A G65SC32

cCMD
Microcircuits
CMOS RAM, I/0, Timer

Features General Description
® CMOS process technology for low power The G65SC32 is a programmable RAM, /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 func-

Fully compatible with NMOS 6532 devices

e Bus compatible with 6500 and 6800 microprocessors tions include:
* 128 x B bit static RAM for microprocessor scratch pad

* Low power consumption {2 mA at 1 MHz) activity. P pa
e 128 X 8 bit static RAM * Two program controlled 8-bit bidirectional Data Ports for

o . . direct interfacing between the microprocessor and selected
* Two B-bit bidirectional peripheral data ports peripheral units.
« Two programmable Data Direction Registers * Two programmable Data Direction Registers (A and B) for

) data direction control at each peripheral Data Port.

» Programmable Edge Sense Interrupt function * A programmable Interrupt Timer with interrupt timing capa-

bility in intervals ranging from 1 to 262,144 clock periods.
* Edge-detect interrupt circuitry for interrupt generation on
Peripheral 170 Port B allows direct transistor drive active edge transitions.
The G65SC32 offers the many advantages of CMD's leading
edge CMOS technology, i.e., increased noise immunity, higher
Available in 40-pin dual-in-line package reliability, and greatly reduced power consumption.
or 44-pin PLCC

* Interrupt Timer with programmable interrupt intervals

High impedance three-state Data Bus
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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 rating.
Input/Output Voltage ViN -0.3V to Voo + 0.3V Notes:
Operating Temperature TA -40°C to +85°C ' ) _
- " 1. Exceeding these rating may cause permanent damage,
Storage Temperature Ts -55°Cto0 +150°C functional operation under these conditions is not implied.
DC Characteristics: VoD = 5.0V £ 5%, Vss = OV, Ta = -40°C to +85°C Industrial, 0°C to +70°C Commercial
[ Parameter Symbol Min. Max. Unit
[ Input High Voitage ViH 2.0 VDD + 0.3 v
{
[ Input Low Voltage Vil -03 0.8 v i
Input Leakage Current (VIN =0toVDD), o HN +190 wA |
Input Only Pins, AD-AB, ¢2, CS1, CS2, R/W, RES, RS)
Three-State, Leakage Current (VIN = 0.4 to 2.4V), I8 +10.0 kA i
DO-D7, IRQ J
input High Current (ViH = 2.4V), Peripheral Inputs with Pullups, HH -200 uA ]
PAO-PA7, PBO-PB7 |
Input Low Current (ViL = 0.4V), Peripheral Inputs with Pullups, he 16 mA |
PAQ-PA7, PBO-PB7 B
Output Low Voltage (oL = 3.2 mA), VoL 0.4 v ‘
DO0-D7, PAO-PA7, PBO-PB7, IRQ |
Output High Voltage (I0H = -200 uA), VOH 2.4 ‘ Y
DO0-D7, PAQ-PA7, PBO-PB7, IRQ !
Output High Current (Sourcing) IoH -30 mA
(VOH = 1.5V, Direct Transistor Drive). PBO-PB7 ’
Supply Current f=1MHz i oD 2.0 mA
(No Load) f=2MHz ‘ oD 40 mA
t=3MHz : I0D 6.0 mA
1=4 MHz | 1D 8.0 mA
Power Dissipation (Inputs = Vss or V0D, No Loads), ‘ i
Operating (VDD = 5.25V, f = 1 MHz) PD 11.0 ! mw
Standby (Static) ’ Poss 100 uw
Input Capacitance (f = 1 MHz) i CIN 5.0 pF J
Output Capacitance (1 = 1 MHz) | cour 100 | pF |

AC Characteristics—Processor Interface Timing: VoD = 5.0V + 5%, Vss = 0V, Ta = -40° Cto+85°C

Industrial, 0°C to +70° C Commercial G65SC32-1 | G65SC32-2 | G6sSC32-3 | G65SC32-4
Parameter T Symbol Min Max Min Max Min Max Min Max Unit

Cycile Time tcye 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 tR.F — 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 — 180 — 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 - ) — T ns

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

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

Peripheral Data Delay (Port A) tcPw — 1000 —_ 500 — 330 — 320 nS

(Port B) — 1000 — 500 — 330 — 250
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Timing Diagrams

f——— tF
08V (X2
—e= {CAR
ADDRESS 20V
CS.RS.ETC 0.8V /
RIW \
tPCR —e=—{
PERIPHERAL 20V
DATA o8V
~=—tCOR —— tHR
DATA 20V 20v
BuS 0.8 V 0.8V
Figure 1. Read Timing
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Figure 2. Write Timing
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interface Signals

Input Clock ($2)

The Input Clock consists of a system ¢2 clock source. This
clock can be either a low level clock (V) <0.4, ViH>24)ora
high level clock (V| <0.2, V)4 = Vpp + 0.3 “or” Vpp - 0.2).

Reset (RES) .

During system initialization a Logic “0" onthe RES input will
cause all four I/O 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 erronecus 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 RES 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,
and is 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 /O Bus A, or by timeout ofthe
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 (DO-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 datatoand from the G65SC32.
When R/W is in the high state (Logic 17}, the microproces-
sor is allowed to read data from the G65SC32. Conversely,
when R/W is in 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 (PAO-PA7 and PB0-PB7)

The G65SC32 contains two 8-bit peripheral 1/0 Ports.... Port
A (lines PAO-PA7) and Port B {lines PBO-PB7). An important
feature of the G65SC32 is that each peripheral port buslineis
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 1/0 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 1/O Portline willbe transferred to
the Data Bus (D0-07). When programmed as outputs, the /O
Port lines will reflect data as written by the microprocessor
into the Output Registers. I/O 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 AO-A6 serve to address the RAM, 170 Regis-

RS -—|

ters, Timer and Flag Register. CS1and CS2are used to select
(enable access to) the G65SC32.

Functional Description

In reterence to the Block Diagram on page one, the G655C32
is shown to consist of four basic functions; that is, RAM, /0,
Timer and interrupt Control. RAM interfaces directly with the
microprocessor by way of the Data Bus and Address Lines.
The peripheral I/O functions consist of two 8-bit 1/0O 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,andis addressed
by AO-A6 (Byte Select), RS, CSt and Ccs2.

Peripheral I/O Port Registers

The peripheral I/O Port Registers consist of two Data Direc-
tion Registers and two data Qutput Registers. The Data
Direction Register (A and B) controls the direction of data
into and out of the peripheral /O Ports as described under
the Peripheral Data Ports Section above. The volitage level on
any 1/0 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 170 Port A, data is
read directly from the /O Port bus (PAO-PA7). During this
Read operation, should a particular PAline 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 volts for a Logic “1”, and < 0.4 volts for a 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 (PBO-PB7) is
different from the buffers for 170 Port A. The buffers for Port
B are push-puli devices capable of sourcing 3 mA at 1.5volts.
This allows these lines to directly drive transistor circuits. Ta
ensure valid data will be read during a peripheral Read oper-
ation, I/O 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 3 shows 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.

RAW PA? A3 AW Al

l

INTERRUPT
CONTROL

v

07 D6

07 06 DS D4 D3 D2 D1 DO

L

PROGRAMMABLE
REGISTER

W

DS D4 D3 D2 DY

A0

DIVIDE
DOWN

£

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,

. Data written into Interval Timers: 00110100 = 5219

64T, or 10247 increments, where T is the system clock (¢2) 2. Data in In;gval Timer: 000110100 = 2510
period. When a full interval count has been reached, the ie,52- ry -1=52-26-1=25
interrupt flag is set to the Logic “1” state. Once the flag has
been set, the internal clock starts counting down ata 1T rate 3. Data in interval Timer: 00000000 = 019
to a maximum count of -255T. This arrangement allows the je.52- M5 _1.50_81-1=0
user to read the counter and thus determine the elapsed time ’ 8
since the interrupt was set. 4. Interrupt occurred at ¢2 clock pulse number 416
The G65SC32's internal Data Bus is used to transfer data to Data in interval Timer = 11111111
and from the Interval Timer. For example, if acount of 52 time . §
5. Data in Interval Timer: 10101100

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 TRQ. Thatis, when
A3=1, IRQis enabled. When A3=0, IRQ is disabled. In either
case, when timeout occurs, bit 7 of the Interrupt Flag Regis-
ter is 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 interrupt is 28T. The
value read is in two’s complement as follows:

Value read = 11100100

Two's complement: 61010100 = 844¢
Therefore, 84 + (52 x 8) = 50010

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 6). Whenever a Read operation is performed on the
Interrupt Flag Register, the two bits are transferred to the
microprocessor via the internal Data Bus. Figure 5 shows the
Interrupt Flag Register bit configuration.

KN I KN KN ER KR EN

Complement = 00011011 \ I
Add 1 =00011100 = 28T (28 ¢2 ctock periods) “Q"
Thus, to arrive at the total elapsed time since the Timer count PA7 FLAG
was originally program set, simply perform a two's comple- TIMER FLAG

ment of the Timer value and add this to the original time vaiue
written into the Timer. Forexample, assume the original time
written was 00110100 (=52). With adivide-by-8T, total timeto
interrupt would be (52 X 8) + 1 = 417T. In this case, total
elapsed time would then be 416T + 28T = 4447, 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 accurs, the interrupt flag will not
reset. Figure 4 is an exampie of Timer Interrupt Timing.

Figure 5. Interrupt Flag Register

It should be noted that the PA7 flag is cleared when the
Interrupt Flag Register is 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

021N ® JORNO) ® {AD-AB), the RS input, and the two Chip Selectinputs (CS1and
oL JT L7 Tl fodl_foval yfersl fevel p foool fsod C372). To address the RAM, CS1 must be high with CS2 and RS
WRTET [ both low. To address the I/0 and interval Timer, CS1 and RS

"o

Figure 4. Timer Interrupt Timing

must be high with CS2 low. It is apparent that in order to ac-
cess the G65SC32 device, CS1 must be high and CS2 mustbe
low. The RS inputis used to distinguish between the RAM and
the I/O — Interval Timer Sections. When RS is low, RAM is
addressed. When RS is high, the /0O — 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 Interrupt

in addition to its use as a peripheral 1/0 line, PA7 can also
function as an Edge Sense Interrupt input. [n 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 Tabte 1.

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

The Reset signal (RES) will disable the PA7 interrupt and atthe

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/O registers from the Timer. When A2 is low and RS is high,
the 170 registers are addressed. Once the I/O registers are
addressed, address lines A1 and A0 may be used to address
the desired register.

With A2 high and RS high, the Timer is selected, and address
lines A1 and AQ 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

2
£

>
N
»
-t
>
=3

Write RAM
Read RAM

Write Output Reg A
Read Qutput Reg A

Write DORA
Read DDRA

Write Output Reg B
Read Output Reg B

Write DDRB
Read DDRB

hm | m | a|aaloo

- OO0 |02 0O

oo |00
wa|malO0|OO

~a|lo0|wa|00

Write Timer
+1T
+ 8T
+ 64T
+ 1024T
Read Timer
Read interrupt Flag
Write Edge Detect Control

PO

O4 40000

(a)
(@)
(a)
(a}
(a)

| smo0o

1
1
1
1

| o

e A kA
O A 0=0=0

(b}

Notes: — = Don't Care, “1" = High Level (= 2.4V), "0"
{a) A3 = 0 to Disable Interrupt from Timer to (RQ
A3 = 110 Enable Interrupt from Timer to IRQ
{b) A1 =0 to Disable Interrupt from PA7 to IRQ
A1 = 1to Enable Interrupt from PA7 to IRQ
(c) AQ = 0 for Negative Edge-Detect
A0 = 1 for Positive Edge-Detect

Low

Level (< 0.4V)
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Application Diagram

ROM/EPROM

MICROPROCESSOR
G658C02

G65SC32
PROGRAMMABLE RAM, |/0, TIMER DEVICE
* RAM (128 < 8)
« PERIPHERAL I/0 BUS (2)
« DATA DIRECTION CONTROL
« INTERAUPT LOGIC
* INTEAVAL TIMER

PERIPHERAL
A

1

PERIPHERAL
8
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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 1/0 Port A RES Reset
PBO-PB7 Peripheral 1/O Port B ARG Interrupt
@2 Phase 2 Internal Clock Voo Power Supply (+5V)
cs1/C82 Device Select Vss Internal Logic Ground
Pin Configuration
gyezefzaBRe
yo= T = VSRR
Al 3 38 [Jcst b . | RW
A3C] 4 srfJcsz NC | 7
a2 s 36 LIRS A1 8 a8 | Res
e 35 (IRW a0 |9 ar | oo
a7 34 CJRES
PaOC & 3 Foo PAG | 10 36 | o1
Pa1l] 9 32 b1 PA1 | W 3 | D2
pa2(]10 31 b2 PA2 | 12 34| D3
G655C32 G655C32
PA3 M soo3 PA3 | 13 33§ D4
PA4(T]12 20 D4
pas 113 2805 PA4 | 14 32| Ds
PAB 14 271 D6 PAS | 15 31| D8
PATH15 2607 PAs | 16 30 | o7
pB7C]16 25 [ IRQ G
paS 17 24 eBo NC |7 »
PBS
roe e o =gl e 2 R x NR I8 &K R
voo 20 21fP83 ~ ~ - o
SR EEEREERE

Ordering Information

G essca

P -
Description J— W T
C—Special G—Standard

Product Identification Number

Package

P—Plastic £—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 t0 +85°C, + 5% P.S. Tol. W— -40°C to +85°C, + 10% P.S. Tol.

Pertormance Designator

Designators selected for speed and power specifications

—1 1MHz —3 3MHz
—2 2MHz —4 4MHz
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