’ ‘ R6522
VERSATILE INTERFACE

Rockwell ADAPTER (VIA)

DESCRIPTION FEATURES | B

The R6522 Versatile Interface Adapter (VIA) is a very flexible I/O

control device. In addition, this device contains a pair of very

powerful 16-bit interval timers, a serial-to-parallei/paraliel-to

serial shift register and input data latching on the peripheral -
ports. Expanded handshaking capability allows contro! of

bidirectional data transfers between VIA's in multiple processor

systems.

e Two 8-bit bidirectional I/O ports
¢ Two 16-bit programmabile timer/counters
® Serial data port

o TTL compatible

e CMOS compatible peripheral control lines
[ ]

Expanded “*handshake’ capability allows positive control of

Control of peripheral devices is handled primarily through two data transfers between processor and peripheral devices.)

8-bit bidirectional ports. Each line can be programmed as either
an input or an output. Several peripheral 1/0 lines can be
controlled directly from the interval timers for generating
programmable frequency square waves or for counting exter-
nally generated pulses. To facilitate control of the many powerful
features of this chip, an interrupt flag register, an interrupt enable
register and a pair of function control registers are provided.

Latched output and input registers
1 MHz and 2 MHz operation
Single + 5V power supply
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R6522

Versatile Interface Adapter (VIA)

INTERFACE SIGNALS
RESET (ﬁ—Eg) |

Alow reset (ﬁE_S‘) input clears all R6522 internal registers to logic
0 (except T1 and T2 latches and counters and the Shift Register).
This places all peripheral interface lines in the input state, disa-
bles the timers, shift register, etc. and disables interrupting from
the chip. '

INPUT CLOCK (PHASE 2)

The input clock is the 'system 92 clock and triggers all data
transfers between processor bus and the R6522.

READ/WRITE (R/W)

The direction of the data transfers between the R6522 and the
system processor is controtled by the R/W line in conjunction
with the CS1 and CS2 inputs. When R/W is low, (write operation)
and the R6522 is selected, data is transferred from the processor
bus into the selected R6522 register. When R/W is high, (read

operation) and the R6522 is selected, data is .trah'sferrqd from -

the selected R6422 register to the processor bus.
DATA BUS (D0-D7)

The eight bidirectional data bus lines transfer data between the
R6522 and the system processor bus. During read cycles, the
contents of the selected R6522 register -are placed on the data
bus lines. During write cycles, these lines are high-impedance
inputs and data is transferred from the processor bus into the
selected register. When the R6522 is not selected, the data bus
lines are high-impedance. )

CHIP SELECTS (CS1, CS2)

The two chip select inputs are normally connected to processor
address lines either directly or through decoding. The selected
R6522 register is accessed when CS1 is high and 32 is low.

REGISTER SELECTS (RS0-RS3) = -

The coding of the four Register Select inputs select one of the 16
internal registers of the RE6522, as shown in Table 1.

INTERRUPT REQUEST (RQ)

The Interrupt Request output goes low whenever an internal
interrupt flag is set and the corresponding interrupt enable bit is a
logic 1. This output is open-drain to allow the interrupt request
signal to be wire-OR’ed with_other equivalent signals-in the
system. S

PERIPHERAL PORT A (PAO-PA7)

Port A consists ‘of eight lines which can be individualily pro-
grammed to act as'inputs or outputs under control of Data Direc-
tion Register A. The polarity of output pins is controlled by an
Output Register and input data may be latched into an internal
register under control of the CA1 line. All of these modes of oper-
ation are controlled by the system processor through the internal
control registers. These lines represent one standard TTL load in
the input mode and will drive one standard TTL load in the output
mode. Figure 2 illustrates the output circuit.

T
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R6500 RIW ——— P
MICROPROCESSOR o N

BUS CS1, CS2 __7/___p
INTERFACE

R6522
VIA

|¢————————— CA1
|l4q——————» CcA2

¢————P CBf1
[ ——————» CB2

PERIPHERAL
INTERFACE

Figure 1. R6522 VIA Interface Signals
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R6522 .

PORT A CONTROL LINES (CA1, CA2)

The two Port A control lines act as interrupt inputs or as hand-
shake outputs. Each line controls an internal interrupt flag with a
corresponding interrupt enable bit. In addition, CA1 controls the
latching of data on Port A input lines. CA1 is a high-impedance
input only while CA2 représents one standard TTL load in the
input mode. CA2 will drive one standard TTL. load in the output
mode. ‘ ' ’ ‘ C

PORT B (PB0-PB7)

Peripheral Port B consists of eight bidirectional lines which are
controlled by an output register and a data direction register in
much the same manner as the Port A. In addition, the polarity of
the PB7 output signal can be controlled by one of the interval tim-
ors while the second timer can be programmed to count pulses
on the PB6 pin. Port B lines represant one standard TTL load in

Versatile Interface Adapter (VIA)

the input mode and will drive one standard TTL load in the output
mode. In addition, they are capable of sourcing 1.0 mA at 1.5 Vdc
in the output mode to allow the outputs to directly drive Darlington
transistor circuits. Figure 3 is the circuit schematic. .
|

PORT B CONTROL LINES (CB1, CB2) o

The Port B control lines act as interrupt inputs or as handshake
outputs. As with CA1 and CA2, each line controls an interrupt
flag with a corresponding interrupt enable bit. In addition, these
lines act as a serial port under control of the Shift Register. These
lines represent one standard TTL load in the input mode and
will drive one standard TTL load in the output mode. CB2 can
also drive a Darlington transistor circuit; however, CB1 cannot.

oy
" Table 1. R6522 Register Addressing B
Register : RS Coding Register ’ Reglster/Description !
Number [“RS3 | RS2 | RSI RSO Desig. Write (R7W = L) Read (RW = H)
0 0 0 0 0 ORB/IRB Output Register B Input Register B
1 o] 0 0 1 ORA/IRA Output Register A Input Register A
2 0 0 1 0 ODRB 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
] 0 1 1 0 TiLL T1 Low-Order Latches
7 0 1 1 1 TiL-H T1 High-Order Latches
8 1 Q 0 0 T2C-L T2 Low-Order Latches T2 Low-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 | Output Register A* T input Register A
NOTE: *Same as Register 1 except no handshake. .
b
+5V
Q +5V
!
§ INPUT . :
OUTPUT ——*:DCH'
CONTROL ! !
PAO-PA7, |, PBO-PB7,
CA2 CB1, CB2}|
.
1/0 CONTROL | OUTPUT !
OUTPUT DATA :DO_‘} DATA '
= INPUT DATA -
INPUT DATA

Figure 2. Port A Output Circuit
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Versatile Interface Adapter (VIA)

FUNCTIONAL DESCRIPTION

The internal orgahlzétlon of the R6522 VIA s lllustrated in Figure
4.

PORT A AND PORT B OPERATION

The R6522 VIA has two 8-bit bidirectional /O pbrts (Pon A and
Port B) and each port has two associated control lines.

Each 8-bit peripheral port has a Data Direction Register (DDRA,
DDRB) for specifying whether the peripheral pins are to act as
inputs or outputs. A 0 in a bit of the Data Direction Register
causes the corresponding perlphéral pin to act as an input. A 1
causes the pin to act as an output.

Each peripheral pin is also controlled by a bit in the Output Regis-
ter (ORA, ORB) and the Input Register (IRA, IRB). When the pin is
programmed as an output, the voltage on the pin is controlied by
the corresponding bit of the Output Register. A 1 in the Output
Register causes the output to go high, and a “0" causes the out-
putto go low. Data may be written into Output Register bits corre-
sponding to pins which are programmed as inputs. In this case,
however, the output signal is unaffected.

Reading a peripheral port causes the contents of the Input Regis-
ter (IRA, IRB) to be transferred onto the Data Bus. With input
latching disabled, IRA will always reflect the levels on the PA
pins. With input latching enabled, IRA will reflect the levels on the
PA pins at the time the latching occurred (via CA1).

The IRB register operates similar to the {RA register. However,
for pins programmed as outputs there is a difference. When
reading IRA, the /evel on the pin determines whetheraOora1lis
sensed. When reading IRB, however, the bit stored in the output
ragister, ORB, Is the bit sensed. Thus, for outputs which have
targe loading effects and which pull an output ‘1" down or which
pull an output 0" up, reading IRA may result in reading a 0"
when a *1"* was actually programmed, and reading a ‘1" when
a "0" was programmed. Reading IRB, on the other hand, will
read the 1" or ““0” level actually programmed, no matter what
the loading on the pin.

Figures 5 through 8 illustrate the formats of the port registers.
In addition, the input latching modes are selected by the Auxiliary
Control Register (Figure 14).

INTERRUPT Ra
CONTROL .
FLAGS INPUT LATCHP
| __(FR) i
_:} "ENABLE | " 6UTAUT BUFFERS
(IER) | _©ra) K ;:) PA) <:>PORT A
DATA DATA DIR
gS;A Q Bus [ — (DDRA)
BUFFERS SERPHERAL PORT A REGISTERS
| __cR) |
E> AUXILIARY PORT A CA1
(ACR) . | CA2
FUNCTION PORT B
CONTROL
HANDSHAKE
LATCH | LATCH CONTROL
RES ——— :> (TILH) | (TILd) | b SHIFT REG CB1
RIW COUNTERT COUNTER (SR) cB2.
62— (TACH) | (T1C-L)
cst CHIP TIMER 1 PORT B REGISTERS
cs2 -| ACCESS INPUT LATCH
RSO CONTROL TIMER 2 RB)
RS{ —— LATCH e ;
RS2 _(raLt) | ‘> OUTPUT <:>‘ BUFFERS <:> PORT B
RS3 ] COUNTER | COUNTER | __(ORB) | (PB)
L:> (T2C-H) 1 (T2C-L) DATA DIR
(DDAB)

Figure 4. R6522 VIA Block Diagram
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R6522

Versatile Interface Adapter (VIA)

HANDSHAKE CONTROL OF DATA TRANSFERS

The R6522 allows positive control of data transfers between the
.system processor and peripheral devices through the operation
of “handshake” lines. Port A lines (CA1, CA2) handshake data
on both a read and a write operation while the Port B lines (CB1,

CB2) handshake on a write operation only.

Read Handshake

. . Positive control of data transfers from peripheral devices into the
system processor can be accomplished very effectively using
Read Handshaking. In this case, the peripheral device must gen-
erate the equivalent of a “Data Ready” signal to the processor
signifying that valid data is present on the peripheral port. This

~signal normally interrupts the processor, which then reads the

REG 0—~ORB/IRB

nopnnnng
J -

P81

PB2 |’

OUTPUT REGISTER
831 <B' (ORB) OR
INPUT REGISTER
res| ‘B’ (IRB)

PB6

b rB4

P87 j
PIN
DATA DIRECTION WRITE READ
SELECTION
DDRB = “1" (QUTPUT) MPU WRITES OUTPUT LEVEL { MPU READS OUTPUT REGISTER

(ORB) BIT IN ORB. PIN LEVEL HAS RO

. AEEECT

MPU WRITES INTO ORB, BUT | MPU READS INPUT LEVEL ON P8
NO EFFECT ON PIN LEVEL PIN

UNTIL DDRB CHANGED

DDRB = 0" (INPUT) -
(INPUT LATCHING DISABLED)

DDRB = “0" {INPUT)
{INPUT LATCHING ENABLED)

MPU READS IRB BIT, WHICH IS THE
LEVEL OF THE PB PIN AT THE TiME
OF THE LAST CB1 ACTIVE
TRANSITION

Figure 5. Output Register B (ORB), input Register B (IRB)

REG 2—DDRB

PB2

P83 | DATA DIRECTION

nagon
1

L raaras| REGISTER B’ (DDRB)
{ PBS PAS

PBH/PAG

PB?‘PAL

0" ASSQCIATED PB PIN IS AN INPUT
{HIGH IMPEDANCE)

“1" ASSOCIATED PB PIN IS AN OUTPUT
WHOSE LEVEL 1S DETERMINED BY
ORB REGISTER 8IT

Figure 7. Data Direction Register B (DDRB)
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data, causing generation of a “Data Taken” signal. The periph-

eral device responds by making new data available. This process
continues until the data transfer is complete.

In the R6522, automatic “Read” Handshaking is possible on the
Peripheral A port only. The CA1 interrupt input pin accepts the
“Data Ready” signal and CA2 generates the “Data Taken" sig-

nal. The “Data Ready” signal will set an internal flag which may
interrupt the processor or which may be polled under program’
control. The “Data Taken" signal can either be a pulse or a level
which is set low by the system processor and is cleared by the’
“Data Ready" signal. These options are shown in Flgure 9 WhICh
illustrates the normal Read Handshake sequence

‘

REG 1—ORA/IRA

CRELLETE o s

PAG]

e paAl

Pa2l QUTPUT REGISTER
ras| “A” (ORA) OR

oae| INPUT REGISTER
pAS CIAY’ (IRA)

PaG
PA7
-
PIN
DATA DIRECTION WRITE READ
SELECTION
DDRA = “1+" (QUTPUTY MPU WRITES OUTPUT LEVEL | MPU READS LEVEL ON PA PIN

(INPUT LATCHING DISABLED)

DDRA = “1" (QUTPUT)
(INPUT LATCHING ENABLED)

{ORA)

MPU READS IRA BIT WHICH IS THE
LEVEL OF THE PA PIN AT THE TIME
OF THE LAST CAt ACTIVE

TRANSITION T

MPU READS LEVEL ON PA PIN

DDRA = “0" (INPUT}
{INPUT LATCHING DISABLED)

MPU WRITES INTO ORA, BUT
NO EFFECT ON PIN LEVEL,
UNTIL DDRA CHANGED

DDRA = "0” (INPUT}
(INPUT LATCHING ENABLED)

MPU BEADS IRA BIT, WHICH IS THE \
LEVELOF THE PAPINAT THETIME ] . &
OF THE LAST CAt ACTIVE
TRANSITION

Figure 6. Qutput Register A (ORA), Input Register A (lRA:)‘f‘i

a3l DATA DIRECTION .
ras| REGISTER ““A” (DDRA) '

PaS

|

REG3—DDRA ;
UGISI"I}IZII‘llﬁ] | |
| S— :Ao'l “

| = |

°

ASSOCIATED PA PIN iS AN INPUT H
{HIGH IMPEDANCE) i
ASSOCIATED PA PIN IS AN QUTPUT
WHOSE LEVEL IS DETERMINED 8Y
ORA REGISTER BIT

Figure 8. Data Direction Register A (DDRA)



R6522 Versatile Interface Adapter (VIA)
2NN B U s v I s O S s Y S I s I O
DATA READY R s
(CAY) N /AL TSI ST IV
irRG ouTPUT — | 2 & |
READ IRA OPERATION > I »
HANDSHAKE MODE — 2 )
(CA2) v : v h 2 J
“DATA TAKEN"' _ » »
PULSE MODE . v «
{CA2) ,
Figure 9. Read Handshake Timing (Port A Only) .
Write Handshake

The sequence of operations which allows handshaking data from
the system processor to a peripheral device is very similar to that
described for Read Handshaking. However, for Write Handshak-
ing, the R6522 generates the “Data Ready” signal and the
peripheral device must respond with the “Data Taken” signal.
This can be accomplished on both the PA port and the PB porton
the R6522. CA2 or CB2 act as a “Data Ready” output in either
the handshake mode or pulse mode and CA1 or CB1 accept the
‘“Data Taken'’ signal from the peripheral device, setting the inter-
rupt flag and clearing the ‘‘Data Ready'’ output. This sequence
is shown in Figure 10.

Selection of operating modes for CA1, CA2, CB1, and CB2 is
accomplished by the Peripheral Control Register (Figure 11).

REG 12—PERIPHERAL CONTROL REGISTER

Boonanun
=T
CB2 CONTROL CAV1 INTERRUPT CONTROL

7

o

OPERATION

[

o

INPUT-NEGATIVE ACTIVE €0G

E

[

INDEPENDENT INTERRUPT
INPUT NEG EOGE*

0= NEGATIVE ACTIVE EOGE
1= POSITIVE ACTIVE EDGE

CA2CONTROL

0

©

INPUT-POSITIVE ACTIVE EDGE

OPERATION

o

INDEPENDENT INTERRUPT
INPUT POS EDGE*

HANDSHAKE QUTPUT

PULSE QUTPUT

~[o[e

of-{o

LOW QUTPUT

1
1
1
1

1

1|HIGH OUTPUT

CBYINTERRUPT CONTROL

0 NEGATIVE ACTIVE EDGE
1 = POSITIVE ACTIVE EDGE

*SEE NOTE IN FIGURE 29,

o

INPUT NEGATIVE ACTIVE EDGE

INDEPENDENT INTERRUPT
INPUT NEG EDGE¥

B

INPUT POSITIVE ACTIVE EOGE

INDEPENDENT INTERRUPTY
INPUT POS EDGE¥

HANOSHAKE QUTPUT

PULSE OUTPUT

LOW QUTPUT

<[=]o]e

~{o[~]o

HIGH QUTPUT

Figure 11. Peripheral Control Register (PCR)

¢2 S8 T U e o e PO e I e N e O
] ! =T
WRITE ORA, ORB
OPERATION I | 2 N R |
“DATA READY" 2
HANDSHAKE MODE | ’— J h | S—
(caz, SIB\?I’)A READY I & | 2 |
PULSE MODE  S— |  S—
(CA2, CB2) " y i
“DATA TAKEN . 2 1 AT ,
(CA1, CB1) : N | !
iRG OUTPUT ° 1 2 I
Figure 10. Write Handshake Timing
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Versatile Interface Adapter (VIA)

COUNTER/TIMERS _

There are two independent 16-bit counter/timers (called Timer 1
and Timer 2) in the R6522. Each timer is controlled by writing
bits into the Auxiliary Contro! Register (ACR) to select the mode
of operation (Figure 14. . .

Timer 1 Operation

Interval Timer T1 consists of two 8-bit latches (Figure 12) and
a 16-bit counter (Figure.13). The latches store data which is to
be loaded into the counter. After loading, the counter decrements
at @2 clock rate. Upon reaching zero, an interrupt flag is set,
and IRQ goes low if the T1 interrupt is enabled. Timer 1 then

disables any further interrupts, automaticaily transers the con-
tents of the latches into the counter and continues to decrement.
in addition, the timer may be programmed to invert the output
signal on peripheral pin PB7 each time it *‘times-out.”” Each of
these modes is discussed separaely below.

Note that the processor does not write directly into the low-order
counter (T1C-L). Instead, this half of the counter is ioaded
automatically from the low order latch (T1L-L) when the
processor writes into the high order counter (T1C-H). In fact, it
may not be necessary to write to the low order counter in some
applications since the timing operation is triggered by writing
to the high order latch.

REG 6—TIMER 1 LOW-ORDER LATCH

Clefs[le]1]o]

-

1

—0

8 | COUNT
16 | VALUE
32

64

121

.

WRITE - 8 BITS LOADED INTO T1 LOW-ORDER
LAYCHES. THIS OPERATION |S NO
DIFFERENT THAN A WRITE INTO
REG.4. :

READ -8 BITS FROM T1 LOW-ORDER LATCHES
TRANSFERRED TO MPU. UNLIKE REG 4
OPERATION, THIS DOES NOT CAUSE
RESET OF T1 INTERRUPT FLAG

REG 7—TIMER 1 HIGH-ORDER LATCH B

TELEEIT] .

812

- 1024 Sk

2048 |  COUNT
4096 | VALUE of

8192

16384 el

32768
. =

WRITE - 8 BITS LOADED INTO T1 HIGH-ORDER
LATCHES. UNLIKE REG 4 OPERATION
NO LATCH-TO-COUNTER TRANSFERS "
TAKE PLACE. . - 3
'READ - 8 BITS FROM T1 HIGH-ORDER LATCHES
TRANSFERRED TO MPU.

Figure 12. Timer 1 (T1) Latch Registers

REG 4—TIMER 1 LOW-ORDER COUNTER _
7F 5 413]2H—o]_
: I

—2

177

4

I

. COUNT
VALUE

32

64

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 Tt LOW-ORDER COUNTER
TRANSFERRED TO MPU. N ADDITION,
T1 INTERRUPT FLAG IS RESET (BIT 6
IN INTERRUPT FLAG REGISTER)

REG 5—TIMER 1 HIGH-ORDER COUNTER

L

7t6f5]4(3]2|1110

I——zss ‘|

———s12
- 1024

2048 | COUNT

VALUE

4096

8192

16384

32768

WRITE - 8 BITS LODED INTO T1 HIGH-ORDER
LATCHES. ALSO, AT THIS TIME BOTH
HIGH- AND LOW-ORDER LATCHES
TRANSFERRED INTO T1 COUNTER.
T1 INTERRUPT FLAG ALSO IS RESET.

READ - 818TS FROM T1 HIGH-ORDER COUNTER
TRANSFERRED TO MPU

Figure 13. Timer 1 (T1) Counter Registers
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Versatile Interface Adapter (VIA)

REG 11—AUXILIARY CONTROL REGISTER

T1 TIMER CONTROL

76! OPERATION P87
s 100 TIMED INTERAUPT
EACH TIME T11S
LOADED .-} OISABLED
D] 1]CONTINUOUS
INTERRUPTS
1[0 TIMED INTERRUPT | ONE-SHOT
EACH TIME T11S ouTPUT
LOADED B .
11 1[ CONTINUOUS SQUARE
INTERRUPTS WAVE *
OUTPUT

6|ls5ja)3|2fjr|o0

S o

—

S pa
LATCH ENABLE/DISABLE

P8 0= DISABLE
1= ENABLE LATCHING

T2 TIMER CONTROL ——

5| OPERATION

TIMED INTERRUPT
COUNT OOWN WITH
PULSES ON PB6

]

\

SHIFT REGISTER CONTROL
OPERATION '
DISABLED
SHIFT IN UNDER CONTROL OF T2
SHIFT IN UNDER CONTROL OF $2
SHIFT IN UNDER CONTROL OF EXT.CLK
SHIFT QUT FREE-RUNNING AT T2 RATE
SHIFT OUT UNDER CONTROL OF T2
SHIFT OUT UNDER CONTROL OF 2
SHIFT OUT UNDER CONTROL OF EXT. CLK,

~=[=|—[clc]le]e]a
Zl=jojoj=|=|clo]w
lo|=lej=|oj=ia|n

o

Timer 1 One-Shot Mode

The Timer 1 one-shor mode generates a single interrupt for each
timer load operation. As with any interval timer, the delay
between the “‘write T1C-H” operation and generation of the
processor interrupt is a direct function of the data loaded into
the timing counter. In addition to generating a single interrupt,
Timer 1 can be programmed to produce a single negative pulse
on the PB7 peripheral pin. With the output enabled (ACR7 = 1)

a “‘write T1C-H"’ operation will cause PB7 to go low. PB7 will-

return high when Timer 1 times out.. The.result is a single
programmable width pulse.

Timing for the R6522 interval timer one-shot modes is shown
in Figure 15.

Figure 1a. Auxiliary Control Register (ACR)

i

In the one-shot mode, writing into the T1L-H has no effect on
the operation of Timer 1. However, it will be necessary to assure
that the low order latch contains the proper data before initiating
the count-down with a ‘‘write T1C-H'' operation. When the
processor writes into the high order counter (T1C-H), the T1 inter-
rupt flag will be cleared, the contents of the low order latch will
be transferred into the low order counter, and the timer will begin
to decrement at system clock rate. If the PB7 output is enabled,
this signal will go low on the §2 following the write operation.
When the counter reaches zero, the T1 interrupt flag will be set,
the IRQ pin will go low (interrupt enabled), and the signal on
PB7 will go high. At this time the counter will continue to decre-
ment at system clock rate. This allows the system processor to
read the contents of the counter to determine the time since inter-
rupt. However, the T1 interrupt flag cannot be set again unless
it has been cleared as described in this specification.

|

e _ MU L L

WRITE T1C-H

IRQ OUTPUT

pB7 OUTPUT — |

L

N lN-1§N-2]N-3|7

le—————————N + 1.5 CYCLES

| o |N1 | N-1 | N2| N-3"| ‘

Figure 15. Timer 1 One-Shot Mode Timing
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Timer 1 Free-Run Mode

The most important advantage associated with the latches in
T1 is the ability to produce a continuous series of evenly spaced
interrupts and the ability toproduce a square wave on PB7 whose
frequency is not affected by variations in the processor inter-
rupt response time This is accomplished in the *'free-running”
mode.

In the free-running mode, the interrupt flag is set and the signal
on PB7 is inverted each time the counter reaches zero, at which
time the timer automatically transfers the contents of the latch
into the counter (16 bits) and continues to decrement from there.
The interrupt flag can be cleared by writing T1C-H, by reading
T1C-L, or by writing directly into the flag as described later.
‘However, it is not necessary to rewrite the timer to enable setting
the interrupt flag on the next time-out.

All interval timers in the R6522 are ‘“‘re-triggerable.”
the counter will always re-initialize the time-out period. In fact,

Rewriting..

the time-out can be prevented completely if the processor con-
tinues to rewrite the timer before it reaches zero. Timer 1 will
operate in this manner if the processar writes into the high order
counter (T1C-H). However, by loading the latches only, the
processor can access the timer during each down-counting
operation without atfecting the time-out in process. Instead, the
data loaded into the latches will determine the length of the next
time-out period. This capability is particularly valuabie in the free-
running mode with the output enabled. In this mode, the signal
on PB7 is inverted and the interrupt flag is set with each time-
out. By responding to the interrupts with new data for the latches;
the processor can determine the period of the next half cycle
during each haif cycle of the output signal on PB7. In this
manner, very complex waveforms.can be generated.

A precaution to take in the use of PB7 as the timer output con-
cerns the Data Direction Register contents for PB7. Both DDRB
bit 7 and ACR bit 7 must be 1 for PB7 to function as the timer
output. If one is 1 and the other is 0, then PB7 functions as a‘
normal output pin, controlled by ORB bit 7.

l L g

WRITE T1C-H l
OPERATION | . 2
IRG OUTPUT 7 1 /[~ L o
1.
g ’ . L
PB7 OUTPUT I - r 7=
7

L; N+ 15 CYCLES_‘»L——— N + 2 CYCLES — |

Figure 16. Timer 1 Free-Run Mode Timing

Timer 2 Operation

Timer 2 operates as an interval timer (in the “orie-slot” mode
only), or as a counter for counting negative pulses on the PB6
peripheral pin. A single control bit in the Auxiliary Control Register
selects between these two modes. This timer is comprised of a
‘write-only” lower-order latch (T2L-L), a “read-only” low-order
counter (T2C-L) and a read/write high order counter (T2C-H).
The counter registers act as a 16-bit counter which decrements
at 92 rate. Figure 17 illustrates the T2 Latch/Counter Registers.

Timer 2 One-Shot Mode

As an interval timer, T2 operates in the “‘one-shot”* mode similar
to Time 1. In this mode, T2 provides a single interrupt for each
“write T2C-H"' operation. After timing out, the counter will con-
tinue to decrement. However, setting of the interrupt flag is
disabled after initial time-out so that it will not be set by the counter
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decrementing again through zero. The processor must rewrite
T2C-H to enable setting of the interrupt flag. The interrupt ﬂag
is cleared by reading-T2C-L or by writing T2C-H. Timing for this
operation is shown in Figure 18.

Timer 2 Pulse Counting Mode

in the pulse counting mode, T2 counts a predetermined number
of negative-going pulses on PB6. This is accomplished by first
loading a number into T2. Writing into T2C-H clears the interrupt
ftag and allows the counter to decrement each time a pulse is
applied to PB6. The interrupt flag is set when T2 counts down
past zero. The counter will then continue to decrement with each
pulse on PB6. However, it is necessary to rewrite T2C-H to allow
the interrupt flag to set on a subsequent time-out. Timing for
this mode is shown in Figure 19. The pulse must be low on the
leading edge of ¢2.
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REG 8—TIMER 2 LOW-ORDER LATCH/COUNTER REG 9—TIMER 2 H!GH-ORDER‘LA'I-'CHI'COUN‘I:ER
7]5]5' 4]3]2 |E o 7{e|sfal3]zfr]o < .
. LlT . . ; ’»L—zssﬂ
2 .. A2 |
{‘ 4 . : ) [ STV D
‘I L3 | COUNT L soes | COUNT
( 16| VALUE L es| VALUE
] . . . B : " e e
; | EESURSNIS——, | J REY —— a2
% " 7 . : e i:'ls:m
‘l 128] 327e8] .
1 © WRITE — 8 BITS LOADED INTO T2 LOW-GRDER WRITE ~ 88ITS LOADED INTO T2 HiGH.ORDER
| LATCH COUNTER, ALSO, LOW OROER LATCH
{ READ - 8 BITS FROM T2'LOW-ORDER COUNTER ' TRANSFERRED TO LOW-ORDER

TRANSFERRED TO MPU_T2 INTERRUPT . ] COUNTER. IN ADOITION, T2 INTERRUPT
FLAG S RESET. : e FLAG IS RESET. [ K

: . ' . . READ — 8 BITS FROM T2 HIGH-ORDER COUNTER
i ’ . .. TRANSFERRED TO MPU.

Figure 17. Timer 2 (T2) Latch/Counter Registers

i 02 _WWM
! WRITE T2C-H
] - 7
!
: —— Iy
{ IRQ OUTPUT K
J
| N|N-1‘N-2]N.3\ | o |n |N-1|N-2|N-3|
!‘
; le———— N + 1.5 CYCLES
l
Figure 18. Timer 2 One-Shot Mode Timing
WRITE T2C-H

operaTioN ___ [ |
PB6 INPUT I — " L 1
iRG OUTPUT S . I

Figure 19. Timer 2 Pulse Counting Mode
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SHIFT REGISTER OPERATION

The Shift Register (SR) performs serial data transfers into and
out of the CB2 pin under control of an internal modulo-8 counter.
Shift pulses can be applied to the CB1 pin from an external
source or, with the proper mode selection, shift pulses generated
internally will appear on the CB1.pin for controlling external
devices. ‘

The control bits which select the various shift register operating
modes are located in the Auxiliary Control Register. Figure 20
illustrates the configuration of the SR data bits and Figure 21
shows the SR control bits of the ACR.

SR Mode 0 — Disabled

Mode 0 disables the Shift Register. In this mode the micropro-
cessor can write or read the SR and the SR will shift on each CB1
positive edge shifting in the value on CB2. In this mode the SR
interrupt Flag is disabled (held to a logic 0).

SR Mode 1 — Shift In Under Contro! of T2

In mode 1, the shifting rate is controlied by the low order 8 bits of
T2 (Figure 22). Shift pulses are generated on the CB1 pin to con-
trol shifting in external devices. The time between transitions of
this output clock is a function of the system clock period and the
contents of the low order T2 latch (N).

REG 10_SHIFT REGISTER

Llelele sl ]o]

=

SHIFT
[~ REGISTER
BITS

NOTES:

1. WHEN SHIFTING QUT. BIT 7 !S THE FIRST BIT
OUT AND SIMULTANEQUSLY IS ROTATED BACK
INTO BIT 0.

2. WHEN SHIFTING IN, BITSINITIALLY ENTER
BIT 0 AND ARE SHIFTED TOWARDS BIT 7

Figure 20. Shift Registers

The shifting operatian is triggered by the read or write of the SR
if the SR flag is set in the IFR. Otherwise the first shift will occur
at the next time-out of T2 after a read or write of the SR. Data
is shifted first into the low order bit of SR and is then shifted into
the next higher order bit of the shift register on the negative-going
edge of each clock puise. The input data should change before
the positive-going edge of the CB1 clock pulse. This data is shifted
into the shift register during the @2 clock cycle following the::
positive-going edge of the CB1 clock pulse. After 8 CB1 clock
pulses, the shift register interrupt flag will set and IRQ will go low,

SR Mode 2 — Shift In Under 02 Control

In mode 2, the shift rate is a direct function of the system cloclg'
frequency (Figure 23). CB1 becomes an output which generates
shift pulses for controlling external devices. Timer 2 operates as
an independent interval timer and has no effect on SR. The shift
ing operation is triggered by reading or writing the Shift Register,
Data is shifted, first into bit 0 and is then shifted into the next
higher order bit of the shift register on the trailing edge of each ¢2
clock pulse. After 8 clock pulses, the shift register interrupt flag
will be set, and the output clock pulses on CB1 will stop.

REG 11—AUXILIARY CONTROL REGISTER

UEEORERD
1

LSHIFT REGISTER

MODE CONTROL

OPERATION

DISABLED

SHIFT IN UNDER CONTROL OF T2
SHIFT IN UNDER CONTROL OF iy
SHIFT iIN UNDER CONTROL OF EXT CLK
SHIFT OUT FREE-RUNNING AT T2 RATE
SHIFT OUT UNDER CONTROL OF T2
SHIFT OUT UNDER CONTROL OF I+, ;
SHIFT QUT UNOER CONTROL OF EXTCLK 3

alalajm|olo|ojol|s
aslelojeo|=|=|ololw
~|lolalol=lo|=]|a|~

Figure 21. Shift Register Modes

02
WRITE OR READ M ’
SHIFT REG N / /
N + 2 CYCLES fcvéuzss !
CB1 OUTPUT 1 > 3 7, 8
SHIFT CLOCK LI l L i Lel

8z INeu 777N S XX X ST T //////////

IRQ |

L

Figure 22. SR Mode 1 — Shift In Under T2 Control
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SR Mode 3 — Shift In Under CB1 Control

(n mode 3, external pin CB1 becomes an input (Figure 24). This
allows an external device to load the shift register at its own pace.
The shift register counter will interrupt the processor each time
8 bits have been shifted in. The shift register stops after 8 counts
and must be reset to start again. Reading or writing the Shift
Register resets the Interrrupt Flag and initializes the SR counter
to count another 8 pulses.

Note that the data is shifted during the first system clock cycle
following the posiive going edge of the CB1 shift pulse. For this
reason, data must be held stable during the first full cycle follow-
ing CB1 going high.

SR Mode 4 — Shift Out Under T2 Control (Free-Bun)

Mode 4 is very similar to mode 5 in which the shifting rate is
set by T2. However, in mode 4 the SR counter does not stop

the shifting operation (Figure 25). Since the Shift Register bit
7 (SR7) is recirculated back into bit 0, the 8 bits loaded into the
shift register will be clocked onto CB2 repetitively. In thls mode
the shift register counter is disabled.

SR Mode 5 — Shift Out Under T2 Control

In mode 5, the shift rate is controlled by T2 (as in mode 4). The
shifting operation is triggerd by the read or write of the SR if
the SR flag is set in the IFR (Figure 26). Otherwise the first shift
will occur at the next time-out of T2 after a read or write of the
SR. However, with each read or write of the shift register the
SR Counter is reset and 8 bits are shifted onto CB2. At the same
time, 8 shift pulses are generated on CB1 to control shifting in
external devices. After the 8 shift pulses, the shifting is disabled,
the SR Interrupt Flag is set and CB2 remains at the last data
level.

READ SR

sarroooe W LML
oata LR X XXX EX e XX |

irQ

|

Figure 23. SR Mode 2 — Shift In Center 92 Control

ozfumruwuwwirmmuwwuwmmwuwm

-/

CB1 OUTPUT R
SHIFT CLOCK

2]

1 3

| | 7/

gii,:m’"*m XX XD )m_xﬂm:xm

Figure 24. SR Mode 3 — Shift In Under CB1 Control

o IR
weresn [ B N N B
moury M s e
g2 INPUT I X X3 XX s X3

Figure 25. SR Mode 4 — Shift Our Under T2 Control (Free-Run)
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SR Mode 6 — Shift OUt Under 2 Control

. ] ) . Interrupt Flag each time it counts 8 pulses but it does not disable
in mode 6, the shift rate is controlled by the 92 system clock ‘

the shifting function. Each time the microprocessor writes or

(Figure 27). _ reads the shift register, the SR Interrupt Flag is reset and the ~
. SR counter is initialized to begin counting the next 8 shift pulses '
SR Mode 7 — Shift ”Out’Under CB1 Control on pin CB1. After 8 shift pulses, the Interrupt Flag is set. The
in mode 7, shifting is controlled by pulses applied to the CB1 pin microprocessor can then load the shift register with teh next byte ‘
by an external device (Figure 28). The SR counter sets the SR of data.” ' I
R - - E
}02 oo ‘ | )
p L . ; | \ \ | ! " !
wrtesk [ | ‘ : j ' — 1 l o ‘ EE
e . N + 2CYCLES ~N+2 CYCLES i L ! ; P
CB1 OUTPUT 1 2 — , 3 ' }—-—l 8 I___— 5
SHIFT CLOCK ] 3
/L L b
ca2 0UTPUT {TTTTTTTTTINS T Xz X s T X
’ 1 f"
ima ,. ' 1 |
' J4
Figure 26. SR Mode 5 — Shift Out Under T2 Control '
pipinipinipinipinipiniGinipigigigins
) § . I 11
WRITE SR I I - 1 = ‘ 1
| f
CcB1 OQUTPUT j 1 2 3 ] 4 # 7 8
SHIFT CLOCK - i
L
ce2 outPuT TN T X2 X5 X7/a X7 X &
IRQ L . |
Figure 27. SR Mode 6 — Shift Out Under 02 Control .. )
Sigligigipiiplipipigigigigigial/aipligiginl |
| |
WRITE SR 1 Cr
SHIFT CLOCK L—‘[ /_—l——
ca2 output TTTHINX 1_ X X
iRQ | |

Figure 28. SR Mode 7 — Shift Out Under CB1 Control

2-48



R6522

Versatile Interface Adapter (VIA)

Interrupt Operation

Controlling interrupts within the R6522 involves three principal
operations. These are flagging the interrupts, enabling interrupts
and signaling to the processor that an active interrupt exists
within the chip. Interrupt flags are set in the Interrupt Flag Regis-
ter (IFR) by conditions detected within the R6522 or on inputs to
the R6522. These flags normally remain set until the interrupt
has been serviced. To determine the source of an interrupt, the
microprocessor must examine these flags in order, from highest
to lowest priority. '

Associated with each interrupt flag is an interrupt enable bit in
the Interrupt Enable Register (IER). This can be set or cleared
by the processor to enable interrupting the processor from the
corresponding interrupt flag. If an interrupt flag is set to a logic 1
by an interrupting condition, and the corresponding interrupt
enable bit is set to a 1, the Interrupt Request Output (IRQ) will

go low. 1RQ is an “open-collector”” output which can be “wire-

OR'ed” with other devices in the system to interrupt the processor.

Interrupt Flag Register (IFR)

In the R6522, all the interrupt flags are contained in one register,
i.e., the IFR (Figure 29). In addition, bit 7 of this register will be
read as a logic 1 when an interrupt exists within the chip. This
allows very convenient polling of several devices within a system
to locate the source of an interrupt.

The Interrupt Flag Register (IRF) may be read directly by the proc-
essor. In addition, individual flag bits may be cleared by writing
a ‘1" into the appropriate bit of the IFR. When the proper chip
select and register signals are appplied to the chip, the contents
of this register are placed on the data bus. Bit 7 indicates the

status of the IRQ output. This bit corresponds to the logic func-
tion: IRQ = IFR6 x IER6 + IFR5 x IER5 + IFR4 x |IER4 +
IFR3 x {ER3 + IFR2 x IER2 + IFR1 x IER1 + IFRO x IERO.

o Note:
x = logic AND, + = Logic OR.

The IFR bit 7 is not a flag. Therefors, this bit is not directly cleared
by writing a logic 1 into it. It can only be cleared by clearing all the
flags in the register or by disabling all the active interrupts as dis-
cussed in the next section. o

Interrupt Enable Register (IER) |

For each interrupt flag in IFR, there is a corresponding bit in the
Interrupt Enable Register (IER) (Figure 30). Individual bits in the
IER can be set or cleared {o facilitate controlling individual inter-
rupts without affecting others. This is accomplished by writing to
the (IER) after bit 7 set or cleared to, in turn, set or clear selected
enable bits. If bit 7 of the data placed on the system data bus
during this write operation is a 0, each 1 in bits 6 through O clears
the corresponding bit in the Interrupt Enable Register. For each

zero in bits 6 through 0, the corresponding bit is unaffected.

Selected bits in the IER can be set by writing to the IER with bit 7
in the data word set to a 1. In this case, each 1 in bits 6 through 0
will set the corresponding bit. For each zero, the corresponding
bit will be unaffected. This individual control:of the setting and
clearing operations allows very convenient control of the inter-
rupts during system operation.

in addition to setting and clearing 1ER bits, the contents of this
register can be read at any time. Bit 7 will be read as a logic 1,
however.

REG 13—INTERRUPT FLAG REGISTER

LLele[[o] =[]

SET BY CLEARED BY
]. CA2 ACTIVE EDGE | READ OR WRITE
cAz REG 1 (ORA}*
cA1—{CA1 ACTIVE EDGE | READ OR WRITE
REG 1 {ORA)
SHIFT REG{COMPLETE 8 SHIFTS | READ OR WRITE
SHIFT REG

cB2

CB2 ACTIVE EDGE

READ OR WRITE ORB*

ce1 CBi ACTIVE EDGE__| READ OR WRITE OR8
TIMER 2 TIME-OUT OF T2 READ T2 LOW OR
WRITE T2 HIGH
; AEAD T1 LOW OR
TIMER 1 TIME-OUT OF T1 EAD T1LOWO

WRITE T1 HiGH

Lira

ANY ENABLED
INTERRUPT

CLEAR ALL
INTERRUPTS

*IF THE CA2/CB2 CONTROL N THE PCR IS SELECTED AS
“INDEPENDENT” {INTERRUPT INPUT, THEN READING OR
WRITING THE QOUTPUT REGISTER ORA/ORB WILL NOT
CLEAR THE FLAG BIT. INSTEAD, THE BIT MUST BE
CLEARED BY WRITING INTO THE IFR, AS DESCRIBED

PREVIOUSLY

REG 14—INTERRUPT ENABLE REGISTER

noonERng

cA2 B

cal

SHIFTREG| o _ INTERRUPT
ce2 B DISABLED
e 1 = INTERRUPT
TIMER 2 ENABLED
TIMER 1

SET/CLEAF_{_

NOTES:

T IFBIT71SA 0", THEN EACH “1” iINBITS 0 - 6 DISABLES THE
CORRESPONDING INTERRUPT.

2.IFBIT7ISA 1" THEN EACH "1 INBITSO0 - 6 ENABLES THE
CORRESPONDING INTERRUPT.

3 IF A READ OF THIS REGISTER (S DONE, BIT 7 WiLL BE "1" AND
ALL OTHER BITSWILL REFLECT THEIR ENABLE/DISABLE STATE.

Figure 29. Interrupt Flag Register (IFR)
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Figure 30. Interrupt Enable Register (IER)
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PERIPHERAL INTERFACE CHARACTERISTICS

Characteristic ¢

l Symboi Min. Max. Unit’ Figure
t, 4 Rise and Fall Time for CA1, CB1, CA2 and CB2 Input Signals . - 1.0 us . - .
tcaz Delay Time, Clock Negative Transition to CA2 Negative Transition (read handshake or — 1.0 us 31a, 31b {*
pulse mode) . . e
trs1 Delay Time, Clock Negative Transition to CA2 Positive Transition (pulse mode) — 1.0 us 31a
tasz . | Delay Time, CA1 Active Transition to CA2 Positive Transition (handshake mode) — 20 us b !
twHs Delay Time, Clock Positive Transition to CA2 or CB2 Negative Transition 0.05 1.0 us 31c."3‘1‘d \ i
(write handshake)
tos Delay Time, Peripheral. Data Valig to CB2 Negative Transition ) 0.20 1.5 us 31c, 31dA"
trsa Delay Time, Clock Positive Transition to CA2 or CB2 Positive Transition (pulse mode) — 1.0 us 31c “*
tRss Delay Time, CA1 or CB1 Active Transition to CA2 of CB2 Positive Transition = 20 s 31d Y
: (handshake mode) : ‘ : : T
tp Delay Tife Required from CA2 Output to CA1 Active Transition (handshake mdde) . 400 — ns 31d
ty Setup Time, Peripheral Data Valid to CA1 or CB1 Active Transition (input latching) 300 — ns 31e ()},
tal CA1, CB1 Setup Prior to Transition to Arm Latch : ' 300 — ns 31e -7)
’ tpoRr Peripherat Data Hold After CA1, CB1 Transition 150 — ns 31e \
tsr1 Shift-Out Delay Time — Time from ¢, Fallling Edge to CB2 Data Out - 300 ns 31f
tsgé Shift-In Setup Time — Time from CB2 Data (n to ¢, Rising Edge ' 300 — ns 31g ¢
tsna External Shift Clock (CB1) Setup Time Relative to ¢, Trailing Edge 100 Toy ns 31g .|
tew . | Pulse Width — PB6 Input Pulse ' 2 x. Tay - 31 i
ticw Pulse Width — CB1.Input Clock 2 x: Ty — 31h'
tips Pulse Spacing — PB6 Input Pulse - 2 x Tey- — 3 )
tics Pulse Spacing — CB1 inputPulse 2x Tey | — 3th -:gl
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ER_IBHERAL INTERFACE WAVEFORMS

02
: 0.8v 0.8v
READ IRA
OPERATION . o .

cCA2 - \
“DATA TAKEN" - 0.8V

| e . : . e texs

~tas1 —

- : Figure 31a. CA2 Timing for Read Handshake, Pulse Mode
| --.;. I
| = \_/ \

READ IRA

OPERATION

|
1 CA2 = , ' . . \ .
‘ “DATA TAKEN" 0.8V
| h vy
’ teaz L . ths2 =
/L
! i 2.0V
CA1 , .
“DATA READY" ' 0.8V
— L
N .//
ACTIVE
TRANSITION

Figure 31b. CA2 Timing for Read Handshake, Handshake Mode

0 \_/_\_/ 2-°f | P
OPERATION _/ \

DaTA READY" | \ - | / T
s B

e T Tr—— . trss

Figure 31c. CA2, CB2 Timing for Write Handshake, Puise Mode
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2.0V

S J \ . I .
s:'ll;i,'f(»iBI:EADY" ) | ; \Lo/i,v o j 20V
e\ W
.. o o P—I/tLXF zov‘nm
“DATA TAKE‘N"'V ‘ ‘ ¢:Z:X;;:N ——_J 0.8V
el A }(
X Kiow

ACTIVE
TRANSITION

Figure 3te. Peripheral Data Input Latching Timing

02

+ 0.8v

CcB2

simam L

tsri

cB1

SHIFT CLOCK
(INPUT OR
OUTPUT)

FALLING

L DELAY TIME MEASURED FROM THE FIRST by .

EDGE AFTER CB1 FALLING EDGE.

Figure 31f. Timing for Shift Out with Internal or External Shift Clocking
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02
- t-—— g2
CB2 7/
SHIFT DATA ///////// 7 , >
(INPUT) 7 /
CB1 . : :
SHIFT CLOCK / 1
(INPUT OR 4 , 1-4V/ / 1.4V
OUTPUT) [/
| SET UP TIME MEASURED TO THE FIRST 92
RISING EDGE AFTER CB1-RISING EDGE.
tspy b ) ) ) L :

Figure 31g. Timing for Shift in with Internal or External Shift Clocking

CB1 . 2.0V 2.0VX '
SHIFT CLOCK v i
INPUT 0.8V - osv | A

i
} | j
———liow — e~ -1ics *—————*‘

Figure 31h. External Shift Clock Timing

PB6 2.0V 2.0V
PULSE COUNT |
INPUT 0.8V 0.8V /. |
\
|

|

o
[+ tipw *J }-* - o lpg - *-i

COUNTER T2
DECREMENTS
HERE

Figure 31i. Pulse Count Input Timing
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BUS TIMING -CHARACTERISTICS

Versatile Interface Adapter (VIA)

R6522 (1 MHz)

R6522A (2 MHz)

Parameter Symbol Min, |  Max. Min. |  Mex. Unit
READ TIMING
Cycle Time Tev 1 10 0.5 10 us
Address Set-Up Time Tach 180 — 90 — ns
Address Hold Time Tean . 0 — 0 — ns
Peripheral Data Set-Up Time Tech 300 — 150 — ns
Data Bus Delay Time =~ Teon - 365 - 190 " ns
Data Bus Hold Time Tua 10 — 10 — ns
WRITE TIMING - "

Cycle Time Tey 1 10 0.50 10 ps
@2 Pulse Width Te 470 — 235 - ns
Address Set-Up Time Tacw 180 — 90 — ns
Address Hold Time . Teaw 0 L= 0 : — ns
RV Set-Up Time Twew 180 — 90 ~ ns
R/W Hold Time Toww 0 — 0 — ns
Data Bus Set-Up Time Tocw 200 — 90 — ns
Data Bus Hold Time Thw 10 — 10 ~ ns
Peripheral Data Delay Time Topw — 1.0 — 0.5 us
Peripheral Data Delay Time Temos - 20 - 1.0 ]
to CMOS Levels L
Note: tg and t¢ = 10 to 30 ns.
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BUS TIMING WAVEFORMS

|« TAuq ch

-4—-—(r

02 2.0V 2.0v 2.0V
cLOCK 0.8V 0.8V / R
—Tepr~| —=| 1 - -
CHIP SELECTS, 2.0V 2.0V
REGISTER SELECTS, \\\\\\\\w
AW N\ 0.8V 0.8V |

TPCR—-—— ‘—TCAR;’ .
2.0V ,
PERIPHERAL
DATA 0.8V
po—— T“R —
2.0V 2.0V
DATA BUS J .
0.8v Y 0.8V

Read Timing Waveforms

o XY,
X\\W * ﬂ 1&\\\\\\ \\\ |
RIW —\ﬁo N “ 2% .
T W

B Voo
o T ™ ~

Write Timing Waveforms
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ABSOLUTE MAXIMUM RATINGS"

Parameter Symbol Value Unit *NOTE: Stresses above those listed under ABSOLUTE MAX-_

Supply Voltage Veo 20310 +7.0 | vdc IMQM RATINGS r:nay cause permapent damage to the dewge.

This is a stress rating only and functional operation of the device

Input Voltage Vin -031 +7.0 | Vde at these or any other conditions above those indicated in the

Operating Temperature other sections of this document is not implied. Exposure to abso-

Commercial Ta 0to +70 °C jute maximum rating conditions for extended periods may affect
Industrial o -40to +85 |- °C device reliability.

Storage Temperature * Tsve -55t0 +150 | °C

OPERATING CONDITIONS

Parameter .| -Symbol _ - Value

Supply Voltage 1 Ve © 8V 5%
Temperature Range . Ta 4. -
Commercial 0°C to 70°C

DC CHARACTERISTICS ‘
(Veg = 5.0 Vdc £5%, Vgs = 0, Ta = T, to Ty, unless otherwise noted)

Parameter Symbot Min. Typ.3 Max. Unit Test Conditionsj]
Input High Voltage o ’ Viu 2.4 - Vee v ‘—§|
Input Low Voltage Vi ‘ -0.3 — 0.4 v !‘
Input Leakage Current e i — +1 +25 gA | Viy = OV to 5.25V.
R/W, RES, RS0, RS1, RS2, RS3, CS1, CS2, CAt, ¢§2 Vee = OV
Input Leakage Current for Three-State Off lrsi — 12 +10 A Vin = 0.4V to 2.4V73
Do-DO7 vee = 525V g
Input High Current - - 100 - -200 — uA ViNn = 2.4V E
PAO-PA7, CA2, PBO-PB7, CB1, CBS Vee = 5.25V 4
Input Low Current I — -09 -1.8 mA |V, = 04V i
PAO-PA7, CA2, PBO-PB7, CB1, CB2 Vee = 5.25V
Output High Voltage Vo — — Vee = 475V ;
All outputs ) 2.4 L= — v lloap = =100 A
PB0-PB7, CB2 (Darlington Drive) - 1.5 — : — v iLoap = —1.0 mA
Output Low Voltage, | . ) ‘ VoL — T 0.4 | v Veg = 4.75V
. . o o lioap = 1.6 MA g
Output High Current (Sourcing) loH ' f
Logic S o : -100 -1000 | - — WA | Vou = 2.4V
PB0O-PB?7, CB2 (Darlington Drive) : -1.0 -25 -10 mA | Voy = 1.5V
Output Low Current (Sinking) oL 1.6 — — mA | Vo = 0.4V
Output Leakage Current (Off State) 1 lore — 4 +£10 PLy Vo = 2.4V
IRQ : Vee = 5.25V
Power Dissipation o ) Pp —_ 450 700 mw
Input Capacitance - Cin
R/W, RES, RS0, RS1, RS2, RS3, CS1, CS2, — - 7 pF
D0-D7, PAC-PA7, CA1, CA2, PBO-PB7 : . s
CsB1, CB2 ) — — 10 pF
92 Input —_ —_ 20 pF
Output Capacitance Cout — _ 10 pF
Notes:

1. All units are direct current (DC) except for capacitance.
2. Negative sign indicates outward current flow, positive indicates inward flow.
3. Typical values shown for Voo = 5.0V and T, = 25°C.
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pACKAGE DIMENSIONS

—

40-PIN CERAMIC DiP

MILLIMETERS]  INCRES |~

L B8 OiM] MIN | MAX | MIN | MAX

A 5029 [51.31 [ 1.980] 2.020

B | 14.86 | 15.62 0585 | 0615

, 10 C | 254] 4.19]0.100] 0.165

: = D | 0.38] 053]0015] 0.021
i N F | 076] 1a0j0030] 00s5] . B
G | 254BSC_| 0.100BSC A

\ W | 0.76 | 1.78 ] 0.030 ] 0.070

’”‘F ¥ J | 020 0.33]0.008] 0013

. K | 2541 4.1910.100] 0.165

U]']-S' { _1 ¢ L | 1460 11537 0575 0.605

, J ‘ : N W] o Jwo | o | 1o

N | 051 ] 152]0020] 0.060

H’ﬂLo 64 l¢ K-uL-J M-

40-PIN PLASTIC DIP

MILLIMETERS | ' INCHES
DiM| MIN [ MAX | MIN | MAX
5128 | 52.32 [2.040 | 2.060
13.72 | 14.22 |0.540 | 0.560
355 | 5.08[0.140 [ 0.200
0.36] 0.51 [0.014 [ 0.020
102] 152 [0040] 0060
254 BSC_| 0100 BSC
165] 216 |0065] 0.085
0.20] 0.30 [0.008 ] 0.012
3.05] 356[0.120] 0140}
15.24 BSC | 0.600 BSC
7 oo [ v ] 1o
051] 1.020.020] 0.040

]

[ .
Zlzir{X{~|x[O|MOIO|®[>
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