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G65SC150

CMOS Communications Terminal Unit
(Telecommunication Microcomputer)

Features

® 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 dafa bus facilitales memory
and I/0 expansion

On-chip memory: 2K byles 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 voit power supply

Available in 68-pin chip carriers

General Description

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

The CTU uses the CMD G65SC00 8-bit microprocessor which executes
the complete GE5SCO0 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 ali microcomputer functions. The address
and databus buffers permit expansion of ROM, RAM and memory
mapped liO using the full 65K addressing space of the micraprocessor.
A peripheral made 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 clack source.

The telecommunications interface circuitry consists of atimer, rowirecsive
counter, column/transmit counter and dual sine wave generators. In addi-
tion, 27 general purpose IO lines can be used for keyboard, telephone
Dial Pulse (DP) signaling, phone line confrol, and other peripheral
devices.

Block Diagram

NMI |R+Q1 IRQO

BE—¥»

CLK(IN)
0SC(ouT) Vss

RES
| OSCILLATOR
CLOCK GENERATOR
RESET

> GB55C00 .
RDY MICROPROCESSOR
AND RAM
CONTROL REGISTER S4x8
ML -]

RO
2048

FJ e exta
‘I L O A0-A15

ADDRESS AND DATA BUS — $2(0UT)
] | —I [ — - 54(OUT)
;:%Lum# SSTE nggw\lls PERIPHERAL 1/0 e
RANSM > 26-STEP < El
8-BIT SINE WAVE 16-8IT 27 LINES O D0-D7
COUNTER GENERATOR COUNTYER
_——
PAD-PA7
PBO-PB7
VREG  TXC/DTMF RXC ATG PCO-PC7
PDO-PD2

2-81




! C -
¢ € M D/ SEMICONDUCTOR DIV ~ 1LE-D WE 183LL40 0O0L409 T EECAL

A B - - .
(=] V=) 7—- —75_?0 G653C150

Absolute Maximum Ratings: (Note 1)

Il This device containsinput protection against damage due tohigh static
! Rating Symbol Value Unit volfages or electric tields; however, precautions should be taken to
Supply Voltage Voo -0.3t0 +7.0 v avoid application of voitages higher than the maximum rating.
Input Voltage ViN -0.3to Voo + 0.3 v
" Notes:
- o
_ggerallng Temperature Ta 40to +85 ¢ 1. Exceeding these ratings may resultin permanent damage. Functional
Storage Temperature Ts -65 to +150 °G operation under these conditions is not implied.
Regulated Voltage VREG -0.3to Voo + 0.3 v
- DG Characteristics: All signais except TXC/DTMF, Voo = 5.0V + 10% unless otherwise stated, Ta =-40°C to +85°C
Parameter Symbol Min Max Units
Input High Voltage Vid
CLK (IN) 2.4 Voo +0.3 \
All Other Inputs 2,0 Voo + 0.3 \']
Input Low Voltage Vi
CLK (IN) -0.3 0.4 \4
- All Other Inputs -0.3 0.8 \4
Output High Voltage VoH 2.4 \
Address, Data. /W (lon = -100xA)
Peripheral 170
Option B (ton = =10 pA)
Option C (lon = ~200xA)
Option D {lon = -1.0mA)
Output Low Voltage (loL = 3.2mA) Vou 0.4 Vv
Input Leakage Current (Vin = 0 to Von), No Pullup Option, N
RES. NMI, IRQO, IRQ1, RDY, BE, CLK(IN) *1.0 pA
Tnree-State Leakage Current (VIN =0.4 10 2.4V}, 1rsi
110 Porls >10.0 uA
Pull Down Current {Control Register Bit 5 = 0) IrO 20 T uA
Input Pullup Cursent (Inputs with Pullup Option), IpLp
RES. NMI, IRQO, IRQ1, RDY, BE -20.0 uA
Input High Current (Vin = 2.4V) ik
Option A 0 uA
Option B -10 uhA
Option C -200 nA
Input Low Current (ViL = 0.4V} hic
Option B -100 nA
Option C -2.4 mA
Output Source Current {Vor = 1.5V) lon
170 Ports Option D 3.0 mA
Supply Current loo
Standby Mode {No Clock, Vob = 3.0V) 300 pnA
4 MHz (2 = 10 KHz — Bus Off) 1 mA
4 MHz (62 = 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) Cts 15 pF
All Other Signals Cin 10 pF

2-82



C M D/ SEMICONDUCTOR DIV  LLE D N 1831L40 000L4L0 & EECAL

L . 7=75-9p0  G655C150

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(0UT) toGLK — 100 - 100 nS
Delay Time, OSC(OUT) to ¢2{OUT) tbosc — 75 — 75 nS
Cycle Time tcyc 1.0 DC 0.50 bC uS
Clock Pulse Width Low tPw (e21) 470 - 240 — . nS
Clock Pulse Width High tPW (o2H) 470 — 240 - nS
Fall Time, Rise Time tF, 1R —_ 25 — 25 nS N
Delay Time, $2{0UT) to ¢4(QUT) tavs — 250 — 125 nS
Address Valid to $4(QUT) tAc4 50 — 25 — nS
Address Hold Time tan 10 — 10 — nS
Access Time tacc 695 — 340 — nS
Read Data Hold Time toHR 10 — 10 — nS
Read Data Setup Time tosr 90 — 90 — nS
Write Data Hold Time toHw 30 — 30 — nS
Write Data Delay Time toosd — 200 — 110 nS
Pracessor Control Setup Time trcs 90 — 90 - nS
Select, R/W Setup tac 160 —_ 20 — nS
Select, R/W Hold tca 0 — 0 = nS
Data Bus Delay tcon — 320 — 180 nS
Data Bus Hold ] tHA 10 — 10 — ns
Data Bus Setup tocw 195 — 90 — nS
Data Bus Hold tHw 10 — 10 - nS
AC Characteristics, TXC/DTMF Output: Vres = Vob, Ru = 10K(), Voo = 5.5V
Parameter Symbot Min Typ Max Units Conditions

Row Tone Vor 303 340 382 mVems
Column and Transmit Tone Voc 392 440 494 mVrms
Pre-emphasis, DTMF High Group PEns 1.0 2.0 3.0 dB
DTMF Total Distortion DIS¥ -25 ds Total out-of-band power relative

to sum of Row and Column

fundamental power.
DTMF Single Frequency Distortion Diss -30 dB8 0 to 3.4 KHz band.

(Any spectral component.)
idle Noise VIDLE -80 dB !
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Timing Diagram
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Notes: 1. Load = 100 pF.
2. Voltage levels shown are VL < 0.4V, Vi > 2.4V, unless otherwise specified.
3. Measurement points shown are 0.8V and 2.0V, unless otherwise specitied.
4. Tan measured at 1.5V.
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Microprocessor Only

Test Circuits

5.0V
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RL=T.2KM
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100 pF

Figure 2(a). Test Load

50V 5.0V
Voo VRea TO OSCILLATOR
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ANALYZER
TXC/DTMF -
Q
Vss 10K

Figure 2(b). Audio Test Load

Signal Description

Microprocessor Signals

interrupt Request (IRQD, iRQT)—These TTL compatible signals
(bidirectional, active low—two lines) request that aninterrupt sequence
begin within the microprocessor. The IRQ signals are sampled during
»2(0OUT) operation. If the interrupt flag in the status regisler s zero, the
current instruction is completed and the interrupt sequence begins
when $2(0OUT) goes low. The program c¢ounler and processor status
register are stored in the stack. The interrupt fiag 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 interrup! will occur as
soonasthe interrupt flag is cleared if IRQ remains low. No interrupt witl
occur when the interrupt flag is cleared and IRQ is high but was low
prior to clearing the flag. Also note that these are bidirectionat 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 inlerrupts, the generation_of
internal interrupts will cause high and low logic level swings at the IRQ
pins. As autputs, 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 IRQD and IRQT Low
FFFA, B |External IRQ1
FFFC,D |Timer/Counter Pulls IRQD Low
FFEE.F |Reset RES
FFEC, D |Non-Maskable NMI

Figure 3. Interrupt and Vector Addresses

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

sequence within the microprocessor. The NMT signalis sampled during
$2(0UT) operation. The current instruction is completed and the
interrupt sequence begins when ¢2(OUT) goes low. The program
counter and processor stalus 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 controtto 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 $2(0UT)
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 Testand Prototype Mode, internal ROM may bedisabled,
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
Protatype Mode section under Operating Modes.

Ready (RDY)—This input, active high signal provides a single cycle
stepping capability and allows operation with sow 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.)—TIE signal is an active low output and. in a
multiprocessor system, MU 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, TR8
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 a three-state, 16-bit. input/output. active high address
bus (65,536 locations) for memory and /O exchanges on the data
bus. If the TSC control register bitis set, theselines are pulledto the
low state by a high resistance device.

input (BE = 0)
These lines drive the internal address decoder to select internal
ROM. RAM or 170 for external read and write cycles.

Clocks (¢2(OUT) and 34(OUT))—These output, active high signals (2
lines) provide timing for external bus read and write operations.

Data Bus {D0-D7)—D0-D7 constitute an 8-bit bidirectional active high.
three-state data bus, used for data exchanges with memory and 1/0. 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)

Qutpul (BE = 1)

This output. active low signal is normally in the high state indicating
that the 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 17Q tocation. lf the TSC control register bitis set, thisline
is pulled to ground by a high resistance device.

Input (BE = 0) _
In systems where this partisused as a peripherat 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. Ina telecommunica-
tion application, these signals may be the row and cofumn 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. Thissignallevelis controlled by VagG voltage reference
supply and is gated by CC0, 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.

Recelve 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, thetime
between transitions can be measured by an interrupt servicing program.

Peripheral Signals

There are 27 peripheral input/output lines: PAQ-PA7. PB0-PB7, PCO-
PC7,PDO-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 uA at Vou = 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 thisinput, 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 /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 setand 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 gscillator 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-
putis 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 sefects external memory and an active
jow input switches back to internal ROM only. For additional information,
refer 1o the Test and Prototype Mode section under Operating Modes.

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

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

Positive Supply Voltage (Voo}—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 tive
timer/counter registers. The three-state control bit in the contral
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, # can
then be committed to internat 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 FFEE and FFEF
Note that the Control Regisler TSC bit has no effectin the Testand Proto-
type Mode. Also, in this mode the PD1 140 line is assigned an additional
function and becomes PD1/EXTR. An active high input on this 14O 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 170 may be accessed
from an externa! device. This mode is useful when the G65SC150 is used
as aperipheral deviceina microprocessor 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 an input,
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 greatiy 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
G655C150 Microprocessor Unit

Fora detailed functional and software programming description of the
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2*R1ICX1
c2
0scC (ouT) —
€1,C2 = 51pF
Rt = 1.5 Meg
X1 =1,40r8 MHz

*R1 s deleted if Internal oplion (R = 1.5 Meg) Is selecled.
Figure 4. Crystal Circuit for Internal Oscillator

microprogessor, refer to the data sheet for the GE5SCXXX family of 8-bit
microprocessors. Figure 17 (page 12) illustrates a microprocessor
programnming model, while a complete listing of aperational 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 as s required to complete the instruction. Each
data transter which takes place between the registers depends upon
decoding the contents of bath 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.

Eagh time the microprocessor felches 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 pravide an index value to be
used in generating an effective address.

When executing aninstruction 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 priorto 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.
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 GPU. The 6500
instruction set contains a number of conditional branch instructions
which are designed to allow testing of these flags.

Oscillator/Clock Generator
A functional 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 counterasa programmable
$2(0UT] clock divider.

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 (00F0-00FF 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:

Communication Mode Select—CC2, bit2; CC1, bit1; CCO, bit 6—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 interrup!t 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—S8ingle 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 TXG/DTMF output.

100—Single Tone Column Mode

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

101—Modem

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

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

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

Phase 2Mode Select—Phase 2, Bit3—This mode conlrols 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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{A). OSCILLATOR MASK

OPTION

CRYSTAL
& MHz MAX.
| R -1.5Meg
[fose |
Jreuny”
(B). CLOCK GENERATOR
§ 6% DIVIOE-
¢ BY-TWO QUADRATURE
LOW POWER MODE CLOCK
TIMER GENERATOR
CARRY 1
3
DIVIDE- 9 B
BY-TWO MAX.
FREQ, 32 MODE
DIVIDE- DIVIDE-
BY-TWO e TIMEA CLOCK
ALL OTHER MODES
H o ROW/RECEIVE CLOCK
—0 = COLUMNITRANSMIT CLOCK
1
MODEM

Figure 5. Clock Functional Block Diagram

NMI
7

T5C ATG &2 cc2
5 4 3 2

cc cco ADDRESS
1 [ GOF7

I

I COMMURICATION 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

42 MODE .
0 = MAXIMUM FREQUENCY

1 =LOW POWER
AUDIBLE TONE GENERATOR

0 = DISABLE
1=ENABLE
THREE-STATE CONTROL

0 = THREE-STATE
1 = AGTIVE

TIMER INTERRUPT

0 =DISABLE
1= ENABLE

ON-MASKABLE INTERRUPT
M1 SIGNAL IS ONE

N
0=
t=

NMI SIGNAL 1S ZERO

Figure 6, Control Reglster Functional Block Diagram

1—Low Power Made

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.

Audlble Tone Generator Enable—ATG, Bit4
0—~Audible Tone Disabled
1—Audible Tone Enabled

Three-State Conlirol Enable—TSC, Bit5

0—Three-State _

The external address and data buses and R/W are pulled toVssby 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
Thetimer registervalue istransferred to the counter when changing

to the enabled interrupt state.
1—Timer Interrupt Enabled

Non-Maskable Internupt 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 micropracessor 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 funclional 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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TIMER REG. HIGH {TRH)
Q0F8 (WRITE)

INTERRUPT

In the Idle Mode (CCX = 000). both the ounter (RRC) and the register
{RRR) areinactive, nointerruptis generated and thereis no tone output.
With the exception of the single tone column (CCX=100).any changein
CCX to any other state will cause the row/receive counter to be
initialized with the current register value and the counter to begin

Inthe Interval Timer Mode (CCX = 001), the row/receive counter serves
as an additional interval timer. The counter interval is received from the

cviD
TO MICROPROCESSOR Voo Ti
CLOCK !
TIMER COUNTER LOW (TCL} TIMER COUNTER HIGH {TCH)
TIMER CLOCK 008 {READ) 00F9 (READ)
I CARRY U TimeR
TIMER REG. LOW (TRAL)
G0F8 (WRITE)
DATA BUS )
Figure 7. Timer Functional Block Diagram
[—————RECEIVE CAARIER {RXC)
AUDIBLE TONE
I GENERATOR (ATG)
TIMER
INTERRUPT % R:ggve \3%55 OPERA A
- » TIONAL
DACYLAKS(IIJNSl COUNTER GENEAATOR AMPLIFIER
TXC.OTME counting.
DATABUS <l coLuMN SINE
TAANSMIT - WAVE
LK uN) COUNTER GENERATOR

Figure 8. Frequency Detection/Generation
Block Diagram

Timer Operatlon—The timer operating mode is enabled by setting the
control register timer interrupt bit to one. The desired time interval is
writlenin the 16-bittimer register (00F8,9). When the timerinterrupt (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 intercupt 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 42 mode bit to one. Since chip power consumplion 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 operateindependent-
ly orin conjunction with each other to perform the various communica-
tions modes as determined by bits GC0, CG1 and CG2 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/Recelve 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 9 illustrates the RRC/RRR functional block diagramfor
these three modes.

row/receive register via the Data Bus. Upon generation of a carry, a
timer interrupt is generated and the new contents of RRR 1s 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 milli-
seconds with a resolution of 1.1175 microseconds.

Inthe 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 10 34.4 KHz appears atthe TXC/DTMF
output.

Coluntn/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 illusirates the columni
transmit functional block diagram. For modem operation without the
prescaler, the frequency range is535.7 Hz 10 68.8 KHz. A binary count is
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 interruptis generated.
Inthis mode, the overflow signal serves as one of the clock inputsignals
to the sine wave generator. In this way, a single tone is generated at the
TXC/DTMF output.

Combined Modes

Inthe Modem Made {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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CLK{IN} ROW RECEIVE COUNTER | ROW RECEIVE COUNTER
LOW (RACL) HIGH (RRCH)

t !

CARAY ATG
(I | mw)e ATG CLK{IN} RRCL ARCH

T™wo QUTPUT ‘ ‘

ROW. AECEIVE REGISTEA | ROW:RECEIVE REGISTER TRANSFER
| LOW (RRRL) 66F4 ‘ HIGH (RARH) 00FS RRRL I RRAAH —I-'_T—<“c
TIMER
ATA BUS DATA B
0 SINGLE TONE ROW TONE GENERATOR MODE TA BUS ppe— INTERRUPT
CARAY
CLK{IN} ARCL ARCH
TIME
RAAL RRAH INTERAUPT
TRANSFER
DATA BUS ———’————j
TIMER MODE.

Figure 9. Row/Receive Functional Block Diagram

CLK (IN} COLUMN:TRANSMIT CARRY SINE WAVE
» COUNTER (CTC) GENERATOR

} 5

CEOLU%NﬁTRANSMW 0.8 /
I
REGIS' {CTA) Q0F6 TRANSFER /

DATA BUS ’

Figure 10. Column/Transmit Functional Block Diagram

0.8 74

04 /

the columnftransmit 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. 0.2 /
In the Modem—Divide-by-Two Prescaler Mode (CCX = 110), operation

is the same as the modem mode except thatthe 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.

VREG

Voa "oR” Voc

4 6x 8 10 12x

26 26 26 % 2
TIME -

ks
@l
»)
ol

Figure 11. Sine Wave Generator Step Heights

Sine Wave Generator

The modem and DTMF outputsignals 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 12illustrates the Y
sine wave generator functional block diagram. The two identical divide General Formula for Determining Register Values
by 26 circuits are step counters that determine the fixed number of steps - ) 0sC 0SG
per cycle of the sine wave. The inputs to these counters are the outputs Register Value = m -2 F

of the row/receive and column/transmit dividars that determine the

i 5 . . 0OSCxT T
variable step length, or frequency, of each sine wave. Register Value (Timer) = -2

K K

QOscillator Frequency
Desired Frequency
Timer Period
Constant

Bon

o

A step select PLA translates the step number from the step counterto a
number corresponding 1o the step voltage level. The D-to-A resistor
networks convert these numbers to voltage levels to torm the sine wave
as shownin Figure 11. The column (high group) frequency amplitude is Desired Frequency (F) Limits
approximately 2.0dB greater than the row trequency amplitude to — o

compensate for the high frequency roll-off of the telephone circuit. The Modem K =26 Limit = §35.7 Hz to 8.8 KHz

outputs of the two D-to-A converters are combined to drive the DTMF and Modem with -

operational amplifier. VREG is the power supply for the converters and Prescaler K=52 Limit = 267.8 Hz to 34.4 KHz
amphifier to ensure a constant tone output level independent of Voo

variations. The amplifier output appears on the TXG/DTMF output ATG K=4 Limit=13.7 Hz to 447 KHz
depending on control register bits, CCO, CC1 and CC2. uPClock K=4 Limit=137 Hz to 447 KHz

To avoid transients when starting or stopping sine wave eneration, the N ~ e .

output remains at the voltage level defined by the stepg counters and Timer K=4 Limits =223494S 1073234 mS
D-to-A resistor networks when the step counters are stopped. F = 3.579545 MHz
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Input/Output Registers

Figure 13 illustrates the I/0 registers and their addresses. There are 27
1/0 lines (PAO-PA7, PBO-PB7, PCO-PGT7 and PDO0-PD2) associated with
four memory addressable registers (00F0-3).

Outputs are set by loading the desired bit pattern into the correspond-
ing 170 register. A logic “1" selects a high output {or OFF), and a logic
0" selects alow output. A read operation always detects the logic state
at the 1/O pin, regardless of the previously loaded register value. When
using the /0 pins as inputs, the I/0 register should be loaded to provide
the appropriate active level. When reset is active (RES = 0), all /O
registers and pins are initialized to a logic "1".

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

Address and Data Buffer

These buffers allow memory and I/0 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 AB0-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 f
cTC
CARRY | pvipE- STEP D-TO-A
—™ “By-25 SELECT 1 RESISTOR [—
PLA NETWORK
& TXC/DTMF
RRC /
CARRY | pviDe- STEP D-TO-A
—>! “By.26 ™ SELECT » RESISTOR
PLA NETWORK
Figure 12, Sine Wave Generator Functional Biock Diagram
| 7 1 ¢ | s | a | s 2 | 1] o
00F3 FORT OUT P masx
1 1 1 1 1 (00F3) PORT OUT oahsk
PORT C (00F2) lon
PORT
-
fou
PORT B (00F1) N MASK
OPTIONS IOH (min) @ VOH - 2.4
= A QuA KO High Impedance
B -10uvA KO
PORT A (00F0) ponrm—oﬂ—— ¢ -20ua 0
D -1.0mA OQuiput Only

Figure 13. I/0 Port Functional Block Diagram

Figure 14, I/0 Port Schematic

DESCRIPTION

ADDRESS
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 AOM
FFEB

F800

01FF } 64 BYTES
01Co RAM
OOFF

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

00F4, 5 ROW/RECEIVE

00F3 PDO-2 1O

00F2 PCO-7 /O

00F1 PB0-7 /0

00F0 PAQO-7 170

GOEF SEE RANDOM ACGESS (SAME AS 01CO THRU O1EF. 48 BYTES)

00CO MEMORY PARAGRAPH

Figure 15. Memory Map
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cMD 7“‘_ 7 5 - ? o
Oscillator Oscillator Oscillator Osciltator
3.579545 MHz 4.000000 MHz 3.579545 MHz 4.000000 MHz
Standard Reglster Actual Register Actual Standard Register Actual Register Actual
Frequency Value Frequency Value Frequency Frequency Value Frequency Value Frequency
(Hz) {H2) (Hz) (Hz) . (H2) (Hz)
o 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 o 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
¢ Call Progress Tones * U.S. 1200 Baud Modem
350 196 349 219 350 390 176 389 196 3%0
440 155 441 174 440 450 152 450 170 450
480 142 481 159 481 1200 56 1208 63 1202
620 110 620 123 620 2200 30 2221 34 2198
s U.S. 110,300 Baud Modem
1070 63 1076 71 1068
1270 53 1275 60 1261 Figure 16. Communications Frequency Generated by
2026 33 2025 a7 2024 Row/Receive and Column/Transmit Counters
2225 30 2221 34 2198
7 0 NTvTTe S| PROCESSOR STATUS
L GTLTPLIT e
7 0 .
l::] INDEX REGISTER ¥ CARRY1-TRUE
; ) L—— ZERO1-RESULT

15

PCL

7
PCH |
8 7 0

o
] PROGRAM COUNTERPG

Figure 17, Microprocessor Programming Model

-

iRQ DISABLE 1 - DISABLE
DECIMALMODE 1 TRUE
BAK 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 3is 1)
Timer Interrupt Interval
Crystal Frequency Timer Count Microprocessor Clock (max. freq. mode)
8 MHz 1 1.0 MHz 1S
19 100 KHz 10 uS
199 10 KHz 100 18
1999 1KHz 1imS
19999 100 Hz 10 mS
65535 30.5 Hz* 131.072 mS
4 MHz 1 500 KHz 2uS
9 100 KHz 10 S
99 10 KHz 100 xS
9%9 1 KHz 1mS
9999 100 Hz 10 mS
65535 15.3 Hz* 65.536 mS
3.579545 MHz 1 447.4 KHz' 2.2 uS*
8 99.4 KHz’ 10.1 p8*
88 10.1 KHz* 99.5 uS*
894 999.8 Hz* 1.0 mS*
8948 100.0 HZ* 10.0 mS*
65535 13.7 Hz' 73.2 mS*

*Approximate value

Figure 18. Microprocessor Clock Frequency and Timer Interval
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IMME-| ABSO-] ZERO 4) (1 (U] {1) RELA-| INDI- PROCESSOR
DIATE}] LUTE | PAGE JIMPLIED](IND, X)| {IND), Y| zrG.X] ABS.X ABS.Y |TIVE{2)| RECT | ZPG.Y| STATUS CODE
MNE- T 7643210 MNE
MONIC OPERATION OPnHOPnNOFnHOPnNOPnlOPnIOPnOOOPnlOPnlOPnIIOPnHOPn»NVBUlZCMONIC
ADC |A+M+C—~A (3) | 69]2]2| 6D]4|3 3f2 6116|2] 71| 5|2] 75|4)2] 70y 4|3 79[ 4|3 72| 5! NV e ee2Z2C| ADC
AND |AAM-—-A 29]2)2| 20{4]3] 25 3|2 21| 6]2] 31]5/2| 3sj4}2]| 30| 4]3| 39| 4(3 32| 5|2 Ne o osZel AND
ASL |C-[7 OI"O OE| 63| off 5{2] 0A]2]1 16{6{2] 1E| 6|3 Ne oo eZC| ASL
BCC | BRANCH IF C=0 90l 2] 2 s s s seee| BCC
BCS | BRANCH IF C=1 B0} 2] 2 e e s o0}l BCS
BEQ | BRANCH IF Z=1 Fol 2|2 «v e eossl BEQ
BIT |AAM (5) | 89|2f2| 2¢c|4|a] 24 3|2 3dlalaiact ala M:Mss s 0 Z o} BIT
BMI | BRANCH IF N=1 3022 sesseoel pmi
BNE | BRANCH IF Z=0 ool 2|2 ceeeesel BNE
BPL | BRANCH IF N=0 10| 2| 2 seesses| BRL
BRA | BRANCH ALWAYS 80} 212 ¢e el BRA
BAK | BREAK Qo{7}1 e 101e¢s} BRK
BVC | BRANCH IF V=0 50[ 212 e s e BVC
BVS | BRANCH IF v=1 70|2]|2 ** s 000 ] BVS
CLC |o-C 18{2]1 es e el CLC
CLD [¢-D D8j2{1 *teeQesesl CID
CLI [O—1 5812]1 «s s a0 CLl
CLv 0~V B8j2|1 *Q e e CLV
CMP |AM Col2j2{cDf4|3 |Cs|3|2 Ci|6]2] D1{5|2| D5]4|2|DDj4|3] Dol4ia D2|5]2 Ne e sezc| CcMP
CPX | X-M EQ{2]2| EC|4|3 | E4]3]2 NeeoeseZCl CPX
CPY |Y-M coj2]2|ccl4[3]c4l3]2 NeeeezZCl CPY
DEC | DECREMENT CE|6]3|C6fs[2] 3a]2]1 06|6{2| DE|6]3 Ne s osZel DEC
DEX |X-1-X CAl211 Ns o ve2el DEX
DEY [Y-1-Y aa|2|1 Ne o oeZs| DEY
EQR JAVYM ~A 49|2]2] 4D|4[3 | 45|3]2 41|16|2| 51}5|2| s5{4]2|sD[4]3{ 59]4|3 52|5[2 NesoeZel EOR
INC | INCREMENT EE|6]3 ] E6|5|2] 1A]2]1 F6i6]2] FE|6]3 NeesoeZs| INC
INX {X+1-X E8)2[1 Noe o ooZel INX
INY |Y+1-Y cs8l2[1 Nos o eosZe INY
JMP | JUMP TO NEW LOC 4Claja 7G| 6|3 6C{6l3 e s e e} gMP
JSR | JUMP SuUB 20]6(3 ® e e el SR
LDA |[M-—-A Ag|2]|2]AD}4]{3 ]| As{3]2 Alj6j2] Bi}5(2| B5]4|2{BD[ 4|3 ]| BY[4]3 B2j5{2 NeoosoZol LDA
LoX M ~X A2[212] AEJ413 | A6[3]2 BE|4(3 B6|4[2(N« o 2o Zs| DX
LOY IM-Y A0[2|2|AC]4}3 | A4f3]2 B4|4f2|8C{4|3 Ne s eoaZel LDy
LSR jo0- |7 0—-C 4E|6]3 | 46{5]|2| 4A (2|1 5616|2] 5E}6]3 Oe s ee7ZC| LSR
NOP | NO OPERATION EA|21 ®e e s 0] NOP
ORA |AVM -~ A 09j212| onf4]3 | 053}2 011612} 11}512] 15]4]2| 1D|4}3] 19]4[3 12§52 NeeesoZe| ORA
PHA |A-Ms 8-1-§ 48{a]1 “ e s eese]| PHA
PHP |P-Ms S-i-S 08|31 ®0 0 80l PHP
PHX |X—Ms S$-1-§ DA|31 ¢ s 0] PHX
PHY |Y-Ms S-1-§ 5A13[1 ® % s ¢ 0 e PHY
PLA |S+1-S Ms—A 88{4]1 Neosozael pa
PLP [S8+1-S Ms—P 2841 NV 1D ZG] PLP
PLX |S+1—~8 Ms—X FAR Ne s oozZel PLX
PLY |S#1-~§ Ms-Y TA 411 Ne ose2z2e] PLY
rRoL |17 @1 ¢ 2e]6|3 | 26[5|2|2a]2]1 36]6]2| 3E|6{3 Nee«sozc| ROL
ROR |[c~7__—q J 6E(6)3 | 66|5]|2 | 6A[2]1 76|6)2| 7E|6]3 Neo AOR
RTI |RTRANINT 40|61t NV 1 RTI
RTS |RTAN SUB 60161 s n RTS
SBC [A-M-C—-A {3) |E9f2|2|ED|4]3 | ES|3]2 E1l6|2| F1|5]2]| F5|4]2|FD[4]3 | Fol4]3 F2}5]2 NV . §8C
SEC |t ~C 38211 [ SEC
SED |1~D F8[2]|1 e e e sl SED
SEI |1~} 78|21 o e o] SEI
STA {A-M 80§43 | 85)3]2 81|6]2| 91|6)2} 95|4|2] sD|si3| 99is5]3 92)5(2 LI * | STA
STX |X-M 8E}413 | 86]3(2 G6]4]2)e o o *+| STX
STY |Y-M 8C|4{3 | 84/3}2 94412 ..o * o} STY
STZ joo—-M 9C|4[3 | 64|3]2 7414121 9|53 ¢ s T2
TAX [A-—-X AAl211 NeoooZel TAX
TAY |A-~Y A8|2n Ne o osZel ay
TAB |AAM ~M (6 1c|6{3 | 14]s|2 seeeeze| TRB
TSB JAVM —~ M (6) oclel3 | 04]5{2 vee0eeZel TS
TSX 1S-X BAJ2{1 Ne e eeoZel 78X
TXA |X-—-A BAZI NeoooeoZel TXA
TXS |Xx-S gA|I2]t ee e oo TXS
TIYA JY-~A 98|21 NeoosZel TYA
Notes.
1. Add 110 "n" if page boundary is crossed, except STA and STZ. X Index X + Add n No. Cycles
2. Add 1 1o “n" if branch occurs to same page. Add 2 to “n" if branch occurs to different page. Y IndexY - Subtract # No. Bytes
3. Add 1t0"n" it decimal made. A Accumulatar A And Ms Memory Bit #6
4, Accumul address is included in Implied address M Memory per elfective address VvV Or M: Memory 8it #7
§ "N" and "V" llags are unchanged in immedrate 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

PIN DESCRIPTION PIN DESCRIPTION

AQ-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 PDC-PD2 Port D

TXC/OTMF Transmit Garrier/Dual Tone Multifrequency RDY Ready

RQ Interrupt Request RES Reset

ML Memory Lock RXC Receive Carrier

EXTR External ROM RIW Read/Write

N Non-Maskable Interrupt

CLK(IN) Clock Input

CSc{ouT) Oscillator Output Voo Positive Power Supply {+5.0 volts)
$2{QUT) Phase 2 Out VReG Regulated Supply Voltage
»4(OUT) Phase 4 Out Vss Internal Logic Ground

Pin Configuration

68-Pin Leaded Plastic and Ceramic Chip Carrier
(Top-side View)

~5F
ge3
1 = 0 =
zz3323e:EBBEugE
(PeroweeN-358838338
As |10 L4 60| 04 (oU)
A9 i1 59| vRea
At0| 12 s8| ATG
Al 13 57| RXC
A2} 14 561 TXC/DTMF
Al3] 18 55| RDY
Al4]16 54| voo
A15117 53| PDO
vss|18 52| pO1(EXTR) (2
Do |19 st| pp2 (ML) (1)
o1 |20 50| PBO
D2 {21 49| PBY
03 j22 48| PB2
os |23 47| P83
s |24 46] PB4
D6 |25 45| pBS
o7 |26 a¢| PB6
NESS58838858389%5¢S
NGO WMEeNNTONOWYYEON DO ~
goLoopPosgsaadaae
NOTES:

1. METAL MASK OPTION
2. EXTR SELECTED ONLY IN TEST AND PROTOTYPE MODE
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G65SC150 Mask Options

The following mask options are available for the GB5SC150, and must
be specified before an order can be placed. To ensure that the proper
options are selected, always contact the nearest CMD Microcircuits Sales
Office prior to placing an order.

1. Oscillator feedback resistor
® Feedback resistor between CLK(IN) and 0OSC(OUT)
* No feedback resistor

2. The following signals are available with or without pull-up resistors:
£ NMT

IRQO
IRQ1

RDY
RES

|

3.

o

in 51 is available with the following signal option:
PD2 or ML

T-725-%0

1LE D W 1831b40 0O0Olu422 2 EECAL

G65SC150

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

signals. These source currents include: OuA, 10uA, 200uA @ 2.4V,
and 1mA @ 2.4V or 3mA @ 1.5V.
PAO-PA7
PBO-PB7
PCO-PC7
PDO-PD2
ATG

Ordering Information

G 655C150 PE

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 10 +85°C, + 10% P.S. Tol.

Performance Designator

Designators selected for speed and power specifications.

—1 1MHz —2 2MHz

Consutt factory for lower Vpp Operating specitications.

F-02
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Packaging Information

Plastic Leaded Chip Carrier

oonNnon

e
MO nm ]
1 .\ 1)
PNNO.1 [ 1
:] J1
Et TOP VIEW ]
(]

|

e
JONNNENS U5 5 ) 6y O |

D1

j——— A

T-90-20

4
+

N=NO.LEADS

20-LEAD PLASTIC CARRIER 28-LEAD PLASTIC CARRIER 44-LEAD PLASTIC CARRIER
SYM- INCHES MILLIMETERS SYM- INCHES MILLIMETERS SYM. INCHES MILLIMETERS
8oL | mIN MAX MIN | MAX BOL | wmin MAX MiN MAX BOL | Min MAX MIN MAX
A_|otes 0.180 420 457 A_| 0iss 0.180 420 457 A | otes 0180 420 457
At | 0090 0.120 229 304 Al | 0.6% 0.120 229 304 A1 | 06%0 0120 229 304
¢ [ oo — 051 — c | cox - 051 — c | ooz — 051 -
D | o3es 0395 078 | 1003 o | odss 0.495 1232 | 1257 D | oess 0695 1740 | 12865
b1_| 0350 0356 88%0 | 9042 D1 | 0450 0.456 11430 | 11582 D1 | oeso 0656 16510 | 16662
D2 0.200 REF 5.08 BSC D2 0.300 REF 7.6285C D2 0500 REF 12.7085C
E | 0385 0.395 978 | 1003 € | 0a48s 0.495 1232 | 1287 E _| 0685 05695 1740 | 1765
€1 | 0350 0356 88% | 9042 €1 | oa4sa 0.456 11430 | 11582 €1 | oeso 0.656 16510 | 16662
g2 | o2 0.330 731 838 E2 | 03%0 0.430 991 | 10902 E2 | 05% 0630 1499 | 1600
e 0050 TYP 127 TYP o 0050 TYe 127 TYP e 0050 TYP 127 TYP
J -~ 0.020 — 051 N - 0.020 - 05t J - 0020 — 051
J_| 0042 0048 1.067 1219 1| oos2 0048 1067 | 1219 Ji_| 0042 0.048 1067 1219
M | 0026 0.032 0.661 0812 M| oo 0032 0681 | o812 M | ooz 0.032 0661 | 0812
N 20 20 N 28 28 N 44 44
| 0013 | o021 033t | os% P | ooig 0021 0331 | o0s33 P | o013 0021 0331_| os33
z 0042 | 0058 100 [ 142 z 0012 | o0s6 107 | 142 z 0.042 0056 107 | 142
68-LEAD FLASTIC CARRIER 84-LEAD PLASTIC CARRIER
SYM- INCHES MILLIMETERS SYM- INCHES MILLIMETERS
80L | MiN MAX MIN MAX BOL | MIN MAX MIN_ | MAX
A_| 0165 0.200 420 508 A ] oies 6200 420 508
At_| 00% 0.130 229 330 A1_| 0.0% 0.130 229 330
c_ | o020 - 0561 — c | oco — 0510 —
D [ oeass 0.995 2502 | 2597 o 1.185 1195 3010_| 303s
D1 | 0850 0658 24130 | 24.330 D1 | 1150 1.158 28210 | 29413
02 0800 REF 20.32BSC b2 1.000 REF 25 408SGC
€ | oess 0.995 2502 | 2527 E 1.185 1195 | 3010 [ a03s
Et | 0950 0958 24130 | 24333 E1 | t1sp 1.158 29210 | 20413
E2 | 0s8% 0.930 2261 _| 2362 E2_| tox 1130 2769 | 2070
o 0.050 TYP 127 TYP e 0.050 TYP 1.27 TYP
J — 0.020 — 051 J — 0020 - 051
J1_ | g0 0048 1067 | 1218 | oos 0048 1.067 | 1219
M | 002 0.032 0681 | os12 M | oo 0032 0661 | oarz
N 68 68 N 4 a4
P | oona 0021 0331 | osaa P | ooa 0021 0331 | 0533
Z | oo 0.056 107 | 14z z 0042 0056 107 142

.,



M ,S,E,”,IS)NDUC TOR DIV

A

cMmbD

J1E D W

1831640 0001609 7 WECAL

Leaded Ceramic Chip Carrler

T-90-20

26-LEAD CERAMIC GARRIER
SYM- INCHES MILLIMETERS
aoL | MIN MAX MIN MAX
A 0.035 0.045 059 114
At - 0.160 — 451
Az | 0050 0075 127 190
B 0.020 0.025 051 064
c 0.020 - 051 -
| o 0.420 0.440 1067 11.18
E Dt 0.480 0.5060 12,18 12.70
£ | 02 0300 162
N | 03 | o030s | 6425 1003 1060
° —-| A E 0.420 0440 10.67 11.18
rﬂdmcﬂt’omc‘ [ '~ RADIUS E1 0.480 0.500 12.19 12.70
—— §- PIN1 ! % R E2 0300 762
—1 €3 03g5_| 0435 1003 1080
e 0.050 BSC 127 8SC
h 0.040 BSG 1.02 BSC
Top nt 0015 | 0025 038 | 064
D Dz VIEW D1 D3 i 0.04085C 1,02 BSC
jt 0015 0025 0.33 064
L 0065 REF 1.66 REF
B N 28 23
KN | R o010 | 0030 025 076
[Ad-2-
= N=NO.LEADS
\l. E —| HH* seanno
PLANE
B et
Al
4A-LEAD CERAMIC CARRIER 68-LEAD CERAMIC CARRIER 84.LEAD CERAMIC CAARIER
INGHES MILLIMETERS SYM- INCHES | MILLIMETERS SYM- INCHES MILLIMETERS
MIN MAX MIN MAX aoL | MIN MAX MIN MAX BOL | MIN MAX MIN MAX
0.035 0045 069 T.14 A 0035 0045 0.89 144 A 0.035 0045 0.89 114
— 0.200 — 5.08 Al — 0.200 — 5.08 Al — 0.200 - 508
0.070 0095 1.78 2.41 A2 | 0070 0095 | 178 241 az_| 0070 0.095 178 241
0.020 0.025 0.51 0.64 B 0.020 0.025 0.51 064 B 0,020 0.025 0.51 0.64
0.020 - 051 — c 0.020 - 051 s — c 0.020 — 051 -
0.620 0.640 15.15 16.28 D 0.920 0940 23.37 23.88 D 0990 1.010 25.15 2565
0.680 0,700 1721 17.78 D1_| 0980 1.000 24.89 25.40 D1 1.180 1.200 29.5 30.48
0.500 12.70 02 0.800 20.32 D2 1.000 .40
0.485 0530 12.32 1346 03 | 0600 0.630 15.24 16.00 D3 | 0600 0.630 15.24 16.00
0620 0840 155 16.26 E 0.920 0840 2337 2388 3 0.890 1.010 2515 25.65
0680 0.700 17.27 17.78 E1 0.980 1.000 2489 25.40 El 1.180 1.200 20.07 3048
0.500 12.70 E2 0.800 20.32 E2 1.000 25.40
0485_| 0530 1202 | 1348 €3 | 0600 | 0630 1524 1600 €3 | 0600 | 06X 1524 16.00
0.050 BSG 1.27 BSG e 0.050 BSC 1.27 BSC e 0.050 BSC 1.27 BSG
0.0408SC 1.02 BSC h 0.040 BSG 1.02 BSC h 0.0408SC 1.026SC
0015 0025 0.38 0.64 m 0015 0.025 0.38 0.64 ) 0015 | 0025 038 064
0.04085C 1028SC i 0040 BSC, 1.02 85C i 0.040 BSC 1.02BSC
0015 | 0025 038 084 it 0015 0025 038 064 i 0.015 0.028 0.38 064
0065 REF 1.6 REF L 0.065 REF 1.66 REF L 0.065 REF 1,66 REF
44 44 N 68 68 N 84 84
0010 | 003 025 | 018 R oot0_ | 0030 0.25 076 [ 0010 | 0030 025 | 076
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Ceramic Dual In-Line Plastic & Cerdip Dual in-Line
-] A
L =
'__ l b ——] QI.. ‘
1] —EI S
J P
=~ 0 &~ A O
[ ] h [ e
i g ¢ 1]
=T g L R — T
TS T T |
l\u £
SEATiNG l\semwe [
PLANE -
!
—]
~=- </ 1)
e g4 7 fe——
8-PIN PACKAGE 14-PIN PACKAGE 16-PIN PACKAGE
SYM- INCHES MILLIMETERS SYM- INCHES MILLIMETERS SYM- INCHES MILLIMETERS
BOL | My MAX MIN MAX BOL | MIN MAX MIN MAX BOL | MIN MAX MIN. MAX
A — 0200 - 508 A — 0.200 - 5.08 A - 0200 - 5.08
b 0014 0.023 036 058 b 0014 0.023 0.36 0.58 b 0014 0.023 036 058
b1 0030 0.070 076 178 bt 0.030 0.070 0.76 1.78 b1 0.030 0.070 0.76 178
c 0008 0015 020 038 c 0.008 0.015 0.20 0.38 c 0008 0.015 0.20 038
[} — 0.420 - 10.67 3] — 0.785 - 19.94 D — 0840 — 2134
E 0.220 0310 5.59 781 € 0.220 0.310 5.59 7.87 E 0220 0310 559 7.87
€1 0290 0320 137 8.13 E1 0.250 0.320 7.37 8.13 E1 0.290 0.320 1.37 8.13
e 0100 8sC 2548SC ) 0.100 BSC 254BSC e 0100 BSC 254 85C
L 0125 0200 3.18 508 L 0.125 0.200 3.18 5.08 L 0.125 0200 318 5.08
L1 0.150 - 381 - X 0.150 — 381 — %) 0150 - ast -
Q 0015 0060 038 152 Q 0015 0.060 0.38 1.52 Q 0.015 0.060 0.38 1.62
s - 0.080 — 203 s — 0098 — 2.49 s — 0480 — 203
St 0005 - 013 = S1 0.005 - 0.13 - St 0005 — 013 -
s2 0005 - 0.13 — s2 0.005 — 0.13 — s2 0.005 - 013 —
a (' 150 U 15° e o 15° [V 15° a 'S 15° @ 15°
18-PIN PAGKAGE 20-PIN PACKAGE 22-PIN PACKAGE
SYM- INGHES MILLIMETERS SYM- INCHES MILLIMETERS SYM- INCHES MILLIMETERS
BOL | MmN MAX MIN MAX 8oL MIN MAX MIN MAYX BOL [ MmN MAX MIN MAX
A - 0.200 — 5.08 A - 0.200 — 5.08 A - 0.225 — 572
b 0014 0.023 0.38 058 b 0014 0.023 036 058 b 0014 0.023 036 058
bl 0.030 0070 0.76 1.78 b1 0030 0.070 078 1.78 bt 0030 0070 0.76 1.78
c 0.008 0015 020 0.38 c 0.008 0.015 0.20 038 c 0.008 0.015 0.20 038
1) - 0.960 - 24.38 D - 1.060 — 2692 [5) — 1.260 — 3200
€ 0.220 0310 5.59 787 E 0.220 0.310 5.59 7.87 E 0.350 0.3% 8.89 991
E1 0.200 0320 7.7 8.13 E1 0.29 0420 737 8.13 Et 0.3%0 0.420 9.91 1067
e 0.100 BSC 2.54 BSC e 0.100 BSC 2548SC ° 0.1008SC 254 BSC
L 0.125 0300 a.18 508 L 0.125 0.200 a.18 5.08 L 0.125 0.200 318 508
L 0.150 — 381 - L 0.150 - 381 - Lt 0.150 - 381 —
Q 0015 0060 038 152 Q 0015 0.060 0.38 152 Q 0015 0.075 038 191
s = 0.098 — 249 s - 0080 - 203 s - 0.080 - 203
St 0.005 - 0.13 — St 0.005 - 0.13 - st 0005 - 0.13 -
S2 0005 - 0.13 - s2 0.005 — 013 - sz 0.005 ~ 0.13 -
o 0 15 [ 15° a (3 15° 0 15° a 0 15° 0 15°

continued on next page
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continued from page 3

24-PIN PACKAGE 28-PIN PACKAGE. 40-PIN PACKAGE

SYM- INCHES MILLIMETERS SYM- INCHES MILLIMETERS SYM- INCHES MILLIMETERS

BOL | MIN MAX MIN MAX soL | MIN MAX MIN MAX 8oL | MIN MAX MIN MAX
A - 0225 - 5.72 A - 0225 - 572 A - 0225 - 572
b 0014 | 0023 0.6 058 b 0014_| 0023 a3 0s8 b 0014 | 0023 03 056
b1 | oox | oore 078 178 b1 | 003 | 0070 0.76 178 bt | 00% | 0070 076 178
¢ o8 | 0015 020 038 c 0008_| 00i5 020 038 c oo0ts_| o015 020 038
) — 1200 — 3297 o - 1490 ~ 5324 ) - 2096 - 53.24
€ 0500 | 0610 [ 1270 15.49 € 0510 | o620 | 1285 1515 & | 0510 | 0620 |} 1295 1575
Er_| 0520 | 0620 13.21 15.15 Er_| os20 | o06x | 1321 16.00 er | 0520 | 0630 | 132 1600
) 0100 85C 254 BSC e 0100 BSC 2.54 BSC e 0100 8SC 254 8SC
L 0120 | 0200 305 508 L 0125 | 0200 318 508 L 0125 | 0200 318 5.08
v | 0150 — 381 - L | o150 — EYY] — L | o01s0 - 381 -
q | oms | oors 038 191 Q 0015 | 0060 038 152 a | 0015 | o060 0.38 152
s - 0998 - 249 s ~ 0.038 - 2.49 s - 0098 - 249
st_| oass — 013 - S1_| 0005 - 0.13 — $1 | 0005 - 013 -
s2_| 0005 - 013 — s2_| 0005 — 013 - s2 | ooos - 013 —
a o 15° (3 15° a 0 15° [ 15° a o 15° o 16°
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