polarity battery feed with controlled loop current
o Overvoltage protection (external)

® Ringing

® Supervision/signaling

® 2 to 4 wire hybrid conversion

® System testing

® Microcomputer control logic interface

o Hybrid software selectable networks (one-of-three)

Block Diagram

Vear +5V -5V GND
TP - SUMB
TIP - DRIVE
AMP
COMMON TIP-RING PHASE - AC
c™ MODE o>  SHORT SPLITTER SUM - SUMA
AMP L PROTECTION AMP - AMP
RING -
RING € DRIVE
AMP -
RPT > XMT — XMTA
DIFF.
RPR L AMP > XMTB
TP Veat/2 Pwn‘.\ '?:wn
PARTY VOLTAGE
MARK REF. THERMAL
SHUT DOWN
vy 1B,
TPF  TPM svB TRHZ

ADVANCE INFORMATION
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The Interface IC provides battery feed, Tip and Ring current
sourcing functions, Tip and Ring short protection, Tip Party
Mark sensing, thermal shutdown, overvoltage protection and
a direct interface to the telephone subscriber loop. Its com-
panion IC, the G24010 Control IC, provides all necessary con-
trol outputs for driving Ringing and Testing relays, as well as
other user-defined relay options. It also provides standard
Ring-Trip, Loop Sense and Ground Start detection circuits, plus

a DC Loop Control circuit which feeds the G24002 Interface
IC to guarantee correct Tip and Ring voltages. The Control IC
also contains a parallel I/O Logic Control Interface bus which
can be interfaced to a system microcomputer or other control
device. The Logic Interface allows external control of the var-
ious SLIC functions, including: Cut-Over functions, Tip Ground,
Testing, Ringing, and Ring Trip Disable.

Absolute Maximum Ratings (Note 1)

Ratings Symbol Value
Supply Voltage Voo +6V
Vss -6V
VBAT -60V
DC Loop Current ILoor 65 mA
Operating Temperature Ta 0°Cto +70°C
Storage Temperature Ts —40°C to +85°C

This device contains input protection against damage due to
high static voltages or electric fields; however, precautions
should be taken to avoid application of voltages higher than
the maximum rating.

Notes:

1. Exceeding these ratings may cause permanent damage,
functional operation under these conditions is not implied.

Operating Characteristics: Voo = +5V +5%, Vss = —5V *5%, VBaT = —50V +6V, TRHZ = OV, TA = 0°C to +70°C

Parameter Symbol Min Max Units
Supply Current (THRZ = 0V, VBaT = —50V) Ioo — 1.0 mA
Iss — 0.9 mA
\%:] — 4.5 mA
Logic Interface
Input Low Voltage (PIN = TRHZ) Vi — 0.8 v
Input High Voltage ViH 24 — Vv
Input Low Current (0 < VIN < 0.8V) I —_ 100 uA
Input High Current (2.4 < VIN < VoD) liH — 400 pA
Output Low Voltage (I = 10 uA) VoL — 0.4 v
Output High Voltage (IL = —10 nA) VoH 4.0 — Vv
Battery Feed
Feed Volitage (VBar = —50V) VT1-VR
SUMB = 3.5V 335 35.8 \
SUMB = 1.0V 8.96 10.86 \
SUMB = 0.0V -0.87 +0.87 )
SUMB = -1.0V -10.8 -941 v
SUMB = -3.5V -35.5 -33.9 \
DC Loop Control Output (Vear = —50V) XMTB
SUMB = 3.5V -05 -04 \'
SUMB = 1.0V -1.27 -1.18 \
SUMB = 0.0V -1.58 -1.48 \
SUMB = —-1.0V -1.88 -1.79 \"
SUMB = —-3.5V -270 —2.55 \"
VeaT/2 Filter Output (VBar = —50V, SUMB = 0) VBF -25.15 —24.85 \
Scaled VBat/2 (VBAT = —50V, SUMB = 0) svB -34 -3.2 \"
Common Mode DC Input (VBaT = —50V, SUMB = 0) VCM -25.1 -24.9 \"
Tip Overhead Voltage (VBar = —50V, SUMB = 0) VAT -22 — \
Ring Overhead Voltage (VBar = —50V, SUMB = 0) VAR — —47.8 \
Tip/Ring Short to Ground or VBAT (VBAT = —50V,
SUMA = 1V, VT and VR connected to —25V thru 100 )
VCM = -18.7 -26 —-24 \
VCM = —-19.7 -40 —-38 v
VCM = -30.3 -12 -10 \
VCM = -31.3 -26 -24 \
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AC Transmission

Insertion Loss (RT-R = 500 ohms, f = 1000 Hz)

2-Wire to 4-Wire GTX -6.22 —-5.92 dBv

4-Wire to 2-Wire GRecv -2.64 -2.34 dBv
Level Linearity GLIN

+3to —37 dBmO — +0.25 dB

—37 to —50 dBmO — +0.50 dB
2-Wire Return Loss RLaw

200 Hz to 500 Hz 21 — dB

500 Hz to 3400 Hz 27 — dB
4-Wire Return Loss (Loaded/Non-Loaded 900/2.16 uF) RLaw

200 Hz to 500 Hz 20 — dB

500 Hz to 2500 Hz 25 — dB
Longitudinal Balance (2-Wire, 200 Hz to 3000 Hz) LBaw 59 — dB
Transfer Balance (4-Wire, 200 Hz to 3000 Hz) LBaw 59 - dB
Idle Channel Noise (T-R Terminated 900/2.16 uF) NTx — 2 dBrnc
Idle Channel Noise (RCV = GND) NRC — 2 dB
Harmonic Distortion (f = 1000 Hz) 2nd HAR. —-48 — dBv

3rd HAR. -52 — dBv

Power Supply Rejection (f = 1000 Hz) PsRR -50 — dB

Functional Description

The G24002 SLIC Interface IC is designed to be used in com-
bination with the G24010 SLIC Control IC. This two-chip set,
when combined with a PCM Codec/Filter, results in a highly
versatile solid-state SLIC-based Line Card which is ideally
suited for Central Office Switch or PABX applications.

The G24002 Interface IC provides battery feed, Tip and Ring
current sourcing short protection, Tip Party Mark sensing,
Thermal Shutdown and Overvoltage Protection, as well as a
direct interface to the telephone subscriber loop. Its companion
circuit, the G24010 Control IC, provides all remaining SLIC
functions, including control outputs for driving Ringing, Testing
and other user-defined relays, standard Ring-Trip, Loop Sense,
and Ground Start detection circuits, plus a DC Loopback Con-
trol circuit to guarantee correct Tip and Ring voltages at the
G24002 Interface IC. The Control IC also contains a parallel
/0 Logic Control Interface bus for interfacing to a system
microcomputer or other control device. The Logic Interface
allows external control of various SLIC functions, including Cut-
Over functions, Tip Ground, Testing, Ringing, and Ring-Trip
Disable. Following is a description of the various SLIC Interface
IC functions:

Subscriber Loop Environment

The subscriber loop consists of a 2-wire twisted pair (Tip and
Ring), connected directly to the subscriber telephone set or
other equivalent device. When the telephone is off-hook, the
Interface IC applies a DC feed voltage across the Tip and Ring
lines, resulting in DC loop current flow between the Tip and
Ring feed connections. In this off-hook condition, both incoming
and outgoing voice signals are superimposed on the DC feed
voltage. In contrast, during an on-hook condition, the DC feed
current path is opened, thus interrupting the flow of loop cur-
rent. The Interface IC senses loop current status, and conveys
any off-hook condition to the Central Office Switch or PABX
via the G24010 Control IC.

In actual applications, the subscriber loop resistance may vary
from 400 ohms (telephone set resistance) for short lines, to as
much as 2000 ohms for long lines. To control power dissipation
and loop current over short lines, a DC Loop control circuit
(within the G24010 Control IC) is used. Depending on the loop
length and its location with respect to AC power lines, unde-

sirable longitudinal currents are often induced onto the sub-
scriber line. These longitudinal currents are rejected by the
Interface IC which transmits only the differential mode voice
signal. Any common mode signal induced by the longitudinal
currents are attenuated by 59 dB or better. The Interface IC is
capable of accommodating up to 40 mA rms longitudinal
induced currents on the Tip or Ring side of the loop.

The ringing function is performed by activating a Ring Relay
which connects a ring generator to the loop, thus making the
loop connection. This function is performed by the G24010
Control IC. Once the loop connection has been made and the
subscriber answers the telephone, the Interface IC is ready for
voice transmission. Voice transmission is accomplished by the
Control IC, using a 2-wire to 4-wire switched-capacitor network.
The switched-capacitor network selects from three different
types of line networks, namely loaded, non-loaded and 9:2.
This 2-wire to 4-wire conversion is referred to as the hybrid
function.

To protect the SLIC circuits from lightning strikes, a bridged
diode network is used across the Tip and Ring connections.

Tip Drive Amplifier

The Tip Drive Amplifier is a precision transconductance ampli-
fier which provides DC and AC current feed to the Tip side of
the subscriber loop. The Tip Drive Amplifier is capable of sink-
ing or sourcing 117 mA and has a transconductance of 4 mA/
V. The transconductance is set by an external resistor.

Ring Drive Amplifier

This amplifier functions identical to the Tip Drive Amplifier,
except that it provides DC and AC current feed to the Ring
side of the subscriber loop.

Common Mode Amplifier

The Common Mode Amplifier (biased at Veat/2) senses and
amplifies the common mode voice signal across the Tip and
Ring connections. This common mode signal, (VT + VR)/2, is
amplified by a factor of 3.33 and fed to the Tip and Ring Drive
Amplifiers. The function of this amplifier is to synthesize a
longitudinal (common mode) input impedance of virtual AC
ground at the Tip and Ring connections.
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Tip/Ring Short Protection

This detector circuit monitors the output of the Common Mode
Amplifier. Should the output become within 7.75 volts of either
ground or VearT, the Tip and Ring Drive Amplifiers are placed
into a high-impedance state. This voltage threshold represents
a short of Tip and/or Ring to ground or Veat. When placed in
t&e,p high-impedance state, drive current is removed from the

AC Summing Amplifier

The function of this amplifier is to provide the sum of the
received voice signal and the transmit voice signal. The trans-
mit voice signal is fed back to the circuit in order to synthesize
the Tip and Ring input impedance to 900: 2.16 uF. Signal
SUMA represents the ground referenced summing voltage.
Ampilifier gain is set by the use of external resistors.

Phase Splitter Amplifier

The function of this amplifier is two-fold. First, it sums the DC
signal SUMB with the voice signal, and second, it level shifts
the combined (summed) signals and converts the single-ended
input into two outputs (balanced around Veat/2). These two
outputs are equal in amplitude, but 180 degrees out of phase.

XMT Differential Amplifier

This amplifier is used to amplify the difference between the
Tip line and Ring line voltages. The output (XMTA) is used to
synthesize the input impedance (900 ohms) across the Tip and

Ring lines, and to drive the transmit input (XMTA) of the
G24010 Control IC. Note that the scaled-down output (XMTB)
is used by the Control IC for DC loop control functions.

Tip Party Mark (TPM)

This detector circuit is used to sense a difference voltage
between the Common Mode Amplifier output and VBar/2. When
a difference is sensed, it generates the logic output (TPM).
Under normal operating conditions, the Common Mode Ampli-
fier output is equal to Veat/2. However, when a Tip Party Mark
is placed on the line, Tip current will not be equal to Ring
current, thus causing the Common Mode Amplifier output to
deviate from VBat/2. This deviation will trip the detector and
produce a TPM output.

Veart/2 Voltage Reference
This circuit generates the Veat/2 reference voltage for use
within the Interface IC.

Power-Down and Thermal Shut-Down

The Power-Down circuit controls power dissipation within the
Interface IC. When the TRHZ input is true (logic 1), all internal
amplifiers are placed into a high-impedance state. Output drive
current and internal bias current is totally shut off, thus reducing
power consumption to a minimum.

The Thermal Shut-Down circuit senses the temperature of the
Interface IC. Should it reach 125°C, all internal amplifiers are
shut down and power dissipation is reduced to a minimum.

Pin Function Table

Pin Description Pin Description
AR Output of Ring Drive Amplifier SUMB | DC Loop Current Control Input
AT Output of Tip Drive Amplifier SOUT | Summing Amplifier Output
c™M Common Mode Feedback input from Tip and Ring svB Scaled-Down Vsat/2 Output
Q1B Connection to Base of External NPN Transistor Q1 THRZ Logic Input to Place IC in High Impedance State
Q12E Connection to Emitters of Transistors Q1 and Q2 TPF Tip Party Mark Filter Pin Source (Z = 110K ohms)
Q28 Connection to Base of Transistor Q2 TPM Tip Party Mark Detector Output
Q3B Connection to Base of Transistor Q3 VB1 Battery Supply (—50V)
Q34E Connection to Emitters of Transistors Q3 and Q4 VB2 — 50V Battery Supply for Input Protection Diodes
Q4B Connection to Base of Transistor Q4 VBF VBAT/2 Filter Pin (Source Z = 75K ohms)
RFR Connection to Ring Line Gm Setting Resistor XMTA | Transmit Output to SLIC Control IC
RFT Connection to Tip Line Gm Setting Resistor XMTB | Scaled-Down Transmit Output for DC Loop Control
RPR Ring Line Transmit Input GND Ground
RPT Tip Line Transmit Input Vop +5.0V Power Supply
SUMA | Summing Amplifier Inverting Input Vss —5.0V Power Supply
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Pin Configuration

RFR 1 28[7] a3B
RFT [ 2 27 ] AR
aiB |3 26[ ] QE
AT [ a 25[7] Q4B
QuE[| 5 24 ] cm
28 []6 002 ] XMTA
vB1 7 22[] xmTB
SuMB 8 21[] RPT
SouT 9 20[] ve2
SUMA ] RPR
GND ] vBrF
Voo ] sve
Vss ] TPF
TRHZ ] TPM

cSEE8cd
/ 4 3 2 1 28 27 26
Q12E |5 ¢ 25| B
Q2B |6 24|cm
VBl |7 23 | XMTA
SUMB |8 G24002 22| xmTB
souT |9 21| RPT
SUMA | 10 20| vB2
GND | 11 19| RPR
12 13 14 15 16 17 18

Applications

Figures 1 and 2 represent a typical application where_the
G24002 Interface IC is used in conjunction with the G24010
Control IC to form a Subscriber Loop Interface Circuit (SLIC).
The addition of a PCM Codec/Filter to this circuit would result
in a highly efficient Line Card for use at a Central Office or
PABX station.

A description of the various external components is as follows:

Q1 through Q4

Since the G24002 Interface IC is a high voltage, low current
device, four external emitter followers are required to drive the
Tip and Ring terminals. For a 2000 ohm loop resistance, each
transistor dissipates approximately 130 mW; for a loop resis-
tance of 500 ohms, each transistor dissipates approximately
600 mW.

RF1 and RF2

These two resistors are used in conjunction with the Tip and
Ring Drive Amplifier. These resistors, in combination with inter-
nal matched resistor pairs, serve to configure the Drive Ampli-
fier into a transconductance amplifier with a transconductance
of 4 mA/V.

RP1, RP2 and DB
RP1 and RP2, along with the Diode Bridge (DB), provide light-
ning protection.

RCM1 and RCM2

These two resistors serve to combine the Tip and Ring volt-
ages, thus providing a common mode signal to an internal
Common Mode Amplifier.

RIN1 and RIN2
These resistors, in combination with internal resistors, form the
internal XMT Differential Ampilifier.

RG1, RG2 and RSF
These are gain-setting resistors for the RCV signal, as received
from the PCM Codec/Filter and XMTA signal.

CZIN

CZIN, along with RG1, provides a feedback path for the signal
which appears across Tip and Ring. The purpose of this feed-
back is to synthesize ZIN “impedance locking™ across Tip and
Ring (approximately 900:2.16 uF).

CTPF and CVBF

CVBF filters out any power supply noise. CTPr filters out the
AC signal components prior to the Tip Party Mark detector
circuit within the G24002 Interface IC.

R1 through R4
These four resistors are used to scale down the Ring-Tip
sensed signal such that it can be processed by CMOS circuits.

RS, R6 and C1, C2

These four components, in combination with an internal Op
Amp, form a two-pole, low-pass filter to extract the DC com-
ponent from the AC ringing voltage.

CHIT

This external capacitor, in conjunction with an internal resistor,
forms a symmetrical integrator circuit. The purpose is to provide
“Hit" protection, i.e., blocking pulses that are less than 10 mS
in width.

CLF
This external capacitor serves as a loop-filter for the DC loop
control circuit.
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Figure 2. Typical SLIC Application

External Component List

Symbol Value Tolerance Symbol Value Tolerance
R1, R2 5MQ +0.25% Ratio Match RIN1, RIN2 4.42KQ +1%
R3, R4 81 14KQ +0.25% Ratio Match Q1,Q3 Amperex BSR41 Or Equivalent
RS, R6 237KQ +1% Q2, Q4 Amperex BSR31 Or Equivalent
RG1 200KQ +0.25% DB1 Diode Bridge FD10290-BD
RG2 263.3KQ +0.25% CVBF, CTPF 0.22 uF *10%
RSF 110KQ +0.25% CHIT, CLF
RP1, RP2 240 5% CZIN 0.01 uF +1%
RF1, RF2 4970 +0.05% Ratio Match ¢ 047 pF 5%

+0.1% Absolute Cc2 0.22 uF +5%

RCM1, RCM2 | 150KQ *1% CRCV 0.0082 uF +5%
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Ordering Information

G 24002 P |
]

Description T
C—Special G—Standard

Product Identification Number

Package

P—Plastic E—Leaded Chip Carrier
C—Ceramic L—Leadless Chip Carrier
D—Cerdip X—Dice
Temperature/Processing

None— 0°Cto +70°C,+5% P.S. Tol.
|—-40°C to +85°C, = 5% P.S. Tol.
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Subscriber Line Interface Circuit (SLIC) — Control IC

Features

©® Double-Poly CMOS Monolithic technology

® Meets both North American and LSSGR Central Office
Transmission and Signaling Standards

® Provides SLIC control and BORSHT functions

e Performs 2 to 4 wire hybrid conversion with 9:2, loaded
and non-loaded networks

e Logic Control Interface for off-chip microcomputer control
function

@ Interfaces with G24002 SLIC Interface IC and PCM

Codec/Filter

Ring-Trip Detection

Ground Start Detection

DC Loop Control

Loop Sense Detection

@ Available in 44-pin PLCC or 40-pin DIP package

General Description

GTE Microcircuits’ G24010 SLIC Control IC is a Double-Poly
CMOS Monolithic LSI integrated circuit designed to provide a
three-way interface between GTE's G24002 SLIC Interface IC,
a PCM Codec/Filter, and external microcomputer control. The
G24010 Control IC is designed to function in combination with
the GTE G24002 Interface IC. This two-chip set, in combination
with a PCM Codec/Filter, results in a highly versatile solid-state
SLIC-based Line Card which is ideally suited for Central Office
Switch or PABX applications. The combined two-chip set pro-
vides BORSHT functions which include:

o Floating-polarity battery feed with controlled loop current
e Overvoltage protection (external)

® Ringing

® Supervision/signaling

® 2 to 4 wire hybrid conversion

® System testing

® Microcomputer control logic interface

e Hybrid software selectable networks (1-0f-3)

Block Diagram ADDRESS = <3 r
g Qp—A— 2 z8F =
[=] -4 [ [=]
gepE 8 o gegoks
AdAa k
YYYYVYVYYVYY)
RTD1 -
RCV
RTDO <€ LOGIC INTERFACE l_—
T T T :
SWITCH
N > CAP
LS GST RT 02 TRANSFER
: FUNCTION
DLC <-— > LOOP -RCV’
3 SENSE \
XMTB > +750 mV — COMP. _
> . Sum > XMT
™ AMP - XMTA
SVB DC LooP >
CONTROL GND
START
cGS »| comp
RING-TRIP >
SENSE RING L = RT
TRIP +750 mV <«—o{
CKT VREF
~36 mV —»={ -36 mV <«——

ADVANCE INFORMATION
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The G24010 Control IC provides all necessary control outputs
for driving Ringing and Testing relays, as well as user-defined
relay options. Standard Ring-Trip, Loop Sense and Ground
Start Detection circuit functions are provided, in addition to a
DC Loopback Control circuit which feeds the G24002 Interface
IC to guarantee correct Tip and Ring voltages. A Line Card
failure LED output is also provided, along with a special circuit
for preventing false Loop Sense detection.

In addition to the above SLIC functions, a Digital Logic Control
Interface is available for external control of the various G24010
internal functions, including: Cut-Over functions, Tip Ground,
Testing, Ringing, and Ring-Trip Disable. SLIC operational sta-
tus may also be read via the Logic Control Interface. This
parallel I/O bus may be interfaced to a system microcomputer
or other logic control device.

Absolute Maximum Ratings (Note 1)

Ratings Symbol Value
Supply Voltage VoD —Vss +14V
Input/Output Voltage Vdc Vss —0.3, Voo +0.3
Output Current lout +50 mA
Operating Temperature TA —40°C to +85°C
Storage Temperature Ts —65°C to +150°C

This device contains input protection against damage due to
high static voltages or electric fields; however, precautions
should be taken to avoid application of voltages higher than
the maximum rating.

Notes:

1. Exceeding these ratings may cause permanent damage,
functional operation under these conditions is not implied.

Operating Characteristics: Voo = +5V 5%, Vss = —5V +5%, SVB = —3.3V, Ta = 0°C to +70°C

Parameter Symbol Min Max Units
Vob Supply Current (SVB = —3.3V, CLK = 1.544 MHz) oo - 5.0 mA
Vss Supply Current Iss — -5.0 mA
Logic Interface
Input Load Current (VIN = 0 to Voo, All Logic Inputs) e -10 +10 nA
Input Low Voltage ViL
RTDI, A, B, C, D, WS, NRPL, CEN, CLK, NDATA (As Input) 0 +0.8 v
" Input High Voltage VIH
RTDI, A, B, C, D, WS, NRPL, CEN, CLK, NDATA (As Input) 24 Voo \
Input Low Voltage Vit
NETSEL, GSTSEL 0 +0.3 \
Input High Voltage ViH1
NETSEL, GSTSEL Voo-0.3 — "
Output Low Voltage (lo. = +0.5 mA) VoL
NDATA (Output) - +0.4 v
Output High Voltage (lon = —0.3 mA) VoH
NDATA (Output) +2.7 — \"
Output Low Voltage (lo. = +0.1 mA) Vou1
TG, TST, RR, LED — +0.1 \"
QOutput High Voltage (lon = —2.5 mA) VoH1
TG, TST, RR, LED +0.85 — \"
Output Low Voltage (loL = +0.25 mA) VoL2
Cco —_ —-0.85 \
Output High Voltage (loH = —0.1 mA) Vou2
Cco -0.1 — Vv
Output Low Voltage (loL = +0.2 mA) Vous
RTDO —_ +0.4 v
Output High Voltage (loH = —20 uA) VoH3
RTDO +2.7 — "
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Ring-Trip Differential Gain Setting Amplifier

Input Leakage Current (ViIN = Vss to Vop) lal
A1N, A1P, XMTB, CGS, CRA, SVB, XMTA, RCV —-100 +100 nA
Input Resistance Rai 10 — Mohms
Input Offset Voltage Vos -10 +10 mv
Power Supply Rejection PsrR
A10UT 50 —_— dB
Common Mode Rejection (VIN = —4.0V to +4.0V) CMRR
Al(-), Al(+) 60 — dB
Common Mode Range Vem
Al(-), Al(+) -40 +4.0 v
DC Open Loop Gain AvoL 65 — dB
Output Voltage Swing (RL = 10Kohm) Voat
A10UT +3.2 — \
Load Capacitance Coat
A10UT — 50 pF
Load Resistance Roat
A10UT — 10 Kohms
Ring-Trip Detector
Ring-Trip Sensing DC Voltage (DC Differential Voltage Sensed at VRTDC
OP Amp A1 Output) -38.5 -335 mvV
Ground Start Detector
l Ground Start Sense Voltage at Cas Vas -14 -13
Loop Sense Detector
Loop Sense Voltage at DLC Output (Voo = +5V, Vss = —5V, SVB = -3.3V) Vis +0.7 +0.8 \"
Spike Protection at Loop Sense Circuit THIT — 12 mS
DLC
DC Loop Control Transfer Function (Inputs at XMTB, Outputs DLC to High VoLc
Voltage SLIC)
Vxmrg = —1.6V 3.07 3.235 )
Vxmre = —1.0V 2.095 2.26 \"
Vxmte = —0.4V 1.115 1.28 \
Vxmre = —0.2V 0.05 05 \"
Vxmte = —0.1V -1.15 -0.6 \
Transmission Characteristics
Transmit Gain at 1.02 KHz (Input —0.316 VRMs at XMTA) Gxmt
XMT 8.003 8.135 dB
Transmit Freq. Response Relative to Gain at 1KHz (Input —0.316 VRms at XMTA) GRXMT —0.066 +0.066 dB
4-Wire Return Loss: Loaded, Non-Loaded, 900 ohm/2.16 uF Ruaw
(When used with G24002)
200 Hz to 500 Hz 20 — dB
500 Hz to 2500 Hz 25 — dB
2500 Hz to 3400 Hz 20 — dB
Noise
Total C-Message Noise at XMT Output (0 dBm0 = 1.2276 VRMs at XMT) Nexvr — 4 DBRNCO
Total C-Message Noise at DLC Output NcoLe — 15 DBRNCO
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Timing Diagrams (Logic Control Interface)

Write Cycle Timing
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Functional Description

The G24010 Control IC is designed to provide a three-way
interface between GTE's G24002 Interface IC, a PCM
Codec/Filter, and external microcomputer control. The Con-
trol IC is designed to be used in combination with the G24002
Interface IC. This two-chip set, when combined with a PCM
Codec/Filter, results in a highly versatile solid-state SLIC-
based Line Card which is ideally suited for Central Office
Switch or PABX applications. The SLIC-based Line Card
provides interfacing between the 2-wire (high-voltage) sub-
scriber loop twisted pair and the 4-wire (low-voltage) central
office switch.

The SLIC Control IC provides all necessary control outputs for
driving Ringing, Testing and other user-defined relay options.
Standard Ring-Trip, Loop Sense and Ground Start Detection
circuit functions are provided, in addition to a DC Loopback
Control circuit which feeds the Interface IC to guarantee correct
Tip and Ring voltages. A Line Card failure LED output is pro-
vided, along with a special circuit to prevent false Loop Sense
detection.

Also included is a Digital Logic Control Interface for external
control of the various G24010 internal functions, including; Cut-
Over (CO) functions, Tip Ground (TG), Testing (TST), Ringing
(RR), and Ring-Trip Disable (RTDI and RTDO). This parallel
1/0 bus may be interfaced to a system microcomputer or other
logic control device. The following is a description of the various
Control IC functions:

Logic Control Interface

The Logic Control Interface provides parallel bus interfacing
to an external microcomputer or other control circuit, thus
allowing external control of SLIC Control IC functions. SLIC
control states are defined by the external control system. This
is accomplished by using the 4-bit address (A, B, C and D)
and bidirectional Data Line (NDATA), in combination with Chip
Enable (CEN) and a Write Strobe (WS). SLIC control state
Status is read using the same address and data line, along
with Chip Enable (CEN) and Read Data Enable (NRPL). Refer
to the previous Read and Write Timing Diagrams.

The control signals CO, TG, TST and RR are used to drive
relays which provide Cut-Over, Tip Ground, Testing and Ring-
ing functions. The LED output is used to drive an external
system LED circuit, and serves to indicate a failed SLIC Line
Card. The RTDI and RTDO signals provide external Ring-Trip
Disable Input/Output functions. The Network Select (NETSEL)
in conjunction with NDATA controls the selection of Loaded,
Non-Loaded or 9:2 networks. This provides maximum 2 to 4-
wire return loss in each case.

Table 1 provides an address map for the various Control IC
functions, while Table 2 describes network selection (1-of-3)
for 2-wire to 4-wire conversion.
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Table 1. Functional Addressing Map

STATE| D C B A | SELECTED FUNCTION
0 0 0 0 0 LS/GST (Read Only)
1 0 0 0 1 Not Used
2 [] 0 1 0 Not Used
3 0 0 1 1 Not Used
4 0 1 0 0 Not Used
5 0 1 0 1 Not Used
6 0 1 1 0 Not Used
7 0 1 1 1 LED Indication
8 1 0 0 0 RR (Ring Relay)
9 1 0 0 1 RTDO (Ring-Trip Disable)
10 1 0 1 0 Not Used
1 1 0 1 1 CO (Cut-Over Relay)
12 1 1 0 0 TG (Tip Ground Relay)
13 1 1 0 1 NET (Network Selected)
14 1 1 1 0 Not Used
15 1 1 1 1 TST (Line Test Relay)
Notes:

1. At address O (state 0) “AND” GSTSEL is a logic 0, the
external system reads the Control IC’s Loop Sense (LS).
When GSTSEL is a logic 1, address 0 reads Ground Start
detection. All remaining functions operate in both read and
write modes.

2. NDATA is a bidirectional data line, over which data can be
read from or written to the SLIC Control IC.

Table 2. Network Selection

NETSEL NDATA NETWORK SELECTED
0 0 Loaded
0 1 Non-Loaded
1 0 900:2
1 1 900:2

DC Loop Control (DLC)

Since the subscriber loop resistance may vary from 400 ohms
(telephone set resistance) for short lines, to as much as 2000
ohms for long lines, a DC Loop Control circuit is needed to
control loop current (power dissipation) for short loop lengths.
This circuit performs that function by generating a DLC transfer
function using the scaled-down Transmit Output (XMTB) and
scaled-down Battery Output (SVB) signals from the G24002
Interface IC. The resulting DLC output is used to drive the
Phase Splitter Amplifier within the Interface IC. The transfer
function, operating in a feedback loop with the interface IC,
controls the loop current and follows a predetermined,
smoothly decreasing curve for increasing loop resistance up
to 2000 ohms. For long lines which may have a resistance
greater than 2000 ohms, the transfer curve slope changes to
allow sufficient overhead working voltage for the Tip and Ring
Drive Amplifiers (current drivers) within the Interface IC.

Loop Sense Comparator
The Loop Sense Comparator is used to sense the condition
of the subscriber loop, that is, loop closure due to an off-hook

condition or rotary dial pulses. Since the DLC output is pro-
portional to loop current, as described above, a Loop Sense
(LS) output can be generated and compared against a 750 mV
reference voltage. The LS output can then be communicated
to the external system by way of the Logic Control Interface.
Note that the LS output is “hit” protected by using symmetrical
integration, consisting of an external RC circuit. “Hit" protection
is defined as the blocking of detected pulses from the Loop
Sense Comparator that are less than 10 mS in width.

Ground Start Comparator

This circuit detects a Ground Start condition, which in turn,
generates the Ground Start (GST) signal. The GST signal is
transferred to the external system by way of the Logic Control
Interface. In practice, certain line circuits have Ground Start
enabled for hotel/motel line service.

Ring-Trip Circuit

The Ring-Trip circuit is used to control ringing, as well as to
remove ringing when the subscriber goes off-hook during a
ringing period. When a command to ring a subscriber is
received from the Logic Control Interface, the Ring-Trip circuit
generates a Ring Relay (RR) signal which is current amplified
to drive the Ringing Relay. This signal applies AC ringing volt-
age (in series with the DC battery voltage) to the subscriber
loop through an external resistor. The voltage drop across the
external resistor is sensed by the Ring-Trip circuit and applied
to a two-pole filter circuit which filters out the AC component.
When the subscriber is on-hook, the ringing current contains
only AC components. When the subscriber goes off-hook, a
DC voltage drop is sensed across the external resistor and
compared against a —36 mV reference voltage. If the voltage
drop is lower than the reference voltage, Ring-Trip is sensed
and the Ring-Trip (RT) signal is generated. This signal resets
the Ring Relay latch, thus stopping the ring function. The RT
output is also sensed by the external system to detect the
Ring-Trip.

Switched-Capacitor Filter Function

This function serves to reshape the RCV signal such that it is
equal in amplitude but 180 degrees out of phase with the fed
back signal received from the G24002 Interface IC. The filter
adjusts the RCV signal to account for one of three different
loads presented to Tip and Ring and the effects of the G24002
and external components. The resultant output is — RCV'. As
discussed later, — RCV’ will be added to XMTA to form XMT.
This serves to substantially reduce echo in the system.

Summing Amplifier

XMTA input signal contains two components: the transmitted
signal from the subscriber connected to Tip-Ring at G24002
and a feedback signal (RCV’) resulting from the other sub-
scriber (RCV) through the G24002 and back. The output of
the switched-capacitor Filter above is — RCV'. Thus by adding
XMTA to —RCV’, the result is XMT signal which contains only
the intended transmitted signal.

Simply put, the switched capacitor filter together with the sum-
ming amplifier isolate the RCV and XMT signals on the 4-wire
side (4-wire return loss).

VREF

This circuit generates 750 mV and —36 mV reference voltages
for use by the Loop Sense Comparator, DC Loop Control and
Ring-Trip circuits. A fusible link technique is used to achieve
the —36 mV precision reference, while the 750 mV reference
is derived directly from the —5 volt source.
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Pin Function Table

Pin Description Pin Description
Al1(-) Inverting Input to A1 Ring-Trip Op Amp NRPL Read Data Enable (Active Low) .
Al(+) Non-Inverting Input to A1 Ring-Trip Op Amp RCV Receive Input from PCM Codec/Filter
A10UT | A1 Ring-Trip Op Amp Output RR Ring Relay (RR) Output
A, B, C, D| Address Input Lines for Logic Control RTDI Ring-Trip Disable Input
CEN Circuit (Chip) Enable for Logic Control RTDO Ring-Trip Disable Output
CGS Ground Start Comparator Input (—) svB Battery Input from G24002, Divided Down
CHIT “Loop Sense Hit” (External Capacitor) TG Tip-Ground (TG) Relay Driver Output
CLF DLC Loop Filter (External Capacitor) TST Line Test Relay Output
CLK 1.544 MHz Input VSF Vss Noise Filter Pin (External Capacitor)
co Cutoff Relay Output VTH-RT | Test Output Pin
CRA Ring-Trip Circuit (External Capacitor A) WS Write Strobe for Logic Control
CRB Ring-Trip Circuit (External Capacitor B) XMT Transmit Output to PCM Codec/Filter
DLC DLC Output to G24002 XMTA “Main” Input from G24002 Interface IC
GSTSEL | Ground Start Select XMTB Input Signal from G24002, Divided Down
LED LED Driver Output Voo Positive Supply Voltage
NDATA | Bidirectional Data Line for Logic Control (Active Low) Vss Negative Supply Voltage
NETSEL | Network Select Input GND Ground
Pin Configuration

-
Q& =] >
Erge838g3s
cLk 1 407 RTDO RS N =
o2 2/ oo / .:e..s
16 3 3821 RCV
RR 4 37 xmT Ne |7 , 39(NC
ST 5 = CEN |8 38| XMTA
NRPL T 6 35 XMTA ws|oe 37| GND
CENJ7 341 GND ol 36| Vss
ws 8 33 vss o5 | e
o9 3209 cHIT c|n
c 10 G24010 313 sve B |12 G24010 34|sve
sn gg::ia NE 33 |cas
A2
RTDI {13 28 CLF RTDI | 14 32| XMTB
NETSEL {14 273 bie NETSEL | 15 31|cLF
NDATA (] 15 261 CRB NDATA | 16 30 |pLC
NC 16 257 CRA
NC 17 24/ At0UT Ne 17 29| crB
GSTSEL 18 231 A1(-) -
Voo .19 22 A1(+) AR EREEEREEERRE
VSF {20 21/ VTH-RT 3"'§§¥ g §3§§
Tz Z
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Applications

Figures 1 and 2 represent a typical application where the
G24010 Control IC is used in conjunction with the G24002
Interface IC to form a Subscriber Loop Interface Circuit (SLIC).
The addition of a PCM Codec/Filter to this circuit would result
in a highly efficient Line Card for use at a Central Office or
PABX station.

A description of the various external components is as follows:

Q1 through Q4

Since the G24002 Interface IC is a high voltage, low current
device, four external emitter followers are required to drive the
Tip and Ring terminals. For a 2000 ohm loop resistance, each
transistor dissipates approximately 130 mW; for a loop resis-
tance of 500 ohms, each transistor dissipates approximately
600 mW.

RF1 and RF2

These two resistors are used in conjunction with the Tip and
Ring Drive Amplifiers. These resistors, in combination with
internal matched resistor pairs, serve to configure the Drive
Amplifiers into transconductance amplifiers with a transcon-
ductance of 4 mA/V.

RP1, RP2 and DB
RP1 and RP2, along with the Diode Bridge (DB), provide light-
ning protection.

RCM1 and RCM2

These two resistors serve to combine the Tip and Ring volt-
ages, thus providing a common mode signal to an internal
Common Mode Amplifier.

RIN1 and RIN2
These resistors, in combination with internal resistors, form the
internal XMT Differential Amplifier.

RG1, RG2 and RSF
These are gain-setting resistors for the RCV signal, as received
from the PCM Codec/Filter and XMTA signal.

CZIN

CZIN, along with RG1, provides a feedback path for the signal
which appears across Tip and Ring. The purpose of this feed-
back is to synthesize ZIN “impedance locking” across Tip and
Ring (approximately 900:2.16 uF).

CTPF and CVBF

CVBF filters out any power supply noise. CTPF filters out the
AC signal components prior to the Tip Party Mark detector
circuit within the G24002 Interface IC.

R1 through R4
These four resistors are used to scale down the Ring-Trip
sensed signal such that it can be processed by CMOS circuits.

RS, R6 and C1, C2

These four components, in combination with an internal Op
Amp, form a two-pole, low-pass filter to extract the DC com-
ponent from the AC ringing voltage.

CHIT

This external capacitor, in conjunction with an internal resistor,
forms a symmetrical integrator circuit. The purpose is to provide
“Hit” protection for the output of the Loop Sense Comparator,
i.e., blocking pulses that are less than 10 mS in width.

CLF

This external capacitor serves as a loop-filter for the DC loop
control circuit.

External Component List

Symbol Value Tolerance
R1, R2 5MQ +0.25% Ratio Match
R3, R4 81.14KQ +0.25% Ratio Match
RS, R6 237KQ +1%

RG1 200KQ +0.25%

RG2 263.3KQ} +0.25%

RSF 110KQ +0.25%

RP1, RP2 240 *5%

RF1, RF2 49.7Q +0.05% Ratio Match
+0.1% Absolute

RCM1, RCM2 | 150KQ +1%

RIN1, RIN2 4.42KQ +1%

Q1, Q3 Amperex BSR41 Or Equivalent

Q2, Q4 Amperex BSR31 Or Equivalent

DB1 Diode Bridge FD10290-BD

CVBF, CTPF 0.22 uF +10%

CHIT, CLF

CZIN 0.01 uF +1%

c1 0.47 uF +5%

c2 0.22 uF +5%

CRCV 0.0082 uF +5%
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RING

RING-TRIP SENSE

Figure 2. Typical SLIC Application
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Ordering Information

b

G 20010 P |
Description T

C—Special G—Standard
Product Identification Number

Package

P—Plastic E—Leaded Chip Carrier
C—Ceramic L—Leadless Chip Carrier
D—Cerdip X—Dice
Temperature/Processing

None— 0°Cto +70°C, £ 5% P
|1—-40°C t0 +85°C, + 5% P

ol.
ol.
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GTE G24020

Microcircuits
CMOS Subscriber Line Compensation Network

Features General Description

® Two-wire to four-wire converter GTE Microcircuits’ G24020 Subscriber Line Compensation
® 300 O power drivers for transformer and line drive Network is intended for use in telephone circuits. The G24020
serves as an interface between the line transformer and the

© 10K £} transmit output driver codec/filter within a line card, and performs the tasks of a
® Lightning protection circuitry balanced hybrid. The primary purpose of the G24020 is to
e Anti-alias and post-filters perform two-wire to four-wire conversion and provide lightning

e Low power consumption: protection on the line coupling through the transformer.
20 mW typical without power amps To overcome the effects of variations in line impedances for

30 mW typical with power amps different subscriber loops, the G24020 defines a statistical

p ; i average loop, identifying two different line conditions, i.e., the

® Available in 14-pin DIP package loaded and the non-loaded conditions. In addition, isolation
between the receive and transmit ports is provided for both
the loaded and non-loaded conditions, with transformer bias
current varying within the range of 20 mA and 85 mA. Switched
capacitor filters are used for balancing the hybrid. The G24020
is manufactured using GTE's CMOS process technology for
increased noise immunity, higher reliability and reduced power

consumption.
. TRANSFORMER
Block Diagram INTERFACE
A
1.544 MHz
‘on BF2 BF1 CLK
FROM

CODEC/FILTER

PWRI O 'I :> 1 ' LIGHTNING cLock
+
PROTECTION GENERATOR

3 ]

»| PREFILTER [ SCF

T0
- CODEC/FILTER
POST- .I :: > >
FILTER VFXo
+

>
T1A O~———————pi PREFILTER X2
2>

TRANSFORMER
INTERFACE

Q

NETS
L/NL SELECTION

ADVANCE INFORMATION 2t skt 1 cange wahot rvee.
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G24352
GTE 624353
G24354
Microcircuits G24357

CMOS Monolithic Serial Interface PCM Codec/Filter Family

Features General Description
® Four complete Codec/filtering systems: GTE Microcircuits’ family of u-law and A-law Codec/filter cir-
— G24352 — p-law with signaling (18-pin version) cuits feature precision A/D and D/A signal conversion in com-
— (G24353 — p-law with signaling (20-pin version) bination with a serial PCM digital interface. Each device per-
— G24354 — p-law without signaling (16-pin version) forms voice digitizing and recovery, as well as band limiting
— G24357 — A-law (16-pin version) and signal restoration as required for companded PCM sys-
® Low power CMOS design: 60 mW operating (typ), 3 mW tems. Within each device, the encode section features an input
standby (typ) gain adjust amplifier, active high-frequency RC filter, offset
® High-pass and low-pass transmit filtering compensation circuitry and a switched-capacitor band-pass
® Receive Sin x/x correction filter for rejecting frequencies outside a 200 to 3400 Hz band.
® Resistor programmable gain for transmit section Filtered signals are sampled and encoded into the companded
® Synchronous or asynchronous transmit and receive p-law or A-law format. The decode section features an expand-
operation ing decoder for reconstructing the u-law or A-law encoded
® Serial I/O interface signal, a low-pass filter including Sin x/x response corrections,
® Active RC anti-aliasing and post filters and a low impedance power amplifier output stage. All devices
® Precision internal voltage reference and auto-zero circuits within the GTE Codec/Filter family meet or exceed AT&T D3/
® Automatic power-down by removing frame Sync’s and/or D4 and CCITT specifications, and are manufactured using
single-pin power-down GTE's state-of-the-art CMOS process technology for increased
o Electrostatic discharge and improved latch-up protection noise immunity, higher reliability and reduced power
on all inputs consumption.
® TTL or CMOS compatible logic

+ 5V power input

Block Diagram

OFFSET
COMPENSATION
GSX *-——————
DIGITAL
BUFFER
VFX - - SECOND ORDER 8TH ORDER COMPRESSING PARALLEL-
ANTI-ALIASING [—3| BAND-PASS [— AD —»{ TO-SERIAL DX
VFX+ + ACTIVE FILTER FILTER CONVERTER CONVERTER
GAIN
SETTING
PREAMP
————» TSX
|«——— sFx
TRANSMIT LOGIC [ Fsx
AND TIMING | «———— siGx
|————— BCLKX
INTERNAL < MCLKX
PRECISION = — — — —
VOLTAGE <———FSR
REFERENCE | «———— SFR
RECEIVE LOGIC
AND TIMING | «——— BCLKR/CLKSEL
l——» SIGR
| «———— MCLK/PDN

l

ANALOG ‘

BUFFER 1 y

2ND ORDER 5TH ORDER EXPANDING SERIAL-TO-
D/

VFRO ACTIVE [€— LOW-PASS ;4—‘ A r— PARALLEL ’4— DR
POST FILTER RECEIVE FILTER CONVERTER CONVERTER

ADVANCE INFORMATION utiont 0 change wibd noien,
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G24800

CMOS Mini-Packet Receiver/Transmitter (MPRT)

Features

® Advanced CMOS design for low power consumption and
increased noise immunity

Voice/Data Mini-Packet (MP) protocol

10 or 12 bytes per Mini-Packet information field

4-bit Sync character per Mini-Packet frame

8-bit CRC character per Mini-Packet frame

Bipolar AMI Return-to-Zero (RZ) transmit/receive format
Digital Voice/Data communication

Transparent (Voice) and Non-Transparent (Data) 8-bit
microprocessor interfaces

Digital subscriber loop interface (single twisted pair)

Ping Pong half-duplex or full-duplex mode

Program selectable baud rates (4, 16, 64, or 256 kb/s)
Program selectable Master/Slave modes

Automatic Bipolar Six-Zero Substitution (B6ZS) codingito
prevent “line sag”

Single +5 volt power supply

Available in 40-pin DIP or 44-pin PLCC package

General Description

GTE Microcircuits’ G24800 Mini-Packet Receiver/Transmitter
(MPRT) is a single digital voice/data telecommunications chip
designed to provide information management and control

between one or two 8-bit microprocessors (Transparent Voice
and Non-Transparent Data) and a 2-wire subscriber loop inter-
face. The G24800 MPRT offers significant advantages in digital
subscriber voice/data telephone operations, as well as remote
data acquisition and control systems. Other advantages
include GTE's silicon gate CMOS manufacturing process tech-
nology . . . providing reliable, low-power operation in a single-
chip LSI configuration. The MPRT offers compatibility with
existing, as well as future telephone switching hardware and
software applications.

The MPRT information transmit and receive format is based
on Mini-Packet protocol, with each Mini-Packet consisting of
a 4-bit Sync character, 10 or 12 bytes of voice or data infor-
mation, and an 8-bit CRC character. The Mini-Packet concept
not only offers excellent data integrity, but also allows trans-
mission of both voice and data packet information over a single
digital subscriber loop. Bidirectional communication over a sin-
gle twisted pair is achieved by use of a Ping Pong, half-duplex
alternation of transmit/receive frames. Full-duplex capability
requires two twisted pair lines. Program selectable baud rates,
Master/Slave modes, and a versatile voice/data microproces-
sor interface allows the MPRT to be configured for a wide range
of communication systems applications.

Block Diagram

TSA TMPA
VOICE BUS - - »{ RX FRAME [<€—— RXA
VOICE - RX BIT
TDO-7 VOICE INTERFACE PROCESSOR [ PROCESSOR
10 PROCESSOR A/B BUFFERS [<«—— RXB
REGISTERS y
TAO, TR/W, 3 *
TSEL To2 — RX/TX
INTERNAL ‘ A
INFORMATION l«— 0sc(IN)
BUS CONTROL PING-PONG cLock —
sequencer [ Y SEQUENCER GEN. 0Sc(ouT)
l«—— BR CLK(IN)
A T A 1
NTAQ, NTR/W, -3 Y \
NTSEL, NT2
DATA
10 <::4 DATA TX FRAME H—_— XA
REGISTERS INTERFACE > PROCESSOR —»| PROCESSOR
- —»-| PROCESSOR »| A/B BUFFERS —> X8
| T L RESET
NTDO-7 ERROR NTMPA NTSA

MICROPROCESSOR DATA BUS

ADVANCE INFORMATION
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Absolute Maximum Ratings (Note 1)

Ratings Symbol Value
Supply Voltage Voo -0.3Vto +7.0V
Input Voltage (All Inputs) VIN ~0.3Vto Voo + 0.3V
DC Current per Pin IN -10mAto +10 mA
Operating Temperature Ta 0°C to +70°C
Storage Temperature Ts —65°C to +150°C
Junction Temperature Ty +150°C

This device contains input protection against damage due to
static voltages or electric fields; however, precautions should
be taken to avoid application of voltages higher than the max-

imum rating.

Notes:

1. Exceeding these ratings may cause permanent damage.
Functional operation under these conditions is not implied.

DC Characteristics: Vop = 5.0V £5%, Vss = 0V, Ta = 0°C to +70°C

Parameter Symbol Min Max Units

Supply Voltage Vop 4.75 5.25 \"
Supply Current (Vob = 5.25V, OSC(IN) = 4.096 MHz, oo
Bit 5 of NT Command Reg. High) — 10 mA
Input Low Voltage (Vob = 4.75V) Vi

All inputs except OSC(IN) Vss 0.8 Vv

OSC(IN) Vss 0.15Voo \
Input High Voltage (Voo = 5.25V) VIH

All inputs except OSC(IN) 2.0 Voo \"

OSC(IN) 0.7Voo Voo Vv
Input Leakage Current, Low (Vob = 5.25V, VIN = 0V) [ — -10 nA
Input Leakage Current, High (Voo = 5.25V, VIN = 5.25V) hH _ 10 pA
Output Low Voltage (Isink = 2.5 mA) VoL

NTDO-NTD7, TDO-TD7 Vss 0.4 \
Output Low Voltage (Isink = 800 pA) Vo.

All Outputs Except NTDO-NTD7 & TDO-TD7 Vss 0.4 \"
Output High Voltage (Isource = —2.5 mA) VoH

NTDO-NTD7, TDO-TD7 24 Voo \"
Output High Voltage (Isource = —400 pA) Vo

All Outputs Except NTDO-NTD7 & TDO-TD7 24 Voo \

AC Characteristics (General): Voo = 5.0V +5%, Vss = 0V, TA = 0°C to +70°C
Parameter Symbol Min Max Unit

Clock Input (Oscillator Input) OSC(IN) —_ 4.096 MHz
Clock Input Pulse Width, Low twel 112 — nS
Clock Input Pulse Width, High tweH 112 — nS
Baud Rate Clock Input Freg. BR CLK — 4.096 MHz
Baud Clock Input Pulse Width, Low twacL 112 —_ nS
Baud Clock Input Pulse Width, High twBCH 112 — nS
Rise Time, Fall Time (All Clocks) tCR, tcF — 22 nS
RESET Input tRST 1 — uS
Receive Input A & B Frequency ]XAB —_ 256 KHz
Transmit Output A & B Frequency TXA,B — 256 KHz
Receive Input A & B Pulse Width tRXwW 6[1/16xCLK] [ 20[1/16xCLK] nS
Receive Input A & B Rise/Fall Time tRXR, tRXF — 300 nS
Receive Input A & B Pos. Edge Spacing tPES 10[1/16xCLK] | 25[1/16xCLK] nS
Transmit Output A & B Pulse Width trxw 1/[2(TX CLK)]) | 1/[2(TX CLK)] nS

Note: The 16xCLK and Transmit Clock (TX CLK) signals are internally generated from the BR CLK input. The Baud Rate select logic provides
one of four clock rates for use by the internal 16xCLK function. 16xCLK is further divided by 16 to generate TX CLK. The maximum
16xCLK frequency is 4.096 MHz and the maximum TX CLK frequency is 256 KHz.
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AC Characteristics (Transparent/Non-Transparent Microprocessor. Interface): Voo = 5.0V 5%, Vss = 0V,
Ta = 0°C to +70°C

Parameter Symbol Min Max Unit
T¢2 & NT$2 Clock Frequency T2, NTH2 — 2.048 MHz
T¢2 & NT¢2 Puise Width tPwe2 240 — nS
Té2 & NT¢$2 Rise, Fall Time tRe2, tFp2 — 25 nS
Select Setup Time tss 30 — nS
Select Hold Time tsH 30 — nS
R/W Setup Time tRws 80 — nS
R/W Hold Time tRWH 0 — nS
Address Setup Time tas 80 — nS
Address Hold Time taH 0 — nS
Read Data Delay Time tRDD — 150 nS
Read Data Hold Time tRDH 10 — nS
Write Data Setup Time twos 60 — nS
Write Data Hold Time tWDH 20 — nS

Timing Diagrams

Input/Output Timing
OSC(IN)

BR CLK

RXA

RXB

[ tRXW —————

TXA

trxw

trxw

|

-
x|
@
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Microprocessor Read from MPRT Timing

— |<.—tn¢2 —»{ le— trge
D —
F—QSS—»‘ —»{ tsH |[€—

NTSEL, TSEL X /
“— tRws —| —>{thwH ’47
NTRW, TRIW /! K
]1— tas —» —> tan

NTAO, TAO >Q X
|
|¢«—— tRDD ‘51
NTDO-7, TDO-7 <| }_
’

NT42, T2

9

N

‘ tROH —3|

Microprocessor Write to MPRT Timing

— \q—tmbz tF¢24>{ -
NT$2, T$2 m_

l<lss > — tsH
NTSEL, TSEL N\

T
NTR/W, TRW N\

’4— tas — —» tan
NTAO, TAG >Q

|

1
!
N

tRws — —{tRwH

Il

NTDO-7, TDO-7 -

Timing Notes: l twor —

1. All rise and fall times are measured at the 10% and 90%
points.

2. All other timing measurements are referenced at their DC
Specification values.
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&
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Functional Description

The G24800 Mini-Packet Receiver/Transmitter (MPRT) is a
single digital voice/data telecommunications chip designed to
provide information processing and management between one
or two 8-bit microprocessors (Transparent Voice and Non-
Transparent data) and a 2-wire subscriber loop driver/receiver
interface. Figure 1 shows a typical digital telephone application
with GTE's G24802 VPAD interfacing the Transparent MPRT
port. Information transmit and receive formatting is based on
voice/data Mini-Packet protocol. Each Mini-Packet consists of
a 4-bit Sync character, 10 or 12 bytes of voice or data infor-
mation, and an 8-bit CRC character as shown in Figure 2. The
Mini-Packet concept allows transmission by intermixing voice
or data packet frames on a single subscriber loop twisted pair.
The 4-bit Sync character is used to distinguish between “fill”
frames (noninformation) and valid information frames. Sync
character coding is shown in Figure 3.

The Most Significant Bit (MSB) of the first byte in the Mini-
Packet information field designates Transparent (voice) or
Non-Transparent (data) information, while the 8-bit CRC char-
acter provides an integrity check on the entire information field.
Signals are transmitted over the subscriber loop in a bipolar
AMI (Alternating Mark Inversion) Return-to-Zero (RZ) format
with program selectable baud rates of 4, 16, 64 or 256 kb/s.
Since the three-level bipolar AMI code requires two digital sig-
nals to implement, the MPRT provides two serial inputs (RXA
and RXB) and two serial outputs (TXA and TXB). In this case,
consecutive “ones” on the loop are represented as alternating
positive and negative pulses as defined in Figure 4.

Note that the Sync character and information field are always
sent Least Significant Bit (LSB) first and the CRC character is
sent Most Significant Bit (MSB) first.

______________________ - i__________.__.__________
i
| | SWITCH
- | |
SO0EC =T vomo | L L veso [* ecm
G24802 | o LINE ! 1 LINE o | G24802 BUS
—>{ Gaa354 | A Q— 1 A A —
SERIAL T [~ RECEIVER ; RECEIVER | T
— SERIAL
INFORMATION NT : T  INFORMATION
FIELD — | — FIELD
|

T — TRANSPARENT PORT FOR VOICE APPLICATIONS
NT — NON-TRANSPARENT PORT FOR DATA APPLICATIONS

Figure 1. Digital Telephone Application

SYNC INFORMATION FIELD CRC CHARACTER
4 BITS 10 OR 12 BYTES 8 BITS

Figure 2. Mini-Packet Frame Format

+ +
LsB
SYNC = E
WITH oR
INFORMATION + +
Ls8
+ +
SYNC Lss
wiTH
NO oR
INFORMATION
(FILL + +
FRAME)
Ls8

Figure 3. S_ync Character Coding—

Bidirectional communication over a single twisted pair is con-
trolled by the MPRT using a Ping Pong half-duplex protocol.
Ping Pong control provides for alternation of transmit and
receive frames. In this way, there is always a continuous alter-
nating flow of transmit and receive frames on the loop. That
is, if voice or data information is not available for transmission,
the Mini-Packet is transmitted with an “all zero” information
field. This type of Mini-Packet is called a “fill” frame. Fill frames
are generated by the MPRT using Bipolar Six-Zero Substitution
(B6ZS) encoding. B6ZS encoding substitutes a recognizable
pattern using no more than “Two Bipolar Rule Violation” for
each group of six zeros in the information field. By definition,
the occurrence of a Two Bipolar Rule Violation is the failure of
a “mark” on the loop to alternate, which results in two adjacent
positive marks or two adjacent negative marks. Normal pattern
encoding always results in alternating positive and negative
marks. A sample of B6ZS encoding, using Two Bipolar Rule
Violation, is shown in Figure 5. Fill and valid information frames
are identified by the Sync character as discussed above. In
the event six contiguous zeros are detected within a valid infor-
mation frame, as received from the microprocessor or other
source, the Transmit Bit Processor will substitute B6ZS coding

RXA RXB BIPOLAR LOOP VOLTAGE
0 0 0
1 0 +1
0 1 -1
1 1 UNDEFINED

Figure 4. AMI Return To Zero Coding
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INFORMATION ] 1 | 0

BIPOLAR
LOOP
SIGNAL

[ T

Figure 5. B6ZS Encoding Using Two Bipolar Rule Violation

for each set of six zeros. The Receive Bit Processor will then
detect the B6ZS code and substitute the original six zeros for
each B6ZS code. Note that the Two Bipolar Rule Violation is
also used in encoding the Sync character. This unique Sync
character allows the Receive Bit Processor to distinguish Sync
coding from the information field. B6ZS coding is a valid
method of preventing “line sag” when six contiguous zeros are
transmitted.

The primary function of the MPRT is to receive and transmit
asynchronous Mini-Packets over a subscriber loop and provide
the necessary data buffering and control function for transfer-
ring information to and from corresponding microprocessors
or other information processing devices such as the GTE VPAD
(Voice Packet Assembler/Disassembler).

Microprocessor Interface

The MPRT contains two 8-bit microprocessor-compatible
Input/Output (I/0) ports, a Transparent port and a Non-Trans-
parent port. The microprocessor interface controls the transfer
of Mini-Packet information fields between the Transmit and
Receive Frame Processors and the Transparent or Non-Trans-
parent I/O Registers. There are two Transmit Storage Buffers
and two Receive Storage Buffers, with each buffer capable of
storing 10 or 12 bytes of information.

The Microprocessor Interface consists of the following
functions:

e Control Sequencer

® Transparent I/O Register Group

® Transparent Interface Processor

® Non-Transparent I/O Register Group

® Non-Transparent Interface Processor

Control Sequencer i
The Control Sequencer is responsible for the initiation and
control of both Transparent Port and Non-Transparent Port
read/write functions for each byte of the information field being
transferred, the decoding of I/O requests, the generation of
Data Register read and write signals, and maintenance of the
buffer status. The I/O read and write functions are initiated in
accordance with a priority system. The priority system, from
highest to lowest is:
Priority

1. Transparent Receive

2. Transparent Transmit

3. Non-Transparent Receive

4. Non-Transparent Transmit

Transparent I/O Register Group

The Transparent I/O Register Group contains an 8-bit bidirec-
tional Voice Register, Voice Bus Transceivers, Control Reg-
ister, Status Register and address decode and timing logic.
Information transfers between the Receive and Transmit Stor-
age Buffers and the microprocessor occur synchronously, one

byte at a time, and are controlled by a standard microprocessor
read/write interface. Note that the Address “0” bit, in combi-
nation with the read/write input, determines which function is
to be performed by the Register Group. Refer to Figure 6 for
Transparent Microprocessor Read/Write Functions.

Read/Write Functions

TAO TRW | Function
0 0 Write byte into Voice Register
0 1 Read byte from Voice Register
1 0 Write Control Register
1 1 Read Status Register

Transparent Register Formats
B7 B6 B5 B4 B3 B2

[o7 [ b6 [ ps [ pa | D3 [ D2 |

Transparent Voice Register

B7 B6 B5 B4 B3 B2 B1 BO
(e[ =TT -[-[-T-Tm]
Transparent Control Register
B7 B6 B5 B4 B3 B2 Bi BO
LB [VOICE| — | MPA | SA — — X

RF INTEN

Transparent Status Register

Figure 6. Transparent Microprocessor Read/Write
Functions

Transparent Interface Processor

The Transparent Interface Processor monitors and controls all
voice packet transfers. The Interface Processor has three
modes of operation; Idle, Receive and Transmit. In the Receive
mode, and if the MSB of the first information byte is set to a
logic “1”, a packet is transferred from an RX Storage Buffer
to the Transparent Voice Register, one byte at a time. When
in the Transmit mode, a packet is transferred from the Trans-
parent Voice Register to a TX Storage Buffer, one byte at a
time. Note that when in the Receive or Transmit mode, 10 or
12 bytes must always be transferred to or from the micropro-
cessor before returning to the Idle state. Also note that the
Transparent microprocessor is not allowed to receive and
transmit simultaneously.
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SAIE (Space Available)

G24800

A logic “1" in the SAIE bit position (B7) of the Transparent Control Register will enable
Transparent Space Available Interrupts.

TB (Test Bit) The Test Bit (TB) must always be “zero” during normal MPRT operation.

Transparent Status Register Bit Definitions
LB (Last Byte)

The LB bit is set to a logic “1" after the last byte of a packet is read from or written to
the Transparent Voice Register, and is reset by the next sequential Read or Write of
the Transparent Voice Register.

VOICE RF (Voice Register Full) The VOICE RF bit will be a logic 1" after a byte has been written into the Transparent
Voice Register. This bit can be used as a Voice Available Flag during Read operations,

and as a Ready Flag during Write operations.

MPA (Mini-Packet Available) The MPA bit will be a logic “1" whenever Space Available (SA) is not asserted and a
Receive packet from the subscriber loop is stored in one of the Receive Storage Buffers.

The MPA bit is reset upon reading the first byte in the Transparent Voice Registers.

SA (Space Available) The SA bit is set to a logic “1" whenever there is an empty Transmit Storage Buffer,
Space Available Interrupt Enable (SAIE) is set, and MPA is not asserted. The SA bit
is reset whenever SAIE is reset, or when the first byte is written to the Transparent
Voice Register. The SA bit will always indicate the state of the Transparent Space

Available Interrupt output.

The TX INTEN bit will be a logic “1" when SAIE is set, and is reset when SAIE is
reset.

TX INTEN (Transmit Interrupt Enable)

The Receive mode is entered into whenever an RX Storage
Buffer becomes full of Transparent voice information and there

Read/Write Functions

is no outstanding Space Available (SA). At this time, the first — -

information byte is written into the Transparent Voice Register, NTAO NTRW | Function

thus setting the Transparent Voice Register Full flag. The Inter- 0 0 Write byte into Data Register
face Processor then outputs the MPA signal and sets the MPA 0 1 Read byte from Data Register
flag in the Transparent Status Register. The Transparent micro- 1 0 Write Control Register
processor then reads the contents of the Transparent Voice 1 1 Read Status Register

Register. Transfer of information bytes continues until the
microprocessor has read the last byte from the Transparent
Voice Register. Upon reading the last byte, the Last Byte (LB)
flag is set in the Transparent Status Register. In this way, the
microprocessor can verify that the packet transfer is complete

Non-Transparent Register Formats

by checking the Last Byte flag in the Status Register. 87 B6 85 B4 B3 B2 B1 B0
The Transmit mode is entered into whenever there is Space [ D7 | D6 | D5 l D4 J D3 L D2 T D1 I DO I
Available in one of the TX Storage Buffers, there is no Mini-

Packet available (MPA) in a Receive Buffer, and the Trans- Non-Transparent Data Register

parent Transmit Interrupt Enable (TX INTEN) is set. In the

Transmit Pending State, the Transparent Space Available B7 B6 B5 B4 B3 B2 B1 BO
(TSA) signal is output to the microprocessor. When in the

Transmit Pending State, should TX INTEN be reset, the Trans- [ saE [ Do Jswrst| Rsa [ rsB | ws [ HF [ 1012 ]
parent Interface Processor will return to the Idle state. Also, in R

the Transmit Pending State, should the Transparent micropro- Non-Transparent Control Register

cessor write a byte into the Transparent Voice Register, the

microprocessor must transfer a complete packet (10 or 12 B7 B6 B5 B4 B3 B2 B1 BO
bytes) to the MPRT. The Last Byte flag in the Transparent

Status Register will be set when the last information byte has LB | DATA |[RXOVE| MPA | SA BE TO TX
been read from the Transparent Voice Register. RF INTEN

Non-Transparent /O Register Group

The Non-Transparent I/O Register Group is identical to the
Transparent I/0 Register Group except for Status and Control
Register functions which are presented on the right.

Non-Transparent Status Register

Figure 7. Non-Transparent Microprocessor Read/

Write Functions
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Non-Transparent Control Register Bit Definitions

SAIE (Space Available Interrupt Enable)

A logic “1” in the SAIE bit position will enable Space Available Interrupts.

DO (Data Only)

When the DO bit is set to a logic “1”, all received packets will be routed to the
Transparent Interface.

SWRST (Software Reset)

When SWRST is set to a logic “0", the MPRT is reset to an initialized condition. SWRST
is automatically set to a logic “0” whenever RESET is at a logic “0".

RSA (Rate Select A) and
RSB (Rate Select B)

RSA and RSB select the appropriate divisor for generating the 16xCLK. The 16xCLK
is equal to 16 times the serial loop data rate.

M/S (Master/Slave)

When the M/S bit is a logic “1” (Master mode), the MPRT will always begin transmitting
a Mini-Packet. When the M/S bit is a logic “0” (Slave mode), and the MPRT is in the
Receive mode, the MPRT will aiways begin by looking for a Sync character. Note that
this bit has no effect during full-duplex operation.

H/F (Half/Full-Duplex)

When the H/F bit is a logic “1” (Full-Duplex), the MPRT Receiver and Transmitter
operate independently. When a logic “0” (Half-Duplex), the Transmitter and Receiver
alternate frames under Ping Pong control.

10/12 (Ten/Twelve)

When the 10/12 bit is a logic “1” (12 Byte mode), the MPRT transmits and receives
packets containing 12 bytes of data. When a logic “0" (10 Byte mode), all packets
contain 10 bytes of data.

Non-Transparent Status Register Bit Definitions

LB (Last Byte)

The LB bit is set to a logic 1" after the last byte of a Mini-Packet is read from or written
to the Non-Transparent Data Register, and is reset by the next sequential Read or
Write of the Non-Transparent Data Register.

DATA RF (Data Register Full)

The DATA RF bit will be a logic “1" after a byte has been written into the Transparent
Data Register. This bit can serve as Data Available Flag during Read operations, and
as a Ready Flag during Write operations.

RXOVE (Receive Overrun Error)

The Overrun Error bit will be set to a logic “1” whenever the MPRT receives a Mini-
Packet and both Receive Storage Buffers are full. Note that this bit is reset upon
reading the Non-Transparent Status Register.

MPA (Mini-Packet Available)

The MPA bit will be set to a logic “1” whenever Space Available (SA) has not been
asserted and a Receive packet from the subscriber loop is stored in one of the Receive
Storage Buffers. The MPA bit is reset upon reading the first data byte in the Non-
Transparent Data Register.

SA (Space Available)

The SA bit is set to a logic “1" whenever there is an empty Transmit Storage Buffer,
Space Available Interrupt Enable (SAIE) is set, and MPA is not asserted. The SA bit
is reset whenever SAIE is reset, or when the first byte is written into the Non-Transparent
Data Register. Note that the Status Register SA bit indicates the state of the Non-
Transparent Space Available (NTSA) output.

BE (Bit Error)

The BE bit is set to a logic “1” whenever a CRC error occurs, or when an illegal input
pulse is detected. BE is reset by a Non-Transparent Status Register read.

TO (Timeout)

The TO bit is set to a logic “1” when a Mini-Packet Sync character has not been
detected within 40 bit times of the loop data rate. The TO bit is reset by a Non-
Transparent Status Register read.

TXINTEN (Transmit Interrupt Enable)

The TX INTEN bit will be a logic “1” when SAIE is set, and is reset when SAIE is
reset.

Non-Transparent Interface Processor
The Non-Transparent Interface Processor performs identical
functions as described for the Transparent Interface Processor.

Ping Pong Controller

The Ping Pong Controller contains a state machine which con-
trols the alternation of subscriber loop receive and transmit
Mini-Packet frames. The controller can operate in either the
Master or Slave mode. The state machine is responsible for
generating the Receive/Transmit (RX/TX) output signal. The
RX/TX signal will indicate the Receive function when the state
machine has initiated a Receive Mini-Packet, and the RX/TX
signal will indicate the Transmit function when the state
machine has initiated a Transmit Mini-Packet. When the MPRT
is configured for the Master mode, the Ping Pong Controller

will always start by transmitting a Mini-Packet. After the Mini-
Packet has been transmitted, the Ping Pong function will alter-
nate to receive a Mini-Packet, reset a Timeout Counter, enter
into a “Sync Hunt” state and wait for the Sync character. If a
Sync character has not been received within 40 bit times, the
Timeout Counter will roll over, set the Timeout (TO) bit in the
Non-Transparent Status Register, and the Ping Pong Con-
troller will alternate to the Mini-Packet transmit state. When the
MPRT is configured for the Slave mode, the Ping Pong Con-
troller will initiate to receive a Mini-Packet, reset a Timeout
Counter, enter into a “Sync Hunt” state and wait for the Sync
character. If a Sync character has not been received within 40
bit times, the Timeout Counter will roll over, set the TO bit in
the Non-Transparent Status Register and remain in the Sync
Hunt state until a Sync character has been received. Each time
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the Timeout Counter rolls over, the Sync Error Counter will be
incremented. If 128 timeouts occur before a Sync character is
finally received, Sync Error is set and ERROR output is sig-
naled. Synchronization can be recovered by having the micro-
processor place the MPRT in a known state, i.e., software
Reset. Note that Ping Pong timing is asynchronous with the
microprocessor interface. In the full-duplex mode, the Ping
Pong Controller is not active and both Receive and Transmit
Frame Processors operate continuously.

Clock Generator

The MPRT Clock Generator contains the necessary dividing
counters for establishing software-selected baud rates. The
Baud Rate Clock input (BR CLK(IN)) will normally be 4.096
MHz, which is divided down to provide an internal 16xCLK.
The 16xCLK is further divided by 16 to generate the internal
TX CLK. The subscriber loop baud rate is selected by RSA
and RSB. Figure 8 shows the four possible Baud Rates.

Baud Rate Select Serial Loop

RSA RSB Data Rate 16xCLK
0 0 256 kb/s 4.096 MHz
0 1 64 kb/s 1.024 MHz
1 0 16 kb/s 256 KHz
1 1 4 kb/s 64 KHz

Figure 8. Baud Rate Selection

Receive Bit Processor

The Receive Bit Processor receives serial Mini-Packet input
from the subscriber loop. Its function is to extract the internal
Receiver Clock, detect the Sync character, detect wide pulses,
decode the Six-Zero Substitution (B6ZS) code, and generate
NRZ data from the received RXA and RXB inputs. Since two
signal inputs are required to represent B6ZS data, the serial
line inputs RXA and RXB must be processed separately until
the B6ZS information is decoded and the appropriate six logic
zeros are returned to the information field. This Sync character
decode determines whether the Mini-Packet contains valid
information or “fill” information, since Mini-Packet protocol
requires that there be continuous alternation of transmit and
receive Mini-Packet frames as determined by the Ping Pong
Controller.

Receive Frame Processor

The Receive Frame Processor converts NRZ serial data from
the Receive Bit Processor into parallel data bytes, checks the
CRC character, and stores the Mini-Packets into the Receive
Storage Buffers. Upon receiving a valid Sync detect signal from
the Receive Bit Processor, the subsequent serial NRZ data is
received and the information field is stored in an available
Receive Storage Buffer. Note that if the storage buffers are full
and a new Mini-Packet is being received, data for that Mini-
Packet is ignored and cannot be recovered. In this event, the
Receive Overrun Error (RXOVE) is set in the Non-Transparent
Status Register and an ERROR is asserted. When the entire
Mini-Packet information field has been written into the RX Stor-
age Buffer and the CRC character has been checked, an inter-
nal Buffer Full flag is set. The Receive Frame Processor thus
provides Mini-Packet frame timing functions and buffer man-
agement to the Transparent or Non-Transparent Interface
Processor.

Transmit Bit Processor

The Transmit Bit Processor contains Zero Detect logic and
associated circuits for generating the Mini-Packet Return-to-
Zero (RZ) transmit format. Following the internal Start Transmit

signal from the Ping Pong Controller, the TX Storage Buffer is
unloaded in parallel bytes and serially shifted through an inter-
nal shift register to outputs TXA and TXB. The CRC character
is generated by the Transmit Frame Processor from the serially
shifted Transmit Buffer information field data. The SYNC char-
acter is generated and inserted first into the Mini-Packet, fol-
lowed by the information field, with the CRC character being
inserted following the last byte of the information field. During
the data shift, if the Zero Detect logic detects six consecutive
zeros, Six-Zero Substitution (B6ZS) is inserted into the data
stream.

Transmit Frame Processor

The Transmit Frame Processor consists primarily of two TX
Storage Buffers, a CRC character generator and parallel-to-
serial data conversion logic. Once a Start Transmit signal is
received from the Ping Pong Controller, and provided there is
a Mini-Packet available to transmit, a parallel-to-serial register
is loaded from one of the TX Storage Buffers. The CRC char-
acter is generated as NRZ data and is shifted out to the Trans-
mit Bit Processor. The CRC character is appended following
the last serial byte of the information field. Transmit conditions
and priorities are as follows:

1. Inthe Idle state, that is, no Transparent or Non-Transparent
data is available for transmission (buffers empty), “fill” data
(B6ZS) is generated and transmitted as a noninformation
Mini-Packet. Noninformation Mini-Packets will continue to
be transmitted in response to each internal Start Transmit
signal from the Ping Pong Controller, and will continue until
valid Mini-Packet data is received by TX Storage Buffer.

2. Transparent Mini-Packets have priority and will be trans-
mitted first over Non-Transparent packets.

Pin Function Table

Pin Description

Transparent Processor Interface
TDO-7
T2
TSEL
TAO
TRW

Transparent Voice /0 Bus

Transparent Microprocessor ¢2 Clock Input

Transparent Bus Select Input (Active Low)

Transparent Address Zero Bit Input

Transparent Read/Write Input (Write Active
Low)

Transparent Mini-Packet Available Output
(Active Low)

TMPA

A Transparent Mini-Packet is available to be
read from an MPRT RX Buffer (A or B) when
Buffer A or B is full and Space Available (TSA)
is not asserted. TMPA s reset on the first byte
read from the Transparent Voice Register.

Transparent Space Available Output (Active
Low)

A TX Buffer (A or B) is available to be written
into, i.e., Buffer A or B is empty and
Transparent Space Available Interrupt Enable
(TSAIE) is set, and TMPA is not asserted. TSA
is reset when TSAIE is reset or when the first
byte is written into the Transparent Voice
Register.
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Non-Transparent Processor Interface

Subscriber Loop Line Driver Interface

NTDO-7 Non-Transparent Data I/O Bus RXA, RXB Receiver Serial Inputs A and B
NT®2 Non-Transparent Microprocessor ¢2 Clock The MPRT receives two digital Return-to-Zero
Input signals from the Line Driver/Receiver interface.
NTSEL Non-Transparent Bus Select input (Active Low) XA TXB Transmit Serial Outputs A and B (TXA Active
NTAO Non-Transparent Address Zero Bit Input ' High, TXB Active Low)
NTRW Non-Transparent Read/Write Input (Write Active The MPRT 5 two diital Retum10-2
Low) ] ransmits two digif eturn-to-Zero
pr— ignal he Line Driver/Receiver interface.
NTMPA Non-Transparent Mini-Packet Available Output ARTX igna.s t:rt ad L‘.ec —s (TX Activ
(Active Low) R eceive/Transmit Control Output C]
High, RX Active Low)
A Mini-Packet is available to be read from an
MPRT RX Buffer (A or B) when Buffer Aor B is
full and NTSA is not asserted. NTMPA s reset
when the first byte is read into from the Non- Interface Control Functions
Transparent Data Register. SCUN Oscill Clock |
NTSA Non-Transparent Space Available Output OSC(N) scilator or Stock Input
(Active Low) OSC(OUT) | Oscillator or Clock Output
BR CLK(IN) | Baud Rate Clock Input
Both TX Buffers are available to be written into, n
i.e., Buffers A and B are empty and NTSAIE is RESET ::ei:; :x:;é'xfgs‘):hmnous MPRT Ditect Resat
set, and NTMPA is not asserted. NTSA is reset L
when NTSAIE is reset or when the first byte is
written into the Non-Transparent Data Register.
ERROR MPRT Error Output (Active Low) POWER
An MPRT error condition exists when either a Voo +5 Volt Supply Voltage
Sync Error, CRC Error or Receive Overrun Vss 0 Volt Supply Voltage
Error has occurred.
Pin Configuration
< —t
P “rp%s
. . EPplEe s ERECE
00:1 40 cmvnm—:mmv—c
OSC (IN) 2 39/ RXB S ¥ <« F
oscoun 3 38[ RXTX L4 _
BR CLK (IN) C] 4 37{] TXB T2 | 7 39| NTRW
NTDO (5 36 TXA TA0 | 8 38| ERROR
NTD1 6 35 TDO J—
NTD2 7 343 D1 To7 19 37| RESET
NTD3 8 33() TD2 TD6 |10 38| NTD7
NTD4 (]9 32[ 103 TD5 |11 35| NTD6
NTDS (10 G24800 31[ ] TD4 D4 |12 624800 34| NTDS
NTD6 11 301 TD5
NTD7 12 201 D6 TD3 |13 33| NTD4
RESET (13 28 TD7 D2 |14 32| NTD3
ERROB 14 271 TA0 TD1 | 15 31| NTD2
NTRW (]15 26[7 To2
NTAO (16 253 TRW Too |16 30} NTD1
NT&2 5 17 24 TSEL NC | 17 29| NTDO
NTSEL 18 23 TSA
NTSA 19 22) TMPA 228588388 8&KNE
NTMPA (] 20 21 Vss o @ 2 900 5 5
F3
RRE2IS22EEE
IE g g 5
8 ]
]
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Ordering Information

C—Special G—Standard
Product Identification Number

G 24800 P |
Description T : ‘IV

Package

P—Plastic E—Leaded Chip Carrier
C—Ceramic L—Leadless Chip Carrier
D—Cerdip X—Dice
Temperature/Processing

None— 0°Cto +70°C, + 5% PS. Tol.
|—-40°C to +85°C, + 5% PS. Tol.

3-41



Microcircuits

3-42



GTE

Microcircuits

G24802

CMOS Voice Packet Assembler/Disassembler (VPAD)

Features
® Advanced CMOS design for low power consumption

® Interfaces with G24800 MPRT Transparent 8-bit parallel

microprocessor port

® Transparent serial output to Codec interface (Mode 0) for

digital telephone applications

e Transparent serial output to Line Card interface (Mode 1)

for other voice transmission applications

® Assembles 10 or 12-byte Mini-Packets from serial input

device for transfer to the G24800 MPRT

® Receives 10 or 12-byte Mini-Packets from the G24800

MPRT for serial output devices
e Internal 1.544 MHz crystal controlied oscillator circuit
® Single +5 volt power supply
® Available in 24-pin DIP or 28-pin PLCC package

General Description

GTE Microcircuits’ G24802 Voice Packet Assembler/Disas-
sembler (VPAD) provides asynchronous, bidirectional digital
data transfers between the GTE G24800 MPRT transparent
parallel port and a serial I/O device. The serial I/O device may
consist of either a Codec for digital telephone applications
(Mode 0), or a Line Card for other digital voice transmission
applications (Mode 1). VPAD operation is based on 10 or
12-byte Mini-Packet protocol, providing the Mini-Packet
assembly function when transmitting data to the G24800
MPRT, and Mini-Packet disassembly when transmitting data
to a serial I/O device. An internal clock generator provides all
information clocking, slotting and framing signal functions. The
G24802 VPAD is manufactured using state-of-the-art CMOS
process technology for increased noise immunity, higher reli-
ability and greatly reduced power consumption.

Block Diagram

TO G24800
SERIAL MPRT
INTERFACE TRANSMIT TRANSPARENT
SIGNALS DATA INTERFACE
Sp) +————— TRANSMIT DATA
<SP < | TRANSMIT SHIFT PACKET <:__—_> TRANSPARENT
XS SHIFT & CONTROL ouT BUFFER DATA 0-7
TRANSMIT 8 X 16
FRAME —
T t s
CLK N
RECEIVE
DATA
sol > RECEIVE
RECEIVE SHIFT PACKET
RECEIVE | SHIFT & CONTROL IN BUFFER
FRAME > 8X16
[ Y SHIFT A
ouT [—
——
TR SEQUENCE AND ISE'-
CONTROL ————————— TA0
CLOCK LOGIC . . TRW
GENERATOR >
LOGIC FRAME SYNC |—————————— TMPA
CLK 1 ———————— < TEA
CLK 2 T
T RESET
MODE

ADVANCE INFORMATION
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CMOS DTMF Integrated Receiver

Features

e CMOS technology for low power consumption—

35 mW max.

Full DTMF receiver

Provides DTMF high and low group filtering
Adjustable acquisition and release times

Dial tone suppression

Integrated bandsplit filter and digital decoder functions
On-chip differential amplifier, clock oscillator, and latched
three-state bus.

Uses inexpensive 3.58 MHz crystal

Central office quality and performance

Single +5 volt power supply

18-pin DIP or 20-pin PLCC package

Applications
* PABX

e Central office
® Key systems

® Mobile radio
¢ Remote control
® Remote data entry

General Description

The GTE G8870 provides full DTMF receiver capability by inte-
grating both the bandsplit filter and digital decoder functions
into a single 18-pin DIP or 20-pin PLCC package. The G8870 is
manufactured using state-of-the-art CMOS process technology
for low power consumption (35 mW max.) and precise data
handling. The filter section uses a switched capacitor technique
for both high and low group filters and dial tone rejection. The
G8870 decoder uses digital counting techniques for the detec-
tion and decoding of all 16 DTMF tone pairs into a 4-bit code.
The G8870 minimizes external component count by providing
an on-chip differential input amplifier, clock generator, and a
latched three-state interface bus. The on-chip clock generator
requires only a low cost TV crystal as an external component.

Block Diagram

Voo Vss

BIAS
CIRCUIT

g Ve

VREF

CHIP  CHIP HIGH
POWER  BIAS GROUP _— Qs
FILTER
CODE Q2
ZERO DIGITAL co
IN+ 1?(')#5 CROSSING | DETECTION "AVNESTE”
ALGORITHM
IN- FILTER DETECTORS 0 LATCH Qs
LOW
Gs GROUP — Q4
FILTER 0
TO ALL ' '
CHIP CLOCKS st STEERING
oT LOGIC
osc 1 0sC 2 SUGT ESt stD TOE
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Absolute Maximum Ratings: (Note 1)

Parameter Symbol Value
Power Supply Voltage
(VDD-Vss) VoD 6.0V Max
Voltage on any Pin Vde Vss-0.3, Vob+0.3
Current on any Pin {[o]] 10 mA Max
Operating Temperature Ta -40°C to +85°C
Storage Temperature Ts -65°C to +150°C

This device contains input protection against damage due to
high static voltages or electric.fields; however, precautions
should be taken to avoid application of voltages higher than
the maximum rating.

Notes:

1. Exceeding these ratings may cause permanent damage,
functional operation under these conditions is not implied.

DC Characteristics: All voltages referenced to Vss unless otherwise noted. VoD = 5.0V, Vss = 0V, TA = 25°C.

Parameter Symbol Min Typ Max Units Test Conditions
Operating Supply Voltage Voo 4.75 5.25 \
Operating Supply Current [s]s} 3.0 7.0 mA
Power Consumption Po 15 35 mwW f=38.579 MHz; Voo = 5.0V
Low Level Input Voltage ViL 15 v
High Level Input Voltage ViH 35 \
Input Leakage Current hiH/liL 0.1 uA VIN = Vss or VoD (Note 11)
Pull Up (Source) Current on TOE I1so 6.5 15.0 nA TOE=0V
Input Impedance, Signal Inputs 1,2 RIN 8 10 Meg @ 1KHz
Steering Threshold Voltage VTst 2.2 2.5 Vv
Low Level Output Voltage VoL 0.03 \ No Load
High Level Output Voltage VoH 4.97 \" No Load
Output Low (Sink) Current loL 1.0 2.5 mA Vout =04V
Output High (Source) Current IoH 0.4 0.8 mA VouT =46V
Output Voltage VREF VREF 24 27 Vv No Load
Output Resistance ROR 10 KQ

Operating Characteristics: All voltages referenced to Vss unless otherwise noted. VDD = 5.0V, Vss = 0V, TA = 25°C.

Gain Setting Ampilifier

Parameter Symbol Min Typ Max Units Test Conditions
Input Leakage Current N +100 nA Vss < VIN < VDD
Input Resistance RIN 10 MQ
Input Offset Voltage Vos +25 mV
Power Supply Rejection PSRR 50 dB 1 KHz (Note 12)
Common Mode Rejection CMRR 55 dB -3.0VSVINZ 3.0V
DC Open Loop Voltage Gain AvoL 60 dB
Open Loop Unity Gain Bandwidth fc 1.2 15 MHz
Output Voltage Swing Vo 35 Vp-p RL = 100K() to Vss
Tolerable Capacitive Load (GS) CL 100 pF
Tolerable Resistive Load (GS) RL 50 K
Common Mode Range Vem 25 Vp-p No Load




Microcircuits

G8870

AC Characteristics: All voitages referenced to Vss unless otherwise noted. VDD = 5.0V, Vss =0V, Ta = 25°C, fCLk =
3.579545 MHz using test circuit (Fig. 1).

Parameter Symbol Min Typ Max Units Notes

Valid Input Signal Levels -29 1 dBm 123458
(each tone of composite signal) 275 869 mVRMS B
Positive Twist Accept 10 dB 2348
Negative Twist Accept 10 dB
Freq. Deviation Accept Limit 1.5%+2 Hz| Nom. 2,3,5,8,10
Freq. Deviation Reject Limit +3.5% Nom. 235
Third Tone Tolerance -25 -16 dB 2,3,4,58,9,13,14
Noise Tolerance -12 dB 2,3,456,89
Dial Tone Tolerance +18 +22 dB 2345789
Tone Present Detection Time top 5 8 14 mS Refer to
Tone Absent Detection Time tDA 0.5 3 8.5 mS Timing Diagram
Min. Tone Duration Accept tREC 40 mS (User Adjustable)
Max.Tone Duration Reject tREC 20 mS Times shown are
Min. Interdigit Pause Accept tip 40 mS obtained with
Max. Interdigit Pause Reject too 20 mS circuitin Fig. 1
Propagation Delay (Stto Q) tPQ 11 uS
Propagation Delay (St to StD) tPStD uS TOE = Voo
Output Data Set Up (Q to StD) tastd 4.0 uS
Propagation Delay Enable. tPTE 50 60 nS RL = 10K()

(TOEto Q) Disable tPTD 300 nS CL = 50pF
Crystal/Clock Frequency foLK 3.5759 |3.5795| 3.5831 MHz

Clock Output Capacitive CLo 30 pF

(0SC2) Load
NOTES:

1.

[S 00 AN ]

~N o

1 mW into a 600 ohm load.

. Digit sequence consists of al 16 DTMF tones.

. Tone duration = 40 mS. Tone pause = 40 mS.

. Nominal DTMF frequencies are used.

. Both tones in the composite signal have an equal

amplitude.

. Bandwidth limited (0 to 3 KHz) Gaussian Noise.
. The precise dial tone frequencies are (350 Hz and

440 Hz) +2%.

dBm = decibels above or below a reference power of

10.
1.
12.
13.

14.

. For an error rate of better than 1 in 10,000.
. Referenced to lowest level frequency component

in DTMF signal. ‘
Minimum signal acceptance level is measured with
specified maximum frequency deviation.

Input pins defined as IN+, IN-, and TOE.

External voltage source used to bias VREF.

This parameter also applies to a third tone injected
onto the power supply.

Referenced to Figure 1. Input DTMF tone level at
-28dBm.
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Timing Diagram
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Explanation of Events

A)
B)
C)

D)
E)

F)

G)

Tone bursts detected, tone duration invalid, outputs not
updated.

Tone #n detected, tone duration valid, tone decoded and
latched in outputs. !
End of tone #n detected, tone absent duration valid,
outputs remain latched until next valid tone.

Outputs switched to high impedance state.

Tone #n + 1 detected, tone duration valid, tone decoded
and latched in outputs (currently high impedance).
Acceptable dropout of tone #n + 1, tone absent duration
invalid, outputs remain latched.

End of tone #n + 1 detected, tone absent duration valid,
outputs remain latched until next valid tone.

Explanation of Symbols

VIN
ESt

St/GT
Q1-Q4
StD
TOE

tREC
tREC

tio
too

top
tDA
tGTP
tGTA

DTMF composite input signal.

Early Steering Output. Indicates detection of valid tone
frequencies.

Steering input/guard time output. Drives external RC
timing circuit.

4-bit decoded tone output.

Delayed Steering Output. Indicates that valid fre-
quencies have been present/absent for the required
guard time, thus constituting a valid signal.

Tone Output Enable (input). A low level shifts Q1-Q4
to its high impedance state.

Maximum DTMF signal duration not detected as valid.

Minimum DTMF signal duration required for valid
recognition.

Minimum time between valid DTMF signals.

Maximum allowable drop-out during valid DTMF
signal.

Time to detect the presence of valid DTMF signals.
Time to detect the absence of valid DTMF signals.
Guard time, tone present.

Guard time, tone absent.
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Functional Description

The GTE G8870 DTMF Integrated Receiver provides the design
engineer with not only low power consumption, but high per-
formance in a small 18-pin DIP or 20-pin PLCC package con-
figuration. The G8870's internal architecture consists of a band-
splitfilter section which separates the high and low tones of the
received pair, followed by a digital decode (counting) section
which verifies both the frequency and duration of the received
tones before passing the resultant 4-bit code to the output bus.

Filter Section

Separation of the low-group and high-group tones is achieved
by applying the dual-tone signal to the inputs of two Sth-order
switched capacitor bandpass filters. The bandwidths of these
filters correspond to the bands enclosing the low-group and
high-group tones (See Figure 3). The filter section also
incorporates notches at 350 Hz and 440 Hz which provides
excellent dial tone rejection. Each filter output is followed by
a single-order switched capacitor section which smooths the
signals prior to limiting. Signal limiting is performed by high-
gain comparators, These comparators are provided with a
hysteresis to prevent detection of unwanted low-level signals
and noise. The outputs of the comparators provide full-rail
logic swings at the frequencies of the incoming tones.

Decoder Section

The G8870 decoder uses a digital counting technique to
determine the frequencies of the limited tones and to verify
that these tones correspond to standard DTMF frequencies.
A complex averaging algorithm is used to protect against tone
simulation by extraneous signals (such as voice) while
providing tolerance to small frequency variations. The
averaging algorithm has been developed to ensure an opti-
mum combination of immunity to “talk-off” and tolerance to
the presence of interfering signals (third tones) and noise.
When the detector recognizes the simultaneous presence of
two valid tones (known as “signal condition”), it raises the
“Early Steering” flag (ESt). Any subsequent loss of signal
condition will cause ESt to fall.

Steering Circuit

Before the registration of a decoded tone pair, the receiver
checks for a valid signal duration (referred to as “character-
recognition-condition”). This check is performed by an ex-
ternal RC time constant driven by ESt. A logic high on ESt
causes VC (See Figure 4) to rise as the capacitor discharges.
Providing signal condition is maintained (ESt remains high)
for the validation period (tGTF), VC reaches the threshold (VTst)
of the steering logic to register the tone pair, thus latching its
corresponding 4-bit code (See Figure 2) into the output latch.
At this point, the GT output is activated and drives VC to VDD.
GT continues to drive high as long as ESt remains high. Finally,
after a short delay to allow the output latch to settle, the
“delayed steering” output flag (StD) goes high, signaling that
a received tone pair has been registered. The contents of the
output latch are made available on the 4-bit output bus by

raising the three-state control input (TOE) to a logic high. The
steering circuit works in reverse to validate the interdigit pause
between signals. Thus, as well as rejecting signals too short to
be considered valid, the receiver will tolerate signal inter-
ruptions (drop outs) too short to be considered a valid pause.
This capability, together with the capability of selecting the
steering time constants externally, allows the designer to tailor
performance to meet a wide variety of system requirements.

Guard Time Adjustment

In situations which do not require independent selection of
receive and pause, the simple steering circuit of Figure 4 is
applicable. Component values are chosen according to the
following formula:

tREC = tOP + tGTP
taTP = 0.67 RC

The value of topP is a parameter of the device and tRecC is the
minimum signal duration to be recognized by the receiver. A
value for C of 0.1 uF is recommended for most applications,
leaving R to be selected by the designer. For example, a
suitable value of R for a tRecC of 40 milliseconds would be 300K.
A typical circuit using this steering configuration is shown in
Figure 1. The timing requirements for most telecommunication
applications are satisfied with this circuit. Different steering
arrangements may be used to select independently the guard-
times for tone-present (tGTP) and tone-absent (tGTA). This
may be necessary to meet system specifications which place
both accept and reject limits on both tone duration and
interdigit pause.

Guard time adjustment also allows the designer to tailor
system parameters such as talk-off and noise immunity.
Increasing tRec improves talk-off performance, since it
reduces the probability that tones simulated by speech will
maintain signal condition for long enough to be registered.
On the other hand, a relatively short tREC with a long too
would be appropriate for extremely noisy efvironments where
fast acquisition time and immunity to drop-outs would be
requirements. Design information for guard time adjustment
is shown in Figure 5.

Input Configuration

The input arrangement of the G8870 provides a differential
input operational amplifier as well as a bias source (VREF)
which is used to bias the inputs at mid-rail.

Provision is made for connection of a feedback resistor to the
op-amp output (GS) for adjustment of gain.

In a single-ended configuration, the input pins are connected
as shown in Figure 1 with the op-amp connected for unity gain
and VREF biasing the input at 2VDD. Figure 6 shows the
differential configuration, which permits the adjustment of
gain with the feedback resistor Rs.
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Pin Function Table

Name Description
IN+ Non-inverting input Connections to the front-end differential amplifier
IN- Inverting input
GS Gain Select. Gives access to output of front-end differential amplifier for connection of feedback resistor.
VREF Reference voltage output (nominally VDD/2). May be used to bias the inputs at mid-rail.
IC Internal connection. Must be tied to Vss.
IC Internal connection. Must be tied to Vss.
0sc1 Clock input 3.679545 MHz crystal connected between these pins completes internal oscillator.
0scC2 Clock output
Vss Negative power supply (Normally connected to 0V).
TOE Three-state output enable (input). Logic high enables the outputs Q1-Q4. Internal pull-up.
Q1
Q2 Three-state outputs. When enabled by TOE, provides the code corresponding to the last valid tone pair
Q3 received. (See Fig. 2.)
Q4
StD Delayed steering output. Presents a logic high when a received tone pair has been registered and the output
latch is updated. Returns to logic low when the voltage on St/GT falls below VTst.
ESt Early steering output. Presents a logic high immediately when the digital algorithm detects a recognizable
tone pair (signal condition). Any momentary loss of signal condition will cause ESt to return to a logic low.
St/GT Steering input/guard time output (bidirectional). A voltage greater than VTst detected at St causes the
device to register the detected tone pair and update the output latch. A voltage less than VTst frees the device
to accept a new tone pair. The GT output acts to reset the external steering time constant, and its state isa
function of ESt and the voltage on St. (See Fig. 2.)
Vobp Positive power supply

FLow FHiGH | KEY | TOE Q4 Q3 Q2 1]
0 uF _1_ 697 1209 1 H 0 0 0 1
3 697 1336 2 H 0 0 1 0
300 K0T 697 1477 3 H 0 0 1 1
M - 770 1209 4 H 0 1 0 0
L 0O 770 1336 5 H 0 1 0 1
+—~0 770 1477 6 H 0 1 1 0
—O 852 | 1209 | 7 H | o 1 1 1
! O 852 | 1336 | 8 | H | 1 0 oo
/) 7 Al resistors are +1% tolerance. So2 1477 > ul ! 0 9 !
A re 5% toleranc 941 1336 0 H 1 0 1 0
941 1209 . H 1 0 1 1
941 | 1477 # H 1 1 0 0
Figure 1. Single Ended Input Configuration 697 1633 A H 1 1 0 1
770 1633 B H 1 1 1 0
852 1633 c H 1 1 1 1
941 1633 D H 0 0 0 0
— — ANY L z z Z z
L = LOGIC LOW, H = LOGIC HIGH, Z = HIGH IMPEDANCE

Figure 2. Functional Decode Table
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] ] \ 7 ~ —_—"_—I__— Voo

o [\ N ]
o I K Voo
g 20 [ [ \ SYGT ve
g lI II \ ESt
E %0 RN sof— »
, —_— teTA=RCIn ( Vv:s‘:' )

/, \ tGTP = (RC) In (ﬁf—)
TR RN
FREQUENCY Hz Figure 4. Basic Steering Circuit

PRECISE DIAL TONES DTMF TONES

X = 350 Hz A = 69T Hz E = 1209 Hz

Y =440 Hz B = 770 Hz F = 1336 Hz
C = 852Hz G = 1477 Hz

D = 941 Hz H = 1633 Hz

Figure 3. Typical Filter Characteristic

VDDO—-———_L — ——q N —
_ Voo Ci R -
c taTP=(R1C) In (W) j’/
SVGT Voo I o1t
Oo— tGTA= (RPC) In < Frar ) —} IN- G8870
R1 C2 Rs GS
R2 "
_ _RiR2 Rs
ESt O——4 RP= BirhT s s
a) Decreasing tGTA (tGTP > {GTA) VREF
)
\J
DIFFERENTIAL INPUT AMPLIFIER
C1=C2=10nF — 1% tol .
Voo R1=Ra=Rs=100 K ::: resistors ar:" _‘/;% lerance.
167P = (RpC) In (v—a2l__ Rz2=60 K, R3=37.5K0
c P VoD - VTsT R2Rs
R3=Ra+hs as
sveTO 1 16TA= (R1C) In ( >0, ) VOLTAGE GAIN (AV diff) =
R1g INPUT IMPEDANCE
R2
R1R2 (ZNoIFF) =2 /R4 ( 1 \?
EStO—4 RP= A Rz (%)
b) Decreasing tGTP (1GTP < {GTA)
Figure 5. Guard Time Adjustment Figure 6. Differential Input Configuration
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Pin Function

Pin Description Pin Description
IN+ Non-Inverting Input Qi-4 Three-State Data Outputs
IN- Inverting Input StD Delayed Steering Output
GS Gain Select ESt Early Steering Output
IC Internal Connection St/GT|Steering Input/Guard Time Input|
0scC1 Clock Input VREF Reference Voltage Output
0sC2 Clock Output Vss Negative Power Supply
TOE Three-State Output Enable VoD Positive Power Supply
Pin Configuration
]
gz 83
IN+ 1 b Voo 3.2 12 19
IN- ]2 ) sUGT °
v:;s :: g :'sr; as|a 18 | ESt
EF 17 | StD
Ic* 5 1 Qe VRer | S G8870
1Icr 6 g Qs ic'le 16 | NC
osc1 7 Q2 et |7 15| Qs
osc2 s o 14| Q3
vss ]9 1 ToE osci|s
9 10 11 12 13
*CONNECT TO Vss § g :‘9' 3 &
o

Ordering Information

G 870 D |

Description

C—Special G—Standard

Product Identification Number

Package

P—Plastic E—Leaded Chip Carrier
C—Ceramic L—Leadless Chip Carrier
D—Cerdip X—Dice

Temperature/Processing

None— 0°Cto +70°C, £ 5% P.S. Tol.
|—-40°C to +85°C, + 5% P.S. Tol.
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CMOS DTMF Integrated Receiver

Features

® CMOS technology for low power consumption—

35 mW max.

Full DTMF receiver

Provides DTMF high and low group filtering

Adjustable acquisition and release times

Dial tone suppression

Integrated bandspilit filter and digital decoder functions
On-chip differential amplifier, clock oscillator, and latched
three-state bus.

General Description

The GTE G8870-1 provides full DTMF receiver capability by
integrating both the bandsplit filter and digital decoder func-
tions into a single 18-pin DIP or 20-pin PLCC package. The
G8870-1 is manufactured using state-of-the-art CMOS process
technology for low power consumption (35 mW max.) and
precise data handling. The filter section uses a switched
capacitor technique for both high and low group filters and
dial tone rejection. The G8870-1 decoder uses digital counting
techniques for the detection and decoding of all 16 DTMF

® Uses inexpensive 3.58 MHz crystal tone pairs into a 4-bit code. The G8870-1 minimizes external
e Central office quality and performance component count by providing an on-chip differential input
® Single +5 volt power supply amplifier, clock generator, and a latched three-state interface
® 18-pin DIP or 20-pin PLCC package bus. The on-chip clock generator requires only a low cost TV
Applications crystal as an external component.

¢ PABX e Remote data entry

® Central office ® Receiver system for Conference of

o Key systems European Postal and Telecommunica-

® Mobile radio tions (CEPT), and British Telecom

® Remote control

Block Diagram

Voo Vss

BIAS
CIRCUIT

oy vk

VREF

CHIP  CHIP HIGH
POWER  BIAS | group -
FILTER

— L=
CODE Q2
ZERO DIGITAL
IN+ e CROSSING | DETECTION CONXSSTET
N TON ‘—’ DETECTORS ALGORITHM LATCH
FILTER Qs

LOW
GS L—] GROuP _+ Qs
FILTER
TO ALL v v

CHIP CLOCKS St STEERING
LOGIC

osC 1 0sC 2 St/GT ESt StD TOE
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Absolute Maximum Ratings: (Note 1)

Parameter Symbol Value
Power Supply Voltage
(VDD-VsS) VoD 6.0V Max
Voltage on any Pin Vdc Vss-0.3, Voo+0.3
Current on any Pin ([s]5] 10 mA Max
Operating Temperature TA -40°Cto +85°C
Storage Temperature Ts -65°C to +150°C

This device contains input protection against damage due to
high static voltages or electric fields; however, precautions
should be taken to avoid application of voltages higher than
the maximum rating. -

Notes:

1. Exceeding these ratings may cause permanent damage,
functional operation under these conditions is not implied.

DC Characteristics: All voltages referenced to Vss unless otherwise noted. VoD = 5.0V, Vss = 0V, TA = 25°C.

Parameter Symbol Min Typ Max Units Test Conditions
Operating Supply Voltage VDD 4.75 5.25 \"
Operating Supply Current IDD 3.0 7.0 mA
Power Consumption Po 15 35 mwW f =3.579 MHz; Voo = 5.0V
Low Level Input Voltage - ViL 1.5 \
High Level Input Voltage ViH 3.5 \
Input Leakage Current hH/liL 0.1 nA VIN = Vss or VoD (Note 11)
Pull Up (Source) Current on TOE I1so 6.5 15.0 uA TOE =0V
Input Impedance, Signal Inputs 1,2 RIN 8 10 Meg @ 1KHz
Steering Threshold Voltage VTst 22 25 \
Low Level Output Voltage VoL 0.03 v No Load
High Level Output Voltage VoH 4.97 \ No Load
Output Low (Sink) Current loL 1.0 25 mA Vout =04V
Output High (Source) Current loH 0.4 0.8 mA Vout =46V
Output Voltage VREF VREF 24 2.7 Vv No Load
Output Resistance ROR 10 KQ

Operating Characteristics: All voltages referenced to Vss unless otherwise noted. VDD = 5.0V, Vss =0V, TA = 25°C.

Gain Setting Amplifier

Parameter Symbol Min Typ Max Units Test Conditions
Input Leakage Current IIN +100 nA Vss < VIN < VDD
Input Resistance RIN 10 MQ
Input Offset Voltage Vos +25 mV
Power Supply Rejection PSRR 50 dB 1 KHz (Note 12)
Common Mode Rejection CMRR 55 dB -3.0VSVINS 3.0V
DC Open Loop Voltage Gain AvOL 60 dB
Open Loop Unity Gain Bandwidth fc 12 1.5 MHz
Output Voltage Swing Vo 3.5 Vp-p RL = 100K() to Vss
Tolerable Capacitive Load (GS) CL 100 pF
Tolerable Resistive Load (GS) RL 50 K
Common Mode Range Vem 25 Vp-p No Load
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AC Characteristics: All voltages referenced to Vss unless otherwise noted. VOD = 5.0V, Vss = 0V, TA = 25°C, fCLk =
3.579545 MHz using test circuit (Fig. 1).

Parameter Symbol Min Typ Max Units Notes
Valid Input Signal Levels -31 + dBm 123458
(each tone of composite signal) 218 869 mvams| T
-37 dBm
Input Signal Level Reject 123458
109 mVRMS
Positive Twist Accept 10 dB 2348
Negative Twist Accept 10 daB
Freq. Deviation Accept Limit 1.5%+2 Hz| Nom. 2,35,8,10
Freq. Deviation Reject Limit +3.5% Nom. 2,35
Third Tone Tolerance -18.5 -16 dB 2,3,4,5,8,9,13,14
Noise Tolerance -12 dB 2345689
Dial Tone Tolerance +18 +22 dB 2345789
Tone Present Detection Time top 5 8 14 mS Refer to
Tone Absent Detection Time toA 05 3 85 mS Timing Diagram
Min.Tone Durati.on Ac?ept tREC 40 mS (User Adjustable)
‘Max. Tone Duration Reject tREC 20 mS Times shown are
Min. Interdigit Pause Accept tio 40 mS obtained with
Max. Interdigit Pause Reject too 20 mS circuitin Fig. 1
Propagation Delay (Stto Q) tPQ 6 1 uS
Propagation Delay (St to StD) tPStD 9 uS TOE = VoD
Output Data Set Up (Q to StD) tasto 4.0 uS
Propagation Delay Enable. tPTE 50 60 nS RL = 10K}
(TOEto Q) Disable tPTD 300 nS CL = 50pF
Crystal/Clock Frequency fcuk 3.5759 | 3.5795 3.5831 MHz
Clock Output Capacitive CLo 30 pF
(0OSC2) Load
NOTES:
1. dBm = decibels above or below a reference power of 8. For an error rate of better than 1 in 10,000.
1 mW into a 600 ohm load. 9. Referenced to lowest level frequency component
2. Digit sequence consists of al 16 DTMF tones. in DTMF signal.
3. Tone duration = 40 mS. Tone pause = 40 mS. 10. Minimum signal acceptance level is measured with
4. Nominal DTMF frequencies are used. specified maximum frequency deviation.
5. Both tones in the composite signal have an equal 11. Input pins defined as IN+, IN-, and TOE .
amplitude. ) ) 12. External voltage source used to bias VREF.
6. Bandwidth limited (0 to 3 KHz) Gaussian Noise. 13. This parameter also applies to a third tone injected
7. The precise dial tone frequencies are (350 Hz and onto the power supply.
440 Hz) +2%. 14. Referenced to Figure 1. Input DTMF tone level at -28 dBm.
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Timing Diagram
e
EVENTS | A l B I c | E | F I G
AEC =] |- ‘—mgc-—-* Mﬁ&% —=—| = too TONE DROPOUT
vin TONE #n TONE#n+1 JONE
o] = ] s
S [ N Y R S N A L
tare 1GTA
SUGT N I N\ | VTSt
A ] L
— ——— PO
DATA
g:::r&u‘rs DECODED TONE #n+1 >éscooso TONE ¥ N e DANCE DECODED TONE #n +1
—e— L—_tl’sm
StD |
ouTPUT l
Y B Dy B
TOE ] | =—tQSID I
Explanation of Events Explanation of Symbols
A)  Tone bursts detected, tone duration invalid, outputs not VIN DTMF composite input signal.
updated. ESt Early Steering Output. Indicates detection of valid tone
B) Tone #n detected, tone duration valid, tone decoded and frequencies.
latched in outputs. St/GT  Steering input/guard time output. Drives external RC
C) End of tone #n detected, tone absent duration valid, timing circuit.
outputs remain latched until next valid tone. Q1-Q4 4-bit decoded tone output.
D)  Outputs switched to high impedance state. StD Delayed Steering Output. Indicates that valid fre-
E)  Tone #n + 1 detected, tone duration valid, tone decoded quencies have been present/absent for the required
and latched in outputs (currently high impedance). guard time, thus constituting a valid signal.
F)  Acceptable dropout of tone #n + 1, tone absent duration TOE  Tone Output Enable (input). A low level shifts Q1-Q4
invalid, outputs remain latched. to its high impedance state.
G) Endof tone #n + 1 detected, tone absent duration valid, tREC  Maximum DTMF signal duration not detected as valid.
outputs remain latched until next valid tone. tREC  Minimum DTMF signal duration required for valid
recognition.
tip Minimum time between valid DTMF signals.
too Maximum allowable drop-out during valid DTMF
signal.
top Time to detect the presence of valid DTMF signals.
tDA Time to detect the absence of valid DTMF signals.
tGTP Guard time, tone present.
tGTA Guard time, tone absent.
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Functional Description

The GTE G8870-1 DTMF Integrated Receiver provides the
design engineer with not only low power consumption, but high
performance in a small 18-pin DIP or 20-pin PLCC package
configuration. The G8870-1's internal architecture consists of a
band-split filter section which separates the high and low tones
of the received pair, followed by a digital decode (counting)
section which verifies both the frequency and duration of the
received tones before passing the resultant 4-bit code to the
output bus.

Filter Section

Separation of the low-group and high-group tones is achieved
by applying the dual-tone signal to the inputs of two Sth-order
switched capacitor bandpass filters. The bandwidths of these
filters correspond to the bands enclosing the low-group and
high-group tones (See Figure 3). The filter section also
incorporates notches at 350 Hz and 440 Hz which provides
excellent dial tone rejection. Each filter output is followed by
a single-order switched capacitor section which smooths the
signals prior to limiting. Signal limiting is performed by high-
gain comparators, These comparators are provided with a
hysteresis to prevent detection of unwanted low-level signals
and noise. The outputs of the comparators provide full-rail
logic swings at the frequencies of the incoming tones.

Decoder Section

The G8870-1 decoder uses a digital counting technique to
determine the frequencies of the limited tones and to verify
that these tones correspond to standard DTMF frequencies.
A complex averaging algorithm is used to protect against tone
simulation by extraneous signals (such as voice) while
providing tolerance to small frequency variations. The
averaging algorithm has been developed to ensure an opti-
mum combination of immunity to “talk-off” and tolerance to
the presence of interfering signals (third tones) and noise.
When the detector recognizes the simultaneous presence of
two valid tones (known as “signal condition”), it raises the
“Early Steering” flag (ESt). Any subsequent loss of signal
condition will cause ESt to fall.

Steering Circuit

Before the registration of a decoded tone pair, the receiver
checks for a valid signal duration (referred to as “character-
recognition-condition”). This check is performed by an ex-
ternal RC time constant driven by ESt. A logic high on ESt
causes VC (See Figure 4) to rise as the capacitor discharges.
Providing signal condition is maintained (ESt remains high)
for the validation period (tGTF), VC reaches the threshold (VTst)
of the steering logic to register the tone pair, thus latching its
corresponding 4-bit code (See Figure 2) into the output latch.
At this point, the GT output is activated and drives Vc to Vpo.
GT continues to drive high as long as EStremains high. Finally,
after a short delay to allow the output latch to settle, the
“delayed steering” output flag (StD) goes high, signaling that
a received tone pair has been registered. The contents of the

output latch are made available on the 4-bit output bus by
raising the three-state control input (TOE) to a logic high. The
steering circuit works in reverse to validate the interdigit pause
between signals. Thus, as well as rejecting signals too short to
be considered valid, the receiver will tolerate signal inter-
ruptions (drop outs) too short to be considered a valid pause.
This capability, together with the capability of selecting the
steering time constants externally, allows the designer to tailor
performance to meet a wide variety of system requirements.

Guard Time Adjustment

In situations which do not require independent selection of
receive and pause, the simple steering circuit of Figure 4 is
applicable. Component values are chosen according to the
following formula:

tREC = tOP + tGTP
tGTP = 0.67 RC

The value of top is a parameter of the device and tRec is the
minimum signal duration to be recognized by the receiver. A
value for C of 0.1 uF is recommended for most applications,
leaving R to be selected by the designer. For example, a
suitable value of R for a tReC of 40 milliseconds would be 300K.
A typical circuit using this steering configuration is shown in
Figure 1. The timing requirements for most telecommunication
applications are satisfied with this circuit. Different steering
arrangements may be used to select independently the guard-
times for tone-present (tGTp) and tone-absent (tGTA). This
may be necessary to meet system specifications which place
both accept and reject limits on both tone duration and
interdigit pause.

Guard time adjustment also allows the designer to tailor
system parameters such as talk-off and noise immunity.
Increasing tReC improves talk-off performance, since it
reduces the probability that tones simulated by speech will
maintain signal condition for long enough to be registered.
On the other hand, a relatively short tRec with a long too
would be appropriate for extremely noisy environments where
fast acquisition time and immunity to drop-outs would be
requirements. Design information for guard time adjustment
is shown in Figure 5.

Input Configuration

The input arrangement of the G8870-1 provides a differential
input operational amplifier as well as a bias source (VREF)
which is used to bias the inputs at mid-rail.

Provision is made for connection of a feedback resistor to the
op-amp output (GS) for adjustment of gain.

In a single-ended configuration, the input pins are connected
as shown in Figure 1 with the op-amp connected for unity gain
and VREF biasing the input at 2VDD. Figure 6 shows the
differential configuration, which permits the adjustment of
gain with the feedback resistor Rs.
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Pin Function Table

Name Description

IN* Non-inverting input Connections to the front-end differential amplifier

IN- Inverting input

GS Gain Select. Gives access to output of front-end differential amplifier for connection of feedback resistor.
VREF Reference voltage output (nominally VOD/2). May be used to bias the inputs at mid-rail.

IC Internal connection. Must be tied to Vss.

IC Internal connection. Must be tied to Vss.

OSsC1 Clock input
0osc2 Clock output

3.579545 MHz crystal connected between these pins complétes internal oscillator.

Vss Negative power supply (Normally connected to 0V).
TOE Three-state output enable (input). Logic high enables the outputs Q1-Q4. Internal pull-up.
(o]}
Q2 Three-state outputs. When enabled by TOE, provides the code corresponding to the last valid tone pair
Q3 received. (See Fig. 2.)
Q4
StD Delayed steering output. Presents a logic high when a received tone pair has been registered and the output
latch is updated. Returns to logic low when the voltage on St/GT falls below VTst.
ESt Early steering output. Presents a logic high immediately when the digital algorithm detects a recognizable

tone pair (signal condition). Any momentary loss of signal condition will cause ESt to returnto a logic low.

St/GT Steering input/guard time output (bidirectional). A voltage greater than VTst detected at St causes the

device to register the detected tone pair and update the output latch. A voltage less than VTst frees the device
to accept a new tone pair. The GT output acts to reset the external steering time constant, and its state is a
function of ESt and the voltage on St. (See Fig. 2.)

Voo Positive power supply
sV Flow | FHiGH | KEY | TOE | Q4 Q3 Q2 [e]]
0—0——]
G8870-1 0.1 uF == 697 1209 1 H 0 0 0 1
0.1 4F — N+ 7 voob ¢ 697 | 1336 2 H 0 0 1 0
o m—c IN-  SYGT =y 697 | 1477 | 3 H 0 0 1 1
GS ESt[
PAV [:E T =gl A 770 | 1209 | 4 | H | 0 1 0 | o
[j: Ic Q[ F—+—0 770 1336 5 H 0 1 0 1
q Ic Qa[+—0 770 1477 6 H 0 1 1 0
3.58 —(_]0SC1 @+—o0

MMz D osc2 a 852 1209 7 H 0 1 1 1 .
. ':,: vss  TOE :H: O 852 | 1336 | 8 H 1 0 0 0
/77 852 1477 9 H 1 0 0 1

All resistors +1% tolerance,
All capacitors +5% tolerance. 941 1336 0 H ! 0 ! 0
941 1209 . H 1 0 1 1
Figure 1. Single Ended Input 941 | 477 | 4 H 1 1 0 0
Configuration Test Circuit 697 | 1633 | A H 1 1 0 1
770 1633 B H 1 1 1 0
852 1633 (o] H 1 1 1 1
941 1633 D H 0 0 0 0
— — ANY L Z z z z

L = LOGIC LOW, H = LOGIC HIGH, Z = HIGH IMPEDANCE

Figure 2. Functional Decode Table
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0 —
l \ /4 N\ —1;—1— Voo
/ \/ N\ Tc
10
-] I ‘ ) Voo
5 20 [ I\ SVGT Ve
§ I ” ‘\ ESt ~
E % , \ S0 o
40 , E— tGTA= RC In ( Voo )
il ‘% /\\ Vst
50 /L tGTP = (RC) In _DJ_D_"T“_
T N O N (1)
XY ABC D EF G H
FREQUENCY Hz
PRECISE DIAL TONES DTMF TONES Figure 4. Basic Steering Circuit
X =350 Hz A=697THz E = 1209Hz
Y = 440 Hz B =770Hz F = 1336 Hz
C=852Hz G = 1477Hz
D:=941Hz H = 1633Hz

Figure 3. Typical Filter Characteristic

vonO—_L — —w—q ™
- __Voo Ct R -
c tGTe = (R1C) In (von Vst ) :D__
SYGT O—¢ taTa= (RPC) In (Y20 | IN | G8870-1
VTsT —
R GS
C2 R4 ~
R2 ~
RiR2 Rs
EStO—4 RP= Rivhz R3 R2
a) Decreasing tGTA (1GTP > tGTA) VREF
O
DIFFERENTIAL INPUT AMPLIFIER

C1=C2=10nF
R1= R4 =Rs =100 K}

All resistors are — 1% tolerance.
Al are — 5% tol

Voo
1 c 8T=(RpCin (.VD;’_“SW ) R2=60 :2:.5 R3=37.5K(
O——9 R3 =R+ Rs
sver 1aTa = (R1C) In ( — ) VOLTAGE GAIN (Av dit) - o
R A INPUT IMPEDANCE
EStO——¢ : RP - % (ZINDIFF) = 2 \/iiq'_4‘(—wic )z

b) Decreasing tGTP (1GTP < tGTA)

Figure 5. Guard Time Adjustment Figure 6. Differential Input Configuration
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Application

Receiver System for British Telecom Spec POR 1151

The circuit shown in Fig. 8 illustrates the use of the G8870-1
device in a typical receiver system. The British Telecom
specifications define the input signals less than -34 dBm as
the non-operate level. This condition can be attained by
choosing suitable values for R1 and R2 to provide 3 dB attenu-
ation, such that the -34 dBm input signal will correspond to
-37 dBm at the gain setting pin GS of the G8870-1. As shown
in the diagram, the component values of R3 and C2 are the
guard time requirement when the total component tolerance
is 6%. For better performance, it is recommended to use the
non-symmetric guard time circuitin Fig. 7.

All resistors are +1% tolerance.

Al itors are +5%

tGTP = (RPC1) In [VOD/(VDD-VTST)]

C1 tGTA= (R1C1) In (VDD/VTsT)
RP = R1R2/(R1 + R2)
R2
R1=368 KQ
R2=22M0Q
C1=100nF

Figure 7. Non-Symmetric Guard Time Circuit

sV
e}
G8870-1 1 ] -
C1 —{_]IN+ Voo L i
DTMF & | —CJIN- SYGT[ 3
Input R1 s Est -
R2 Eg VREF s+ o
Ic Q[ —3+—O0
4 Ic Q[ +——O
X1 Elr": 0scC1 Q:[1+—O
=—{—]osc2 o [(+—0O A1 - 102K0
b — 1e
9 vss ToE R2=71.5K0
/77 R3 =390 KQ)
All resistors are +1% tolerance. C1,C2 = 100 nF

Al are +5%

X1 =3.579545 MHz +0.1%

Figure 8. Single Ended Input Configuration for British Telecom or CEPT Specifications
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Pin Function

Pin Description Pin Description

IN+ Non-Inverting Input Q1-4 Three-State Data Outputs

IN- Inverting Input StD Delayed Steering Output

GS Gain Select ESt Early Steering Output

IC Internal Connection St/GT|Steering Input/Guard Time Input
0OSsC1 Clock Input VREF Reference Voltage Output
osc2 Clock Output Vss Negative Power Supply
TOE Three-State Output Enable Voo Positive Power Supply

Pin Configuration

]
2283
———
modt 18] Voo 3 2 1 2 19
IN- ]2 17 svGT [ ]
Gs (3 16 ESt Gs|a 18 | ESt
ver 4 Gggroq 1510 veer | 5 17| s
o 110 e G8870-1
1ce e 13 ict |6 16| NC
osc1 7 12702 el 7 15| Qs
osc2[—]s NnEo 14| as
vss 9 10 1 ToE 0scC1 8
9 10 11 12 13
*CONNECT TO Vss 8 5 g 5 8
a =
o
Ordering Information
G 8870-1 D 1|
Description I
C—Special G—Standard
Product Identification Number
Package
P—Plastic E—Leaded Chip Carrier
C—Ceramic L—Leadless Chip Carrier
D—Cerdip X—Dice

Temperature/Processing

None— 0°Cto +70°C, + 5% P.S. Tol.
|—-40°C to +85°C, + 5% P.S. Tol.
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CMOS Integrated DTMF Transceiver

Features

o Advanced CMOS technology for low power consumption
and increased noise immunity

o Complete DTMF Transmitter/Receiver within a single chip

e Standard 6500/6800 series microprocessor port

o Central office quality and performance

General Description

The GTE G8880 is a fully integrated DTMF Transceiver,
featuring Adjustable Guard Time, Automatic Tone Burst
mode, Call Progress mode and a fully compatible 6500/6800
microprocessor interface. The G8880 is manufactured using
state-of-the-art Advanced CMOS technology for low power

® Adjustable Guard Time

® Automatic Tone Burst mode

e Call Progress mode

® Single +5 volt power supply

® 20-pin DIP or 28-pin PLCC package

consumption and precise data handling. The G8880 is based
on the industry standard G8870 DTMF Receiver, while the
transmitter utilizes a switched-capacitor D/A converter for
low distortion, highly accurate DTMF signalling. Internal
counters provide an Automatic Tone Burst mode which
allows tone bursts to be transmitted with precise timing. A
Call Progress filter can be selected by an external micro-
processor for analyzing Call Progress tones.

Applications

® Paging systems

® Repeater systems/mobile radio
® Interconnect dialers

® PABX systems

o Computer systems

Block Diagram
1 Row AND TRANSMIT <_—:>
DA DATA @
COLUMN — DATA D0-D3
TONE 3 CONVERTERS | | LSlituine RecisTER || | — BUS
BUFFER
TONE BURST CONTROL carer —
| REGISTER INTERRUPT
GATING LOGIC LOGIC
—— IRQ/CP
IN + + DIAL | CONTROL <-_-
N - _ TONE REGISTER
FILTER IGH GROUP| A —
Gs a—] FLER [T oiammac N #”
‘ ALGORITHM _
AND CODE L] cs
CONVERTER CONTROL 10
0s¢1— LOW GROUP] ¢ | REGISTER CONTROL _
OSCILLATOR FILTER B le—— RW
osc2 CIRCUIT I ]
I e RS0
| CONTROL
BIAS LOGIC STEERING RECEIVE DATA
CIRCUIT LoGIC H REGISTER
Voo Vrer Vss ESt StGT

This is advanced information and specifications
are subject to change without notice.

ADVANCE INFORMATION
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Absolute Maximum Ratings (Note 1)

Ratings Symbol Value
Supply Voltage (Vbp—Vss) Vop +6.0V Max
Voltage on any Pin Vde —0.3Vto Voo + 0.3V
Current on any Pin oo 10 mA Max
Operating Temperature TA —40°C to +85°C
Storage Temperature Ts —65°C to +150°C

This device contains input protection against damage due to
static voltages or electric fields; however, precautions should
be taken to avoid application of voltages higher than the max-
imum rating.

Notes:
1. Exceeding these ratings may cause permanent damage.
Functional operation under these conditions is not implied.

DC Characteristics All voltages referenced to Vss unless otherwise noted. Voo = 5.0V, Vss = 0V, fc = 3.579545 MHz,

@#2 = 1 MHz, Ta = 25°C

Parameter Symbol Min Typ* Max Units
Operating Supply Voltage Voo 4.75 5.0 5.25 \
Operating Supply Current oo — 10 — mA
Power Consumption Po — 50 — mw
Inputs
High Level Input Voltage ViHo
SC1 3.5 — — \
Low Level Input Voltage ViLo
0SC1 — — 1.5 \
Input Impedance (@ 1 KHz) RN
IN+, IN— — 10 — MQ
Steering Threshold Voltage VTst 22 = 25 v
Outputs
High Level Output Voltage (No Load) VoHo
Qosc2 4.9 — —_ v
Low Level Output Voltage (No Load) Vowo
0SsC2 —_ —_ 0.1 \
Output Leakage Current (VoH = 2.4V) loz
IRQ — 1.0 10.0 uA
VRer Output Voltage (No Load) VREF 2.4 —_ 27 \'
VRer Output Resistance Ror — 10 — KQ
Data Bus
Low Level Input Voltage Vi — _ 0.8 \
High Level Input Voltage VIH 2.0 - — \"
Low Level Output Voltage (lo. = 1.6 mA) Voi - —_— 0.4 \
High Level Output Voltage (loH = 400 nA) VoH 24 — — \
Input Leakage Current (VIN = 0.4 to 2.4V) iz — —_ 10.0 uA
Electrical Characteristics — Gain Setting Amplifier: All voltages referenced to Vss unless otherwise noted.
Voo = 5.0V, Vss = 0V, TA = 25°C
Parameter Symbol Min Typ* Max Units
Input Leakage Current (Vss < VIN < VDD) N -— 100 -_— nA
Input Resistance RIN _— 10 _ MQ
Input Offset Voltage Vos —_ 25 — mv
Power Supply Rejection (1 KHz) PSRR — 60 — dB
Common Mode Rejection (—3.0V < VIN < 3.0V) CMRR — 60 — dB
DC Open-Loop Voltage Gain AvoL — 65 — dB
Unity Gain Bandwidth BW —_ 1.5 - MHz
Output Voltage Swing (RL = 100 KQ to Vss) Vo — 4.5 —_— Vep




- Microcircuits

G8880

Electrical Characteristics — Gain Setting Amplifier (continued)

Parameter Symbol Min Typ* Max Units
Maximum Capacitive Load CL
GS = 100 — pF
Maximum Resistive Load Ru
GS — 50 — KQ
Common Mode Range (No Load) Ve — 3.0 — vep

AC Characteristics: All Voltages referenced to Vss unless otherwise noted. Voo = 5.0V, Vss = 0V, fc = 3.579545 MHz,

@$2 = 1 MHz
| Parameter ] Symbol I Min Typ* Max [ Units ]
Receive Signal Conditions
Valid Input Signal Levels -29 — +1 dBm
(Each Tone of Composite Signal; Notes 1, 2, 3, 5, 6, 9) 275 — 883 mVRAMS
Positive Twist Accept (Notes 2, 3, 6, 9) — 10 — dB
Negative Twist Accept (Notes 2, 3, 6, 9) - 10 — dB
Freq. Deviation Accept (Notes 2, 3, 5, 9) +1.5% +2 Hz — — Nom.
Freq. Deviation Reject (Notes 2, 3, 5) +3.5% — — Nom.
Third Tone Tolerance (Notes 2, 3, 4, 5, 9, 10) —_ -16 — dB
Noise Tolerance (Notes 2, 3, 4, 5, 7, 9, 10) — -12 — dB
Dial Tone Tolerance (Notes 2, 3, 4, 5, 8, 9, 11) —_ +22 — dB
Call Progress
Lower Frequency (@ —25 dBm) fLa
ACCEPT — 320 — Hz
Upper Frequency (@ —25 dBm) fHA
ACCEPT — 510 — Hz
Lower Frequency (@ —25 dBm) fLR
REJECT - 290 - Hz
Upper Frequency (@ —25 dBm) fHR
REJECT — 540 — Hz
Receive Timing
Tone Present Detect Time top 5 11 14 mS
Tone Absent Detect Time oA 0.5 4 85 mS
Tone Duration Accept (Ref. Fig. 9) tREC —_ — 40 mS
Tone Duration Reject (Ref. Fig. 9) tREC 20 — —_ mS
Interdigit Pause Accept (Ref. Fig. 9) tio - —_ 40 mS
Interdigit Pause Reject (Ref. Fig. 9) too 20 — — mS
Delay St to b3 tPStb3 — 13 — uS
Delay St to RXo—RXa tPStRX — 8 — uS
Transmit Timing
Tone Burst Duration (DTMF Mode) tesT 50 — 52 mS
Tone Pause Duration (DTMF Mode) tps 50 — 52 mS
Tone Burst Duration (Extended, Call Process Mode) tBSTE 100 —_ 104 mS
Tone Pause Duration (Extended, Call Process Mode) trse 100 — 104 mS
Tone Output
High Group Output Level (RL = 10 KQ) VHout -8 -5 — dBm
Low Group Output Level (RL = 10 KQ) Viout -10 -5 — dBm
Pre-emphasis (RL = 10 KQ) dBe 0 2 3 dB
Output Distortion (RL = 10 KQ, 3.4 KHz Bandwidth) THD — -25 — dB
Frequency Deviation (f = 3.5795 MHz) fo — +0.7° =15 %
Output Load Resistance Rur 10 — 50 KQ
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Microprocessor Interface

¢2 Cycle Period tcye _ 1 _ uS
¢2 High Pulse Width tcH 450 — -_— nS
@2 Low Pulse Width tcL 430 — — nS
$2 Rise and Fall Time 1R, tF —_ _ 25 nS
Address, RW Hold Time tAH, tRWH 10 — — nsS
Address, R/W Setup Time (Prior to ¢2) tas, tRws 80 — — nS
Data Hold Time (Read) tOHR 20 - 100 nS
¢2 to Valid Data Delay (Read) toorR —_ —_ 290 nS
Data Setup Time (Write) tosw 165 —_ —_ nS
Data Hold Time (Write) toHw 10 —_ — nS
Input Capacitance CiN
D0-D3 —_ 5 - pF
Output Capacitance Cout
IRQ/CP — 5 — pF
DTMF Clock
Crystal Clock Freq. fc 3.5759 3.5795 3.5831 MHz
Clock Input Rise Time (External Clk) tLHCL — — 110 nS
Clock Input Fall Time (External Clk) tHLCL — — 110 nS
Clock Input Duty Cycle (External Clk) DCcL 40 50 60 %
Capacitive Load CLo
0SsC2 _ — 30 pF
*Typical values are for use as design aids only, and are not guaranteed or subject to production testing.
Notes:
1. dBm = decibels above or below a reference power of 1 mW into a 600 ohm load.
2. Digit sequence consists of all 16 DTMF tones.
3. Tone duration = 40 mS. Tone pause = 40 mS.
4. Nominal DTMF frequencies are used. 8. The precise dial tone frequencies are 350 and 440 Hz (+2%).
5. Both tones in the composite signal have an equal amplitude. 9. For an error rate of less than 1 in 10,000.
6. The tone pair is deviated by + 1.5% = 2 Hz. 10. Referenced to the lowest amplitude tone in the DTMF signal.
7. Bandwidth limited (3 KHz) Gaussian noise. 11. Referenced to the minimum valid accept level.
Timing Diagrams | teve |
tr tr
¢2 Pulse Timing &2 ] teL
ICH
Microprocessor Read Cycle Microprocessor Write Cycle

o A\ / “ __/ N

tas
| tas toor
re— taH

— CS, RSO

CS, RSO
tRWS

taws [e— tRWH tRwH
_ AW N\ | /
RW

[e—toHR [« tDSW >1e— tOHW

Y -
DATA BUS >< DATA BUS ><
R N
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General Transceiver Timing

mves | * s e 1o K
msc——' I<—- —»‘ trec |<— |<..m.,| _,I too I‘_
viv TONE #n J'?':E‘ ] #Tnor:s‘ |

e o ] o
e L_T1 l L | I

|
tGTP —ay - <—1tGTA

StGT I N

D - S N T
-——1 l——-trsmx
RXo-RXs DECODED TONE # (n ~ 1) X #n X #(n+1)

” L 1

b2

foed iyl iy

Register

- |
IRQ/CP L__l L_]

EXPLANATION OF EVENTS SYGT Steering input/guard time output. Drives external RC timing
Tone bursts detected, tone duration invalid, RX data register not . circuit.
updated. RXo-RXa  4-bit decoded data in receive data register.
B Tone #n d d, tone duration valid, tone d d and latched b3 Delayed steering. Indicates that valid frequencies have been
in RX data register. present/absent for the required guard time thus constituting a
C End of tone #n detected, tone absent duration valid, information valid signal. Active low for the duration of a valid DTMF signal.
in RX data register retained until next valid tone pair. b2 Indicates that valid data is in the receive data register. The bit is
D Tone #n + 1 di d, tone duration valid, tone decoded and I cleared after the status register is read.
latched in RX data register. IRQ/CP Interrupt is active indicating that new data is in the RX data
E Acceptable dropout of tone #n + 1, tone absent duration invalid, _ register. The interrupt is cleared after the status register is read.
data remains unchanged. tREC Maximum DTMF signal duration not detected as valid.
F End of tone #n + 1 detected, tone absent duration valid, tREC Minimum DTMF signal duration required for valid recognition.
information in RX data register retained until next valid tone pair. tio Minimum time between valid sequential DTMF signals.
oo Maximum allowable dropout during valid DTMF signal.
EXPLANATION OF SYMBOLS top Time to detect valid frequencies present.
DTMF composite input signal. toa Time to detect valid frequencies absent.
ESt Early steering output. Indicates detection of valid tone tere Guard time, tone present.
frequencies. taTA Guard time, tone absent.

Test load for D0-D3 pins 50V Test load for IRQ/CP pin 50V

MMD6150 (or 2.4KQ 3KQ

equivalent)

TEST POINT TEST POINT

100 pF
130 pF MMD?7000 (or P
equivalent)
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Functional Description

The G8880 Integrated DTMF Transceiver provides the design
engineer with not only low power consumption, but Central
Office quality performance within a single 20-pin DIP package.
The G8880's internal architecture consists of a high perfor-
mance DTMF receiver with an internal Gain Setting Amplifier
and DTMF Generator. The DTMF Generator contains a Tone
Burst Counter for generating precise tone bursts and pauses.
The Call Progress mode, when selected, allows the detection
of call progress tones. A standard 6500/6800 series micropro-
cessor interface allows access to an internal Status Register,
two Control Registers and two Data Registers within the
G8880.

Input Configuration

The G8880 input arrangement consists of a differential input
operational amplifier and bias source (VRer) for biasing the
amplifier inputs at Voo/2. Provisions are made for the connec-
tion of a feedback resistor to the Op Amp output (GS) for gain
adjustment. In the single-ended configuration, the input pins
should be connected as shown in Figure 1, while Figure 2
shows the necessary connections for a differential input
configuration.

IN+
[ RN
o—{—A s
RF IN-
GS
VOLTAGE GAIN VRer
(Av) = RF/RIN G8880

Figure 1. Single-Ended Input Configuration

R1

c1
o [ IN+

C2 R4 IN~—

o—{—A—

RS
GS

R3 R2
VRer
G8880

DIFFERENTIAL INPUT AMPLIFIER
C1 = C2 = 10nF

R1 = R4 = R5 = 100KQ

R2 = 60K, R3 = 37.5KQ

R3 = (R2R5)/(R2 + R5)
VOLTAGE GAIN

(Av diff) = RS/R1

INPUT IMPEDANCE

(2N diff) = 2v/RTZ + (T/wC)2

Figure 2. Differential Input Configuration

Receiver Section

Separation of the low and high-group tones is achieved by
applying the DTMF signal to the inputs of two sixth-order
switched capacitor bandpass filters, the bandwidths of which
correspond to the low and high-group frequencies as shown
in Figure 5. The low-group filter incorporates notches at 350
Hz and 440 Hz for excellent dial-tone rejection. Each filter
output is followed by a single-order switched capacitor filter
section which smoothes the signals prior to limiting. Limiting
is performed by high-gain comparators with hysteresis to pre-
vent detection of unwanted low-level signals. The outputs of
the comparators provide full-rail logic swings at the incoming
DTMF signals frequencies.

Following the filter section is a decoder which employs digital
counting techniques to determine the frequencies of the incom-
ing tones, and to verify that the incoming tones correspond to
standard DTMF frequencies. A complex averaging algorithm
protects against tone simulation by extraneous signals (e.g.
voice), while still providing tolerance to small deviations in fre-
quency. The averaging algorithm was developed to ensure an
optimum combination of immunity to talk-off, as well as a tol-
erance to the presence of interfering frequencies (3rd tones)
and noise. When the detector recognizes the presence of two
valid tones (sometimes referred to as “signal condition” in
industry publications), the “Early Steering” (ESt) output will go
to an active state. Any subsequent loss of signal condition will
cause ESt to assume an inactive state.

Steering Circuit

Before registration of a decoded tone pair, the receiver checks
for a valid signal duration (referred to as Character Recognition
Condition). This check is performed by an external RC time
constant driven by ESt. A logic high on ESt causes Vc (See
Figure 3) to rise as the capacitor discharges. Provided that the
signal condition is maintained (ESt remains high) for the val-
idation period (taTp), Vc reaches the threshold (VTst) of the
steering logic to register the tone pair, latching its correspond-
ing 4-bit code (See Figure 5) into the Receive Data Register.
At this point the GT output is activated and drives Vc to Vop.
GT continues to drive high as long as ESt remains high. Finally,
after a short delay to allow the output latch to settle, the
Delayed Steering output flag goes high, signalling that a
received tone pair has been registered. It is possible to monitor
the status of the Delayed Steering flag by checking the appro-
priate bit in the Status Register. If Interrupt Mode has been
selected, the IRQ/CP pin will pull low when the Delayed Steer-
ing flag is active.

"1

c1
Voo
StGT Ve
R1
ESt
G8880 tGTA = (R1C1) In (Voo/Vrst)

tGTP = (R1C1) In [Voo/(Vop — Vrst)]

Figure 3. Basic Steering Circuit
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The contents of the output latch are updated on an active
Delayed Steering transition. This data is presented to the 4-
bit bi-directional data bus when the Receive Data Register is
read. The steering circuit works in reverse to validate the inter-
digit pause between signals. Thus, as well as rejecting signals
too short to be considered valid, the receiver will tolerate signal
interruptions (drop out) too short to be considered a valid
pause. This facility, together with the capability of selecting the
steering time constants externally, allows the designer to tailor
performance to meet a wide variety of system requirements.

Guard Time Adjustment

The simple steering circuit shown in Figure 3 is adequate for
most applications. Component values are chosen according
to the formula:

tREC = toP + tGTP
tio = toA + tGTA

The value of tor is a device parameter and trRec is the minimum
signal duration to be recognized by the receiver. A value for
C of 0.1 uF is recommended for most applications, leaving R
to be selected by the designer. Different steering arrangements
may be used to select independently the guard times for tone
present (taTp) and tone absent (tGTa). This may be necessary
to meet system specifications which place both accept and
reject limits on both tone duration and interdigital pause. Guard
Time adjustment also allows the designer to tailor system
parameters such as talk-off and noise immunity. Increasing
trec improves talk-off performance since it reduces the prob-
ability that tones simulated by speech will maintain signal con-
dition long enough to be registered. Alternatively, a relatively
short trRec with a long too would be appropriate for extremely
noisy environments where fast acquisition time and immunity
to tone drop-outs are required. Design information for Guard
Time adjustment is shown in Figure 4.

R
c1

StGT O GTP = (RpC1) In [Voo/(Vop — Vrst))
teta = (R1C1) In (Voo/VTst)
R1 Re = (R1IR2)/(R1 + R2)

ESt O

a) decreasing tGTp; (taTp < tGTa)

Voo O'—ﬁ-
c1

StGT O tetp = (R1C1) In [Voo/(Vop — Vrsi)]
taTa = (RpC1) In (VDO/VT1St)
R1 Re = (R1R2)/(R1 + R2)
ESt O

b) decreasing teTa; (taTe > tGTa)

Figure 4. Guard Time Adjustment

FLow FHIGH DIGIT Da D3 D2 D1
697 1209 1 0 0 0 1
697 1336 2 0 0 1 0
697 1477 3 0 0 1 1
770 1209 4 0 1 0 0
770 1336 5 0 1 0 1
770 1477 6 0 1 1 0
852 1209 7 0 1 1 1
852 1336 8 1 0 0 (o]
852 1477 9 1 0 0 1
941 1336 0 1 0 1 0
941 1209 * 1 0 1 1
941 1477 # 1 1 0 0
697 1633 A 1 1 0 1
770 1633 B 1 1 1 0
852 1633 C 1 1 1 1
941 1633 D 0 0 0 0

0 = LOGIC LOW, 1 = LOGIC HIGH

Figure 5. Functional Encode/Decode Table

Call Progress Filter

A Call Progress (CP) Mode can be selected allowing the detec-
tion of various tones which identify the progress of a telephone
call on the network. The Call Progress tone input and DTMF
input are common, however, call progress tones can only be
detected when the CP Mode has been selected. DTMF signals
cannot be detected if the CP Mode has been selected (see
Table 5). Figure 6 indicates the useful detect bandwidth of the
Call Progress filter. Frequencies presented to the input (IN +
and IN —) which are within the ‘accept’ bandwidth limits of the
filter are hard-limited by a high-gain comparator with the IRQ/
CP pin serving as the output. The square wave output obtained
from the schmitt trigger can be analyzed by a microprocessor
or counter arrangement to determine the nature of the Call
Progress tone being detected. Frequencies which are in the
‘reject’ area will not be detected, and consequently there will
be no activity on IRQ/CP as a result of these frequencies.

1
FREQUENCY (Hz)

q = Reject

May Accept

= Accept

Figure 6. Call Progress Response
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DTMF Generator

The DTMF transmitter employed in the G8880 is capable of
generating all sixteen standard DTMF tone pairs with low dis-
tortion and high accuracy. All frequencies are derived from an
external 3.58 MHz crystal. The sinusoidal waveforms for the
individual tones are digitally synthesized using row and column
programmable dividers and switched capacitor D/A converters.
The row and column tones are mixed and filtered providing a
DTMF signal with low total harmonic distortion and high accu-
racy. To specify a DTMF signal, data conforming to the encod-
ing format shown in Figure 5 must be written to the Transmit
Data Register. Note that this is the same as the receiver output
code. The individual tones which are generated (fLow and fHIGH)
are referred to as low-group and high-group tones. As seen
from Table 1, the Low-Group frequencies are 697, 770, 852
and 941 Hz; the High-Group frequencies are 1209, 1336, 1477
and 1633 Hz. Typically the High-Group to Low-Group ampli-
tude ratio (twist) is 2dB to compensate for High-Group atten-
uation on long loops.

DTMF Generator Operation

The period of each tone consists of 32 equal time segments.
The period of a tone is controlled by varying the length of these
time segments. During write operations to the Transmit Data
Register, 4-bit data on the bus is latched and converted to 2
of 8 coding for use by the programmable divider circuitry. This
code is used to specify a time segment length which will ulti-
mately determine the frequency of the tone. When the divider
reaches the appropriate count as determined by the input code,
areset pulse is issued and the counter starts again. The num-
ber of time segments is fixed at 32; however, by varying the
segment length as described above, the frequency can also
be varied. The divider output clocks another counter which
addresses the sinewave lookup ROM. The lookup table con-
tains codes which are used by the switched capacitor D/A
converter to obtain discrete and highly accurate DC voltage
levels. Two identical circuits are employed to produce row and
column tones which are then mixed using a low noise summing
amplifier. The oscillator described needs no “start-up” time as
in other DTMF generators since the crystal oscillator is running
continuously, thus providing a high degree of tone burst accu-
racy. Under conditions when there is no tone output signal, the
TONE pin assumes a DC level of 2.5 volts (typ). A bandwidth
limiting filter is incorporated and serves to attenuate distortion
products above 4 KHz. It can be seen from Figure 7 that the
distortion products are very low in amplitude.

Table 1. Actual Frequencies Versus Standard
Requirements

T T
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Figure 7. Spectrum Plot

ACTIVE OUTPUT FREQUENCY (Hz)

INPUT SPECIFIED ACTUAL % ERROR
K] 697 699.1 +0.30
L2 770 766.2 -0.49
L3 852 847.4 -0.54
L4 941 948.0 +0.74
H1 1209 1215.9 +0.57
H2 1336 1331.7 -0.32
H3 1447 1471.9 -0.35
H4 1633 1645.0 +0.73

Burst Mode

In certain telephony applications it is required that DTMF sig-
nals being generated be of a specific duration determined
either by the particular application or by any one of the
exchange transmitter specifications currently existing. Stan-
dard DTMF signal timing can be accomplished by making use
of the Burst Mode. The transmitter is capable of issuing sym-
metric bursts/pauses of predetermined duration. This burst/
pause duration is 51 mS += 1 mS which is a standard interval
for autodialer and central office applications. After the burst/
pause has been issued, the appropriate bit is set in the Status
Register, indicating that the transmitter is ready for more data.

+ + + ...
THD(%) = 100 il

Equation 1. THD(%) For a Single Tone

THD(%) = 100

Equation 2. THD(%) For a Dual Tone

The timing described above is available when the DTMF Mode
has been selected. However, when CP Mode (Call Progress
Mode) is selected, a secondary burst/pause time is available
such that this interval is extended to 102 mS + 2 mS. The
extended interval is useful when precise tone bursts of longer
than 51 mS duration and 51 mS pause are desired. Note that
when CP Mode and Burst Mode have been selected, DTMF
tones may be transmitted only and not received. In certain
applications where a non-standard burst/pause time is desir-
able, a software timing loop or external timer can be used to
provide the timing pulses when the Burst Mode is disabled by
enabling and disabling the transmitter.

The G8880 is initialized on power-up sequence such that
DTMF Mode and Burst Mode are selected.

Single Tone Generation

A Single Tone Mode is available whereby individual tones from
the low-group or high-group can be generated. This mode can
be used for DTMF test equipment applications, acknowledge-
ment tone generation and distortion measurements. Refer to
Control Register B description for details.
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Distortion Calculations Table 2. Internal Register Functions
The G8880 is capable of producing precise tone bursts with : 9

minimal error in frequency (See Table 1). The internal summing e "
amplifier is followed by a first-order low-pass switched-capac- RS0 RW Function
itor filter to minimize harmonic components and intermodula- 0 0 Write to Transmitter
tion products. The total harmonic distortion for a single tone 0 1 Read from Receiver
can be calculated using Equation 1 which is the ratio of the - -
total power of all the extraneous frequencies to the power of ! 0 Write to Control Register
the fundamental frequency expressed as a percentage. The 1 1 Read from Status Register
Fourier components of the tone output correspond to V... Vit
as measured on the output waveform. The total harmonic dis-
tortion for a dual tone can be calculated using Equation 2. Vi 3 .
and VH correspond to the low-group amplitude and high-group Table 3. CRA Bit Positions
amplitude, respectively, and V2mp is the sum of all the inter-
modulation components. The internal switched-capacitor filter b3 b2 b1 b0
following the D/A converter keeps distortion products down to ——
a very low level as shown in Figure 7. RSEL IRQ CP/DTMF Tout
DTMF Clock Circuit
The internal clock circuit is completed with the addition of a Table 4. CRB Bit Positions
standard television color burst crystal having a resonant fre-
quency of 3.579545 MHz. A number of G8880 devices can be b3 b2 b1 bo
connected as shown in Figure 8 such that only one crystal is CR SD TEST BURST
required.
Microprocessor Interface
The G8880 employs a microprocessor interface which allows
0SC1 _0SC2| |OSC1 0SC2| |OSCi 0sC2 precise control of transmitter and receiver functions. There are
five internal registers associated with the microprocessor inter-
face which can be subdivided into three categories, ie; data
[“._._._I transfer, transceiver control and transceiver status.
3.58 MHz  30pF 30pF There are two registers associated with data transfer opera-
tions. The Receive Data Register contains the output code of
- . the last valid DTMF tone pair to be decoded and is a read-
Figure 8. Common Crystal Connection only register. The data entered in the Transmit Data Register

Table 5. Control Register A Description

Bit Name Function Description

b0 TOUT Tone Output A logic ‘1" enables the Tone Output. This function can be implemented in either the
Burst Mode or Non-Burst Mode.

b1 CP/DTMF Mode Control In DTMF Mode (logic ‘0’), the device is capable of generating and receiving Dual

Tone Multi-Frequency signals. When the CP (Call Progress) mode is selected (logic
‘1"), a 6th-order bandpass filter is enabled to allow Call Progress tones to be detected.
Call Progress tones which are within the specified bandwidth will be presented at
the TRQ/CP pin in rectangular wave format if the IRQ bit has been enabled (b2 =
1). Also, when the CP mode and Burst Mode have both been selected, the transmitter
will issue DTMF signals with a burst and pause of 102 mS (typ) duration. This signal
duration is twice that obtained from the DTMF transmitter, if DTMF Mode had been
selected. Note that DTMF signals cannot be decoded when the CP mode of operation
has been selected.

b2 IRQ Interrupt Enable A logic ‘1" enables the Interrupt Mode. When this mode is active and the DTMF Mode
has been selected (b1 = 0), the IRQ/CP pin will pull to a logic ‘0’ condition when
either 1) a valid DTMF signal has been received and has been present for the guard
time duration or 2) the transmitter is ready for more data (Burst Mode only).

b3 RSEL Register Select A logic ‘1’ selects Control Register B on the next write cycle to the Control Register
address. Subsequent write cycles to the Control Register are directed back to Control
Register A.
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will determine which tone pair is to be generated (See Figure
5 for coding details). Data can only be written to the Transmit
Data Register. Transceiver control is accomplished with two
Control Registers (CRA and CRB) which occupy the same
address space. A write operation to CRB can be executed by
setting the appropriate bit in CRA. The following write operation
to the same address will then be directed to CRB and sub-
sequent write cycles will then be directed back to CRA. Internal

ever, as a precautionary measure the initialization software
should include a routine to clear the registers. Refer to Table
5 and Table 6 for details concerning the Control Registers. The
IRQ/CP pin can be programmed such that it will provide an
interrupt request signal upon validation of DTMF signals, or
when the transmitter is ready for more data (Burst mode only).
The IRQ/CP pin is configured as an open-drain output device
and as such requires a pull-up resistor (See Figure 9).

reset circuitry will clear the control registers on power-up; how-

Table 6. Control Register B Description

Function
Burst Mode

Bit Name
b0 BURST

Description

A logic ‘0’ enables the Burst Mode. When this mode is selected, data corresponding
to the desired DTMF tone pair can be written to the Transmit Data Register, resulting
in a tone burst of a specific duration (See AC Characteristics). Subsequently, a pause
of the same duration is induced. Immediately following the pause, the Status Register
is updated indicating that the Transmit Data Register is ready for further instructions,
and an interrupt will be generated if the Interrupt Mode has been enabled. Additionally,
it Call Progress (CP) Mode has been enabled, the burst and pause duration is
increased by a factor of two. When the Burst Mode is not selected (logic ‘1’) tone
bursts of any desired duration may be generated.

b1 TEST Test Mode By enabling the Test Mode (logic ‘1’) the TRQ/CP pin will present the delayed steering
(inverted) signal from the DTMF receiver. Refer to General Transceiver Timing (b3
waveform) for details concerning the output waveform. DTMF Mode must be selected

(CRA b1 = 0) before Test Mode can be implemented.

A logic ‘0’ will allow Dual Tone Multi-Frequency signals to be produced. If single-
tone generation is enabled (logic '1’), either row or column tones (low-group or high-
group) can be generated depending on the state of b3 in Control Register B.

b2 siD Single/Dual Tone

Generation

When used in conjunction with b2 (above) the transmitter can be made to generate
single-row or single-column frequencies. A logic ‘0’ will select row frequencies and
a logic ‘1’ will select column frequencies.

b3 CR Column/Row Tones

g
<
8
——O
8

IN+ Voo
IN- StGT
GS ESt
VRer D3
Vss D2
0osc1 D1
i o2 o

TONE IRQ/CP|
RW 2
cs RS0

R1

c1
INPUT O—o|

Ll

|EpEEREERE LF‘ T Ll
3
H
Q
N
NN
]
>

TO uP
BUS

.

Y JV YYYVYYYY

Notes: /_J
R1, R2 = 100K 1% 7

R3 = 374KQ 1%

R4 = 3KQ 10% . .

RL = 10KQ (min) “Microprocessor based systems can inject undesirable noise into the
C1 = 100 nF 5% supply rails. The performance of the G8880 can be optimized by keep-
C2 = 100 nF 5% ing noise on the supply rails to a minimum. The decoupling capacitor
C3 = 100 nF 10%* (C3) should be connected close to the device and ground loops should
X1 = 3.579545 MHz be avoided.

Figure 9. Application Circuit (Single Ended Input)
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Table 7. Status Register Description

Bit Name

Status Flag Set

Status Flag Cleared

b0 IRQ

Interrupt has occurred. Bit one (b1) and/or bit
two (b2) is set.

Interrupt is inactive. Cleared after Status
Register is read.

b1 Transmit Data Register Empty
(Burst Mode Only)

Pause duration has terminated and transmitter
is ready for new data.

Cleared after Status Register is read or when in
Non-Burst Mode.

b2 Receive Data Register Full

Valid data is in the Receive Data Register.

Cleared after Status Register is read.

b3 Delayed Steering

Set upon the valid detection of the absence of
a DTMF signal.

Cleared upon the detection of a valid DTMF
signal.
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Pin Function Table

Name Description Name Description
IN+ Non-inverting op-amp input. @2 System clock input. TTL compatible.
IN— Inverting op-amp input. TRQ/CP | Interrupt request to microprocessor (open-drain output).

Also, when Call Progress (CP) Mode has been selected
and Interrupt enabled the TRQ/CP pin will output a
rectangular wave signal representative of the input

GS | Gain Select. Gives access to output of front end
differential amplifier for connection of feedback resistor.

VRer | Reference voltage output. Nominally Voo/2 is used to signal applied at the input op-amp. The input signal
bias inputs at mid-rail (see application circu). must be within the bandwidth limits of the Call Progress
Vss | Negative power supply input. filter. See Figure 6.
0SC1 | DTMF clock/oscillator input. DO-D3 | Microprocessor data bus. TTL compatible.
0SC2 | Clock output. A 3.5795 MHz crystal connected between ESt ' | Early Steering output. Presents a logic high once the
0SC1 and OSC2 completes the internal oscillator digital algorithm has detected a valid tone pair (signal
circuit. condition). Any momentary loss of signal condition will

cause ESt to return to a logic low.
TONE | Dual Tone Multi-Frequency (DTMF) output. so Tomers oo logic low. o "
— — —— eering input/Guard Time output (bidirectional).
RW | Read/Write |r;1pul. C ontrols the dlregtltzn ?:I dat'a tr/ansfer voltage greater than Vst detected at St causes the
to and f.r om t eLmncropro_<:c|assor and the Receiver device to register the detected tone pair and update the
Transmitter. TT| compatlie. output latch. A voltage less than Vst frees the device
[ Chip Select. TTL input (CS = 0 to select the chip). to accept a new tone pair. The GT output acts to reset

- - N the external steering time-constant; its state is a
I t. ter decode table. TTL d
RSO ?:rgls;?i:): ect input. See register decode o function of ESt and the voltage on St.

Voo | Positive power supply input.

Pin Configuration

|+ 5 =

82=zz851%4

werr 29 ve /""N-—zaze

IN- []2 19 [ steT [ J

as (13 18 [ ESt NC |5 25| NC
veer [ 4 17[] b3 vrer | 6 24| NC
vss 15 cssso 1 [ o2 vss | 7 880 23| NC
osct [ 6 15 [ bt osc1| s 22 | D3
osc2 []7 14 :j Do osc2|9 21| D2
TONE 8 13 [ iRa/cp NC | 10 20 | D1
RW ]9 12 [ 42 NC| 11 19 | DO

s 10 11 [ rso 4o er e

Uiz g e a

z € O

Lz gLl

F 2
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Ordering Information

C—Special G—Standard
Product Identification Number

G 80 P +
Description J— ]

Package

P—Plastic E—Leaded Chip Carrier
C—Ceramic L—Leadless Chip Carrier
D—Cerdip X—Dice
Temperature/Processing

None— 0°C to +70°C, + 5% PS. Tol.
I——-40°C to +85°C, + 5% PS. Tol.

3-75



Microcircuits

3-76



GTE

Microcircuits

G38912B

CMOS PCM Transmit/Receive Filters

Features

® Monolithic device includes both transmit and receive filters
* Compatible with Bell D3/D4 and CCITT G.712

* Transmit filter rejects 50/60Hz

Receive filter includes Sin x/x correction

External gain adjustment of both transmit and receive filters

Direct interface with transformer or electronic 2-to-4 wire
converters

® | ow power consumption:

20mW typical without power amps

30mW typical with power amps

0.4mW typical standby

Anti-aliasing pre-filters on both transmit and receive filters

® Pin-for-pin compatible with Intel 2912

General Description

The GTE G8912B is a monolithic device containing both
receive and transmit filters required for the analog termination
of a PCM line or trunk. The transmit filter performs the 50/60
Hz power line frequency rejection and the antialiasing function
needed for an 8KHz sampling system. The receive filter has a
pre-filter to eliminate aliasable codec noise, a low pass
transfer characteristic and provides the Sin x/x correction
required after D/A signal conversion by a suitable codec.

The G89128B is fabricated using GTE double-poly CMOS tech-
nology. Switched capacitors are used for the filter design. The
G89128B interfaces directly with an electronic or transformer
2-t0-4 wire converter. When interfacing with an electronic
converter, the on-chip power amplifiers may be deactivated,
thus reducing power dissipation.

Block Diagram

VFxO CLK CLKS VFRI PDWN
TRANSMIT | FILTER ’ ’ RECEIVE | FILTER
S CLOCK S ——\__
S =] GeNeraTOR [*™] &
S
F F
VFxi+ + [——-———-’ VFRO
VFxl- - ( y -
+ e PWRI
GSx ~a S ——AAA———— - Vss
PWRO+ |~=s~ VDD
PWRO- ~
|-~ GRDD
- <= GRDA
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Absolute Maximum Ratings: (Note 1)

This device contains circuitry to protect the inputs against damage

due to high static voltages or electric fields; however, itis advised
that normal precautions be taken to avoid application of any voltage

higher than maximum rated values.
Notes:

1. Exceeding these ratings may result in permanent damage. Functional

operation under these conditions is not implied.

Parameter Symbol Value
Voo With Respect to Vss Vdc -04$V to +14V
Input/Output Voitages With
Respect to Vss Vdc -0.3V to Vop
All Output Currents ioo/Iss +50 mA
Operating Temperature Ta -40°C to +85°C
Storage Temperature Ts -65°C to +150°C

DC and Operating Characteristics: GRDA = GRDD = 0V unless otherwise noted, VoD = +5V, Vss = -5V, TA = 0°C to 70°C

Parameter Symbol Min Typ Max Units Test Conditions
Operating Supply Voltages Vss -5.25 -5 -4.75 \ Ref. to GRDA
Voo 4.75 5 5.25 \4
Voo Standby Current iobo 40 100 nA PDWN = Vpp
Vss Standby Current Isso 10 100 nA
Voo Operating Current IbD1 2.0 4.0 mA PWRI = Vss
Vss Operating Current Iss1 2.0 4.0 mA Power Amps Inactive
Voo2 Operating Current lob2 30 6.0 mA With Power Amps
Vss2 Operating Current Iss2 3.0 6.0 mA (Outputs Unloaded)
Input Load Current, CLK luc -10 1 +10 nA ViN = 0 to Vob
Input Load Current, CLKS us -10 1 +10 pA VIN = Vss to VoD
Input Load Current, PDWN lup -100 -1 +100 nA Vin = O to Vob
Input Low Voltage, CLK, PDWN ViL 0 0.8 Y
Input Low Voltage, CLKS ViLs Vss Vss + 0.5 \Y
Input High Voltage, CLK, PDWN VIH 2.2 Voo \"
Input High Voltage, CLKS ViHs Voo -0.5 Voo Y
Input Intermediate Voltage, CLKS Viis -1.0 1.0 \
Transmit Filter Gain Setting Amplifier
Input Leakage Current, VFxl +, VFxi- I8xI -100 100 nA Vss < ViNn < Vop
Input Resistance, VFxl +, VFxI- Rixi 10 MQ
Input Offset Voltage, VFxI +, VFxI- Vosxi -25 +25 mV
Power Supply Rejection, GSx PSRR1 50 70 dB
Common Mode Rejection, VFx! +, VFxI- CMRR 55 65 dB -2.5V < VIN +2.5V
DC Open Loop Voltage Gain, GSx AvoL 60 70 dB
Open Loop Unity Gain Bandwidth, GSx fc 1.0 ~ MHz
Output Voltage Swing, GSx Voxi +25 +3.5 \' RL=10KQ
Load Capacitance, GSx CLxi 50 pF
Minimum Load Resistance, GSx Ruxi 10 KQ
Common-Mode Range, VFx| Vem -2.5 +2.5 Vv
Transmit Filter
Output Resistance, VFxO Rox 1 3 ]
Output DC Offset, VFxO Vosx -150 +150 mvV VFx1 + Connected to GRDA,
Input Op Amp at unity gain
Power Supply Rejection of Voo PSRR2 33 38 dB
at 1KHz VFxO
Power Supply Rejection of Vss PSRR3 30 35 dB
at 1KHz VFxO
Load Capacitance, VFxO CLx 50 pF
Minimum Load Resistance RLX 10 KQ
Output Voltage, 1KHz, VFXO Vox *3.2 +3.8 \ RL > 10KQ
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DC and Operating Characteristics (Cont’d):

Receive Filter

Parameter Symbol Min Typ Max Units Test Conditions
Input Leakage Current, VFgl I8R 100 nA Vss < Vin < Vbp
Input Resistance, VFRI Rir 10 MQ
Output Resistance, VFRO RoR 5 7 4]
Output DC Offset, VFRO VOosR -150 +150 mV VFrl Connected to GRDA
Power Supply Rejection of PSRRa 35 40 dB
Vcc at 1KHz VFRO
Power Supply Rejection of PSRRs 35 40 dB
Ves at 1KHz, VFRO
Load Capacitance, VFRO CLR 50 pF
Minimum Load Resistance, VFRO RLR 10 K(Q
Output Voltage Swing, VFRO Vor +3.2 +3.8 \ RL = 10K

Receive Filter Driver Amplifiers
Input Leakage Current, PWRI IBRA 3 nA Vss < VIN < Vbp
Input Resistance, PWRI RIrA 10 MO
Output Resistance, PWRO +, PWRO- RoRrA 1 2 4} | tout | < 5mA
-3.0V < Vout < 3.0V
Output DC Offset, PWRO +, PWRO- Vosra -50 +50 mvV PWRI Connected to GRDA
Load Capacitance, PWRO +, PWRO- CLRA 100 pF
Output Voltage Swing Across RL, +3.2 \ RL = 10KQ [ RL Connected
PWRO+, PWRO-, Single Ended VORA1 +2.9 \ RL = 6000} |to GRDA
Connection 125 Vv RL = 3000
Differential Output Voltage Swing, +6.4 \ RL = 20KQ F;: ‘(‘:;I:o:::cted
+ - + =

Z\;\:‘?‘(th,i:r\‘NRO , Balanced Output VorA2 ;E;g x r;t - 163(;(3)0 PWRO+ and PWRO-

AC Characteristics: GRDA = GRDD = 0V unless otherwise noted, Voo = +5V, Vss = -5V, Ta = 0°C to 70°C
Clock Input Frequency: CLK = 1.536MHz + 0.1%, CLKS = Vss

Transmit Filter

CLK = 1.544MHz * 0.1%, CLKS = GRDD

CLK = 2.048MHz * 0.1%, CLKS = Voo

Parameter Symbol Min Typ Max Units Test Conditions

Gain Relative to Gain at 1KHz GRx 0dBmO Input Signal Gain
Setting Op Amp at Unity Gain

Below 50Hz -10 dB

50Hz -20 dB

60Hz -26 dB

200Hz -156 -0.125 dB 0dBmO Signal = 1.1 VRMs
Input at VFxI +

300Hz to 3000Hz -0.125 +0.125 dB

3300Hz -0.35 0.03 dB

3400Hz -0.8 -0.1 dB

4000Hz -14 dB

4600Hz and Above -32 dB

Absolute Passband Gain at 1KHz, VFxO Gax 2.9 3.0 3.1 dB

Gain Variation with Temperature at 1KHz GAXxT 0.0004 dB/°C | 0dBmO Signal Level

Gain Variation with Supplies at 1KHz Gaxs 0.01 dB/Vv 0dBmO Signal Level,
Supplies + 5%

Cross Talk, Receive to Transmit, Measured CTrT -85 -7 dB8 VFRI = 2.20 VRMS; Freq. = 200Hz

at VFxO. VFxO -3.4KHz; VFxI+, VFxI-

20 Log |: } Connected to GSx; GSx
VFRO Connected through 10K} to
GRDA

Total C Message Noise at Output, VFxO Ncst 6 " dBrncO | Gain Setting Op Amp
at Unity Gain

Total C Message Noise at Output, VFxO Ncx2 7 13 dBrncO | Gain Setting Op Amp
at 20dB Gain
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AC Characteristics: (Cont’d)
Transmit Filter (cont.)

Parameter Symbol Min Typ Max Units Test Conditions
Differential Envelope Delay, VFxO Dox 70 us
1KHz to 2.6KHz
Absolute Delay at 1KHz, VFxO DAx 185 us
Single Frequency Distortion Products DPx1 -55 -48 dB 0dBm Input Signal at 1KHz
Single Frequency Distortion Products DPx2 -50 -48 dB Gain Setting Op Amp at
at Maximum Signal Level of 20dB Gain: The +3dBmO
+ 3dBmO at VFxO signal at VFxO is 2.26 VRMs
Gaintracking Relative to Gax GAXX Input Signal at 1KHz
-0.1 +0.1 dB +3to +2dBmO
-0.05 +0.05 dB +2t0 -40 dBmO
-0.1 +0.1 dB -40to -50 dBmO
Receive Filter
Gain Relative to Gain at 1KHz with GRR 0dBmO Input Signal
Sin x/x Correction
Below 200Hz 0.125 dB 0dBmO Signal = 1.6 VRMsX
200Hz -0.125 0.125 d8 si —nE
N 8000
300Hz to 3000Hz -0.125 0.125 dB —F
3300Hz -0.35 0.03 dB 8000
3400Hz -0.8 -0.1 dB Input at VFrI
4000Hz -14 dB
4600Hz and Above -30 dB
Absolute Passband Gain at 1KHz, VFRO GAR -0.1 0 +0.1 dB
Gain Variation with Temperature at 1KHz GART 0.0004 dB/°C | 0dBmO Signal Level
Gain Variation with Supplies at 1KHz GARs 0.01 dB/v | 0dBmO Signal Level,
Supplies * 5%
Cross Talk, Transmit to Receive, Measured CTr -80 -71 dB VFxO = 2.26 VRMS, Freq. = 300Hz
at VFRO -3.4KHz, VFRrI Connected to
GRDA
Total C Messages Noise at Output, VFRO Ncr 5 8 dBrncO | VFRO Output or PWRO +
and PWRO- Connected
with Unity Gain
Differential Envelope Delay, VFRO Dor 85 us
1KHz to 2.6KHz
Absolute Delay at 1KHz VFRO DAR 110 us
Single Frequency Distortion Products DPR1 -55 -48 dB 0dBm Input Signal at 1KHz
Single Frequency Distortion Products DPRr2 -50 -48 dB +3dBmO Signal Level
at Maximum Signal Level of of 2.26 Vrms, 1KHz
+ 3dBmO at VFRO Output at VFRO
Gaintracking Relative to GAR GARR Input Signal at 1KHz
-0.1 +0.1 dB +3to +2dBmO
-0.05 +0.05 dB +210 -40 dBmO
-0.1 +0.1 dB -40to -55 dBmO
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Functional Description

Transmit Filter Input Stage 50 Hz/60Hz Notch—Transmit Filter
The input stage provides gain adjustment in the passband. The The transmit filter has a notch section to reject 50Hz and 60Hz
input operational amplifier has a common mode range of +3.2 components of the input signal. A minimum attenuation of 26dB
volts, a DC offset of less than 25mV, a voltage gain of typically is provided at 60Hz. At 50Hz, the minimum attenuation is 20dB.
2000 and a unity gain bandwidth of 1.0 MHz. Itcan be connected The gain at 200Hz is between -0.125dB and -1.5dB. (All gain
to provide a gain of 20dB without degrading the noise figures are relative to the gain at 1KHz)
performance of the filter. The load impedance connected to the
amplifier output must be greater than 10K(}. The input signal on An active RC low pass anti-aliasing filter is included on chip
lead VFxI + can be either AC or DC coupled. The input Op Amp can immediately in front of the 50Hz/60Hz notch section. This filter
also be used in the inverting mode or differential amplifier mode. provides greater than 35dB attenuation at 64KHz. As a result no
The remaining portion of the transmit filter provides a gain of + external anti-aliasing components are required to provide the
3dB in the pass band. necessary anti-aliasing function for the switched capacitor sections
of the transmit filter which operate at an internal sampling
G8912B rate of 128KHz.
VFxI+ Transmit Filter Transfer Characteristics
1% + — The transmit section of filter provides a passband flatness and
VWA VFxl- - GAIN =14+ B2 stopband attenuation which exceeds the Bell D3 and D4
_L R1 R1 specifications and the CCITT G.712 recommendations. The
= GSx transmit filter transfer characteristics and specifications are
l'i'Z' shown in Fig. 2.
Transmit Filter Output Stage

. I . . The voltage range of the output signal on the VFxO lead is +3.2
Fig. 1 Transmit Filter Gain Adjustment volts. The DC offset is less than 150mV. The output stage includes

an active RC post-filter to attenuate clock noise.

+.125dB +.125dB
-.125d8B 300Hz ) 3000Hz ggggz
200H2z { 2z
T S~~~ -.10a8 }°
i 7 3400Hz | EXPANDED
-.125d8B / EXPAN
3000Hz
300Hz
Ll od 3300Hz 1.
3400Hz
TYPICAL FILTER -.8dB
-1.6dB I~ TRANSFER FUNCTION ]
e 200Hz J¢

i\

GAIN RELATIVETO 4
GAIN AT 1KHz(dB)

2
-20 .
V,
TYPICAL FILTER
50H2 -26d8 2 TRANSFER FUNCTION
30 p~ 60H2z 7
2
2
2
7
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Fig. 2 Transmit Filter Transfer Characteristics
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Receive Filter Anti-Aliasing Prefilter

An active RC low pass anti-aliasing filter is included on chip
immediately preceding the receive filter section. This filter provides
greater than 32dB rejection at 255KHz which is 1KHz below the
receive filter effective sampling rate of 256KHz. This filter
removes out-of-band noise generated by the codec which can be
aliased in band by the filter. This results in significantly reduced
harmonic distortion in the receive channel.

Receive Filter Transfer Characteristics

The receive section of the filter provides a passband flatness and
stopband rejection which exceeds the Bell D3/D4 specifications
and the CCITT G.712 recommendations, when used with a
decoder which contains a sample/hold amplifier at its output.
The filter contains the required compensation for the Sin x/x
response of such decoders. The receive filter transfer character-
istics and specifications, including the Sin x/x response of the
decoder are shown in Fig. 3.

Receive Filter Qutput

The VFRO lead is capable of driving high impedance electronic
hybrids. The gain of the receive section from VFRI TO VFRO is:

wf }
8000

. f
Sin [ 80001

which when multiplied by the output response of a suitable Codec
results in a OdB gain in the passband. The fiiter gain can be
adjusted downward by a resistor voltage divider connected as
shown in Fig. 4. The total resistive load RT on VFRO should not be
less than 10K (). The output stage includes an active RC post filter
to attenuate clock noise.

Receive Filter Output Driver Amplifier Stage

A balanced power amplifier is provided in order to drive low-
impedance loads in a bridged configuration. The receive filter
output VFRO is connected through gain setting resistors R1 and
R2 to the amplifier input PWRI. The series combination of Rs and
the hybrid transformer must present a minimum AC load
resistance of 600} to the amplifier in the bridged configuration. A
typical connection of the output driver amplifiers is shown in Fig.
5. These amplifiers can also be used with loads connected to
ground.

When the power amplifier is not needed it may be deactivated to
save power. This is accomplished by tying the PWRI pin to Vss.

-
A
+2 ’ [ o +2
TYPICAL FILTER J |
TRANSFER FUNCT|0N\ , E
’
rE 47 12508 ! 1
+-125d8  +.125d8 7 3000Hz EXPANDED
200Hz 300Hz - +.03dB [ SCALE 3
N\ ANANN\\W A4 Y\ 3300Hz |
0 4
-125d8 A -1db
200Hz |77 1 8 3000Hz. 3400Hz
300Hz 3300Hz ,
Bl 3400H:z / 1"
-.8dB
> ‘L -
GAIN RELATIVE TO
GAIN AT 1KHz(dB) N\ AN\ \ 0
\ / /\
TYPICAL FILTER TRANSFER i
10 FUNCTION WHEN MULTIPLIED -10
-14d8
& 4000Hz
7F N
20} V Sin 8000 -20
gy | 2029909
- 7
8000
30 Sin X -30
WHICH 1S THE 2122 ouTPuT 7
[/  RESPONSE OF INDUSTRY CODECS
o WHERE X = —ZF_ 40
~ 8000
2
_50 R PSS S | : 4 -50
100Hz 1KHz 10KHz

FREQUENCY (Hz)

Fig. 3 Receive Filter Transfer Characteristics
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VFRO Ror
R2Z
RT=R1+ 5577 > 10K0 a1
R2 PWRI
I
Z=L0AD R1  VFRO Ror TRANSFORMER Rs PWRO+ -
\ 4 V- Mt —_—=== _| .
|
R2 |
’e 4 G89128 B PWRO- -
I
R1, R2 GAIN SETTING RESISTORS =
Rs SERIES LOAD RESISTOR G89128
Fig. 4 Receive Filter Output Gain Adjustment Fig. 5 Typical Connection of Output Driver Amplifier

2 WIRE ANALOG

TELEPHONE SET
- PR j
I SUPERVISION

PROTECTION \J‘\
I BATTERY 2w/aw [ Gs9i2s [ cooec | .

FEED CONVERTER FILTERS |

I RINGING _\-
| PCM HIGHWAY

Fig. 6 Typical Line Termination
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Pin Function Table

Name Description
VFxl + Analog input of the transmit filter from the 2 wire transmit output of a 2-to-4 wire converter
VFxI- Inverting input of the gain adjustment op. amp on the transmit filter
GSX Op. amp output used for gain setting of the transmit filter
VFRO Analog output of the receive filter providing a direct intertace to electronic 2-to-4 wire converter.
PWRI Input to the power driver amplifiers. When tied to Vss these amplifiers are powered down.
PWRO+ PWRO- | Power amplifier outputs capable of directly driving transformer 2-to-4 wire converters.
Vss Negative supply voltage (-5V)
Voo Positive supply voltage (+5V)
VFRI Analog input of the receive filter.
GRDD Digital ground for internal clock generator.
CLK Clock input. High impedance input. TTL-compatible voltage levels.
PDWN Control input active high for the standby power down mode. Internal puil up to 5V.
TTL-compatible voltage levels.
CLKS Clock frequency select. 1.5636MHz Vss (-6V)
CLK Input 1.544MHz CLKS Connection GRDD
2.048MHz Voo (+5V)
GRDA Analog ground for receive and transmit filters. Not internally connected to GRDD.
VFxO Analog output of transmit filter.
Pin Configuration
L o 3
3 » k3
LLLE2
3 21 2019
VFxi + Ij 1 °
VFxi - (]2 asx [ 18 | cLks
GSx[]3 nels 17 | PDWN
VFRO[J4 vrro | 6 G89128 16 | CLK
PWRI[C]s wels 15 | GRDD
PWRO+[]6
PWRI | 8 14 NC
PWRO- []7
Vvss(]8 9 10 11 12 13
+ a T
ggiss
2z 3
a o
Ordering Information
G 89128 D |
— T
Description T
C—Special G—Standard
Product Identification Number
Package
P—Plastic E—Leaded Chip Carrier
C—Ceramic L—Leadless Chip Carrier
D—Cerdip X—Dice
Temperature/Processing
None—

0°Cto +70°C, = 5% P.S. Tol.
|—-40°Cto +85°C, + 5% P.S. Tol.
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Application

GTE CMOS Brings New Life to 6500-Series Microprocessors

Introduction

GTE Microcircuits’ CMOS family of G65SC00 microprocessors
is not only pin compatible with NMOS versions currently
available, but these new CMOS devices also offer several
hardware and software enhancements that are not available in
the older NMOS designs.

EXAMPLE—Low power consumption with significant new
hardware and software features for ease of design and
increased application flexibility.

GTE's CMOS process provides increased noise immunity, a
wider operating voltage range, and a higher speed-to-power
ratio. Furthermore, relaxed access time requirements allow a
choice of either higher operating frequency or the use of
slower memories and peripherals in existing systems.

EXAMPLE—Compatibility with NMOS versions.

GTE’s G65SCO00 microprocessor family provides an immediate
system power savings when replacing the old NMOS
processor. This feature may also lead to longer battery life,
higher reliability, and greater immunity to transient-induced
malfunctions.

EXAMPLE—GTE's new family members provide increased
design flexibility.

New designs or simple modifications to existing designs can
now take advantage of several hardware and software
enhancements, such as:

e The on-chip oscillator and clock divider reduces the
number of external oscillator components.

The new Bus Enable input signal may eliminate the need for
external address buffers, since the address bus can now be
switched off internally.

The enhanced functionality of the Ready input signal allows
greater flexibility in the selection of memory and peripheral
components.

The new G65SC00 CMOS microprocessors are available in
leadless chip carrier packages as well as dice, thus providing
new system packaging options.

Hardware Improvements Save External Circuitry

Hardware improvements include:

An on-chip oscillator that requires no external active compo-
nents—A crystal or R-C timing circuit are the only external
components needed with the internal clock oscillator.

A single input clock that replaces two non-overlapping clock
inputs—GTE's G65SC12 through G65SC15 circuits use only
one clock phase when using an external clock generator.

The use of a siow RAM with a modified RDY input signal—
GTE’s CMOS processor can be halted during a write cycle due
to an enhanced Ready input function. NMOS processors can
only be stopped during a read cycle. This improvement enables
the use of memories or peripherals which require an extended
write cycle.

The use of slower memory and peripherals without extending
the cycle time—Internal timing changes have significantly

reduced the address setup delay, thus leaving a greater
portion of the memory cycle for external data access.

Input pull-up resistors are no longer required—All input-only
control signals have internal resistor puli-up devices connected
to the positive supply. Unused or “wire-OR” inputs do not
require external resistors.

Simple R-C circuit may be used with improved Reset input—
The Reset input circuit has a Schmitt Trigger circuit to
increase noise immunity and provide a positive reset function
with a slowly varying signal. A simple resistor and capacitor
circuit can be used as a reliable power-on-reset function.

An Enhanced Instruction Set Reduces Those Elusive
Software Bugs

Software bugs and their solutions are as follows:

Invalid addresses—With the NMOS processor, an invalid
memory location is read when the processor evaluates an
indexed or relative address that crosses a page boundary. As
an example, this problem will arise in systems using FlAs
where reading the peripheral register resets the interrupt
flags. If the read is unintentional, the interrupt condition may
be ignored. Solution—To overcome this problem, GTE's
G65SCO00 Series CMOS microprocessor replaces the invalid
address with a read of the last instruction byte. Figures 1and
2 show this difference for both indexed and relative addressing.

Wrong jump address—When using the NMOS processor, an
incorrect address is calculated by the Jump Indirect
instruction if the low byte of the operand is FF hexadecimal.
Most assemblers and loaders cannot check for this condition,
so the error remains undetected until run time. Since the prob-
lem is “data dependent”, the effects may be intermittent.
Solution—This problem is corrected in the G65SC00 CMOS
design by using an additional cycle to properly evaluate the
effective address. Figure 3 illustrates the difference between
the NMOS and CMOS processors for this instruction.

Undefined opcodes—With the NMOS processor, when a sys-
tem “glitch” occurs and the microprocessor executes an
undefined opcode, the results are always unpredictable. Re-
covery from this situation may require a system hardware reset,
since the NMOS processor may not respond to a Non-
Maskable interuupt. Data may be lost unnecessarily when
only a software restart is required. Solution—GTE's CMOS
processor defines all unused opcodes as No Operation, and a
Non-Maskable interrupt is always recognized. Furthermore,
the Reset signal functions the same as an interrupt, thus writ-
ing the program counter and status register in the stack before
loading the Reset vector. This reset sequence is shown in
Figure 4.

Invalid data—During a read-modify-write instruction (shift,
rotate, increment, decrement), the previous data is always
written to the effective address one cycle before writing the
modified data. Solution—To prevent invalid data, GTE’'s CMOS
processor substitutes another read cycle at the effective
address. These instructions use one less cycle in the indexed
addressing mode if a page boundary is not crossed. These
differences are illustrated in Figure 5.
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Invalid flags—The Z (Zero) and N (Negative) flags in the
NMOS processor status register are not valid after a decimal
add or subtract instruction. The Z Flag cannot be used to test
for a zero result, and an extra instruction must be inserted to
properly set the flag for testing. Solution—Within the CMOS
processor, decimal add and subtract instructions use an extra
“decimal adjust” cycle to set the Z and N flags using the same
rules as in binary operations. Figure 6 shows the flag settings
in both processors.

Undefined decimal mode—After reset, the NMOS processor
status register Decimal Mode Bit is undefined. If a system
uses interrupts and both decimal and binary modes, instruc-
tions must be used to initialize this mode after reset and in each
interrupt servicing routine. Solution—~GTE’s CMOS processor
treats this bit like the Interrupt Disable Bit, initializing to the
binary mode during reset, during the Break instruction, and
when servicing interrupts.

Unserviced interrupts—If an unmasked interrupt occurs dur-
ing execution of a Break instruction, the interrupt is serviced
and the Break instruction is ignored. Also, the program coun-
ter is not incremented on the stack, so the next Return From
Interrupt instruction resumes execution at the byte following
the Break opcode. Since the Break instruction normally skips
this byte, the error also results in execution of an unforeseen
instruction. Solution—The GTE CMOS processor completes
the Break instruction before servicing the interrupt.

Additional OpCodes Reduce Program Size

New zero page indirect addressing mode—All arithmetic
(ADC, AND, CMP, EOR, SBC) instructions have a zero page
indirect addressing mode. The second instruction byte speci-
fies the zero page memory word that contains the effective
address. Figure 7 describes the bus status at each cycle for
this new addressing mode.

Test and modify memory—The Test and Reset Bit (TRB) and
the Test and Set Bit (TSB) instructions modify memory based
on bits cleared or set in the accumulator. Both absolute and
zero page addressing modes are available. The Z flag indi-
cates the result of the accumulator “ANDed” with memory.
Furthermore, the Memory Lock output signal is active during
these instructions, thus allowing multiprocessor systems to
operate with simplified bus arbitration. These read-modify-
write instructions have the same cycle description as shown in
Figure 5.

Unconditional branch—By using the relative addressing
mode, the Branch Always (BRA) instruction saves program
memory space compared to the Jump instruction. Refer to
Figure 2 for the cycle description of this instruction.

Direct transfers between stack and index registers—Stack
pushes and pulls for both index registers (PHX, PHY, PLX, PLY)
not only reduce program memory space, but also reduce
execution time. The bus cycles for these instructions are the

same as the stack pushes and pulls for the accumulator and
status registers.

Indexed indirect jump—This instruction facilitates the “com-
puted go to” in high level language programs. Figure 8 shows
the cycles used for this instruction.

Direct memory clear—The Store Zero (STZ) instruction clears
memory without affecting register contents. Four addressing
modes are available. The STZ instruction uses the same bus
cycles as the STA instruction.

Other G65SCO00 Series Advantages

4-X clock reduces crystal cost, boosts available access time—
The divide-by-four circuit permits use of a higher frequency
crystal. This means the widely used TV color burst crystal can
be connected to the oscillator pins. The quadrature clock sig-
nals give an indication of a valid address earlier in the memory
cycle, thus allowing an increase in access time available to the
memory system.

Bus Enable signal reduces complexity in DMA applications—
Address and data buffers may not be necessary in multipro-
cessor and Direct Memory Access (DMA) systems. The Bus
Enable signal isolates both the address and data lines when
the bus is controlled by another device.

Memory Lock signal is a must in multiprocessor systems—
The Memory Lock output signal can be used in a multiproces-
sor system to ensure the integrity of read-modify-write
instructions. During the time that Memory Lock is active, other
processors are prohibited from accessing the shared memory
area.

Explanation of Program Trace Column Headings

Program trace figures and listings within this Application Note
provide a record of microprocessor activity during program
execution. The state of address, data, and control signals is
captured for each clock cycle.

Column Headings

FRAME—Represents the sequence number of the trace
step in hexadecimal. The sequence is 0 to 7FF.
IFADDR—Represents the hexadecimal value on the
address bus during an instruction fetch cycle.
ADDRESS—Represents the hexadecimal value on the
address bus.
DATA—Represents the hexadecimal value on the data bus.
STATUS—Represents the type of processor activity:
R—memory read cycle (R/W =1, SYNC = 0)
S—instruction fetch cycle (R/W =1, SYNC = 1)
W—memory write cycle (R/W =0, SYNC =0)
MNEMONIC CODE—The value on the data bus during an
instruction fetch cycle is translated into the assembly lan-
guage mnemonic with the appropriate addressing mode.
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(a.)

NMOS oprocessor

FRAME IFADDR ADDRESS DATA STATUS
000S F88s Fass ED S
0006 Faae 47 R
0007 Fas7 F7 R
0008 F707 40 R - Invalid Address
0009 Fao7 AA R
(b.) CMOS processor
FRAME IFADDR ADDRESS DATA STATUS
0005 FBsS Fa8s EBD S
0006 Fa8e 47 R
0007 Fas7 F7 R
0oos8 Faa7 F7 R - Read Last Instruction Byte
0009 Fao7 AR R
Figure 1. Trace of LDA $F747, X
(X=$CO)
(a.) NMOS processor
FRAME IFADDR ADDRESS DATA STATUS
000R FBss Faas Do S
000R Fasa3 7A R
oooc FB8A &C R
000D F804 4C R - Invalid Address
(b.) CMOS processor
FRAME IFADDR ADDRESS DATA STATUS
000R FB8B8s Fass DO S
000R Faas 7R R
oooc F8aA &C R
000D FB88A &C R — Read Last Instruction Byte
Figure 2. Trace of BNE $F904
(a.) NMOS processaor
FRAME IFADDR ADDRESS DATA STATUS
0011 FB88A Faan &C S
001z Faak FF R
0013 Faac Fa R
0014 FBFF 01 R
0015 Fa0o F3 R - Wrong Indirect Address
0016 F901 F901 4C S - Wrong Next Instruction
(b.) CMOS processor
FRAME IFADDR ADDRESS DATA STATUS
0011 FB88A FasnA ec 1)
001z Fa8e FF R
0013 Fa8c F8 R
0014 Faac Fa R - Extra Cycle
0015 F8FF 01 R
0016 F300 F8 R - Correct Indirect Address
0017 FB8ot1 F801 4C S - Correct Next Instruction

Figure 3. Trace of JMP ($F8FF)
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(a.) NMOS processor

FRAME IFADDR ADDRESS DATA STATUS RES

07F2 0000 0o R 0

07F3 0000 00 R u]

07F4 0000 0o R 1

07FS 0000 0o R 1

07F& 0000 0000 00 S 1 - Start Reset Seguerce
Q7F7 0000 00 R 1

07F8 O1FF 00 R i

07F9 01FE (=13 R 1

07FA 01FD 00 R 1

07FR FFFC 0o R 1 - Read PCL

07FC FFFD F8 R 1 - Read PCH

07FD F800 Fa0o0 Az S 1 - First Instruction

(b.) CMOS processor

FRAME IFADDR ADDRESS DATA STATUS RES

07F3 Fa0s Fa R 0

07F4 Faos F8 R 0

07FS F805 F8 R 1

07Fe F803 F80S F8 S 1 - Start Reset Sequence
Q7F7 F8a0s Fa R 1 Write to Stack:
o7F8 O1FF Fa W 1 - PCH

Q7F3 0O1FE 0s W 1 - PCL

07FA O1FD A4 W 1 - Status

07FE FFFC 0o R 1 - Read PCL

07FC FFFD Fa R 1 - Read PCH

07FD F800 F8a00 Az S 1 - First Instruction

Figure 4. Reset Sequence
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(a.) NMOS processor

FRAME IFADDR ADDRESS DATA STATUS
001C Faab Faab Az S - LDX #$CO

001D F88E co R

001E FB88F FaaF SE S — LSR $F747, X

001F Fa30 47 R

00z0 F8391 F7 R

0021 F707 40 R

oozae Fao7 AA R .

00z3 F807 AR W - Write Previous Data
0024 Fao7 55 W

0025 F8e9z Fa92 Az S - LDX #$00

0026 Fas3 (a]a] R

0027 F894 F894 3E S - ROL %F807, X

00z8 F89s 07 R

00z93 F836 F8 R

00zA Fao7 55 R

00zE Fao7 59 R

0gzc Feoz 35 W ~- Write Previous Data
00&D F8o7 AR W

(b.) CMOS processor

FRAME IFADDR ADDRESS DATA STATUS
001A F88Dh Faab A2 S - LDX #$CO

001E F88E co R

001C F8s8F FasF SE S — LSR $F747, X
001D Fasa 47 R

001E F891 F7 R

001F F891 F7 R

00z0 Faa7 AR R

0021 F80o7 AR R - Reread Data
oozz Fao7 55 W

0023 F892 Fasz Az S - LDX #%00
00&4 F893 (a]n] R

0025 FB894 F894 3 S - ROL $F807, X
00z€ Fa35 a7 R

00z7 F89¢6 F8 R

0028 Fea7 35 R

00z9 Fea7 33 R - Reread Data (one less cycle)
00zA Faa7 AR W

Figure 5. Trace of Read-Modify-Write Instructions
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(a.) NMOS processor

FRAME IFADDR ADDRESS DATA STATUS

002E F897 F897 F8 S - SED

00zF Fa38 i8 R

0030 F898 Fas98 18 S - CLC

0031 F899 A9 R

003z F8a99 Fa93 A9 S - LDA #%$99

0033 F83A 99 R

0034 F89B F89EB €9 S - ADC #$67 (2 cycles)
0035 Fa3c (%4 R

0036 F8%9D Fa3D 08 S - PHP

0037 F8sE 18 R

0038 01FF 3F W -7 Flag =1

0039 FB83E F83E 18 S - CLC

003AR F89F A9 R

003B FB89F F839F A3 S - LDA #%$99

003C F8AO0 99 R

003D FB8A1 F8aA1 €3 S - ADC #$01 (2 cycles)
003E F8Az 01 R

003F FB8R3 FB8A3 (a]:] S - PHP

0040 FBR4 10 R

0041 01FE ED W - N Flag=1, Z Flag=0

(b.) CMOS processor

FRAME IFADDR ADDRESS DATA STATUS

00z2E F897 Fas7 Fa S - SED

00ec Fass i8 R

002D Fa%98 Fa28 18 S - CLC

002E Fas9 A9 R

002F Fa99 F899 A9 S - LDA #$99

0030 F89A 99 R

0031 F8%SB F89EB €9 S — RDC #$67 (3 cycles)
0oze F83C &7 R

0033 F89D 08 R

0034 FB3D FasD 08 S - PHP

0035 F89E i8 R

0036 01FF 3D W - Z Flag=0

0037 FB8SE FB9E 18 S - CLC

0038 F89F A9 R

0039 FAa9F F83F A3 S - LDA #%$99

003A F8A0 93 R

003B FB8A1 F8RA1 &3 S - ADC #$01 (3 cycles)
003Cc F8Az 01 R

003D FBA3 o8 R

003E FBA3 F8A3 o8 S - PHP

003F F8A4 10 R

0040 O1iFE 3F W - N Flag=0, Z Flag=1

Figure 6. Trace of Decimal Add Instructions
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FRAME IFADDR ADDRESS DATA STATUS
FRAME IFADDR ADDRESS DATA STATUS
- 0056 F913 F913 7C S
00SF F916e Fa16 12 S
0057 F914 cOo R
0060 F917 co R
00s8a F915 0o R
0061 ooco 04 R
- 0059 F3135 (w]u] R
0oez 00C1 Fa R
0063 FBO4 4C R 0osA Qoco - 04 R
005SB 0oCc1 F8 R
Figure 7. Trace of ORA ($CO) Figure 8. Trace of JMP (§00CO,X)

Appendix A
CMOS G65SCO00 8-Bit Microprocessor Family

This assembly language program highlights the functional differences between the old 6500-Series and GTE's new CMOS
G65SCO00 family of microprocessors.

00iZz 0000 &SC0Z ON

0012 0000 *

0014 0000 SR 463 FE 30300 3 3030 B A A 3 0 B I R
0015 Q000 * *
001& 0000 #* *
0017 0000 * ®
001% 0000 " %
001% 0000 #* *
QOZO Q000 #* GTE Microcircuits #*
0021 0000 * Applications Engineering *
00zz Q000 #* *
00Z3 0000 #* 2000 West 14th Streast *
0024 0000 * Tempe, Arizona S5z *
0025 0000 * *
0026 0000 * Author: Feter L. Chapin *
0027 0000 * Date: June, 1933 *
00z 0000 ¥* 3
002% 0000 * "
QO30 0000 # #*
0031 0000 #* #*
0032 0000 #* 3
00T 0000 A3 I3 3 I I I I3 3 I H I BB I I3 B3I I3 B BB BRI B

Q034 0000 *

0035 0000 ITEST START

0036 0000 #*

0037 0000 #* Frogram Conztants

0Oz 0000 IPG EQU $C0 FAGE ZERD ADDRESS

Q032 0000 IND Eay $C0 INDIRECT ADDRE

0040 00O IMM Eil) $AA IMMEDIATE DATA

Q041 0000 *

004z 0000 ORG $FE00

0043 0000 F% Dz I1-9F%- HIGH BYTE FOR NMOS JMP(SXXFF) TEST
0044 0001 4121500 JMPADR  JIMF NEXT RETURN FOR JMF($XXFF) TEST

0045 0004 4T4EQ0 JMPIND JME NEXTZ RETURN FOR JMF(IND, X) TEST

0044 0007 AA ARG o Ii“$AA° DATA FOR ARSOLUTE ADDREZSING MODE:D
0047 000E *

0048 0003 ORG $FE20

004% 000G *

0050 0003 3 S A 38 3 395 638 3 36 18 36 3 3 303830 F A0 36 36 303 30 330 3 3 30 36 3 30 3 30 36 0 H 36 F6 3 363
Q0%1 000% * #*
Q052 0003 # FPROGRAM STARTZ HERE #*
Q053 0002 * *
Q054 Q003 H 333 3 30 36 3036 H 3 3 3 363630 303836 30 3 3636 36 3036 36 36 36 36 3 3 30363 303030 H 30 3 363 330 303 H B
Q055 0003 *

0056 0008 # INITIALIZATION

0057 0002 REZET ENTRY

4-7
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Appendix A (Continued)

CMOS DEMO

0053 0008 AZFF LDX #4$FF

QOS® O00A A XS

0040 O00R EJECT

Q061 OOOE 33 ST 36 36 3636363 36 3 3030 3 3030 3 303300 2030 H A 30 3040 0 3536 436 303630 36 36 30 36 36 36 96 36 36 36 30 363
0042  OOOE * 3
004632 O000B # An invalid memory location is read when the NMOS ¥*
0064 OOQE * processor evaluates an indexed address that ¥
Q0&S  000B # crosses a8 page boundary. #
Q0&E  OOOR * .
Q04&7  QOOE # The CMOZ microprocessor replaces the invalid address *
00&3  000B * with 8 read of ithe last instruction byte *
Q067  QO0OE # *
0070 OOOE 335330 36 36 3 3 30 3000 0030 303030 30 36 30 30 3 336 35 3 3 3 3 0 0 330 3 30 32 30 30 3030 330 3000 32 0 3030 30308 303
0071 QOOE *

0072 O000E AZCO LDX #$CO

0073 000D ED47FF LDA ABS-$C0, X CMOS REREADS LAST BYTE

0074 0010 #* NMOS READS “ABRS" — %100

0075 0010 %*

0076 0010 FE 3 364 36 363636 3 36 363 36 36 36 36 3638 36 36 3636 36 36 30 3 3 40 096 30 36 3 30 036 36 35 36 36 6 3636 3 6 6 36 36 4636 36 F H 3 3
0077 0010 * *
0073 0010 # An invalid memory location i3 read when the NMOS 3*
Q072 0010 ¥* processor itakes 3 relative branch across a *
0080 0010 * page boundary. #
0021 0010 * *
0Oz 0010 # The CMOE microprocessor reads Lhe nexit opeode. #*
0023 0010 * *
QO34 Q010 36 3 36 3 36 3036 3 036 30 36 3 36 36 30 36 3536 3 36 36 38 36 35 36 36 36 36 36 36 3636 36 36 30 36 3 3 30 36 36 35 36 36 36 36 36 3 3 4 H S 3
0035 0010 *

QO34 0010 DOZ7 ENE REL CMOS "READS NEXT OFCODE TWICE

0037 0012 3* NMOS READS NEXT OFCODE,

0023 0012 # THEN "REL" - $i00

0037 0012 *

0020 001z 336 3536 3 35333 30 30 336 2 363636 36 6 3630 3636 3630 363 3 36 3645 38 35 36 33638 36 38 36 36 35 35 35 3636 36 2636 36 3 46 36 36 3
00%1 0012 #* ¥
0022 001z # An incorrect address is calculated by the NMOX #*
0092 0012 * Jump Indirect instruction iF The low byte of ¥
0024 001Z #* the operand iz FF hexadecimal. *
00?5 0012 * #
Q046 001Z # The CMOS desian uses an additional cyecle to properly 3*
0027 0012 * evaluate the effective address. 3*
0093 001z # %
0099 0012 F 363536 3030 303036 3 3030 B 3030 303030 30 M 333 303030 H 3030 3 36303 30 M 30 B I MW R R U
0100 Q012 *

Q101 0012 AC3400 EACE JMF (JMFUOFR) CMOE PC o= “"JIMPADR"

010z 00135 * NMOE PC = "WRONGY

0103 0015 B3 36 36 3 36 36 3 3 36 H 3 30 3 30 03 30 H 303630303 I3 I H I H AU H R RN
0104 0015 * #
0105 0015 # During a read-modify-write insiruction (shift, rotate, #
0106 0015 * increment, decrement), fThe NMDS processor writes #
0107 0015 * the current data, then Lhe modified data in the *
0108 0015 ¥* effective addraess. *
010% 0015 * *
0110 0015 # The CMOS processor, substitutes anoiher read cycle #*
0111 0013 * at Lhe effective address. *
0112 00135 * *
0112 001S 336 36 36 36 36 36 36 36 3 36 36 36 3 36 36 36 30 3636 34 36 36 3630 36 30 36 30 35 36 30 36 36 36 36 3 36 3 36 6 3 630 3 30 30 30 3 36 F %
0114 0015 *
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Appendix A (Continued)

CMOS DEMO

0115 0015 AZCO NEXT Lox #HCO

01146 0017 SE4TFF LER ABS-$C0, X CMOS REREADS "ABRS"

0117 OO01A # NMOE WRITES $AA AT "AEBRL"

o112 OO01A EJECT

011%  001iA 36 36 35 36 36 34 3 36 36 36 36 36 36 5 36 34 3 36 36 33 36 35 36 38 30 36 36 34 36 36 36 3 36 34 36 36 36 36 3 36 363 36 36 36 36 34 3 3 3 3 H

0120 O0O01A 3* #*

0121 OQO0iA # One less cycle is used by Lhe CMOE processor for #

01zz O0O01A #* read-modify-write instruciions in the absolute H

0122 00iA # indexed addressing mode if 3 page boundary is 3*

0124 O0O01A * nol. crossed #

0125 00iA # #

0126 001A 363636 36 36 3 3 36 36 3 3 3 36 300 36 30 3 3630 0 3 3 35 36 35 38 38 30 0 3036 353 36 30 36 3 363436 36 30 3038 30 30 3 303 090 03 33000

0127 Q01A #

0128  O001A AZOO LDOX #$00

0127 0010 ZEQ700 ROL AEBS, X MO & CYCLES
QO1F * INMIZ: 7 CYULES
QO1F #
QOLF 3363636 4 36 3 36303 36430 3633046 36 36 35 36 36 4 403 3636 336 36 35 35 3 38 3836 36 3020 336 336 36 38 30 336 336 3 3 3 3 3 0
QO01F * #
QOiF # The N (Negative) and Z (Zero) flags in The NMOS #
QO01F * processaor are nof valid atter 3 decimal add ¥
QO1F # ar subfraci instrucltion #
QO01F * ¥
QOOLF # The CMOS processor uses an exira "decimal adjust” #*
OO1F #* cyele to correctly set the N and Z flags. 3
Q0O1F #*
OO1F # CMOS N FLAG = BIT 7 OF RESULT
OO1F # NMOZ N FLAG = EBIT 7 OF RESULT OF DECIMAL OFERATION ON
001F 3* LOWER NIBBLE AND EINARY JFERATION 0N
QO0O1F #* UFFER NIERELE

0145  OO1LF *

0144 OQOOLF # CMOS Z FLAG = 1 IF RESULT IS ZERU

0147 OOI1F #* NMOS Z FLAG = 1 IF BINARY RESULT IS ZERO

0142 OQO1F #*

014% OO01F 336 36 3 35 36 3 36 6 T 35 36 36 36 30 3 35 36 36 30 36 30 3 36 35 336 30 30 30 3 34 36 36 30 3 3 3 30 3033 336 3 303 HH I F

0150 OO01F #*

0151  OO01F FZ& SED

0152 0020 1= [

0152 0021 AY9Y LOA #$7

0154 0023 &9467 ADC #4467 RESULT = $&é4, CMOE Z = 0, 32

0155 0025 * NMOE Z =1, Z

0156 0025 o8 FHF

0157 002& *

0158 00246 18 cLC

0159 0027 A9 LDA #6

0140 0027 £701 ADC #401 RESULT = 400, CMOZ N = 0, Z = 1,

0141 OOZE * 3 CYCLES

0162 QOZE # =N =1, Z =0

01463 00ZB * Z CYCLES

0144  OQOZE 02 FHF

01465 00zZC *

0166 QOZC # THIS DIFFERENCE CAN EBE LSED TO TEST THE FROCESSOR TYFE

Q1467 QOZC 1003 EFL AROLIND

0142 OO0ZE #*

0isY  OQO0ZE 4CZELOQ IMF #* END OF FPROGRAM FOR NMOS

0170 0031 *

0171 0021 4C32C00 ARCLUND JIMP NEWTST




Microcircuits G65SC00 Ap Note

Appendix A (Continued)

CMOS DEMO

0172 0024 EJECT

0172 0024 ¥*

0174 00324 ORG $FSFF

0175 00324 #* UFERAND FOR JMP ($XXFF)
0174 0034 O1FZ JMPOFR DG A $FZ0L - "JIMPADR"

0177 00346 #*

0173 Q0346 40100 WRONG  JMP JMPADR S NMOE WILL EXECUTE THIS
0179 0039 *
0120 00329 401200 REL. JME EBACK

0131 003 *

0182 003C # SETUF INDIRECT ADDRESS FOR JMF CINDL X)

013 0020 ARO4 NEWTST LDA #$04

0124  O03E 25C0 =ZTA P0G

0125 0040 AYFE LOA #HEFS

0184 0042 2501 =ZTA IPG+i

0127 0044 AZOO LDX #400

0138 0044 #

0129 0044 3363546 36 36 636036 36 30 38 3E 4045 36 36 36 36 38 3046 36 36 H H B30 40 3696 43030 3 3030 F I H 303 BB HHH
0120 0044 * *
0171 0044 # New apoades #*
0122 Q044 #* ¥
0193 Q044 B F 3333 360 36 36 36 35 36 3 3 36 36 36 36 36 306 403 3 H A6 0 300000 0 3035 30 0 36 36 36 303 636 30 I H I HHH B
0124 0044 #*

0195 0044 2O00 ERA NEXT1

0126 0042 *
0197 Q043 70000 NEXT1 JMF CIND, X)
o1eE 004D *

0199  004E 1ZC0 NEXTZ ©ORA ( INL)
0200 004D 20O AND (INDD
0201 004F SzZC0 EOR CINDD
202 0051 7200 Al (IND)
Q203 0053 FZCO0 STA (IND)
OZ04  008S EBZCO LDA (INDD
0ZOS 0057 DZCO CMF CINDD
Q206  0QOS% F2C0 SBC CINIDD
0Z07 005k #*

Q208 O0SE 0470 TSE PG
Q0% 0050 1400 TRE ZFG
0Z210  O0O0SF 34120 BIT IFG, X
0211 00461 4400 5TZ IPG
0212 O0L3 7400 STZ ZPG, X
Q1% 0045 #*

0Z14 O0&LS SUAA EIT #IMM
QZ15 0047 #*

OZ16  Q0&7 1A INC A OR INA
0217 Q0L ZA DEC A OR  DEA
0Z12 0047 S5A FHY

0Z12  O0LA 7A FLY

0220  O00&4E DA FHX

0Z21  Q0& FA FLX

0Z2Z 004D #

D223  0Q0LD OCO700 TSR ARBS
024 0070 1COT700 TRE ABS
Q25 0073 3C0700 EIT AR, X
Q226 0074 00700 STZ ABS
Qzx2Z7 0072 #

0222 0079 2EO0700 STz ABS, X
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Appendix A (Continued)

CMOS DEMO

QZ29 Q070 EJECT

s OO70 B33 3633630 3636 366 6 63 330 303 30620 FE 26 06 33363 3 3 36 3636 3 3 363 3
QO77C 3* 3*
QO7C # Unused opcodes - reserved for fulure 14— and 32-bit #
QO7 * pProcessors, 3*
0070 * 3*
QO7C 3 3 3 3 36 36 36 6 3 3 36 3 3 35 36 36 36 3 3 3 3 36 36 3 36 3 36 36 3 36 3 3 3 35 3t 36 3 3 3 3 3¢ 36 36 36 3 3 3 3 3t 36 330 3 36 33 33
QO7C #*
QO7C #* Z BYTE, 2 CYCLE
QO7C 020027 nc H-QZO0 Z200 4200 (200 3200 LZO0 EZOQ-
QO0ZA 3*
002A #* 1 BYTE, 1 CYCLE

Q02A 031323 o H 13

Q0P ZEAVIAZ i H-33 93

QOZA *

QOPA 071727 j H«0Q7 17 27 37 47 97 &7 77
0Z45  OQ0AZ B8737A7 D H-27 97 A7 B7 C7 07 E7 F7
0244 O0AA #*

Q0247 OQOAA OBIBZE o H-OE 1B ZEBE 2B 4E SEB 4B 7B~
0Z4%  QORZ SBYRAR ji H-&B %B AR EEBE CE DB EB FB-
0247  QOEA *

Q250 OOBA OFiFZF O H-OF 1F 2ZF 3F 4F SF &F 7F-
0251 00CZ ZFYFAF i H-8F 9F AF BF CF DF EF FF-
Q252  00CA #*

OZSE  OOCA #* 2 BYTE, 3 CYCLE

0254  QOOCA 4400 o H- 4400~

0255 0oL #

Q0254 OOIC # 2 BYTE, 4 CYCLE

0257 0oL 540004 nc H<5400 D400 F400~

QZ5E oonz #*

Qz5% 00Dz #* 3 BYTE, & CYCLE

Q260 0002 SCO000 o H-SC0000 -

0261 00DS 3*

Q262 0005 # * BYTE, 4 CYCLE

QZAZ  00DS DCO00O oo HDZOO0O FCOOOO-

0Z&44 QODE *

02465 QODE 4CDELO JAMP #* END OF FRUOGRAM
Q2&EL  OQDE #*

0247 OODE ORG $FFFC

0z&2  OODE 0210 i A“REZET~ RESET VELTOR
024%  OOEO END

Local Symbol Table

AES 0007  AROUND 0031  BACE 001z IMM O0AA
IND QOO0 JMPADR Q001 JMPIND Q004  JIMFOFR 0034
NEWT=T 002 NEXT 0015 NEXT1 0045 NEXTZ QO4E
REL 0029 RESET 0008 WRIONG 0026 IFG QOO

O macros expanded
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Appendix B
Comparison of Program Instruction Trace—Old NMOS vs. New CMOS
G65SC00 Microprocessors

Old NMOS Program Instruction Trace

FRANE 5 DATA  MNEMON1C-CODE Fa SED

Q001 A TX= ig oLc

Q003 AZ LOX  #CO I LDa  #99
000S x BD LDA F747,X PX-] AlDC  #47
0O00A Fogs Do ENE F704 O FHF

0O00E F204 41 JMF F88A ig cLc

0011 Fang &0 JMF (F8FF) av LDA  #97
0014 F201  4C JMFE F201 & ADC  #01i
0oL F201 ac JMF F2ED 00=F FEAS 0 FHF

001 Fash Az LDX  #CO 0042 F2a4 10 EFL Faav
001E FasF  SE L3R F747, X 0044 FEA&L 40 JME FEAL
0025 Favz Az LDX  #00 0047 Faas  4C JMF FEAs
0027 Faw4  3E ROL  F207, X

New CMOS G65SC00 Program Instruction Trace

FRAME ADDRESS DATA  MNEMONIC~-CODE 0=z Fz SBC (CO)
0001 Fesz %A TXS felet=3) 04 TS CO
0003 F322 Az LDX  #C0 QOsE i4 TRE O
0005 F&85  EBD LDA F747,X% [olel-2e 3 BIT O, X
Q00A Faog 0o ENE F704 QO%7 &4 E5TZ  CO
QO0E F=04 412 JMFP FEEA QO%A 74 S5TZ  CO, X
0011 oE & JMP (FEFF) Q0PE =9 EIT #AA
0017 FEO1 40 JME FEesD 00AD 1A ING A
001A FaeD Az LOX  #CO 00AZ ; 3 DEC A
001 Fag SE L3R F747, X 00A4 Fo34  SA FHY

O0Z3 Fawvz az LDOX  #00 0O0A7 Foa5 7A FLY

0025 Fav4  ZE ROL  F207, X OOAE F236 DA FHX

oOsE Fao7  Fo ZED O0AE F927  FA FLX

00z 18 CLC QOEZ Foas oo TSE  F807
OOZF A% LDA #99 O0ES Fo3B il TRE FS07
0031 Favl &% ADC  #67 OOEE Fo3E 30 BEIT F307,X
0034 Faon [e1:] FHF QOC2 F241 20 S5TZ  F207
0027 FavE 1a CLC Q06 F244 PE STZ  F807,X
Q039 Fa9F av LDA  #99 O0CB F247 0z 7

O0ZE FEA1 &% ADC  #01 ooch Fe4w 22

003E FaAz 03 FHF OOCF F74E z >

0041 FEA4 10 EFL  FEAY ooD1 F?4D &2

0044 Faay  4C JME FR07 oon:3 Fo4F 82 z

0047 F907 A% LDA  #04 00DS F951  Cz :

0047 Fo0% &5 5TA CO 98RZ E3as &% 5

0041 FP0E A% LDA #F%S 00DA Fo5&6 13 7

004E Foon 8% TR 1 OODE F957 23 7

0051 F20F Az LDX  #00 ooDC Fo38 33 ?

0053 Foil S0 BRA F71: oopD Fe5% 43

Q0S4 Fe13  7C JMP (0000, X) 00DE F#5A 53 K

00SC F204  4aC JMP F2is OODF F9SE &3 7

OOSF Fvle 1z ORA (CO) O0EQ Fosc 73

00k4 Foig 32 AND  (CO) O0E1 FosSD o3

0063 Z S5z EOR  (CO) O0EZ F9SE %3

O0LE Foic 72 ADC  (2O) O0E3 FOSF A3 7

0074 FPIE 92 STA  (CO) OOE4 Fo60  E3 7

0079 Foz0 Bz LDA  (CO) O0ES F2e1 O3

GO7E Fezz Dz P (CO) QOES Foe2 D3 7

4-12



Microcircuits G65SC00 Ap Note

Appendix B (Continued) CMOS DEMO

FRAME ADDRESS DATA  MNEMONIC-CODE 0104 Fz0 EE 7

QOE7 FaLs e 7 0105 Fos CE =
O0ES: Fo64  F3 ? 0106 Foaz DB ?
QOEY FoL65s 07 0107 Foa3 EE 7
OOEA Fats 17 7 010 Foi4q FE ?
OOEE FoL7 27 010% Foas OF 7
QOEL Fo&s 37 7 010A Fo36 iF 7
QOED Fa6y 47 010E Fon7 2F
OOEE FokA 57 * 0100 Foog 3F ?
OOEF FoeE &7 7 o1on F#g%  4F *
QOFO Fo&C 77 7 Q10E FoEA 3 -
Q0F1 Foon =7 0O10F Foap &F
OOF 2 FoLE 27 ke 0i10 Foat  7F 7
QOF 2 FoaF A7 0111 FwaD oF 7
0O0F4 F270 E7 e 0ilz FY2E 2F e

QOFS F271 c7 F 0113 Fear AF
QOF & Fe72 07 b 0i14 Faa0 BF ?
QOF7 Fe73 E7 7 o115 Fowl CF
OOF F274 F7 F 0ilés Fa9z OF ¥
OOF ¥ Fa7% OR il 0117 Foos EF *
QOFA F3764 iE ? 0113 Fo94 FF 7

OOFE F977 2B = 011 - -
011% Fo9s 44
QOF Fa78 B s o110 Fo97 =4 =

OOFD F979 4B 7 0120 Fo9e D4
OOFE Fy7a SE 7 0124 Fo9E  F4
OOFF F97B 4B 7 o1za Fow0 S0
0100 Fo70 7B 7 0130 F2R0 oC
0101 Fo70 SE 7 0134 F9A3  FC 7

o

0102 F97E IR ¥ 0133 FPAé  4C JME F9a6
0103 F97F  AB e 013E F¥A&  4C JME FRAG

Appendix C
Comparison of Program Cycle Trace—OIld NMOS vs. New CMOS'
G65SC00 Microprocessors

Oid NMOS Program Cycle Trace

FRAME 1FADDR ADDRESS DATA STATUS 0017 Fa0z 01 R
Q000 Faasl FF R o0l F203 Fa R
0001 Fazz Fiansz 7R o 0019 F301 Faot 4 5
Q002 3 AZ R 001A Faoz ol R
Q003 Fass Fass AZ = QOOLR Fa03 Fa R
Q004 Faz4 (] R 001 Fa2D Fasn AZ =3
0005 Fass Fams ED ] [aleB R 1} F2EE Z0 R
0006 Faae 47 R O01E FasF FEaF  SE 5
Q007 Fa37 F7 K QO1F Fa90 47 R
0O00E F707 00 R 0020 Fawi F7 ]
QOO F207 AA f( QOZ1 F707 00 R

) Foes Faag Do = e - .
8508 Fezs  7A  F 9922 F207 M N
OO0 F&sA &I R 0024 Fa07 35 W
000D F204 4C R Q025 Favz Fawvz AZ k]
QO0E F904 F704 4 = Q024 e 00 R
OOO0OF F0% =R R Q027 Fzv4 ZE kA
Q010 F206 Fi R OOz Fa9s 07 R
0011 F33A Fa3A &0 k] QOZw Fass Fa R
0012 o8B FF R 00ZA Fao7 55 N
0013 Faac Fa R OOZE F&O7 S5 K
0014 FaFF 01 R OOz Fa07 =55 W
0015 F800 Fe K 00OZn Fa07 AA W
00146 F201 F201 4cC S OOZE Fa97 Fae7 Fa =

i
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Appendix C (Continued)

NMOS DEMO
FF\AME 1FADDR ADUF\E'N DATA STATUS FaoF FooF A o
ig R F2AO 99 R
18 S 0030 F2Ai F2al &% 5
A R 0O3ZE FEAZ 01 R
A S 003F  FBAZ FEAZ - 08 5
ez R 0040 FEA4 10 R
& = 0041 QiFE ED W
Fu?r &7 R 0042z FEA4 F3A4 10 o
Faon 05 5 0043 FEAS (03] R
FavE 18 R 0044 FZAGL FEA&L  4x 5
O1FF aF W Q045 F2A7 AL R
FavE  ig 5 0044 FEAs  Fa R
FavE Av R 0047 FoAs F&Aé& 4 b=
New CMOS G65SC00 Program Cycle Trace
FRAME 1FADDR ADDRESS DATA STATUS 0028 FE07 55 R
0000 g1 FF R 0029 FE07 55 R
0001 FaEsz A E 002A F807  AA W
000z Az R 00ZE F897 Fe97 F& 5
0003 AZ & 002C Fass 18 R
0004 0 R 0020 Fa39s Fgog 18 5
0005 Foes ED 5 00ZE Favye A R
0006 47 ) 00ZF FE9v Fa99 A9 5
0007 F7 K 0030 FEon 99 R
000 F7 R 0031 FE9YB FE9B &9 g
QOO AA R 0032 Fasc &7 R
Q00A Foms oo b 0033 F89D (¢35 R
000E 7A R 0034 FE9D FESD 08 =
0001 a0 R 0035 F8Y9E i8S R
000N AC R Q036 O1FF 2D W
O00E  F304 Fo04  4C = 0037 F8YE FBYE 18 5
000F FP05  2A R 0038 FESF A% R
0010 Fo0&  Fg R 0039 F89F FE9F A9 5
0011 F23A FEBA  4C 5 003A FEAO 99 R
0012 FESE  FF K 00ZB FB8AL F8A1 &% =
0013 Faac  F3 R 0030 Faaz 01 R
0014 Feac  Fs R 003D F8AZ 08 R
0015 K ()
o FOFF 01 R 00ZE FEAZ  FBA3 08 S
00164 Fo00  Fa& R pidn Feaa 10 R
0017 F20i FBOL  4C S QO3F s
015 Faoz &0 & 0040 OIFE  3F W
0015 Feos  F2 R 0041 F3A4  FEA4 10 5
. o F;;a A? o 004Z FEAS 03 R
gole Fe8 Foog o o 0043 FaAe 4C R
0010 FES FESF SE S 0044 F8A?  FB8A3  4C S
001D F&v0 47 R 0043 Féan 07 R
001E Fevl  F7 R 0046 FSAE  F9 R
001F Faoi  E7 R 0047 F907 Foo7 A% &
0020 FE07  AA R 0048 Froz 04 R
Q01 F207 AR R Q042 F20% FaQs a5 k3
0022 FS07 S5 W 004A F¥OA  CO R
0022 Fauz Fasz AZ 5 004B 00Co 04 W
0024 Favi 00 K’ 004C F9OE F90E  A¥ &
0025 FE94 Fav4  3E 5 00401 FooC  Fg R
0026 Fevs 07 R 004E  F90OD Foon 85 5
0027 Fev&  Fo K 004F FYOE  Ci R
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Appendix C (Continued)

CMOS DEMO

FRAME 1FADDR ADDRES: DATA STATUS
QOS0 QO Fa W OOz OO0 04 W
0051 F90F F20OF AZ = O0OSE F9oze g 14 =
0052 F¥10 00 R OOZF co R
0053 F¥11 F1i 20 5 0070 04 R
0054 F¥1Z 00 R 0091 04 R
0055 Fa13z 7 R 002 ()(,n_ 0 04 W
QOSL  F213 F1:z 7 = 0093 F92ZA F2A 24 k3
0057 F7i4 O R 00v4 F9ZE  CO K
DOSS Fels Q0 R QO F92E [N#] R
005y F#iS 00 R 0074 000 04 R
005A 00CO 04 R 00v7  F9IC Fozi 44 =
00SE 00c1 Fa R 00O Fo2D () R
00SC  Fg0O4 F204  4C = 009 00CO 00 W
QOSL F205 i& R 00%A F¥IE 74 5
OOSE Faos4  F9 R QOPE o R
005F F91é Foib 1z ] 0OV o R
00L0 F917  CO K g 00 W
Q0&1 QOO 04 R QOPE  F930 =3 3
QOLZ [s1olng F& R QO%F AA R
0063 F304  4C R 00A0  F93Z 1A =
00L4  F918 Feis 32 S 00A1 ZA s
0065 Foiv  CO R 00AZ F933 A =]
00L& 00CO 04 K Q0AZ SA R
0047 001 Fa R 00A4 F934 S5A =
0068 FE04 40 R 00AS 7A R
00LY  F91A F1a Sz 5 00A& 00 1]
O0LA F¥1E  CO R 00A7  F935 7A 5
O0LE 00CO 04 R 00AS DA R
00&LC 001 Fa R 00A% FF R
006D Fa04 41 R O0AA ulFD 00 R
OOLE F91C Fole 72 5 O0AE  F934 Fv26 DA =3
O04LF Foibn o R 00AC F937  FA R
0070 00CO 04 R QOAD O1FD 00 W
0071 OOC 1 Fa R QOAE F237 F237 FA )
0072 FE04  4C K OOAF Fao3a  OC R
0073 F2iE 9% R OOEO O1FC  FF K
0074 F%1E FOIE @z = QOE1 O1FD 00 R
0075 FPiF O R Q0BZ Foas Fosg  OC 5
0076 00CO 04 R QOBZ F3%2 07 R
0077 00C1 Fs R 00E4 F93A Fg R
0075 Fa04 3] W QOBS F207 AA K
0079  F920 Foz0 B2 = OOE& FE07  AA K
0074 Foz1 o R OOE7 FB07  AA W
007k QOO 04 R OORs  F9apR Foae ic =
007C 0oC1 ] R QORY Fo3t 07 R
00O70 F204 53 R 00OBA F93D Fa& R
OO7E F922 Fyzz D2 s OOBB F807  AA R
007F F923  CO R OOEC FS07  AA R
(_)(_):—.0 0OCO 04 R QOBD Fa07 AA W

0oC1 Fa R OOBE F%3IE F93E  aC ]
0052 FE04 53 R QOBF F93F 07 R
0053 Foz4 Fo24 z 5 000 bwao bE R
0024 Fe2s L0 R 00 F207  AA R
QOES Qobo 04 R ooCz FI41  F941 v %
008k 00C1 Fg R e Foaz 07 R
007 Fao4 Sz R goca Fog4a & A
[sTel=1] FoZt 04 R OOEC o 00 W
QOE9  F926 F'.72/- 04 o (.)(.)Lil;- Fo44 Fo44 9E =
QOSA (8] R F245 Q07 R
OOZE 04 R : F744  Fg K
00sC 04 R 0oCw F207 00 K
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Appendix C (Continued)

CMOS DEMO
FRAME 1FADDR ADDRESS DATA STATUS 0102 F97E B a
O0OCA F207 00 W 0103 F97F AR S
O0CE  Fv47 Fp47 0z 5 0104 F9E0 EB 5
QOCC F48& 00 R 0105 F¥3i CE §
00CD  F94% Fo49 2z = 8%83 E;B% EE =
OOLE F®4A 0O R 0108 F934 FE =
OOCF F94B F%4k 4z = 0109 F93%5 OF k]
oono F24C 00 R 010A F926 FoEée 1F =
ooni F94D F=>4D &2 = 010 F237 F227 2F kS
oopz F24E 00 R 010C F9oes Feao 2F S
oonE  F94F F?4F 22 = o1onD F9gy Fa3%9 4F S5
ooDn4 FS0 00 R 010E F9&A FoEA SF S
0005 F95i Fos5i  C2 5 010F  F?3E F¥&E  &F ]
ooné& Fe52z 00 R 0110 F9&C Foas  7F 5
oon7  F9S: Fysz EZ 5 0111 F%20 FoaD  &F =
oons F9354 00 R o112 F93E F98E  9F 3
ooD?  F55 Fo55 0z = 0113 F98F F28F AF =
Q0DA  F9¥56 Fo56 13 = 0114 F9%0 Eo90 EF <
QODE  F957 Fo57 23 5 0115 Fo9i Fo91  CF 5
O0OC  F95S Fose 33 5 0116 F992 Fy9z  DF =]
oonn FeSw Fa5% 4= k3 0117 F22 Faaz EF S
O0ODE  F¥3A Fo3A 53 o118 F994 F994  FF S
QODF  F9SE Fo5E &3 = 011y Fo95 F93 44 ]
QOOEO  F9SC FesC 7z b= 011A Fo9éL 00 K
OOE1  F95D F250 a3 ] O11E Q000 0z R
Q0EZ F?5E F25E 23 S o011  F997 Foe7 54 S
O0EZ  F95F FY5F A3 S 011D Foaa Q0 R
O0E4 F2&0 F2460 B3 s 0O11E Fava 00 R
O0ES  F26i Fo&1 c3 = O11F QOO0 0z R
00EL  F942Z Fo&z D3 S 0120 Foy Fo9® D4 I
QOE7 F2é&32 F243 EZ S 0iz1 F9A 00 R
OQEE F2&4 F&4 Fz s 0122 FooA 00 R
Q0E?  F9o45 F9465 07 = 0iz3 QOO0 O R
O0EA F264 FR&6 17 S 0124 F9%E FovR F4 o
O0EE F947 Fo67 27 5 0125 Fa9C QO R
Q0OEC F968 Fo&e 27 S 01Z6& Fowe 00 R
QOED F246% F246% 47 S 0127 [lelele] 0z
QQOEE F964A F2&A S57 5 0128 F9%%D Faon aC ]
OQ0EF F94B F6E &7 k=S Qizw F99E 00 R
OOF0O F24&LC Fo&C 77 S 012A FosF 0o R
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GTE 65SC150 Communications Terminal Unit (CTU) Offers
Maximum Flexibility in 300 Baud Modem Designs

Introduction

GTE Microcircuits’ G65SC150 Communications Terminal Unit
(CTU) is a highly versatile and reliable single-chip telecommuni-
cations microcomputer, based on state-of-the-art silicon gate
CMOS technology. The G65SC150 CTU reflects GTE's extensive
telecommunications experience, thus providing the design engi-
neer with not only a high level of performance, but many valuable
functions which have been optimized for use in telephone line
signaling and data transmission applications. The CTU gener-
ates signals compatible with either switched telephone networks
or packet switched data networks. This makes it ideally suited
for a wide range of telecommunications applications, including:

DTMF Dialing

Dial Pulse (DP) Signaling
Modems (0-600 baud)
UARTs

Keyboard Scan

Central to all CTU microcomputer operations is the GTE Micro-
circuits’ G65SCO00 8-bit microprocessor, complete with 2K bytes
of ROM, 64 bytes of RAM, and an internal bus for interconnect-
ing all microcomputer functions. Address and data bus buffers
are included to allow convenient expansion of ROM, RAM and
memory mapped I/0. This feature allows the design engineer to
take advantage of the microprocessor’s full 65K addressing
space. Internal telecommunications functions include a 16-bit
Timer, an 8-bit Column/Transmit Counter, a 16-bit Row/Receive
Counter, and a Dual 26-Step Sine Wave Generator. There are
also 27 Peripheral 1/0 Lines for use with keyboard, telephone
Dial Pulse (DP) signaling, telephone line control, or for interfac-
ing a variety of peripheral devices. In addition, the CTU Expan-
sion Bus allows for external memory expansion.

The purpose of this Application Note is twofold... first to familiar-
ize the design engineer with both hardware and software start-up
procedures, and then to show the G65SC150 CTU in a typical
Bell 103, 300 baud modem application. The discussion on start-
up procedures includes Power Modes, Oscillator Requirements,
Reset Options, using the Expansion Bus and Peripheral /0O
Lines, memory expansion and mapping, and other subjects
which may assist the user in developing his CTU application.
The software section includes both discussions and listings
(Appendix A). The program listings represent an Application
Engineering Test Program to assist the system engineer in not
only the development of application programs, but to achieve a
better understanding of the CTU operation. The program
contains many general purpose as well as modem-specific soft-
ware routines which represent a variety of specific control or
data handling functions, including: Reset Initialization, Page
Zero Data Assignment, Clock Update, UART Parallel and Serial
Data Conversion, and Modem Initialization...to name but a few.

To further assist the user in developing his CTU application,
Appendix B provides a brief description of the GTE G65DS-150
Evaluation Board and its many advantages during CTU system
prototype development and debugging, as well as during soft-
ware development. A logic diagram and parts list has been in-

cluded for those who may wish to develop theirown CTU emu-
lation system.

Please note that all topics within this Application Note assume
the reader is familiar with or has access to the G65SCXX 8-Bit
Microprocessor and G65SC150 CTU data sheets. It is intended
that these data sheets be used in conjunction with the following
CTU discussions. Should you have questions or require addi-
tional literature, please feel free to call your nearest GTE Micro-
circuits representative.

Getting Started

The G65SC150 CTU offers the design engineer a variety of
options and modes from which to choose during the develop-
ment of a CTU application. The following paragraphs and dia-
grams are included to assist the design engineer during the
selection and implementation of these functions.

Oscillator Requirements
The G65SC150 CTU may be operated using its own internal oscil-
lator or from an externally generated timing source.

Internal Oscillator—When using the internal CTU oscillator cir-
cuitry, an externally connected crystal is required. To assist in
the specification and selection of this crystal, a diagram of the
internal oscillator circuitis shown in Figure 1, followed by recom-
mended crystal specifications and available manufacturers in
Table 1. The CTU’s internal oscillator circuit consists of three
series-connected CMOS inverters which form a high-gain invert-
ing amplifier. The crystal oscillator is formed by connecting a
series resonant crystal between pin 62 (OSC(OUT)) and pin 63
(CLK(IN)). Although a series resonant crystal should be speci-
fied, a parallel resonant crystal may be used. The parallel reso-
nant crystal will function satisfactorily in aseries resonant circuit,
but at a slightly shifted frequency.

NOTE—Once the crystal has been selected, the “in-circuit” drive
level of the crystal must be checked to ensure that overshoot
above VDD or below Vss does not occur.

] —

Lt
8 MHz MAX

T
—_ CLK (IN) OSC (ouT) | EXTERNAL
63 62 ON CHIP
”—“—DO_DO_‘DO‘——“P

O————————@—» TO CLOCK

OPTION DIVIDER

S1pF

AAA

1 MEG

Figure 1. CTU Internal Oscillator Circuit
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Table 1. Recommended Crystal Specifications
Crystal Equivalent Circuit

m Cwm Rs

AY|
/1

CH

Recommended Crystal Specification

Frequency : 8.0 MHz MAX +0.02%
Rs : <100 ()
Lm : 96 mHy
Cm : 0.02 4F
CH : 5pF

Crystal Manufacturers

CRYSTEK

1000 Crystal Drive
Fort Myers, FL 33901
813-936-2109

UNITED STATES CRYSTAL CORP
3605 McCart St.

Fort Worth, TX 76110

817-921-3014

CTS KNIGHTS, INC.
400 Reimann Av
Sandwich, IL 60548
815-786-8411

External Timing—When external timing is to be used, the external
timing source should be connected to pin 63 CLK (IN). Pin 62
may be left open or may be used as an inverted oscillator output.
Note that a gated external timing source is required when the
CTU Standby Mode is to be used (See discussion on Standby
Mode).

A timing mask option provides a 1 Megohm feedback resistor
between the CLK (IN) and OSC (OUT) pins. Alternatively, an ex-
ternal 1 Megohm resistor must be used if the mask option is not
specified. This resistor biases the internal oscillator in the linear
region and is required when an external crystal is used as a tim-
ing source for the internal oscillator. When an external clock is
used, the resistor may be omitted to reduce power consumption.

Reset Considerations (Internal vs. External ROM)
Internal ROM—When the CTU’s internal 2K byte ROM is to be
used, system reset is accomplished by a simple external R-C cir-
cuitas shown in Figure 2. A Reset mask option provides a 200
Kohm pull-up resistor at the RES pin. Reset timing requires that
Bus Enable (BE) (pin 64) remain high during the positive transi-
tion of the Reset signal (pin 68) as generated by the R-C network.
After this positive transition, the internal processor will access
the Reset Vector from ROM locations $FFFC and $FFFD. Note
that the starting address stored at these locations must also be
located within the internal ROM address space. Also, the internal
firmware must always set the Control Register TSC (Three State
Control) bit prior to accessing external memory or other devices
via the Expansion Bus.

External ROM (Test & Prototype Mode)—During hardware and
software development, the Test and Prototype Mode provides a
convenient means for system testing and debugging without the

need for mask-programmed ROM or other special emulation ver-
sions of ROM. The Test and Prototype Mode can also be used in
the final application when using the G65SC151 “ROMIless” CTU.
The Test and Prototype Mode enables the use of external mem-
ory at the address locations normally occupied by internal ROM
($F800 through $FFFF), with internal ROM being disabled. In
this mode, the software engineer can develop his program using
external memory for the prototype system. The program can be
developed using the same memory locations as reserved for
internal ROM. Once the program has been debugged and tested,
it can then be committed to internal ROM.

The Test and Prototype Mode is initiated during the Reset
sequence by holding Bus Enable (BE) low while bringing Reset
high. Figure 3 shows two examples of a Test and Prototype Mode
External Reset Circuit, while Figure 4 shows the correct Bus
Enable (BE) timing when placing the CTU in the Test and Proto-
type Mode. Note that BE must remain low for at least one clock
cycle after RES becomes high. Also, BE must be high before the
beginning of the first Vector Read cycle.

During the Reset sequence, the Reset Vector will be accessed
from external memory locations $FFFC and $FFFD. Note that
the Control Register TSC bit has no effect in the Test and Proto-
type Mode. Also, in this mode the PD1 1/O line is assigned an
additional function and becomes PD1/EXTR. An active high in-
put on this I/0O pin selects external memory when in the Test and
Prototype Mode. After Reset, this pin will be in the high state. A
low level at this input disables external memory and places in-
ternal ROM back into the memory map.

Voo

<500K )

10K

0.1 4F
T

EXTERNAL l

ON CHIP

Figure 2. Reset Circuit, Internal ROM

(A)

Voo

1

0.01 uF
RDY

Voo
i“[ "
| 0.01 4F F l RDY

Figure 3. Reset Circuits for Test and Prototype Mode

(8)

|

0.1u
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SYNC WRITE | WRITE | WRITE | READ | READ | SYNC
PCH PCL |STATUS| PCL PCH FIRST
TO TO TO |VECTOR|VECTOR| INST

STACK | STACK | STACK
| I
|

Lz

N
|

BE
Figure 4. Bus Enable Timing for Test and Prototype Mode
Expansion Bus which require operation at reduced power levels. Typical appli-
When configuring a CTU system, additional memory (ROM or cations include:
RAM) may be added by using the address (A0-A15), data (DO- e Systems operating from battery or telephone line power.

D7), and control signals (R/W, $2 (OUT), ¢4 (OUT)) provided
at the CTU Expansion Bus. Figure 5 shows the CTU memory
map addressing assignments. Note that the Control Register
TSC bit must be set for the Expansion Bus to be active.

When in the Test and Prototype Mode, I/0 signal PD1 becomes
PD1/EXTR and is used to switch between internal ROM and
external memory. A high level on this pin selects external mem-
ory. By holding PD1/EXTR low, internal ROM is switched back

e Systems requiring fail-safe operation in the event of AC
power loss.

Table 2. CTU Interface Current Source Options

into the memory map. Note that this pin has no direct effect on . MIN (0 MAX iL | MIN lon
the CPU operation. When addressing memory in the range OPTION | @24V @0.4V @ 1.5V COMMENT
$F800 through $FFFF, external memory is addressed in both A 0 — - WIRE-OR
cases. Data going to the CPU is switched between the external g ;%ul\ -;(LO u: - $$ZBOARD

i i -200uA | -24m -
and internal buses. In systems where both internal and external 5 o T 3.0 mA OUTPUT DRIVER

program memory is used, the internal ROM will generally con-
tain tables or routines that do not change. In this case, data
which is subject to change or revision will be assigned to exter-
nal memory. Systems using two or more CTUs will find the

Source Current @ VoD = 5.0V ¢ 10%

switchable memory feature a major advantage. As an example, ON-CHIP EXTERNAL
in a PBX application, the program for the telephone set or line
card can be entirely within the internal ROM. In this way, the FFFF | INTERRUPT 2048 BYTES
same part can be used in the main control processor while the VECTORS INTEST AND
larger program is located in external EPROM. FFEC

PROTOTYPE
It should also be noted that additional external memory can be 2048 BYTES ROM
“overlaid” in the Stack and Page Zero areas without affecting the F800 MODE

1/0 ports and Timer. In this case, internal RAM will continue to
be “mirrored” in both pages, but the two 192-byte data segments
will be independent. As an example, a 2K X 8 CMOS RAM can

62976 BYTES

be accessed within the memory range $0000 through $0800. O1FF | sTACK
Furthermore, all of Page One can be used for Stack operations, o1co | 64BYTESRAM
while memory locations $0000 through $00BF are available for
Page Zero. There is no bus contention problems associated with 192 BYTES
this arrangement.
Peripheral I/O Lines 00FF | 6BYTES
The CTU's 27 Peripheral I/0O Lines (as well as the ATG signal) RESERVED
are each independently mask programmed to one of four cur- 00F9
rent sourcing options. The Design Engineer may assign each 1/0, TIMERS
individual I/0 line to be either input, output or bidirectional. 00F0
Table 2 shows the available mask options for each of these lines. 48 BYTES RAM,
Reading the I/O ports accesses the state of the pin, notthe out- SAME AS
put latch.
00C0 01C0-01EF
CTU Power Modes
Normal Power Mode—In the Normal Power Mode all CTU func- 192BYTES
tions are available to the application. Note that switching 'between 0000
power modes may be accomplished under program control.
Low Power Mode—This mode is available for those applications Figure 5. CTU Memory Map—Internal/External
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When using the Low Power Mode and operating from the internal
oscillator, the CTU operates at reduced speed using the 16-bit
Timer to reduce the microprocessor clock rate, with the timer
serving as a programmable clock divider. When operating from
an external timing source, the Low Power Mode may be accom-
plished by using the 16-bit Timer as explained above or by
reducing the external clock rate into the CTU. In either case, the
CTU is capable of switching between power modes under pro-
gram control; however, the CTU should not be switched from
Low Power to Normal Power unless full power (VDD) is available
to the CTU.

In a typical fail-safe application, for example, the NMI Interrupt
could be used to indicate the loss of AC power. Upon receiving
the interrupt, the CTU would be switched to battery backup or
telephone line power, depending on the application. The CTU
will then shut down the system in an orderly manner...storing all
critical values in internal RAM. At this point, the microprocessor
continues to operate from the backup power source, but at a
reduced clock rate, and at a resulting decrease in power require-
ments. The microprocessor clock rate was reduced by setting
the Phase 2 Mode bit in the Control Register. To further reduce
power, the CTU Expansion Bus may be disabled by clearing the
TSC bitin the Control Register. When full power is restored, the
CTU may be switched back to the Normal Power Mode with full
operating capability. This again would be accomplished by moni-
toring the NMI bit in the Control Register. In this case, clearing
of the NMI bit would indicate AC power had been restored.

Figure 6 is a sample program segment for executing the CTU
Low Power Mode. In this sample, the clock rate is reduced to 10
KHz and the Expansion Bus will be disabled. Once in the Low
Power Mode, the Control Register NMI bit will be monitored for
return to Normal Power operation.

Standby Power Mode—During periods of system inactivity, the
CTU may be placed in the Standby Mode to conserve power. In
this mode, the CTU must be operated from an external clock
source which can be gated “off” when the Standby Mode is
selected (See Figure 7). In this case, the CTU firmware program

CONTROL EQU $F7 Status and Control Register

TIMER EQU $F8 Timer Register
TSC EQU $20 Bit 5 of Control Register
MODE EQU $08 Bit 3 of Control Register
L]
. (Save critical values here)
L]
LDA #98 Set Timer for 10 KHz Operation
STA TIMER
STZ TIMER +1
LDA #MODE Switch to Low Power mode
TSB CONTROL
LDA #TSC Disable External Bus

TRB CONTROL
NOPWR BIT CONTROL Is main power restored?
. BPL PWRUP

. (Low Power operating program)

JMP NOPWR
PWRUP LDA #TSC
TSB CONTROL
LDA #MODE
TRB CONTROL

. (Restore critical values here)
L]

RTI Resume normal operation

Enable External Bus

Switch to MAXIMUM freq. mode

Figure 6. Low Power Mode (NMI Power-Down Interrupt
Routine)

sets the I/0 PAOQ bit to logic “zero”, thus disabling the clock input
until such time the Wake-Up signal becomes a logic “one”. RES
will restart the clock by setting PAO to logic “one”.

EXTERNAL

cLock LK M)

WAKE-UP

PAO

Figure 7. Standby Mode, External Clock Gating Circuit

Software—Application Engineering Test Program for
the G65S