
R65NC22 

R65NC22 '1' Rockwell Versatile Interface Adapter (VIA) 

DESCRIPTION 
The R65NC22 Versatile Interface Adapter (VIA) is a very flexi­
ble I/O control device. In addition, this device contains a pair 
of very powerful 16-bit interval timers, a serial-to-parallel/parallel­
to serial shift register and input data latching on the peripheral 
ports. Expanded handshaking capability allows control of bidirec­
tional data transfers between VIA's in multiple processor systems. 

The R65NC22 includes functions for programmed control of up 
to two peripheral devices (Ports A and B). These two program 
controlled 8-bit bidirectional peripheral I/O ports allow direct inter­
facing between the microprocessor and selected peripheral 
units. Each port has input data latching capability. Two program­
mable Data Direction Registers (A and B) allow selection of data 
direction (input or output) on an individual line basis. 

The R65NC22 also has two programmable 16-bit Interval 
Timer/Counters with latches. Timer 1 may be operated in a One­
Shot Interrupt Mode with interrupts on each count-to-zero, or 
in a Free-Run Mode with a continuous series of evenly spaced 
interrupts. Timer 2 functions as both an interval and pulse 
counter. Serial data transfers are provided by a serial-to­
parallel/parallel-to-serial shift register. Application versatility is 
further increased by various control registers, including-the 
Interrupt Flag Register, the Interrupt Enable Register, the 
Auxiliary Control Register and the Peripheral Control Register. 

Vs. CAl 
PAO CA2 
PAl RSO 
PA2 RSl 
PA3 RS2 
PA4 RS3 
PAS RES 
PA6 DO 
PA7 01 
PBO 02 
PBl 03 
PB2 04 
PB3 05 
PB4 06 
PBS 07 
PBS .2 
PB7 CSl 
CBl CS2 
CB2 RNi 

Vee IRQ 

PAS 
PA6 
PA7 
PBO 

NC 
PBl 
PB2 
PB3 
PB4 
PBS 
PB6 

FEATURES 
• Low power CMOS N-well silicon gate technology 

• Fully compatible with NMOS 6522 devices 

• Two 8-bit bidirectional I/O ports 

• Two 16-bit programmable timer/counters 

• Serial bidirectional peripheral I/O 

• TTL compatible peripheral control lines 

• Expanded "handshake" capability allows positive control 
of data transfers between processor and peripheral 
devices. 

• Latched output and input registers on both I/O ports 

• 1, 2, 3, and 4 MHz operation 

• Commercial and industrial temperature range versions 

• Single + 5 Vdc power requirement 

• Wide variety of packages 

- 40-pin plastic and ceramic DIP 

- 44-pin plastic leaded chip carrier (PLCC) 
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Figure 1. R65NC22 Pin Assignments 
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ORDERING INFORMATION 

Part Number: 
R65NC22 r ,_,,'··_0,·'",' 

Blank = O·C to + 70·C 
E = -40·C to + 85·C 

Frequency 
1 = 1 MHz 
2 = 2 MHz 
3 = 3 MHz 
4 = 4 MHz 

L-___ Package 

C = 40-Pin Ceramic DIP 
P = 40-Pin Plastic DIP 
J = 44-Pin Plastic Leaded 

Chip Carrier (PLCC) 

INTERFACE SIGNALS 

Figure 1 (on the front page) shows the R65NC22 VIA pin assign­
ments and Figure 2 groups the signals by functional interface. 

RESET (RES) 

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

INPUT CLOCK (PHASE 2) 

The system Phase 2 (02) Input Clock controls all data transfers 
between the R65NC22 and the microprocessor. 

REAOIWRITE (RM) 

The direction of the data transfers between the R65NC22 and 
the system processor is controlled by the Rm line in conjunction 
with the CS1 and CS2 inputs. When Rm is low (write opera­
tion) and the R65NC22 is selected, data is transferred from the 
processor bus into the selected R65NC22 register. When Rm is 
high (read operation) and the R65NC22 is selected, data is trans­
ferred from the selected R65NC22 register to th~ processor bus. 

DATA BUS (00-07) 

The eight bidirectional Data Bus lines transfer data between the 
R65NC22 and the microprocessor. During a read operation, the 
contents of the selected R65NC22 internal register are trans­
ferred to the microprocessor via the Data Bus lines. During a 
write operation, the Data Bus lines serve as high impedance 
inputs over which data is transferred from the microprocessor 
to a selected R65NC22 register. The Data Bus lines are in the 
high impedance state when the R65NC22 is unselected. 

CHIP SELECTS (CSt, CS2) 

Normally, the two chip select lines are connected to the micro­
processor address lines. This connection may be direct or 
through decoding. To access a selected R65NC22 register, CS1 
mu!}t be high (logic 1) and CS2 must be low (logic 0). 

1-54 

Versatile Interface Adapter (VIA) 
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Figure 2. R65NC22 VIA Interface Signals 

REGISTER SELECTS (RSO-RS3) 
The Register Select inputs allow the microprocessor to select 
one of 16 internal registers within the R65NC22. Refer to Table 1 
for Register Select coding and a functional description. The RS 
lines are decoded only if CS2 is low. 

INTERRUPT REQUEST (IRQ) 
The Interrupt Request (IRQ) output Signal is generated whenever 
an internal Interrupt Flag bit is set and the corresponding Inter­
rupt Enable bit is a Logic 1. The Interrupt Request output is an 
open-drain configuration, thus allowing the IRQ signal to be 
wire-ORed to a common microprocessor IRQ input line. 

PORT A DATA LINES (PAO-PA7) 
Peripheral Data Port A is an 8-line, bidirectional bus for the 
transfer of data, control and status information between the 
R65NC22 and a peripheral device. Each Peripheral Data Port 
bus line may be individually programmed as either an input or 
output under control of a Data Direction Register. Data flow direc­
tion may be selected on a line-by-Iine basis with intermixed input 
and output lines within the same port. When a "0" is written 
to any bit position of the Data Direction Register, the correspond­
ing line will be programmed as an input. When a "1" is written 
into any bit position of the register, the corresponding data line 
will serve as an output. Polarity of the data output is determined 
by the Output Register, while input data may be latched into the 
Input Register under control of the CA 1 line. All modes are pro­
gram controlled by the microprocessor by way of the R65NC22's 
internal control registers. Each Peripheral Data Port line repre­
sents two TIL loads in the input mode and will drive two standard 
TIL loads in the output mode. A typical output circuit for 
Peripheral Data Port A is shown in Figure 3. 

PORT A CONTROL LINES (CAt, CA2) 
Control lines CA 1 and CA2 serve as interrupt inputs or hand­
shake outputs for Peripheral Data Port A. Each line controls an 
internal Interrupt Flag with a corresponding Interrupt Enable bit. 
CA1 also controls the latching of Input Data on Port A. CA1 is 
a high impedance input, while CA2 represents two standard TIL 
loads in the input mode. In the output mode, CA2 will drive two 
standard TIL loads. 
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PORT B DATA LINES (PBO-PB7) 

Peripheral Data Port B is an S-line, bidirectional bus which is 
controlled by an Output Register, Input Register and Data Direc­
tion Register in a manner much the same as Data Port A. With 
respect to Port B, the output signal on line PB7 may be con­
trolled by Timer 1 while TImer 2 may be programmed to count 
pulses on the PB6 line. Port B lines represent one standard TTL 
load in the input mode and will drive one TTL load in the output 
mode. Port B lines are also capable of sourcing 3.2 rnA at 
1.5 Vdc in the output mode. This allows the outputs to directly 
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drive Darlington transistor circuits. A typical output circuit for 
Port B is shown in Figure 3. 

PORT B CONTROL LINES (CB1, CB2) 
Control lines CB1 and CB2 serve as interrupt inputs or hand­
shake outputs for Peripheral Data Port B. Like Port A, these two 
control lines control an internal Interrupt Flag with a correspond­
ing Interrupt Enable bit. Similar to CA 1, CB1 controls the latch­
ing of input data on Port B. These lines also serve as a serial 
data port under control of the Shift Register (SR). Each control 
line represents one standard TTL load in the input mode and 
can drive one TTL load in the output mode. 

Table 1. R65NC22 Register Addressing 

Register RS Coding Register 
Number 1'153 R52 RS1 RSO Deslg. 

0 0 0 0 0 ORBIIRB 
I 0 0 0 I ORNIRA 
2 a a I a DDRB 
3 a a I I DORA 
4 a I a a T1C-L 
5 a I a I T1C-H 

6 a I I 0 T1L-L 
7 0 I I I T1L-H 
B I a 0 0 T2C-L 
9 I 0 0 I T2C-H 

10 I 0 I 0 SR 
II I 0 I I ACR 
12 I I 0 0 PCR 
13 I I 0 I IFR 
14 I I I 0 IER 
IS I I I I ORNIRA 

NOTE: ·Same as Register I except no handshake. 

110 
CONTROL 

INPUT DATA 

~p--__ • PAO-PA7, 
CA2 

a. Port A Data and Control Line Output Circuit 

Register/Description 
Write (RIW - L) ~ Read lRIW - H) 

Output Register B I Input Register B 

Output Register A I Input Register A 

Data Direction Register B 

Data Direction Register A 

Tl Low-Order Latches I Tl Low-Order Counter 

Tl High-Order Counter 

Tl Low-Order Latches 
Tl High-Order Latches 

T2 Low-Order Latches 1 T2 Low-Order Counter 

Output Register A· 

110 
CONTROL 

T2 High-Order Counter 

Shill Register 

Auxiliary Control Register 

Peripheral Control Register 

Interrupt Flag Register 
Interrupt Enable Register 

I Input Register A· 

t-r--...... PBa-PB7 

b. Port B Data Line Output Circuit 

c. Port B Control Line Output Circuit 

Figure 3. Port A and B Output Circuits 
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FUNCTIONAL DESCRIPTION 

The internal organization of the R65NC22 VIA is illustrated in 
Figure 4. 

PORT A AND PORT B OPERATION 

The R65NC22 VIA has two a-bit bidirectional I/O ports (Port A 
and Port B) and each port has two associated control lines. 

Each a-bit peripheral port has a Data Direction Register (DORA, 
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 peripheral 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 
Register (ORA, ORB) and the Input Register (IRA, IRB). When 
the pin is programmed as an output, the voltage on the pin is 
controlled 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 output to go low. Data may be written into Output 
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Register bits corresponding 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 
Register (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 CAl). 

The IRB register operates similar to the IRA register. However, 
for pins programmed as outputs there is a difference. When read­
ing IRA, the level on the pin determines whether a "0" or a "1" 
is sensed. When reading IRB, however, the bit stored in the out­
put register, ORB, is the bit sensed. Thus, for outputs which have 
large 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 a illustrate the formats of the port registers. 

INTERRUPT 
CONTROL 

FLAGS 
(IFR) 

-ENASLe­
(IER) 

r--------------------------------IRQ 

DATA 
BUS 

RES 
RIW .2 

DATA 
BUS 

BUFFERS 

CSl CHIP 
CS2 ACCESS 
RSO -- CONTROL 
RSl 
RS2 
RS3 

PERIPHERAL 
(PCR) 

AUXILiARY 
(ACR) 

FUNCTION 
CONTROL 

LATCH 
(n L-H) i (n L-L) 

CQUNTERic'Q-UtiTER 
(n C-H) : (n Col) 

TIMER 1 

INPUT LATCH 
(IRA) 

-OUTPUT-­
(ORA) 

-OATXOlif 
(DORA) 

PORTA 

r-:P:O:R:T~A~14-----------------CAl 
.------------- CA2 --------

PORT B 

HANDSHAKE 
CONTROL 

1----, 

rsSiHHiiiIFT'TiRRiEEiGill _____ .j...L _______ CBl 

L-~(~S~R)~-t----+---------CB2 

INPUT LATCH 
(IRB) 

--------
OUTPUT 

(ORB) 
-OATA-OIR­

(DDRB) 

BUFFERS 
(PB) PORT B 

Figure 4. R65NC22 VIA Block Diagram 
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HANDSHAKE CONTROL OF DATA TRANSFERS 

The R65NC22 allows positive control of data transfers between 
the system processor and peripheral devices through the opera­
tion of "handshake" lines. Port A lines (CA 1, 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 
generate the equivalent of a "Data Ready" signal to the 
processor signifying that valid data is present on the peripheral 

REG O-ORB/IRB 

PBO 

PBl 

P02 OUTPUT REGISTER 
L... ___ P03 "B" (ORB) OR 

'----- PB4 INPUT REGISTER 
L... _____ POS "B" (IRB) 

'-------- PB. 
'-________ P07 

~N 
CATA DIRECTION 

SElECTION 
R.", 

OORB - "'''(OUTPUT} MPUWRJTESOUTPUTLEVEl MPU READS OUTPUT REGISTER 
(ORBI BlTI", OflO PIN LEVEL HAS NO 

AFFECT 

00R8 • '1r IINPlIJ) MPU WRITES INTO ORB. BUT MPU READS INPUT LEVEL ON PB 
(INPUT LATCHING DISABLED) NO EfFECT ON PIN LEVEL. PIN 

UNTIL DORD CHANGED 

00R8 - '''CnINPlIJ) MPUReADSIRBBJ'T, WHICHISTHE 
(INPUT LATCHING ENA8LEDI LEVEL OF THE PB PIN ATTHE TIME 

Of' TliE lAST CBI ACTIVE 
TRANSITION 

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

REG 2-DDRB 

l'I.~I'I'lr~~ 
! ! P04 

PBS 

PB. 

'-________ PB7 

"0" ASSOCIATED PB PIN IS AN INPUT 
(HIGH IMPEDANCE) 

"," ASSOCIATED PB PIN IS AN OUTPUT 
WHOSE LEVEL IS DETERMINED BV 
ORB REGISTER BIT 

DATA DIRECTION 
REGISTER "B" (DDRB) 

Figure 7. Data Direction Register B (DDRB) 

1-57 

Versatile Interface Adapter (VIA) 

port. This signal normally interrupts the processor, which then 
reads the data, causing generation of a "Data Taken" signal. 
The peripheral device responds by making new data available. 
This process continues until the data transfer is complete. 

In the R65NC22, 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" 
signal. The "Data Ready" signal will set an internal flag which 
may interrupt the processor or which may be polled under pro­
gram 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 Figure 9 
which illustrates the normal Read Handshake sequence. 

REG 1-0RAlIRk 

PAO 

PAl 

PA' OUTPUT REGISTER 
'----PA3 "A" (ORA) OR 

L... ____ PA' INPUT REGISTER 
'-_____ PAS "A" (IRA) 

'------- PA. 
'-_______ PA7 

~N 
OATA DlRECTlON 

SELECTION 
R.'" 

ODAA • M," tOUTPUTl 
(INPUT LATCHING DISABlEDI 
DORA • "1~ (OUTPUT) 
(INPUT LATCHING ENABLED) 

MPU WRITES OVTPUT LEVEL. MPU ReADS LEVEL. ON PA PIN 
,ORA) 

MPU READS IRA BIT WHICH 15 THE 
LEV1:L OF THE PA PIN ATTHE TlME 
OF THE LAST CAl ACTlV1: 
TRANsmON 

DORA • "0" (INPUT) 
(INPUT LATOtING DISABLED) 

MPU WRITES INTO ORA. BUT Ml'U READS LEV!L ON PA PIN 
NO EFFECT ON PIN L.EV1:L. 

DORA • ''0'' (INPUT) 
(INPUT LATCHING ENABLED) 

UNTIL. DORA CHANGED 

MPU READS IRA BIT. WHICH IS THE 
LEVEL OF THE PA PIN AT THE TIME 
OF THE LAST CAl ACTIVE 
TRANSITlON 

Figure 6. Output Register A (ORA), Input Register A (IRA) 

REG3-DDRA 

'71.~""'f§~~: 
I I PA4 

PAS 

PA. 
~ ________________ PA7 

"0" ASSOCIATED PA PIN IS AN INPUT 
(HIGH IMPEDANCE) 

"," ASSOCIATED PA PIN IS AN OUTPUT 
WHOSE lEVEL IS DETERMINED BY 
ORA REGISTER BIT 

DATA DIRECTION 
REGISTER "A" (DDRA) 

Figure 8. Data Direction Register A (DORA) 
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02 JL.SLJL....rL~JL...J""""1J"L. 

~~"'''' " WR"r'%Z0Yfl/1 I • '""1---
IRQ OUTPUT I I~ 'I' /I II 

READ IRA OPERATION ~ 1I 
"DATA TAKEN" 11 i 
HANOSHAKE MODE Il II 1-1 ---
(CA2) I 

"DATA TAKEN'.' 11 11'--------
PULSE MODE ~ 
(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 Hand· 
shaking, the R65NC22 generates the "Data Ready" signal and 
the peripheral device must respond with the "Data Taken" sig­
nal. This can be accomplished on both the PA port and the PB 
port on the R65NC22. CA2 or CB2 act as a "Data Ready" out­
put in either the handshake mode or pulse mode and CA1 or 
CB1 accept the "Data Taken" signal from the peripheral device, 
setting the interrupt flag and clearing the "Data Ready" output. 
This sequence is shown in Figure 10. 

REG 12-PERIPHERAL CONTROL REGISTER 

Latching 

C82CONTROl~ 
7 6 S OPERATION 
o 0 0 INPUT NEGATIVE ACTIVE EDGE 
o 0 1 INDEPENDENT INTERRUPT 

INPUT NEGATIVE EOaE" 

~ : ~ ::~~!:~~~~~~NATCET~~t~ 
INPUT POSITIVE EDGE' 

I 0 0 HANDSHAKE OUTPUT 
1 0 1 PULSE OUTPUT 

~ ~ ~ ~~:HOO~T:pUUTT ---

CBI LATCH/INTERRUPT CONTROL -

I ~: ~~~~:~~~~~~~~EE~~~E I 
"SEE NOTE IN FIGURE 29 

LJAI LATCH/INTERRUPT CONTROL 

O· NEGATIVE ACTIVE EDGE I 
1 POSITIVE ACTIVE EDGE I 

CA2CONTROl 

J 2 1 OPERATION 
o 0 0 INPUT NEGATIVE ACTIVE EDGE 
o 0 1 INDEPENDENT INTERRUPT 

INPUT NeGATIVE EDGE' 
D 1 0 INPUT PO::\TIVE ACT\\I(:-EOG"E" 
o 1 1 INDEPENDENT INTERRUPT 

INPUT POSITIVE EDGE' 
1 0 0 HANDSHAKE OUTPUT 
1 0 1 PULSE OUTPUT 
I I 0 lOW OUTPUT 
\ 1 1 HIGH OUTPUT 

The PA port and the PB port on the R65NC22 can be enabled 
in the Auxiliary Control Register (Figure 14) to be latched by their 
individual port control lines (CA1, CB1). Latching is selectable 
to be on the rising or falling edge of the signal at each individ­
ual port control line. Selection of operating modes for CA 1, CA2, 
CB1 and CB2 is accomplished by the Peripheral Control Regis­
tor (Figure 11). 

Figure 11. Peripheral Control Register (PCR) 

.2 JL.JL....rl....1I~1I.IL...r1...S""1 
WRITE ORA, ORB I I I , 
OPERATION ~II II~ 

"DATA READY" II=R= HANDSHAKE MODE I ~'1-' ____ -' 
(~~~~, , 

DATA READY -----, ,..---·11-/1----1------11 I 
PULSE MODE ~ 

;f!'~iJ~~EN /I t?/Z///ZZZlf22Z?J I 
IRQ OUTPUT ---------Ilf----iL _____ II ____ --Jr-

Figure 10. Write Handshake Timing 
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COUNTER/TIMERS 

There are two independent 16-bit counter/timers (called Timer 1 
and TImer 2) in the R65NC22. Each timer is controlled by writing 
bits into the Auxiliary Control Register (ACR) to select the mode 
of operation (Figure 14). 

Timer 1 Operation 

Interval Timer Tl consists of two S-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 02 clock rate. Upon reaching zero, an interrupt flag is set, 
and IRQ goes low if the Tl interrupt is enabled. Timer 1 then 

REG 6-TIMER 1 LOW-ORDER LATCH 

'-------3' 
L.. _______ 64 

'---------"8 
WRITE - B BITS LOADED INTO T1 LOW·ORDER 

LATCHES THIS OPERATION IS NO 
DIFFERENT THAN A WRITE INTO 
REG 4. 

READ - 8 BITS FROM T1 LOW.()RDEA LATCHES 
TRANSFERRED TO MPU UNLIKE REG '" 
OPERATION, THIS DOES NOT CAUSE 
RESET OF 11 INTERRUPT FLAG 

COUNT 
VALUE 
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disables any further interrupts and automatically transfers the 
contents of the latches into the counter and continues to decre­
ment. 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 separately below. 

Note that the processor does not write directly into the low-order 
counter (TlC-L). Instead, this half of the counter is loaded 
automatically from the low order latch (Tl L-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 7-TIMER 1 HIGH-ORDER LATCH 

1+1-1 4 1+1,1 0 1 

~~ 
'--------16384 

'---------32768 

WRITE ~ 8 BITS lOADED INTO T1 HIGH.oRDER 
LAlt:HES. UNLIKE REG 4 OPERATION 
NO LATCH.:JO.COUNTER TRANSFERS 
TAKE PLACE. T1 INTERRUPT FLAG IS 
RESET. 

READ - 8 BITS FROM T1 HIGH-ORDEA LAlCHES 
TRANSFERREO 10 MPU. 

COUNT 
VALUE 

Figure 12. Timer 1 (Tl) Latch Registers 

REG 4-TIMER 1 LOW-ORDER COUNTER 

L..------3' 
'--______ 64 

'---------"8 
WRITE - 8 BITS LOADED INTO 11 LOW-OADER 

LATCHES LATCH CONTENTS ARE 
TRANSFERRED INTO LOW-ORDER 
COUNTER AT THE TIME THE HIGH. 
ORDER COUNTER IS LOADED (REG 5) 

READ - 8 BITS FROM T1 LOW-ORDER COUNTER 
TRANSFERRED TO MPU. IN ADDITION, 
T1 INTERRUPT FLAG IS RESET (BIT 6 
IN INTERRUPT FLAG REGISTER) 

COUNT 
VALUE 

REG 5-TIMER 1 HIGH-ORDER COUNTER 

17 1+1 4 13 1'1,1 0 1 

l§~ 
L-------8'9' 

'--------'6384 

L---------32768 

WRITE - 8 BITS LOADED INTO T1 HIGH.()RDER 
LATCHES ALSO, AT THIS TIME BOTH 
HIGH- AND lOW-ORDEA LATCHES ARE 
mANSFERRED INTO T1 COUNTER 
T1 INTERRUPT FLAG ALSO IS RESET. 

READ - 8 BITS FROM T1 HIGH-ORDER COUNTER 
TRANSFERRED TO MPU. 

COUNT 
VALUE 

Figure 13. Timer 1 (n) Counter Registers 
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REG ll-AUXILIARY CONTROL REGISTER 

l'I·Isi-I'I'I'lo 
T1 TIMER CONTROl 

7 6 OPERATION PB7 
o 0 TIMED INTERRUPT 

EACH TIME T1 IS 
LOADED DISABLED 

o 1 CONTINUOUS 
INTERRUPTS 

1 0 TIMED INTERRUPT ONE SHOT 
EACH TIME T1 IS OUTPUT 
LOADED 

1 1 CONTINUOUS 
INTERRUPTS 

T2 TIMER CONTROL 

5 OPERATION 

SQUARE 
WAVE 
OUTPUT 

y T L:: LATCH ENA.LE'D"A." L 1:':~~t,\.".,~1 

SHIFT REGISTER CONTROL 

OPE RAT' ON 

'H1F" eN UNDERDNTRDL 'EJ 

'H1FT DU' UNDER 

Figure 14. Auxiliary Con1rol Register (ACR) 

Timer 1 One-Shot Mode 
The Timer 1 one-shot mode generates a single interrupt for each 
timer load operation. k; w~h any interval timer, the delay between 
the "write T1C-H" operation and generation of the processor inter­
rupt 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 nC-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 R65NC22 interval timer one-shot modes is shown 
in Figure 15, 

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 

I I 

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 
interrupt 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 falling edge of 02 follow­
ing 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 decrement at system clock rate. This 
allows the system processor to read the contents of the counter 
to determine the time since interrupt. However, the n interrupt 
flag cannot be set again unless it has been cleared as described 
in this specification. 

~~I --------~:~:----~---------WRITE TtC-H 

IRQ OUTPUT 

I PB7 OUTPUT 

N 
// 

T1 COUNTER 
I N I N-l I N-2 I N-3 I 

I.---N + 1.5 CYCLES------.J.I 

N-l I N-2 I o FFFF 

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 to produce a square wave on PB7 whose 
frequency is not affected by variations in the processor interrupt 
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 or T1L-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 R65NC22 are "re-triggerable". Rewriting 
the counter will always re-initialize the time-out period. In fact, 

Versatile Interface Adapter (VIA) 

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 processor 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 affecting 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 valuable 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 half 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 other is 0, then PB7 functions as a nor­
mal outpin pin, controlled by ORB bit 7. 

.2 Jl.....J!-JL.-.~,.JL.JL...f"LrL 
WRITET1C-H ~ I I 

:::: 1";- I ;/ L.! ----

PB7 OUTPUT ~; // 

l-- N + 1.5 CYCLES --I.If..---- N + 2 CYCLES -----1.1 

Figure 16. Timer 1 Free-Run Mode Timing 

Timer 2 Operation 

Timer 2 operates as an interval timer (in the "one-shot" 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 (T2G-L) and a read/write high order counter (T2C-H). The 
counter registers act as a 16-bit counter which decrements at 
02 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 Timer 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 dis­
abled 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 inter­
rupt flag 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 Iowan the leading 
edge of 02. 
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REG a-TIMER 2 LOW-ORDER LATCH/COUNTER 

'-_____ 1. 
'--_____ 32 

'-------.. 
'--------128 

COUNT 
VALUE 

WRITE _ 8 BITS LOADED INTO 12 LOW ORDER 
LATCH 

READ - 8 BITS FROM 12 LOW ORDER COUNTER 
TRANSFERRED TO MPU T2 INTERRUPT 
flAG IS RESET 

Versatile Interface Adapter (VIA) 

REG 9-TIMER 2 HIGH-ORDER LATCH/COUNTER 

2" 
S12 

1024 

2048 COUNT . ... VALUE 

8192 

1638 .. 

32768 

WRITE - 8 BITS LOADED INTO T1: IIIGH ORDER 
COUNTER ALSO, LOWOROER LATCH 
TRANSFERRED TO lOW ORDER 
COUNTER IN ADDITION, T2 INTERRUPT 
flAG IS REseT 

READ - 8 BITS FROM T2 HIGH OROER COUNTER 
TRANSfERRED TO MPU 

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

WRITE T2C-H 

IRQ OUTPUT 
/ 

T2 COUNTER N N-' I N-2 I N-3 I o FFFF I FFFE I FFFD I FFFC I 

1------- N + 1.5 CYCLES ------... 

Figure 18. Timer 2 One-Shot Mode Timing 

WRITE T2C-H r: 
OPERATION ----J I~---------------------------ii~r!-------------------------­

PB61NPUT -------~r----i/,~! ----,Ur------

IRQ OUTPUT 

T2 COUNTER 

-------------------------------------~;~r!----------------, 

N N-l N-2 o 

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 modul0-8 counter. 
Serial data transfer in and out of the Shift Register (SR) begin 
with the most significant bit (MSB) first. Shift pulses can be 
applied to the CBl pin from an external source or, with the proper 
mode selection, shift pulses generated internally will appear on 
the CBl 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 - Shift Register Interrupt Disabled 

Mode 0 disables the Shift Register interrupt. In this mode the 
microprocessor can write or read the SR and the SR will shift 
on each CBl 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 Control of T2 

In mode 1, the shifting rate is controlled by the low order 8 bits 
of T2 (Figure 22). Shift pulses are generated on the CBl pin to 
control shifting in external devices. The time between transitions 

REG lO-SHIFT REGISTER 

"l~ 
NOTES 

SHIFT 
REGISTER 
BITS 

1. WHEN SHIFTING OUI, BIT 715 THE FIRST BIT 
OUT AND SIMULTANEOUSLY IS ROTATED BACK 
INTO BIT O. 

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

Figure 20. Shift Register 
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of this output clock is a function of the system clock period and 
the contents of the low order T2 latch (N). 

The shifting operation 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. The 
input data should change before the positive-going edge of CBl 
clock pulse. This data is shifted into the shift register during the 
02 clock cycle following the positive-going edge of the CBl clock 
pulse. The minimum CBl positive pulse width must be one clock 
period. After 8 CBl clock pulses, the shift register interrupt flag 
will set and IRQ will go low. 

SR Mode 2 - Shift In Under 102 Control 

In mode 2, the shift rate is a direct function of the system clock 
frequency (Figure 23). CBl becomes an output which generates 
shift pulses for controlling external devices. Timer 2 operates 
as an independent interval timer and has no effect on SA. The 
shifting 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 02 clock pulse. After 8 clock pulses, the shift register 
interrupt flag will be set, and the output clock pulses on CBl 
will stop. 

REG ll-AUXILIARY CONTROL REGISTER 

1+1+1+1+1 
J...LL 
L SHIFT REGISTER 

MODE CONTROL 

4 3 2 OPERATION 

0 0 0 DISABLED 

0 0 1 SHIFT IN UNOER CONTROL OF T2 

0 1 0 SHIFT IN UNDER CONTROL OF "2 

0 1 1 SHIFT IN UNOER CONTROL OF EXT eLK 

1 0 0 SHIFT OUT fREE RUNNING AT T2 RATE 

1 0 1 SHIFT OUT UNDER CONTROL OF T2 

1 ,. 0 SHIFT OUT UNDER CONTROL OF 02 
1 1 1 SHIFT OUT UNDER CONTROL Of EXT eLK 

Figure 21. Shift Register Modes 

,fUlMflIlfl.1l 
N + 2r:!CLES I. .1. .IN + 21 /~ 

CBl OUTPUT CYCLES 
SHIFT CLOCK 1 2 3 8 

CB2 INPUT YtltnNOflOOOliX:IY{llllllJ)(I:~::rY{l:(/iglli\t$l~ 

WRITE OR READ 
SHIFT REG 

DATA I I 
L 

Figure 22. SR Mode 1 - Shift In Under T2 Control 
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SR Mode 3 - Shift In Under CBl Control 
In 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 Interrupt 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 positive-going edge of the CB1 shift pulse. For this 
reason, data must be held stable during the first full cycle fol· 
lowing CB1 going high. The minimum CB1 positive pulse width 
must be one clock period. 

SR Mode 4 - Shift Out Under T2 Control (Free-Run) 
Mode 4 is very similar to mode 1 in which the shifting rate is 
set by T2. However, in mode 4 the SR Counter does not stop 
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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 this 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 1). The 
shifting operation is triggered 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 nextlime·out of T2 after a read or write of the 
SA. 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. 

READSR H I 
CB1 OUTPUT ~-+----------
SHIFT CLOCK 

CB2INPUT. 
DATA I 

IRQ I~ ______________ __ 

Figure 23. SR Mode 2 - Shift In Under 1/)2 Control 

CB2INPUT~~ggggK:I:~~~CJ2L:~~~:13:>~~X:J4C:~;~ : ~ 
DATA ~ I 

L 

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

I I I WRITE SR --1l ..... +-__ +---+:-:--~ __ -+-___ --+ _____ +' __ -+-' _____ _ 
N + 2 CYCLES t-.~*-..J I I 

CB1 OUTPUT --------; H _ r----, _ r--
SHIFT CLOCK . ~ L!...J 

~:~~UTPUT XXXXlOOOOOOO<XX .... __ -'-_~~ 

Figure 25. SR Mode 4 - Shift Out Under T2 Control (Free-Run) 
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SR Mode 6 - Shift Out Under 02 Control 

In mode 6, the shift rate is controlled by the (h system clock 
(Figure 27). 

SR Mode 7 - Shift Out Under CB1 Control 

In mode 7, shifting is controlled by pulses applied to the CB1 
pin by an external device (Figure 28). The SA counter sets the SA 

Versatile Interface Adapter (VIA) 

Interrupt Flag each time it counts 8 pulses but it does not disable 
the shifting function. Each time the microprocessor, writes or 
reads the shift register, the SA Interrupt Flag is reset and the 
SA counter is initialized to begin counting the next 8 shift pulses 
on pin CB1. After 8 shift pulses, the Interrupt Flag is set. The 
microprocessor can then load the shift register with the next by1e 
of data. 

I '~~-+-' 4---=-="'L _____ ~Jf1.IULI1-Il-J I I WRITE SR ~---:-= 1 . . 
N + 2 CYCLES ·f· +2 CYC~ES rl~r Is' 

CBl OUTPUT 1"'-----' 2 ""I ---1 3 
SHIFT CLOCK L. __ ....JI I L-.~"""" 

~:~~UTPUT XXXXXXXlOOOOOOO .... __ ...:...._-JX .... _--:2=--_-'X .... _.....::.3_-I,! p---,s:.......,ir---

02 

WRITE SR 

CB10UTPUT 
SHIFT CLOCK 

Figure 26. SR Mode 5 - Shift Oul Under T2 Control 

CB20UTPUT ~J-;-v---:r-v 8 
DATA ~~~-~----

Figure 27. SR Mode 6 - Shift Out Under $2 Control 

WRITE SR ~~--------------------~r--~------J 

2 ,/ CBl INPUT I 
SHIFT CLOCK ..... _-.. 

X CB20UTPUT ~~--------~ 
DATA 

2 1 8 
i 

Figure 28. SR Mode 7 - Shift Out Under CBl Control 
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INTERRUPT OPERATION 

Controlling interrupts within the R65NC22 involves three prin­
cipal operations. These are flagging the interrupts, enabling in­
terrupts and signaling to the processor that an active interrupts 
exists within the chip. Interrupt flags are set in the Interrupt Flag 
Register (IFR) by conditions detected within the R65NC22 or on 
inputs to the R65NC22. 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. IRQ 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 R65NC22, 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 (IFR) 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 IFA. When the proper chip 
select and register signals are applied 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 

REG 13-INTERRUPT FLAG REGISTER 

1'1'l s1-,31 2"l oJ l ll," ,":'::':00' 
CLEARED BY 

READ OR WRITE 
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-
eSl CBl ACTIVE EDGE READ OR WRITE ORB 

TIMER 2 TIME·OUT OF T2 READ T2l0W OR 
WRITE T2 HIGH 

TIMER 1 TIME-OUT OF T1 REAO T1 LOW OR 
WRITE T1 HIGH 

ANY ENABLED CLEAR ALL IRQ 
INTERRUPT INTERRUPTS 

• I F THE CA2/CB2 CONTROL IN THE peR 15 SElECTED AS 
"INDEPENDENT" INTERRUPT INPUT, THEN READING OR 
WRITING THE OUTPUT REGISTER ORA/ORB WILL NOT 
CLEAR THE flAG BIT INSTEAD, THE BIT MUST BE 
CLEARED BV WRITING INTO THE IFR, AS DESCRIBED 
PREVIQUSl Y 

Figure 29. Interrupt Flag Register (IFR) 
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function: IRQ = IFR6 x IER6 + IFR5 x IER5 + IFR4 x IER4 
+ IFR3 x IER3 + IFR2 x IER2 + IFR1 x IER1 + IFRO x 
IERO. 

Note: 

x = logic AND, + = Logic OR. 

The IFR bit 7 is not a flag. Therefore, 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 discussed in the next section. 

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 to facilitate controlling individual inter­
rupts without affecting others. This is accomplished by writing 
to the (IER) aiter 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 cor­
responding bit will be unaffected. This individual control of the 
setting and clearing operations allows very convenient control 
of the interrupts during system operation. 

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

REG 14-INTERRUPT ENABLE REGISTER 

1'lslsl+H'lol 

~~i'"" 
TIMER 2 

'--------TlMEA 1 

'---------SET/ClEAR 

NOTES 

o = INTERRUPT 
DISABLED 

= INTERRUPT 
ENABLED 

, IF BIT 7 IS A "0". THEN EACH "1" IN BITSO - 6 DISABLES THE 
CORRESPONDING INTERRUPT 

2 IF BIT 7 IS A "1". THEN EACH "1" IN BITS 0 - 6 ENABLES THE 
CORRESPONDING INTERRUPT 

3 IF A READ OF THIS REGISTER IS DONE. BIT 7 WIll BE "'" AND 
All OTHER BITS Will REFLECT THEIR ENABLE/DISABLE STATE. 

Figure 30. Interrupt Enable Register (IER) 



R65NC22 Versatile Interface Adapter (VIA) 

SWITCHING CHARACTERISTICS 
(Vee = 5.0 Vdc ±5%, VSS = 0, TA = TL to TH, unless otherwise noted) 

PERIPHERAL INTERFACE TIMING 

Parameter Symbol Min. Max. Unit Figure 

Rise and Fall Time for CAl, CB1, CA2 and CB2 Input Signals trot, - 1.0 pS -
Delay Time, Clock Negative Transition to CA2 Negative Transition (read handshake IeA2 - 1.0 pS 31a,31b 
or pulse mode) 

Delay Time, Clock Negative Transition to CA2 Positive Transition (pulse mode) tAS1 - 1.0 pS 31a 

Delay Time, CAl Active Transition to CA2 Positive Transition (handshake mode) tAS2 - 2.0 pS 31b 

Delay Time, Clock Positive Transition to CA2 or CB2 Negative Transition (write tWHS 0.05 1.0 pS 31c,31d 
handshake) 

Delay Time, Periphral Data Valid to CB2 Negative Transition tDS 0.20 1.5 pS 31c,31d 

Delay Time, Clock Positive Transition to CA2 or CB2 Positive Transition (pulse mode) tAS3 - 1.0 pS 31c 

Delay Time, CAlor CBl Active Transition to CA2 or CB2 Positive Transition tAS4 - 2.0 pS 31d 
(handshake mode) 

Delay Time Required from CA2 Output to CAl Active Transition (handshake mode) t21 400 - ns 31d 

Setup Time, Peripheral Data Valid to CAlor CBl Active Transition (input latching) t'L 300 - ns 31e 

CAl, CBl Setup Prior to Transition to Arm Latch tAL 300 - ns 31e 

Peripheral Data Hold After CAl, CBl Transition tpDH 150 - ns 31e 

Shift-Out Delay Time - Time from 02 Falling Edge to CB2 Data Out tSA1 - 300 ns 311 

Shift Clock Setup Time - Time from CBl Shift Clock to tJJ2 Rising Edge tSA2 0 - ns 31g 

Pulse Width - PB6 Input Pulse t,pw 2 x TCY - 31i 

Pulse Width - CBl Input Clock t,cw 2 x TCY - 31h 

Pulse Spacing - PB6 Input Pulse t,ps 2 x Tcy - 31i 

Pulse Spacing - CBl Input Pulse t,cs 2 x TCY - 31h 

Note: CSI input sampled while tJJ2 is low. 

BUS TIMING 

I MHz 2 MHz 3 MHz 4 MHZ 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Figure 

Cycle Time tCY 1000 - 500 - 330 - 250 - ns 

Phase 2 Pulse Width High tpWH 470 - 240 - 160 - 120 - ns 32a, 

Phase 2 Pulse Width Low tpWL 470 - 240 - 160 - 120 - ns 32b 

Phase 2 Transition tR.F - 30 - 30 - 30 - 30 ns 

Read 
Select, RIW Setup tACA 160 - 90 - 65 - 45 - ns 

Select, RIW Hold tCAA 0 - 0 - 0 - 0 - ns 

Data Bus Delay IeDR - 320 - 150 - 130 - 75 ns 32a 

Data Bus Hold tHR 10 - 10 - 10 - 10 - ns 

Peripheral Data Setup tpCR 300 - 150 - 110 - 75 - ns 

Write 
Select, RIW Setup tACW 160 - 90 - 65 - 45 - ns 

Select, RIW Hold tCAW 0 - 0 - 0 - 0 - ns 

Data Bus Setup tDcw 195 - 75 - 65 - 45 - ns 32b 

Data Bus Hold tHW 10 - 10 - 10 - 10 - ns 

Peripheral Data Delay tcpw - 1000 - 500 - 330 - 250 ns 

1-67 



R65NC22 Versatile Interface Adapter (VIA) 

PERIPHERAL INTERFACE WAVEFORMS 

READ IRA 
OPERATION 

CA2 
"DATA TAKEN" 

READ IRA 
OPERATION 

CA2 
"DATA TAKEN" 

CA1 
"DATA READY" 

WRITE ORA, ORB 
OPERATION 

CA2,CB2 
"DATA READY" 

PA,PB 
PERIPHERAL 
DATA 

Figure 31a. CA2 Timing for Read Handshake, Pulse Mode 

I'------fr----- ;fDv 

>fIAS2~ 
----------------~----------------------~ 2.0~V~-----

O.BV 
1----

LACTIVE 
TRANSITION 

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

~
---IDS----I 

2.0V 

O.BV 

~--------------------------------------

Figure 31c. CA2, CB2 Timing for Write Handshake, Pulse Mode 

1-68 



R65NC22 Versatile Interface Adapter (VIA) 

02 \'------.J,r--_I ----..\,-----,t ... "-.~ 
WRITE ORA, ORB 
OPERATION 

CA2,CB2 
"DATA READY" 

PERIPHERAL 

2.0V 

O.BV 

los 

G,,-PA,PB -.i2.OV 

DATA _______________ ~._~O~.B~V ______________ ~~~ ______________ -+_ 

CAl, CBl 
"DATA TAKEN" 

PERIPHERAL 

lRS4 

) 
I 

) 
I 

Figure 31d. CA2, CB2 Timing for Write Handshake, Handshake Mode 

PA,PB ~2.0V f 
INPUT DATA O.BV ____________________ _ 

~;~;:~~TCHING ------------..... ~I--:..-:..-:..-I==~~-IA-L :1:'L:::~f-lol:~~ 

CBl 
SHIFT CLOCK 
(INPUT OR 
OUTPUT) 

TRANSITION 

Figure 31e. Peripheral Data Input Latching Timing 

Figure 31f. Timing for Shift Out with Internal or External Shift Clocking 
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CB1 
SHIFT CLOCK 

I 
I 
I 
I 
I 
I 

Versatile Interface Adapter (VIA) 

MUST BE HIGH DURING THE FULL 
.2 HIGH SAMPLE PERIOD. 

INTERNAL n 
SHIFT PULSE ___ --I L-__ 

I 
I 

T"1~"'7"':rrrrT7''''''''''''-----~= 
CB2 IJlJ /JlJJJJ I I>V MUST BE VALID DURING THE FULL 
SHIFT DATA lflii /I11III//\ VALID INTERNAL SHIFT PULSE PERIOD. 

CB1 
SHIFT CLOCK 
INPUT 

PB6 
PULSE COUNT 
INPUT 

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

I,ew ___ O._8_v~rt~_2._0V ___ IICS 

Figure 31h. External Shift Clock Timing 

COUNTER T2 
DECREMENTS 
HERE 

IIPW ___ O_.8_V~~j._2._0V ___ IIPS 

Figure 311. Pulse Count Input Timing 
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BUS TIMING WAVEFORMS 

.2 
CLOCK 

CHIP SELECTS, ~I~~~~ ~~~~I~~~~I~ REGISTER SELECTS, 
RNV ~ __ -+ ____ ~ ____ ~ __ ~~~ 

PERIPHERAL 
DATA 

2.0V 1----~ 2.0V 

DATA BUS ---------------------{I 

e2 
CLOCK 

CHIP SELECTS, 
REGISTER SELECTS 

RIW 

DATA 

BUS 

PERIPHERAL 
DATA 

O.BV l\-__ ---'J'I O.BV 

Figure 32a. Read Timing Waveforms 

Icv 

~tPWH-=1 

I 2.0V \.OV 

O.8V 

I- tACW - - IcAW -
2.0V 2.0V 

"", O.BV O.BV. 

I- t DCW -

\ 2.0V 

O.BV 

- ~tHW 

2.0V 

O.BV 

• tcpw-

2.0V 

O.BV 

,Figure 32b. Write Timing Waveforms 
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ABSOWTE MAXIMUM RATINGS* 
Parameter Symbol Value Unit 

Supply Voltage Vee -0.3 to + 7.0 Vde 

Input Voltage V,N -0.3 to Vee +0.3 Vdc 

Output Voltage VOUT -0.3 to Vee +0.3 Vdc 

Operating Temperature TA °C 
Commercial o to + 70 
Industrial -40 to +85 

Storage Temperature TSTG -55 to +150 °C 

OPERATING CONDITIONS 
Parameter Symbol Value 

Supply Voltage Vee 5V ±5% 

Temperature Range TA TL to TH 
Commercial OOC to 70°C 
Industrial - 40°C to + 85°C 

ELECTRICAL CHARACTERISTICS 

Versatile Interface Adapter (VIA) 

'NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and func­
tional operation of the device at these or any other conditions 
above those indicated in the other sections of this document 
is not implied. Exposure to absolute maximum rating condi­
tions for extended periods may affect device reliability. 

(Vee = 5.0 Vdc ±5%, Vss = 0, TA = TL to TH, unless otherwise noted) 

Parameter Symbol Min. Typ.- Max. Unit' Test Conditions 

Input High Voltage V,H V 
Logic +2.0 - Vee 

Input Low Voltage V,L V 
Logic -0.3 - +0.8 

InpuU.e~e Current _ liN - ±I ±2.5 pA Y'N = OV to Vee 
RAN,RES,RSO, RSI, RS2, RS3,CSI,CS2,CAI,~2 Vee = 5.25V 

Input Leakage Current lor Three-State 011 ITSI - ±2 ±IO pA Y,N = OAV to 2AV 
DO-D7 Vee = 5.25V 

Input High Current I'H -200 -400 - pA V,H = 2.4V 
PAO-PA7,CA2, PBO-PB7,CBI,CB2 

Input Low Current I,L V,L = OAV 
PAO-PA7, CA2 - -1.6 -2.6 rnA 
PBO-PB7, CBI, CB2 - - -1.6 rnA 

Output High Voltage VOH Vee = 4.75V 
All outputs 204 - - V lLOAD = 200 pA 
PBO-PB7 (Darlington Drive) 1.5 - - V lLOAD2 = - 3.2 rnA 

Output Low Voltage VOL - - +0.4 V Vee = 4.75V 
PAO-PA7,CA2,DO-D7 lLOAD = 3.2 rnA 
IRO, PBO-PB7, CBI, CB2 ILOAD = 1.6 rnA 

Output High Current (Sourcing) 10H 
All outputs -200 -1500 - pA VOH = 2AV 
PBO-PB7 (Darlington Drive) -3.2 -6 - rnA VOH = 1.5V 
CBI, CB2 -750 - - pA VOH = 2.4V 

Output Low Current (Sinking) 10L 
PAO-PA7, CA2, DO-D7 3.2 - - rnA VOL = OAV 
All others 1.6 - - rnA 

O~t Leakage Current (Ott State) 10FF - I ±IO I'A VOH = 2AV 
IRO Vee = 5.25V 

Power Dissipation Po - 7 10 mW/MHz 

Input Capacitance C'N Vee = 5.0V 
DO~D~AO-PA7,CAI,CA2, PBO-PB7,CBI,CB2 - - 10 pF Y'N = OV 
RAN, RES, RSO,RSI, RS2,RS3,CSI,CS2 - - 7 pF 1= 2 MHz 
~2 - - 20 pF TA = 25°C 

Output Capacitance COUT - - 10 pF 

Notes: 
I. All units are direct current (DC) except lor capacitance. 
2. Negative sign indicates outward current flow, positive indicates inward flOW.' 
3. Typical values shown lor Vee = 5.0V and TA = 25°C. 
4. Maximum loading on CBI and CB2 is 50 pF. 
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R65NC22 Versatile Interface Adapter (VIA) 

PACKAGE DIMENSIONS 

40-PIN CERAMIC DIP 

[: ::III 
MILLIMETEAS INCHES 

D 
DIM MIN MAX MIN MAX 

A 50.29 51.31 1.980 2.020 

B 14.86 15.62 0.100 0.615 

C 2.54 4.19 0.585 0.165 

D 0.38 0.53 0.Q15 0,021 

I· A ·1 
F 0.76 1.40 0.030 0.055 

G 2.54 esc 0.100 Bse 

wF • 
H 0.76 1.78 0,030 0.070 

J 0.20 0.33 O.OOB 0.Q13 

n~n 
K 2.54 4.19 0.100 0.165 

H~~LD 
L 14.60 15.37 0.575 0.605 

M 0' W' 0' 10' 

G -II- K ---J M-j N 0.51 1.52 0.020 0.060 

40-PIN PLASTIC DIP 
MILLIMETERS INCHES 

[::::::: ~ :::: ::::~PI'I 
DIM MIN MAX MIN MAX 

A 51.28 52.32 2.040 2.060 

B 13.72 14.22 0.540 0.560 

C 3.55 5.08 0.140 0.200 

D 0.36 0.51 0.014 0,020 

F 1.02 1.52 0.040 0.060 

G 2.54 BSC 0.100 BSC 

H 1.65 2.16 0.065 0.085 

~~ 
J 0.20 0.30 0.008 0.Q12 

K 3.30 4.32 0.130 0.170 

L 15.24 esc 0.600 sse 
1HI- ..,Gi- F -J... 0 K M M 7' 10' 7' I 10' 

N 0.51 1.02 0.020 0.040 

44-PIN PLASTIC LEADED CHIP CARRIER (PLCC) 

,-~g:;a 
V SEATING PLANE \ MILLIMETERS INCHES 

DIM MIN MAX MIN MAX 

CORNER 1~t:D2-1 'I A 4.14 4.39 0.163 0.173 

-'--1 AI 1.37 1.47 0.054 0.058 1Tf' ? 39-

A2 2.31 2.46 0.091 0.097 

A b 0.457 TYP 0,018 TYP 

D 17.45 17.60 0.687 0.693 rn± ""' ~ Dl 16.46 16.56 0.648 I 0.652 
~ INDICATOR 

L -17 ~ 
D. 12.62 12.78 0.497 I 0.503 

D3 15.75 REF 0.620 REF 
2. . 1.27 BSC 0.050 esc 

h 1.15 TYP 0.045 TYP 

TOP VIEW SIDE VIEW J 0.25 TYP 0.010 TYP 

0' 45° TYP 45° TYP 

CHAM.J x 45· 

~~. 
A 0.89 TYP 0.035 TYP 

AI 0.25 TYP 0.010 TYP 

~~ 0 39 ·Oc: @ .~ ':;--f-L ~ + c: 
l~ 1 JA 

~.~ SECTION A-A 'iILrtn m 
"" i-ce ",,""b 

TYP FOR BOTH AXIS (EXCEPT FOR BEVELED EDGE) 

CHAM. 11 PINS EJECTOR PIN MARKS 
h x 45· PER SIDE 4 PLCS BOTTOM OF 
3 PLCS EQUALLY PACKAGE ONLY 

SPACES (TYPICAL) 

BOTTOM VIEW 
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R65NC22 Versatile Interface Adapter (VIA) 

R65NC22/R65C22 DIFFERENCES 
R65C22 R65NC22 

1. Register select lines are decoded during 02. 1. Register select lines are decoded during 02 only if CS2 is active 
low. 

2. CB1 must not change during last 100 ns of 02. CB1 must have a 2. CB1 can change anytime but is sampled only during 02. CB1 must 
pulse width greater than one period. have a pulse greater than one period. 

3. PBO-PB7 and CB1, CB2 have active pull-ups. 3. PBO-PBl and CB1, CB2 have passive pull ups (=3 KIl). 

4. PBO-PB7, CB1 and CB2 represent two standard TTL loads in the 4. PBO-PBl, CB1 and CB2 represent one standard TTL load in the input 
input mode and will drive two standard TTL loads in the output mode. mode and will drive one standard TTL load In the output mode. 
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