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Rockwell Semiconductor Products Division is headquartered in Newport Beach, California with Field Sales Offices located
throughout the United States, Canada, Europe and the Far East. Their listings, plus those of domestic and international represent-
atives and distributors, appear in Appendix A.

DEFINITION OF DOCUMENT TYPES

Document Type Product Status Definition
Product Preview Formative or The document type contains the general features and/or specifications for a product
Development in definition or development. The features and/or specifications may change in any

manner without notice.

Product Summary Development or This document type contains the general features and/or specifications of a product
Production in development or in production. Additional information is usually available in a sepa-
rate document, not contained in this book, such as a Designer’s Guide.

Data Sheet Sampling or This document type contains preliminary or design-to-characteristic data for a product
(Preliminary) Pre-Production in pre-production. Additional and/or refined characteristic data will be released in
subsequent revisions to the document.

Data Sheet Production This document type contains final specification information resulting from measured
characteristics. This document type is subject to revision if characteristics are further
refined during production.

Product Description Production This document type contains final specification information resulting from measured

characteristics along with additional application aid information. This document type
is subject to revision if characteristics are further refined during production.

Application Note Development or This document type contains application aids in the use of the subject product. Sche-
Production matics included in an application note are intended to convey system design concept
only.
NOTICE

Information furnished by Rockwell International Corporation is believed to be accurate and reliable. However, no responsibility is assumed by
Rockwell International for its use, nor any infringement of patents or other rights of third parties which may result from its use. No license is
granted by implication or otherwise under any patent or patent rights of Rockwell International other than for circuitry embodied in a Rockwell
product. Rockwell International reserves the right to change circuitry at any time without notice. All document in this book are subject to
change without notice.
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CONTROLLER PRODUCTS
Providing Solutions for Your VLS| Requirements

Rockwell International designs and manufactures a family
of VLSI products to serve your system requirements. As
shown in the diagram below, compatible controller products
are available for a wide range of 16-bit and 8-bit applications.
Peripheral devices operate on either the 68000 or the 6500
microprocessor bus structure. Many of the peripheral devices
are now being used on additional bus structures such as
8085, 80286 and Z80, just to name a few.

The product line utilizing the R6502 processor, recognized
world-wide for its high performance, was recently improved by
redesigning it in a CMOS process. Enhancements include a
200% improvement in speed and a 20 times reduction in
power dissipation.

These products are produced in high volume at a modern
state-of-the-art facility located in Newport Beach, California,
and are packaged in a newly constructed, fully automated
manufacturing facility in Mexicali, Mexico. The class 10,000
clean room environment produces devices to the most strin-
gent industry standards. Rockwell has the organization, sys-
tems and support to manufacture products to existing and
future quality levels.

In fact, Rockwell is the first and only semiconductor com-
pany to offer a 5 year warranty. You can rely on customer
satisfaction and service when choosing a Rockwell semi-
conductor product.
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CMOS 8-Bit Microprocessors & Peripherals

Page
Product Family Overview . ... ... 1-2
R65C02, R65C102 and R65C112 Microprocessors (CPU) . ....................... 1-3
R65C21 Peripheral Interface Adapter (PIA) ... .. ... . . 1-19
R65C22 Versatile Interface Adapter (VIA) .. .. ... i 1-31
R65NC22 Versatile Interface Adapter (VIA) ................. D 1-53
R65C24 Peripheral Interface Adapter/Timer (PIAT) ... ... .. .. 1-75
R65C51 Asynchronous Communications Interface Adapter (ACIA) .. ............... 1-95
R65C52 Dual Asynchronous Communications Interface Adapter (DACIA) ........... 1-116

1-1




CMOS 8-bit Microprocessors & Peripherals
Fastest Executing — Low Power

There is no CMOS microprocessor family easier to imple-
ment than the R65CXX. It is the fastest instruction executing
8-bit family available. It’s software compatible with a family of
single-chip microcomputers and has three powerful CPUs and
peripherals for parallel and serial 1/O.

In the 8-bit range, nothing gives faster instruction execution
(500 ps) with most parts available in 1, 2, 3 and 4 MHz ver-
sions. Thirteen address modes provide the most efficient
ways of addressing memory. R65CXX peripherals are system
oriented, designed to implement systems with minimum
device count.

Because of its inherent characteristics, advanced Rockwell
CMOS provides low power consumption, high noise immunity
and high speed operation. Its 2 MHz CPU dissipates only
40 mW (compared to 800 mW in NMOS) and requires only
10 mA standby current. Instruction memory requirements are
20% less due to added bit manipulation features.

The entire 8-bit R65CXX family is upward compatible with
the 16-bit 68000 bus, software compatible with Rockwell’s
8-bit microcomputers, and are the building blocks for a wide
range of system applications. It’s one of the world's highest
performing and lowest cost microprocessors.

R65C02
R65C102

R65C112

RAM ROM

1t 3%

ADDRESS, DATA, AND CONTROL BUS

/

GENERAL PURPOSE
1/0 DEVICES

R65C21 R65NC22
R65C22 R65C24

COMMUNICATIONS
INTERFACE DEVICES

R65C51
R65C52

T

CMOS R65CXX Microprocessor Family
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Rockwell

R65C02, R65C102 and R65C112
R65C00 Microprocessors (CPU)

DESCRIPTION

The 8-bit R65C00 microprocessor family of devices are produced
using CMOS silicon gate technology which provides advanced sys-
tem architecture for performance speed and system cost-
effectiveness enhancements over their NMOS counterparts, the
R6500 family of microprocessor devices.

Three CPU devices are available. All are software-compatible and
provide 64K bytes of memory addressing, two interrupt inputs, and
on-chip clock oscillators and/or drivers. All are bus-compatible with
the NMOS R6500 family devices.

The CMOS family includes two microprocessors (R65C02 and
R65C102) with on-board clock oscillators and drivers and one
microprocessor (R65C112) driven by an external clock. The on-chip
clock versions are aimed at high performance, low-cost applications
where single phase inputs, crystal or RC inputs provide the time
base. The slave processor version is geared for multiprocessor sys-
tem applications where maximum timing control is mandatory. All
R65C00 microprocessors are available in ceramic and plastic pack-
aging, operating frequency of 1 MHz, 2 MHz, 3MHz and 4 MHz, and
commercial and industrial temperature versions. All three devices
are available in 40-pin DIP or 44-pin PLCC packages.

MAJOR FEATURES AND DIFFERENCES

Feature R65C02 |R65C102 | R65C112

Pin compatible with NMOS R6502
64K addressable bytes of memory
TRQ interrupt

On-chip clock oscillator

External clock only

TTL level single phase clock input

RC time base clock input

Crystal time base clock input

Single phase clock input

Two phase output clock

SYNC and RDY signals

Bus Enable (BE) signal

Memory Lock (ML) output signal
Direct Memory Access (DMA) capacity
NM«l interrupt signal X

xX X X

xX X X X X X
X X X X X X xX X
X X X X X x

FEATURES

CMOS silicon gate technology

Low Power (4 mA/MHz)

Software compatible with R6502

Single 5V + 5% power supply requirements
Eight-bit parallel processing

Decimal and binary arithmetic

True indexing capability

Programmable stack pointer

Interrupt capability

Non-maskable interrupt

Eight-bit bidirectional data bus

Memory address range of up to 64K bytes
“Ready”’ input

Direct memory access (DMA) capability
Memory lock output

1 MHz, 2 MHz, 3 MHz, and 4 MHz versions
Choice of external or on-chip clocks
On-chip clock options

—External single clock input

—Direct crystal input (< 4)

o Commercial and industrial temperature versions
* Pipeline architecture

e Slave processor version (R65C112)

ORDERING INFORMATION

Part Number:

R65C02 _ _ _
R65C102 _ _ _

R65C112 __
LTemp. Range (T_to Ty)

Blank = 0°Cto +70°C
E = -40°Cto +85°C
M = -55°Cto 125°C

Frequency Range
1=1MHz

= 2MHz

3 MHz

4 MHz

Package

40-Pin Ceramic DIP

40-Pin Plastic DIP

44-Pin Plastic Leaded Chip
Carrier (PLCC)

2
3
4

C
p
J

nmunn

Document No. 29651N52

Product Description
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R65C02, R65C102, R65C112

R65C00 Microprocessors (CPU)

INTERFACE SIGNALS

Figure 1 shows the pin assignments for the members of the
R65C00 CPU family. All devices are housed in 40-pin ceramic
or plastic dual-in-line (DIP) or 44-pin plastic leaded chip carrier
(PLCC) packages.

Refer to the timing diagrams (Figures 3, 4, and 5) for the partic-
ular device in the following discussion.

CLOCK SIGNALS (R65C02)

The R65C02 requires an external §0 clock. See Figure 6 for an
example clock circuit. @0 is a TTL level input that is used to
generate the internal clocks of the R65C02. Two full level out-
put clocks are generated by the R65C02. The @2 clock is in
phase with 0. The $1 clock output is 180° out of phase with
00. When the input clock is stopped, the CPU is in the standby
mode. See Figure 8 for special standby mode considerations.

For non-critical timing configurations, a simple RC or crystal net-
work may be strapped between @0 (IN) and @1 (OUT).

CLOCK SIGNALS (R65C102)

The R65C102 internal clocks may be generated by a TTL level
single phase input, an RC time base input, or a crystal time base
input (+ 4) using the XTLO and XTLI input pins. See Figure 7
for an example of a crystal time base circuit. Two full level out-
put clocks are generated by the R65C102. The 92 clock output
provides timing for external R/W operations. Addresses are
valid after the address delay time (taps) referenced to the fall-
ing edge of 2 (OUT). The §4 output is a quadrature output clock
that is delayed from the falling edge of the 92 clock by delay
time tays. Using the @4 clock, addresses are valid at the rising
edge of §4.

CLOCK SIGNALS (R65C112)

Allinternal clock signals for the R65C112 are generated by the
input clock signal @2 (IN). Since this device is intended to be
operated in the slave mode it does not have internal clock gener-
ation, but rather requires the external clock §2 (IN) from a host
device. Figure 7 shows an example of a clock circuit for the
R65C112 configured for slave mode.

ADDRESS BUS (A0-A15)

Address lines AO-A15 form a 16-bit address bus for memory and
1/0 exchanges on the data bus. The output of each address line
is TTL compatible, capable of driving one standard TTL load
and 130 pF.

DATA BUS (D0-D7)

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

BUS ENABLE (BE)

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

1-4

therefore not related to, or controlled by the CPU internal clock
signals. Figure 5 shows timing relationships of BE to R/W and
address output buffers.

INTERRUPT REQUEST (IRQ)

This TTL compatible input requests that an interrupt sequence
begin within the microprocessor. IRQ is sampled at the falling
edge of @2 prior to the last cycle of the instruction; if the inter-
rupt flag in the processor status register is zero, the current
instruction is completed and the interrupt sequence begins dur-
ing @1. The program counter and processor status register are
stored in the stack. The microprocessor will then set the inter-
rupt mask flag high so that no further IRQs may occur. At the
end of this cycle, the program counter low byte will be loaded
from address FFFE, and program counter high byte from loca-
tion FFFF, thus transferring program control to the memory
vector located at these addresses. The RDY signal must be in
the high state for any interrupt to be recognized. A 3K ohm
external resistor should be used for proper wire OR operation.

MEMORY LOCK (ML)

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

NON-MASKABLE INTERRUPT (NMI)

A negative-going edge on this input requests that a non-
maskable interrupt sequence be generated within the
microprocessor. The NMI is sampled during 02; the current
instruction is completed and the interrupt sequence begins
during @1. The program counter is loaded with the interrupt
vector from locations FFFA (low byte) and FFFB (high byte),
thereby transferring program control to the non-maskable inter-
rupt routine.

NOTE
Since this interrupt is non-maskable, another NMI can
occur before the first is finished. Care should be taken
when using NMI to avoid this.

READY (RDY)

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

READ/WRITE (R/W)

This signal is normally in the high state indicating that the
microprocessor is reading data from memory or I/O bus. In the
low state the data bus has valid data from the microprocessor
to be stored at the addressed memory location.

SET OVERFLOW (SO)

A negative transition on this line sets the overflow bit (V) in the
processor status register. The signal is sampled prior to the rising
edge of P2 by the SO setup time (tsog)-
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R65C00 Microprocessors (CPU)

RESET (RES)

This input resets the microprocessor. Reset must be held low for
at least two clock cycles after V¢ reaches operating voltage from
a power down. A positive transition on this pin will then cause an
initialization sequence to begin. Likewise, after the system has been
operating, a low on this line of at least two cycles will cease
microprocessing activity, followed by initialization after the positive
edge on RES.

When a positive edge is detected, there is an initialization sequence
lasting seven clock cycles. Then the interrupt mask flag is set, the
decimal mode is cleared, and the program counter is loaded with
the restart vector from locations FFFC (low byte) and FFFD (high
byte). This is the start location for program control. This input should
be high in normal operation.

SYNCHRONIZE (SYNC)

This output line identifies those cycles during which the micro-
processor is fetching the instruction operation code (OP CODE).
The SYNC line goes high during 1 of an OP CODE fetch and stays
high for the remainder of that cycle. If the RDY line is pulled low dur-
ing the clock cycle in which SYNC went high, the processor will stop
in its current state and will remain in the state until the RDY line goes
high. In this manner, the SYNC signal can be used to control RDY
to cause single instruction execution.

FUNCTIONAL DESCRIPTION

Figure 2 shows the block diagram of the R65C00 CPU internal archi-
tecture for all three devices. With the exception of the crystal
oscillator, clock signals, Memory Lock (ML), and Bus Enable (BE)
signals, the internal architecture of the three members of the
R65C00 CPU of devices is identical. This block diagram supports
the following text that describes the function of each of the device’s
major elements. .

CRYSTAL OSCILLATOR (R65C102 Only)

The crystal oscillator, driven by a crystal across XTLO and XTLI,
divides the crystal frequency by four to provide the basic $2 clock
signal that drives the internal clock generator.

CLOCK GENERATOR

The clock generator develops allinternal clock signals, and (where
applicable) external clock signals, associated with the device. Itis
the clock generator that drives the timing control unit and the
external timing for slave mode operations.

TIMING CONTROL

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

PROGRAM COUNTER
The 16-bit program counter provides the addresses which step the
microprocessor through sequential instructions in a program.

Eachtime the microprocessor fetches an instruction from program
memory, the lower byte of the program counter (PCL) is placed on
the low-order bits of the address bus and the higher byte of the

program counter (PCH) is placed on the high-order 8 bits. The
counter is incremented each time an instruction or data is fetched
from program memory.

INSTRUCTION REGISTER AND DECODE

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

ARITHMETIC AND LOGIC UNIT (ALU)

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

ACCUMULATOR

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

INDEX REGISTERS

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

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

STACK POINTER

The stack pointer is an 8-bit register used to control the address-
ing of the variable-length stack on page one. The stack pointer is
automatically incremented and decremented under control of the
microprocessor to perform stack manipulations under direction of
either the program or interrupts (NMI and IRQ). The stack allows
simple implementation of nested subroutines and multiple level
interrupts. The stack pointer should be initialized before any inter-
rupts or stack operations occur.

PROCESSOR STATUS REGISTER
The 8-bit processor status register contains seven status flags.
Some of the flags are controlled by the program, others may be con-
trolled both by the program and the CPU. The R65C00 instruction
set contains a number of conditional branch instructions which are
designed to allow testing of these flags.

HARDWARE ENHANCEMENTS

The R65C00 family of CPU devices have incorporated hardware
enhancements over their NMOS counterpart, the R6502. These
hardware enhancements are:

¢ The NMOS device would ignore the assertion of a Ready (RDY)
during a write operation. The CMOS family will stop the
processor during 2 clock if RDY is asserted during a write
operation.

¢ Onthe NMOS device, unused input-only pins (IRQ NMI, RDY,
RES, and SO) must be connected to a low impedance signal to
avoid noise problems. These unused pins on the CMOS devices
are internally connected by a high impedance to V¢ (approx-
imately 250K ohms).
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ADDRESSING MODES

The R65C00 CPU family has 15 address modes (two more than
the NMOS equivalent family). In the following discussion of these
addressing modes, a bracketed expression follows the title of
the mode. This expression is the term used in the Instruction
Set Op Code Matrix table (later in this product description) to
make it easier to identify the actual addressing mode used by
the instruction.

ACCUMULATOR ADDRESSING [Accum] — This form of
addressing is represented with a one byte instruction, implying
an operation on the accumulator.

IMMEDIATE ADDRESSING [IMM] — In immediate addressing,
the second byte of the instruction contains the operand, with
no further memory addressing required.

ABSOLUTE ADDRESSING [ABS] — In absolute addressing,
the second byte of the instruction specifies the eight low order
bits of the effective address while the third byte specifies the
eight high order bits. Thus the absolute addressing mode allows
access to the entire 64K bytes of addressable memory.

ZERO PAGE ADDRESSING [ZP] — The zero page instructions
allow for shorter code and execution times by fetching only the
second byte of the instruction and assuming a zero high address
byte. Careful use of the zero page can result in significant
increase in code efficiency.

ZERO PAGE INDEXED ADDRESSING [ZP, X or Y] — (X, Y
indexing) — This form of addressing is used with the index
register and is referred to as ‘'Zero Page, X" or *“Zero Page, Y”.
The effective address is calculated by adding the second byte
to the contents of the index register. Since this is a form of “‘Zero
Page’ addressing, the content of the second byte references
a location in page zero. Additionally, due to the ‘‘Zero Page”
addressing nature of this mode, no carry is added to the high
order eight bits of memory and crossing of page boundaries does
not occur.

ABSOLUTE INDEXED ADDRESSING [ABS, X or Y] — (X, Y
indexing) — This form of addressing is used in conjunction with
X and Y index register and is referred to as ‘‘Absolute, X’* and
“‘Absolute, Y. The effective address is formed by adding the
contents of X or Y to the address contained in the second and
third bytes of the instruction. This mode allows the index register
to contain the index or count value and the instruction to con-
tain the base address. This type of indexing allows any location
referencing and the index to modify fields, resulting in reduced
coding and execution time.

INDEXED ABSOLUTE INDIRECT [(ABS, X)]* — The contents
of the second and third instruction bytes are added to the
X-register. The sixteen-bit result is a memory address contain-
ing the effective address. (JMP (ABS, X) only).

IMPLIED ADDRESSING [Implied] — In the implied addressing
mode, the address containing the operand is implicitly stated
in the operation code of the instruction.

RELATIVE ADDRESSING [Relative] — Relative addressing is
used only with branch instructions and establishes a destina-
tion for the conditional branch.

The second byte of the instruction becomes the operand which
is an “‘Offset”” added to the contents of the lower eight bits of
the program counter when the counter is set at the next instruc-
tion. The range of the offset is — 128 to + 127 bytes from the
next instruction.

ZERO PAGE RELATIVE ADDRESSING [ZP REL]* — This mode
bit tests the zero page location specified for bit set/reset per the
mask and performs a conditional relative branch based on the
results of the bit test.

INDEXED INDIRECT ADDRESSING [(IND, X)] — In indexed
indirect addressing (referred to as (Indirect, X)), the second byte
of the instruction is added to the contents of the X index register,
discarding the carry. The result of this addition points to a
memory location on page zero whose contents are the low order
eight bits of the effective address. The next memory location
in page zero contains the high order eight bits of the effective
address. Both memory locations specifying the high and low
order bytes of the effective address must be in page zero.

INDIRECT INDEXED ADDRESSING [(IND), Y] — In indirect
indexed addressing (referred to as (Indirect), Y), the second byte
of the instruction points to a memory location in page zero. The
contents of this memory location are added to the contents of
the Y index register, the result being the low order eight bits
of the effective address. The carry from this addition is added
to the contents of the next page zero memory location, the resuit
being the high order eight bits of the effective address.

ABSOLUTE INDIRECT [(ABS)] — The second byte of the
instruction contains the low order eight bits of a memory loca-
tion. The high order eight bits of that memory location are con-
tained in the third byte of the instruction. The contents of the
fully specified memory location are the low order byte of the
effective address. The next memory location contains the high
order byte of the effective address which is loaded into the six-
teen bits of the program counter. (JMP (ABS) only.)

INDIRECT [(IND)]* — The second byte of the instruction con-
tains a zero page address serving as the indirect pointer.

ENHANCEMENTS OVER R6502

The CMOS family of microprocessor devices has been designed
with many enhancements over the R6502 NMOS device while
maintaining software compatibility. Besides the increased speed
and lower power consumption inherent in CMOS technology,
the R65C00 family has the following additional characteristics.
* 12 new instructions for a total of 68

* 59 new op codes, for a total of 210

* Two new addressing modes

* Seven software/operational enhancements

* Two hardware enhancements

*These addressing modes are not available to the NMOS CPU
family (e.g., the R6502).
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INSTRUCTION SET NMOS family, but have been assigned new addressing modes
in the CMOS CPU family.

Table 1 lists the instruction set for the CMOS CPU family in

alphabetic order according to mnemonic. Tabe 2 lists the hex- OPERATIONAL ENHANCEMENTS

adecimal codes for each of the instructions that are new to the Table 4 lists the operational enhancements that have been
CMOS family and were not available in the NMOS R6502 device added to the CMOS family of CPU devices and compares the
family. Table 3 lists those instructions that were available on the results with their NMOS R6502 counterpart.

Table 1. Alphabetic Listing of the R65C00 Instruction Set

Mnemonic Function Mnemonic Function

(20 ADC Add Memory to Accumulator with Carry NOP No Operation

(2) AND "AND"” Memory with Accumulator
ASL Shift Left One Bit (Memory or Accumulator) (2) ORA "OR" Memory with Accumlator

(1) BBR Branch on Bit Reset PHA Push Accumulator on Stack

(1) BBS Branch on Bit Set PHP Push Processor Status on Stack
BCC Branch on Carry Clear (1) PHX Push X Register on Stack
BCS Branch on Carry Set (1) PHY Push Y Register on Stack
BEQ Branch on Result Zero PLA Pull Accumulator from Stack

(2) BIT Test Bits in Memory with Accumulator PLP Pull Processor Status from Stack
BMI Branch on Result Minus (1) PLX Pull X Register from Stack
BNE Branch on Result not Zero (1) PLY Pull Y Register from Stack
BPL Branch on Result Plus

(1) BRA Branch Always (1) RMB | Reset Memory Bit
BRK Force Break ROL Rotate One Bit Left (Memory or Accumulator)
BVC Branch on Overflow Clear ROR | Rotate One Bit Right (Memory or Accumulator)
BVS Branch on Overflow Set RTI Return from Interrupt

RTS Return from Subroutine
CLC Clear Carry Flag

CLD Clear Decimal Mode SBC Subtract Memory from Accumulator with Borrow
CLI Clear Interrupt Disable Bit SEC Set Carry Flag
CLV Clear Overflow Flag SED Set Decimal Mode
(2) CMP Compare Memory and Accumulator SE! Set Interrupt Disable Status
CPX Compare Memory and Index X (1) SMB | Set Memory Bit
CPY Compare Memory and Index Y (2) STA Store Accumulator in Memory
STX Store Index X in Memory
(2) DEC Decrement Memory by One STY Store Index Y in Memory
DEX Decrement Index X by One (1) 8Tz Store Zero

DEY Decrement Index Y by One
TAX Transfer Accumulator to Index X

(2) EOR "Exclusive-OR” Memory with Accumulator TAY Transfer Accumulator to Index Y
(1) TRB Test and Reset Bits
(2) INC Increment Memory by One (1) TSB | Test and Set Bits
INX Increment Index X by One TSX | Transfer Stack Pointer to Index X
INY Increment Index Y by One TXA | Transfer Index X to Accumulator
TXS | Transfer Index X to Stack Register
2 JMP Jump to New Location TYA Transfer Index Y to Accumulator

JSR Jump to New Location Saving Return Address

(2) LDA Load Accumulator with Memory
LDX Load Index X with Memory
LDY Load Index Y with Memory
LSR Shift One Bit Right (Memory or Accumulator)

Notes:
(1) Instruction not available on the NMOS family.
(2) R6502 instruction with additional addressing mode(s).
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Table 2. Hexadecimal Codes For New Instructions in the R65C00 Microprocessors

Hex Mnemonic Description
80 BRA Branch relative always [Relative]
DA PHX Push X on stack [iImplied]
5A PHY Push Y on stack [Implied]
FA PLX Pull X from stack [Implied
7A PLY Pull'Y from stack [Implied]
9C ST1Z Store zero [Absolute]
9E STZ Store zero [ABS, X]
64 STZ Store zero [ZP]
74 STZ Store zero [ZP, X]
1C TRB Test and reset memory bits with accumulator [ABS]
14 TRB Test and reset memory bits with accumulator [ZP]
oC TSB Test and set memory bits with accumulator [ABS]
04 TSB Test and set memory bits with accumulator [ZP]
OF-7F() BBR Branch on bit reset [Bit Manipulation, ZP, REL]
8F-FF(1 BBS Branch on bit set [Bit Manipulation, ZP, REL]
07770 RMB Reset memory bit [Bit Manipulation, ZP]
87-F7() SMB Set memory bit [Bit Manipulation, ZP]
Note:

1. Most significant digit change only.

Table 3. Hexadecimal Codes For R65C00 Instructions With New Addressing Modes

Hex Mnemonic Description

72 ADC Add memory to accumulator with carry [(IND)]
32 AND AND memory with accumulator [(IND)]

3C BIT Test memory bits with accumulator [ABS, X]
34 BIT Test memory bits with accumulator [ZP, X]

89 BIT Test Immediate with accumulator [IMM]

D2 CMP Compare memory and accumulator [(IND)]

3A DEC Decrement accumulator [Accum]

52 EOR Exclusive Or memory with accumulator [(IND)]
1A INC Increment accumulator [Accum]

7C JMP Jump (New addressing mode) [(ABS, X)]

B2 LDA Load accumulator with memory [(IND)]

12 ORA OR memory with accumulator [(IND)]

F2 SBC Subtract Memory from accumulator with borrow [(IND)]
92 STA Store accumulator in memory [(IND)]

Table 4. R65C00 Operational Enhancements

Function

NMOS R6502 Microprocessor

CMOS R65C00 Family Microprocessor

Indexed addressing across page boundary.

Extra read of invalid address.

Extra read of last instruction byte.

Execution of invalid op codes.

Some terminate only by reset. Results are
undefined.

All are NOPs (reserved for future use).

Jump Indirect, operand = XXFF.

Page address does not increment.

Page address increments and adds one addi-
tional cycle.

Read/modify/write instructions at effective
address.

One read and two write cycles.

Two read and one write cycle.

Decimal flag.

Indeterminate after reset.

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

Flags after decimal operation.

Invalid N, V and Z flags.

Valid flag adds one additional cycle.

Interrupt after fetch of BRK instruction.

Interrupt vector is loaded, BRK vector is
ignored.

BRK is executed, then interrupt is executed.
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INSTRUCTION SET OP CODE MATRIX

The following matrix shows the 210 Op Codes associated with the number of instruction bytes, and the number of machine
the R65C00 family of CPU devices. The matrix identifies the cycles associated with each Op Code. Also, refer to the instruc-
hexadecimal code, the mnemonic code, the addressing mode, tion set summary for additional information on these Op Codes.
a LD 1 2 3 4 5 6 7 8 9 A B c D E F
(7]
= BRK | ORA TSB | ORA | AsL | RMBO| PHP | ORA | ASL TSB | ORA | AsL | BBRO
0 | Implied | (IND, X) P zP zP zP | Implied | IMM | Accum ABS | ABS | ABS zr |o
17] 26 2s5|23|2s5]2s5]13|22|12 36|34 |36]3 5"
BPL | ORA | ORA TRB | ORA | ASL | RMB1 | CLC | ORA | INC TRB | ORA | ASL | BBR1
1 | Relative| (IND), Y | (IND) zp | zp,x | zP,x | zP |implied | ABS, Y | Accum ABS | ABs, x [ABS, x| zP |1
22025 |2s 25|24 |26)25)12]34]12 36|34 |37]3 5
JSR | AND BIT | AND | ROL | RMB2 | PLP | AND | ROL BIT | AND | ROL | BBR2
2 | ABS [(IND,X) zP zP zP zP | implied | IMM | Accum ABS | ABs | aBs | zp |2
36|26 23|23 |2s5]|2s5]14)22/|12 34| 34)|36]3 5
BMI | AND | AND BT | AnD | roL | RMB3 | sec | anp | DEC BIT | AND | ROL | BBR3
3 | Relative| (IND), Y | (IND) zp, x| zp.x | zP,x | zP |Implied | ABS, Y | Accum ABS, X| ABS, x [ABS, X| zP |3
2 20|25 |25 24|l24f26)25)12]|34a[12 3 4|34 |37]3 5
RTI | EOR EOR | LSR | RMB4 | PHA | EOR | LSR JMP | EOR | LSR | BBR4
4 | Implied | (IND, X) zP zP ZP | Implied | IMM | Accum ABS | ABS | ABS zr |4
16| 26 23252513 |22/ 12 33|34 |3686]3 5"
BVC | EOR | EOR EOR | LSR | RMB5 | cLl | EOR | PHY EOR | LSR | BBRs
5 | Relative|(IND), Y | (IND) ZP, X | ZP,X | zP |[Implied |ABS, Y |Implied ABS, X [ABS, X| zP |5
220125 |25 2426|2512 ]34]|13 3 4 |37 |3 5"
RTS | ADC sTz | ADC | ROR | RMB6 | PLA | ADC | ROR JMP | ADC | ROR | BBR6
6 | Implied | (IND, X) zP zP zP zP | Implied | IMM | Accum (ABS) | ABS | aBs | zr |6
16 | 2 6t 23la23|25]25]|14 22|12 36|34 |36 |3 5
BvS | ADC | ADC STz | ADC | ROR | RMB7 | SEI ADC | PLY JMP | ADC | ROR | BBR7
7 | Relative | (IND), Y | (IND) zP, X | zP, X | zP,x | zP |impled | ABS, Y| Implied ABS, Xy ABS, X |ABS, x| zP |7
2 2|2 5% |2 5t 2424 |26]25]12 |3 a4t]14 363 4t|37]3 5"
BRA | STA STY | STA | STX | smBo | DEY BIT | TXA STY | STA | sTx | BBSO
8 |Relative | (IND, X) zP zP zP zP |impled | MM |Implied {4 ABS | ABS | ABS zr |8
23|28 23|23 |23|l2s5]12]22]12 34(34/|34]|35s5
BCC | STA | STA STY | STA | sTx | sMB1 | TYA | STA | Txs stz | sTA | sTz | 8BSt
9 | Relative | (IND), Y | (IND) ZP, X | 2P, X | ZP,Y | 2ZP |Implied |ABS,Y |Implied ABS | ABS, x|ABS, X| zp |9
22| 26 |25 24 |24|2a)2s5)12 35|12 341351353 5"
LDY | LDA | LDX LDY | LDA | LDX | SMB2 | TAY | LDA | TAX DY | LDA | LDX | BBS2
A | IMM [(IND,X) | IMM zP zP zp zP | implied | IMM |Implied ABS | ABS | ABS P | A
22|26 |22 23|23 |23)2s5|12|22]|12 34| 34/|34]35"
BCS | LDA LDA LDY | LDA | LDX | SMB3 | CLv | LDA | TSX LDY | LDA | LDX | BBS3
B |Relative|(IND), Y | (IND) P, X | ZP,X | zP,Y | zP |Implied [ABS,Y |implied ABS, X| ABS, X [ABS, Y| ZP | B
2 20|25 |25 24 |24|2a]2s5]12]|34 12 3 4|3 4 (34|35
CPY | CMP cPY | cMP | DEC | smMB4 | INY | CMP | DEX CPY | CMP | DEC | BBS4
C | IMM |(IND, X) zP zP zP zP | implied | IMM |Implied ABS | ABS | ABS zr |cC
222686 23 |23|2s5|2s5|12]22]12 34|34 /(36]35
BNE | cMP | cmP CMP | DEC | SMB5 | CLD | CMP | PHX CMP | DEC | BBSS
D |Relative| (IND), Y | (IND) P, X | zZP,X | zP |Implied |ABS, Y | implied ABS, X |ABS, X| zP |D
22*|25 J2s 24 |26l25]12]|34]13 34 |37]|3 5
CPX | sBC CPX | SBC | INC | smBs | INX SBC | NOP cPx | sBc | INC | BBSE
E | IMM | (ND, X) zP zP zP zP |impled | IMM |implied ABS | ABS | ABS z? |E
2 2| 2 6t 23 |23 |25|2s5]12|22|12 3 4|3 4|36 )3 5
BEQ | sBCc | sBC SBC | INC | smB7 | SED | SBC | PLX SBC | INC | BBS7
F | Relative| (IND), Y | (IND) P, X | zP,x | zP |implied | ABS, Y | implied ABS, X |ABS, X| zP | F
2 2|2 5t |2 st 24| 2625112 |3 at]1 4 3 4t 37 |3 5
0 1 2 3 4 5 6 7 8 9 A B c D E F
0
tAdd 1 to N if in decimal mode.
BRK —OP Code *Add 1 to N if page boundary is crossed.
— New Opcode 0 | Implied | —Addressing Mode **Add 1 to N if branch occurs to same page;
17 —Instruction Bytes; Machine Cycles Add 2 to N if branch occurs to different page.
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ADDRESSING MODES Pnocssci?;:ssnws
MNEMONIC OPERATION tmEDIATE] ABSOLI ACCUM. | IMPUED | (ND.X) | (IND). Y |Z. PAGE, x| ABS, X | (ABS.X) | ABS,Y |RELATIVE| (Np) [2.PAGE, Y[7 6 5 4 3 2 1 0
o[ n | # JoP| n lop[n [ # Jor[n [ # Jor[n]#for[n]# Jor[n[# Jor[n]#JoP[n ][+ Jor[n]#]or[n[#for[n[#for[n][#]N v . B D I 2 C
ADC A+M+C—A(1) (5) (7) 69(2 |2 [6D] 4 6162|7152 75|42 (D|4 |3 79|14 (3 72|52 NV zc
AND A M-A (1) 29|2 |2 2D 4 216 |2131|5]|2 35|42 |3Dj4 |3 39|4 |3 32|52 N z .
ASL c— -g 0E| 6 pal2 |1 166 |2 NE|7 |3 N zc
BBR [#(#-7)] [ Branch on M,=¢
BBS [#(2-7)] Branch on M, =1
BCC Branch on C @) 9g| 2|2 .
BCS Branchon C=1 (2) BA(2 |2 .
BEQ Branchon Z=1 (2) Fg|2 |2 .
8IT A>M (6 89|2 |2 [2c|a|3|2a]3 ]2 34|al2|3c|4|3 M. M,
BMI Branchon N=1 (2 3|2 |2 PN
BNE Branchon Z=8 (2 Dgl 2 | 2 .o
BPL Branchon N=§ (2) 18]2 |2 -
BRA Branch Always  (2) 89| 3 |2 P
BRK Break 8|7 |1 -
BVC Branchon V=0 (2) 5912 |2 P
BVS Branchon V=1 (2) 7#|2 |2 -
cLC —~C 182 |1 .o
CLD 08| 2 |1 P
CLI 58(2 |1 .
CLV B8|2 |1 ) P
CMP co|2|2fcp[4|3|cs|3|2 c1|6|2 (D15 (2 D54 (20D 4|3 D9| 4 (3 D2| 5 |2 N . zZC
CPX E@| 2|2 |EC| 4|3 |E4|3 |2 N . Z C
CPY Cal2|2|CC[4|3]Ca[3 |2 N zZcC
DEC ICE| 6 |3 |C6| 5] 2 3Al2 |1 D66 |2 DEf7 |3 N z .
DEX X—1-X cal2 |1 N z .
DEY Y—1-Y 88| 2|1 N Z .
EOR AMM=A (1) a9(2|2[4D| 4|3 ]45]3 (2 a1|6|2|51| 5 2|s5(4(2(5D4|3 594 |3 52|52 N z .
INC M+1-Mor A+1-A EE| 6|3 |E6| 5] 2 a2 F6(6 |2 [FE| 7|3 N z .
INX X+1-X E8[2 |1 N z .
INY Y+1-Y C8| 2 |1 N z .
JMP Jurhp to New Loc (8) 4C| 3|3 7C| 6 |3 6C(6 |3 . .
JSR Jump Sub 28|63 . ..
LDA M-A (1) A9l 2|2 [aD[ 4|3 |As{3 |2 A1l6|2B1|5]|2Bs|4]2(BD|4 |3 B9|4 |3 B2( 5|2 N z .
LDX M-X (1) A2l 2|2 |AE| 4|3 |A6| 3|2 BE| 4 |3 B6(4 |2 | N z .
LDY M-Y (1) Agi 2|2 [AC| 4|3 |A4l 32 B4[4]2(BC|4 |3 N z .
LSR 27— gl -C 4E| 6|3 [46| 5| 2 aA| 2 | 1 s6|6 |2 [5E[ 73 g zZc
NOP No Operation EAi 2 | 1 . ..
ORA AVM—A (1) po| 2|2 |gD| 4|3 |53 ]2 gi|6|2|11]s|2|15]4|2]D[4a]|3 19143 12|52 N N4
PHA A-Ms S-1-S 48(3 | 1 .
PHP P—~Ms S-1- 28|31
PHX X—Ms S-1-S DAl 3 (1
PHY Y-Ms S-1-§ 5A|3 |1
PLA S+1-8 Ms—A 6814 |1 Ce
PLP S+1-S Ms—P 28| 4 | 1 (Restored)
PLX S+1-S Ms-X FAl 4 |1 N P
PLY S+1-5 Ms-Y 7A| 4 1 N z
RMBI#(8-7)] | @—M, (4) 07; 5|2
ROL 2E| 6 (312652 2A12 |1 36(6[2[3E|7 (3 N zc
ROR 6E| 6 |3 [66]5 |2 6A[2 |1 76|62 |7E7 |3 N o [
RTI Rtrn Int 4|6 |1 (Restored)
RTS Rtrn Sub 66| 6 | 1 Ce e e e -
SBC A—M C-A(1)(3) (6 E9[2|2|eD| 4|3 |E5|3 |2 E1|6|2|F1|5|2]|Fs|a|2]|FD[4 |3 F9la |3 F2|5 (2 N Vv zC
SEC 1-C 38{2|1 - . 1
SED 1-D F8l2|1 1 .
SEI 1-1 78(2 |1
SMBI#(8-7)] 1-M, (4) Eg 5|2
STA A-M 8D 4 31853 |2 816 |2o1|6]|2]9s5]a|2]D(5 |3 99(5 |3 92|5 |2 . .
STX X=M BE| 4 (3 (86|32 964 (2] . .
STY Y-M 8C| 4|3 |84 32 94| 4|2 . .
STZ 8-M 9c{ 413 f64f 3|2 74|42 |9El5 (3 . .
TAX A-X AAl 2 |1 N . z
TAY A=Y AB[ 2 [ 1 N . z
TRB AAM-M 1cl 6|3 f14]5]2 . . z
188 AV M-M 8C| 6| 3 04| 5 . . Z
TSX S-X BA| 2 |1 N . z
TXA X—A 8Al 2 | 1 N . z
XS X~8 9A| 2| 1 . . ~
TYA Y-A 98|21 N .o 4
Notes: LEGEND M; = Memory Bit 6
1. Add 1 to N if page boundary is crossed. X = Index X = Add
2.Add 1 to N if branch occurs to same page. Y = IndexY — = Subtract
Add 2 to N_if branch occurs to different page. A Accumulator A = And
3. Carry not (C) = Borrow. M Memory per effective address vV =0r
4. Effects 8-bit data field of the specified zero page address. M, Memory per stack ponter % = Exclusive or
5. Add 1 to N if in Decimal Mode. M, Selecter zero page memory bit n Number of cycles
6. On the Bit immediate instruction, the results of the M, and M bits (N and V flags) are indeterminate and should be considered invalid. M, = Memory Bit 7 #_ = Number of Bytes

7. If in Decimal Mode, Z flag is invalid. Accumulator must be checked for zero result.
8. JMP (OP Code 6C) is an Absolute Indirect Addressing Mode (ABS).
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R65C02, R65C102, and R65C112 R65C00 Microprocessors (CPU)
SWITCHING CHARACTERISTICS (Over operating conditions unless otherwise noted)

1 MHz 2 MHz 3 MHz 4 MHz
P Symbol | Min | Max Min Max Min_ | Max Min Max Unit
CLOCK TIMING
92 Cycle Time teve 1000 Note 1 500 Note 1 333 Note 1 250 Note 1 ns
02 Low Pulse Width toL 430 5000 210 5000 150 5000 100 5000 ns
@2 High Pulse Width ton 450 — 220 —_ 160 - 110 — ns
00 Low to @2 Low Skew( toy — 50 — 50 — 40 - 30 ns
92 Low to @1 High Skew® touys -20 20 -20 20 -20 20 -20 20 ns
XTLI High to 92 Low® toxi — 100 — 100 — 100 — 100 ns
XTLO Low to 92 Low®® toxo — 75 - 75 — 75 — 75 ns
92 Low to P4 High Delay'® tavs — 250 — 125 — 85 — 65 ns
94 Low Pulse Width(® toar 430 - 210 - 150 — 100 — ns
94 High Pulse Width® toan 450 5000 220 5000 160 5000 110 5000 ns
Clock Rise and Fall Times tr te — 25 — 20 — 15 — 12 ns
READ/WRITE TIMING
R/W Delay Time taws — 125 — 100 - 85 - 70 ns
R/W Hold Time thAw 15 — 15 — 15 — 15 — ns
Address Delay Time tans — 125 — 100 —_ 85 - 70 ns
Address Valid to @4 High® taga 100 - 25 - 10 - 0 - ns
Address Hold Time tha 15 — 15 — 15 — 15 — ns
Read Access Time tacc 775 — 340 — 215 — 160 — ns
Read Data Setup Time tosu 100 — 60 — 40 — 30 — ns
Read Data Hold Time tr 10 — 10 — 10 — 10 — ns
Write Data Delay Time®@ twos — 200 — 110 — 85 — 55 ns
Write Data Delay Time® toow — 200 — 110 — 85 — 65 ns
Write Data Delay Time® topi2 — 450 —_ 235 — 170 — 120 ns
Write Data Hold Time thw 30 — 30 —_ 30 — 30 -— ns
CONTROL LINE TIMING
SYNC Delay tevs — 125 — 100 — 85 — 70 ns
RDY Setup Time tRos 200 — 110 — 80 — 60 — ns
SO Setup Time tsos 75 - 50 - 40 - 30 - ns
ML Delay Time(s) tmis — 125 — 100 — 85 — 70 ns
ML Hold Time!® thmL 10 — 10 — 10 — 10 — ns
ML Hold Time® ML 10 — 10 — 10 — 10 — ns
BE Delay Time(5)®) tee — 40 —_ 40 — 40 — 40 ns
iRQ, RES Setup Time tis 200 — 110 — 80 — 60 — ns
NMI Setup Time tmi 300 — 200 — 170 — 150 - ns
Notes:
1. R65C02 and R65C102 minimum operating frequency is limited by 2 low pulse width. All processors can be stopped with 2 held high.
2. R65C02 only.
3. Note 3 deleted.
4. R65C102 only.
5. R65C102 and R65C112 only.
6. R65C112 only.
7. Measurement points shown are 0.8V (low) and 2.0V (high) for outputs and 1.5V (low and high) for inputs, unless otherwise specified.
8. BE signal is asynchronous.
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R65C02, R65C102, R65C112

R65C00 Microprocessors (CPU)

00 (IN)’ \

te—)

1

y N
— le— tpLy
01 (OUT)! 2 \ J_—
teve
le— toLye —_— [ ton et
20uT) T\ to 3
02 (IN)2 K A y
— te—1aDs; trws: tsys READ (RW = HIGH) —* < thar thRw
A0-A15, RIW —
SYNC X 'WRITE (RIW = LOW) X
t
hee tosu e thr
DO-D7 (RRXXXXXIXX
(READ) SEERE
1
DD12 e tyoe ) et
D0-D7 R XXKK KKK L AXXXXIXXXIIXR
(WRITE) QLRI ﬁ, QR
— |‘— tuis — !ty —
= X X
. ' RDY ACTIVE — |t
RDY, iRG —
NMI, RES X iRQ, NMI, RES ACTIVE )]L
- t >~
* 'SOS ) e tnps
s \
NOTES:
1. R65C02
2. R65C112

Figure 3. Timing Diagram for the R65C02 and R65C112




R65C02, R65C102, R65C112 R65C00 Microprocessors (CPU)

).—.
XTLI (IN)
*i le— toxi
moen TN\ _| /TN /T N\ T\,
%—
—“I — toxo
teve |
teL
w
92 (OUT) o _/ ton —
—_—| |e— 1t th — te—
tavs toan
94 (OUT) 7 ! )
taps: tawss tsys s tags B toar 1
tirws tha —> ol — READ (R/W = HIGH) .
R/W, SYNC, t—— - ?
AD-A15, ML X WRITE (RIW = LOW) N
[e— thm. tace
- thR tosy —» s
D0-D7 OO 3 i
(READ) e e —
Do-D7 I~ -
(WRITE) P = .
thw —>] toow
tsos
5 T
\ —
J— RDY ACTIVE tis _.l —
ADY, IAQ, E—— (
NMI, RES IRQ, NMI AND RES ACTIVE .
tmi ~
tros [
Figure 4. Timing Diagram for the R65C102
A0-A15 = TRI-STATE .
RIW F 3
— tae tae e—
BE
! |

NOTE: BUS ENABLE APPLIES TO THE R65C102 AND R65C112. BE IS ASYNCHRONOUS AND THEREFORE NOT DIRECTLY
RELATED TO THE 02 CLOCK.

Figure 5. Timing Diagram for Bus Enable (BE)



R65C02, R65C102, R65C112

CLOCK/CRYSTAL CONSIDERATIONS

A crystal controlled time base generator circuit shoyld be used
to drive 0 (IN) (R65C02) or the XTLI and XTLO (R65C102)
inputs. Alternatively, a TTL level clock input to XTLI may be used,
with XTLO floating.

Figure 6 shows a time base generation scheme, for a 4 MHz
operation of the R65C02, that has been tested and proven relia-
ble for normal environments.

Figure 7 shows a possible external clock scheme for a R65C102
and R65C112 master/slave configuration.

The on-chip oscillator is designed for a parallel resonant crys-
tal connected between XTLI and XTLO pins. The equivalent
oscillator circuit is shown in Figure 7.

A parallel resonant crystal is specified by its load capacitance
and series resonant resistance. For proper oscillator operation,
the load capacitance (C.), series resistance (Rs) and the crys-
tal resonant frequency (F) must meet the following two relations:

(C+5 =2C, or C=2C -5

2x 108
(FCLy?
where: F is in MHz, C and C_ is in pF, and R is in ohms.

Rs = Romax =

To select a parallel resonant crystal for the oscillator, first select
the load capacitance from a crystal manufacturer’s catalog. Next,
calculate Rsmax based on F and C.. The selected crystal must
have a Rs less than the Rgmax-

For example, if C. = 30 pF for a 4 MHz parallel resonant
crystal, then

C = (2x30) ~ 5 = 55 pF
(use standard value of 56 pF)

The series resistance of the crystal must be less than

R65C00 Microprocessors (CPU)

NOTE

As with any clock oscilltor circuit, stray capacitance due
to board layout can affect circuit operation requiring ‘““fine
tuning”’ (e.g. component repositioning or value change)
of the circuits shown in Figures 6 and 7. Shunt capacitance
(C) includes stray capacitance.

Vee
R65C102 R65C112
C+5%  XTLI
MASTER SLAVE
4-16 SpF
MHz Pl o2 P9 02 (N
XTAL| YspF| (OUT) 37
q 7404
= C+5% XTLO =

Notes: 1. The oscillator in the R65C102 is parallel
resonant.
2. R65C102 crystal frequency is divided by 4,
i.e., P2 (OUT) = F/4.
3. See STOPPING THE CLOCK.

Figure 7. Example of R65C102/R65C112
Master/Slave Clock Circuit

STOPPING THE CLOCK-STANDBY MODE

Caution must be exercised when configuring the R65C02 or
R65C112 in the standby mode (i.e., 90 IN or §2 IN clock stopped).
The input clock can be held in the high state indefinitely;
however, if the input clock is held in the low state longer than
5 microseconds, internal register and data status can be lost.
Figure 8 shows a circuit that will stop the #0 IN (R65C02) or

Romax = 2x10°8 = 138 ohms 02 IN (R65C112) clock in the high state during standby mode.
(4 x 30)2
1.5K 3.0K
R65C02
R 90 (IN)!
go oN)* stop_| | S Q@ o20n) |
7404 7404 | 7404 L=STANDBY ! cPu
4 MHz H=ACTIVE L_ HC74
92 (OUT) 39, TIME —6—>C1 5 92(0UT) —
1 BASE R
15K XTAL (SEE FIG. 6) ?

Notes: 1. Crystal CTS Knight MP Series.
2. See STOPPING THE CLOCK.

+5V

Note: 1. R65C02 = 90 (IN)
RE5C112 = $2 (IN)

Figure 6. Example of R65C02 External Time Base
Generator Circuit

Figure 8. Stopping the Clock (Standby Mode) Circuit



R65C02, R65C102, and R65C112

R65C00 Microprocessors (CPU)

ABSOLUTE MAXIMUM RATINGS*

Parameter Symbol Value Unit
Supply Voltage Vee -03to +7.0 |Vdc
Input Voltage Vin -0.3 to Ve +0.3 | Vdc
Output Voltage Vour | -0.3to Vgg +0.3 | Vde
Storage Temperature Tsta -55to +150 °C
OPERATING CONDITIONS
Parameter Symbol Value
Supply Voltage Vee 5Vdc 5%
Operating Temperature (Ambient) [ T, to Ty
Commercial 0°C to 70°C
Industrial —40°C to +85°C
Military -55°C to +125°C

ELECTRICAL CHARACTERISTICS

(Over operating conditions unless otherwise noted)

*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.

1. All units are direct current (dc).

3. TRQ and NMI require external pull-up resistor.
4. Typical values shown for Voo = 5.0V and T, = 25°C.

Parameter Symbol Min Typ4 Max Unit Test Conditions
Input High Voltage Vi v
-40°C to 85°C 2.0 Ve +0.3
-55°C to 125°C 2.4 Ve +0.3
Input Low Voltage Vi \
—-40°C to 85°C -03 +0.8
-55°C to 125°C -0.3 +0.4
Input High Voltage $0 R65C02) Viko 2.4 Vee +0.3 \
Input Low Voltage §0 (R65C02) Vi -0.3 +0.4 v
Input High Voltage @2 (IN) (R65C112) Vinz | Vec-0.4 Vge +0.3 \
Input Low Voltage $2 (IN) (R65C112) Ve -0.3 +0.4 \
Input Leakage Current . In wA  |Viy = OV to 5.25V
NMI, IRQ, BE, RDY, RES, S —_ -50 Vee = OV
#2 (IN), 90 (IN), XTLI — 1.0
Three-State (Off State) Input Current Irs1 pA |V = 0.4V to 2.4V
Data Lines — 10 Ve = 5.25V
Output High Voltage _ o Vou 24 — V  |Vge = 475V
SYNC, Data, AO-A15, R/W, §1 (OUT), #2 (OUT), #4 (OUT), ML loap = —100 xA
Output Low Voltage _ . VoL +0.4 V. |Vge = 475V
SYNC, Data, AO-A15, R/W, 1 (OUT), $2 (OUT), 4 (OUT), ML - lloap = 1.6 MA
Supply Current lec Vec=5.0V
Standby* — 2 10 uA
Active (R65C02) —_ 2.6 4 mA/MHz
Active (R65C102) — 5 7 mA/MHz
Active (R65C112) — 2 4 mA/MHz
Low Power (R65C02) - 1.5 2 mA/MHz |RDY =0
Low Power (R65C102) — 3 5 mA/MHz |[RDY =0
Low Power (R65C112) — 0.7 1 mA/MHz |RDY =0
Capacitance pF  [Vgc = 5.0V
NML, IRQ, SO, BE, RDY __ o Cin - 7 Viy = 0V
SYNC, Data, A0O-A15, R/W, 91 (OUT), @2 (OUT), §4 (OUT), ML, Cout — 10 Viy = OV
XTLO f = 1MHz
$0 (IN), XTLI Co — 10 Ta = 25°C
92 (IN) C, - 30
Notes:

2. Negative sign indicates outward current flow, positive indicates inward flow.




R65C02, R65C102, R65C112 R65C00 Microprocessors (CPU)
PACKAGE DIMENSIONS

40-PIN CERAMIC DIP

a0 21 —_‘f MILLIMETERS INCHES
—f DM | MIN | max | MIN | MAX
L B A | 50.29 | 51.31 | 1.980 | 2.020
B | 15.11 | 15.88 | 0.595 | 0.625
1 20 _l_ 1 C | 254 | 419 | 0.100 | 0.165
L _I D | 038 | 053 ]0.015 | 0.021
A F | 076 | 1.27 | 0030 | 0.050
| l G 2.54 BSC 0.100 BSC
‘] F ' H | 076 ] 178 | 0030 | 0070
¥ c J 0.20 | 0.33 | 0.008 | 0.013
' K | 254 | 419 | 0.100 | 0.165
ﬁ N L | 1460 | 15.37 | 0575 | 0.605
H tlL K M | o0 | 100 | 00 | 100
D G *I e M-—l N | os1 | 1.52 | 0020 | 0.060
40-PIN PLASTIC DIP
MILLIMETERS INCHES
DIM | MIN | MAX | MIN | MAX

5182 | 52.32 | 2.040 | 2.060
13.46 | 13.97 | 0.530 | 0550
3.56 | 5.08 | 0140 | 0.200
0.38 | 053 | 0.015 | 0021
1.02 | 152 | 0.040 | 0.060
254 BSC 0.100 BSC
165 | 2.16 | 0.065 | 0.085
020 | 0.30 | 0.008 | 0.012
330 | 432 | 0.130 | 0170
15.24 BSC | 0.600 BSC
7o [ 100 | 70 | 10°
051 | 1.02 | 0.020 | 0.040

N
’ 1
|

>

sHe el '“‘F <o M

_II.
Zzgir{x|lc|TO MO0 (@[>

44-PIN PLASTIC LEADED CHIP CARRIER (PLCC)

INDEX D SEATING PLANE MILLIMETERS | INCHES
D1 DIM | MIN | MAX | MIN | MAX
COHNEQ\ |‘_ Dz—" A | 414 | 4390163 | 0173
|~ 4 A1_| 187 | 1.47 | 0.054 | 0.058
G « A2 | 231 | 245 | 0091 | 0.097

g o *p /( b | o0457TvP_| o018 TYP

2] ] B

D1 PIN 1 B D | 17.45 | 17.60 | 0.687 | 0.693
D2 INDICATOR D1 | 16.46 | 16.56 | 0.648 | 0.652
D2 | 1262 | 12.78 | 0.497 | 0508

_l_ﬁ 1 D3 | 15.75 REF 0.620 REF
uuuuwuuu:: e 1.27 BSC 0.050 BSC

h 1.15 TYP 0.045 TYP

TOP VIEW SIDE VIEW 4 0.25 TYP 0.010 TYP

o 45° TYP 45° TYP

o R | o089TYP | o03sTYP

@3 Rt | o025TYP 0.010 TYP

SECTION A-A
TYP FOR BOTH AXIS (EXCEPT FOR BEVELED EDGE)

CHAM. 11 PINS EJECTOR PIN MARKS

h x 45° PER SIDE 4 PLCS BOTTOM OF

3PLCS EQUALLY PACKAGE ONLY
SPACES (TYPICAL)

BOTTOM VIEW




R65C21

N

Rockwell

Peripheral Interface Adapter (PIA)

R65C21

DESCRIPTION

The R65C21 Peripheral Interface Adapter (PIA) is designed to
solve a broad range of peripheral control problems in the imple-
mentation of microcomputer systems. This device allows a very
effective trade-off between software and hareware by providing
significant capability and flexibility in a low cost chip. When
coupled with the power and speed of the R6500, R6500/* or
R65C00 family of microprocessors, the R65C21 allows imple-
mentation of very complex systems at a minimum overall cost.

Control of peripheral devices is handled primarily through two
8-bit bidirectional ports. Each of these lines can be programmed
to act as either an input or an output. In addition, four peripheral
control/interruptinput lines are provided. These lines can be used
to interrupt the processor or to “*handshake” data between the
processor and a peripheral device.

FEATURES

* Low power CMOS N-well silicon gate technology

¢ Direct replacement for NMOS R6520 or MC6821 PIA

¢ Two 8-bit bidirectional I/O ports with individual data direction
control

¢ Automatic ‘‘Handshake” control of data transfers

e Two interrupts (one for each port) with program control

e 1,2, 3, and 4 MHz versions

e Commercial and industrial temperature range versions

* Wide variety of packages
— 40-pin plastic and ceramic DIP
— 44-pin plastic leaded chip carrier (PLCC)

e Single +5 Vdc power requirement

¢ Compatible with the R6500, R6500/* and R65C00 family of
microprocessors

Vss O 1 40 [ cA1
PAO ] 2 39 [1 CA2
PA1 [ 3 38 [J IRQA
PA2 [} 4 37 O IRGB
PA3 [0 5 36 [J RSO
PA4 (] 6 35 (1 RSt
PAs [ 7 34 [1 RES
PAs [] 8 33 [ Do
PA7 [] 9 32 O D1
PBO [ 10 31 O D2
PB1 (] 11 30 1 D3
PB2 ] 12 29 [ D4
PB3 (] 13 28 [1 D5
PB4 [] 14 27 [1 D6
PB5 O] 15 26 1 D7
PB6 [] 16 25 ] 02
PB7 a 17 24 [ cs1
cB1 ] 18 23 [J Cs2
cB2 ] 19 22 1 cso
Vee O 20 21 [0 RW
40-PIN DIP

o N e -alg2

1¥sges33RRe

ininlnSalulnSulinlininls]

O e ON - : g g ; s
PAs [} 7 O 39 [J RSO
PAs (] 8 PIN 1 38 [ Rs1
PA6 [] 9 INDICATOR 37 [J RES
PA7 ] 10 36 [1 DO
PBO (] 11 35 [1 D1
PB1 [] 12 34 [0 D2
PB2 [] 13 33 O o3
PB3 [] 14 32 [1 D4
PB4 ] 15 31 [0 Ds
PB5 [] 16 30 [ De
PB6 (] 17 29 [0 D7

P2REIAIIRERR

D000 0Uooooyg

N o0 O |N e

EgySegERaes

44-PIN PLCC NC = NO INTERNAL

CONNECTION

Figure 1. R65C21 Pin Assignments
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R65C21

Peripheral Interface Adapter (PIA)

ORDERING INFORMATION

Part Number:
R65C21 _

Temperature Range (T to Tyy):
Blank = 0°Cto +70°C
E = -40°Cto +85°C

Frequency
1=1MHz
2 = 2MHz
3 = 3MHz
4 = 4 MHz
Package
C = 40-Pin Ceramic DIP
P = 40-Pin Plastic DIP

J = 44-Pin Plastic Leaded

Chip Carrier (PLCC)

INTERFACE SIGNALS

The PIA interfaces to the R6500, R6500/* or the R65C00 micro-
processor family with a reset line, a@2 clock line, a read/write line,
two interrupt request lines, two register select lines, three chip
select lines, and an 8-bit bidirectional data bus.

The PIA interfces to the peripheral devices with four interrupt/
control lines and two 8-bidirectional data ports.

Figure 1 (on the front page) shows the R65C21 PIA pin assign-
ments and Figure 2 groups the signals by functional interface.

CHIP SELECT (CS0, CS1, CS2)

The PIA is selected when CS0 and CS1 are high and CS2 is
low. These three chip select lines are normally connected to the
processor address lines either directly or through external

decoder circuits. When the PIA is selected, data will be transferred
between the data lines and PIA registers, and/or peripheral inter-
face lines as determined by the R/W, RS0, and RS1 lines
and the contents of Control Registers A and B. 7

RESET SIGNAL (RES)

The Reset (RES) input initializes the R65C21 PIA. A low signal
on the RES input causes all internal registers to be cleared.

CLOCK SIGNAL (#2)

The Phase 2 Clock Signal ($2) is the system clock that triggers
all data transfers between the CPU and the PIA. §2 is generated
by the CPU and is therefore the synchronizing signal between the
CPU and the PIA.

READ/WRITE SIGNAL (R/W)

Read/Write (R/W) controls the direction of data transfers between
the PIA and the data lines associated with the CPU and the
peripheral devices. R/W high permits the peripheral devices to
transfer data to the CPU from the PIA. R/W low allows data to
be transferred from the CPU to the peripheral devices from the
PIA.

REGISTER SELECT (RS0, RS1)

The two Register Select lines (RS0, RS1), in conjunction with the
Control Registers’ (CRA, CRB) Data Direction Register access
bits select the various R65C21 registers to be accessed by the
CPU. RS0 and RS1 are normally connected to the microprocessor
(CPU) address output lines. Through control of these lines, the
CPU can write directly into the Control Registers (CRA, CRB), the
Data Direction Registers (DDRA, DDRB) and the Peripheral Out-
put Registers (ORA, ORB). In addition, the processor may directly
read the contents of the Control Registers and the Data Direction
Registers. Accessing the Peripheral Output Register for the pur-
pose of reading data back into the processor operates differently
on the ORA and the ORB registers and, therefore, are shown
separately in Table 1.

(o007 )

92—

\/ —_——»

R6500, :/s\l:) >

R6500/* RS1 >

OR < €S0 —————

R65C00 cst >

MICROPROCESSOR &5 >
FAMILY -C—s—z

RES ————i]

IRQA —————|

IRQB *+———|

VsSS§ ——m—m———

vcC ————————

R65C21
PIA

PAO-PAT
PERIPHERAL
{
cat DEXCE
¢ CA2
-
gg; PERIPHERAL
DEVICE
B
PBO-PB7

Figure 2. R65C21 ACIA Interface Signals
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Peripheral Interface Adapter (PIA)

R65C21
Table 1. ORA and ORB Register Addressing
Register |Data Direction|
Register Select Lines Control Register Operation
Address CRA | CRB _ _
(Hex) | RSt | RSO | (Bit2) |(Bit2)] R/W=H RW=L
0 L L 1 — |Read PIBA [Write ORA
0 L L 0 — |Read DDRA|Write DDRA
1 L H — — |Read CRA |Write CRA
2 H L — 1 |Read PIBB |Write ORB
2 H L — 0 |Read DDRB|Write DDRB
3 H H — — |Read CRB |Write CRB

INTERRUPT REQUEST LINES (IRQA, IRQB)

The active low Interrupt Request lines (IRQA and IRQB) act to
interrupt the microprocessor either directly or through external
interrupt priority circuitry. These lines are open drain and are capa-
ble of sinking 1.6 mA from an external source. This permits all
interrupt request lines to be tied together in a wired-OR configu-
ration. The A and B in the titles of these lines correspond to the
peripheral port A and the peripheral port B so that each interrupt
request line services one peripheral data port.

Each Interrupt Request line has two interrupt flag bits which can
cause the Interrupt Request line to go low. These flags are bits 6
and 7 in the two Control Registers (CRA, CRB). These flags act
as the link between the peripheral interrupt signals and the
microprocessor interrupt inputs. Each flag has a corresponding
interrupt disable bit which allows the processor to enable or dis-
able the interrupt from each of the four interruptinputs (CA1, CA2,
CB1, CB2). The four interrupt flags are set by active transitions
of the signal on the interrupt input (CA1, CA2, CB1, CB2).

CRADbit 7 (IRQA1) is always set by an active transition of the CA1
interrupt input signal. However, IRQA can be disabled by
setting bit 0 in CRA to a 0. Likewise, CRA bit 6 (IRQA2) is
set by an active transition of the CA2 interrupt input signal and
IRQA can be disabled by setting bit 3 in CRA to a 0.

Both bit 6 and bit 7 in CRA are reset by a *‘Read Peripheral Output
Register A” operation. This is defined as an operation in which
the read/write, proper data direction register and register select
signals are provided to allow the processor to read the Peripheral
A /0 port. A summary of IRQA control is shown in
Table 2.

Control of IRQB is performed in exactly the same manner as
that described above for IRQA (Table 2). Bit 7 in CRB (IRQB1)
is set by an active transition on CB1 and IRQB from this flag
is controlled by CRB bit 0. Likewise, bit 6 (IRQB2) in CRB is set
by an active transition on CB2, and IRQB from this flag is
controlled by CRB bit 3. Also, both bit 6 and bit 7 of CRB are reset
by a ‘‘Read Peripheral B Output Register’’ operation.

Table 2. IRQA and IRQB Control Summary

Control Register Bits
CRA-7=1and CRA-0=1
CRA-6=1and CRA-3=1
CRB-7=1and CRB-0=1
CRB-6=1and CRB-3=1

Action
TRQA goes low (Active)
IRQA goes low (Active)
IRQB goes low (Active)
IRQB goes low (Active)

1-21

INTERRUPT INPUT/PERIPHERAL CONTROL LINES
(CA1, CA2, CB1, CB2)

The four interrupt input/peripheral control lines provide a num-
ber of special peripheral control functions. These lines greatly
enhance the power of the two general purpose interface ports
(PAO-PA7), PBO-PB7). Figure 4 summarizes the operation of
these control lines.

CA1 is an interrupt input only. An active transition of the signal
on this input will set bit 7 of the Control Register A to a logic 1.
The active transition can be programmed by setting a 0 in bit 1
of the CRA if the interrupt flag (bit 7 of CRA) is to be set on a nega-
tive transition of the CA1 signal ora 1if itis to be set on a positive
transition.

CA2 can act as a totally independent interrupt or as a peripheral
control output. As aninput (CRA, bit5 = 0)it acts to set the inter-
rupt flag, bit 6 of CRA, to alogic 1 on the active transition selected
by bit 4 of CRA.

These control register bits and interrupt inputs serve the same
basic function as that described above for CA1. The input signal
sets the interrupt flag which serves as the link between the
peripheral device and the processor interrupt structure. The inter-
rupt disable bit allows the processor to exercise control over the
system interrupt.

In the output mode (CRA, bit5 = 1), CA2 can operate independ-
ently to generate a simple pulse each time the microprocessor
reads the data on the Peripheral A I/O port. This mode is selected
by setting CRA, bit 4 to a 0 and CRA, bit 3to a 1. This pulse out-
put can be used to control the counters, shift registers, etc., which
make sequential data available on the Peripheral input lines.

A second output mode allows CA2 to be used in conjunction with
CA1 to “‘handshake’’ between the processor and the peripheral
device. On the A side, this technique allows positive control of data
transfers from the peripheral device into the microprocessor. The
CA1 input signals the processor that data is available by interrupt-
ing the processor. The processor reads the data and sets CA2
low. This signals the peripheral device that it can make new data
available.

The final output mode can be selected by setting bit 4 of CRA to
a1.Inthis mode, CA2is a simple peripheral control output which
can be set high or low by setting bit 3 of CRA to a 1 or 0,
respectively.

CB1 operates as an interrupt input only in the same manner as
CA1. Bit 7 of CRB is set by the active transition selected by bit
0 of CRB. Likewise, the CB2 input mode operates exactly the
same as the CA2 input modes. The CB2 output modes, CRB
bit 5 = 1, differ somewhat from those of CA2. The pulse output
occurs when the processor writes data into the Peripheral B
Output Register. Also, the ““handshaking”” operates on data trans-
fers from the processor into the peripheral device.




R65C21

Peripheral Interface Adapter (PIA)

FUNCTIONAL DESCRIPTION

The R65C21 PIA is organized into two independent sections
referred to as the A Side and the B Side. Each section consists
of a Control Register (CRA, CRB), Data Direction Register
(DDRA, DDRB), Output Register (ORA, ORB), Interrupt Status
Control (ISCA, ISCB), and the buffers necessary to drive the
Peripheral Interface buses. Data Bus Buffers (DBB) interface
data from the two sections to the data bus, while the Data Input
Register (DIR) interfaces data from the DBB to the PIA registers.
Chip Select and R/W control circuitry interface to the processor
bus control lines. Figure 3 is a block diagram of the R65C21 PIA.

DATA INPUT REGISTER (DIR)

When the microprocessor writes data into the PIA, the data which
appears on the data bus during the @2 clock pulse is latched into
the Data Input Register (DIR). The data is then transferred into
one of six internal registers of the PIA after the trailing edge

of the @2 clock. This assures that the data on the peripheral output
lines will make smooth transitions from high to low (or from low
to high) and the voltage will remain stable except whenitis going
to the opposite polarity.

CONTROL REGISTERS (CRA AND CRB)

Table 3illustrates the bit designation and functions in the two con-
trol registers. The control registers allow the microprocessor to
control the operation of the Interrupt Control inputs (CA1, CA2,
CB1, CB2), and Peripheral Control outputs (CA2, CB2). Bit 2 in
each register controls the addressing of the Data Direction
Registers (DDRA, DDRB) and the Output Registers (ORA, ORB).
In addition, two bits (bit 6 and 7) in each control register indicate
the status of the Interrupt Input lines (CA1, CA2, CB1, CB2). These
Interrupt Status bits (IRQA1, IRQA2 or IRQB1, IRQB2)
are normally interrogated by the microprocessor during the
IRQ interrupt service routine to determine the source of the
interrupt.

IRQA = INTERRUPT STATUS CA1
r————. CONTROL A (ISCA)  Lag— CA2
CONTROL
—> :::E:"\?TER A DATA DIRECTION
< ——| REGISTER A
o I (DDRA)
D1 <¢—>y
D2 <¢——> [ I
D3¢—{ DATABUS | ———————OUTPUT BUS
D4 ¢ BUFFER ) oA0
< (DBE) PERIPHERAL @— PA1
DS OUTPUT ~ PERIPHERAL j@—— PA2
D6 —— F> REGISTER A > INTERFACE la— pa3
b7 (ORA) | BUFFER A l@— PAs
(PIBA) [ e—® PAS
g—> PA6
j— PA7
Faslotaiadd e— P50
PERIPHERAL g¢—> PB1
OIR) :> OUTPUT PERIPHERAL jg— PB2
REGISTER B = INTERFACE l@—> PB3
(ORB) | BUFFER B l@— PB4
‘ (PIBB) lg¢— PBS
cs0 l@— PB6
cs1 PB7
cs2 ™ chp {}
> SEL/EWCT INPUT BUS
———p] &R
RSt CONTROL I | DATA DIRECTION
AW ’ CONTROL REGISTER B
"2 —~> _—>>{ ReGISTERB (ODRB)
i
RES —9>| (CRB)
INTERRUPT STATUS @ CB1
IRQB @ CONTROL B (ISCB) ce2

Figure 3. R65C21 PIA Block Diagram
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Table 3. Control Registers Bit Designations
7 6 5 4 3 2 1 0
CRA IRQA1 IRQA2 CA2 Control DDRA/ORA CAT1 Control
Select
7 6 5 4 3 2 1 0
CRB IRQB1 IRQB2 CB2 Control DDRB/ORB CB1 Control
Select

DATA DIRECTION REGISTERS (DDRA, DDRB)

The Data Direction Registers (DDRA, DDRB) allow the processor
to program each line in the 8-bit Peripheral I/0 port to be either
an input or an output. Each bitin DDRA controls the correspond-
ing line in the Peripheral A port and each bitin DDRB controls the
corresponding line in the Peripheral B port. Writing a 0 in a bit posi-
tion in the Data Direction Register causes the corresponding
Peripheral I/0 line to act as an input; a 1 causes it to act as an
output.

Bit 2in each Control Register (CRA and CRB) controls access to
the Data Direction Register or the Peripheral interface. If bit 2 is
a1, a Peripheral Output register (ORA, ORB) is selected, and if
bit2is a0, a Data Direction Register (DDRA, DDRB) is selected.
The Data Direction Register Access Control bit, together with the
Register Select lines (RS0, RS1) selects the various internal
registers as shown in Table 1.

PERIPHERAL OUTPUT REGISTER (ORA, ORB)

The Peripheral Output Registers (ORA, ORB) store the output
data from the Data Bus Buffers (DBB) which appears on the
Peripheral I/O port. If a line on the Peripheral A Port is pro-
grammed as an output by the DDRA, writing a 0 into the cor-
responding bit in the ORA causes that line to go low (< 0.4 Vdc);
writing a 1 causes the line to go high. The lines of the Peripheral
B port are controlled by ORB in the same manner.

INTERRUPT STATUS CONTROL (ISCA, ISCB)

The four interrupt/peripheral control lines (CA1, CA2, CB1, CB2)
are controlled by the Interrupt Status Control logic (A, B). This logic
interprets the contents of the corresponding Control Register and
detects active transitions on the interrupt inputs.

PERIPHERAL 1/0 PORTS (PA0O-PA7, PB0-PB7)

The Peripheral A and Peripheral B I/O ports allow the micro-
processor to interface to the input lines on the peripheral device
by writing data into the Peripheral Output Register. They also allow
the processor to interface with the peripheral device output lines
by reading the data on the Peripheral Portinput lines directly onto
the data bus and into the internal registers of the processor.

Each of the Peripheral /0 lines can be programmed to act as an
input or an output. This is accomplished by setting a 1 in the cor-
responding bit in the Data Direction Register for those lines which
are to act as outputs. A 0 in a bit of the Data Direction Register
causes the corresponding Peripheral I/O lines to act as an input.
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The buffers which drive the Peripheral A I/O lines contain “‘pas-
sive” pull-up devices. These pull-up devices are resistive in nature
and therefore allow the output voltage to go to V¢ for a logic 1.
The switches can sink a full 3.2 mA, making these buffers capa-
ble of driving two standard TTL loads.

In the input mode, the pull-up devices are still connected to the
1/0 pin and still supply current to this pin. For this reason, these
lines also represent two standard TTL loads in the input mode.

The Peripheral B 1/O port duplicates many of the functions of the
Peripheral A port. The process of programming these lines to act
as an input or an output is similar to the Peripheral A port, as is
the effect of reading or writing this port. However, there are several
characteristics of the buffers driving these lines which affect their
use in peripheral interfacing.

The Peripheral B 1/O port buffers are push-pull devices, i.e., the
pull-up devices are switched OFF in the 0 state and ON for a
logic 1. Since these pull-ups are active devices, the logic 1 voltage
will not go higher than +2.4 Vdc.

Another difference between the PAO-PA?7 lines and the PBO
through PB7 lines is that they have three-state capability which
allows them to enter a high impedance state when programmed
to be used as input lines. In addition, data on these lines will be
read properly, when programmed as output lines, even if the data
signals fall below 2.0 Vdc for a “*high’’ state or are above 0.8 Vdc
for a “‘low”” state. When programmed as output, each line can
drive at least a two TTL load and may also be used as a source
of upto 3.2 mA at 1.5 Vdc to directly drive the base of a transistor
switch, such as a Darlington pair.

Because these outputs are designed to drive transistors directly,
the output data is read directly from the Peripheral Output Register
for those lines programmed to act as inputs.

The final characteristic is the high-impedance input state which
is a function of the Peripheral B push-pull buffers. When the
Peripheral B I/O lines are programmed to act as inputs, the out-
put buffer enters the high impedance state.

DATA BUS BUFFERS (DBB)

The Data Bus Buffers are 8-bit bidirectional buffers used for data
exchange, on the D0-D7 Data Bus, between the microprocessor
and the PIA. These buffers are tri-state and are capable of driv-
ing a two TTL load (when operating in an output mode) and
represent a one TTL load to the microprocessor (when operating
in an input mode).
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CONTROL REGISTER A (CRA)
CA2 INPUT MODE (BIT 5 = 0)

7 6 5 4 3 2 1 0
IRQA1 IRQA2 CA2 INPUT IRQA2 IRQA DDRA/ORA IRQA1 IRQA
FLAG FLAG MODE SELECT TRANSITION ENABLE SELECT TRANSITION ENABLE

(=0) SELECT FOR IRQA2 SELECT FOR IRQA1
IRQA/IRQA2 IRQA/IRQA1
CONTROL CONTROL
CA2 OUTPUT MODE (BIT 5 = 1)

7 6 5 4 3 2 1 0
IRQA1 0 CA2 OUTPUT CA2 CA2 DDRA/ORA IRQA1 IRQA
FLAG MODE SELECT OUTPUT RESTORE SELECT TRANSITION ENABLE

(=1) CONTROL CONTROL SELECT FOR'IRQA1
CA2 IRQA/IRQA1
CONTROL CONTROL

CA2 INPUT OR OUTPUT MODE (BIT5 = 0 OR 1)

Bit7

IRQA1 FLAG

A transition has occurred on CA1 that satisfies the bit 1 IRQA1 transition polarity criteria. This bit is cleared by a read of Output Register A
or by RES.

No transition has occurred on CA1 that satisfies the bit 1 IRQA1 transition polarity criteria. :
DATA DIRECTION REGISTER A/OUTPUT REGISTER A SELECT

Select Output Register A.

Select Data Direction Register A.

IRQA1 TRANSITION SELECT
Set IRQA1 Flag (bit 7) on a positive (low-to-high) transition of CA1.
Set IRQA1 Flag (bit 7) on a negative (high-to-low) transition of CA1.

IRQA ENABLE FOR IRQA1
Enable assertion of IRQA when IRQA1 Flag (bit 7) is set.
Disable assertion of IRQA when IRQA1 Flag (bit 7) is set.

CA2 INPUT MODE (BIT 5 = 0)

CA2 OUTPUT MODE (BIT 5 = 0)

Bit6
1

Bit5

Bit4

Bit3

IRQA2 FLAG Bité  NOT USED
A transition has occurred on CA2 that satisfies the bit 4 0 Always zero.
IRQAR transition polarity criteria. This flag is cleared by
a read of Output Register A or by RES. Bit5 CA2 MODE SELECT
No transition has occurred on CA2 that satisfies the 1 Select CA2 Output Mode.
bit 4 IRQA2 transition polarity criteria. (
’ Bit4  CA2 OUTPUT CONTROL
CA2 MODE SELECT 1 CA2 goes low when a zero is written into CRA bit 3.

Select CA2 Input Mode. CA2 goes high when a one is written into CRA bit 3.

0 CA2 goes low on the first negative (high-to-low) §2 clock

IRQA2 TRANSITION SELECT transition following a read of Output Register A.

Set IRQA2 Flag (bit 6) on a positive (low-to-high) transition CA2 returns high as specified by bit 3

of CA2.

Set IRQA2 Fiag (bit 6) on a negative (high-to-low) transition Bit3 CA2 READ STROBE RESTORE CONTROL (4 = 0)

of CA2. 1 CA2 returns high on the next §2 clock negative
transition following a read of Output Register A.

IRQA ENABLE FOR IRQA2 0 CA2 returns high on the next active CA1 transition

Enable assertion of IRQA when IRQA2 Flag (bit 6) is set.

following a read of Output Register A as specified by
Disable assertion of IRQA when IRQA2 Flag (bit 6) is set.

bit 1.

Figure 4. Control Line Operations Summary (1 of 2)
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CB2 INPUT MODE (BIT 5 = 0)

CONTROL REGISTER B (CRB)

7 6 5 4 3 2 1 0
IRQB1 IRQB2 CB2 INPUT IRQB2 IRQB DDRB/ORB IRQB1 IRQB
FLAG FLAG MODE SELECT TRANSITION ENABLE SELECT TRANSITION ENABLE

(=0) SELECT FOR IRQB2 SELECT FOR IRQB1
IRQB/IRQB2 IRQB/IRQB1
CONTROL CONTROL
CB2 OUTPUT MODE (BIT5 = 1)

7 6 5 4 3 2 1 0
IRQB1 0 CB2 OUTPUT cB2 cB2 DDRB/ORB IRQB1 IRQB
FLAG MODE SELECT OUTPUT RESTORE SELECT TRANSITION ENABLE

(=1) CONTROL CONTROL SELECT FOR IRQB1
cB2 IRQB/IRQB1
CONTROL CONTROL
CB2 INPUT OR OUTPUT MODE (BIT 5 = 0 OR 1)
Bit7 IRQB1 FLAG
1 Atransition has occurred on CB1 that satisfies the bit 1 IRQB1 transition polarity criteria. This bit is cleared by a read of Output Register B
or by RES.
0 No transition has occurred on CB1 that satisfies the bit 1 IRQB1 transition polarity criteria.
Bit 2 DATA DIRECTION REGISTER B/OUTPUT REGISTER B SELECT

1 Select Output Register B.
0 Select Data Direction Register B.

IRQB1 TRANSITION SELECT
1 Set IRQB1 Flag (bit 7) on a positive (low-to-high) transition of CB1.
(] Set IRQB1 Flag (bit 7) on a negative (high-to-low) transition of CB1.

IRQB ENABLE FOR IRQB1
1 Enable assertion of IRQB when IRQB1 Flag (bit 7) is set.
0 Disable assertion of IRQB when IRQB1 Flag (bit 7) is set.

CB2 INPUT MODE (BIT 5 = 0) CB2 OUTPUT MODE (BIT 5 = 0)

Bit 6 IRQB2 FLAG Bit 6 NOT USED
1 A transition has occurred on CB2 that satisfies the bit 4 0 Always zero.
IRQB2 transition polarity criteria. This flag is cleared by
a read of Output Register B or by RES. Bit5 CB2 MODE SELECT
0 No transition has occurred on CB2 that satisfies the 1 Select CB2 Output Mode.
bit 4 IRQB2 transition polarity criteria.
| Bit4 CB2 OUTPUT CONTROL
Bit5  CB2 MODE SELECT 1 CB2 goes low when a zero is written into CRB bit 3.

0 Select CB2 Input Mode. CB2 goes high when a one is written into CRB bit 3.

0 CB2 goes low on the first negative (high-to-low) §2 clock
transition following a read of Output Register B.
CB2 returns high as specified by bit 3

Bit4  IRQB2 TRANSITION SELECT \
1 Set IRQB2 Flag (bit 6) on a positive (low-to-high) transition

of CB2.
0 Set IRQB2 Flag (bit 6) on a negative (high-to-low) transition Bit3 CB2 READ STROBE RESTORE CONTROL (4 = 0)
of CB2. 1 CB2 returns high on the next @2 clock negative
transition following a read of Output Register B.
Bit3 IRQB ENABLE FOR IRQB2 0 CB2 returns high on the next active CB1 transition
1 Enable assertion of IRQB when IRQB2 Flag (bit 6) is set. following a read of Output Register B as specified by

0 Disable assertion of IRQB when IRQA2 Flag (bit 6) is set. bit 1.

Figure 4. Control Line Operations Summary (2 of 2)

1-25



R65C21

Peripheral Interface Adapter (PIA)

READING THE PERIPHERAL A 1/0 PORT

Performing a Read operation with RS1 = 0, RS0 = 0 and the Data
Direction Register Access Control bit (CRA-2) = 1, directly trans-
fers the data on the Peripheral A I/O lines to the data bus. In this
situation, the data bus will contain both the input and output data.
The processor must be programmed to recognize and interpret
only those bits which are important to the particular peripheral
operation being performed.

Since the processor always reads the Peripheral A /O port pins
instead of the actual Peripheral Output Register (ORA), it is
possible for the data read by the processor to differ from the
contents of the Peripheral Output Register for an output line.
This is true when the I/O pin is not allowed to go to a full

+2.4 Vdc when the Peripheral Output register contains a logic 1.
In this case, the processor will read a 0 from the Peripheral A pin,
even though the corresponding bit in the Peripheral Output
registeris a 1.

READING THE PERIPHERAL B I/0 PORT

Reading the Peripheral B I/0 port yields a combination of input
and output data in a manner similar to the Peripheral A port.
However, data is read directly from the Peripheral B Output
Register (ORB) for those lines programmed to act as outputs. It
is therefore possible to load down the Peripheral B Output lines
without causing incorrect data to be transferred back to the
processor on a Read operation.

teve
e F‘L‘q\‘— te
92 O
tacrR — le— —> < tcan
RS0, RS1, XXXXRXIXXXXXY R IR R R R R R B IILLRAR
cs0, 081, 683 SRR e st
» ’ 20000.9.9.9,999, 20202008 999096707070 020 00 0 0N Y2620 4 2000
le— tpcp —
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B0-PB7 XX XXKXXY
PBO- 202000, 0. 9.9,8
> fe— tyr
0.0 B sse | }
XS 0202000,
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—  tpc te ty—= |
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Figure 5. Read Timing Waveforms
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R65C21 Peripheral Interface Adapter (PIA)
SWITCHING WAVEFORMS

(Vo = 5.0 Vdc +5%, Vgs = 0, Ta = T to Ty, unless otherwise noted)

BUS TIMING
1 MHz 2 MHz 3 MHz 4 MHz
Parameter Symbol Min. Max. Min. Max. Min. Max. Min. Max. Unit

92 Cycle teye 1.0 — 0.5 — 0.33 — 0.25 — us
02 Pulse Width tc 450 — 220 — 160 — 110 — ns
$2 Rise and Fall Time tres te — 25 — 15 — 12 — 10 ns
Read

Address Set-Up Time tacr 140 — 70 — 53 — 35 — ns
Address Hold Time tcAR 0 — 0 — 0 — 0 — ns
Peripheral Data Set-Up Time tecn 300 — 150 — 110 — 75 —_ ns
Data Bus Delay Time tcor — 335 — 145 — 105 — 85 ns
Data Bus Hold Time thr 20 — 20 — 20 — 20 — ns
Write

Address Set-Up Time tacw 140 — 70 — 53 — 35 — ns
Address Hold Time toaw 0 — 0 — 0 — 0 — ns
R/MW Set-Up Time twew 180 — 90 — 67 — 45 — ns
R/W Hold Time toww 0 — 0 — 0 — 0 — ns
Data Bus Set-Up Time tocw 180 — 90 — 67 — 45 — ns
Data Bus Hold Time thw 10 — 10 — 10 — 10 — ns
Peripheral Data Delay Time tepw — 1.0 — 0.5 — 0.5 — 0.5 us
Peripheral Data Delay Time tomos — 2.0 — 1.0 - 0.7 — 0.5 us

to CMOS Level
PERIPHERAL INTERFACE TIMING
Peripheral Data Set-Up tror 300 — 150 — 110 — 75 — ns
92 Low to CA2 Low Delay tcaz — 1.0 — 0.5 — 0.5 — 0.5 us
(2 Low to CA2 High Delay thst — 1.0 — 0.5 — 0.5 — 0.5 us
CA1 Active to CA2 High Delay tRs2 — 2.0 — 1.0 — 1.0 — 1.0 us
$2 High to CB2 Low Delay tcp2 — 1.0 — 0.5 — 0.5 — 0.5 us
Peripheral Data Valid to CB2 Low Delay toc 0 1.5 0 0.75 0 0.5 0 0.37 us
(2 High to CB2 High Delay tast — 1.0 — 0.5 — 0.5 — 05 us
CB1 Active to CB2 High Delay trs2 — 2.0 — 1.0 — 0.67 — 0.5 s
CA1, CA2, CB1 and CB2 t b —_ 1.0 — 1.0 — 1.0 —_ 1.0 us
Input Rise and Fall Time

NOTE: Timing measurements are referenced to and from a low voltage of 0.8 Vdc and a high voltage of 2.0 Vdc.
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ABSOLUTE MAXIMUM RATINGS*

Parameter Symbol Value Unit *NOTE: Stresses above those listed may cause permanent
Supply Voltage Ve _03to +7.0 | Vdc damage to the device. This is a stress rating only and functional
Ut Vot v 0310V 03 | va operation of the device at these or any other conditions above
nput Voltage IN —0:510 Voe +0 ° those indicated in other sections of this document is not implied.
Output Voltage Vouyr | —0.3t0 Ve +0.3 | Vde Exposure to absolute maximum rating conditions for extended
Operating Temperature Range | Ta °C periods may affect device reliability.
Commercial Oto +70
Industrial —40to +85
Storage Temperature Tsta -55to0 +150 °C
OPERATING CONDITIONS
Parameter Symbol Value
Supply Voltage Vee 5V 5%
Temperature Range Ta T toTy
Commercial 0°C to 70°C
Industrial —40°Cto +85°C

ELECTRICAL CHARACTERISTICS

(Vcc = 5.0 Vde £5%, Vgg = 0, Tp = T to Ty, unless otherwise noted)

Parameter Symbol Min. Typ.2 Max. Unit2 Test Conditions
Input High Voltage Vi +2.0 — Vee \

Input Low Voltage Vi -03 - +0.8 v i
Input Leakage Current In pA Vin = OVto Vo
R/W, RES, RS0, RS1, CS0, CS2, CA1, CB1, §2 — +1 +25 Vge = 5.25V

Ccst — +10.0

Input Leakage Current for Three-State Off a1 — +2 +10 nA Vin = 0.4V to 2.4V
Do0-D7, PB0-PB7, CB2 Vge = 5.25V

Input High Current ™ -200 —300 — pA Vip = 2.0V
PAO-PA7, CA2

Input Low Current I — -2 ~-32 mA Vi = 0.8V
PA0-PA7, CA2

Output High Voltage Von \ Vee = 4.75V
Logic 24 — — lLoap = —200pA
PBO0-PB7, CB2 (Darlington Drive) 1.5 — — lloap = —3.2mA

Output Low Voltage Vo — — +0.4 \ Vee = 4.75V
PA0-PA7, CA2, PBO-PB7, CB2 lLoap = 3.2 mMA
D0-D7, IRQA, IRQB lLoap = 1.6 MA

Output High Current (Sourcing) lon
Logic -200 -1500 — pA Vou = 2.4V
PBO0-PB7, CB2 (Darlington Drive) -3.2 -6 — mA Vou = 1.5V

Output Low Current (Sinking) loL VoL = 0.4V
PAO-PA7, PBO-PB7, CB2, CA2 3.2 — — mA
D0-D7, IRQA, IRQB 1.6 — — mA

Output Leakage Current (Off State) lose — 1 +10 HA Vou = 2.4V
IRQA, IRQB Vee = 5.25V

Power Dissipation Pp — 7 10 mW/MHz

Input Capacitance Cin Vee = 5.0V
D0-D7, PAO-PA7, PBO-PB7, CA2, CB2 — — 10 pF Viy = 0V
R/W, RES, RS0, RS1, CS0, CS1, CS2 — — 7 pF f=2MHz
CA1, CB1, 92 — — 20 pF Tp = 25°C

Output Capacitance Cour — — 10 pF

Notes:

1. All units are direct current (dc) except capacitance.

2. Negative sign indicates outward current flow, positive indicates inward flow.

3. Typical values are shown for Vgc = 5.0V and T, = 25°C.
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PACKAGE DIMENSIONS

40-PIN CERAMIC DIP¢

40, 21 T MILLIMETERS | INCHES
_f oM | miN | max | mIN_ [ MAX
L B A | 5029 [ 51.31 | 1.980 | 2.020
B | 15.11 | 15.88 | 0.595 | 0625
4 20 ___l_ l c | 254 | 4190100 [ 0.165
L _l D | 038 | 0530015 | 0021
A F | 076 | 127 ] 0.030 | 0.050
' l G 254 BSC 0.100 BSC
’“‘ F y H 0.76 | 1.78 | 0.030 | 0.070
W ¥ c | J | 020 033 ] 0.008 | 0.013
K | 254 | 419 | 0.100 | 0.165
»‘ W N ; L | 1460 | 15.37 | 0.575 | 0.605
H t‘L K M 0° 10° 0° 10°
D G "‘ l‘ —-—J M"{ N 0.51 | 1.52 | 0.020 | 0.060
40-PIN PLASTIC DIP MILLIMETERS INCHES
oM | MmN | max | miN | max
noanoaananannnnanNnnnNnNnaAnn
40 2 1 A | 5182 | 52.32 | 2.040 | 2.060
_T B | 1346 | 1397 | 0530 | 0.550
J‘ B c | 356 | 5080140 | 0.200
| D | 038 | 0530015 | 0.021
1 2 J F | 102]| 152 0.040 | 0.060
¥ MAAAAd J G 254 BSC 0.100 BSC
I A '- H | 165 ] 216 | 0065 | 0.085
, J | 020 030 | 0.008 | 0.012
iy ? ? ? ? 9 EH E B {H ? ? ? ? F:\ K | 330 | 4320130 | 0170
ﬁ ” ” E ( lﬁ T I ; 15,24l Bsco o.soo[Bsco:
10 10°
'H“ "'G" F N | o051 ] 1.02 [ 0.020 | 0.040
)
44-PIN PLASTIC LEADED CHIP CARRIER (PLCC)
D SEATING PLANE MILLIMETERS | __INCHES
c‘ggﬁén S — g; DIM | MIN | MAX | MIN | MAX
\d t‘—‘ -'l A | 414 ] 4390163 | 0173
: —nonanonnooa R A1 | 137 | 147 | 0054 | 0058
s « A2 | 231 | 246 | 0091 | 0097
g o = / b 0457 TYP | 0018 TYP
D d |
D‘T: PIN 1 D | 17.45 [ 17.60 | 0.687 | 0.693
D2 9 INDICATOR D1 | 1646 | 1656 | 0648 | 0652
_L_E D2 | 1262 | 12.78 | 0.497 | 0503
d 17 2 D3 15.75 REF 0620 REF
—— e 1.27 BSC 0.050 BSC
h 115 TYP 0.045 TYP
TOP VIEW SIDE VIEW J 0.25TYP 0010 TYP
o a 45° TYP 45° TYP
> R 0.89 TYP. 0035 TYP.
D R1 0.25 TYP. 0010 TYP

CHAM.J x 45° ; o
. . G — 74

SECTION A-A
TYP FOR BOTH AXIS (EXCEPT FOR BEVELED EDGE)

CHAM. 11 PINS EJECTOR PIN MARKS

h x 45° PpER SIDE 4 PLCS BOTTOM OF

3 PLCS EQUALLY PACKAGE ONLY
SPACES (TYPICAL)

BOTTOM VIEW
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N

Rockwell

R65C22

Versatile Interface Adapter (VIA)

DESCRIPTION

The R65C22 Versatile Interface Adapter (VIA) is a very flexible
1/0 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 bidirectional
data transfers between VIA’s in multiple processor systems.

The R65C22 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 R65C22 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.

FEATURES

o Low power CMOS N-well silicon gate technology
e Fully compatible with NMOS 6522 devices

e Two 8-bit bidirectional 1/0 ports

* Two 16-bit programmable timer/counters

e Serial bidirectional peripheral I/O

e TTL compatible peripheral control lines

e Expanded ‘‘handshake” capability allows positive control
of data transfers between processor and peripheral
devices.

e Latched output and input registers on both 1/O ports

e 1,2, 3, and 4 MHz operation

o Commercial and industrial temperature range versions
¢ Single +5 Vdc powér requirement

e Wide variety of packages
— 40-pin plastic and ceramic DIP
— 44-pin plastic leaded chip carrier (PLCC)

Vgs O 1 40 [1 CA1 T MmN =o -No o
PA0 [ 2 39 [ ca2 SEfssPsseee
PA1 O 3 38 [1 RSO nononNonNOonng
PA2 [} 4 37 [J Rs1 eweoN-38985°9
PA3 O 5 36 [J RS2 PAS [] 7 @) 39 [J RS3
PA4 [} 6 35 J RS3 PA6 [] 8 PIN 1 38 [0 NC
PAs O 7 34 (1 RES pa7 O o INDICATOR a7 b RES
PAG O] 8 aa [ oo PBO [ 10 36 [J DO
PA7 [} 9 32 0 b1 NC O 11 35 1 D1
PBO [] 10 31 QD2 PB1 [ 12 34 [0 D2
PB1 O] 1 30 E D3 PB2 [] 13 33 [ NC
PB2 [ 12 29 1 04 PB3 (] 14 32 1 03
PB3 [ 13 28 [ 05 PB4 [] 15 31 0 D4
PB4 [] 14 27 1 D& PB5 [] 16 30 [0 D5
PBS O 15 26 |1 b7 PB6 [ 17 29 7 D6
PB6 [] 16 25 02 DO - N®MTWON D
cB1 O] 18 23 [J Cs2 - -
cB2 (] 19 22 [0 RW §3§>8‘z’|g|§|§835
Vee O 20 21 [1 1RQ

40-PIN DIP NG = NO INTERNAL CONNECTION  44-PIN PLCC

Figure 1. R65C22 Pin Assignments
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R65C22 -

Versatile Interface Adapter (VIA)

ORDERING INFORMATION

Part Number:
R65C22 -

Temperature Range (T to Ty):
Blank = 0°C to +70°C
E = -40°C to +85°C

———  Frequency
1=1MHz
2 = 2 MHz
3 =3 MHz
4 = 4 MHz
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 R65C22 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 (92) Input Clock controls all data transfers
between the R65C22 and the microprocessor.

READ/WRITE (R/W)

The direction of the data transfers between the R65C22 and the
system processor is controlled by the R/W line in conjunction
with the CS1 and CS2 inputs. When R/W is low (write opera-
tion) and the R65C22 is selected, data is transferred from the
processor bus into the selected R65C22 register. When R/W is
high (read operation) and the R65C22 is selected, data is trans-
ferred from the selected R65C22 register to the processor bus.

DATA BUS (D0-D7)

The eight bidirectional Data Bus lines transfer data between the
R65C22 and the microprocessor. During a read operation, the
contents of the selected R65C22 internal register are transferred
to the microprocessor via the Data Bus lines. During a write
operation, the Data Bus lines serve as high impedance inputs
over which data is transferred from the microprocessor to a
selected R65C22 register. The Data Bus lines are in the high
impedance state when the R65C22 is unselected.
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MICROPROCESSOR
BUS INTERFACE

0o-07 .

PERIPHERAL
INTERFACE

PAO-PA7

02— [¢——CA1
R/W —————p [¢—> CcA2
. 2 R65C22
CS1,C82— /= i VIA |¢——» CBI
RS0-RS3 — 24 ) je——>» cB2
RES —————p
IR ¢—————— PBO-PB7

Figure 2. R65C22 VIA Interface Signals

CHIP SELECTS (CS1, 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 R65C22 register, CS1
must be high (logic 1) and CS2 must be low (logic 0).

REGISTER SELECTS (RS0-RS3)

The Register Select inputs aliow the microprocessor to select
one of 16 internal registers within the R65C22. Refer to Table 1
for Register Select coding and a functional description.

INTERRUPT REQUEST (IRQ)

The Interrupt Request (ﬁ(—)) 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.

PERIPHERAL PORT A (PA0-PA?7)

Peripheral Data Port A is an 8-line, bidirectional bus for the
transfer of data, control and status information between the
R65C22 and a peripheral device. Each Peripheral Data Port bus
line may be individually programmed as either an input or output
under control of a Data Direction Register. Data flow direction
may be selected on a line-by-line basis with intermixed input and
output lines within the same port. When a ‘0" is written to any
bit position of the Data Direction Register, the corresponding
line will be programmed as an input. 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 CA1 line. All modes are pro-
gram controlled by the microprocessor by way of the R65C22’s
internal control registers. Each Peripheral Data Port line repre-
sents two TTL loads in the input mode and will drive two standard
TTL loads in the output mode. A typical output circuit for
Peripheral Data Port A is shown in Figure 3.
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PORT A CONTROL LINES (CAt1, CA2)

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

PORT B (PB0-PB?7)

Peripheral Data Port B is an 8-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 two standard TTL
loads in the input mode and will drive two TTL loads in the

Table 1.

output mode. Port B lines are also capable of sourcing 3.2 mA
at 1.5 Vdc in the output mode. This allows the outputs to directly
drive Darlington transistor circuits. A typical output circuit for
Port B is shown in Figure 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. These lines also serve as a serial data
port under control of the Shift Register (SR). Each control line
represents two standard TTL loads in the input mode and can
drive two TTL loads in the output mode. Note that CB1 and CB2
can drive Darlington transistor circuits, because they both will
source 3.2 mA at 1.5 Vdc. Each line represents two standard
TTL loads in the input mode and will drive two standard TTL
loads in the output mode.

R65C22 Register Addressing

Register RS Coding Regist Register/Description
Number [ RS3 RS2 RS1 RSO Desig. Write (RW = L) Read (RW = H)
0 0 0 0 0 ORB/IRB Output Register B Input Register B
1 0 0 0 1 ORA/IRA Output Register A Input Register A
2 0 0 1 0 DDRB Data Direction Register B
3 0 0 1 1 DDRA Data Direction Register A
4 0 1 0 0 TiC-L T1 Low-Order Latches [ T1 Low-Order Counter
5 0 1 0 1 T1C-H T1 High-Order Counter
6 0 1 1 0 TiL-L T1 Low-Order Latches
7 0 1 1 1 T1L-H T1 High-Order Latches
8 1 0 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
1 1 (1] 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 ORAVIRA QOutput Register A Input Register A"
NOTE: “Same as Register 1 except no handshake.

+5V

P

1o PAO-PA7,
CONTROL I " cA2
OUTPUT DATA iy

INPUT DATA -

a. Port A Data and Control Line Output Circuit

10 PB0-PB7,
CONTROL __{ CB1, CB2
OUTPUT DATA

INPUT DATA { (OUTPUT MODE)

(INPUT MODE)

b. Port B Data and Control Line Output Circuit

Figure 3. Port A and B Output Circuits
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FUNCTIONAL DESCRIPTION

The internal organization of the R65C22 VIA is illustrated in
Figure 4.

PORT A AND PORT B OPERATION

The R65C22 VIA has two 8-bit bidirectional I/0 ports (Port 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 peripheral pin to act as an input. A “1”
causes the pin to act as an output.

Each peripheral pin is also controiled 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

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 CA1).

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 whethera ‘0"’ ora ‘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 8 illustrate the formats of the port registers.

INTERRUPT iRQ
CONTROL
FLAGS [INPUT LATCH
(IFR) | __(RA)_
| "ENABLE | OUTPUT BUFFERS
(IER) ; | __(ORA) _@ (PA) <:> PORT A
DATA | | DATA DIR
gﬁ;A <:> Bus | (DDRA)
BUFFERS
S ERIPRERAL PORT A REGISTERS
:> (PCR)
[~ ADXILIARY | PORT A cA1
(ACR) :"> __________ ; CA2
FUNCTION PORT B
CONTROL
HANDSHAKE
LATCH LATCH CONTROL
RES — | (IR L (LD SHIFT REG cB1
RIW :> COUNTER | COUNTER (SR) CcB2
02 —— (T1C-H) 1 (T1C-L)
cs1 CHIP PORT B REGISTERS
cs1 IMER 1
cs2 ACCESS T [NPUT TATCH
RSO | CONTROL TIMER 2 1RB)
RS1 taten || | -2
RS2 (T2L1) | OUTPUT <:> BUFFERS <:>
RS3 COUNTER | COUNTER —;> | __(ORB) | (PB) PORT B
_——> (T2C-H) | (T2C-L) DATA DIR
(DDRB)

Figure 4. R65C22 VIA Block Diagram
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HANDSHAKE CONTROL OF DATA TRANSFERS

The R65C22 allows positive control of data transfers between
the system processor and peripheral devices through the opera-
tion 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
generate the equivalent of a ‘“Data Ready” signal to the
processor signifying that valid data is present on the peripheral

REG 0—ORB/IRB

|7 6 5I4 32 OI
I——PBD
PB1
OUTPUT REGISTER
83| «B” (ORB) OR

#s4| INPUT REGISTER
eas| ‘B (IRB)

PIN
DATA DIRECTION
SELECTION

WRITE READ

DORB = "1" (OUTPUT) MPU WRITES OUTPUT LEVEL

(ORB)

MPU READS OUTPUT REGISTER
BITINORB PIN LEVEL HAS NO
AFFECT

MPU READS INPUT LEVEL ON PB
N

DDRB = 0" (INP!

(INPUT) MPU WRITES INTO ORB, BUT
(INPUT LATCHING DISABLED)

NO EFFECT ON PIN LEVEL,
UNTIL DDRB CHANGED

DDRB = *0" (INPUT)
(INPUT LATCHING ENABLED)

MPU READS IRB BIT, WHICH IS THE
LEVEL OF THE P8 PIN AT THE TIME
OF THE LAST CB1 ACTIVE
TRANSITION

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

REG 2—DDRB
7|elsjalalz]|1]o
[,
PB1
B2

P83 DATA DIRECTION
PB4 REGISTER “‘B”’ (DDRB)

PBS

PB6

PB7

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

“1"  ASSOCIATED PB PIN IS AN OUTPUT
WHOSE LEVEL IS DETERMINED BY
ORB REGISTER BIT

Figure 7. Data Direction Register B (DDRB)
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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 R65C22, 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—ORA/IRA

IYGSIAIJZ\OI

I——— PAO
PAY
"2 OUTPUT REGISTER
L | “A" (ORA) OR
eaa| INPUT REGISTER
eas| ‘A" (IRA)
PaG
_—————-vrar
PIN
DATA DIRECTION WRITE READ
SELECTION
DORA = “1" (OUTPUT) MPUWRITES QUTPUT LEVEL | MPU READS LEVEL ON PA PIN

(INPUT LATCHING DISABLED)
DDRA = -1 (OUTPUT)
(INPUT LATCHING ENABLED)

(ORA)
| MPU REAGS IRA BIT WHICH 16 THE |
LEVEL OF THE PAPIN AT THE TIME

OF THE LAST CA1 ACTIVE
TRANSITION
MPU READS LEVEL ON PA PIN

ODRA = “0" (INP!

uT) MPU WRITES INTO ORA, BUT
(INPUT LATCHING DISABLED)

NO EFFECT ON PIN LEVEL,
UNTIL DDRA CHANGED

DDRA = “0" (INPUT)
(INPUT LATCHING ENABLED)

MPUREADS IRABIT, WHICH IS THE
LEVEL OF THE PA PIN AT THE TIME
OF THE LAST CAt ACTIVE
TRANSITION

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

REG3—DDRA

DATA DIRECTION
REGISTER ‘A" (DDRA)

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

“1" ASSOCIATED PA PIN IS AN OUTPUT
WHOSE LEVEL IS DETERMINED BY
ORA REGISTER BIT

Figure 8. Data Direction Register A (DDRA)
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L300 [ Uy Ny Yy PP S U Y I P o I o Y I O
DATA READY 2 »
(onn 7 7
IRQ OUTPUT N &
READ IRA OPERATION [ ] o
“DATA TAKEN" N «
HANDSHAKE MODE \(s
(cA2) 2
‘‘DATA TAKEN" . ».
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 R65C22 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 R65C22. 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, set-
ting the interrupt flag and clearing the “‘Data Ready’’ output.
This sequence is shown in Figure 10.

Latching

The PA port and the PB port on the R65C22 can be enabled
in the Auxiliary Control Register (Figure 14) to be latched by
their individual port control lines (CA1, CB1). Latching is selec-
table to be on the rising or falling edge of the signal at each indi-
vidual port control line. Selection of operating modes for CA1,
CA2, CB1 and CB2 is accomplished by the Peripheral Control
Register (Figure 11).

REG 12—PERIPHERAL CONTROL REGISTER

gaonnann
CB2 CONTROL ——‘-—r—‘ CA1 LATCH/INTERRUPT CONTROL

[7]6]5]oPeraTION 0 - NEGATIVE ACTIVE EDGE
11_0_I_NPU' NEGATIVE ACTIVE EDGE SITIVE ACTIVE EDGE
0[0]1[INDEPENDENT INTERRUPT

| | |INPUT NEGATIVE EDGE" CA2CONTROL
0[1]0]INPUT POSITIVE ACTIVE EDGE 3[2[1]oreraTion
0{1]1]INDEPENDENT INTERRUPT 0]0]0] INPUT NEGATIVE ACTIVE EDGE

INPUT POSITIVE EDGE"
1/0]0[HANDSHAKE OUTPUT
1]ol1]PuLsE ouTPUT
1o
gl

LOW OUTPUT
1]HIGH oUTPUT

INDEPENDENT INTERRUPT
INPUT NEGATIVE EDGE*

S

INPUT POCITIVE ACTIVE EDGE

INDEPENDENT INTERRUPT
INPUT POSITIVE EDGE*

HANDSHAKE OUTPUT

CB1 LATC CONTROL

0= NEGATIVE ACTIVE EDGE
1= POSITIVE ACTIVE EDGE

“SEE NOTE IN FIGURE 29

PULSE OUTPUT

~lsl=]s

LOW OUTPUT

HIGH OUTPUT

Figure 11.

Peripheral Control Register (PCR)

o2 [ [ L_l| L] LR'_III'—L_I_l_I_L_r—LRJ_uTl_I'—l_
WRITE ORA, ORB T !
OPERATION ] 2 2 1
“DATA READY”’ »
HANDSHAKE MODE P J « 1
A2, SAB\Z;)A READY 2 2 '
PULSE MODE S | I
(CA2, CB2) » »
“DATA TAKEN ¢ | ».
(CA1, CB1) N ] 14
IRQ OUTPUT N 1 2 —

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 R65C22. 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 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 92 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 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 (T1C-L). Instead, this half of the counter is loaded
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

716|514 |3)2]1]0

WRITE - 8 BITS LOADED INTO T1 LOW-ORDER
LATCHES THIS OPERATION IS NO
DIFFERENT THAN A WRITE INTO

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

7|6 5 AIJ‘Z 1 OI
L—ZSG

512

1024

2048 | COUNT
4096 | VALUE

8192

16384
32768

WRITE - 8 BITS LOADED INTO T1 HIGH-ORDER
LATCHES. UNLIKE REG 4 OPERATION
NO LATCHTO-COUNTER TRANSFERS
TAKE PLACE. T1 INTERRUPT FLAG IS
RESET.

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

716lsla]3]2]1}o

WRITE - 8 BITS LOADED INTO T1 LOW-ORDER
LATCHES LATCH CONTENTS ARE
TRANSFERRED INTO LOW-ORDER
COUNTER AT THE TIME THE HIGH-
ORDER COUNTER IS LOADED (REG 5)

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

REG 5—TIMER 1 HIGH-ORDER COUNTER
|7|e|5|4|3l2| xloI
L———zse
512

1024

2048 | COUNT
a09s | VALUE

8192

16384

32768

WRITE - 8 BITS LOADED INTO T1 HIGH-ORDER
LATCHES. ALSO, AT THIS TIME BOTH
HIGH- AND LOW-ORDER LATCHES ARE
TRANSFERRED INTO T1 COUNTER
T1 INTERRUPT FLAG ALSO IS RESET
READ - 8 BITS FROM T1 HIGH-ORDER COUNTER
TRANSFERRED TO MPU.

Figure 13. Timer 1 (T1) Counter Registers
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REG 11—AUXILIARY CONTROL REGISTER

|755432|0|

T1 TIMER CONTROL

T T

OPERATION
TIMED INTERRUPT
EACH TIME T11S
LOADED
CONTINUOUS
INTERRUPTS
TIMED INTERRUPT
EACH TIME T1IS
LOADED
CONTINUOUS
INTERRUPTS

P87

Sl=

DISABLED

ONE SHOT
QUTPUT

°

SQUARE
WAVE
OUTPUT

T2 TIMER CONTROL

5| OPERATION

0| TIMED INTERRUPT
1/ COUNT DOWN WITH
PULSES ON PB6

[RE-

LATCH ENABLE 'DISABLE

T
TR B I
143 0 - DISABLE
1= ENABLE LATCHING

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 OUT FREE RUNNING AT T2 RATE
SHIFT OUT UNDER CONTROL OF T2 |
SHIFT OUT UNDER CONTROL OF 2
SHIFT OUT UNDER CONTROL OF EXT CLK

_T=T=T=Te[e][=]o]=

“T=lolo|=[=|c]o]w

“lol=[ol=[o|=lo|~

Figure 14. Auxiliary Control Register (ACR)

Timer 1 One-Shot Mode

The Timer 1 one-shot 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 proc-
essor 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 pro-
grammable width pulse.

Timing for the R65C22 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
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 $2 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 T1 interrupt
flag cannot be set again unless it has been cleared as describ-
ed in this specification.

02 mmmmm

WRITE T1C-H

IRQ OUTPUT

PB7 OUTPUT |

T1 COUNTER

N ‘N-1lN-2|N-3’/

Lh—N + 1.5 CYCLES

| o lFFFFl N [ N-1|N-2|

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.

Allinterval timers in the R65C22 are ‘“‘re-triggerable”. Rewriting
the counter will always re-initialize the time-out period. In fact,

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 PBY. 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.

r
l‘— N + 1.5 CYCLES—'L—— N + 2 CYCLES—-—’I

92 mmmmm
WRITE T1C-H ‘ ‘
OPERATION J — |
iRQ OUTPUT ] //___—\_
PB7 OUTPUT I

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 (T2C-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 low on the leading
edge of 92.
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REG 8—TIMER 2 LOW-ORDER LATCH/COUNTER

|7l6 SIH JIZ |I0

=

4
s | COUNT
| VALUE

WRITE ~ 8BITS LOADED INTO T2 LOW ORDER

READ -

LATCH

8 BITS FROM T2 LOW ORDER COUNTER
TRANSFERRED TO MPU. T2 INTERRUPT
FLAG IS RESET

REG 9—TIMER 2 HIGH-ORDER LATCH/COUNTER

7 6|5|4 JI2|\|0

|-
512
1024

2048 | COUNT
VALUE

4096

8192

16384,
32768

WRITE — 8BITS LOADED INTO T2 t1iGH ORDER
COUNTER ALSO, LOW ORDER LATCH
TRANSFERRED TO LOW ORDER
COUNTER IN ADDITION, T2 INTERRUPT
FLAG IS RESET

READ - B8BITS FROM T2 HIGH ORDER COUNTER
TRANSFERRED TO MPU

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

° [

| M rurL re e rerieriere

WRITE T2C-H
IRQ OUTPUT K
T2 COUNTER NN | N2 | Na | | o | Frer | FrFE | FRFD | FrFC |
[ N + 1.5CYCLES — |
Figure 18. Timer 2 One-Shot Mode Timing
WRITE T2C-H
OPERATION 1
PB6 INPUT LI U
IRQ OUTPUT ]
T2 COUNTER N[ N N N s

Figure 19. Timer 2 Puise 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 coun-
ter. 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 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 — 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 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 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 CB1 pin to

control 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).

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 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 $2 Control

In mode 2, the shift rate is a direct function of the system clock
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
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 92 clock pulse. After 8 clock pulses, the shift register
interrupt flag will be set, and the output clock pulses on CB1
will stop.

REG 10—SHIFT REGISTER

7]els]|af3fz]1]o0
\—
SHIFT
REGISTER
BITS

NOTES

1. WHEN SHIFTING OUT, BIT 7 IS THE FIRST BIT
OUT AND SIMULTANEOUSLY IS ROTATED BACK
INTO BIT 0.

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

REG 11—AUXILIARY CONTROL REGISTER
HAERRRNN
[SLE— |

LSHIFT REGISTER
MODE CONTROL

OPERATION

DISABLED

SHIFT IN UNDER CONTROL OF T2

SHIFT IN UNDER CONTROL OF 92

SHIFT IN UNDER CONTROL OF EXT CLK
SHIFT OUT FREE RUNNING AT T2 RATE
SHIFT OUT UNDER CONTROL OF T2

SHIFT OUT UNDER CONTROL OF 92

SHIFT OUT UNDER CONTROL OF EXT CLK

=|=l=|=lololo|e|s
~|=lolol=]=]olofw
~lol=lol=lo]=lal~

Figure 20. Shift Register

Figure 21. Shift Register Modes

o2 JUnnn
WRITE OR READ M | |
SHIFT REG | Iy
N+ 20YOLES |+ - s ol E 2 '
CB1 OUTPUT
SHIFT CLOCK L | ] L1 7 Led
gii AN PUT RXXRERREOONK T XK 2 ) ZOQUHXXXK_8 ) IOZOIOI
IRQ 1

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

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
the shifting operation (Figure 25). Since the Shift Register bit 7
(SR?7) 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 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 11

o2 TULULLLLLULU UL LU UL UL UL

CB1 OUTPUT _——j
SHIFT CLOCK

DATA

Bz NPT R RRRRRRIRRK T X2 X3 X A X8 X6 X T X B KRR R R KRR KRR
|

IRQ

Figure 23. SR Mode 2 — Shift In Under §2 Control

CB1 INPUT
SHIFT CLOCK

OB NPT KRR T XXX 2 )

RQ

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

[
WRITE SR n

o UL U

N + 2 CYCLES g+2

YCL

i ‘ )
CB1 OUTPUT G A
SHIFT CLOCK L] \Ll_l3| |4r//—|9| Le

|
| |
]

522 QUTPUT TR
DATA L X 2

X T X X T X

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 @2 system clock
(Figure 27).

SR Mode 7 — Shift Out Under CB1 Control
In mode 7, shifting is controlled by pulses applied to the CB1

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 SR Interrupt Flag is reset and the
SR 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 byte
of data.

pin by an external device (Figure 28). The SR counter sets the SR

@ MU o FurrLr L

1 | I o
WRITE SR I , T

N + 2 CYCLES {‘ e N+2 CYCLES | 1 : ‘

CB1 OUTPUT 1 I 1 2 3 )-—l_s_'—

SHIFT CLOCK

J L n
g‘g f"""” XXX 1 X PR, GH N R G
i

IRQ L__

Figure 26. SR Mode 5 — Shift Out Under T2 Control

g ipigipipipipipipipiptgipipipipipig

) |
WRITE SR | l I [ | l | | | k | l
NN
CB1 OUTPUT _—_—_—| 1 2 3 4 w
SHIFT CLOCK
CB2 OUTPUT  RFFTYRRKRROKKKIX X2 X3 j(jfa—)g 7YX 3
iRQ
Figure 27. SR Mode 6 — Shift Out Under 02 Control
Ninipiginipipinigigipipipigli/aigigigin B .
| |
WRITE SR | I ,J/I
J L
CB1 INPUT 1 2 — s
SHIFT CLOCK L——J I___!
g% /?UTPUT CRXO0OCCRRXHHANR) 1 X 2 ,/,/ X 8
iRQ 1

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

Controlling interrupts within the R65C22 involves three principal
operations. These are flagging the interrupts, enabling interrupts
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 R65C22 or on
inputs to the R65C22. These flags normally remain set until the
interrupt has been serviced. To determine the source of an inter-
rupt, 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 R65C22, 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 sys-
tem to locate the source of an interrupt.

The Interrupt Flag Register (IFR) may be read directly by the
processor. In addition, individual flag bits may be cleared by writ-
ing a “1” into the appropriate bit of the IFR. When the proper
chip select and register signals are applied to the chip, the con-
tents of this register are placed on the data bus. Bit 7 indicates
the status of the IRQ output. This bit corresponds to the logic

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) 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
0 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 13—INTERRUPT FLAG REGISTER

SET BY CLEARED BY
CA2 ACTIVE EDGE | READ OR WRITE
REG 1 (ORA)®
CATACTIVE EDGE | READ OR WRITE
REG 1 (ORA)
COMPLETE 8 SHIFTS| READ OR WRITE
SHIFT REG

CB2 ACTIVE EDGE
CB1 ACTIVE EDGE

READ OR WRITE ORB*

READ OR WRITE ORB

TIME-OUT OF T2

READ T2 LOW OR
WRITE T2 HIGH

TIME-OUT OF T1

READ T1 LOW OR

TIMER 1 WRITE T1 HIGH
LIRQ ANY ENABLED CLEARALL
INTERRUPT INTERRUPTS

* IF THE CA2/CB2 CONTROL IN THE PCR ISSELECTED AS
“INDEPENDENT"" INTERRUPT INPUT, THEN READING OR
WRITING THE OUTPUT REGISTER ORA/ORB WILL NOT
CLEAR THE FLAG BIT INSTEAD, THE BIT MUST BE
CLEARED BY WRITING INTO THE IFR, AS DESCRIBED

REG 14—INTERRUPT ENABLE REGISTER

7]6|s5f4)3]211¢0

|—-—CA2

cAal

SHIFTREG! g = INTERRUPT
ce2 DISABLED
8 1 = INTERRUPT
TIMER 2 ENABLED
TIMER 1

SET/CLEAR

NOTES

1 IFBIT71SA 0", THEN EACH “1” INBITS 0 - 6 DISABLES THE
CORRESPONDING INTERRUPT

2 IFBIT7ISA 1" -THEN EACH "1" INBITS 0 - 6 ENABLES THE
CORRESPONDING INTERRUPT

PREVIOUSLY 3 IF AREAD OF THIS REGISTER IS DONE, BIT 7 WILL BE “1” AND
ALL OTHER BITSWILL REFLECT THEIR ENABLE/DISABLE STATE.
Figure 29. Interrupt Flag Register (IFR) Figure 30. Interrupt Enable Register (IER)
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SWITCHING CHARACTERISTICS

(Vec = 50 Vdc +5%, Vgg = 0, Ta = T to Ty, unless otherwise noted)

PERIPHERAL INTERFACE TIMING

Parameter Symbol Min. Max. Unit Figure
Rise and Fall Time for CA1, CB1, CA2 and CB2 Input Signals [ — 1.0 us —
Delay Time, Clock Negative Transition to CA2 Negative Transition (read handshake tcaz - 1.0 s 31a, 31b
or pulse mode)
Delay Time, Clock Negative Transition to CA2 Positive Transition (pulse mode) trs — 1.0 s 31a
Delay Time, CA1 Active Transition to CA2 Positive Transition (handshake mode) trs2 — 2.0 us 31b
Delay Time, Clock Positive Transition to CA2 or CB2 Negative Transition (write twhs 0.05 1.0 s 31c, 31d
handshake)
Delay Time, Periphral Data Valid to CB2 Negative Transition tos 0.20 15 S 31c, 31d
Delay Time, Clock Positive Transition to CA2 or CB2 Positive Transition (pulse mode) trsa — 1.0 S 31c
Delay Time, CA1 or CB1 Active Transition to CA2 or CB2 Positive Transition trsa - 2.0 1S 31d
(handshake mode)
Delay Time Required from CA2 Output to CA1 Active Transition (handshake mode) 1o% 400 _ ns 31d
Setup Time, Peripheral Data Valid to CA1 or CB1 Active Transition (input latching) tw 300 — ns 31e
CA1, CB1 Setup Prior to Transition to Arm Latch taL 300 — ns 31e
Peripheral Data Hold After CA1, CB1 Transition trpH 150 — ns 31e
Shift-Out Delay Time — Time from @2 Falling Edge to CB2 Data Out tsRy — 300 ns 31f
Shift-In Setup Time — Time from CB2 Data In to $2 Rising Edge tsr2 300 —_ ns 31g
External Shift Clock (CB1) Setup Time Relative to 2 Trailing Edge tspa 100 Tey ns 31g
Pulse Width — PB6 Input Pulse tipw 2 x Tey — 31i
Pulse Width — CB1 Input Clock ticw 2 x Tey — 31h
Pulse Spacing — PB6 Input Pulse tips 2 x Tey — 31i
Pulse Spacing — CB1 Input Pulse tics 2 x Tgy — 31h
BUS TIMING
1 MHz 2 MHz 3 MHz 4 MHZ
Parameter Symbol Min Max Min Max Min Max Min Max Unit Figure
Cycle Time toy 1000 — 500 — 330 —_ 250 - ns
Phase 2 Pulse Width High tpwH 470 — 240 — 160 — 120 — ns 32a,
Phase 2 Pulse Width Low tewL 470 — 240 — 160 —_ 120 — ns 32b
Phase 2 Transition tar — 30 — 30 — 30 — 30 ns
Read
Select, R/IW Setup taca 160 — 90 — 65 - 45 — ns
Select, R/W Hold tcar 0 — 0 — 0 — 0 —_ ns
Data Bus Delay teor — 320 — 150 — 130 — 75 ns 32a
Data Bus Hold thr 10 — 10 — 10 — 10 - ns
Peripheral Data Setup trcr 300 — 150 — 110 — 75 — ns
Write
Select R/W Setup tacw 160 — 90 - 65 - 45 - ns
Select, R/W Hold toaw 0 - 0 — 0 — 0 — ns
Data Bus Setup tocw 195 — 75 — 65 — 45 — ns 32b
Data Bus Hold thw 10 — 10 — 10 — 10 — ns
Peripheral Data Delay topw - 1000 — 500 — 330 - 250 ns

1-45



R65C22

Versatile Interface Adapter (VIA)

PERIPHERAL INTERFACE WAVEFORMS

NIV

READ IRA

OPERATION /

0.4v

CA2
“DATA TAKEN”’

0.8V

2.0V

tcaz

trs1 |

Figure 31a.

CA2 Timing for Read Handshake, Pulse Mode

‘ 0.4V

READ IRA
OPERATION

CA2
“'DATA TAKEN"

fe— tcaz ——

l—trs2

CA1
“DATA READY"

>< 2.0V
0.8V

t  acmve

TRANSITION
Figure 31b. CA2 Timing for Read Handshake, Handshake Mode
2.4V 2.4V
02
twus trss
WRITE ORA, ORB
OPERATION
cA2, CB2 \ 20v
‘‘DATA READY” 0.8V
tos
PA, PB 2.0V
PERIPHERAL
DATA 0.8V

Figure 31c.

CA2, CB2 Timing for Write Handshake, Pulse Mode
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" - ﬂ
twhs —
WRITE ORA, ORB
OPERATION ,
7
-
CA2, CB2 2.0V
“DATA READY" 0.8V

9.9.99999999999999.99999999.9
PA, PB XXX XX
(XXXXXXQOOOOOOOOOOOONK)
perpHERaL XA
o thsa

RN
CAT1, CB1 4 - 2.0v
“DATA TAKEN N X 0.8V

7/
ACTIVE

TRANSITION

R65C22

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

PA, PB - 2.0v
PERIPHERAL
INPUT DATA 0.8V
i ——=f~tpon
CAT1, CB1 4-2.0v
INPUT LATCHING
CONTROL X ) 0.8V
t
A | ACTIVE

TRANSITION

Figure 31e. Peripheral Data Input Latching Timing

02
4 0.4V

VAVAVAVAV AV VAV AV VA VAV AV AV VA VAV Y VAV VA VY VLV Y VL VYLV VoV, LV VLV VL VLV VLV, V.V V.V, o
cB2 I Nt
SHIFT DATA QXXX XXX KX RN CRXRXRXAX)
(OUTPUT) BOLLI00000.0.09.0.0.00 OOV XX XK XXX XXX XXXXXXXX) 0.8V

tsmi
CB1
SHIFT CLOCK
(INPUT OR
OUTPUT) L DELAY TIME MEASURED FROM THE FIRST ¢,
FALLING EDGE AFTER CB1 FALLING EDGE.

Figure 31f. Timing for Shift Out with Internal or External Shift Clocking
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R65C22
02
tsp2 -
099 9.99.99.9.9.V.V.9.y, 'a
CcB2 SO SLERNNXRLLAN 7~ 2.0V
SHIFT DATA XXXXXXXXXXXXXXXX)
(INPUT) XXX X 0.8V
cB1 i
SHIFT CLOCK /
(INPUT OR 1.4V 1.4
OUTPUT) /
SET UP TIME MEASURED TO THE FIRST 2
. RISING EDGE AFTER CB1 RISING EDGE.
TSR3
NOTE: SET UP TIMES tgg, AND tgg; MUST BE OBSERVED.

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

2.0V 2.0V K

cB1
SHIFT CLOCK
0.8V 0.8V

INPUT
- bes -

e tiew -

Figure 31h. External Shift Clock Timing

PB6 { 2.0V 2.0V )
PULSE COUNT /
0.8V 0.8v }

|

INPUT
tipw tes
COUNTER T2
DECREMENTS
! HERE
Figure 31i. Pulse Count Input Timing
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BUS TIMING WAVEFORMS

I« tacr

CHIP SELECTS,
REGISTER SELECTS
RIW

AAAAAAAAAAAAAAAAANAAAN/
R RXXXXNRRK
nnsaicieietetetetedidderenarey

QELRROOOCXXNY)

PERIPHERAL
DATA 0.8V

—=] typ |—
2.0Vi 2.0V

DATA BUS \
0.8V 0.8V

Figure 32a. Read Timing Waveforms

tey

I tacw ~| —| tcaw
2.0V 2.0V

L AAAAX X XXX XXX XXX AKX
.o:0:o:0:0:o:0:0:‘20:0:0}:0:0:0:0:0:010:0:0:0:0‘0
CRRRRERENRKS

CHIP SELECTS,
REGISTER SELECTS

®,

0.8V 0.8V N LB BB
1
tocw |
_ 2.0V
RIW
0.8V

ettt bttt
ettt ettt ettt et tetetetedetotelele!
ettt ettt te e tetet et et otetetolels
QRN AR AXUANRNA
QUL X XX XXX XXX XX

CAAAR X XA XXX XXX XXX AXXAXX)
DATA QXRXRRNARANANRERRRD

Q) O
0000.0

.0‘0’0’0‘0’0’0‘0’0’0‘0’0‘0’0’0’0’0‘0’0’0?0?0,0?0?0,0?0?0’0?0?0?0’0’0’0’0’0?0

Figure 32b. Write Timing Waveforms
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ABSOLUTE MAXIMUM RATINGS*

*NOTE: Stresses above those listed may cause permanent
damage to the device. This is a stress rating only and function-
al 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 conditions for
extended periods may affect device reliability.

Parameter Symbol Value Unit
Supply Voltage Vee -0.3to +7.0 |Vdc
Input Voltage Vin —0.3to Voo +0.3| Vde
Output Voltage Vour |-0.3to Vge +0.3|Vde
Operating Temperature Ta °C
Commercial Oto +70
Industrial -40 to +85
Storage Temperature Tsta -55to +150 °C
OPERATING CONDITIONS
Parameter Symbol Value
Supply Voltage Vee 5V +5%
Temperature Range Ta T to Ty
Commercial 0°C to 70°C
Industrial —40°C to +85°C

ELECTRICAL CHARACTERISTICS

(Vog = 5.0 Vdc £5%, Vgg = 0, To = T_ to Ty, unless otherwise noted)

Parameter Symbol Min. Typ.3 Max. Unit? Test Conditions
Input High Voltage ViH \
Logic +2.0 — Vee
0, +2.4 — Vee
Input Low Voltage Vi \
Logic -0.3 — +0.8
[ -0.4 - +0.4
Input Leakage Current - In — +1 t25 A Viy = OV to Ve
R/W, RES, RS0, RS1, RS2, RS3, CS1, CS2, CA1, §2 Vee = 5.25V
Input Leakage Current for Three-State Off It - +2 +10 A Viy = 0.4V to 2.4V
D0-D7 Vee = 5.25V
Input High Current [ —-200 —400 — A Vg = 2.4V
PA0-PA7, CA2, PBO-PB7, CB1, CB2
Input Low Current I — -2 -26 mA Vi = 0.4V
PA0-PA7, CA2, PBO-PB7, CB1, CB2
Output High Voltage Vou Voo = 475V
All outputs 2.4 — — \ ILoap = 200 pA
PB0-PB7, CB1 and CB2 (Darlington Drive) 1.5 — — \ lLoap? = -3.2 mA
Output Low Voltage VoL — — +0.4 \ Vec = 475V
PA0-PA7, CA2, PBO-PB7, CB1, CB2, lLoap = 3.2 mMA
D0-D7, IRQ lLoap = 1.6 MA
Output High Current (Sourcing) lon
Logic -200 —-1500 - rA Vou = 2.4V
PB0-PB7, CB1 and CB2 (Darlington Drive) -3.2 -6 — mA Von = 1.5V
Output Low Current (Sinking) loL 3.2 — — mA VoL = 0.4V
Output Leakage Current (Off State) lore - 1 +10 uA Vou = 2.4V
IRQ Voo = 5.25V
Power Dissipation Po — 7 10 mW/MHz
Input Capacitance Cin Vee = 5.0V
D0-D7, PAO-PA7, CA1, CA2, PB0-PB7, CB1, CB2 - - 10 pF Viy = 0V
R/W, RES, RS0, RS1, RS2, RS3, CS1, CS2, — — 7 pF f = 2MHz
02 — — 20 pF Ta = 25°C
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
20 21 MILLIMETERS INCHES
_f om | MIN_| MAX | MIN | MAX
L B A | 5029 | 5131 | 1980 | 2.020
B | 15.11 | 1588 | 0.595 | 0.625
1 d _l_ C | 254 | 419 |0.100 | 0165
I_ D | 038 | 0530015 | 0021
A F 0.76 1.27 | 0.030 | 0.050
[ G 254 BSC 0.100 BSC
F * H 0.76 | 178 | 0.030 | 0070
J 0.20 | 033 | 0.008 | 0013
W—' c K | 254 | 419 ]| 0100 | 0165
!N ; L | 1460 | 1537 | 0.575 | 0605
H t]L K M | 0o | 10° | oo | 10°
D G 'l I" ey M| N | 051 | 152 0020 | 0060
40-PIN PLASTIC DIP
MILLIMETERS INCHES
ANONANNANADANANNANNAANANANANAN DIM MIN MAX MIN MAX
o A _—T A | 5128 | 52.32 | 2.040 | 2.060
B B | 13.72 | 14.22 | 0.540 | 0.560
c | 355 s5.08 | 0.140 | 0.200
J D | 036 | 051 | 0014 | 0.020
Wuvvuvvuuuuvuvuuvvm F 1.02 1.52 | 0.040 | 0.060
A G 2.54 BSC 0.100 BSC
! H 1.65 | 2.16 | 0.065 | 0.085
J 0.20 | 0.30 | 0.008 | 0.012
K | 330 | 432 |0.130 [ 0.170
J l‘ L 1524I BSC ofsooI BSC
F M 10° | 70 | 10°
.H‘ et ~o N | o051 | 1.02 [ 0020 [ 0.040
44-PIN PLASTIC LEADED CHIP CARRIER (PLCC)
INDEX D SEATING PLANE MILLIMETERS INCHES
CORNER g; om [ min | max | MmN [ max
A | 414 | 439 |0.163 | 0.173
S — —L— . A1 | 137 | 1.47 | 0.054 | 0.058
g 6 o P a/( A2 | 231 | 246 | 0.091 | 0.007
D q ] B b 0.457 TYP 0.018 TYP
01-]—5 PIN 1 B 1745 17.60 | 0.687 0.693
D2 E INDICATOR § D1_| 16.46 | 1656 | 0.648 | 0.652
J—g 5 D2 | 1262 | 12.78 | 0.497 | 0.503
q-17 2 [ D3 15.75 REF 0.620 REF
S —— e 1.27 BSC 0.050 BSC
h 1.15 TYP. 0.045 TYP.
TOP VIEW SIDE VIEW J 0.25 TYP 0.010 TYP
o Rt o2 45° TYP 45° TYP
o1 R 0.89 TYP 0.035 TYP
03 R1 0.25 TYP 0.010 TYP
o 1
B A2
R
SECTION A-A
TYP FOR BOTH AXIS (EXCEPT FOR BEVELED EDGE)
CHAM. 11 PINS EJECTOR PIN MARKS
h x 45° PpER SIDE 4 PLCS BOTTOM OF
3 PLCS EQUALLY PACKAGE ONLY
SPACES (TYPICAL)
BOTTOM VIEW
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R65NC22/R65C22 DIFFERENCES

R65C22

R65NC22

1. Register select lines are decoded during §2.

2. CB1 must not change during last 100 ns of $2. CB1 must have a
pulse width greater than one period.

3. PB0-PB7 and CB1, CB2 have active pull-ups.

4. PB0-PB7, CB1 and CB2 represent two standard TTL loads in the
input mode and will drive two standard TTL loads in the output mode.

1. Register select lines are decoded during §2 only if CS2 is active
low.

2. CB1 can change anytime but is sampled only during §2. CB1 must
have a pulse greater than one period.

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

4. PB0-PB7, CB1 and CB2 represent one standard TTL load in the input
mode and will drive one standard TTL load in the output mode.
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Rockwell

Versatile Interface Adapter (VIA)

R65NC22

DESCRIPTION

The R65NC22 Versatile Interface Adapter (VIA) is a very flexi-
ble 1/0 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.

FEATURES

* Low power CMOS N-well silicon gate technology
e Fully compatible with NMOS 6522 devices

e Two 8-bit bidirectional 1/0 ports

* Two 16-bit programmable timer/counters

e Serial bidirectional peripheral I/O

e TTL compatible peripheral control lines

e Expanded ‘‘handshake’ capability allows positive control
of data transfers between processor and peripheral
devices.

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

e 1,2, 3, and 4 MHz operation

o Commercial and industrial temperature range versions
o Single +5 Vdc power requirement

¢ Wide variety of packages
— 40-pin plastic and ceramic DIP
— 44-pin plastic leaded chip carrier (PLCC)

Vgs O 1 40 [J CA1 TONTETO (7= NO ™
PAOSZ 39 [ cA2 fafsgr3seee
PA1 [ 3 38 [J RS0 OonNnNonOonnnnn
PA2 [] 4 37 [J RSt @l N-3IQ958e
PA3 [ 5 36 [J RS2 Pas O] 7 @) 39 [ Rs3
::: E : 35 5:_3 PA6 ] 8 PIN 1 38 [0 NC

34 1 RES PA7 (] 9 INDICATOR 37 J RES
PAG O] 8 33 [0 Do PO O 10 35 [1 Do
PA7 ] 9 32 O o1 NC [ 11 35 [ D1
PBO [] 10 31 O b2 pB1 [ 12 34 [1 D2
pB1 ] 11 30 [J D3 pe2 | 13 33 [J NC
PB2 O] 12 29 [1 D4 PB3 [] 14 32 [ D3
PB3 [] 13 28 [ D5 PB4 ] 15 31 [1 D4
PB4 [] 14 27 {1 D6 PB5 [] 16 30 [0 D5
PB5 [] 15 26 [ D7 pB6 [ 17 29 [1 D6
PB6 [] 16 25 1 02 DO T NDTWON®
PB7 O 17 24 1 cs1 At T A

b B I 5 I I
cB1 [ 18 23 [J Cs2 Ee& 00
it - [«] N v~ NP
cB2 ] 19 22 O RW 238>°z|°—‘|§|33°°
Vee O 20 21 [J iRQ
40-PIN DIP NC = NO INTERNAL CONNECTION ~ 44-PIN PLCC
Figure 1. R65NC22 Pin Assignments

Document No. 29651N98

Product Description
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R65NC22

Versatile Interface Adapter (VIA)

ORDERING INFORMATION

Part Number:
R65NC22 _

Temperature Range (T, to Ty):
Blank = 0°Cto +70°C
E = -40°C to +85°C

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 (ﬁﬁg) 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 (§2) Input Clock controls all data transfers
between the R65NC22 and the microprocessor.

READ/WRITE (R/W)

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

DATA BUS (D0-D7)

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 (CS1, 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
must be high (logic 1) and CS2 must be low (logic 0).
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MICROPROCESSOR PERIPHERAL
BUS INTERFACE INTERFACE
D0-D7 PAO-PA7
02 ————pf [¢&———cAal
RW ——————— t—>
RE5NC22 caz
cs1,C82— 42 3l VA |g—— p c

RS0-RS3 —~ 3 )
RES ————

IRQ ¢——

> CB2
PBO-PB7

Figure 2. R65NC22 VIA Interface Signals

REGISTER SELECTS (RS0-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 (PA0-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-line basis with intermixed input
and output lines within the same port. When a ““0” is written
to any bit position of the Data Direction Register, the 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 CA1 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 TTL loads in the input mode and will drive two standard
TTL loads in the output mode. A typical output circuit for
Peripheral Data Port A is shown in Figure 3.

PORT A CONTROL LINES (CA1, CA2)

Control lines CA1 and CA2 serve as interrupt inputs or hand-
shake outputs for Peripheral Data Port A. Each line controls an
internal Interrupt Flag with a corresponding Interrupt Enable bit.
CAT1 also controls the latching of Input Data on Port A. CA1 is
a high impedance input, while CA2 represents two standard TTL
loads in the input mode. In the output mode, CA2 will drive two
standard TTL loads.
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PORT B DATA LINES (PB0-PB7)

Peripheral Data Port B is an 8-line, bidirectional bus which is
controlled by an Output Register, Input Register and Data Direc-
tion Register in @ 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 mA at
1.5 Vdc in the output mode. This allows the outputs to directly

drive Darlington transistor circuits. A typical output circuit for
Port B is shown in Figure 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 CA1, 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
Reglster RS Coding Reglsts Register/Description
Number [TRS3 | RS2 | RS1 | RSO Deslg. Write (RW = L) Read (RAW = H)
0 0 0 0 0 ORB/IRB Output Register B Input Register B
1 0 0 0 1 ORA/IRA Output Register A Input Register A
2 0 0 1 0 DDRB Data Direction Register B
3 0 0 1 1 DDRA Data Direction Register A
4 0 1 0 0 TiC-L T1 Low-Order Latches | T1 Low-Order Counter
5 0 1 0 1 T1C-H T1 High-Order Counter
6 0 1 1 0 TiL-L T1 Low-Order Latches
7 0 1 1 1 TI1L-H T1 High-Order Latches
8 1 0 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* Input Register A"
NOTE: *Same as Register 1 except no handshake.
+5V +5V
M _ o J l %
ggmnou.__ 222 PAT, CONTROL PBO-PB7
OUTPUT DATA :]"'_ OUTPUT DATA
INPUT DATA = INPUT DATA { (OUTPUT MODE)

a. Port A Data and Control Line Output Circuit

(INPUT MODE)

b. Port B Data Line Output Circuit

+5V

A

1/0 CONTROL :}——— CB1, CB2
OUTPUT DATA 5
INPUT DATA

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 8-bit bidirectional I/O ports (Port 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 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 OQutput 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

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 CA1).

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’’ ora ‘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
puli 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.

INTERRUPT iRQ
CONTROL
FLAGS [INPUT LATCH
(FR) | __(RA)
™ "ENABLE T OUTPUT BUFFERS <:>
(IER) :>___(_0f4ﬂ B 4<Z> *PA) PORT A
DATA DATA DIR
gcy <:> BUS | (DDRA)
BUFFERS
SERIPHERAL PORT A REGISTERS
(PCR) _
- AUXILIARY PORT A CA1
(ACR) j __________ cA2
FUNCTION PORT B
CONTROL
HANDSHAKE
LATCH LATCH CONTROL
RES —— (TILH) 1 (TILL) SHIFT REG cB1
RIW :> COUNTER | COUNTER (SR) cB2
02 — (T1C-H) (T1C-L)
éﬁ —] Aggé';s TIMER 1 PORT B REGISTERS
52 —= [INPUT LATCH]
RSO | conTrOL TIMER 2 S
RS1 —— taten ]| | |-_RB)__ ]
RS2 (2L | OUTPUT <::> BUFFERS <:>
RS3 — ] : COUNTER | COUNTER —:>_‘__(95_B_)__ (PB) PORT B
(T2C-H) | (T2C-L) DATA DIR |
(DDRB)

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 (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
generate 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 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 0—ORB/IRB

|7|6I5|‘IJ]2|| Ol
| EY:
PB1

OUTPUT REGISTER

73| «g" (ORB) OR
L rsa| INPUT REGISTER
L | “B” (RB)
PB6
S —  §
PIN
DATA DIRECTION 'WRITE READ
SELECTION
DORB = "1" (QUTPUT) MPUWRITES OUTPUT LEVEL | MPU READS OUTPUT REGISTER

(ORB) BIT INORB PIN LEVEL HAS NO
AFFECT

MPU READS INPUT LEVEL ON PB
PIN

DORB = "0 (INPUT)
(INPUT LATCHING DISABLED)

MPU WRITES INTO ORB, BUT
NO EFFECT ON PIN LEVEL,
UNTIL DDRB CHANGED

OORB = "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 1—ORA/IRA

T|6f{s|4af3]2]1]|0

- .
42| OUTPUT REGISTER
Pa3l ‘A’ (ORA) OR
ras| INPUT REGISTER
ens| *'A” (IRA)
Pag
PAY
PIN
DATA DIRECTION WRITE READ
SELECTION
DORA = “1" (OUTPUT) MPU WRITES OUTPUT LEVEL | MPU READS LEVEL ON PA PIN
(INPUT LATCHING DISABLED) (ORA)
DORA = "1 (O MPU READS IRA BIT WHICH IS THE
(INPUT LATCHING ENABLED) LEVEL OF THE PAPIN AT THE TIME
‘OF THE LAST CA1 ACTIVE
“TRANSITION
DORA = "0" (INPUT} MPU WRITES INTO ORA, BUT | MPU READS LEVEL ON PA PIN
(INPUT LATCHING DISABLED) NO EFFECT ON PIN LEVEL,
'UNTIL DDRA CHANGED
DORA = "0 (INPUT) MPUREADS IRABIT, WHICH IS THE
(INPUT LATCHING ENABLED) LEVEL OF THE PA PIN AT THE TIME
OF THE LAST CA1 ACTIVE
TRANSITION

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

REG 2—DDRB

|7 6]s 4[1 2 |[o|

[l
—— pBo
P81

PB2

P83

DATA DIRECTION
REGISTER ‘'B8’’ (DDRB)

PB4

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

“1"  ASSOCIATED PB PIN IS AN OUTPUT
WHOSE LEVEL IS DETERMINED BY
ORB REGISTER BIT

REG3—DDRA

7|6fsjafa|2f1]0

T

——— fa0
Pal

Pa2

PA3

DATA DIRECTION
REGISTER ‘A"’ (DDRA)

Pad

PAS

_ —  Pas

PAT

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

"1 ASSOCIATED PA PIN IS AN OUTPUT
WHOSE LEVEL IS DETERMINED BY
ORA REGISTER BIT

Figure 7. Data Direction Register B (DDRB)
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(=200 [ N PP s Ny Y o Y s O PSS N oy I
DATA READY — s R
(CA1) | ¢ N |
iRQ OUTPUT 1 2 - L
READ IRA OPERATION N [ »
“DATA TAKEN"" » .
HANDSHAKE MODE - »
(CA2) (4
“DATA TAKEN" 2 2
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 R65N_CZ2 generates the f‘Data Ready”’ signal a_nd REG 12—PERIPHERAL CONTROL REGISTER

the peripheral device must respond with the ‘‘Data Taken” sig-

nal. This can be accomplished on both the PA port and the PB (T s [ o] ]

port on ?he R65NC22. CA2 or CB2 act as a ‘‘Data Ready” out- corcontror T | T L car arcrnrernuet controL

put in either the handshake mode or pulse mode and CA1 or 7[s[s[oreRATION

CB1 accept the “‘Data Taken’’ signal from the peripheral device, 91010 ey NEoRTIvE ACTIvE £00E) 1 POSITIVE ACTIVE EDGE

setting the interrupt flag and clearing the ‘“Data Ready’’ output. o neur neotve eoce —_—— CA2CONTROL

. . . . 1 P

This sequence is shown in Figure 10. o177 INDEFERDENT NTERRUPT O e e Toe]
DDAy — °1°]" | vt neoave Foce"

Latching : , rise]
100w Gty ST INDEPENDENT TP

The PA port and the PB port on the R65NC22 can be enabled 11 [1 [riow ouTPuY o T e e —

in the Auxiliary Control Register (Figure 14) to be latched by their ©81 LATCHINTERRUPT CONTROL o[ 1[PuLse outpuT ]

individual port control lines (CA1, CB1). Latching is selectable T st 60107

to be on the rising or falling edge of the signal at each individ- “SEE NOTE IN FIGURE 29

ual port control line. Selection of operating modes for CA1, CA2,
CB1 and CB2is accomplished by the Peripheral Control Regis-

tor (Figure 11). Figure 11. Peripheral Control Register (PCR)

LCJP T Ny P Y N e Yy Yy P o o I o

| |
WRITE ORA, ORB
—

OPERATION 2 2
“DATA READY" ‘ R

HANDSHAKE MODE » J b 1|_
" DATA READY ® 2

PULSE MODE N S

(CA2, CB2) ” » |

“DATA TAKEN w % A
(CA1, CB1) . | e

iRQ OUTPUT « 1 » I

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 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 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 (T1C-L). Instead, this half of the counter is loaded
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

716]s5]a]3]2f1]0

WRITE - 8 BITS LOADED INTO T1 LOW-ORDER
TCHES THIS OPERATION IS 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

716]514]3|2)1|0

I———ZSG
512
1024
2048 | COUNT
4006 | VALUE
8192

16384

32768

WRITE - 8 BITS LOADED INTO T1 HIGH-ORDER

TAKE PLACE. T1 INTERRUPT FLAG IS
RESET.

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

7165143 |2{1}]0

[ —
l—— . COUNT

16| VALUE

‘ORDER COUNTER IS LOADED (REG 5)
READ -8 BITS FROM T1 LOW-ORDER COUNTER

TRANSFERRED TO MPU. IN ADDITION,

T1 INTERRUPT FLAG IS RESET (BIT 6

IN INTERRUPT FLAG REGISTER)

REG 5—TIMER 1 HIGH-ORDER COUNTER
I7Is|5|4|3|2| ||ol
l L
512

1024

2048 [ COUNT
aoss | VALUE

bY—————— 8192
Lt 16384
32768]

WRITE - B BITS LOADED INTO T1 HIGH-ORDER
HES ALSO, AT THIS TIME BOTH
HIGH- AND LOW-ORDER LATCHES ARE
TRANSFERRED INTO T1 COUNTER.
T1 INTERRUPT FLAG ALSO IS RESET.
READ - 8 BITS FROM T1 HIGH-ORDER COUNTER
TRANSFERRED TO MPU.

Figure 13. Timer 1 (T1) Counter Registers
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REG 11—AUXILIARY CONTROL REGISTER

l7664321|

T1 TIMER CONTROL

OPERATION
TIMED INTERRUPT
EACH TIME T1 IS
LOADED
CONTINUOUS
INTERRUPTS
TIMED INTERRUPT
EACH TIME T11S
LOADED
CONTINUOUS
INTERRUPTS

PB7

o
olo

DISABLED

o

ONE SHOT
ouTPUT

o

QUTPUT

e

T2 TIMER CONTROL
| S} OPERATION

0

1

TIMED INTERRUPT
COUNT DOWN WITH
PULSES ON PB6

[RER

LATCH ENABLE 'DISABLE

T
IR B N
pe [0-DisaBLE
1 - ENABLE LATCHING

b——————————— SHIFT REGISTER CONTROL

a
[

OPERATION

DISABLED

SHIFT IN UNDER CONTROL OF T2

SHIFT IN UNDER CONTROL OF $2

SHIFT IN UNDER CONTROL OF EXT CLK
SHIFT OUT FREE RUNNING AT T2 RATE
SHIFT OUT UNDER CONTROL OF T2

SHIFT OUT UNDER CONTROL OF #2

SHIFT QUT UNDER CONTROL OF EXT CLK

Z=Telo]=[=]o]o]w
“Tol=lol=|al=lol~

Figure 14. Auxiliary Control Register (ACR)

Timer 1 One-Shot Mode

The Timer 1 one-shot mode generates a single interrupt for each
timer load operation. As with any interval timer, the delay between
the “write TIC-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, Timer1 can be
programmed to produce a single negative pulse on the PB7
peripheral pin. With the output enabled (ACR7 =1) a “write TIC-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

assure that the low order latch contains the proper data before
initiating the count-down with a “write TIC-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 92 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 T1 interrupt
flag cannot be set again unless it has been cleared as described
in this specification.

" Jmmmm

WRITE T1C-H

1RQ OUTPUT

PB7 OUTPUT

T1 COUNTER

N |N-1|N-2|N-3]

¢~ N + 1.5 CYCLES

| o lFFFF' N | N-1|N-2|

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,

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.

A I N L rirrury e reriere
WRITE T1C-H l ‘
OPERATION —_ | ,
iRG OUTPUT =7/ 1 //____'——L__
PB7 OUTPUT — [ ’ | SR

7
I*—‘ N+ 15 CYCLES—-—L———— N+ 2 CYCLES——-—'I

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 (T2C-L) and a read/write high order counter (T2C-H). The
counter registers act as a 16-bit counter which decrements at
@2 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

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 low on the leading
edge of §2.
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REG 8—TIMER 2 LOW-ORDER LATCH/COUNTER REG 9—TIMER 2 HIGH-ORDER LATCH/COUNTER

I7l6|54|3|2|0 716|sfs|3]2{1]0

L. l L
2 512
4 1024
8 COUNT e 3048 COUNT
16 VALUE 4006 VALUE
32 —_— 8192
64 16384
128 32768

WRITE - 8 BITS LOADED INTO T2 LOW ORDER WRITE ~ 8BITS LOADED INTO T2 +1iGH ORDER
LATC

COUNTER ALSO, LOW ORDER LATCH

READ - 8BITS FROM T2 LOW ORDER COUNTER TRANSFERRED TO LOW ORDER
TRANSFERRED TO MPU T2 INTERRUPT COUNTER IN ADDITION, T2 INTERRUPT
FLAG IS RESET FLAG IS RESET

READ — 8BITS FROM T2 HIGH ORDER COUNTER
TRANSFERRED TO MPU

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

2 M e e reriireie
WRITE T2C-H
iRQ OUTPUT
T2 COUNTER N ] N-1 [ N-2 | N-3 | [ 0 | FFFF | FFFE [ FFFD | FFFcl
fe—————— N + 1.5CYCLES ————————+]
Figure 18. Timer 2 One-Shot Mode Timing
WRITE T2C-H
OPERATION 1
PB6 INPUT LI LT LT
iRQ OUTPUT ]
T2 COUNTER O N Y S AT T S -

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.
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 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 — 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 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 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 CB1 pin to
control 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).

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 CB1
clock pulse. This data is shifted into the shift register during the
92 clock cycle following the positive-going edge of the CB1 clock
pulse. The minimum CB1 positive pulse width must be one clock
period. After 8 CB1 clock pulses, the shift register interrupt flag
will set and IRQ will go low.

SR Mode 2 — Shift in Under $2 Control

In mode 2, the shift rate is a direct function of the system clock
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
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 P2 clock pulse. After 8 clock pulses, the shift register
interrupt flag will be set, and the output clock pulses on CB1
will stop.

REG 10—SHIFT REGISTER
7|6lsfa]a]z]r{o

=

SHIFT
REGISTER
BITS

NOTES

1. WHEN SHIFTING OUT, BIT 7 IS THE FIRST BIT
OUT AND SIMULTANEOUSLY IS ROTATED BACK
INTO BIT 0.

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

REG 11—AUXILIARY CONTROL REGISTER
P[] Ll
-

L SHIFT REGISTER
MODE CONTROL

OPERATION

DISABLED

SHIFT IN UNDER CONTROL OF T2

SHIFT IN UNDER CONTROL OF ¢2

SHIFT IN UNDER CONTROL OF EXT CLK
SHIFT OUT FREE RUNNING AT T2 RATE
SHIFT OUT UNDER CONTROL OF T2

SHIFT OUT UNDER CONTROL OF §2

SHIFT OUT UNDER CONTROL OF EXT CLK

=|=|=i=lolole|efs
<|=|elo|=]-lo]|ofw

<lol=lol=lo|=]el~

Figure 20. Shift Register

Figure 21. Shift Register Modes

s TN UL AU

WRITE OR READ M I
SHIFT REG vy
N + 2 CYCLES gYELéSI I/
CB1 OUTPUT 1 2 / /'_|_a_|__
SHIFT CLOCK | I Jj - |
gg';’_;"" UT RGO XOCEOGENO 2 MOOOOX 3 MDY LRXRXXN_8 WEXXK
IRQ ]

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

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 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.

1 1
READ SR mill
CcB1 OUTPUT——ﬁ I
SHIFT CLOCK
NPT KRR T X2 X3 XA X X o X X KRR KRR KRR

RQ

Figure 23. SR Mode 2 — Shift In Under 02 Control

CB1 INPUT -—l 1

T T T

SHIFT CLOCK
CB2 INPUT XXXXXXXXY
8
iRQ 1
Figure 24. SR Mode 3 — Shift In Under CB1 Control
o AU
[ t | ! !
WRITE SR M l ! i
CB1 OUTPUT N + 2CVCLES &vces : | i I |
SHIFT CLOCK | 2 [ s Ls l'”"l s [ Le [
/
582 QUTPUT SRR XX
DATA 1 X 2 X 3 X4/ X 8 1

Figure 25. SR Mode 4 — Shift Out 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
f ; Y the shifting function. Each time the microprocessor, writes or
In mode 6, the shift rate is controlled by the 02 system clock 9
(Figure 27) Y 02 sy 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 o the CB1 microprocessor can then load the shift register with the next byte
i of data.

pin by an external device (Figure 28). The SR counter sets the SR

@ MU L, UL
- | ] —
wamesr [ L I ‘ i
N + 2 CYCLES = = ][N +2 CYCLES ( 1 I
! 0 , ,
CB1 OUTPUT 1 : [ J—( w
SHIFT CLOCK
- L b
CB2 OUTPUT R RXOORRRXKRY i X 2 X5/ Y8
DATA vy- |
IRQ 1

Figure 26. SR Mode 5 — Shift Out Under T2 Control

ypiginipgigipigipipgigigiGigigigigigigh
1 |
WRITE SR 1 I I I | | | l | I |
CB1OUTPUT — 4 2 3 4 /L'Ll_r—{_a_[_'“—
SHIFT CLOCK

gii:UTPUT XX 1+ X 2 X 3 U{t‘ X 7 X 8

iRQ

Figure 27. SR Mode 6 — Shift Out Under 02 Control

pipigipipipinipipgipipigigl/aligigigigh
| {
WRITE SR 1 /e
/ L
CB1 INPUT ————L_1__| 12 [ 7 _a[—
SHIFT CLOCK L
CB2 OUTPUT 00000000 1 X 2 I X 8
DATA 17
iRQ

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

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) 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
0 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 13—INTERRUPT FLAG REGISTER

cB2
cB1

CB2 ACTIVE EDGE
CB1 ACTIVE EDGE

SET BY CLEARED BY
ca2CAZ ACTIVE EDGE [ READ OR WRITE
REG 1 (ORA)*
CA1-—{CAT ACTIVE EDGE | READ OR WRITE
REG 1 (ORA)
SHIFT REG{COMPLETE 8 SHIFTS | READ OR WRITE
SHIFT REG

READ OR WRITE ORB*
READ OR WRITE ORB

TIME-OUT OF T2

READ T2 LOW OR

TIMER 2 WRITE T2 HIGH
TIME-OUT OF T1 READ 71 LOW OR
TIMER 1 WRITE T1HIGH
Lira ANY ENABLED CLEAR ALL
INTERRUPT INTERRUPTS

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

REG 14—INTERRUPT ENABLE REGISTER

7]16)s5f4]3j2]|1|0

I—CAZ

cal

SHIFTREG| 9 = INTERRUPT
cez DISABLED
e 1 = INTERRUPT
TIMER 2 ENABLED
TIMER 1

l_'_——SET/CLEAN

NOTES

1 IFBIT7ISA 0", THEN EACH “1" IN BITS 0 - 6 DISABLES THE
CORRESPONDING INTERRUPT

2 \FBITT7ISA "1, THEN EACH “1" INBITS 0 - 6 ENABLES THE
CORRESPONDING INTERRUPT

PREVIOUSLY 3 IF AREAD OF THIS REGISTER IS DONE, BIT 7 WILL BE “1” AND
ALL OTHER BITSWILL REFLECT THEIR ENABLE/DISABLE STATE.
Figure 29. Interrupt Flag Register (IFR) Figure 30. Interrupt Enable Register (IER)
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SWITCHING CHARACTERISTICS

(Ve = 50 Vdc 5%, Vgg = 0, T4 = T, to Ty, unless otherwise noted)

PERIPHERAL INTERFACE TIMING

Parameter Symbol Min. Max. Unit Figure
Rise and Fall Time for CA1, CB1, CA2 and CB2 Input Signals to b — 1.0 us —
Delay Time, Clock Negative Transition to CA2 Negative Transition (read handshake tcaz — 1.0 us 31a, 31b
or pulse mode)
Delay Time, Clock Negative Transition to CA2 Positive Transition (pulse mode) trss -_ 1.0 us 31a
Delay Time, CA1 Active Transition to CA2 Positive Transition (handshake mode) tas2 — 2.0 us 31b
Delay Time, Clock Positive Transition to CA2 or CB2 Negative Transition (write twhs 0.05 1.0 us 31c, 31d
handshake)
Delay Time, Periphral Data Valid to CB2 Negative Transition tos 0.20 15 us 31c, 31d
Delay Time, Clock Positive Transition to CA2 or CB2 Positive Transition (pulse mode) trsa —_ 1.0 us 31c
Delay Time, CA1 or CB1 Active Transition to CA2 or CB2 Positive Transition trse - 2.0 us 31d
(handshake mode)
Delay Time Required from CA2 Output to CA1 Active Transition (handshake mode) toy 400 — ns 31d
Setup Time, Peripheral Data Valid to CA1 or CB1 Active Transition (input latching) e 300 — ns 31e
CA1, CB1 Setup Prior to Transition to Arm Latch taL 300 - ns 31e
Peripheral Data Hold After CA1, CB1 Transition troH 150 — ns 31e
Shift-Out Delay Time — Time from $2 Falling Edge to CB2 Data Out tsr1 — 300 ns 31f
Shift Clock Setup Time — Time from CB1 Shift Clock to @2 Rising Edge tsm2 0 — ns 31g
Pulse Width — PB6 Input Pulse tew 2 x Tey — 31
Pulse Width — CB1 Input Clock ticw 2 x Ty — 31h
Pulse Spacing — PB6 Input Pulse tips 2 x Tgy - 31i
Pulse Spacing — CB1 Input Pulse tics 2 x Tey — 31h

Note: CB1 input sampled while §2 is low.

BUS TIMING
1 MHz 2 MHz 3 MHz 4 MHZ

Parameter Symbol Min Max Min Max Min Max Min Max Unit Figure
Cycle Time toy 1000 — 500 — 330 — 250 — ns
Phase 2 Pulse Width High tpwH 470 — 240 — 160 — 120 — ns 32a,
Phase 2 Pulse Width Low tewL 470 - 240 — 160 - 120 — ns 32b
Phase 2 Transition tRF — 30 — 30 — 30 — 30 ns
Read
Select, RIW Setup tach 160 — 90 — 65 — 45 - ns
Select, R/W Hold tean 0 — 0 - 0 - 0 — ns
Data Bus Delay tcor — 320 - 150 — 130 - 75 ns 32a
Data Bus Hold thr 10 — 10 — 10 — 10 — ns
Peripheral Data Setup tecr 300 — 150 — 110 — 75 — ns
Write
Select, RIW Setup tacw 160 — 90 — 65 — 45 - ns
Select, R/W Hold toaw 0 — 0 - 0 - 0 — ns
Data Bus Setup tocw 195 — 75 — 65 — 45 — ns 32b
Data Bus Hold thw 10 — 10 — 10 — 10 — ns
Peripheral Data Delay tepw — 1000 —_ 500 — 330 — 250 ns
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PERIPHERAL INTERFACE WAVEFORMS

02
0.8V 0.8V
READ IRA
OPERATION
cA2 \ 2.0v
“DATA TAKEN" 0.8V /

teaz trs1

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

02
0.8V
READ IRA
OPERATION
.
cA2 2.0V
“DATA TAKEN" 0.8V

le——tcaz ——— trs2
L
i ! 2.0V
CA1
‘‘DATA READY" . 0.8V

|
! Acmive

TRANSITION

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

2.0V 2.0v
02,
twhs trss
WRITE ORA, ORB
OPERATION
——
CA2, CB2 2.0v
““DATA READY”’ 0.8v

tos
PA, PB 2.0V
PERIPHERAL
DATA 0.8v

Figure 31c. CA2, CB2 Timing for Write Handshake, Pulse Mode
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02

twns —

WRITE ORA, ORB
OPERATION
ya
7/
-
CA2, CB2 2.0v
“DATA READY" 0.8V

tos
AAAAAA XX XX OO > L&4
PA, PB BRI ELELINA2-0V
PERIPHERAL XXX A XXX BB KAEXIXN)
DATA QXXX XXXXXXXXXXXXXXXXXXY X 0.8V "
7
—t2y trsa
7
CA1, CB1 ’ 2oV
“DATA TAKEN" » >< 0.8V
7/
ACTIVE
TRANSITION
Figure 31d. CA2, CB2 Timing for Write Handshake, Handshake Mode
PA, PB f 2.0V
PERIPHERAL
INPUT DATA 0.8V
e tL ———=f«tppu

CA1, CB1 {~2.0v
INPUT LATCHING
0.8V

CONTROL
ta !
ACTIVE
TRANSITION
Figure 31e. Peripheral Data Input Latching Timing
02
4 0.8V

VYA YWY S AN Y VY VY AV AN AN NN AAAAAAAAAN -
cB2 SRR
SHIFT DATA QKRR KX
BRI X 0.8V

(OUTPUT)
tsa
cB1
SHIFT CLOCK
(INPUT OR
OUTPUT) L___ DELAY TIME MEASURED FROM THE FIRST ¢,
FALLING EDGE AFTER CB1 FALLING EDGE.

Figure 31f. Timing for Shift Out with Internal or External Shift Clocking
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02

tere 0 MS MIN —>| |‘—
cB1
SHIFT CLOCK

MUST BE HIGH DURING THE FULL
02 HIGH SAMPLE PERIOD.

INTERNAL
SHIFT PULSE
|
|
|
CB2 v VALID MUST BE VALID DURING THE FULL
SHIFT DATA INTERNAL SHIFT PULSE PERIOD.

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

cB1 2.0V 2.0v
SHIFT CLOCK \
INPUT 0.8V 0.8V

tiew tics

Figure 31h. External Shift Clock Timing

PB6 2.0v 2.0V
PULSE COUNT /
INPUT 0.8V 0.8V

tew ties

COUNTER T2
DECREMENTS
HERE

Figure 31i. Pulse Count Input Timing
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BUS TIMING WAVEFORMS

I« tacr

02 2.0V
CLOCK
CHIP SELECTS A I X IO
, 2.0V 2.0V X A0 LXK KKK
REGISTER SELECTS, ottt ot a oottt
RIW 0.8V 0.8V . X0
toch —— F— tcan —
2.0V
PERIPHERAL
DATA 0.8V
— 'HR |
2.0V ’ 2.0V
DATA BUS
0.8v Y 0.8V
Figure 32a. Read Timing Waveforms
tey |
[—tewn “]
02 2.0V *\MV 2.0V
CLOCK
0.8V
=+ tacw | —1 teaw
LAAAAAAA XX XXX XX AXAXARAXR)
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R65NC22 Versatile Interface Adapter (VIA)
ABSOLUTE MAXIMUM RATINGS*
Parameter Symbol Value Unit *NOTE: Stresses above those listed may cause permanent
Supply Voltage Vee _031to +7.0 |Vdc damage to the device. This is a stress rating only and func-
tional operation of the device at these or any other conditions
Input Voltage Vi -0.3to V, 0.3 | Vdc X N
Optu v altg V'N 03 to VCC +0 3l va above those indicated in the other sections of this document
u pu. oltage our | =9910 Ve +0. c is not implied. Exposure to absolute maximum rating condi-
Operating Temperature Ta °C tions for extended periods may affect device reliability.
Commercial 0to +70
Industrial -40to +85
Storage Temperature Tsta -55to +150 °C
OPERATING CONDITIONS
Parameter Symbol Value
Supply Voltage Vee 5V +5%
Temperature Range Ta TLtoTy
Commercial 0°C to 70°C
Industrial —40°C to +85°C

ELECTRICAL CHARACTERISTICS

(Vec = 5.0 Vdc 5%, Vgg = 0, To = T to Ty, unless otherwise noted)

Notes:
1. All units are direct current (DC) except for capacitance.

3. Typical values shown for Voo = 5.0V and T, = 25°C.
4. Maximum loading on CB1 and CB2 is 50 pF.

Parameter Symbol Min. Typ.3 Max. Unit! Test Conditions
Input High Voltage Vi A
Logic +2.0 — Vec
Input Low Voltage Vi \
Logic -0.3 — +0.8
Input Leakage Current In — +1 +25 A Viy = OV to Ve
R/W, RES, RS0, RS1, RS2, RS3, CS1, CS2, CA1, 02 Voo = 5.25V
Input Leakage Current for Three-State Off lrs) — 2 +10 A Vin = 0.4V to 2.4V
D0-D7 vee = 5.25V
Input High Current ™ —200 - 400 — nA Viy = 2.4V
PA0-PA7, CA2, PBO-PB7, CB1, CB2
Input Low Current e Vi = 0.4V
PAO-PA7, CA2 — -16 -26 mA
PB0-PB7, CB1, CB2 — — -1.6 mA
Output High Voltage Voun Vee = 4.75V
All outputs 24 — — \ lioap = 200 pA
PBO0-PB7 (Darlington Drive) 1.5 — — \ loap? = -3.2mA
Output Low Voltage VoL — — +0.4 \ Ve = 4.75V
PA0-PA7, CA2, D0-D7 lloap = 3.2 mA
IRQ, PB0-PB7, CB1, CB2 lLoap = 1.6 mA
Output High Current (Sourcing) lon
All outputs —-200 —-1500 — A Vou = 2.4V
PBO0-PB7 (Darlington Drive) -32 -6 — mA Voy = 1.5V
CB1, CB2 - 750 — — wA Vou = 2.4V
Output Low Current (Sinking) loL
PAO-PA7, CA2, DO-D7 3.2 — — mA VoL = 0.4V
All others 1.6 — — mA
Output Leakage Current (Off State) lorF — 1 +10 pA Von = 2.4V
IRQ Vee = 5.25V
Power Dissipation Pp — 7 10 mW/MHz
Input Capacitance Cin - Vee = 5.0V
D0-D7, PA0-PA7, CA1, CA2, PB0-PB7, CB1, CB2 — — 10 pF Viy = 0V
R/W, RES, RS0, RS1, RS2, RS3, CS1, CS2 - —_ 7 pF f=2MHz
92 — — 20 pF Ty = 25°C
Qutput Capacitance Cout — — 10 pF

2. Negative sign indicates outward current flow, positive indicates inward flow.
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R65NC22 Versatile Interface Adapter (VIA)

PACKAGE DIMENSIONS
40-PIN CERAMIC DIP

MILLIMETERS | INCHES
o o _f—T om | MmN [ Max | miN [ max
L B A | 50.29 |'51.31 | 1.980 | 2.020
B_ | 1486 | 1562 | 0.100 | 0.615
' 20 ‘l_ l c | 254 419 | 0585 | 0.165
D [ o038 0530015 | 0021
L A _| F | o076 | t.40 | 0030 | 0.055
| | G | 2saBsc 0.100 BSC
—-l F H | 076 | 1.78 | 0030 | 0.070
J [ 020 033 0008|0013
¥ c K | 254 419 | 0100 | 0.165
EN ; L | 1460 | 15.37 | 0575 | 0.605
H tlL K M | 0o [ 100 | oo | 100
D G 4 ‘4— ey M-»{ N | o051 | 152 [ 0020 [ 0.060
40-PIN PLASTIC DIP
MILLIMETERS | INCHES
oM | MIN [ MAX | MIN | mAX
_T A [ 51.28 | 52.32 | 2.040 | 2.060
B B_ | 1372 | 14.22 | 0.540 | 0.560
c | 355 | 5080140 | 0.200
20 __l o | o038 | 051 ]0.014 | 0,020
| VVVVVVVVVVUVUVVVVJ F 1.02 | 1.52 | 0.040 | 0.060
I A | L——l G 2.54 BSC 0.100 BSC
c H | 165 216 | 0.065 | 0.085
iN J 0.20 | 0.30 [ 0.008 | 0.012
T e K | 330 4320130 | 0170
L 15.24 BSC 0.600 BSC
—{Hk G} .HQF afap K M M | 70 [ 100 | 7o | 10°
N | 051 ] 1.02 ] 0.020 | 0.040
44-PIN PLASTIC LEADED CHIP CARRIER (PLCC)
D SEATING PLANE \ MILLIMETERS INCHES
INDEX
D1 oM | MIN | MaX | MIN | MAX
CORNER D2 A | 414 439 ] o0.163 | 0.173
\ — L nonnonnnng ¥ A1 | 137 | 1.47 | 0.054 | 0.058
_T—— . o A2 | 231 | 246 | 0091 | 0,097
E O 39-p / b 0.457 TYP 0.018 TYP
D d | 5 D | 1745 17.60 | 0.687  0.693
CALR: PIN 1 ] D1_| 16.46 | 1656 | 0.648 | 0.652
D2 § INDICATOR 1 | 1646 | 1656 L 0. :
E 3 D2 | 1262 | 1278 | 0.497 | 0.503
_L_g i 3 D3 | 15.75 REF 0.620 REF,
28 e 1.27 BSC 0.050 BSC
bbbl h 1.15 TYP 0.045 TYP
TOP VIEW SIDE VIEW J 0.25 TYP 0.010 TYP
a2 45° TYP 45° TYP
t'; R1 R 0.89 TYP 0.035 TYP
03 | R1_| 025TYP 0.010 TYP
Z AT
==
R
SECTION A-A
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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Versatile Interface Adapter (VIA)

R65NC22/R65C22 DIFFERENCES

R65C22

R65NC22

1. Register select lines are decoded during #2.

2.CB1 must not change during last 100 ns of §2. CB1 must have a
pulse width greater than one period.

3. PB0-PB7 and CB1, CB2 have active pull-ups.

4. PB0-PB7, CB1 and CB2 represent two standard TTL loads in the
input mode and will drive two standard TTL loads in the output mode.

1. Register select lines are decoded during §2 only if CS2 is active
low.

2. CB1 can change anytime but is sampled only during 2. CB1 must
have a pulse greater than one period.

3. PB0-PB7 and CB1, CB2 have passive pull ups (=3 KQ).

4. PB0-PB7, CB1 and CB2 represent one standard TTL load in the input
mode and will drive one standard TTL load in the output mode.
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Rockwell

Peripheral Interface Adapter/Timer (PIAT)

R65C24

DESCRIPTION

The R65C24 Peripheral Interface Adapter/Timer (PIAT) is
designed to solve a broad range of peripheral control problems in
the implementation of microcomputer systems. This device allows
a very effective trade-off between software and hardware by pro-
viding significant capability and flexibility in a low cost chip. When
coupled with the power and speed of the R6500, R6500/* or
R65C00 family of microprocessors, the R65C24 allows implemen-
tation of very complex systems at a minimum overall cost.

Control of peripheral devices is handled primarily through two
8-bit bidirectional ports. Each of these lines can be programmed
to act as either an input or an output. In addition, four peripheral
control/interrupt input lines are provided. These lines can be
used to interrupt the processor or to “‘handshake’ data between
the processor and a peripheral device.

The PIAT also contains one 16-bit Counter/Timer comprised of
a 16-bit counter, two 8-bit latches associated with the counter,
and an §-bit snapshot latch for the upper half of the counter.
A counter mode control register, under software direction, selects
any one of eight counter modes of operation, and the status
register contains an underflow flag to report counter time-out.
A maskable interrupt request allows immediate CPU notifica-
tion upon counter time-out.

FEATURES

* Low power CMOS N-well sillicon gate technology

e Two 8-bit bidirectional I/O ports with individual data direction
control

* Programmable 16-bit Counter/Timer with eight modes of
operation

e Three 8-bit latches associated with the Counter/Timer
¢ Selectable divide-by-sixteen prescaler for all modes
e Automatic ‘‘Handshake" control of data transfers

e Three interrupts with program control
— Port A
— Port B
— Counter/Timer

e 1,2, 3, and 4 MHz versions
e Commercial and industrial temperature range versions
e Wide variety of packages
— 40-pin plastic and ceramic DIP
— 44-pin plastic leaded chip carrier (PLCC)
e Single +5 Vdc power requirement

e Compatible with the R6500, R6500/* and R65C00 family of
microprocessors

Vgs O 1 40 [0 ca1
PAO [] 2 39 [ cA2
PA1 (] 3 38 [ iRQ
PA2 [] 4 37 [J CNTR
PA3 g 5 36 [J RSO
PA4 [ 6 35 [ RSt
PAS O 7 34 [ RES
PAG [ 8 33 [ Do
PA7 (] 9 32 [J ot
PBO ] 10 31t O b2
PB1 ] 11 30 [J D3
PB2 [] 12 29 [ D4
PB3 [] 13 28 [ D5
PB4 ] 14 27 O D6
PB5 (] 15 26 O 07
PB6 (] 16 25 [ 02
PB7 ] 17 24 [J Rs2
cB1 [ 18 23 [ Cs2
cs2 [ 19 22 [J ¢cso
Vee O 20 21 [J RW
40-PIN DIP

MmN -0 - o E 3
RS ERER ] 3
ooooonaononn
PA4 ] 7 @) 39 [ Rso
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PBO ] 11 35 [ D1
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PB4 [] 15 31 O Ds
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22 ENRIRENR
[EEEENEREENREEEREREEREE)
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Figure 1.

R65C24 Pin Assignments

Document No. 29651N54

Order No. 2151

Product Description
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Peripheral Interface Adapter/Timer (PIAT)

ORDERING INFORMATION

Part Number:
R65C24 _

Temperature Range:

Blank =  0°C to +70°C
E = -40°C to +85°C
Frequency Range:
1 =1MHz
2 =2MHz
3 = 3 MHz
4 = 4 MHz
Package:
C = 40-Pin Ceramic DIP
P = 40-Pin Plastic DIP
J = 44-Pin Plastic Leaded
Chip Carrier (PLCC)

INTERFACE SIGNALS

The PIAT interfaces to the R6500, R6500/* or the R65C00
microprocessor family with a reset line, a @2 clock line, a
read/write line, an interrupt request line, three register select lines,
two chip select lines, and an 8-bit bidirectional data bus.

The PIAT interfaces to the peripheral devices with four
interrupt/control lines and two 8-bit bidirectional data ports. A
Counter/Timer input/output line (CNTR) also interfaces to a
peripheral device.

Figure 1 (on the front page) shows the pin assignments for these
interface signals and Figure 2 shows the interface relationship of
these signal as they pertain to the CPU and the peripheral devices.

CHIP SELECT (CS0, CS2)

The PIAT is selected when CSO0 is high and CS2 is low. These
two chip select lines are normally connected to the processor
address lines either directly or through external decoder circuits.
When the PIAT is selected, data will be transferred between the
data lines and PIAT registers, and/or peripheral interface lines
as determined by the R/W, RSO, RS1 and RS2 lines and the
contents of Control Registers A and B.

NOTE:

An R65C24 PIAT may be installed in a circuit in place of
an R65C21 PIA subject to chip select considerations. Since
the R65C21 has a CS1 input and the R54C24 does not
have a CS1 input, the PIAT will be selected in the same
addresses as the PIA and maybe more depending upon
external address decoding circuitry.

RESET SIGNAL (RES)

The Reset (RES) input initializes the R65C24 PIAT. A low signal
on the (RES) input causes all internal registers to be cleared.

CLOCK SIGNAL (02)

The Phase 2 Clock Signal (#2) is the system clock that triggers
all data transfers between the CPU and the PIAT. §2 is generated
by the CPU and is therefore the synchronizing signal between
the CPU and the PIAT.

READ/WRITE SIGNAL (R/W)

Read/Write (R/W) controls the direction of data transfers between
the PIAT and the data lines associated with the CPU and the
peripheral devices. A high on the R/W line permits the peripheral
devices to transfer data to the CPU from the PIAT. A low on the
R/W line allows data to be transfered from the CPU to the
peripheral devices from the PIAT.

REGISTER SELECT (RSO, RS1, RS2)

Two of the Register Select lines (RSO, RS1), in conjunction with
the Control Registers (CRA, CRB), select various R65C24
registers to be accessed by the CPU. RS0 and RS1 are normally
connected to the microprocessor (CPU) address output lines.
Through control of these lines, the CPU can write directly into
the Control Registers (CRA, CRB), the Data Direction Registers
(DDRA, DDRB) and the Peripheral Output Registers (ORA, ORB).
In addition, the processor may directly read the contents of the
Control Registers and the Data Direction Registers. Accessing
the Peripheral Output Register for the purpose of reading data
back into the processor operates differently on the ORA and the
ORB registers and, therefore, are shown separately in Table 1.

L -

2 —

AW ———p

R6500, RSO — 3]
R6500/* RS1 — 5]
OR RS2 —
R65C00 [o1-]| P ——
MICROPROCESSOR 52 —_—
FAMILY RES —m !
VS§ —————————— >

VCC —————

R65C24
PIAT

o —T
PERIPHERAL
DEVICE
|a——— ca1 A
—————— CA2
l@«———» CNTR
D
gBB; PERIPHERAL
|
DEVICE
B
(8) PBO-PB7

Figure 2.
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R65C24 Peripheral Interface Adapter/Timer (PIAT)
Table 1. Peripheral Register Addressing Table 2. Counter/Timer Register Addressing
. Data Register Register
Register Direction 9 Select Lines Counter/Timer Operation
Select Register Ad: ex) [Rs2|Rs1[RS) (AW = A RW =L
—— Lines Control Register Operation (Hex) (RIW = H) (RW =1)
Adaress CRA | CRB 0 L|L|L Refd( in(;g_s)hot Wr(i:JeL)Upper Latch
H RS2|RS1|RS0|(Bi Bil W = W = ate
(Hex) S1(RS0|(Bit 2)|(Bit 2)| RW = H RW =1L oL boD7 | DO-D7 - UL
4 H| L L 1 — |[Read PIBA [Write ORA 0 — UF 0— UF
By Load and Enable
4 HfL]|L 0 — | Read DDRA | Write DDRA Counter
5 H|L]|H — — |Read CRA | Write CRA UL — UC,
6 |H|H|L| — | 1 |Read PIBB | Wiite ORB LL—-o
N 1 L L | H |Read Upper Write Upper Latch
6 H|IH]|L — 0 |Read DDRB | Write DDRB Counter (UC) uy
7 H|H]|H — — |Read CRB | Write CRB uC — D0-D7 D0-D7 — UL
2 L | H | L |Read Lower Write Lower Latch
Counter (LC) (L)
LC — D0-D7 D0-D7 — LL
Register Select line RS2 determines whether the addressed uC — SL uc — sL
registers are part of the Counter/Timer or the peripheral Port A 3 L | H | H |Read Status Write Counter Control
and Port B sections of the PIAT. When RS2 is high, the Port Register (SR) Mode Register
AJPort B registers shown in Table 1 are selected. When the RS2 SR — D0-D7 (CMCR)
is low, the Counter/Timer registers are selected and operated 0— UF, D0-D7 — CMCR

upon as shown in Table 2.

INTERRUPT REQUEST LINE (IRQ)

Three internal active low Interrupt Request lines (IRQA, IRQB,
and m__T)_act to interrupt the microprocessor through the
external IRQ output. IRQ is an open drain output and is capable
of sinking 1.6 mA from an external source. This permits all
interrupt request lines to be tied together in a wired-OR config-
uration. The A and B in the titles of these internal lines
correspond to the peripheral port A and the peripheral port B
so that each interrupt request line services one peripheral
data port. The T corresponds to the Counter/Timer generated
interrupt request.

IRQA and |IRQB Lines — These two internal Interrupt Request
lines are associated with the Port A and Port B sections of the
PIAT and are controlled by Control Registers CRA and CRB,
and the Peripheral Control lines CA1, CA2, CB1, and CB2.

These Interrupt Request lines have three interrupt flag bits which
can cause the Interrupt Request line to go low. These flags are
bits 6 and 7 in the two Control Registers (CRA, CRB). These
flags act as the link between the peripheral interrupt signals and
the microprocessor interrupt inputs. Each flag has a correspond-
ing interrupt disable bit which allows the processor to enable
or disable the interrupt from each of the four interrupt inputs
(CA1, CA2, CB1, CB2). The four interrupt flags are set (enabled)
by active transitions of the signal on the interrupt input (CA1,
CA2, CB1, CB2).

CRA bit 7 (IRQA1) is always set by an active transition of the
CA1 interrupt input signal. However, IRQA can be disabled by
setting bit 0 in CRA to a 0. Likewise, CRA bit 6 (IRQA2) can be

set by an active transition of the CA2 interrupt input signal and
IRQA can be disabled by setting bit 3 in CRA to a 0.

Both bit 6 and bit 7in CRA are reset by a “‘Read Peripheral Output
Register A” operation. This is defined as an operation in which the
read/write, proper data direction register and register select signals
are provided to allow the processor to read the Peripheral A /O port.
A summary of IRQA control is shown in Table 3.

Control of IRQB is performed in exactly the same manner as that
described above for IRQA (Table 3). Bit 7 in CRB (IRQB1) is set by
an active transition on CB1 and IRQB from this flag is controlled by
CRBbit0. Likewise, bit 6 (IRQB2) in CRB is set by an active transi-
tion on CB2, and IRQB from this flag is controlled by CRB bit 3. Also,
both bit 6 and bit 7 of CRB are reset by a “‘Read Peripheral B Output
Register’’ operation.

IRQT Line — The internal IRQT line is associated with the
Counter/Timer and is controlled by the IRQT Enable bit in the
Counter Mode Control Register and the Underflow Flag in the
Status Register. A thorough discussion of the functions and
operation of the IRQT line is given in the Counter/Timer
Operation section of this product description.

Table 3. IRQA and IRQB Control Summary

Control Register Bits Action

CRA-7=1 and CRA-0=1
CRA-6=1 and CRA-3=1
CRB-7=1 and CRB-0=1
CRB-6=1 and CRB-3=1

IRQA goes low (Active)

IRQA goes low (Active)
IRQB goes low (Active)

IRQB goes low (Active)
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Peripheral Interface Adapter/Timer (PIAT)

INTERRUPT INPUT/PERIPHERAL CONTROL LINES
(CA1, CA2, CB1, CB2)

The four interrupt input/peripheral control lines provide a number
of special peripheral control functions. These lines greatly
enhance the power of the two general purpose interface ports
(PAD-PA7, PBO-PB7). Figure 5 summarizes the operation of
these control lines.

CA1 is an interrupt input only. An active transition of the signal
on this input will set bit 7 of the Control Register A to a logic 1.
The active transition can be programmed by setting a 0 in bit 1
of the CRA if the interrupt flag (bit 7 of CRA) is to be set on a
negative (high to low) transition of the CA1 signal, or by setting
a1 if it is to be set on a positive (low to high) transition.

CA2 can act as a totally independent interrupt or as a peripheral
control output. As an input (CRA, bit 5 = 0) it acts to set the
interrupt flag, bit 6 of CRA, to a logic 1 on the active transition
selected by bit 4 of CRA.

These control register bits and interrupt inputs serve the same
basic function as that described above for CA1. The input signal
sets the interrupt flag which serves as the link between the
peripheral device and the processor interrupt structure. The
interrupt disable bit allows the processor to exercise control over
the system interrupt.

In the output mode (CRA, bit5 = 1), CA2 can operate independ-
ently to generate a single pulse each time the microprocessor
reads the data on the Peripheral A I/O port. This mode is selected
by setting CRA, bit 4 to a 0 and CRA, bit 3 to a 1. This pulse
output can be used to control the counters, shift registers, etc.
which make sequential data available on the Peripheral input
lines.

A second output mode allows CA2 to be used in conjunction
with CA1 to “handshake’” between the processor and the
peripheral device. On the A side, this technique allows positive
control of data transfers from the peripheral device into the
microprocessor. The CA1 input signals the processor that data
is available by interrupting the processor. The processor reads
the data and sets CA2 low. This signals the peripheral device
that it can make new data available.

The final output mode can be selected by setting bit 4 of CRA
to a 1. In this mode, CA2 is a simple peripheral control output
which can be set high or low by setting bit 3 of CRA to a 1 or
a 0, respectively.

CB1 operates as an interrupt input only in the same manner as
CA1. Bit 7 of CRB is set by the active transition selected by bit
0 of CRB. Likewise, the CB2 input mode operates exactly the
same as the CA2 input modes. The CB2 output modes, CRB
bit5 = 1, differ somewhat from those of CA2. The pulse output
occurs when the processor writes data into the Peripheral B Out-
put Register. Also, the “‘handshaking” operates on data transfers
from the processor into the peripheral device.

1-78

FUNCTIONAL DESCRIPTION

The R65C24 PIAT is organized into three independent sections
referred to as the A Side, the B Side, and a Counter/Timer. The
A Side and B Side each consist of a Control Register (CRA,
CRB), Data Direction Register (DDRA, DDRB), Output Register
(ORA, ORB), Interrupt Status Control (ISCA, ISCB), and the buf-
fers necessary to drive the Peripheral Interface buses. Data Bus
Buffers (DBB) interface data from the two sections to the data
bus, while the Data Input(Register (DIR) interfaces data from
the DBB to the PIAT registers. Chip Select and R/W control
circuitry interface to the processor bus control lines. The
Counter/Timer consists of a 16-bit counter; i.e., an 8-bit Upper
Counter (UC) and 8-bit Lower Counter (LC), an 8-bit Upper Latch
(UL), an 8-bit Lower Latch (LL), an 8-bit Snapshot Latch (SL),
and a Status Register (SR). A Counter Mode Control Register
(CMCR,) selects the Counter/Timer mode of operation. Figure 3
is a block diagram of the R65C24 PIAT.

DATA INPUT REGISTER (DIR)

When the microprocessor writes data into the PIAT, the data
which ‘appears on the data bus during the $2 clock pulse is
latched into the Data Input Register (DIR). The data is then
transferred into one of six internal registers of the PIAT after
the trailing edge of the @2 clock. This assures that the data on
the peripheral output lines will make smooth transitions from high
to low (or from low to high) and the voltage will remain stable
except when it is going to the opposite polarity.

CONTROL REGISTERS (CRA AND CRB)

Table 4 illustrates the bit designation and functions in the two
control registers. The control registers allow the microprocessor
to control the operation of the Interrupt Control inputs (CA1, CA2,
CB1, CB2), and Peripheral Control outputs (CA2, CB2). Bit 2
in each register controls the addressing of the Data Direction
Registers (DDRA, DDRB) and the Output Registers (ORA, ORB).
In addition, two bits (bit 6 and 7) in each control register indicate
the status of the Interrupt Input lines (CA1, CA2, CB1, CB2).
These Interrupt Status bits (IRQA1, IRQA2 or IRQB1, IRQB2)
are normally interrogated by the microprocessor during the IRQ
interrupt service routine to determine the source of the interrupt.

DATA DIRECTION REGISTERS (DDRA, DDRB)

The Data Direction Registers (DDRA, DDRB) allow the processor
to program each line in the 8-bit Peripheral I/O port to be either
an input or an output. Each bit in DDRA controls the correspond-
ing line in the Peripheral A port and each bit in DDRB controls
the corresponding line in the Peripheral B port. Writing a 0 in
a bit position in the Data Direction Register causes the cor-
responding Peripheral 1/O line to act as an input; a 1 causes
it to act as an output.

Bit 2 (DDRA, DDRB) in each Control Register (CRA and CRB)
controls the accessing to the Data Direction Register or the
Peripheral interface. If bit 2 is a 1, a Peripheral Output register
(ORA, ORB) is selected, and if bit 2 is a 0, a Data Direction
Register (DDRA, DDRB) is selected. The Data Direction Register
Access Control bit, together with the Register Select lines (RS0,
RS1 and RS2) selects the various internal registers as shown
in Table 1.
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Figure 3. R65C24 PIAT Block Diagram
Table 4. Control Registers Bit Designations
7 6 5 4 3 2 1 )
CRA IRQA1 IRQA2 CA2 Control puseid CA1 Control
7 6 5 4 3 2 1 0
CRB IRQBH IRQB2 B2 Control Ec'ﬁgi CB1 Control
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In order to write data into DDRA, ORA, DDRB, or ORB registers,
bit 2 in the proper Control Register must first be set. The desired
register may then be accessed with the address determined by
the address interconnect technique used.

PERIPHERAL OUTPUT REGISTERS (ORA, ORB)

The Peripheral Output Registers (ORA, ORB) store the output
data from the Data Bus Buffers (DBB) which appears on the
Peripheral 1/0 port. If a line on the Peripheral A Port is pro-
grammed as an output by the DDRA, writing a 0 into the cor-
responding bit in the ORA causes that line to go low (< 0.4 Vdc);
writing a 1 causes the line to go high. The lines of the Peripheral
B port are controlled by ORB in the same manner.

INTERRUPT STATUS CONTROL (ISCA, ISCB)

The four interrupt/peripheral control lines (CA1, CA2, CB1, CB2)
are controlled by the Interrupt Status Control logic (A, B). This
logic interprets the contents of the corresponding Control
Register and detects active transitions on the interrupt inputs.

PERIPHERAL 1/O PORTS (PA0-PA7, PB0-PB7)

The Peripheral A and Peripheral B 1/0O ports allow the
microprocessor to interface to the input lines on the peripheral
device by writing data into the Peripheral Output Register. They
also allow the processor to interface with the peripheral device
output lines by reading the data on the Peripheral Port input lines
directly onto the data bus and into the internal registers of the
processor.

Each of the Peripheral /O lines can be programmed to act as
an input or an output. This is accomplished by setting a 1 in
the corresponding bit in the Data Direction Register for those
lines which are to act as outputs. A 0 in a bit of the Data Direc-
tion Register causes the corresponding Peripheral I/0 lines to
act as an input.

The buffers which drive the Peripheral A I/O lines contain
*‘passive” pull-up devices. These pull-up devices are resistive
in nature and therefore allow the output voltage to go to Vcc
for alogic 1. The switches can sink a full 3.2 mA, making these
buffers capable of driving two standard TTL loads.

In the input mode, the pull-up devices are still connected to the
1/0 pin and still supply current to this pin. For this reason, these
lines also represent two standard TTL loads in the input mode.

The Peripheral B I/0 port duplicates many of the functions of
the Peripheral A port. The process of programming these lines
to act as an input or any output is similar to the Peripheral A
port, as is the effect of reading or writing this port. However,
there are several characteristics of the buffers driving these lines
which affect their use in peripheral interfacing.
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The Peripheral B |/O port buffers are push-pull devices i.e., the
pull-up devices are switched OFF in the 0 state and ON for a
logic 1. Since these pull-ups are active devices, the logic 1
voltage will not go higher than +2.4 Vdc.

Unlike the PAO-PA7 lines (which have pull-up devices), the PBO
through PB7 lines have three-state capability which allows them
to enter a high impedance state when programmed to be used
as input lines. In addition, data on these lines will be read
properly, when programmed as output lines, even if the data
signals fall below 2.0 Vdc for a ‘‘high” state or are above 0.8 Vdc
for a ““low” state. When programmed as output, each line can
drive at least atwo TTL load and may also be used as a source
of up to 3.2 mA at 1.5 Vdc to directly drive the base of a tran-
sistor switch, such as a Darlington pair.

Because these outputs are designed to drive transistors directly,
the output data is read directly from the Peripheral Output
Register for those lines programmed to act as inputs.

The final characteristic is the high-impedance input state which
is a function of the Peripheral B push-pull buffers. When the
Peripheral B I/0 lines are programmed to act as inputs, the out-
put buffer enters the high impedance state.

DATA BUS BUFFERS (DBB)

The Data Bus Buffers are 8-bit bidirectional buffers used for data
exchange, on the D0O-D7 Data Bus, between the miroprocessor
and the PIAT. These buffers are tri-state and are capable of driv-
ing a two TTL load (when operating in an output mode) and repre-
sent a one TTL load to the microprocessor (when operating in
an input mode).

COUNTER/TIMER

The Counter/Timer includes a 16-bit counter and three 8-bit data
latches. It also includes an 8-bit Counter Mode Control Register
(CMCR) to select the Counter/Timer operating mode and options
and an 8-bit Status Register to report time-out conditions as well
as peripheral data port interrupt conditions. Figure 4 illustrates
the Timer/Counter.

Counter/Latches — The Upper Counter (UC) and Lower
Counter (LC) form a 16-bit down-counter that counts either
02 clock pulses from the processor bus or external events from
input line CNTR, depending on the mode selected. The Upper
Latch (UL) and Lower Latch (LL) hold the initial higher- and lower-
order count values to be loaded into the counter. The Snapshot
Latch (SL) is loaded with the value of the UC when the LC is
read or the LL is written into by the PIAT. After a read of the
LC, the Snapshot Latch is read to provide the current 16-bit value
of the counter. The Underflow Flag (UF) in the Status Register
(SR) is set to a 1 whenever the counter (UC, LC) decrements
past $0000. A Prescaler can be program activated to divide-by-
sixteen rather than divide-by-one for any of the Counter/Timer
modes.
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Counter Mode Control Register — The Counter Mode Con- Status Register set to a 1) will cause IRQ to be asserted. When
trol Register (CMCR} allows program selection of any of eight bit 7 is set to a 0, the IRQT is disabled.
Counter/Timer modes of operation, for the enabling or disabl-
ing of the Prescaler, and the enabling or disabling of the IRQT Bit 4 of the CMCR enables or disables the Prescaler. A 1 in bit 4
interrupt line. Bits 2, 1 and 0 of the CMCR select one of the causes the Prescaler to be enabled so that the Counter/Timer
following Counter/Timer operating modes: is operating in a divide-by-sixteen mode. When this bit is a 0
Disable Counter/Timer the Prescaler is disabled so that the Counter/Timer is operating
One-Shot Interval Timer in a normal (divide-by-one) mode.
Free-Run Interval Timer
Pulse Width Measurement Status Register — Bit 7 of the Status Register (SR) reports the
Event Counter Counter Underflow Status. This underflow (UF) bit is set to 1
One-Shot Pulse Width Generation when the counter decrements past $0000. When this bit is set,
Free-Run Pulse Generation the IRQ output will be asserted if the Interrupt Enable bit in the
Retriggerable Interval Timer CMCRis set to a 1. The status of the Port A Interrupt Flag (IRQA)
and Port B Interrupt Flag (IRQB) are reported in bits 6 and 5,
Bit 7 of the CMCR controls the IRQT line. When bit 7 is set to respectively, in addition to being reported in the ISCA and ISCB
a 1, IRQT is enabled and an Underflow Flag (UF bit in the registers.
Do0-D7
\ ; 16-BIT LATCH\}
8-BIT 8-BIT COUNTER MODE
UPPER LATCH (UL) LOWER LATCH (LL) CONTROL REGISTER
I IR
COUNTER/TIMER ar ENA BLED
OPERATING PRESCALER
\/r MODE v ENABLED
16-BIT COUNTER DECREMENT v
8-BIT 8-BIT A COUNT ) CNTR
UPPER COUNTER (UC)| LOWER COUNTER (LC) PRESCALER | o 02
I UNDERFLOW (UF)
8-BIT IRQT BIT
SNAPSHOT LATCH (SL) STATUS REGISTER

IRQT

D0-D7 < i

Figure 4. Counter/Timer
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CA2 INPUT MODE (BIT 5 = 0)

CONTROL REGISTER A (CRA)

7 6 5 4 3 2 1 0
IRQA1 IRQA2 CA2 INPUT IRQA2 IRQA ORA IRQA1 IRQA
FLAG FLAG MODE SELECT POSITIVE ENABLE SELECT POSITIVE ENABLE

(=0) TRANSITION FOR IRQA2 TRANSITION FOR IRQA1
IRQA/IRQA2 IRQA/IRQA1
CONTROL CONTROL
CA2 OUTPUT MODE (BIT 5 = 1)

7 6 5 4 3 2 1 0
IRQA1 0 CA2 OUTPUT CA2 CA2 ORA IRQA1 IRQA
FLAG MODE SELECT OUTPUT RESTORE SELECT POSITIVE ENABLE

(=1) CONTROL CONTROL TRANSITION FOR IRQA1
CA2 IRQA/IRQA1
CONTROL CONTROL

CA2 INPUT OR OUTPUT MODE (BIT5 =0 or 1)

Bit 7

IRQA1 FLAG

A transition has occurred on CA1 that satisfies the bit 1 IRQA1 transition polarity criteria. This bit is cleared by a read of Output Register
A or by RES.

No transition has occurred on CA1 that satisfies the bit 1 IRQA1 transition polarity criteria.

OUTPUT REGISTER A SELECT
Select Output Register A.
Select Data Direction Register A.

IRQA1 POSITIVE TRANSITION
Set IRQA1 Fiag (bit 7) on a positive (low-to-high) transition of CA1.
Set IRQA1 Flag (bit 7) on a negative (high-to-low) transition of CA1.

IRQA ENABLE FOR IRQA1
Enable assertion of IRQA when IRQA1 Flag (bit 7) is set.
Disable assertion of IRQA when IRQA1 Flag (bit 7) is set.

CA2 INPUT MODE (BIT 5 = 0)

Bit 6

IRQA2 FLAG

A transition has occurred on CA2 that satisfies the bit 4 IRQA2 transition polarity criteria. This flag is cleared by a read of Output
Register A or by RES.

No transition has occurred on CA2 that satisfies the bit 4 IRQA2 transition polarity criteria.

CA2 MODE SELECT
Select CA2 Input Mode.

IRQA2 POSITIVE TRANSITION
Set IRQA2 Flag (bit 6) on a positive (low-to-high) transition of CA2.
Set IRQA2 Flag (bit 6) on a negative (high-to-low) transition of CA2.

IRQA ENABLE FOR IRQA2
Enable assertion of IRQA when IRQA2 Flag (bit 6) is set.
Disable assertion of IRQA when IRQA2 Flag (bit 6) is set.

CA2 OUTPUT MODE (BIT 5 = 1)

Bit 6
0

Bit 5
1
Bit 4
1
0
Bit 3
1

0

NOT USED
Always zero.

CA2 MODE SELECT
Select CA2 Output Mode.

CA2 OUTPUT CONTROL

CA2 goes low when a zero is written into CRA bit 3. CA2 goes high when a one is written into CRA bit 3.

CA2 goes low on the first negative (high-to-low) #2 clock transition following a read of Output Register A. CA2 returns high as specified
by bit 3.

CA2 READ STROBE RESTORE CONTROL (BIT 4 = 0)
CA2 returns high on the next $2 clock negative transition following a read of Output Register A.
CA2 returns high on the next active CA1 transition following a read of Output Register A as specified by bit 1.

Figure 5. Summary of Control Lines Operation (1 of 2)
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CB2 INPUT MODE (BIT 5 = 0) CONTROL REGISTER B (CRB)

7 6 5 4 3 2 1 0
IRQB1 IRQB2 CB2 INPUT IRQB2 IRQB ORB IRQB1 IRQB
FLAG FLAG MODE SELECT POSITIVE ENABLE SELECT POSITIVE ENABLE

(=0) TRANSITION FOR IRQB2 TRANSITION FOR IRQB1
IRQB/IRQB2 IRQB/IRQB1
CONTROL CONTROL
CB2 OUTPUT MODE (BIT 5 = 1)

7 6 5 4 3 2 1 0
IRQB1 0 CB2 OUTPUT cB2 cB2 ORB IRQB1 IRQB
FLAG MODE SELECT OUTPUT RESTORE SELECT POSITIVE ENABLE

(=1) CONTROL CONTROL TRANSITION FOR IRQB1
cB2 IRQB/IRQB1
CONTROL CONTROL

CB2 INPUT OR OUTPUT MODE (BIT5 =0 or 1)

Bit7

IRQB1 FLAG

A transition has occurred on CB1 that satisfies the bit 1 IRQB1 transition polarity criteria. This bit is cleared by a read of Output Register
B or by RES.

No transition has occurred on CB1 that satisfies the bit 1 IRQB1 transition polarity criteria.

OUTPUT REGISTER B SELECT
Select Output Register B.
Select Data Direction Register B.

IRQB1 POSITIVE TRANSITION
Set IRQB1 Flag (bit 7) on a positive (low-to-high) transition of CB1.
Set IRQB1 Flag (bit 7) on a negative (high-to-low) transition of CB1.

IRQB ENABLE FOR IRQB1

Enable asszrtion of IRQB when IRQB1 Flag (bit 7) is set.

Disable assertion of IRQB when IRQB1 Flag (bit 7) is set.

CB2 INPUT MODE (BIT 5 = 0)

Bit6

IRQB2 FLAG

A transition has occurred on CB2 that satisfies the bit 4 IRQB2 transition polarity criteria. This flag is cleared by a read of Output
Register B or by RES.

No transition has occurred on CB2 that satisfies the bit 4 IRQB2 transition polarity criteria.

CB2 MODE SELECT
Select CB2 Input Mode.

IRQB2 POSITIVE TRANSITION
Set IRQB2 Flag (bit 6) on a positive (low-to-high) transition of CB2.
Set IRQB2 Flag (bit 6) on a negative (high-to-low) transition of CB2.

IRQB ENABLE FOR IRQB2
Enable assertion of IRQB when IRQB2 Flag (bit 6) is set.
Disable assertion of IRQB when IRQB2 Flag (bit 6) is set.

CB2 OUTPUT MODE (BIT 5 = 1)

Bit 6
0

Bit 5

NOT USED
Always zero.

CB2 MODE SELECT
Select CB2 Output Mode.

CB2 OUTPUT CONTROL

CB2 goes low when a zero is written into CRB bit 3. CB2 goes high when a one is written into CRB bit 3.

CB2 goes low on the first negative (high-to-low) 2 clock transition following a write to Output Register B. CB2 returns high as specified
by bit 3.

CB2 WRITE STROBE RESTORE CONTROL (BIT 4 =0)
CB2 returns high on the next #2 clock negative transition following a write to Output Register B.
CB2 returns high on the next active CB1 transition following a write to Output Register B as specified by bit 1.

Figure 5. Summary of Control Lines Operation (2 of 2)
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COUNTER/TIMER REGISTERS

COUNTER MODE CONTROL REGISTER (CMCR)

The 8-bit Counter Mode Control Register (CMCR) selects the
Counter/Timer mode of operation and enables or disables both
the internal IRQT and the Prescaler. The format of the CMCR is:

7 6 5 4 3 2 1 0
IRQT Prescaler "
T Mod
Enabled 0 0 Enabled 0 Counter/Timer Mode

Bit 7 IRQT Enabled
IRQT Disabled
1 IRQT Enabled
Bits 6-5 Not used, don’t care value during write.
Bit 4 Prescaler Enabled
0 Prescaler Disabled (+ 1)
1 Prescaler Enabled (= 16)
Bit 3 Not used, don’t care value during write.
Bits 2-0
2 1 0 Counter/Timer Mode
0 0 0 Mode 0—Disable Counter/Timer
0 0 1 Mode 1—One-Shot Interval Timer
0 1 0 Mode 2—Free-Run Interval Timer
0 1 1 Mode 3—Pulse Width Measurement
1 0 0 Mode 4—Event Counter
1 0 1 Mode 5—One-Shot Pulse Width Generation
1 1 o] Mode 6—Free-Run Pulse Generation
1 1 1 Mode 7—Retriggerable Interval Timer

The CMCR can be written into at any time without disabling or
stopping the Counter/Timer. This allows the Counter/Timer mode
of operation to be changed while it is still in operation. However,
selecting Mode 0 disables the Counter/Timer and stops its opera-
tion. The Prescaler and the IRQT interrupt can also be enabled
or disabled at any time. The CMCR is written to when the register
address is 3 and R/W is low.

STATUS REGISTER (SR)

The 8-bit Status Register (SR) reports the status of three inter-
rupt conditions: Counter underflow (IRQT), Port A interrupt
(IRQA) and Port B interrupt (IRQB). The format of the Status
Register is:

7 6 5 4 3 2 1 0
UF (IRQT) | IRQA IRQB
Interrupt Interrupt Interrupt 1 1 1 1 1
Flag Flag Flag

Bit 7 Counter Underflow (UF) Interrupt Flag
Counter underflow has not occurred.
1 Counter underflow has occurred.

Bit 6 IRQA Interrupt Flag
Port A interrupt has not occurred.
1 Port A interrupt has occurred.

Bit 5 IRQB Interrupt Flag
Port B interrupt has not occurred.
1 Port B interrupt has occurred.

Bit
4-0 Not used, always read as shown in register
figure.

The Counter Underflow (UF) Interrupt, bit 7, is updated in the
same clock cycle that an underflow condition occurs on the
Counter/Timer. The IRQA and IRQB interrupt flags (bits 6 and
5) are updated at the rising edge of the next 2 clock immediately
following the setting of corresponding interrupt bits in the CRA
register. The IRQA Interrupt Flag is set whenever the IRQA1 or
IRQA2 bit is set. The IRQB Interrupt Flag is set whenever the
IRQB1 or IRQB2 bit is set. The Counter Underflow bit is cleared
whenever the Snapshot Latch is read, the Upper Latch (UL) is
written to at register address 0, Mode 0 is selected in the CMCR,
or a RES occurs. The Status Register is read when the register
address is 3 and R/W is high.

LOWER LATCH (LL)

The Lower Latch (LL) holds the least significant 8-bits of the
16-bit latch value. The LL is written from the data bus (D0-D7)
when the register address is 2 and R/W is low. When the LL
is loaded, the contents of the UC are copied into the Snapshot
Latch (SL) without affecting the counting operation of the UC.

UPPER LATCH (UL)

The Upper Latch (UL) holds the most significant 8-bits of the
16-bit latch value. The UL is written from the data bus (D0-D7)
when R/W is low and the register address is either 0 or 1. The
difference in the two regis/ter address functions are:

Register Address 0

1. The UL is loaded from DO-D7.

2. The contents of the latches (UL and LL) are transferred to
the counters (UC and LC, respectively).

3. The UF bit is cleared in the SR.

4. The Counter is enabled, i.e., the count in UC and LC is dec-
remented by one upon detection of a rising edge on either
92 or CNTR (depending upon mode selection) as scaled by
the Prescaler.

Register Address 1

1. The UL is loaded from D0-D7.
2. All other elements of the Counter/Timer are unaffected.
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LOWER COUNTER (LC)

The Lower Counter (LC) holds the least significant 8-bits of the
16-bit counter.

When the LC decrements below $00, 1 is borrowed from the
UC to load $FF into the LC.

The LC is read to the data bus (D0-D7) when the register
address is 2 and R/W is high. When LC is read, the 8-bit con-
tents of the UC is transferred to the Snapshot Latch without
affecting the operation of the counter (i.e., the count-down con-
tinues without interruption).

UPPER COUNTER

The Upper Counter (UC) holds the most significant 8-bits of the
16-bit counter. The UC is read to the data bus (D0-D7) when
the register address is 1 and R/W is high. When the UC is read,
there is no other effect on the Counter/Timer operation. Counter
underflow occurs when the LC borrows a 1 from an UC value
of $00.

Note:

When reading the UC directly, the value read can be one
count too high if the LC value is just above $00 at the
start of the read since an underflow in the LC will result
in decrementing the UC by one count. The Snapshot
Latch should be read to obtain the UC value corre-
sponding to the LC value.

SNAPSHOT LATCH (SL)

The Snapshot Latch holds the value of the UC corresponding
to the LC value. The SL is loaded with the value of the UC when
the LL is written to, or when the LC is read. The SL is read to
the data bus (D0-D7) when the register address is 0 and R/'W
is high, without affecting the counting operation. When the SL
is read, the UF in the SR is cleared. Since the SL is loaded with
the value of the UC whenever the LC is read, an accurate count
of the total 16-bit counter can be made without the need for
further calculations to account for delays between the reading
of the LC and the UC.

COUNTER/TIMER OPERATION

The Counter/Timer has eight modes of operation. The Counter/
Timer is always either disabled (mode 0) or operating in one of
the other seven modes as selected in the Counter Mode Control
Register (CMCR).

To operate the Counter/Timer, first issue Mode 0 to stop any
counting in progress due to a previously selected mode, to clear
the counter underflow bit in the SR and to disable the TRQT
interrupt. The order of mode selection and latch loading depends
upon the desired mode. Generally, if a timer mode based on the
92 clock rate is to be selected, first select the mode then write
the timer initialization value to the latch. Write the LL first then
the UL value (to register address 0). When the UL is written, the
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UL and LL values are loaded into the UC and LC, respectively,
_and the counter is enabled. The counter then decrements one
count for every positive edge (low to high) transition detected
on the 2 or CNTR input (depending on the selected mode) as
scaled by the Prescaler. In most modes, each time the counter
underflows below $0000, the underflow bit is set in the SR, the
counter reloads to the latch value and the down-counting con-
tinues. If the UF bit is set when the IRQT is enabled in the
CMCR, the IRQ output will be asserted to the processor.

MODE 0—DISABLE COUNTER/TIMER

The Counter/Timer is disabled (all counting stops), the IRQT
interrupt (bit 7 in the CMCR) is disabled, and the counter under-
flow (bit 7 in the SR) is cleared. Mode 0 may be selected at any
time by selecting Mode 0 in the CMCR or upon RES which
initializes the CMCR to $00. Selecting Mode 0 in the CMCR
does not affect any data in the LL or UL, any count in the LC
or UC, or any data in the SL.

MODE 1—ONE SHOT INTERVAL TIMER

The counter counts down once from the latch value at the $2
clock rate (as scaled by the Prescaler) and sets the UF bit in
the SR upon underflow. The counter starts when data is written
to the UL at register address 0, which causes the UL and LL
values to be loaded into the UC and LC, respectively. When the
counter decrements below $0000, the UF bit in the SR is set.
The set UF bit causes TRQ to be asserted if the IRQT Enable
bit is set in the CMCR. Upon decrementing below $0000, the
UC and LC are automatically reset to a value of $FFFF and the
counter continues down-counting. However, the UF bit in the
SR will not be set again (due to the counter again decrementing
through $0000) until the UL is again written at register address
0. The CNTR line is not used in this mode. Figure 6 shows the
timing relationship for Mode 1 operation.

Typical Application: Can be used for an accurate time delay
such as would be required to control the duration of time to have
a thermal printer element activated.

MODE 2—FREE-RUN INTERVAL TIMER

The counter repetitively counts down at the @2 clock rate, as
scaled by the Prescaler, and sets the UF bit in the SR each time
the counter underflows. The counter is initialized to the UL and
LL values and starts down counting at the clock rate when the
UL value is written to register address 0. Each time the counter
decrements below $0000, the UF bit in the SR is set, the counter
is reloaded with the UL and LL value, and the count-down cycle
continues. If the IRQT Enable bit is set in the CMCR, IRQ will
be asserted upon each time-out. The CNTR line is not used in
this mode. Figure 7 shows the timing relationship for Mode 2
operation.

Typical Application: Can be used for a timed interrupt struc-
ture when a hardware location needs updating at specific inter-
vals, such as would be required to update a multiplexed display.
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WRITE
UPPER LATCH / Y o
(ADDR 0)
— )
iRQ N 2 /
N+ 2
READ CYCLES
STATUS . %Y 52/ \\
REGISTER o e
READ /T \
SNAPSHOT o —0¢
LATCH

Figure 6. Mode 1—One-Shot Interval Timer Timing
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Figure 7. Mode 2—Free-Run Interval Timer Timing
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MODE 3—PULSE WIDTH MEASUREMENT

The counter counts down from the latch value at the $2 clock
rate (scaled by the Prescaler) from the time the CNTR input goes
low until CNTR goes high to provide a measurement of the CNTR
low pulse duration. The counter is loaded with the value of the
UL and LL upon writing UL to register address 0. The counter
starts decrementing at the scaled §2 clock rate when the CNTR
line goes low and stops decrementing when the CNTR line
returns high. If the counter decrements below $0000 before the
CNTR line goes high, the UF bit in the SR is set, the counter
is reloaded with the UL and LL value, and the cycle continues
down until CNTR goes high. Once the CNTR line has cycled
from high to low and back to high, the Counter/Timer will ignore
any additional high to low transitions on the CNTR line. To
reinitiate Mode 3, it is necessary to reload the UL by writing to
register address 0. Figure 8 shows the timing relationships for
a Mode 3 operation.

Typical Application: Can be used to measure the duration of
an event from an external device. Allows an accurate measure-
ment of the duration of a logical low pulse on the CNTR line.

MODE 4—EVENT COUNTER

CNTR is an input and the Counter/Timer counts the number of
positive transitions on CNTR. The counter is initially loaded with
the UL and LL value when the UL is written to register address 0.
The counter then decrements one count on the falling edge of
the CNTR input after a falling edge (high-to-low transition) is
detected on the @2 clock. The maximum rate at which this fall-
ing edge can be detected is one-half the 2 clock rate. When
the counter decrements below $0000, the UF bit in the SR is
set, the counter is reloaded with the UL and LL value and the
operation repeats. Figure 9 shows the timing relationship of a
Mode 4 operation.

Typical Application: Can be used with a timed software loop
to count external events (i.e., a frequency counter).

o MM e

oNTR———\ ’
|
1

[
-2 -3 -4 'S]STIMES

TIMER DECREMENTS

: TIMER DOES NOT DECREMENT

Figure 8. Mode 3—Pulse Width Measurement Timing

COUNTER COUNTER

DECREMENTED

DECREMENTED
PAST $0000, UF BIT SET
AND UC, LC RELOADED FROM UL, LL

o N/ \____ /. /T —\

COUNTER
DECREMENTED

iRQ /
READ —\
SNAPSHOT
LATCH

Figure 9. Mode 4—Event Counter Timing
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MODE 5—ONE-SHOT PULSE WIDTH GENERATION

CNTR is an output which can be pulsed low for a programmed
time interval. When this mode is selected in the CMCR, the
CNTR output goes high if the UF bit is set. It goes low if the
UF bit is cleared. The CNTR line then goes low when data is
written to the UL at register address 0, which also starts the
counter. The counter decrements from the UL and LL value at
the @2 clock rate as scaled by the Prescaler. When the counter
decrements below $0000, the CNTR output goes high, the UF
bit is set in the SR, the counter is reloaded with $FFFF and the
count-down continues. Figure 10 shows the timing relationship
of Mode 5 operation.

Note that clearing the UF bit after it is set upon the first timeout
causes CNTR to go low, in which case CNTR will again go high
upon the next counter timeout.

Typical Application: Can be used to hold-off (delay) an external
hardware event on an asynchronous basis such as disallowing
a motor startup until certain parameters are met.

MODE 6—FREE-RUN PULSE GENERATION

CNTR is an output and the Counter/Timer can be programmed
to generate a symmetrical waveform, an asymmetrical waveform,
or a string of varying width pulses on CNTR. The CNTR line is
forced low when data is written to the UL at register address

0 which also starts the counter. The counter decrements at the
02 clock rate as scaled by the Prescaler. When the counter
decrements below $0000, CNTR toggles from low to high (or
high to low depending upon its initial state), the counter is
reloaded with the UL and LL value and the counter continues
down-counting. The UF bit in the SR is set the first time the
counter decrements past $0000 and is cleared only if a new write
to UL at register address 0 occurs. Figure 11 shows the timing
relationship of a Mode 6 operation.

This mode can be used to generate an asymmetrical waveform
by toggling the UL and LL with the CNTR high and low times.
Immediately after starting the counter with the first CNTR low
time, load the LL and UL (by writing to register address 1, which
does not restart the counter) with the CNTR high time. When
the first counter underflow occurs, the counter loads the new
latch value (i.e., the CNTR high time) into the counter and con-
tinues counting. During the TRQ interrupt processing resulting
from the first counter time-out, load the LL and UL (at register
address 1) with the original CNTR low time. Continue to alter-
nate loading of the high and low time latch values during the
interrupt processing for the duration of the mode.

Typical Application: Can be used to supply external circuitry
with a software variable clock based upon the system @2 clock
(e.g., a tone generator for audio feedback).

WRITE
UPPER LATCH _/ N_ o
(ADDR 0) A
< CYCLES
SNTR AN n
T UNDERFLOW
FLAG
SET

Figure 10. Mode 5—One-Shot Pulse Width Generation Timing

e LML e e
WRITE TO
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(ADDR 0) o TC TC
TR R =y 43 ¢ N ;
la— N + 2 N+ 1 N+ 1
CYCLES CYCLES CYCLES
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MODE 7—RETRIGGERABLE INTERVAL TIMER

The Counter/Timer operates as a timer which is retriggered, i.e.,
reinitialized to its starting value, upon detection of a negative
transition on the CNTR input. The counter is initially loaded with
the UL and LL value when the UL is written to register address 0.
The counter starts decrementing at the 92 clock rate (as scaled
by the Prescaler) when a falling edge (high to low transition)
is detected on CNTR. The counter is reinitialized to the UL
and LL value whenever a falling edge is subsequently detected
on CNTR. If the counter decrements past $0000 before the fall-
ing edge is detected, the UF bit is set in the SR, the counter
is initialized to the UL and LL value and the count-down
continues.

Typical Application: Can be used to monitor signals that should
be periodic and can interrupt the processor if the signal being
monitored does not occur within a specified time frame; such
as a synchronous motor that has fallen out of synchronization.

PRESCALER

The Counter/Timer operates in either the divide by one or divide
by sixteen mode. In the divide by one mode, the counter holds
from 1 to 65,535 counts. The counter capacity is therefore 1 us
to 65,535 us at 1 MHz @2 clock rate or 0.25 us to 16,383 us
at a 4 MHz 92 clock rate. Timer intervals greater than the max-
imum counter value can be easily measured by counting under-
flow flags or IRQ interrupt requests.

The divide by sixteen prescaler can be enabled to extend the
timing interval by 16. This provides timing from 1048.56 ms
(1 MHz) to 260.21 ms (4 MHz). The prescaler clocks the
Counter/Timer at the $2 clock rate divided by sixteen, except
for Mode 4. In Mode 4, sixteen positive CNTR edges must occur
to decrement the Counter/Timer by one count.

INITIALIZING THE COUNTER/TIMER

The following program segment is one suggested technique for
initializing the Counter/Timer:

;Data Definition

SL = $XXX0 ;Snapshot Latch

uc = $XXX1 ;Upper Counter

LC = $XXX2 ;Lower Counter

SR = $XXX3 ;Status Register

ULEC = $XXX0 ;Upper Latch and Enable Counter

uL = $XXX1 ;Upper Latch

LL = $XXX2 ;Lower Latch

CMCR = $XXX3 ;Counter Mode Control Register

;Program

LDA #$mode0 ;disable Counter/Timer

STA CMCR ;write to mode register

LDA #$mode ;select mode and Prescaler and
IRQT enable/disable

STA CMCR ;write to mode register
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LDA #$lovalue ;lower latch value
STA LL ;write to lower latch
LDA #3$hivalue ;upper latch value
STA ULEC ;write to upper latch

;clear underflow flag, and enable
counter

The following instructions change the mode while the
Counter/Timer is in operation:

LDA #$mode ;select desired mode, except
mode 0
STA CMCR ;write to mode register

The change of mode operation will take effect immediately.
Thus, the Free-Run Internal Timer mode (Mode 2) could be sys-
tematically stopped by changing to the One-Shot Interval Timer
mode (Mode 1). The Counter/Timer will then halt operation
when the underflow condition occurs. This technique can also
be used to enable or disable IRQ during program execution.

READING THE COUNTER/TIMER

To service an interrupt request, the following sequence can be
used:

BIT $status ;get underflow flag
BNE  error ;check if flag is set
LDA $LC | ;get low counter value for overflow
LDX $SL ;get high counter value for overflow

;underflow flag is cleared

By reading the LC and SL, it is possible to determine the amount
of time between the interrupt request and servicing the interrupt.

To read a timer value at any time, the suggested technique is
as follows:

LDA  $LC ;get low counter value

;upper counter transferred to
snapshot

;any miscellaneous code to store

. value if desired

LDA  $SL ;get high counter value

READ/WRITE TIMING
CHARACTERISTICS OF PIAT
Figure 13 is a timing diagram for the R65C24 PIAT during a Read

operation (input mode). Figure 14 is a timing diagram for the
PIAT during a Write operation (output mode).
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CNTR I
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STARTS OCCUR BY THIS TIME TO WITH UL VALUE TO UL VALUE

DECREMENTING SET UNDERFLOW FLAG AND RESTARTED
TIME DECREMENTS, POSSIBLE TO TIMER STILL DECREMENTS
SET UNDERFLOW FLAG IF NO UNDERFLOW HAS

OCCURRED

Figure 12. Mode 7—Retriggerable Interval Timer Timing
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Figure 13. Read Timing Diagram
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Figure 14. Write Timing Diagram

READING THE PERIPHERAL A 1/0 PORT

Performing a Read operation with RS1 = 0, RS0 = 0 and the
Data Direction Register Access Control bit (CRA-2) = 1, directly
transfers the data on the Peripheral A 1/O lines to the data bus.
In this situation, the data bus will contain both the input and
output data. The processor must be programmed to recognize
and interpret only those bits which are important to the particular
peripheral operation being performed.

Since the processor always reads the Peripheral A /O port pins
instead of the actual Peripheral Output Register (ORA), it is pos-
sible for the data read by the processor to differ from the con-
tents of the Peripheral Output Register for an output line. This
is true when the I/O pin is not allowed to go to a full +2.4 Vdc
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when the Peripheral Output register contains a logic 1. In this
case, the processor will read a 0 from the Peripheral A pin, even
though the corresponding bit in the Peripheral Output register
isai.

READING THE PERIPHERAL B 1/0 PORT

Reading the Peripheral B |/O port yields a combination of input
and output data in a manner similar to the Peripheral A port.
However, data is read directly from the Peripheral B Output
Register (ORB) for those lines programmed to act as outputs.
It is therefore possible to load down the Peripheral B Output
lines without causing incorrect data to be transferred back to the
processor on a Read operation.
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SWITCHING CHARACTERISTICS

(Vec = 5.0Vde £5%, Vgg = 0, Tp = T to Ty, unless otherwise noted)

BUS TIMING
1 MHz 2 MHz 3 MHz 4 MHz

Parameter Symbol Min. Max. Min. Max. Min. Max. Min. Max. Unit
92 Cycle tove 1.0 — 0.5 — 0.33 — 0.25 — us
02 Pulse Width to 450 — 220 — 160 — 110 — ns
92 Rise and Fall Time tre, tie — 25 — 15 — 12 — 10 ns
Read
Address Set-Up Time tacr 140 — 70 — 53 — 35 — ns
Address Hold Time toan 0 — 0 — 0 — 0 — ns
Peripheral Data Set-Up Time tecr 300 — 150 — 110 — 75 — ns
Data Bus Delay Time tcor — 335 — 145 — 105 — 85 ns
Data Bus Hold Time tur 20 — 20 — 20 — 20 — ns
Write
Address Set-Up Time tacw 140 — 70 — 53 — 35 — ns
Address Hold Time toaw 0 — 0 — 0 — 0 — ns
R/W Set-Up Time twow 180 — 90 — 67 — 45 — ns
R/W Hold Time toww 0 — 0 — 0 — 0 — ns
Data Bus Set-Up Time tocw 180 — 90 — 67 — 45 — ns
Data Bus Hold Time thw 10 — 10 — 10 — 10 — ns
Peripheral Data Delay Time tepw — 1.0 — 0.5 — 0.5 — 0.5 #s
Peripheral Data Delay Time tcmos — 2.0 - 1.0 - 0.7 — 0.5 us

to CMOS Level
PERIPHERAL INTERFACE TIMING
Peripheral Data Set-Up tpcr 300 — 150 — 110 — 75 — ns
02 Low to CA2 Low Delay tcaz — 1.0 — 0.5 — 0.5 — 0.5 us
92 Low to CA2 High Delay trst - 1.0 — 0.5 — 0.5 — 0.5 us
@2 Low to CNTR Low/High Delay tonTR — 1.0 — 0.5 — 0.5 — 0.5 us
CA1 Active to CA2 High Delay tas2 — 2.0 — 1.0 — 1.0 — 1.0 »s
02 High to CB2 Low Delay tcee — 1.0 — 0.5 — 0.5 — 0.5 us
Peripheral Data Valid to CB2 Low Delay toc 0 1.5 0 0.75 0 0.5 0 0.37 us
92 High to CB2 High Delay thsy — 1.0 — 0.5 — 0.5 — 0.5 us
CB1 Active to CB2 High Delay trso — 2.0 — 1.0 — 0.67 — 0.5 us
CA1, CA2, CB1 and CB2 t, - 1.0 - 1.0 - 1.0 — 1.0 us
Input Rise and Fall Time

NOTE: Timing measurements are referenced to and from a low voltage of 0.8 Vdc and a high voltage of 2.0 Vdc.
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ABSOLUTE MAXIMUM RATINGS*

Parameter Symbol Value Unit *NOTE: Stresses above those listed may cause permanent
Supply Voltage Vee _03to +7.0 |Vdc damage to the device. This is a stress rating only and func-
Imout Vot v YTV 03 [va tional operation of the device at these or any other conditions
nput Vollage IN —0310 Vec +0. i above those indicated in other sections of this document is not
Output Voltage Voyr | -0.3to Vge +0.3 | Vde implied. Exposure to absolute maximum rating conditions for
Operating Temperature Range| T, °C extended periods may affect device reliability.
Commercial O0to +70
Industrial -40to +85
Storage Temperature Tste —-55to +150 °C
OPERATING CONDITIONS
Parameter Symbol Value
Supply Voltage Vee 5V £5%
Temperature Range Ta T to Ty
Commercial 0°C to 70°C
Industrial ~40°C to +85°C

ELECTRICAL CHARACTERISTICS

(Vece = 5.0 Vdc 5%, Vgg = 0, Ta = T to Ty, unless otherwise noted)

Parameter Symbol Min. Typ.3 Max. Unit? Test Conditions

Input High Voltage Viy \

All_except RIW, CS2 +2.0 — Vee
R/IW, CS2 +2.4 — Vee

Input Low Voltage Vi -03 - +0.8 \

Input Leakage Current - I — A Vin = 0V to Ve
R/W, RES, RSO, RS1, CS0, CS2, CA1, +1 +25 Vee = 5.25V
CB1, 92
RS2 +1 +10

Input Leakage Current for Three-State Off lrs) — +2 +10 A Vin = 0.4V to 2.4V
Do0-D7, PB0-PB7, CB2 Ve = 5.25V

Input High Current Iy -200 ~400 — pA Viy = 2.0V
PA0-PA7, CA2

Input Low Current " — -2 -3.2 mA VL = 0.8V
PAO-PA7, CA2

Output High Voltage Vou \ Ve = 4.75V
Logic 24 — — ILoap? = —200pA
PB0-PB7, CB2 (Darlington Drive) 1.5 — — lLoap? = —3.2mA H

Output Low Voltage Vo — — +0.4 \ Vee = 475V
PAO-PA7, CA2, PB0O-PB7, CB2 lloap = 3.2 mA
DO0-D7, IRQ, CNTR lloap = 1.6 mA

Output High Current (Sourcing) lon
Logic ~-200 - 1500 — A Voy = 2.4V
PB0-PB7, CB2 (Darlington Drive) -3.2 -6 — mA Vou = 1.5V

Output Low Current (Sinking) loL VoL = 0.4V
PAO-PA7, PBO-PB7, CB2, CA2 3.2 — — mA
D0-D7, IRQ, CNTR 1.6 — — mA

Output Leakage Current (Off State) lore — 1 +10 uA Vo = 2.4V
IRQ Ve = 5.25V

Power Dissipation Pp — 7 10 mW/MHz

Input Capacitance Cin Vee = 5.0V
D0-D7, PAD-PA7, PBO-PB7, CA2, CB2 — — 10 pF Viy = OV
R/W, RES, RS0, RS1, RS2, CS0, CS2, — — 7 pF f =2MHz
CNTR, CA1, CB1, 92 — — 20 pF Ta = 25°C

Output Capacitance Cout — — 10 pF

Notes:

1. All units are direct current (dc) except capacitance.

2. Negative sign indicates outward current flow, positive indicates inward flow.

3. Typical values are shown for Vo = 5.0V and T, = 25°C.
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PACKAGE DIMENSIONS

40-PIN CERAMIC DIP

%0 T MILLIMETERS INCHES
—f oM | MmN | MAX | mIN [ max
L B A [ 5029 | 5131 | 1980 | 2020
B | 1511 | 1588 | 0.595 | 0625
f 2] J Cc | 254 | 419 ] 0100 | 0165
o | o3s| 053] o0015 | 0021
L A F 076 | 127 | 0030 | 0050
| G 2.54 BSC 0.100 BSC
>] r F N H | 076 | 1.78 | 0.030 | 0.070
8 J 0.20 | 033 | 0008 | 0.013
W -t ¢ K | 254 | 419 ] 0100 | 0165
! N ; ] L | 1460 | 15.37 | 0575 | 0.605
H t}L K M | oo | 10° | 0o [ 10°
D / G ’I l' ey M—»{ N 051 | 1.52 | 0.020 | 0060
40-PIN PLASTIC DIP MILLIMETERS | INCHES
om | MmN [ MAX | MIN | mAX
40 21 A | 5182 | 5232 | 2040 | 2060
—T B | 1346 | 1397 | 0530 | 0.550
B c | 356 | 508 0.140 | 0.200
D 0.38 | 053 | 0015 | 0.021
1 20 F 102 | 152 | 0.040 | 0060
E’v - | G 2,54 BSC 0100 BSC
| i 1 c "— L H 1.65 | 2.16 | 0.065 | 0085
i J 020 | 030 | 0.008 | 0012
k) K 3.30 | 432 [ 0.130 | 0.170
T g L 15 24rssc 0 so% BSC
M 7o | 100 [ 70 10°
’H‘ (G|~ '! l’F ~hp K M N | o051 | 1020020 [ 0040
44-PIN PLASTIC LEADED CHIP CARRIER (PLCC)
INDEX D SEATING PLANE MILLIMETERS INCHES
CORNER D1 om [ min | max | win | wax
]‘_D2_’i A 414 | 439 | 0.163 | 0.173
——nonnnnnonon. + A1 137 147 | 0.054 | 0058
Y o 29 b a/( A2 | 231 | 246 | 0091 | 0097
D -I_g ] B b 0457 TYP 0.018 TYP
D1 E PIN 1 B ' D | 17.45 | 17.60 | 0687 | 0693
D2 § INDICATOR § D1 | 1646 | 1656 | 0.648 | 0.652
_L—E § D2 | 1262 | 12.78 | 0497 | 0503
d-17 s P D3 15 75 REF 0620 REF
TUTTUUUOUOY e 127 BSC 0050 BSC
h 1.15 TYP 0.045 TYP
TOP VIEW SIDE VIEW J 0.25 TYP 0010 TYP
N - o 45° TYP 45° TYP
CHAM.J x 45° o1 R 0389 TYP 0035 TYP.
03——| R1 025 TYP 0010 TYP
. 985 W
R
SECTION A-A
TYP FOR BOTH AXIS (EXCEPT FOR BEVELED EDGE)
CHAM. 11 PINS EJECTOR PIN MARKS
h x 45° PpER SIDE 4 PLCS BOTTOM OF
3 PLCS EQUALLY PACKAGE ONLY
SPACES (TYPICAL)

BOTTOM VIEW
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Rockwell

Asynchronous Communications
Interface Adapter (ACIA)

R65C51

DESCRIPTION

The Rockwell CMOS R65C51 Asynchronous Communications
Interface Adapter (ACIA) provides an easily implemented, pro-
gram controlled interface between 8-bit microprocessor-based
systems and serial communication data sets and modems.

The ACIA has an internal baud rate generator. This feature
eliminates the need for multiple component support circuits, a
crystal being the only other part required. The Transmitter baud
rate can be selected under program control to be any one of
15 different rates from 50 to 19,200 baud, or /16 times an exter-
nal clock rate. The Receiver baud rate may be selected under
program control to be either the Transmitter rate, or at 1/16 times
an external clock rate. The ACIA has programmable word
lengths of 5, 6, 7, or 8 bits; even, odd, or no parity; 1, 11/2, or
2 stop bits.

The ACIA is designed for maximum programmed control from
the microprocessor (MPU), to simplify hardware implementation.
Three separate registers permit the MPU to easily select the
R65C51’s operating modes and data checking parameters and
determine operational status.

F

© o o o o o o

EATURES

Low power CMOS N-well silicon gate technology
Replacement for NMOS R6551 ACIA

Full duplex operation with buffered receiver and transmitter
Data set/modem control functions

Internal baud rate generator with 15 programmable baud
rates (50 to 19,200)

Program-selectable internally or externally controlled receiver
rate

Programmable word lengths, number of stop bits, and parity
bit generation and detection

Programmable interrupt control

Program reset

Program-selectable serial echo mode

Two chip selects

1 or 2 MHz operation

5.0 Vdc +5% supply requirements

Wide range of packages available

— 28-pin ceramic or plastic DIP

— 28-pin plastic leaded chip carrier (PLCC)

Full TTL compatibility

Compatible with R6500, R6500/* and R65C00 micro-
processors

_ L5 8 9l Lo

Ves O 1 28 [J RIW |‘&’[88>$E815
cso O 2 27 O 92 ooOononn
csigs3 26 [J IRQ TeNC&888 )
RES ] 4 25 [J D7 RxC (e]

RxC O 5 24 [1 D6 XTLE PIN 1

XTL O 6 23 [J Ds XTLO INDICATOR
Xll._? Oz 22 [ D4 RTS

RTS O 8 21 [J D3 cis

cTs O 9 20 1 b2 D

E O 10 19 3 D1 DTR

DTR O] 11 18 {37 Do

RxD O] 12 17 [1 DSR

RS0 ] 13 16 [J DCD Ao r Yok e
Rs1 O 14 15 3 Vee Zee >°|g|3 o

28-PIN DIP 28-PIN PLCC
Figure 1. R65C51 ACIA Pin Assignments
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R65C51

Asynchronous Communications Interface Adapter (ACIA)

ORDERING INFORMATION

Part Number:
R65C51

Frequency
1
2

Package
C = 28-Pin Ceramic DIP
P = 28-Pin Plastic DIP
J = 28-Pin Plastic Leaded
Chip Carrier (PLCC)

INTERFACE SIGNALS

Figure 1 (front page) shows the R65C51 ACIA pin assignments
and Figure 2 groups the signals by functional interface.

MICROPROCESSOR INTERFACE
Reset (RES)

During system initialization, a low on the RES input causes a
hardware Reset to occur. Upon Reset, the Command Register
and the Control Register are cleared (all bits set to 0). The Sta-
tus Register is cleared with the exception of the indications of
Data Set Ready and Data Carrier Detect, which are externally
controlled by the DSR and DCD lines, and the Transmitter Empty
bit, which is set. RES must be held low for one ¢2 clock cycle
for a reset to occur.

Input Clock (02)

The input clock is the system @2 clock and clocks all data trans-
fers between the system microprocessor and the ACIA.

Read/Write (R/W)

The RW input, generated by the microprocessor controls the
direction of data transfers. A high on the R/W pin allows the
processor to read the data supplied by the ACIA, a low allows
a write to the ACIA.

Interrupt Request (IRQ)

The TRQ pin is an interrupt output from the interrupt control logic.
It is an open drain output, permitting several devices to be con-
nected to the common IRQ microprocessor input. Normally a
high level, IRQ goes low when an interrupt occurs.

Data Bus (D0-D7)

The eight data line (D0-D7) pins transfer data between the
processor and the ACIA. These lines are bi-directional and are
normally high-impedance except during Read cycles when the
ACIA is selected.

Chip Selects (CS0, CS1)

The two chip select inputs are normally connected to the proc-
essor address lines either directly or through decoders. The ACIA
is selected when CSO is high and CS1 is low. When the
ACIA is selected, the internal registers are addressed in
accordance with the register select lines (RS0, RS1).

Register Selects (RS0, RS1)

The two register select lines are normally connected to the proc-
essor address lines to allow the processor to select the various
ACIA internal registers. Table 1 shows the internal register select
decoding.

Table 1. ACIA Register Selection
Register Operation
RS1 | RSO R/W = Low R/W = High
L L Write Transmit Data Read Receiver
Register Data Register
L H Programmed Reset Read Status
(Data is “Don't Register
Care”)
H L Write Command Read Command
Register Register
H H Write Control Read Control
Register Register

The Command Register controls parity, receiver echo mode,
transmitter interrupt control, the state of the RTS line, receiver
interrupt control, and the state of the DTR line.

The Control Register controls the number of stop bits, word
length, receiver clock source, and baud rate.

The Status Register indicates the states of the IRQ, DSR, and
DCD lines, Transmitter and Receiver Data Registers, and Over-
run, Framing, and Parity Error conditions.

The Transmitter and Receiver Data Registers are used for
temporary data storage by the ACIA Transmit and Receive
circuits.

Only the Command and Contral registers can be both read and
written. The programmed Reset operation does not cause any
data transfer, but is used to clear bits 4 through 0 in the Com-
mand register and bit 2 in the Status Register. The control
Register is unchanged by a programmed Reset. It should be
noted that the programmed Reset is slightly different from the
hardware Reset (RES); refer to the register description.
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Figure 2. ACIA Interface Diagram

ACIA/MODEM INTERFACE

Crystal Pins (XTLI, XTLO)

These pins are normally directly connected to a parallel mode
external crystal (1.8432 MHz) to derive the various baud rates.
Note that capacitors are required from XTLI to ground and from
XTLO to ground. Alternatively, an externally generated clock can
drive the XTLI pin, in which case the XTLO pin must float.

Transmit Data (TxD)

The TxD output line transfers serial non-return-to-zero (NRZ) data
to the modem. The least significant bit (LSB) of the Transmit
Data Register is the first data bit transmitted and the rate of data
transmission is determined by the baud rate selected or by an
external transmitter clock. This selection is made by program-
ming the Control Register.

Receive Data (RxD)

The RxD input line transfers serial NRZ data into the ACIA from
the modem, LSB first. The receiver data rate is determined by
the programmed baud rate or by an externally generated receiver
clock. The selection is made by programming the Control
Register.

Receive Clock (RxC)

RxC is a bi-directional pin which is either the external receiver
clock input or a clock output of 16x the baud rate. The latter
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mode results if the internal baud rate generator is selected for
receiver data clocking.

Request to Send (RTS)

The RTS output pin controls the modem from the processor.
The state of the RTS pin is determined by the contents of the
Command Register.

Clear to Send (CTS)

The CTS input pin controls the transmitter operation. The enable
state is with CTS low. The transmitter is automatically disabled
if CTS is high.

Data Terminal Ready (DTR)

This output pin indicates the status of the ACIA to the modem.
A low on DTR indicates the ACIA is enabled, a high indicates
it is disabled. The processor controls this pin via bit 0 of the Com-
mand Register.

Data Set Ready (DSR)

The DSR input pin indicates to the ACIA the status of the modem.
A low indicates the ‘‘ready” state and a high, “‘not-ready.”
Data Carrier Detect (DCD)

The DCD input pin indicates to the ACIA the status of the carrier-
detect output of the modem. A low indicates that the modem
carrier signal is present and a high, that it is not.
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FUNCTIONAL DESCRIPTION

A block diagram of the R65C51 ACIA is presented in Figure 3.
A description of each functional element of the device follows.

DATA BUS BUFFERS

The Data Bus Buffer interfaces the system data lines to the
internal data bus. The Data Bus Buffer is bi-directional. When
the R/W line is low and the chip is selected, the Data Bus Buffer
writes the data from the system data lines to the ACIA internal
data bus. When the R/W line is high and the chip is selected,
the Data Bus Buffer drives the data from the internal data bus
to the system data bus.

INTERRUPT LOGIC

The Interrupt Logic will cause the IRQ line to the microprocessor
to go low when conditions are met that require the attention of
the microprocessor. The conditions which can cause an inter-
rupt will set bit 7 and the appropriate bit of bits 3 through 6 in
the Status Register, if enabled. Bits 5 and 6 correspond to the
Data Carrier Detect (DCD) logic and the Data Set Ready (DSR)
logic. Bits 3 and 4 correspond to the Receive Data Register full
and the Transmitter Data Register empty conditions. These con-
ditions can cause an interrupt request if enabled by the Com-
mand Register.

1/0 CONTROL

The 1/0 Control Logic contrals the selection of internal registers
for a data transfer on the internal data bus and the direction of
the transfer to or from the register.

The registers are selected by the Register Select (RS1, RS0)
and Read/Write (R/W) lines as shown in Table 1.

TIMING AND CONTROL

The Timing and Control logic controls the timing of data trans-
fers on the internal data bus, the registers, the Data Bus Buffer,
the microprocessor data bus, and the hardware reset.

Timing is controlled by the system @2 clock input. The chip will
perform data transfers to or from the microcomputer data bus
during the @2 high period when selected.

All registers will be initialized by the Timing and Control Logic
when the Reset (RES) line goes low. See the individual register
description for the state of the registers following a hardware
reset.

TRANSMITTER AND RECEIVER DATA REGISTERS

These registers are used as temporary data storage for the ACIA
Transmit and Receive circuits. Both the Transmitter and
Receiver are selected by a Register Select 0 (RS0) and Register
Select 1 (RS1) low condition. The Read/Write (R/W) line deter-
mines which actually uses the internal data bus; the Transmitter
Data Register is write only and the Receiver Data Register is
read only.

Bit 0 is the first bit to be transmitted from the Transmitter Data
Register (least significant bit first). The higher order bits follow
in order. Unused bits in this register are ‘“don’t care” bits.

The Receiver Data Register holds the first received data bit in
bit O (least significant bit first). Unused high-order bits are “0”".
Parity bits are not contained in the Receiver Data Register. They
are stripped off after being used for parity checking.

TRANSMIT _
CONTROL CTS
pata k== ‘——={ transmr TRANSMIT
D0-D7 <——| BUS I DATA —— SsHIFT —— TxD
BUFFER —| N {——_RecISTER REGISTER
- E - —
INTERRUPT [~ R sTaTus  [® DCD
IRQ <— T So—— __
LOGIC +— A = REGISTER | SR
__ BAUD RxC
A ‘ ® === conrroL »| RATE le—— XTLI
cso —» o T |——+| RECISTER GENERATOR | xTL0O
51—
Rso — | CONTROL B "> commAND > DTR
RS1 — - lSJ REGISTER > RTS
92 1 TiMiNG <~—— RECEIVE RECEIVE
& CONTROL — DATA - SHIFT RxD
RES ——»~| REGISTER REGISTER
RECEIVE
CONTROL

Figure 3. R65C51 ACIA Block Diagram
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STATUS REGISTER

The Status Register indicates the state of interrupt conditions
and other non-interrupt status information. The interrupt condi-
tions are Data Set Ready and Data Carrier Detect transitions,
Transmitter Data Register Empty and Receiver Data Register Full
as reported in bits 6 through 3, respectively. If any of these bits
are set, the Interrupt (IRQ) indicator (bit 7) is also set. Overrun,
Framing Error, and Parity Error are also reported (bits 2 through
0, respectively).

7 6 5 4 3 2 1 0
IRQ ﬁ DCD TDRE|RDRF| OVRN| FE PE
Bit 7 Interrupt (IRQ)
0 No interrupt
1 Interrupt has occurred
Bit 6 Data Set Ready (DSR)
0 DSR low (ready)
1 DSR high (not ready)
Bit 5 Data Carrier Detect (DCD)
0 DCD low (detected)
1 DCD high (not detected)
Bit 4 Transmitter Data Register Empty
0 Not empty
1 Empty
Bit 3 Receiver Data Register Full
0 Not full
1 Full
Bit 2 Overrun*
0 No overrun
1 Overrun has occurred
Bit 1 Framing Error*
0 No framing error
1 Framing error detected
Bito Parity Error*
0 No parity error
1 Parity error detected

*No interrupt occurs for these conditions

Reset Initialization

76 5 4
0 |—[—|1

3
0

o=

Hardware reset
Program reset

2
0
0
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Parity Error (Bit 0), Framing Error (Bit 1),
and Overrun (Bit 2)

None of these bits causes a processor interrupt to occur, but they
are normally checked at the time the Receiver Data Register is
read so that the validity of the data can be verified. These bits
are self clearing (i.e., they are automatically cleared after a read
of the Receiver Data Register.)

Receiver Data Register Full (Bit 3)

This bit goes to a 1 when the ACIA transfers data from the
Receiver Shift Register to the Receiver Data Register, and goes
to a 0 (is cleared) when the processor reads the Receiver Data
Register.

Transmitter Data Register Empty (Bit 4)

This bit goes to a 1 when the ACIA transfers data from the Trans-
mitter Data Register to the Transmitter Shift Register, and goes
to a O (is cleared) when the processor writes new data onto the
Transmitter Data Register.

NOTE: There is a delay of approximately s of a bit time after
the TDR becomes empty/full before this flag is updated.

Data Carrier Detect (Bit 5) and Data Set Ready (Bit 6)

These bits reflect the levels of the DCD and DSR inputs to the
ACIA. A O indicates a low level (true condition) and a 1 indicates
a high level (false). Whenever either of these inputs change state,
an immediate processor interrupt (IRQ) occurs, unless bit 1 of
the Command Register (IRD) is set to a 1 to disable IRQ.
When the interrupt occurs, the status bits indicate the levels of
the inputs immediately after the change of state occurred. Sub-
sequent level changes will not affect the status bits until after
the Status Register has been interrogated by the processor. At
that time, another interrupt will immediately occur and the sta-
tus bits will reflect the new state. These bits are not automati-
cally cleared (or reset) by an internal operation.

Interrupt (Bit 7)

This bit goes to a 1 whenever an interrupt condition occurs and
goes to a 0 (is cleared) when the Status Register is read.
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CONTROL REGISTER

The Control Register selects the desired baud rate, frequency
source, word length, and the number of stop bits.

7 6 5 4 3 2 1 0

wL SBR

RCS

w1 | wio SBR3 | SBR2 | SBR1 | SBRO

it 7 Stop Bit Number (SBN)
0 1 Stop bit
1 2 Stop bits
1 1% Stop bits

For WL = 5 and no parity
1 1 Stop bit

For WL = 8 and parity

Word Length (WL)
No. Bits

o ; N

Receiver Clock Source (RCS)
External receiver clock
1 Baud rate

its 3-0  Selected Baud Rate (SBR)
Baud

TxC rate + 16

444 asas4ss00000000 W
444 a40000aaasx000O|N
- 4002200~ 2002=00]|=
~—0-0-40-40—-0—20=0=0|0O

19,200
*XTLI is the input for the External Transmitter Clock (TxC)
Reset Initialization

76543210
0/0|j0j0(0|0O(O(O

Hardware reset (RES)
Program reset
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Selected Baud Rate (Bits 0, 1, 2, 3)

These bits select the Transmitter baud rate, which can be at ¥
an external transmitter clock rate or one of 15 other rates con-
trolled by the internal baud rate generator.

If the Receiver clock uses the same baud rate as the transmit-
ter (bit 4 = 1), then RxC becomes an output (at 16x the baud rate)
and can be used to slave other circuits to the ACIA. Figure 4
shows the Transmitter and Receiver layout.

RECEIVER
SHIFT REGISTER

A ‘

CLOCK SYNC
DIVIDER [*] | ogIC

(16)

RxD

<

RxC
CONTROL
REGISTER
BIT4 CLOCK
XTL" 1 5 AUD RATE DIVIDER
XTLO<e] GENERATOR (16)
BITS 0-3 IN
TRANSMITTER
CONTROL | giFT REGISTER [ > T
REGISTER

*AND EXTERNAL TRANSMITTER CLOCK INPUT (TxC)

Figure 4. Transmitter/Receiver Clock Circuits

Receiver Clock Source (Bit 4)

This bit controls the clock source to the Receiver. A 0 causes
the Receiver to operate at a baud rate of }4s the external receiver
clock on pin RxC. A 1 causes the Receiver to operate at the
same baud rate as is selected for the transmitter.

Word Length (Bits 5, 6)
These bits determine the word length to be used (5, 6, 7 or 8 bits).

Stop Bit Number (Bit 7)

This bit determines the number of stop bits used. A 0 always
indicates one stop bit. A 1 indicates 1} stop bits if the word length
is 5 with no parity selected, 1 stop bit if the word length is 8 with
parity selected, and 2 stop bits in all other configurations.
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COMMAND REGISTER

The Command Register controls specific modes and functions.

7
PMC
PNC1[PNCO

6 5 4 3 2

TIC
TIC1 [TICO

1 0

PME | REM IRD |DTR

o}
=

S

o
&

Parity Mode Control (PMC)

Qdd parity transmitted/received
Even parity transmitted/received
Mark parity bit transmitted
Parity check disabled

Space parity bit transmitted
Parity check disabled

- o o~
o = oo

—_

Bit 5 Parity Mode Enabled (PME)
Parity mode disabled

No parity bit generated
Parity check disabled

Parity mode enabled

Receiver Echo Mode (REM)

Receiver normal mode

Receiver echo mode

Bits 2 and 3 must also be zero for receiver echo
mode, RTS will be low.

@
I

Transmitter Interrupt Control (TIC)

ATS
RTS
RTS
RTS

High, transmitter disabled*

Low, transmit interrupt enabled
Low, transmit interrupt disabled
Low, transmit interrupt disabled,
transmit break on TxD**

—xo—~o|m

Receiver Interrupt Request Disabled (IRD)
IRQ enabled (receiver)
IRQ disabled (receiver)

Data Terminal Ready (DTR)
Data terminal not ready (DTR high)*
1 Data terminal ready (DTR low)

NOTE

*The transmitter is disabled immediately. The receiver
is disabled but will first complete receiving a byte in
process of being received.

**A “BREAK” is transmitted only after the end of a
character stream. If the Transmitter Data Register con-
tains a character, the “BREAK” is not transmitted.
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Data Terminal Ready (Bit 0)

This bit enables all selected interrupts and controls the state
of the Data Terminal Ready (DTR) line. A 0 indicates the
microcomputer system is not ready by setting the DTR line
high. A 1 indicates the microcomputer system is ready by set-
ting the DTR line low. DTR also enables and disables the trans-
mitter and receiver.

Receiver Interrupt Control (Bit 1)

This bit disables the Receiver DCD and DSR from generat-
ing an interrupt when set to a 1. The Receiver DCD and DSR
interrupts are enabled when this bit is set to a 0 and Bit 0 is
settoa 1.

Transmitter Interrupt Control (Bits 2, 3)

These bits control the state of the Ready to Send (RTS) line and
the Transmitter interrupt.

Receiver Echo Mode (Bit 4)

A 1 enables the Receiver Echo Mode and a 0 disables the
Receiver Echo Mode. When bit 4 is a 1 bits 2 and 3 must be
0. In the Receiver Echo Mode, the Transmitter returns each
transmission received by the Receiver delayed by one-half bit
time.

Parity Mode Enable (Bit 5)

This bit enables parity bit generation and checking. A 0 disables
parity bit generation by the Transmitter and parity bit checking
by the Receiver. A 1 bit enables generation and checking of
parity bits.

Parity Mode Control (Bits 6, 7)

These bits determine the type of parity generated by the Trans-
mitter, (even, odd, mark or space) and the type of parity check
done by the Receiver (even, odd, or no check).

Reset Initialization
76543210

[0Joo[oJo0]o[0]o] Hardware reset (RES)
——|—{o[o[0[0]0] iProgram reset
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STATUS REGISTER OPERATION

Because of the special functions of the various status bits, there
is a suggested sequence for checking them. When an interrupt
occurs, the ACIA should be interrogated, as follows:

1. Read Status Register

This operation automatically clears Bit 7 (IRQ). Subsequent
transitions on DSR and DCD will cause another interrupt.

2. Check IRQ (Bit 7) in the data read from the Status Register
If not set, the interrupt source is not the ACIA.

3. Check DCD and DSR

These must be compared to their previous levels, which must
have been saved by the processor. If they are both 0 (modem
“on-line’’) and they are unchanged, then the remaining bits
must be checked.

4. Check RDRF (Bit 3)
Check for Receiver Data Register Full.

5. Check Parity, Overrun, and Framing Error (Bits 0-2) if the
Receiver Data Register is full.

6. Check TDRE (Bit 4)
Check for Transmitter Data Register Empty.

PROGRAM RESET OPERATION

A program Reset occurs when the processor performs a write
operation to the ACIA with RSO low and RS1 high. The program

Reset operates somewhat differently from the hardware Reset
(RES pin) and is described as follows:

1. Internal registers are not completely cleared. Check register
formats for the effect of a program Reset on internal registers.

2. The DTR line goes high immediately.

3. Receiver and transmitter interrupts are disabled immediately.
If IRQ is low when the reset occurs, it stays low until serviced,
unless interrupt was caused by DCD or DSR transition.

4. DCD and DSR interrupts are disabled immediately. If IRQ is
low and was caused by DCD or DSR, then it goes high, also
DCD and DSR status bits subsequently will follow the input
lines, although no interrupt will occur.

5. Overrun cleared, if set.
i

TRANSMITTER AND RECEIVER OPERATION

Continuous Data Transmit

In the normal operating mode, the interrupt request output (IRQ)
signals when the ACIA is ready to accept the next data word
to be transmitted. This interrupt occurs at the beginning of the
Start Bit. When the processor reads the Status Register of the
ACIA, the interrupt is cleared.

The processor must then identify that the Transmit Data Register
is ready to be loaded and must then load it with the next data
word. This must occur before the end of the Stop Bit, otherwise
a continuous ““MARK” will be transmitted. Figure 5 shows the
continuous Data Transmit timing relationship.

CHAR#n CHAR #n+1

CHAR #n+2 CHAR#n+3

L
TxD _|Stan| Bo l B, l IBN l P lstop Stml Bo I 8., l [BN I P szm

1

e[ L e e )

= L1

PROCESSOR
INTERRUPT
(TRANSMIT DATA
REGISTER EMPTY)

PROCESSOR READS STATUS
REGISTER, CAUSES IRQ
TO CLEAR

L L[

LA L

PROCESSOR MUST
LOAD NEW DATA

IN THIS TIME
INTERVAL; OTHERWISE,
CONTINUOUS “MARK"
IS TRANSMITTED

Figure 5. Continuous Data Transmit
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Continuous Data Receive

Similar to the Continuous Data Transmit case, the normal
operation of this mode is to assert IRQ when the ACIA has
received a full data word. This occurs at about /16 point through

read the data word before the next interrupt, otherwise the
Overrun condition occurs. Figure 6 shows the continuous Data
Receive Timing Relationship.

the Stop Bit. The processor must read the Status Register and

CHAR#n CHAR#n+1 CHAR #n+2
1 1

ELFEC), EEeEE B

L L

CHAR#n+3

RxD -_lsum[ By I B, l l By l P lswplsunl By I 8, l
|
IRQ | II

I B

PROCESSOR

INTERRUPT OCCURS
ABOI:‘T 9/16 ?NCTO PROCESSOR MUST READ
LAST STOP BIT. RECEIVER DATA IN THIS

PROCESSOR READS STATUS
REGISTER, CAUSES IRQ
TO CLEAR

TIME INTERVAL; OTHERWISE,

PARITY, OVERRUN, OVERRUN OCCURS

AND FRAMING ERROR
ALSO,UPDATED

Figure 6. Continuous Data Receive

Transmit Data Register Not Loaded by Processor

If the processor is unable to load the Transmit Data Register in
the allocated time, then the TxD line goes to the “MARK” con-
dition until the data is loaded. IRQ interrupts continue to occur
at the same rate as previously, except no data is transmitted.

When the processor finally loads new data, a Start Bit imme-
diately occurs, the data word transmission is started, and another
interrupt is initiated, signaling for the next data word. Figure 7
shows the timing relationship for this mode of operation.

CHAR#n CONTINUOUS “MARK" CHAR #n+1 CHAR#n+2
1 I s
i S s I Y I A A 0 Y 5 ) Y B

. CHARACTER -
TIME

N

=

L

i

PROCESSOR

INTERRUPT PROCESSOR

FOR DATA DOES NOT LOAD INTERRUPTS

REGISTER #IEMWEDA” IN CONTINUE AT

EMPTY CHARACTER RATE, WHEN PROCESSOR FINALLY LOADS
PROCESSOR EVEN THOUGH NEW DATA, TRANSMISSION STARTS
READS NO DATA IS IMMEDIATELY AND INTERRUPT
STATUS TRANSMITTED OCCURS, INDICATING TRANSMIT
REGISTER DATA REGISTER EMPTY

Figure 7. Transmit Data Register Not Loaded by Processor
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Effect of CTS on Transmitter

CTSisthe Clear-to-Send signal generated by the modem. Itis nor-
mally low (true state) but may go high in the event of some mod-
em problems. When this occurs, the TxD line goes to the “MARK”
condition after the entire last character (including parity and stop
bit) has been transmitted, uniess CTS goes high during the start

bit. Then TxD goes immediately to a *“MARK’’ condition. Bit 4 in
the Status Register indicates that the Transmitter Data Register
is not empty and IRQis not asserted. CTS is a transmit control line
only, and has no effect on the ACIA Receiver Operation. Figure 8
shows the timing relationship for this mode of operation.

CHAR#n CHAR#n+1
1

CONTINUOUS “MARK""

<D .LB'_[_ [BN] P Isw,,..

Stanl By I B,I IBN l P |Stnp

Start I

By I B, IBZ] I By I P kTOPI

3
ol

L1

CLEAR-TO-SEND

]

LAl

TRQ IS NOT ASSERTED
AGAIN UNTIL

NOT CLEAR-TO-SEND GOES LOW

CTS GOES HIGH, INDICATING MODEM IS NOT READY TO RECEIVE DATA. TxD GOES
TO “MARK" CONDITION AFTER COMPLETE CHARACTER IS TRANSMITTED.

Figure 8. Effect of CTS on Transmitter

Effect of Overrun on Receiver

If the processor does not read the Receiver Data Register in the
allocated time, when the next interrupt occurs, the new data word
is not transferred to the Receiver Data Register, but the Overrun

status bit is set. Thus, the Data Register will contain the last valid
data word received and all following data is lost. Figure 9 shows
the timing relationship for this mode.

CHAR#n

CHAR# n+1
1

CHAR #n+2 CHAR#n+3
1 1

&%AIJlﬂpﬁ%ﬁh[?ﬂ*ﬁﬂﬂ“ﬂhhﬁ%&&dlﬂ

é

3|
o

PROCESSOR

INTERRUPT PROCESSOR
FOR RECEIVER READS
DATA REGISTER STATUS
FULL REGISTER

=

3|
o

PROCESSOR
DOES NOT

READ DATA
REGISTER

\ RECEIVER DATA REGISTER

NOT UPDATED, BECAUSE
PROCESSOR DID NOT READ
PREVIOUS DATA, OVERRUN
BIT SET IN STATUS
REGISTER

m—

REGISTER

PROCESSOR DOES |
NOT READ STATUS

OVERRUN BIT SET IN
STATUS REGISTER

Figure 9. Effect of Overrun on Receiver
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Echo Mode Timing

In Echo Mode, the TxD line re-transmits the data on the RxD
line, delayed by 'z of the bit time, as shown in Figure 10.

o T[] ol s o] o T ]
VUL AL VL VLAY
v Torlem o] [ T e ol ]

—= |*=—— 1/2DATABIT DELAY

Figure 10. Echo Mode Timing

Effect of CTS on Echo Mode Operation

In Echo Mode, the Receiver operation is unaffected by CTS, the Receiver Data Register is full in response to an IRQ, so the
however, the Transmitter is affected when CTS goes high, i.e., processor has no way of knowing that the Transmitter has
the TxD line immediately goes to a continuous “MARK" con- ceased to echo. See Figure 11 for the timing relationship of this
dition. In this case, however, the Status Request indicates that mode.
CHAR#n CHAR #n+1 CHAR#n+2 CHAR#n+3
ﬁ 1 1

1 1
o T[] R ol e oo o] e oo ]

NOT-CLEAR-TO-SEND

TS I

™ P Slnplstznl B, | B, | lBNJ P |ston s«mLﬂo |s1 Lsaz

CTS GOES TO
“FALSE"” CONDITION

| CONTINUOUS “MARK" UNTIL CTS GOES LOW
)

NORMAL —
RECEIVER DATA
REGISTER FULL
INTERRUPTS

Figure 11. Effect of CTS on Echo Mode
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Overrun in Echo Mode

“MARK" condition until the first Start Bit after the Receiver Data
Register is read by the processor. Figure 12 shows the timing
relationship for this mode.

If Overrun occurs in Echo Mode, the Receiver is affected the
same way as a normal overrun in Receive Mode. For the re-
transmitted data, when overrun occurs, the TxD line goes to the

CHAR #n CHAR #x CHAR # x+1
1 1 1
N .- —{ ¢ -- --
et Iswpls‘ml % ] BJ IB" | ’ lswp[sw"l %o | o I z ( BN1 ’ szpls'ml % l * l (ENI F Js'wlsa"l % 131 | IBN IP
-- L4 § -- .-
! (
N A
iRQ
- { L -
v el 5] [ B g BB
PROCESSOR PROCESSOR FINALLY TxD DATA
INTERRUPY PROCESSOR READS RECEIVER RESUMES
FOR RECEIVER DOES NOT DATA REGISTER,
DATA REGISTER READ RECEIVER] LAST VALID
FULL DATA REGISTER CHARACTER (#n) sor
PROCES!
PROCESSOR PT
READS OVERRUN OCCURS ng:gzga#x
STATUS T e Te IN RECEIVER
E
REGISTER CONDITION DATA REGISTER

Figure 12. Overrun in Echo Mode

Framing Error

Framing Error is caused by the absence of Stop Bit(s) on checked for the Framing Error. Subsequent data words are

received data. A Framing Error is indicated by the setting of bit 1
in the Status Register at the same time the Receiver Data
Register Full bit is set, also in the Status Register. In response
to IRQ, generated by RDRF, the Status Register can also be

tested for Framing Error separately, so the status bit will always
reflect the last data word received. See Figure 13 for Framing
Error timing relationship.

RxD
(EXPECTED)

) T
LBGJ P |St:p St;plftmj By | 8, I B, Lna 134 l By | Bg Lp ls«;w stgpls'ml 8y I

RxD
(ACTUAL)

T 4}
L ]

E
o

NOTES: 1. FRAMING ERROR DOES NOT

INHIBIT RECEIVER OPERATION.

~

. IF NEXT DATA WORD 1S OK,
FRAMING ERROR IS CLEARED.

MISSING

:L?’ PROCESSOR
INTERRUPT
FRAMING
ERROR
BIT SET

Figure 13. Framing Error
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Effect of DCD on Receiver

DCD is a modem output indicating the status of the carrier-fre-
quency-detection circuit of the modem. This line goes high for
a loss of carrier. Normally, when this occurs, the modem will
stop transmitting data some time later. The ACIA asserts IRQ
whenever DCD changes state and indicates this condition via
bit 5 in the Status Register.

Once such a change of state occurs, subsequent transitions will
not cause interrupts or changes in the Status Register until the
first interrupt is serviced. When the DCD input is high, the
receiver is disabled (see Figure 14).

CONTINUOUS "MARK"

RxD Bol B, | B, I IiNI P |Slop|Stan| B, | B, l B, l

I-PJStop]StanI B0 I B1 I lBN I P IStopL

____MODEM.'

DELAY

MODEM__ |
DELAY
DCD
IRQ I | | | I I

NORMAL AS LONG AS NO INTERRUPT 'l’:]?:::ﬁ‘:#
PROCESSOR DCD IS HIGH, WILL OCCUR o
INTERRUPT  pROCESSOR NO FURTHER PROCESSOR  HERE, SINCE R ER

INTERRUPT INTERRUPTS INTERRUPT  RECEIVER IS NOT Recel

FOR DCD FOR RECEIVER  FOR DCD ENABLED UNTIL

GOING HIGH WILL OCCUR GOING LOW  FIRST START BIT

LIl

/

DETECTED

Figure 14. Effect of DCD on Receiver

Timing with 1Y2 Stop Bits

It is possible to select 12 Stop Bits, but this occurs only for
5-bit data words with no parity bit. In this case, the IRQ asserted
for Receiver Data Register Full occurs halfway through the

trailing half-Stop Bit. Figure 15 shows the timing relationship for
this mode.

CHAR#n

CHAR# n+1

!
T
start] 8 Blsla BJH/Z
RxD—I ﬂ’l ol 1 2 3 4 |'stop

1
S 8, |8, |8, |8, |8, [1172'
tart] Bo | B1 | B2 | B3 | Pa fgi0p

L

w LT

Ll

PROCESSOR INTERRUPT
OCCURS HALFWAY
THROUGHT THE 1/2
STOP BIT

L

Figure 15. Timing with 112 Stop Bits
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Transmit Continuous “BREAK”

This mode is selected via the ACIA Command Register and
causes the Transmitter to send continuous “BREAK” charac-
ters, beginning with the next character transmitted. At least one
full “BREAK” character will be transmitted, even if the processor
quickly re-programs the Command Register transmit mode.
Later, when the Command Register is programmed back to
normal transmit mode, an immediate Stop Bit will be generated
and transmission will resume. Figure 16 shows the timing rela-
tionship for this mode.

NOTE

If, while operating in the Transmit Continuous “BREAK”
mode, the CTS should go to a high, the TxD will be
overridden by the CTS and will go to continuous “MARK”
at the beginning of the next character transmitted after the
CTS goes high.

TxXD Istop Stml Bo] By I [BNl 4 |Stop Start, By 151 L 8

Stop S(arll By | |j~l P JSIop Stanl

aola|‘

I

3|
o

PERIOD DURING
WHICH PROCESSOR

P

SELECTS
CONTINUOUS POINT AT WHICH [
“BREAK" MODE PROCESSOR .:1?:::30;
NORMAL SELECTS TO LOAD
INTERRUPT NORMAL TRANSMIT
TRANSMIT DATA
MODE

Figure 16. Transmit Continuous ‘‘BREAK”’

Receive Continuous “BREAK”

In the event the modem transmits continuous “BREAK” char-
acters, the ACIA will terminate receiving. Reception will resume
only after a Stop Bit is encountered by the ACIA. Figure 17

shows the
characters.

timing relationship for

continuous

“BREAK”

CONTINUOUS "BREAK"

_—'——j
RxD B, Byl e Sloplsun By B, By P
_l_.l - I_LJ | S WU [Ny I N -

[*]

FULL

DATA REGISTER

Stop Stop |Stan| By I B, ' l By I P | St;lsunl By
ol 1
L4 - -
(
— la T T
iRQ | 1
L-u
I——- NO —» NO INTERRUPT I
MORE SINCE RECEIVER
PROCESSOR L INTERRUPTS DISABLED UNTIL NORMAL
INTERRUPT PROCESSOR INTERRUPT WiTH FIRST STOP BIT RECEIVER
FOR FRAMING ERROR SET. EVEN INTERRUPT
RECEIVER PARITY CHECK WILL ALSO GIVE

A PARITY ERROR BECAUSE ALL
ZEROS (CONTINUOUS BREAK)
REPRESENT EVEN PARITY.

Figure 17. Receive Continuous ‘‘BREAK”’
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CRYSTAL/CLOCK CONSIDERATIONS
CLOCK OSCILLATOR

The on-chip oscillator is designed for a parallel resonant crys-
tal connected between XTLI and XTLO pins. The equivalent
oscillator circuit is shown in Figure 18.

C+5%  XTLI 2 pF
— I—I—{ —
1.8432 4
Mita L_1XTAL R65C5
N I | (__
A L] 1
= C%5%  XTLO 2pF =

Figure 18. Internal Clock

A parallel resonant crystal is specified by its load capacitance
and series resonant resistance. For proper oscillator operation,
the load capacitance (Cy), series resistance (Rs) and the crys-
tal resonant frequency (F) must meet the following two relations:

C+2=2C, or C=2C -2

2x 108
(FCL)?

Rs = Rsmax =

where: F is in MHz; C and C, are in pF; R is in ohms.

To select a parallel resonant crystal for the oscillator, first select
the load capacitance from a crystal manufacturer’s catalog. Next,
calculate Rsmax based on F and C.. The selected crystal must
have a R; less than the Rgnax-

For example, if C_ = 13 pF for a 1.8432 MHz parallel resonant
crystal, then

C=(@2x13) - 2 = 18 pF

The series resistance of the crystal must be less than

6
= _2x10° = 3.3K ohms

(1.8432x 13)2

Rsmax

EXTERNAL CLOCK MODES

The XTLI input may be used as an external clock input (Fig-
ure 19). For this implementation, a times 16 clock is input on
XTLI and XTLO is left open.

EXTERNAL
TRANSMITTER

—{]xmu
cLock
NO CONNECTION ——D XTLO

R65C51

Figure 19. External Clock
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GENERATION OF NON-STANDARD BAUD RATES

Divisors

The internal counter/divider circuit generates appropriate divi-
sors to produce standard baud rates when a 1.8432 MHz crys-
tal is connected between XTLI and XTLO. Control Register bits
0-3 select the divisor for a particular baud rate as shown in
Table 2.

Generating Non-Standard Baud Rates

By using a different crystal, non-standard baud rates may be
generated. These can be determined by:
Baud Rate = Crystal .F.requency
Divisor
Furthermore, it is possible to drive the ACIA with an off-chip oscil-
lator to achieve other baud rates. In this case, XTALI (pin 6) must
be the clock input and XTALO (pin 7) must be a no-connect.

Table 2. Divisor Selection

Control Divisor Selected Baud Rate Generated Baud Rate Generated
Register For The With 1.8432 MHz With a Crystal
Bits Internal Counter Crystal of Frequency (F)
3 2 1 0
0 0 0 o 16 External Transmitter Clock Rate + 16 External Transmitter Clock Rate + 16
1.8432 x 108 F
0o 0o o 1 36,864 _— _—
36,864 36,864
1.8432 x 108 F
0o 0o 1 o0 24,576 —=75 Ee—
24,576 24,576
1.8432 x 108 F
0o 0o 1 1 16,769 ——=109.92 _—
16,769 16,769
1.8432 x 108 F
0o 1 0 O 13,704 —= 134,51 _—
13,704 13,704
1.8432 x 108 F
o 1 o0 1 12,288 ——— =150 _—
12,288 12,288
1.8432 x 108 F
0o 1 1 0 6,144 —F =300 _—
6,144 6,144
1.8432 x 108 F
o 1 1 1 3,072 —— =600 v
3,072 3,072
1.8432 x 108 F
1 0 0 O 1,536 —=1,200 —_—
1,536 1,536
1.8432 x 108 F
1 0 0 1 1,024 —————= 1,800 _—
1,024 1,024
1.8432 x 108 F
1 0 1 0 768 ——=2,400 —_—
768 768
1.8432 x 108 F
1 0 1 1 512 —= 3,600 —_—
512 512
1.8432 x 108 F
1 1 0 0 384 ————= 4,800 _
. 384 384
1.8432 x 108 F
1 1 0 1 256 —= 7,200 s
256 256
1.8432 x 108 F
i 1 1 0 192 ——— = 9,600 —_—
192 192
1.8432 x 108 F
1 1 1 1 96 ———= 19,200
96 96
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DIAGNOSTIC LOOP-BACK OPERATING MODES

It may be desirable to include in the system a facility for local
loop-back testing.

In local loop-back testing, the Modem and Data Link must be
effectively disconnected and the ACIA transmitter connected
back to its own receiver, so that the processor can perform di-
agnostic checks on the system, excluding the actual data
channel.

The ACIA does not contain automatic loop-back operating
modes, but they may be implemented with the addition of a small
amount of external circuitry. Figure 20 indicates the necessary
logic to be used with the ACIA. The LLB line is the positive-true
signal to enable local loop-back operation. Essentially, LLB =
high does the following:

1. Disables outputs TxD, DTR, and RTS (to Modem).
2. Disables inputs RxD, DCD, CTS, DSR (from Modem).

3. Connects transmitter outputs to respective received inputs
(i.e., TxD to RxD, DTR to DCD, RTS to CTS).

LLB may be tied to a peripheral control pin (from an R65C21
or R65C24, for example) to provide processor control of local
loop-back operation. In this way, the processor can easily per-
form local loop-back diagnostic testing.

MISCELLANEOUS
1. If Echo Mode is selected, RTS goes low.

2. If Bit 0 of Command Register (DTR) is 0 (disabled), then:

a) All interrupts are disabled, including those caused by DCD
and DSR transitions.

b) Transmitter is disabled immediately.
c) Receiver is disabled, but a character currently being
received will be completed first.

3. Odd parity occurs when the sum of all the 1 bits in the data
word (including the parity bit) is odd.

4. In the receive mode, the received parity bit does not go into
the Receiver Data Register, but generates parity error or no
parity error for the Status Register.

5. Transmitter and Receiver may be in full operation simultane-
ously. This is “full-duplex” mode.

l [ R65C51 __
RTS DTR TxD RxDDCD CTS DSR
LLB SEL 1Y ——I
2y
J_— sTB  3Y
= 74157 ay
RxD
1B 1A 5
2B 2A ==
3B 3A CTS
4B 4n DSR
—ET MODEM
SEL 1Y TxD
2y DTR
sTB 3Y RTS
L
74157
+5 1B 1A .
I B 2 NOTES: 1. HIGH ON LLB SELECTS LOCAL LOOP-BACK MODE.
3B 3A 2. HIGH ON 74157 SELECT INPUT GATES “B” INPUTS
B Al TO “Y” OUTPUTS; LOW GATES “A”" TO “Y"".

Figure 20. Loop-Back Circuit Schematic
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6.

If the RxD line inadvertently goes low and then high right after
a Stop Bit, the ACIA does not interpret this as a Start Bit,
but samples the line again halfway into the bit time to deter-
mine if it is a true Start Bit or a false one. For false Start Bit
detection, the ACIA does not begin to receive data, instead,
only a true Start Bit initiates receiver operation.

. DCD and DSR transitions, although causing immediate
processor interrupts, have no affect on transmitter operation.
Data will continue to be sent, unless the processor forces the
transmitter to turn off. Since these are high-impedance inputs,
they must not be permitted to float (un-connected). If unused,
they must be tied to GND.

8. If TDRE is checked by polling (rather than by interrupt), a

period of at least 4 Baud clock should be allowed after load-
ing Tx Data Buffer to ensure that TDRE is valid.

READ TIMING DIAGRAM

Timing diagrams for transmit with external clock, receive with
external clock, and IRQ generation are shown in Figures 21, 22
and 23, respectively. The corresponding timing characteristics
are listed in Table 3.

Table 3. Transmit/Receive Characteristics

1 MHz 2 MHz

Characteristic Symbol | Min| Max | Min | Max | Unit
Transmit/Receive tcey | 400°( — |[400*{ — ns
Clock Rate
Transmit/Receive teu 175 — | 175 — ns
Clock High Time
Transmit/Receive toL 175 — | 175 — ns
Clock Low Time
XTLIto TxD too — ] 500 | — | 500 | ns
Propagation Delay
RTS, DTR toLy — | 500 | — [ 500 | ns
Propagation Delay
RQ Propagation tira — | 500 | — | 500 | ns
Delay (Clear)
Notes:
(tg, tr = 10 to 30 ns)
*The baud rate with external clocking is: Baud Rate = ————

16 X teey
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tccy
XTLI ~—cH
(TRANSMIT
CLOCK INPUT) /
~——toL—v
oD

X

NOTE: TxD RATE IS 1/16 TxC RATE

TxD

Figure 21. Transmit Timing with External Clock

tccy

-———tcH —
RxC
(INPUT)

—toL—

NOTE: RxD RATE IS 1/16 RxC RATE

Figure 22. Receive External Clock Timing

/A N

= tDLY 7
I i
DTR, RTS y
S
~trQ
iRQ
(CLEAR)
Figure 23. Interrupt and Output Timing
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SWITCHING CHARACTERISTICS

(Vec = 5.0 Vdc 5%, Vgg = 0, Tp = T to T, unless otherwise noted)

1 MHz 2 MHz
Parameter Symbol Min Max Min Max Unit
92 Cycle Time teve 1000 — 500 — ns
§2 Pulse Width tc 400 — 200 — ns
Address Set-Up Time tacws tacr 120 — 60 — ns
Address Hold Time toams tcar 0 — 0 — ns
R/W Set-Up Time twews twer 120 — 60 — ns
R/W Hold Time towH 0 — 0 — ns
Data Bus Set-Up Time toow 150 — 60 — ns
Data Bus Hold Time thw 20 — 10 — ns
Read Access Time (Valid Data) tcor — 200 — 170 ns
Read Hold Time thr 20 — 10 — ns
Bus Active Time (Invalid Data) tcoa 40 — 20 — ns
Notes:
1. tgand tr = 10 to 30 ns.
2. Timing measurements are referenced to/from a low of 0.8 volts and a high of 2.0 volts.
tR tcyc
tc |e—tF
ViH
e
o2 \
/ ViL
le—taCW — l—tCAH~
_ ViH
CS,, CS;, RSy, ns,m
viL
twew—| ——tcwu—»|
_ ViH
RIW f
! Vi
|e—tpCW —>{——r tHW ——
XXOOOCOOOCCOOOOOCX XXX XX XXX OOOOOOOOOOOOOMXXXX)
DT A B RN NN
Write Timing Diagram
ViH
¢2 / /
Vi
l«— tacR — tCAR’I
cs QOOOOOCOOOOOHOOOOOOON)
L Nt
_ | ViH
R/IW
Vv
~—tWCR— L
«——1CDR—— FHR—{
-tcpa—~
DATA BUS >
1

Read Timing Diagram
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ABSOLUTE MAXIMUM RATINGS*

Parameter Symbol Value Unit
Supply Voltage Vee -03to +7.0 Vdc
Input Voltage Vin -0.3toVge +0.3 | Vdc
Output Voltage Vout -0.3to Vgc +0.3 | Vdc
Operating Temperature Ta °C
Commercial Oto +70
Storage Temperature Tste -55to +150 °C
OPERATING CONDITIONS
Parameter Symbol Value
Supply Voltage Vee 5Vdc +5%
Temperature Range Ta T toTy
Commercial 0° to 70°C

ELECTRICAL CHARACTERISTICS

*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 other sections of this document is not
implied. Exposure to absolute maximum rating conditions for
extended periods may affect device reliability.

(Ve = 5.0 Vdc £5%, Vgg = 0, Ty = T to Ty, unless otherwise noted)

Parameter Symbol Min Typ Max Unit Test Conditions
Input High Voltage Viy \

Except XTLI 2.0 — Voo

XTLI 2.8 - Veo
Input Low Voltage Vi \

Except XTLI -0.3 — +0.8

XTLI -0.3 — +0.4
Input Leakage Current: Iy — +1 +25 A Vin = OV to Ve

#2, RIW, RES, CS0, CS1, RS0, RS1, CTS, RxD, DCD, DSR Vge = 5.25V
Input Leakage Current (Three State Off) lrs) — +2 +10 A Viy = 0.4V to 2.4V

D0-D7 Ve = 5.25V
Output High Voltage: Vou 2.4 — — A Ve = 4.75V

D0-D7, TxD, RxC, RTS, DTR lloap = —100 yA
Output Low Voltage: VoL —_ - 0.4 \ Vee = 4.75V

D0-D7, TxD, RxC, RTS, DTR, IRQ loap = 1.6 mMA
Output High Current (Sourcing): lon -100 —-400 — prA Vou = 2.4V

D0-D7, TxD, RxC, RTS, DTR
Output Low Current (Sinking):

D0-D7, TxD, RxC, RTS, DTR, IRQ loL 1.6 — — mA VoL = 0.4V
Output Leakage Current (off state): IRQ lore — - 10 WA Vour = 5.0V
Power Dissipation Pp — 7 10 mW/MHz
Input Capacitance Vee = 5.0V

02 Ceik — — 20 pF Viy = 0V

All except §2 Cin — — 10 pF f =2 MHz

Ta = 25°C
Output Capacitance Cout — — 10 pF

Notes:
1. All units are direct current (dc) except for capacitance.

3. Typical values are shown for Voo = 5.0V and TA = 25°C.

2. Negative sign indicates outward current flow, positive indicates inward flow.
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PACKAGE DIMENSIONS

28-PIN CERAMIC DIP

28 15 T T MILLIMETERS | INCHES
DM | MIN | MAX | MIN | MAX
L B A | 3505 | 3607 | 1.380 | 1.420
_l B | 1511 [ 1588 | 0595 | 0625
J L] c 2.54 | 4.19 | 0.100 | 0.165
] D | 038 053 | 0015 | 0021
| A F | 076 | 1.27 [ 0.030 | 0050
<F G 2.54 BSC 0.100 BSC
H | o076 | 178 | 0.030 | a.070
Y icC J 0.20 | 0.33 | 0.008 | 0.013
—[ 1"‘; K 2.54 | 4.19 | 0.100 | 0.165
L | 1460 | 1537 | 0575 | 0605
T TR S B
N | os1 | 152 | 0.020 | 0.060
28-PIN PLASTIC DIP
MILLIMETERS | INCHES
QOoOOAAOOOOO0LAOG om | miN [ max | MIN | max
A | 3632 | 37.34 | 1.430 | 1.470
3 8 | 1346 | 1397 | 0530 | 0.550
c | 356 s08] 0140 | 0.200
1 14 D | 038 | 0530015 | 0.021
|V“7VVVV‘”’T”"VVVU F 1.02 | 152 | 0.040 | 0.060
f A c r—- L——°| G 2.54 BSC 0.100 BSC
H | 165 216 | 0065 | 0.085
_'.Ni J | 020 o030 | ooos | 0.012
T I Kk | 330 | 432 0130 | 0170
L 15.24 BSC 0.600 BSC
-iHIn— ={Gle JLF wfep K " M| 7 | 10 | 70 [ 10°
N | o051 ] 102 ] 0020 | 0.040

28-PIN PLASTIC LEADED CHIP CARRIER (PLCC)

MILLIMETERS INCHES
DIM | MIN | MAX | MIN | MAX
SEATING PLANE A 4.14 | 439 | 0.163 | 0.173

INDEX A1 1.37 | 1.47 | 0.054 | 0.058
CORNER A2 | 231 ] 246 | 0091 | 0.097
_ ) b 0.457 TYP 0018_TYP
f « D [ 1237 | 1252 | 0.487 | 0.483
D T— / D1_| 11.43 | 11.53 | 0.450 | 0.454
D1 D2 | 754 | 770 | 0.207 | 0.308
32__ D3 _| 10.67 REF 0.420 REF
q e 1.27 BSC 0.050 BSC
h 115 TYP 0.045 TYP
TOP VIEW SIDE VIEW 3 25 TVF 0010 TYP
EJECTOR PIN MARKS CHAM. B « | asoTvP 45° TYP
4 PLCS BOTTOM OF hx45° o | R1 R 0.89 TYP 0.035 TYP
PACKAGE ONLY 3 PLCS 03 R1 0.25 TYP 0.010 TYP
(TYPICAL) / A
A R
g 4
SECTION A-A
TYP FOR BOTH AXIS (EXCEPT FOR BEVELED EDGE)

CHAM.J x 45°
BOTTOM VIEW
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Rockwell

Dual Asynchronous Communications
Interface Adapter (DACIA)

R65C52

PRELIMINARY

DESCRIPTION

The Rockwell CMOS R65C52 Dual Asynchronous Communica-
tions Interface Adapter (DACIA) provides an easily implemented,
program controlled two-channel interface between 8-bit
microprocessor-based systems and serial communication data
sets and modems.

The DACIA is designed for maximum programmed control from
the microprocessor (MPU) to simplify hardware implementation.
Dual sets of registers allow independent control and monitoring
of each channel.

Transmitter and Receiver bit rates may be controlled by an inter-
nalbaud rate generator or external times 16 clocks. The baud rate
generator accepts either a crystal or a clock input, and provides
15 programmable baud rates. When a 36864 MHz crystal is used,
the baud rates range from 50 bps to 38,400 bps.

The DACIA may be programmed to transmit and receive frames
having word lengths of 5, 6, 7 or 8 bits; even, odd, space, mark
or no parity; and 1 or 2 stop bits.

A Compare Register, and the ability to detect address frames, facili-
tate address recognition in a multidrop mode.

FEATURES
¢ Low power CMOS N-well silicon gate technology

* Twoindependent full duplex channels with buffered receivers
and transmitters.

e Data set/modem control functions

e Internal baud rate generator with 15 programmable baud rates
(50 bps to 38,400 bps)

* Program-selectable internally or externally controlled receiver
and transmitter bit rates

e Programmable word lengths, number of stop bits, and parity
bit generation and detection

e Programmable interrupt control

* Edge detect for DCD, DSR, and CTS

e Program-selectable echo mode for each channel
* Compare Register

* Address/Data frame recognition

e 50 Vdc +5% supply requirements

® 40-pin plastic or ceramic DIP or 44-pin PLCC

e Full TTL or CMOS input/output compatibility

e Compatible with R6500 and R65C00 microprocessors and
R6500/* microcomputers

ORDERING INFORMATION

Part Number:
R65C52 __

Temperature Range (T to Ty):
Blank = 0°Cto +70°C
E = -40°Cto +85°C

Frequency Range:

1 =1MHz
2 = 2 MHz
3 = 3MHz

~————— Package

40-Pin Ceramic DIP
40-Pin Plastic DIP
44-Pin Plastic Leaded
Chip Carrier (PLCC)

P
J

o

Document No. 68650N09

Product Description

Order No. 2165
Rev. 4, June 1987



R65C52 Dual Asynchronous Communications Interface Adapter (DACIA)

INTERFACE SIGNALS

The DACIA is available in a 40-pin DIP or a 44-pin PLCC. Figure 1
shows the pin assignments for each package. The DACIA inter-
face signals are shown in Figure 2. Table 1 contains a description
of each signal.

RES [] 1 40 I Voo ° o 2 o
NC O 2 19 O TS 8c88z¥3888¢2
XTAU ] 3 38 [1 RW opnonnnanAnn
XTALOE't 37 [ RS2 eEweoN-3I2958
CLK OuUT 5 36 [J RSt RxC [ 7 O 39 TxC
NC O] 6 35 [ RSO ™01 (] 8 PIN 1 38 {1 TxD2
DSR2 O 7 34 [0 NC DTR1 [ 9 INDICATOR 37 [0 DTR2
DCcb2 [ 8 33 [J DSR1 RxD1 [ 10 36 [J RxD2
cTs2 9 32 [J DCD1 iRa1 O 11 35 [J IRQ2
ATSz [ 10 31 [ CTs1 ATST [ 12 34 [ RTS2
IRQ2 ] 11 30 [J RTS1 CTs1 (] 13 33 [7J CTs2
RxD2 [] 12 29 [] iRai DCco1 (] 14 32 [] DCD2
DTR2 ] 13 28 [ RxD1 DSR1 [] 15 31 [J DSR2
TxD2 [ 14 27 [1] DTR1 NC q 16 30 [J NC
Txc O] 15 26 [ TxD1 RSO [ 17 29 [J CLK ouT
D7 [} 16 25 [1 RxC DA O T NMTWLOND
DSE17 24:100 - NN NN NNONNNN
Ds [ 18 23 (] D1 ooy i
2a28 82KmLIce
Da ] 19 22 [1 D2 T °>z§=g;;z
Vss O] 20 21 o3 x5
40-PIN DIP 44-PIN PLCC
NC = NO CONNECTION. NO SIGNAL SHOULD BE CONNECTED TO THIS PIN.
Figure 1. R65C52 Pin Assignments
- e—— CTS1
ACIA1 |<@————— DCD1
REGISTERS }«@——— DSR1
AND -« RxD1 ACIA
T CONTROL L > TxDi CHANNEL 1
IRQ1 <@———— | INTERRUPT LOGIC —% DTR1
———————% R7S7
LOGIC RTS1
RIW —————>] ACIA1 BAUD
ts ——»{ | /0 CONTROL RATE SELECT
RES ————>] AND
REGISTER RxC
| -————
R6500 | RSQ ———» SELECT XTALI
| ———————
BUS gg; — LOGIC CLOCK CLKOUT
| ——
— LoGIc |——— xTALO
(—
DATA ™
/0 ACIA2 B
BUFFERS MUX RATE SELECT
ACIA2 | RTS2
iR@2 <=———— | INTERRUPT ACIA2 |——— DTR2
LOGIC REGISTERS | f—— TxD2
D AxD2 ACIA
}e————
CHANNEL 2
[ ———
CONTROL DSR2
L LOGIC [<— DCD2
cTS2

Figure 2. R65C52 DACIA Interface Signals
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Table 1. DACIA Interface Signal Definitions

Pin No.

Signal DiP PLCC 170 Name/Description

Host Interface

RES 1 24 | Reset. Active low input controlling the reset function. This signal must be driven low for a minimum of
4 us for a valid reset to occur. It is driven high during normal operation.

RIW 38 20 | Read/Write. Input controlling the direction of data transfer. It is driven low during write cycles, and is
driven high at all other times.

[+ 39 21 [ Chip Select. Active low input enabling data transfers between the host CPU and the DACIA. The
DACIA latches register selects and the R/W input on the falling edge of CS. It latches input data on
the rising edge of CS.

RS0-RS3 35-37 17-19 I Register Select. Three inputs controlling access to the DACIA internal registers. Table 3 lists the
coding for each register.

D0-D3 24-21 6-3 | /O | DataBus. Eight bidirectional lines used to transfer data between the host and the DACIA. These fines

D4-D7 19-16 44-41 output data during READ cycles when CS is low. At all other times, they are in the high impedance
state.

IRQ1 29 1 (o] Interrupt Request. nggctive low, open-drain outputs from the interrupt control logic. These outputs

IRQ2 11 35 are normally high. An IRQ line goes low when one of the flags of the associated ISR is set if the
corresponding enable bit is set in the IER.

Clock Interface

XTALl 3 26 | Crystal Input/Output. One input and one output through which the reference signal for the internal

XTALO 4 27 (o] clock oscillator is supplied. A parallel resonant crystal may be connected across the pins or a clock
may be input at XTALI. When a clock is used, XTALO must be left open.

CLKOUT 5 29 (o] Clock Out. A buffered output from the internal clock oscillator which is in phase with XTALI. This
output may be used to drive the XTALI input of another DACIA. Therefore, several DACIA chips may
be driven with one crystal.

RxC 25 7 | Receiver Clock. Input for external 16x receiver clock.

TxC 15 39 I Transmitter Clock. Input for external 16x transmitter clock.

Serial Channel Interface

DTR1 27 9 (o] Data Terminal Ready. Two general purpose outputs which are set high upon reset. The output

DTR2 13 37 level is programmed by setting the appropriate bit in the associated Format Register (FR) high or
low. The state of each DTR line is reflected by the DTR LVL bit in the associated Control Status Register
(CSR).

DSR1 33 15 1 Data Set Ready. Two general purpose inputs. An active transition sets the DSRT bit in the Interrupt

DSR2 7 31 Enable Register (ISR). The DSR LVL bit in the associated CSR reflects the current state of a DSR line.

RTS1 30 12 o Request To Send. Two general purpose outputs which are set high upon reset. The output level is

RTS2 10 34 programmed by setting the appropriate bit in the associated FR high or low. The state of an RTS line is
reflected by the RTS LVL bit in the associated CSR.

CTS1 31 13 ! Clear To Send. The CTS control line inputs allow handshaking by the transmitters. When CTS is low,

CTS2 9 33 the data is transmitted continuously. When CTS is high, the Transmit Data Register Empty bit (TDRE)
in the associated ISR is not set. The word presently in the Transmit Shift Register is sent normally.
Any active transition on a CTS line sets the CTST bit in the appropriate ISR. The CTS LVL bit in the
associated CSR reflects the current state of CTS.

TxD1 26 8 [¢] Transmit Data. The TxD outputs transfer serial non-return to zero (NRZ) data to the data communications

TxD2 14 38 equipment (DCE). The data is transferred, LSB first, at a rate determined by the baud rate generator
or external clock.

DCD1 32 14 1 Data Carrier Detect. Two general purpose inputs. An active transition sets the DCDT bit in the

DCD2 8 32 appropriate ISR. The DCD LVL bit in the associated CSR reflects the current state of a DCD line.

RxD1 28 10 | Receive Data. The RxD inputs transfer serial NRZ data into the DACIA from the DCE, LSB first. The

RxD2 12 36 receiver baud rate is determined by the baud rate generator or external clock.

Power

vcC 40 22 | DC Power Input. 50V *5%.

VSsS 20 1 1 Power and Signal Reference.
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FUNCTIONAL DESCRIPTION

Figure 3 is a block diagram of the DACIA which consists of two
asynchronous communications interface adapters with common
microprocessor interface control logic and data bus buffers. The
individual functional elements of the DACIA are described in the
following paragraphs.

RESET LOGIC

The Reset Logic sets various internal registers, status bits and con-
trol lines to a known state. The RES input must be driven low
for a minimum of 4 s for a valid reset to occur. At this time, the
|IERs are set to $80, the RDRs and ACRs are cleared, and the com-
pare mode is disabled. Also, the DTR and RTS outputs are
driven high and the CTS, DCD and DSR transition detect flags
are cleared. No other bits are affected.

DATA BUS BUFFER

The Data Bus Buffer is a bidirectional interface between the data
lines and the internal data bus. The state of the Data Bus Buffer
is controlled by the 1/0 Control Logic and the Interrupt Logic.
Table 2 summarizes the Data Bus Buffer states.

is transferred from the internal data bus to the data lines. When
CS is high, the DACIA is deselected and the data lines are
tri-stated.

INTERRUPT LOGIC

The interrupt logic causes the IRQ lines (IRQ1 or IRQ2) to go low
when conditions are met that require the attention of the MPU.
There are two registers (the Interrupt Enable Register and the Inter-
rupt Status Register) involved in the control of interrupts in the
DACIA. Corresponding bits in both registers must be set to cause
an IRQ.

CLOCK OSCILLATOR LOGIC

The internal clock oscillator supplies the time base for the baud
rate generator. The oscillator can be driven by a crystal or an exter-
nal clock.

The baud rate generator may be disabled by connecting XTALI
to ground and leaving XTALO open. When this is done, a trans-
mitter times 16 clock must be input at TxC, areceiver times 16 clock
must be input at RxC and the Control Registers must be
programmed to select TXC and RxC clocks.

Table 2. Data Bus Buffer Summary

1/0 CONTROL LOGIC "
RICWontrol Slgnalé_s Data Bus Buffer State
The 1/O Control Logic controls data transfers between the Inter- -
nal Registers and the Data Bus Buffer. Internal Register selection L L Write Mode — Tri-State
is determined by the Register Select inputs as shown in Table 3. H L Read Mode — Output Data
When R/W is high and CS is low, data from the selected register X H Deselected — Tri State
Dataline |7 [6[5]4]3]2 1 0
T L T
IRQ IRQ
Ouput | || CHANNEL | SOURCE
o J
Y
A A
0 TDRE, RDRF
1 CTST, DCDT, DSRT
PAR, F/O/B
0 CHANNEL 1
1 CHANNEL 2
NOT USED
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TRANSMIT TRANSMIT | N
TxD1
AEQISTER REGISTER
INTERRUPT
ENABLE
. REGISTER
mr;:r‘g‘tf;T p—————— BCDI1
oSAi
o | INTERRUPT REGISTER | cTs1
Ra1 LOGIC
[
2 STATUS > ACIA CHANNEL 1
2 REGISTER
2
H .
e BT
3 ATS1
4
&
[
z
2
o
<
COMPARE RECEIVE
I RECISTER CONTROL RxD1
00-07| DATA <::: i) Loaic J
BUS DATA
°“‘<::> BUFFERS Mux
K : RECEIVE RECEIVE
DATA SHIFT
REGISTER REGISTER
RSO —o] _> c
le— Tx
RSt 110 cLock [ XTAU
rs2 —&| CONTROL OSCILLATOR |—» cLKOUT
LOGIC
by — = L0GIC  |—p xTALO
S —— e l o e
& GENERATOR
RECEIVE RECEIVE
) | REGISTER neclsnzn
_ RESET —:M nzcews ‘*
ES—»] Logic ComeARE CONTROL RAxD2
LOGIC
2 AgLiaRY
2 CONTROL
= REGISTER
<
o
o
<
z
o
&
— INTERRUPT 1
o2 LoGic H STATUS
2 REGISTER " ACIA CHANNEL 2
g
INTERRUPT cTs2
AECISTER < DSR2
> oco2
INTERRUPT
ENABLE
LEGEND REGISTER

——— = COMMON LOGIC

~<—{—» = CONTROL LINES TRANSMIT TRANSMIT ™02
@D = 8-BIT DATA LINES AeGISTER REGISTER

OR
MULTI-BIT CONTROL LINES]

«

Figure 3. DACIA Block Diagram
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Table 3. DACIA Register Selection

Register Select

Register Accessed

1. D7 must be set low to write to the Control Registers.
2. D7 must be set high to write to the Format Registers.
3. Control Register bit 6 must be set to 0 to access the Compare Register.

4. Control Register bit 6 must be set to 1 to access the Auxiliary Control Register.

Lines Write Read
HEX RS2 RS1 RSO Symbol Name Symbol Name
Interrupt Enable Interrupt Status
0 L L L 1ER Register 1 ISR1 Register 1
Control
CR1 " '
. L L " Register 1 CSR1 Comrql Status
FR1 Format Register 1
Register 12
o oo
2 L H L — cl o Not Used
uxiliary Contro
ACR1 Register 14
3 L H H TDR1 Transrpit Data RDR1 Recenye Data
Register 1 Register 1
Interrupt Enable Interrupt Status
4 H L L IER2 Register 2 ISR2 Register 2
Control
CR2 "
5 H L H Register 2! CSR2 Control Status
FR2 Format Register 2
Register 22
Compare Data
CDR2 N
R 23
6 H H L - Ieg's“z | Not Used
uxiliary Contro
ACR2 Register 24
Transmit Data Receive Data
7 H H H TDR2 Register 2 RDR2 Register 2
Notes:

1-121




R65C52

Dual Asynchronous Communications Interface Adapter (DACIA)

SERIAL DATA CHANNELS

Two independent serial data channels are available for the full
duplex (simultaneous transmit and receive) transfer of asyn-
chronous frames. Separate internal registers are provided for each
channel for the selection of frame parameters (number of bits per
character, parity options, etc.), status flags, interrupt control and
handshake. The asynchronous frame format is shown in Figure 4.

Transmit data from the host system is loaded into the Transmit Data
Register. From there, it is transferred to the Transmit Shift Register
where it is shifted, LSB first, onto the TxD line. All transmissions
begin with a start bit and end with the user selected number of
stop bits. A parity bit is transmitted before the stop bit(s) if parity
is enabled.

Receive data is shifted into the Receive Shift Register from the
associated RxD line. Start and stop bits are stripped from the frame
andthe data is transferred to the Receive Data Register. Parity bits
may be discarded or stored in the ISR.

Five I/O lines are provided for each channel for handshake with
the data communications equipment (DCE). Four of these signals

(RTS, DTR, DSR and DCD) are general purpose inputs or outputs.
The fifth signal, CTS, enables/disables the transmitter. When CTS

is high and the Transmit Shift Register is empty, the transmitter
(except for Echo Mode) is inhibited. When CTS is low, the
transmitter is enabled.

| ' .:. ' 1 1 '
R it MSB |PARITY STOP
(OPT) | (10R2BITS)

[Rep——"
'srAmI LsB |

} 570 8 BITS l

Figure 4. Asynchronous Frame Format

INTERNAL REGISTERS

The DACIA contains ten control registers and four status registers
in addition to the transmit and receive registers. The Control
Registers provide for control of frame parameters, baud rate, inter-
rupt generation, handshake lines, transmission and reception. The
status registers provide status information on transmit and receive
registers, error conditions and interrupt sources. Table 4 summa-
rizes the bit definitions of these registers. A detailed description
follows.

Table 4. Register Formats .

Register Bit Reset
Select _ . Value
(Hex)  Register R/IW 7 6 5 4 3 2 1 0 76543210

0 ISR1 R ANY e — —
. SRe miTser | TORE | CTST | DCOT | DSAT | PAR | FO/B | RDRF | 1-00000-
0 IER1 w CLR/SET| TDRE | CTsT | DCDT | DSAT | PAR | FOB [ RORF | oo
4 IER2 BITS IE IE IE IE IE IE IE
1 CSR1 R cTs DCD DSR DTR RTS
5 CSR2 Fe TUR LVL VL LVL BRK LVL LVL T----om
T T T
1 CR1 w CDR/ | sToP
5 cRo 0 ACR s | ECHO | BIT HAJTE SEL . 0cnnnnn-
T T == ==a
1 FR1 w PAR DR RTS
5 FRo 1 DATAI BITS PAFilSEL N ontt | ontL | 1
2 CDR1 w T T T T T T T
p COR2  (CR6 = 0) . J 1 COMPAFiE DATA . | N S
2 ACR1 w ' " nusep ‘ NS | PaR | 00
6 ARC2 (CR6 = 1) N \ A . 1 BRK | ERRIST
T T T T T T T
3 gg:; R RECEIVE DATA REGISTER 00000000
| 1 1 | | 1 |
3 TDR1 w T T T T T T T
; TDR2 TRANSMIT DATAREGISTER | ceeeenes
1 1 1 L | | l
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INTERRUPT STATUS REGISTERS (ISR1, ISR2)

The Interrupt Status Registers are read-only registers indicating
the status of each interrupt source. Bits 6 through 0 are set when
the indicated IRQ condition has occurred. Bit 7 is settoa 1 when
any IRQ source bit is set, or if Echo Mode is disabled, when CTS
is high.

7 6 5 4 3 2 1 0
ANY - - o
BIT | TDRE | CTST | DCDT | DSRT PAR | F/O/B | RDRF
SET
Address = 04 Reset Value = 1-00000 -
Bit 7 Any Bit Set
1 Any bit (6 through 0) has been settoa 1 or CTS
is high with echo disabled
0 No bits have been set to a 1 or echo is enabled
Bit 6 Transmit Data Register Empty (TDRE)

1 Transmit Data Register is empty and CTS is low
Transmit Data Register is full or CTS is high

Bit5 Transition On CTS Line (CTST)
1 A positive or negative transition has occurred on
CTS
0 No transition has occurred on CTS, or ISR has
been Read
Bit 4 Transition On DCD Line (DCDT)
1 A positive or negative transition has occurred on
DCD
0 No transition has occurred on DCD, or ISR has
been Read
Bit 3 Transition On DSR Line (DSRT)
1 A positive or negative transition has occurred on
DSR
0 No transition has occurred on DSR, or ISR has
been Read
Bit 2 Parity Status (PAR)
ACRbit0 =0
1 A parity error has occurred in received data
0 No parity error has occurred, or the Receive Data
Register (RDR) has been Read
ACRDbIit0 = 1
1 Parity bit = 1
0 Parity bit = 0
Bit 1 Frame Error, Overrun, Break
1 Aframing error, receive overrun, or receive break
has occurred or has been detected
0 No error, overrun, break has occurred or RDR
has been Read
Bit 0 Receive Data Register Full (RDRF)
1 Receive Data Register is full
0 Receive Data Register is empty
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INTERRUPT ENABLE REGISTERS (IER1, IER2)

The Interrupt Enable Registers are write-only registers that
enable/disable the IRQ sources. IRQ sources are enabled by
writing to an IER with bit 7 set to a 1 and the bit for every IRQ source
to be enabled set to a 1. IRQ sources are disabled by writing to
an IER with bit 7 reset to a 0 and the bit for every source to be dis-
abled setto a 1. Any source bit reset to 0 is unaffected and remains
in its original state. Thus, writing $7F to an IER disables all of that
channel’s interrupts and writing an $FF to an IER enables all of
that channel’s interrupts.

7 6 5 4 3 2 1 0
SET | TDRE | CTST | DCDT | DSRT | PAR | FIO/B | RDRF
BITS IE IE IE IE IE IE IE

Address = 04 Reset Value = - 0000000

Bit 7 Enable/Disable

1 Enable selected IRQ source

0 Disable selected IRQ source
Bits 0-6

1 Select for enable/disable

0 No change

CONTROL STATUS REGISTERS (CSR1, CSR2)

The Control Status Registers are read-only registers that provide
1/0 status and error condition information. A CSR is normally read
after an IRQ has occurred to determine the exact cause of the
interrupt condition.

7 6 5 4 3 2 1 0
CTS | DCD | DSR DTR | RTS
FECLTUR vl ot | e | BRK D vl |
Address = 15 Reset Value = 1----011

Bit 7 Framing Error (FE)

1 A framing error occurred in receive data

0 No framing error occurred, or the RDR was read
Bit 6 Transmitter Underrun (TUR)

1 Transmit Shift Register is empty and TDRE is set

0 Transmitter Shift Register is not empty
Bit5 CTS Level (CTS LVL)

1 CTS line is high

0 CTS line is low
Bit 4 DCD Level (DCD LVL)

1 DCD line is high

0 DCD line is low
Bit 3 DSR Level (DSR LVL)

1 DSR line is high

0 DSR line is low
Bit 2 Receive Break (BRK)

1 A Receive Break has occurred

0 No Receive Break occurred, or RDR was read
Bit 1 DTR Level (DTR LVL)

1 DTR line is high

0 DTR line is low
Bit 0 RTS Level (RTS LVL)

1 RTS line is high

0 RTS line is low
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CONTROL REGISTERS (CR1, CR2)

The Control Registers are write-only registers. They control access
to the Auxiliary Control Register and the Compare Data Register.
They select the number of stop bits, control Echo Mode, and select

the data rate.

(Accessed when Bit 7 = 0)

6

5 4 3 2 1 0

0 |[CDR/ACR

STOP

ECHO BAUD RATE SEL

BITS

Address = 15

Bit7
0

Bit 6

-2 24l a2 00000000 W
- - s L 000044+ 22 000O0ON
L L 0O A A OO 4 OO = OO -

- 0204040 -0—=-0—-+-0=00

Reset Valug = 0-------

Control or Format Register
Access Control Register

CDR/ACR
Access the Auxiliary Control Register (ACR)
Access the Compare Data Register (CDR)

Number of Stop Bits Per Character
Two stop bits
One stop bit

Echo Mode Selection
Echo Mode enabled
Echo Mode disabled

Baud Rate Selection

(bits per second with 3.6864 MHz crystal)
50

109.2

13458

150

300

600

1200

1800

2400

3600

4800

7200

9600

19200

38400

External TXC and RxC X16 Clocks

FORMAT REGISTERS (FR1, FR2)

The Format Registers are write-only registers. They select the
number of data bits per character and parity generation/checking
options. They also control RTS and DTR.

(Accessed when Bit 7 = 1)

7 6 5 4 3 2 1 0
1 DATA PAR PAR DR RTS
BITS SEL EN CNTL CNTL
Address = 15 Reset Value = 1-------
Bit 7 Control or Format Register
1 Access Format Register
Bits 6-5 Number of Data Bits Per Character
6 5
00 5
0 1 6
10 7
11 8
Bits 4-3 Parity Mode Selection
4 3
00 Odd Parity
01 Even Parity
10 Mark in Parity bit
11 Space in Parity bit
Bit 2 Parity Enable
1 Parity as specified by bits 4-3
0 No Parity
Bit 1 DTR Control
1 Set DTR high
0 Set DTR low
Bit 0 RTS Control
1 Set RTS high
0 Set RTS low
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COMPARE DATA REGISTERS (CDR1, CDR2)

The Compare Data Registers are write-only registers which can
be accessed when CR bit6 = 0. By writing a value into the CDR,
the DACIA is putin the compare mode. In this mode, setting of the
RDRF bit is inhibited until a character is received which matches
the value in the CDR. The next character is then received and the
RDREF bit is set. The receiver will now operate normally until the
CDR is again loaded.

(Control Register bit 6 = 0)

7 6 5 4 3 2 1 0

COMPARE DATA

Address = 2,6

AUXILIARY CONTROL REGISTERS (ACR1, ACR2)

The Auxiliary Control Registers are write-only registers. Bits 7-2
are unused. Bit 1 causes the transmitter to transmit a BREAK. Bit 0
determines whether parity error or the parity bit is displayed in ISR
bit 2.

Reset Valug = --------

(Control Register bit 6 = 1)

7 6 5 4 3 2 1 0
TRNS PAR
NOT USED BRK | ERR/ST
Address = 2,6 Reset Value = - ----- 00
Bits 7-2 Not Used
Bit 1 Transmit Break (TRNS BRK)
1 Transmit continuous Break
0 Normal transmission
Bit 0 Parity Error/State (PAR ERR/ST)
1 Send value of parity bit to ISR bit 2 (Address
Recognition mode)
0 Send Parity Error status to ISR bit 2

RECEIVE DATA REGISTERS (RDR1, RDR2)

The Receive Data Registers are read-only registers which are
loaded with the received data character of each frame. Start bits,
stop bits and parity bits are stripped off of incoming frames before
the data is transferred from the Receive Shift Register to the
Receive Data Register. For characters of less than eight bits, the
unused bits are the high order bits which are set to 0.

MSB LSB

7 6 5 4 3 2 1 0

RECEIVE DATA

Address = 3,7

TRANSMIT DATA REGISTERS (TDR1, TDR2)

The Transmit Data Registers are write-only registers which are
loaded from the CPU with data to be transmitted. For data charac-
ters of less than eight bits, the unused bits are the high order bits
which are “don’t care”.

Reset Value = 00000000

MSsB LSB
7 6 5 4 3 2 1 0
TRANSMIT DATA
Address = 37 Reset Value = --------
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OPERATION
TERMINATION OF UNUSED INPUTS

Noise on floating inputs can affect chip operation. All unused
inputs must be terminated. If the baud rate generator is bypassed,
XTALI must be connected to ground (XTALO is an output and
must be left open). If the external clock mode is not used, RxC
and TxC may be tied either to +5V or to ground. If the handshake
inputs are not needed, the CTS inputs should be tied low to
enable the transmitters. The DCD and DSR inputs may either be
tied high or low.

RESET INITIALIZATION

During power on initialization, all readable registers should be read
to assure that the status registers are initialized. Specifically, the
RDRF bit of the Interrupt Status Registers is not initialized by reset.
The Receiver Data Registers must be read to clear this bit.

BAUD RATE CLOCK OPTIONS

The receiver and transmitter clocks may be supplied either by the
internal Baud Rate Generator or by user supplied external clocks.
Both channels may use the same clock source or one may use
the Baud Rate Generator and the other channel external clocks.
If both channels use the Baud Rate Generator, each channel may
have a different bit rate. The options are shown in Figure 5.

An internal clock oscillator supplies the time base for the Baud
Rate Generator. The oscillator can be driven by a crystal or an
external clock.

If the on-chip oscillator is driven by a crystal, a parallel resonant
crystal is connected between the XTALI and XTALO pins. The
equivalent oscillator circuit is shown in Figure 6.

A parallel resonant crystal is specified by its load capacitance and
series resonant resistance. For proper oscillator operation, the load
capacitance (C,), series resistance (Rs) and the crystal resonant
frequency (F) must meet the following two relations:

(C+2=2C, or C=2C.-2
2x108
RS == Hsmax (FCL)2

where: F is in MHz; C and C_ are in pF; Ris in chms.

To select a parallel resonant crystal for the oscillator, first select
the load capacitance from a crystal manufacturer’s catalog. Next,
calculate Rsmax based on F and C.. The selected crystal must
have a R; less than the Rsmax.
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CLOCK INPUT Baud rate determined by XTALI fre-
| quency and 1 of 15 divisors selected in
XTALI U_Lﬂ_rl_l_l__ XTALI CR1 and CR2. CR1 and CR2 must not be
set to all ones.
OPEN CIRCUIT -¢———— XTALO Channel 1 baud rate may be different
| XTALO from channel 2 baud rate.

Receiver baud rate must be the same as
transmitter baud rate.

™C TxC

RxC RxC

A. Both Channels Use Internal Baud Rate Generator

16 x Tx BAUD RATE

Transmitter baud rate 1/16 TxC input
I | | l I I | | — TXC frequency.

16 x Rx BAUD RATE Receiver baud rate 1/16 RxC input

frequency.
I I l | l | I ——>{ RxC

Channel 1 baud rate is the same as
| XTALI channel 2 baud rate.

Receiver baud rate may be different from
INTERNAL CLOCK transmitter baud rate.
OSCILLATOR DISABLED <¢—— XTALO

Bits 3-0 of CR1 and CR2 must be set to
all ones.

B. Both Channels Use External Clocks

CLOCK INPUT

Channel 1 baud rate may be different

I I XTALL l | | l I | XTALI from channel 2 baud rate.
— Transmitter baud rate may be different
| I OPEN CIRCUIT -«——— XTALO from receiver baud rate on channel

XTALO using external clock.
16 x Tx BAUD RATE

16 x Tx BAUD RATE —xC
—> xC 16 x Rx BAUD RATE
16 x Rx BAUD RATE ——>{RxC

—>{RxC

C. One Channel Uses Internal Baud Rate Generator;
One Channel Uses External Clocks

Figure 5. Baud Rate Clock Options
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The series resistance of the crystal must be less than

2x10°

Rsmax = —-—4 )2 = 304 ohms
Ct5% XTLI 2 oF (3.6864 x 22)
_ _) ] L
I} If the on-chip oscillator is driven by an external clock, the clock
3.6864 — R65C52 is input at XTALI and XTALO is left open.
MHz

JH |L‘[ 6"— An internal counter/divider circuit divides the frequency input at
— C+5% XTLO 2pF = XTALI by the divisor selected in bits 3 through 0 of the Control
Registers. Table 5 lists the divisors that may be selected and shows
the bit rates generated with a 3.6864 MHz crystal or clock input.
Other bit rates may be generated by changing the clock or crys-
tal frequency. However, the input frequency must not exceed
4 MHz.

-

Figure 6.

For external clock operation, a transmitter times 16 clock must be
supplied at TXC and a receiver times 16 clock must be input at RxC.
Since there are separate receiver and transmitter clock inputs, the
C = (2x22) — 2 = 42 pF (use standard value of 43 pF) receiver data rate may be different from the transmitter data rate.

For example, if C. = 22 pF for a 3.6864 MHz parallel resonant
crystal, then

Table 5. Baud Rate Generator Divisor Selection

Control
Regii's;er Divisor Selected Baud Rate Generated Baud Rate Generated*
For The With 3.6864 MHz With a Crystal or Clock
3 2 1 0 Internal Counter Crystal or Clock of Frequency (f)
0 0 0 0 73,728 (3.6864 x 10%)/73,728 = 50 /73,728
0 0 0 1 33,538 (3.6864 x 10°)/33,538 = 109.92 /33,538
0 0 1 0 27,408 (3.6864 x 10°%)/27,408 = 134.58 /27,408
0 0 1 1 24,576 (3.6864 x 10°)/24,576 = 150 /24,576
0 1 0 0 12,288 (3.6864 x 10¢)/12,288 = 300 /12,288
0 1 0 1 6,144 (3.6864 x 10°)/6,144 = 600 /6,144
0 1 1 0 3,072 (3.6864 x 10%)/3,072 = 1,200 {13,072
0 1 1 1 2,048 (3.6864 x 10°)/2,048 = 1,800 /2,048
1 0 0 0 1,536 (3.6864 x 10°)/1,536 = 2,400 /1,536
1 0 0 1 1,024 (3.6864 x 10°)/1,024 = 3,600 /1,024
1 0 1 0 768 (3.6864 x 10°)/768 = 4,800 /768
1 0 1 1 512 (3.6864 x 10¢)/512 = 7,200 fi512
1 1 0 0 384 (3.6864 x 10¢)/384 = 9,600 /384
1 1 0 1 192 (3.6864 x 10°)/192 = 19,200 1192
1 1 1 0 96 (3.6864 x 10°)/96 = 38,400 f/96
1 1 1 1 16 Transmitter Baud Rate = TxC/16 Receiver Baud Rate = RxC/16
Frequency
*Baud Rate = ——
Divisor
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CONTINUOUS DATA TRANSMIT

In the normal operating mode, the TDRE bit in the ISR signals the
MPU that the DACIA is ready to accept the next data word. An IRQ
occurs if the corresponding TDRE IRQ enable bit is setin the IER.
The TDRE bit is set at the beginning of the start bit. When the MPU
writes a word to the TDR the TDRE bit is cleared. In order to main-

CAUTION:

When the Baud Rate Generator is the clock source, writing

to the Format or Control R
transmitter can resultin lo:

egister of a channel with an active
ss of data. Do not write to the Con-

trol or Format Register when the transmitter is shifting out
data. This precaution does not apply to channels using the

tain continuous transmission the TDR must be loaded before the external clock option, i.e., TxC.
stop bit(s) are ended. Figure 7 shows the relationship between IRQ
and TxD for the Continuous Data Transmit mode.
CHAIR #n CHAR fn +1 CHAR #n + 2 CHAR #n + 3
I [l
ol tlefe] [sely]yfale] fefely|yfale] [afely]yanle] [m[e],]
ISTART STOP !START STOP|START B STOP! START STOP!
| 1 1
IRQ | I I I.
PROCESSOR MUST
LOAD NEW DATA
PROCESSOR PROCESSOR IN THIS TIME
INTERRUPT READS INTERVAL OTHERWISE,
(TRANSMIT DATA ISR, CAUSES CONTINUOUS “MARK™
REGISTER EMPTY) IRQ TO CLEAR IS TRANSMITTED

Figure 7. Continuous Data Transmit

TRANSMIT UNDERRUN CONDITION

Ifthe MPU is unable to load the TDR before the last stop bit is sent,
the TxD line goes to the MARK condition and the underrun flag

(TUR) is set. This condition

persists until the TDR is loaded with

anew word. Figure 8 shows the relation between IRQ and TxD for

the Transmit Underrun Con

dition.

CHAR #n CONTINUOUS “MARK"" CHAR #n + 1 CHAR #n + 2
{ L 1

o |4 | 4]m]e] [s]e]4] tlo]m ] o] ]y [4]m]o ] [o]

STOPI START STOP START STOPI START o
m | L L

13
WHEN PROCESSOR FINALLY LOADS

PROCESSOR NEW DATA, TRANSMISSION STARTS

INTERRUPT PROCESSOR READS IMMEDIATELY AND INTERRUPT

FOR DATA UNDERRUN BIT ISR, CLEARS IRQ OCCURS, INDICATING TRANSMIT

EMPTY SET DATA REGISTER EMPTY

Figure 8. Transmit Underrun Condition Relationship
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TRANSMIT BREAK CHARACTER

A BREAK may be transmitted by setting bit 1 of the ACR (Trans-
mit Break bit) to a 1. The BREAK is transmitted after the charac-
ter in the Transmit Shift Register is sent. If there is a character in
the Transmit Data Register, it will be transmitted after the BREAK
is terminated. The Transmit Break bit must remain set for at least

one character time to assure that a proper BREAK is transmitted.
If the Transmit Break bit is cleared before one character time of
BREAK has been transmitted, the BREAK will be terminated after
one character time has elapsed. If the Transmit Break bit is cleared
after one character time of BREAK has been transmitted, the
BREAK will be terminated immediately. Figure 9 shows the rela-
tionship of TxD, IRQ and ACR bit 1 for various BREAK options.

STOP START STOP START

STOP START STOP START

o [ V| ¥ [Ba[e ] TB[ P ¥ |} [Be[B] B[P V] Y [Bo[Bd] ~ Bl P] ¥ | ¥ [BaB] TBu[P_

STOP START STOP

o TV [B[e ] P T]

ACR rTTTS TrT1
BIT 1 Rt At
TDRE T T T -
IRQ Ll L Ll Lt
a. Transmit Break bit cleared before BREAK begins—BREAK is ignored
STOP START STOP STOP START STOP START
BREAK

wo VB B[Pl V] L U BB B B
ACR ot el —r—= ==
PN I I I
TDRE T (ot s rT
IRQ L ‘_._l' H L

b. Transmit Break bit cleared during first character time of BREAK—BREAK terminates after one character time

STOP START

[ e Ble]

BREAK

ACR rTT r
[N

R

TDRE
IRQ

BIT 1
O LLf
1 1
4

c. Transmit Break bit cleared after first character time of BREAK—BREAK terminates immediately

L

Figure 9. Transmit BREAK

EFFECTS OF CTS ON TRANSMITTER

The CTS control line controls the transmission of data or the hand-
shaking of data to a “busy” device (such as a printer). When the
CTS line is low, the transmitter operates normally. A high condi-
tion inhibits the TDRE bitin the ISR from becoming set. Transmis-
sion of the word currently in the shift register is completed but any
word in the TDR is held until CTS goes low.

Any transition on CTS sets bit 5 (CTST) of the ISR. A high on CTS
forces bit 6 (TDRE) of the ISR to a 0. Bit 7 of the ISR also goes
to a 1 when CTS is high, if Echo Mode is disabled. Thus, when
the ISR is $80, it means that CTS is high and no interrupt source
requires service. A processor interrupt will not be generated under
these circumstances, but an ISR polling routine should accom-
modate this.

CHAR #n CHAR #n + 1
un L

CONTINUOUS MARK

NEXT CHARACTER IS SENT IMMEDIATELY
UPON CTS GOING LOW IF PROCESSOR
HAS ALREADY LOADED NEW DATA,
OTHERWISE IT WAITS FOR NEW DATA.

TxD
Bul Pl 4 [t ] a,l |BNIPL’J\
- STOP|START - SToP

: H
T K

B

NEXT vy o | By

CHARACTER ST StART s

IS NOT SENT

TORE IS NOT SET WHEN PROCESSOR
Mpu FINALLY LOADS
CLEARS NEW DATA,

IRQ AGAIN 1R ANSMISSION STARTS

iRQ l l ” /.] IMMEDIATELY AND
P “
% A\ N INTERRUPT OCCURS,
7S INDICATING TRANSMIT
o MPU I iRa  DATA REGISTER EMPTY
&S CLEAR-TO-SEND r CLEARS 'RQ
iRQ

Figure 10. Effects of CTS on Transmitter

1
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ECHO MODE TIMING

In the Echo Mode, the TxD line re-transmits the data received on
the RxD line, delayed by 1/2 of a bit time. An internal underrun
mode must occur before Echo Mode will start transmitting. In nor-
mal transmit mode if TDRE occurs (indicating end of data) an

underflow flag would be set and continuous Mark transmitted. If
Echo is initiated, the underflow flag will not be set at end of data
and continuous Mark will not be transmitted. Figure 11 shows the
relationship of RxD and TxD for Echo Mode.

STOP STAHT STOP START

END OF

STOP DATA

wo TV [e[e] BTV [ o] R[]

VAVLA VN VY

CONTINUOUS MARK
/ IF NOT ECHO MODE

P] ' |4 [ee]e] [e]7] 11t [a]=]

DI

STOP START STOP START STOP
\ IF ECHO MODE,
NO UNDERFLOW,
THEREFORE NO
CONTINUOUS MARK
Figure 11. Echo Mode Timing
CONTINUOUS DATA RECEIVE CAUTION:

The normal receive mode sets the RDRF bit in the ISR when the
DACIA channel has received a full data word. This occurs at about
the 9/16 point through the stop bit. The processor must read the
RDR before the next stop bit, or an overrun error occurs. Figure 12
shows the relationship between IRQ and RxD for the continuous
Data Receive mode.

When the Baud Rate Generator is the clock source, writing
to the Control or Format Registers of a channel with an active
receiver can result in loss of data. Do not write to the Con-
trol or Format Registers when the receiver is shifting in data.
This precaution is not necessary on channels using the
external clock option, i.e., RxC.

CHAR #n CHAR #n +1 CHAR #n + 2 CHAR #n + 3
1 L |
molt [eofe] [a]e ]y [o]e] [[e] ]y [eo]or] [m[e] o]y [eofo] “[m[-],]
START STOP' START STOP! START STOP! START smp'
1
= ) ———
| |1 i LA L
! L 1

IRQ PROCESSOR

INTERRUPT OCCURS

ABOUT 9/16 INTO

LAST STOP BIT PROCESSOR MUST READ

PARITY OVERRUN, PROCESSOR READS RECEIVER DATA IN THIS

AND FRAMING ERROR ISR, CAUSES TIME INTERVAL, OTHERWISE

UPDATED ALSO IRQ TO CLEAR OVERRUN OCCURS

Figure 12. Continuous Data Receive
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EFFECTS OF OVERRUN ON RECEIVER contains the last word not read by the MPU and all following data
is lost. The receiver will return to normal operation when the RDR
is read. Figure 13 shows the relationship of IRQ and RxD when
overrun occurs.

If the processor does not read the RDR before the stop bit of the
next word, an overrun error occurs, the overrun bit is set in the ISR,
and the new data word is not transferred to the RDR. The RDR

CHAR #n CHAR #n + 1 CHAR #n + 2 CHAR #n + 3
! 1 L |
Y - - - -
RxD I/ I } B.,IB,I |BNrP |/ U IBDIB,I IB_NLF_J/ | f Iaolml lBNl P I/ | ) |B°LB,I IBNI
smpl START STOPI START smp’ START T [sropl START o
IRQ l “
PROCESSOR — /' N CHAR #n + 2
INTERRUPT MPU DOES MPU READS IRQ.
FOR RECEIVER NOT READ ISR CHAR #n + 1
DATA REGISTER RDR. OVERRUN CLEARS IRQ IS LOST
FULL BIT SET

Figure 13. Effects of Overrun on Receiver

RECEIVE BREAK CHARACTER

Inthe event that a Break character is received by the receiver, the next character is to be received normally. Figure 14 shows the rela-
Break bit is set. The receiver does not set the RDRF bit and tionship of IRQ and RxD for a Receive Break Character.
remains in this state until a stop bit is received. At this time the

__ CONTINUOUS “‘BREAK"”’ sToP —
G i I T s B, o] [ele ][4 ]m]e]
X J_'!__l_"l_lf I_Ll_°l_'_l__la“lpl/|u| i $ 1B B _[Bw P/ 4 |Bo| B
STOP| START stop| ' ' START STOP‘ START
o i B N
iRQ Lo
I ‘* o \ NO INTERRUPT I
PROCESSOR o uprs  SINCE RECEIVER. NORMAL
INTERRUPT PROCESSOR DISABLED UNTIL RECEIVER
FOR INTERRUPT FIRST START BIT INTERRUPT
RECEIVER WITH BREAK AND FRAMING ERROR BIT SET.
DATA REGISTER EVEN PARITY CHECK WILL ALSO GIVE A PARITY
FULL ERROR BECAUSE ALL ZEROS (CONTINUOUS

BREAK) REPRESENT EVEN PARITY.

Figure 14. Receive Break Character
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FRAMING ERROR

Framing error is caused by the absence of stop bit(s) on received
data. The framing error bit is set when the RDRF bit is set. Sub-
sequent data words are tested separately, so the status bit always

reflects the last data word received. Figure 15 shows the relation-
ship of IRQ and RxD when a framing error occurs.

STOP STOP START

STOP STOP START

STOP

’ STOP START
1 2

1 . 2 / 1 : 2 /
w o U EEEEEEFEFT R

STOP  gToP START

1 , 2 LN
A EEE R A

I

iRQ

NOTES: 1. FRAMING ERROR DOES NOT

INHIBIT RECEIVER OPERATION.

2. IF NEXT DATA WORD IS OK,
FRAMING ERROR IS CLEARED.

|

MISSING

stop PROCESSOR

BIT INTERRUPT,
FRAMING
ERROR
BIT SET

Figure 15.

PARITY ERROR DETECT/ADDRESS
FRAME RECOGNITION

The Parity Status bit (ISR bit 2) may be programmed to indicate
parity errors (ACR bit 0 = 0) or to display the parity bit received
(ACR bit0 = 1).

In applications where parity checking is used, one of the parity
checking modes is enabled by setting bits 2, 3 and 4 of the For-
mat Register to the desired option and bit 0 of the Auxiliary Con-
trol Register is reset to 0. Then, when the RDRF bit (bit 0) is set
in the ISR, the PAR bit (bit 2) will be set when a parity error is
detected.

In multi-drop applications, the parity bit is used as an address/data
flag. Itis set to 1 for address frames and is 0 on data frames. For
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Framing Error

this type of operation, bit 0 of the ACR is set to a 1 and bits 2, 3
and 4 of the FR select a parity checking mode. Then, ISR bit 2 will
be setto a 1 by incoming address frames and it will be a 0 on data
frames.

COMPARE MODE

The Compare Mode is automatically enabled, i.e., the channel is
put to sleep, whenever data is written to the Compare Data
Register. NOTE: Bit 6 of the Control Register must be set to 0 to
enable access to the Compare Data Register. When the channel
is in the compare mode, the RDRF bit (bit 0 of the ISR) is forced
to a 0. Upon receipt of a matching character, normal receiver oper-
ation resumes and the RDRF bit (bit 0 of the ISR) will be set upon
receipt of the next character.



R65C52 Dual Asynchronous Communications Interface Adapter (DACIA)

SPECIFICATIONS
DACIA READ/WRITE WAVEFORMS

O] ® —O ®
RS0-RS2 3
RIW 0, AOANNNNNNNNE
® ®
cs S \ 4
i.__@__, —(®)—~ ® (10)-
D0-D7 i ¢ . —

i— READ CYCLE I‘ WRITE CYCLE—’I

DACIA READ/WRITE CYCLE TIMING

(Vec = 5Vdc £5%, Vgg = 0Vdc, Tp = T to T, unless otherwise noted)

1 MHz 2 MHz 3 MHz
Number Characteristic Symbol Min. Max. Min. Max. Min. Max. Unit
1 RIW, RS0-RS2 Valid to CS Low (Setup) Thsu 0 - 0 - 0 — ns
2 CS Low to R/W, RS0-RS2 Invalid (Hold) Tan 45 — 45 — 45 - ns
3 CS Pulse Width Tep 640 — 320 — 210 — ns
6 CS Low to Data Valid (Read) Teov — 340 — 245 — 210 ns
8 CS High to Data Invalid (Read) Tcor 10 50 10 50 10 50 ns
9 Data Valid to CS High (Write, Setup) Tosu 20 - 20 — 20 - ns
10 CS High to Data Invalid (Write Hold) Teow 30 — 30 — 30 — ns
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DACIA TRANSMIT/RECEIVER WAVEFORMS

TXC, RXC _/;_@_.’\
®

TRANSMIT/RECEIVE AND INTERRUPT ACKNOWLEDGE TIMING
(Voe = 5 Vde £5%, Vgg = 0 Vdc, Ty = T, to Ty, unless otherwise noted)

[ Number | Characteristic [ symbol Min. Max. [ ot ]
TRANSMIT/RECEIVE TIMING
12 Transmit/Receive Clock Rate tov 250 - ns
13 Transmit/Receive Clock High ton 100 — ns
14 Transmit/Receive Clock Low toL 100 — ns
15 TxC, RxC to TxD Propagation Delay top — 285 ns
16 TxC, RxC to TRQ Propagation Delay tor — 250 ns
17 CTS, DCD, DSR Valid to IRQ Low ten — 150 ns
18 TRQ Propagation Delay (Clear) tira — 150 ns
19 RTS, DTR Propagation Delay oy - 150 ns
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ABSOLUTE MAXIMUM RATINGS*

Parameter Symbol Value Unit *NOTE: Stresses above those listed may cause permanent
Supply Voltage Voo 0310 +70 vdc damage tothe dewcg, Thisis astress rating only aqq functional
operation of the device at these or any other conditions above
Input Voltage Vin -03toVee +03 | Vde those indicated in other sections of this document is not implied.
Output Voltage Vour -03toVge +03 | Vdc Exposure to absolute maximum rating conditions for extended
Operating Temperature T, oC periods may affect device reliability.
Commercial Oto +70
Industrial ~40to +85
Storage Temperature Tse -55to0 +150 °C
OPERATING CONDITIONS
Parameter Symbol Value
Supply Voltage Vee 5V 5%
Temperature Range Ta
Commercial 0to 70°C
Industrial —40°C to +85°C

DC CHARACTERISTICS

(Ve = 50V £5%, Vgg = 0, T, = T to Ty, unless otherwise noted)

Parameter Symbol Min Typ Max Unit Test Conditions
Input High Voltage Vig \
Except XTALI and XTALO +20 - Vee + 03
XTALI and XTALO +24 —_ Vee + 03
Input Low Voltage Vi \
Except XTALI and XTALO -03 — +08
XTALI and XTALO -03 — +04
Input Leakage Current _ In — 10 50 uA Viy = 0V to 50V
R/W, RES, RS0, RS1, RS2, RxD, CTS, DCD, DSR, RxC, Ve = 5.26V
C, CS
Input Leakage Current for Three-State Off Irs) —_ t2 10 uA Viy = 0.4V to 2.4V
DO-D7 Vee = 5.25V
Output High Voltage Vou +24 — — \ Vee = 475V
Do0-D7, TxD, CLK OUT, RTS, DTR lLoap = —100 pA
Qutput Low Voltage VoL — — +04 \ Ve = 475V
D0-D7, TxD, CLK OUT, RTS, DTR loap = 16 MA
Output Leakage Current (Off State) lorr — £2 +10 A Vee = 5.25V
IRQ Vour = 0to 2.4V
Power Dissipation Pp — — 10 mW/MHz
Input Capacitance Cin Vee = 50V
Except XTALI and XTALO - - 5 pF Viy = 0V
XTALI and XTALO ~— — 10 pF f = 2MHz
- Ta = 25°C
Output Capacitance Cour — 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 are shown for Voo = 50V and T, = 25°C.
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PACKAGE DIMENSIONS
40-PIN CERAMIC DIP
%0 71 —T T MILLIMETERS INCHES
DIM | MIN | MAX | MIN | MAX
L B A | 50.29 | 51.31 | 1.980 | 2.020
B | 15.11 [ 15.88 | 0.595 | 0.625
3 20 _L l c 254 | 419 | 0.100 | 0.166
D 0.38 | 053 | 0.015 | 0.021
[ A _l F 0.76 | 1.27 | 0.030 | 0.050
[ | G 2.54 BSC 0.100 BSC
T F f H 0.76 | 1.78 | 0.030 | 0.070
¥ c N J 020 | 0.33 | 0.008 | 0.013
W W I K 254 | 4.19 | 0.100 | 0.165
.l EN ; L | 1460 | 15.37 | 0.575 | 0.605
K M 0° 10° | o0° 10°
" t"- D G .I l" - M-—l N | 051 | 1520020 | 0.060
40-PIN PLASTIC DIP
NANNANANNNAANNNANNNNAN MILLIMETERS INCHES
{40 21 DIM | MIN | MAX | MIN | MAX
_‘T A | 51.82 | 52.32 | 2.040 | 2.060
B B | 13.46 | 13.97 | 0.530 | 0.550
c 356 | 5.08 | 0.140 | 0.200
L3 20 [3) 0.38 | 053 | 0.015 | 0.021
E'rv 7 7] F | 102 | 152 | 0.040 | 0.060
I A 1 e r—‘L—" G | 254BsC 0.100 BSC
i H 1.65 | 2.16 | 0.065 | 0.085
_tN J 020 | 0.30 | 0.008 | 0.012
L 1 he | s | semee
‘i“" -Gl ’J Folp K L M M | 70 [ 100 | 70 | 10°
: N_| 051 | 1.02 | 0.020 | 0.040
44-PIN PLASTIC LEADED CHIP CARRIER (PLCC)
D SEATING PLANE
INDEX D1 MILLIMETERS | INCHES
CORNEQ‘ D2 DIM | MIN | MAX | MIN | MAX
— L nnonnnonns i A | 414 | 439 | 0163 | 0.173
5 « A1 | 137 | 1.47 | 0.054 | 0.058
b O 39-p /{ A2 | 231 | 246 [ 0.091 | 0.007
D‘T— Pll{ } b | oes7TYP | o0018TYP
D2 INDICATOR D | 17.45 | 17.60 | 0.687 | 0.693
D1_| 16,46 | 16.56 | 0.648 | 0.652
_l_, 17 B D2 | 12,62 | 12.78 | 0.497 | 0.503
28 D3 15.75 REF, 0.620 REF
[sgeogagspeegaiejego) e 127 BSC 0.050 BSC
TOP VIEW SIDE VIEW h 115 TYP 0.045 TYP
o J 0.25TYP 0.010 TYP
CHAM.J x 45° 01— o « 45° TYP 45° TYP
03 B
] R 0.89 TYP 0.035 TYP
WA ] R1 0.25 TYP 0.010 TYP
< ATha A
R
SECTION A-A

CHAM. 11 PINS
h x 45° PER SIDE
3PLCS EQUALLY

SPACES

BOTTOM VIEW

TYP FOR BOTH AXIS (EXCEPT FOR BEVELED EDGE)

EJECTOR PIN MARKS
4 PLCS BOTTOM OF

PACKAGE ONLY
(TYPICAL)
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NMOS 8-bit Microprocessors and Peripherals
Largest Selling 8-Bit Family

The NMOS R6500 microprocessor family has a wide range
of CPUs and peripheral controllers plus versatile memory-1/O
timer combinations. It is software compatible with the CMOS
microprocessor and peripheral family, as well as, with the
family of single-chip microcomputers.

A parallel processing, pipeline architecture provides faster
instruction execution and data throughput. Thirteen address
modes provide the most efficient ways of addressing memory.

R6500 peripherals are system oriented and are designed to imple-
ment systems with a minimum device count. Fast instruction
execution (1 us and 2 us) is available in 2 and 1 MHz versions,
respectively.

The entire 8-bit R6500 family is upward compatible with the
16-bit 68000 bus, software compatible with the Rockwell 8-bit
microcomputers, and are the building blocks for a wide range

of system applications.

CPUs

R65XX

RAM ROM

i

ADDRESS, DATA, AND CONTROL BUS

T
i

R6522

= = =
] ] 1 ARY \
Y ~ < Z <~ Z ~ 7 \
INTELLIGENT
GENERAL PURPOSE MEMORY 1/0 TIMER PERIPHERAL COMMUNICATIONS
1/0 DEVICES COMBO DEVICE CONTROLLER DEVICES| | \ INTERFACE DEVICE
R6520 R6545  R6549
1
Re532 R6502 Ress

<

NMOS R65XX Microprocessor Family
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R650X @ R651X

N

R650X and R651X
Microprocessors (CPU)

Rockwell

DESCRIPTION

The 8-bit R6500 microprocessor devices are produced with
N-channel, silicon gate technology. Performance speeds are
enhanced by advanced system architecture. This innovative
architecture results in smaller chips—the semiconductor
threshold is cost-effectivity. System cost-effectivity is further
enhanced by providing a family of 10 software-compatible
microprocessor (CPU) devices, described in this document.
Rockwell also provides single chip microcomputers, memory and
peripheral devices—as well as low-cost design aids and
documentation.

Ten CPU devices are available. All are software-compatible.
They provide options of addressable memory, interrupt input,
on-chip clock oscillators and drivers. All are bus-compatible with
earlier generation microprocessors like the M6800 devices.

The R650X and R651X family includes six microprocessors with
on-board clock oscillators and drivers and four microprocessors
driven by external clocks. The on-chip clock versions are aimed
at high performance, low cost applications where single phase
inputs, crystal or RC inputs provide the time base. The external
clock versions are geared for multiprocessor system applica-
tions where maximum timing control is mandatory. All R6500
microprocessors are also available in a variety of packaging
(ceramic and plastic), operating frequency (1 MHz, 2 MHz and
3 MHz) and temperature (commercial and industrial) versions.

ORDERING INFORMATION

Part Number: R65XX _ _ _

|.Temperature Range (T to Ty):

No letter = 0°C to +70°C
E =

—40°C to +85°C

Package:

C = Ceramic DIP

P = Plastic DIP
Frequency Range:

No letter = 1 MHz
A = 2MHz
B = 3MHz

Model Designator:

FEATURES

N-channel, silicon gate, depletion load technology
8-bit parallel processing

56 instructions

Decimal and binary arithmetic

Thirteen addressing modes

True indexing capability

Programmable stack pointer

Variable length stack

Interrupt request

Non-maskable interrupt

Use with any type of speed memory

8-bit bidirectional data bus

Addressable memory range of up to 64K bytes
“Ready” input

Direct Memory Access capability

Bus compatible with M6800

1 MHz, 2 MHz, and 3 MHz versions

Choice of external or on-chip clocks

On-chip clock options

—External single clock input

—Crystal time base input

Commercial and industrial temperature versions
Pipeline architecture

e Single +5V supply

R6500 CPU FAMILY MEMBERS

Microprocessors with Internal Two Phase Clock Generator

Model No. Pins Addressable Memory
R6502 40 64K Bytes
R6503 28 4K Bytes
R6504 28 8K Bytes
R6505 28 4K Bytes
R6506 28 4K Bytes
R6507 28 8K Bytes

Microprocessors with External Two Phase Clock Input

XX = 02,03, 04,...15 Model No. Pins Addressable Memory
R6512 40 64K Bytes
R6513 28 4K Bytes
R6514 28 8K Bytes
R6515 28 4K Bytes
Document No. 29000D39 Data Sheet Order No. D39
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R650X, R651X

R6500 Microprocessors (CPU)

INTERFACE SIGNAL DESCRIPTIONS

CLOCKS (21, 92)

The R651X requires a two phase non-overlapping clock that
runs at the V¢ voltage level. The R650X clocks are supplied
with an internal clock generator. The frequency of these clocks
is externally controlled.

ADDRESS BUS (A0-A15)

The address line outputs access data in memory device loca-
tions or cells, access data in I/O device registers and/or effect
logical operations in 1/O or controller devices depending on
system design. The addressing range is determined by the
number of address lines available on the particular CPU device.
The R6502 and R6512 can address 64K bytes with a 16-bit
address bus (A0-A15); the R6504, R6507, and the R6514 can
address 8K bytes with a 13-bit address bus (A0-A12); and the
R6503, R6505, R6506, R6513, and R6515 can address 4K
bytes with a 12-bit address bus (A0O-A11). These outputs are
TTL-compatible and are capable of driving one standard TTL
load and 130 pF.

DATA BUS (D0-D7)

The data lines (D0-D7) form an 8-bit bidirectional data bus
which transfers data between the CPU and memory or periph-
eral devices. The outputs are tri-state buffers capable of driving
one standard TTL load and 130 pF.

DATA BUS ENABLE (DBE, R6512 ONLY)

The TTL-compatible DBE input allows external control of the tri-
state data output buffers and will enable the microprocessor bus
driver when in the high state. In normal operation DBE is driven
by the phase two (#2) clock, thus allowing data output from
microprocessor only during @#2. During the read cycle, the data
bus drivers are internally disabled, becoming essentially an
open circuit. To disable data bus drivers externally, DBE should
be held low.

READY (RDY)

The Ready input signal allows the user to halt or single cycle
the microprocessor on all cycles except write cycles. A negative
transition to the low state during or coincident with phase one
(#1) will halt the microprocessor with the output address lines
reflecting the current address being fetched. If Ready is low
during a write cycle, it is ignored until the following read oper-
ation. This condition will remain through a subsequent phase two
(#2) in which the Ready signal is low. This feature allows micro-
processor interfacing with the low speed PROMs as well as
Direct Memory Access (DMA).

INTERRUPT REQUEST (IRQ)

The TTL level active-low TRQ input requests that an interrupt
sequence begin within the microprocessor. The microprocessor
will complete the current instruction being executed before rec-
ognizing the request. At that time, the interrupt mask bit in the
Processor Status Register will be examined. If the interrupt
mask flag is not set, the microprocessor will begin an interrupt
sequence. The Program Counter and Processor Status Register
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are stored in the stack. The microprocessor will then set the
interrupt mask flag high so that no further interrupts can occur.
At the end of this cycle, the program counter low will be loaded
from address FFFE, and program counter high from location
FFFF, therefore transferring program control to the memory
vector located at these addresses. The RDY signal must be in
the high state for any interrupt to be recognized. A 3K() external
resistor should be used for proper wire-OR operation.

NON-MASKABLE INTERRUPT (NMI)

A negative going edge on the NI input requests that a non-
maskable interrupt sequence be generated within the micro-
processor.

NMI is an unconditional interrupt. Following completion of the
current instruction, the sequence of operations defined for IRQ
will be performed, regardless of the state interrupt mask flag.
The vector address loaded into the program counter, low and
high, are locations FFFA and FFFB respectively, thereby trans-
ferring program control to the memory vector located at these
addresses. The instructions loaded at these locations cause the
microprocessor to branch to a non-maskable interrupt routine
in memory.

NMI also requires an external 3KQ register to Vi for proper
wire-OR operations.

Inputs TRQ and NMi are hardware interrupts lines that are sam-
pled during @2 (phase 2) and will begin the appropriate interrupt
routine on the @1 (phase 1) following the completion of the cur-
rent instruction.

SET OVERFLOW FLAG (S0)

A negative going edge on the SO input sets the overflow bit in
the Processor Status Register. This signal is sampled on the
trailing edge of @1 and must be externally synchronized.

SYNC

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

RESET (RES)

The active low RES resets, or starts, the microprocessor from
a power down or restart condition. During the time that this line
is held low, writing to or from the microprocessor is inhibited.
When a positive edge is detected on the input, the microproc-
essor will immediately begin the reset sequence.

After a system initialization time of six clock cycles, the mask
interrupt flag is set and the microprocessor loads the program
counter from the memory vector locations FFFC and FFFD. This
is the start location for program control.

After Vcc reaches 4.75 volts in a power up routine, reset must
be held low for at least two clock cycles. At this time the R/W
and SYNC signals become valid.



R650X, R651X

R6500 Microprocessors (CPU)

R6502 FEATURES

vss =Rl 40 RES
- RDY 2 390 )
® 64K addressable bytes of memory (A0O-A15) o1 ouncls (S Aad)
e On-chip clock :‘2 C‘::" ;; 0o (N
. N 5 N.
TTL-level single phase input i e 3PN 2
RC time base input syne 7 a2 Rw
" N vce 8 33 oo
crystal time base input a0 'é o+ R6502 1,5 o
* Two phase output clock for timing of support chips - g ° rger
. B8 i A3 312 29[ D4
IRQ interrupt . g I it i
* NMI interrupt AS e 2783 o6
A6 15 26 E o7
* RDY signal a7 [= B3 21 ats
A8 =g 247 ava
® SYNC signal A9 == R 233 a13
(can be used for single instructi i a0 e 2 a2
or single instruction execution) At 20 215 vss
® 40-pin DIP
RES é 1 2815 o, (0uT)
R6503 FEATURES vss 42 2783 09 N
RQ s 26; R/W
o 4K addressable bytes of memory (A0-A11) = 253 oo
o h lock vec s 24 g D1
e On-chip cloc a0 e 233 02
IT=Ya) a1 337 227 D3
o IRQ interrupt a2 s R6503 215 04
B a3 [Jo 20{7 DS
® NMI interrupt e g o 105 o6
° 28-pin DIP AS 1 183 D7
A6 (12 173 A1t
A7 13 16D A10
A8 é 14 15[ A9
RES ' 28} ¢, (OUT)
vss (2 27} g (IN)
R6504 FEATURES fRa 43 263 A/W
veca 259 0o
o 8K addressable bytes of memory (A0-A12) a0 s 243 01
A1 e 23[3 02
e On-chip clock a2 =7 Reso4 22 03
RrA A3 8 213 04
° |RQ interrupt ~ gg 20505
® 28-pin DIP AS 10 19/ 06
as 1807
A7 (12 173 A12
aAg C]13 16 AT
a9 Q14 15 A0
RES ! 281 @5 (OUT)
R6505 FEATURES vss 2 2713 60 IN)
ROYC]3 263 R/W
o 4K addressable bytes of memory (AO-A11) e 4: ] et
o On-chip clock a0 e 230 o2
=Tat (o=
o IRQ interrupt :; t:; R6505 :f ; ™
* RDY signal A3 o 2005
. as [J10 193 D6
® 28-pin DIP As (11 18{3 D7
A6 (12 17 D Al
a7 i3 163 Aa10
as CJ1a 1510 A9
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R650X, R651X R6500 Microprocessors (CPU)

RES [ i} 283 ¢, (ouT)
vss 2 27 ¢g (IN)
R6506 FEATURES ¢4 (oum s 26 I R/W
RG 4 25 po
® 4K addressable bytes of memory (A0-A11) vee s 24 D1
¢ On-chip clock :0 E 6 z: - D;
- . D
* Two phase output clock for timing of support chips A; ‘:; R6506 °° g oa
* |RQ interrupt A3 e 201 b5
e 28-pin DIP A4 10 19 D6
A5 agn 18 D7
A6 12 17 AN
A7 =13 16 A10
A8 14 15 A9
REs 7 281 ¢, (OUT)
vss (2 2717 ¢ (IN)
RDY]3 26 JR/W
R6507 FEATURES vee 4 253 DO
A0 s 243 D1
o 8K addressable bytes of memory (A0-A12) A1 e 231 D2
e On-chip clock A2 37 Res507 22f2 D3
* RDY signal A3 48 214
. 9 A4 Jo 201 DS
* 28-pin DIP As 1o | 1913 06
Ae 11 181 o7
A7 (12 177 A12
Ag 13 16 A1
A9 14 15 A10
vss 1 403 RES
RDY 2 3913 ¢, (OUT)«
1 (N) 3 3813 50
fRG a4 373 ¢ (IN)*
R6512 FEATURES vss 45 36§ DBE
NMi CJe 35 N.C.
* 64K addressable bytes of memory (A0-A15) sYNc (7 342 R/W
® Two phase clock input vee 4s 333 po
—_— A0 [J9 R6512 327 D1
* |IRQ interrupt a1 o 315 b2
* NMI interrupt A2 11 30{3 O3
* RDY signal A3 12 29 E D4
. A4 13 28 D5
® SYNC signal A5 1 > 5 os
® Data Bus Enable A6 15 261 D7
® 40-pin DIP A7 [1e 2517 A15
A8 []17 241 A14
A9 18 231 A13
A10 19 22[77 A12
Al azo 21 vss
*Pins 37 and 39 are connected internally
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R650X, R651X R6500 Microprocessors (CPU)

vss 1 28| RES
R6513 FEATURES 1 (IN) 2 2717 ¢2 (IN)
Ra 3 26 R/W
e 4K addressable bytes of memory (A0-A11) i 4 25 g Do
e Two phase clock input vee s 24 D1
o IRQ interrupt J = . 23 D:
SR A1 37 R6513 22[0 D
o NMI interrupt a2 s 215 pa
® 28-pin DIP A3 o 20[7 DS
A4 o 197 b6
A5 11 18 b7
A6 (]12 173 A11
A7 13 16 A10
A8 14 15[ A9
vss 1 28| RES
¢4 (IN) .2 277 ¢2 (IN)
iRQ 3 26[J R/W
veecJa 2507 po
R6514 FEATURES A0 s 243 D1
- Al s 23[1 D2
e 8K addressable bytes of memory (A0-A12) a2 =, Resta 22/ b3
e Two phase clock input A3 s 21 pa
o IRQ interrupt A4 o 20 D5
) A5 10 19[70 D6
® 28-pin DIP A6 11 18 D7
A7 12 17 [ A12
A8 13 163 A1
A9 14 15[ A10
vss 1 281 RES
RDY (]2 273 ¢ (IN)
@1 (IN 3 263 R/W
R6515 FEATURES Ra J4 2507 oo
vee s 243 D1
o 4K addressable bytes of memory (A0-A11) a0 s 231 b2
s Two phase clock input ’ A1 7 Re515 223 D3
o IRQ interrupt :2 :-_:-_ 8 i; g g:
) 9
o RDY signal A4 10 19 D6
e 28-pin DIP A5 (11 18 o7
A6 []12 1713 A11
A7 13 160 A10
A8 J1a 15[ A9

2-7
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R6500 Microprocessors (CPU)

FUNCTIONAL DESCRIPTION

The internal organization of all R6500 CPUs is identical except
for some variations in clock interface, the number of address
output lines, and some unique input/output lines between
versions.

CLOCK GENERATOR

The clock generator develops all internal clock signals, and (where
applicable) external clock signals, associated with the device. It is
the clock generator that drives the timing control unit and the exter-
nal timing for slave mode operations.

TIMING CONTROL

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

PROGRAM COUNTER

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

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

INSTRUCTION REGISTER AND DECODE

Instructions fetched from memory are gated onto the internal
data bus. These instructions are latched into the instuction regis-
ter, then decoded, along with timing and interrupt signals, to gen-
erate control signals for the various registers.

2-8

ARITHMETIC AND LOGIC UNIT (ALU)

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

ACCUMULATOR

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

INDEX REGISTERS

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

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

STACK POINTER

The stack pointer is an 8-bit register used to control the addressing
of the variable-length stack on page one. The stack pointer is auto-
matically incremented and decremented under control of the micro-
processor to perform stack manipulations under direction of either
the program or interrupts (NMI) and IRQ). The stack allows simple
implementation of nested subroutines and multiple level interrupts.
The stack pointer should be initialized before any interrupts or stack
operations occur.

PROCESSOR STATUS REGISTER

The 8-bit processor status register contains seven status flags.
Some of the flags are controlled by the program, others may be
controlled both by the program and the CPU.
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4— REGISTER SECTION CONTROL SECTION ———p»
RES [RaQ NMI
Ao ] ] INDEX
R wrennuer
Y -¢
A1 - ‘ ¢ ‘
A2 - INDEX
necistern (V)
x j—————————— RpYZ
A3 <@
ABL I F—————————— svyne?
A - A a STACK
3 el [
< (s) 1
A5 g z
E INSTRUCTION
s DECODE
A6 - -t
<_J ALU @
A7 w
ADDRESS G
BUS2 E
— I a
A8 < 2 ACCUMULATOR 2 <1 TIMING
1 A & ¥ conTRoL
z u g —)
a9 <] z z
E —— $1 (IN)*
< ®,
A10 < = PcL > »
= ‘ $2 (N
Al < 9 PCH
ABH t =) PRSOTCAETSSgR cLock o
I recisten GENERATOR | [ $0 (N
A12 P
DATA A 1 k(o]
LATCH L— 41 (oums
K=
A13 -t (L) || L > 6,0um
H 1 AW
A= DBES
DATA BUS INSTRUCTION
15 ] BUFFER REGISTER
L_._. ’ v
! -
LEGEND: = o
ﬂ P03 | pata
=8 BIT LINE T BUS
05
l =18IT LINE D6
07
NOTE )
1. CLOCK GENERATOR IS NOT INCLUDED ON R6512, R6513, R6514 AND R6515.
2. ADDRESSING CAPABILITY AND CONTROL OPTIONS VARY WITH EACH OF
THE CPUs.
3. R6502, R6503, R6504, R6505, R6506 AND R6507.
4. R6512, R6513, R6514 AND R6515.
5. R6512 ONLY.
6. R6502 AND R6506.

R650X and R651X Internal Architecture



R650X, R651X

R6500 Microprocessors (CPU)

INSTRUCTION SET

The R6500 CPU has 56 instruction types which are enhanced
by up to 13 addressing modes for each instruction. The

Accumulator, index registers, Program Counter, Stack Pointer
and Processor Status Register are illustrated below.

Alphabetic Listing of Instruction Set

Mnemonic Function Mnemonic Function
ADC Add Memory to Accumulator with Carry JMP Jump to New Location
AND “AND” Memory with Accumulator JSR Jump to New Location Saving Return Address
ASL Shift Left One Bit (Memory or Accumulator)
LDA Load Accumulator with Memory
BCC Branch on Carry Clear LDX Load Index X with Memory
BCS Branch on Carry Set LDY Load Index Y with Memory
BEQ Branch on Result Zero LSR Shift One Bit Right (Memory or Accumulator)
BIT Test Bits in Memory with Accumulator
BMI Branch on Result Minus NOP No Operation
BNE Branch on Result not Zero
BPL Branch on Result Plus ORA “OR" Memory with Accumulator
BRK Force Break
BVC Branch on Overflow Clear PHA Push Accumulator on Stack
BVS Branch on Overflow Set PHP Push Processor Status on Stack
PLA Pull Accumulator from Stack
CLC Clear Carry Flag PLP Pull Processor Status from Stack
CLD Clear Decimal Mode
CLI Clear Interrupt Disable Bit ROL Rotate One Bit Left (Memory or Accumulator)
CLv Clear Overflow Flag ROR Rotate One Bit Right (Memory or Accumulator)
CMP Compare Memory and Accumulator RTI Return from Interrupt
CPX Compare Memory and Index X RTS Return from Subroutine
CPY Compare Memory and Index Y
SBC Subtract Memory from Accumulator with Borrow
DEC Decrement Memory by One SEC Set Carry Flag
DEX Decrement Index X by One SED Set Decimal Mode
DEY Decrement Index Y by One SEI Set Interrupt Disable Status
STA Store Accumulator in Memory
EOR “Exclusive-OR" Memory with Accumulator STX Store Index X in Memory
STY Store Index Y in Memory
INC Increment Memory by One
INX Increment Index X by One TAX Transfer Accumulator to Index X
INY Increment Index Y by One TAY Transfer Accumulator to Index Y
TSX Transfer Stack Pointer to Index X
TXA Transfer Index X to Accumulator
TXS Transfer Index X to Stack Register
TYA Transfer Index Y to Accumulator
7 0 7 0
| A I ACCUMULATOR A IN VI 1 IB Dl 1|z c| PROCESSOR STATUS REG ‘P
7 0 l—
INDEX REGISTER Y CARRY 1= TRUE
[ X ]NDEXREGISTER X ZERO 1=RESULT ZERO
15 7 0
[ PpecH | PCL | PROGRAM COUNTER “PC” L IRQ DISABLE 1=DISABLE
8 7 [1]
[1] S ] STACK POINTER “gr DECIMAL MODE 1=TRUE
BRK COMMAND 1=BRK
OVERFLOW  1=TRUE
NEGATIVE 1=NEG.

Programming Model
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R6500 Microprocessor (CPU)

ADDRESSING MODES

The R6500 CPU family has 13 addressing modes. In the
following discussion of these addressing modes, a bracketed
expression follows the title of the mode. This expression is the
term used in the Instruction Set Op Code Matrix table (later in
this product description) to make it easier to identify the actual
addressing mode used by the instruction.

ACCUMULATOR ADDRESSING [Accum]—This form of
addressing is represented with a one byte instruction, implying
an operation on the accumulator.

IMMEDIATE ADDRESS [IMM]—In immediate addressing,
the second byte of the instruction contains the operand, with
no further memory addressing required.

ABSOLUTE ADDRESSING [Absolute]—In absolute
addressing, the second byte of the instruction specifies the eight
low order bits of the effective address while the third byte
specifies the eight high order bits. Thus, the absolute address-
ing mode allows access to the entire 64K bytes of addressable
memory.

ZERO PAGE ADDRESSING [ZP]—The zero page instruc-
tions allow for shorter code and execution times by fetching only
the second byte of the instruction and assuming a zero high
address byte. Careful use of the zero page can result in signifi-
cant increase in code efficiency.

INDEXED ZERO PAGE ADDRESSING [ZP, X or Y]—This
form of addressing is used with the index register and is referred
to as ‘“Zero Page, X’ or “‘Zero Page, Y. The effective address
is calculated by adding the second byte to the contents of the
index register. Since this is a form of ‘‘Zero Page” addressing,
the content of the second byte references a location in page zero.
Additionally, due to the “Zero Page”’ addressing nature of this
mode, no carry is added to the high order eight bits of memory
and crossing of page boundaries does not occur.

INDEXED ABSOLUTE ADDRESSING [ABS, X or Y]—
This form of addressing is used in conjunction with X and Y index
register and is referred to as ‘‘Absolute, X'’ and ‘‘Absolute, Y."”
The effective address is formed by adding the contents of X or
Y to the address contained in the second and third bytes of the
instruction. This mode allows the index register to contain the
index or count value and the instruction to contain the base
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address. This type of indexing allows referencing of any loca-
tion and the index may modify multiple fields, resulting in
reduced coding and execution time.

IMPLIED ADDRESSING [Implied}—In the implied address-
ing mode, the address containing the operand is implicitly stated
in the operation code of the instruction.

RELATIVE ADDRESSING [Relative]—Relative addressing
is used only with branch instructions and establishes a destina-
tion for the conditional branch.

The second byte of the instruction is an operand. This operand
is an offset which is added to the program counter when the
counter is set at the next instruction. The range of the offset is
—128 to + 127 bytes.

INDEXED INDIRECT ADDRESSING [(IND, X)]—In indexed
indirect addressing (referred to as (Indirect, X)), the second byte
of the instruction is added to the contents of index register X
discarding the carry. The result of this addition points to a
memory location on page zero which contains the low order byte
of the effective address. The next memory location in page zero
contains the high order byte of the effective address. Both
memory locations specifying the effective address must be in
page zero.

INDIRECT INDEXED ADDRESSING [(IND), Y)l—In
indirect indexed addressing (referred to as (Indirect), Y), the
second byte of the instruction points to a memory location in
page zero. The contents of this memory location are added to
the contents of index register Y. The result is the low order byte
of the effective address. The carry from this addition is added
to the contents of the next page zero memory location, to form
the high order byte of the effective address.

ABSOLUTE INDIRECT [Indirect]—The second byte of the
instruction contains the low order byte of a memory location.
The high order eight bits of that memory location are contained
in the third byte of the instruction. The contents of the fully speci-
fied memory location are the low order byte of the effective
address. The next memnory location contains the high order byte
of the effective address which is loaded into the sixteen bits of
the program counter. (JMP (IND) only)




R650X, R651X

R6500 Microprocessors (CPU)

INSTRUCTION SET OP CODE MATRIX

The following matrix shows the Op Codes associated with the
R6500 family of CPU devices. The matrix identifies the hex-
adecimal code, the mnemonic code, the addressing mode, the

number of instruction bytes, and the number of machine cycles
associated with each Op Code. Also, refer to the instruction set
summary for additional information on these Op Codes.

LSD

a 0 1 2 4 5 6 8 9 A 8 c o] E F
(%]
= BRK | ORA ORA | ASL PHP | ORA | ASL ORA | AsL
0 | Implied |(IND, X) zr P Implied | IMM | Accum ABS | ABS 0
172686 23|25 132212 34 (36
BPL | ORA ORA | ASL CLC | ORA ORA | ASL
1 | Relative| (IND), Y zP, X | zP, X Implied | ABS, Y ABS, X | ABS, X 1
2 2+ ]2 5 24|26 12 |3 4 3 4 |37
JSR | AND BIT | AND | ROL PLP | AND | ROL BIT | AND | ROL
2 | Absolute| (IND, X) zp zP P Implied | IMM | Accum ABS | ABS | ABS 2
36|26 23|23]|25 14 (22|12 34| 34]|36
BMI | AND AND | ROL SEC | AND AND | ROL
3 | Relative | (IND), Y P, X | ZP, X Implied | ABS, Y ABS, X | ABS, X 3
2 27| 2 5" 24|26 12 |3 4 3 4|37
RTI | EOR EOR | LSR PHA | EOR | LSR JMP | EOR | LSR
4 | Implied | (IND, X) zP zP Implied | IMM | Accum ABS | ABS | ABS 4
16|26 23|25 13|22 |12 33| 34]3%6
BVC | EOR EOR | LSR cL | EOR EOR | LSR
5 | Relative | (IND), Y ZP, X | ZP, X Implied | ABS, Y ABS, X | ABS, X 5
2 27|25 24|26 12 |3 4 3 4|37
RTS | ADC ADC | ROR PLA | ADC | ROR JMP | ADC | ROR
6 | Implied | (IND, X) zP P Implied | IMM | Accum Indirect| ABS | ABS 6
16|26 23|25 14122 |12 35| 34|36
BvS | ADC ADC | ROR SEI ADC ADC | ROR
7 | Relative | (IND), Y 2P, X | zP, X Implied | ABS, Y ABS, X | ABS, X 7
2 2| 2 5* 24|26 12 |3 4 34 |37
STA STY | STA | STX DEY TXA STY | STA | STX
8 (IND, X) zP zP zpP implied implied ABS | ABS | ABS 8
26 23|23 23 12 12 34( 34|34
BCC STA STY | STA | STX TYA | STA | TXS STA
9 | Relative| (IND), Y ZP, X | ZP, X | ZP, Y Implied | ABS, Y |Implied ABS, X 9
22°| 26 24 (24|24 12135 |12 35
LDY | LDA | LDX LDY | LDA | LDX TAY | LDA | TAX LDY | LDA | LDX
A | IMM [(IND, X) | IMM zpP bl zpP Implied | IMM | implied ABS | ABS | ABS A
22126 |22 23 |23]23 12 |22 |12 34| 34334
BCS | LDA LDY | LDA | LDX CLV | LDA | TSX LDY | LDA | LDX
B | Relative| (IND), Y P, X | ZP, X | ZP,Y Implied | ABS, Y |Implied ABS, X| ABS, X | ABS, Y B
2 2725 24 |24 24 12 |34 |12 3 4|3 4 |3 4
CPY | CMP CPY | CMP | DEC INY | CMP | DEX CFY | CMP | DEC
C | MM [(IND, X) P 2P zpP Implied | IMM | Implied ABS | ABS | ABS c
22|26 23|23]2s 1222 |12 34|34 (36
BNE | CMP CMP | DEC CLD | CMP CMP | DEC
D | Relative| (IND), Y P, X | zP, X Implied | ABS, Y ABS, X | ABS, X D
2 27|25 24 2686 12 |3 4 3 4 |37
CPX | SBC CPX | SBC | INC INX | SBC | NOP CcPX | sBC | INC
E | IMM [(IND, X) P 2P zP Implied | IMM |{Implied ABS | ABS | ABS E
22|26 23|23|2s 1222 |12 3434|336
BEQ | SBC SBC | INC SED | SBC SBC | INC
F | Relative| (IND), Y 2P, X | ZP, X Implied | ABS, Y ABS, X | ABS, X F
2 2|2 5 24|26 12 |3 4 3.4 |37
0 1 2 4 5 6 8 9 A B c D E F

0

BRK | —OP Code
Implied | —Addressing Mode
1 7 | —Instruction Bytes; Machine Cycles

o
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*Add 1 to N if page boundary is crossed.
**Add 1 to N if branch occurs to same page;
add 2 to N if branch occurs to different page.
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INSTRUCTION SET SUMMARY

INSTRUCTIONS. MMEOIATE | ABSOLUTE | zeRopace | Accum | iMPUED | (NO.x) | NO) Y [ Z PAcE.x | aBs x aBs.v | RECATIVE | NDiRCT | Z PAGE. Y 2332?‘“""‘"“
MNEMONIC OPERATION op| n | # [op[ n|u]op| | u|op|n|nlor|n|wforfn|alor|n|ulor|n]|u]or|a|nlorn]|ulor|n|u|op|n}x|opr|n ;f,f;%f;g
ADC AsMaC=a @ |e9|2[2 60| 4|3 fes5] 3|2 61 62| 71[s|2fms[al2 |0} afa]refa]a NV....2C| ADC
AND AAM - 29| 2f2 |2o] &|3 25| 3|2 21[ 6231|2542 [30fa]3[30faf3 N.++.oZ.|AND
ASL c{_""T9-0 OE[ 6|3 fos 5|2 foal 2|1 1662 |1E[ 7|3 Neoo o o2ZC|ASL
Bcc BRANCHONC = 0 (2) 90| 2|2 “ e+ BCC
BCS BRANCHONC = 1 (2 8ol 2| 2 ce ... BCS
BEQ BRANCHONZ = 1 () Fof 2] 2 R )
BIT AAM 2Cla|3f24| 3|2 MM =« = Z o BIT
BMI BRANCHONN = 1 (2) w022 P XN
BNE BRANCHONZ = 0 (2) poh2| 2 e oo | BNE
BPL BRANCHONN = 0 (2) w22 P Y
BRK BREAK 0|71 o -1 - [ BRK
BvVC BRANCHONV = 0 (2) s0(2]2 R -2
BVS BRANCHONV = 1 (2) 0|22 N T
cLc 0-C B2 e ..0lcLe
cLD 0-D o8| 2{1 v e+-0---|cCLD
cuLt 01 58| 21 B
cLv 0-v 88| 2|1 P IR A
cMP A-M co| 2|2 |co|a|3|cs|3]2 ci|sj2|oifs|2fos|af2fonfa|afosfsls Neooooozc|CMp
cPx X-M €of 2| 2(ec|a|afesf3]|2 N.....2c|lcCPx
cPy Y-M col 2} 2]ccla|afca3]2 N.....2clcpy
DEC M- 1=M ce| 6] 3jcs| 5] 2 06| 6| 2|oE| 73 Neooooz.|DEC
DEX X - 1=X CAl 2|1 N oo o v v 0 7 DEX
DEY Y-y 88| 2|1 NeoweoozZ.|DEY
EOR AYM=-A i [e9| 2| 2 f40f & | 3fas| 32 ar{6|2]s1{5]2(s5|4 Q¢ | 3fs9af3 N+..++.2.|EO0R
INC M+ 1M €e| 6| 3]es| 52 Fole|2|Fe| 7|3 N.owowoeZo|INC
1N X XX €821 No+o+o+.2:] INX
INY Y+ 1Y csl2|1 N+ o o oo 2l INY
IMP JUMP TONEW LOC ac|3|s 6C{s |3 N I
JSR JUMPSUB 20|63 N Y
Loa M-A o [a9l 2| 2 |a0j 4| 3]as[3] 2 arl6|2]81|5]|2]8s|4a 4)3 RN+ -+ 2| LDA
LD X M= X o [a2) 2| 2 [a€f a | 3]ne) 3| 2 Ak 864 2|{N+ -« - - Z-[LDx
LOY 'M-Y M {aol 2| 2 |AC| 4 | 3 A4l 3| 2 B4l 4 Noe o o o v 2. LDY
LSR (o Ea— e} 4€[6]|3]a6| 5| 2]ea| 2|1 56| 6 0. .+ .. zClLSR
NOP NO OPERATION EAl 2|1 R Y
ORA AVM =4 09| 2| 2oo[4|3fos[3]2 o16f2fir|s|2fw|af2finjafsfrofjals N.++«-2-|0RA
PHA A=Ms S-1-8 a|af e .. | PHaA
PHP P~Ms S-1-8 o8| 3|1 P
PLA S+ 1-s Ms~A 68| a1 Newewoz-lpLa
PLP S+1-5 Ms =P 28[a |1 (RESTORED) PLP
ROL a3 26| 6[326] 5228l 2] 36)6]2foE| 7|3 N-- .- zc|lROL
ROR 6E( 613 |66] 5] 2 |6Al 2|1 | 6|2fre| 7f3 N>+ ZC|ROR
RTH RTRNINT a6t (RESTORED) RT
ATS RTRN SUB 60f6 |1 e R B
sBC A-M-CT-a  m|es|2|2[eo|a|3fes|af2 er|6|2]|F1|s|2|rs|al2|Fofafafrefa|a NV z@fsecC
SEC 1-C sl v e e o] sEC
SED 1-0 F8l 2|1 +e s o1 e e« | SED
SEI [T 78] 2] 1 T sen
STA A=M e[ 4fafes|3f2 s1/6]2]or|6|2]9es|af2]on]s|3]|ee|s]|3 R IEEEIEY IR Y
STX XM 8E|4[3]86| 3|2 9l af2fe « v v s lsTX
STV Y~M sclafafeslaf2 94| a2 R I IR 7
TAX A-~X AAl 2] N s +es 2 ] TAX
TAY A=Y A8l 2|1 Nz ]lTAY
TS X S-~X 8a| 2| 1 Noeowoooz|18x
TXA XA saf 2| 1 NovoeowoeozofTxa
TXS x-S 9l 2| 1 R T
TYa Y-A %) 2] Noe oo ze|Tya
1) ADD 110 N IF PAGE BOUNDARY IS CROSSED X INDEX X «  ADD M MEMORY BIT7
T R ey C s w wewomvans
3 CARRY NOT - BORROW A ACCUMULATOR v AND N NO CYCLES
W IF INDECIMAL MODE 2 FLAG IS INVALID M MEMORY PEREFFECTIVE ADDRESS v OR *  NO BYTES
ACCUMULATOR MUST BE CHECKED FOR ZERO RESULT Ms  MEMORY PER STACK POINTER ¥ EXCLUSIVEOR
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R650X CLOCK TIMING

—.,
$0 (IN)

Tro -~
@1 (ouT)
¢2 (ouT)

R651X CLOCK TIMING

Teve
Ta—] Tewng, T
Veer02V Vec 02V Voo 02
é1.0N) o0.2v 02V 02V
o [=— , "o
2 (IN) Vge 02V Vec 02V cc 02
02V 02v 02v
Te |<— Th ——’ Tewng,
REFA ache REF A
R65XX READ WRITE TIMING
REFA REFB REFA
} 20v READ 20V
o8V WRITE 08V

I, W

20V 20V
/ o8V o8V

1 Ta T oy~ Ty et
DATA LINES x>V 20v
READ Yoav osv
THR
DATA LINES Frov 20V P——
WRITE Yosv 08 V.

T
'mos Trw

\jl
S - ]

20V

7 Yooy

REF A
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AC CHARACTERISTICS
RE65XX RE65XXA R65XXB
(1 MH2) (2 MH2) (3 MH2)
Characteristic Symbol Min Max Min Max Min Max Unit

R650X CLOCK TIMING
Clock Cycle Time Teve 1.0 10 0.5 10 0.33 10 ns
90 (IN) Low Pulse Width Tioo 480 _— 240 —_ 160 — ns
#0 (IN) High Pulse Width Thoo 460 —_ 240 — 160 — ns
@0 (IN) Rise and Fall Time!. 2 Tros Tro — 10 — 10 — 10 ns
@1 (OUT) High Pulse Width Trwhe 460 — 235 — 155 - ns
#2 (OUT) High Pulse Width TewHez 460 — 240 —_ 160 —_ ns
Delay Between @1 (OUT) and @2 (OUT) To 0 — 0 — 0 - ns
@1 (OUT), @2 (OUT) Rise and Fall Tr, T —_ 25 - 25 — 15 ns
Timet. 2

R651X CLOCK TIMING
Clock Cycle Time Teve 1.0 10 0.5 10 0.33 10 us
@1 (IN) High Pulse Width TewHpt 430 — 215 — 150 — ns
#2 (IN) High Pulse Width Trwhg2 470 — 235 — 160 — ns
Delay Between @1 and @2 To 0 — 0 — 0 —_ ns
@1 (IN), @2 (IN) Rise and Fall Time'. 3 Tr Te — 25 — 20 - 15 ns

R65XX READ/WRITE TIMING
R/W Setup Time Taws — 225 — 140 — 110 ns
R/W Hold Time Tuaw 30 — 30 — 15 — ns
Address Setup Time Taps — 225 — 140 —-— 110 ns
Address Hold Time Tha 30 — 30 — 15 — ns
Read Access Time Tace — 650 — 310 — 170 ns
Read Data Setup Time Tosu 100 — 50 — 50 — ns
Read Data Hold Time Tur 10 — 10 — 10 — ns
Write Data Setup Time Tmos — 175 — 100 — 85 ns
Write Data Hold Time Thw 30 - 30 — 15 - ns

" SYNC Hold Time Tevn 30 — 30 — 15 — ns
RDY Setup Time Troy 100 — 50 — 35 - ns
SO Setup Time Tso 100 — 50 — 35 — ns
SYNC Setup Time Tsyn — 225 — 140 - 110 ns

Notes:

1. Loads: All output except clocks = 1 TTL + 130 pF. Clock outputs = 1 TTL + 30 pF.

2. Measured between 0.8 and 2.0 points on waveform load.

3. Measured between 10% and 90% points on waveforms.

4. *RDY must never switch states within Rgpy to end of §2.
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EXAMPLE OF TIME BASE GENERATION FOR R6502

1 3.0K
‘V VAT ‘VAVA'
R650X
—D& {>o——~~>o—- 40 (IN)
15K 7404 7404 7404 RES02
L. {D% $2 (OUT) [—> ¢2
XTAL \

(1 MHz ~ 3 MH2)*

*CRYSTAL: CTS KNIGHTS MP SERIES, OR EQUIVALENT
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R650X, R651X
ABSOLUTE MAXIMUM RATINGS*

R6500 Microprocessor (CPU)

Parameter Symbol Value Unit *NOTE: Stresses above those listed may cause permanent
Supply Voltage Vee ~0.31t0 +7.0 | Vdc damage to the devicg. This is a stress rating only and functional
Input Voltage v 0510 270 | vas operation of the device at these or any other conditions above
N - . those indicated in the other sections of this document is not
Operating Temperature Range | Ta °C implied. Exposure to absolute maximum rating conditions for
Commercial extended periods may affect device reliability.
Industrial —40to +85
Storage Temperature Tsta -55t0 +150 | °C

OPERATING CONDITIONS

Parameter Symbol Value
Supply Voltage Vee 5V £5%
Temperature Range Ta

Commercial 0°C to +70°C
Industrial —40°C to +85°C

DC CHARACTERISTICS

(Vec = 5.0V 5%, Vgg = 0; Ty = T to Ty, unless otherwise noted)

Parameter Symbol Min. Typ.5 Max. Unit? Test Conditions
Input High Voltage Viu v
Logic 2.0 — Vee
90 (IN) 2.4 - Vee
#1 (IN), 92 (IN) Veo - 0.3 - Vee + 0.25
Input Low Voltage Vi v
Logic -03 — 0.8
90 (IN), @1 (IN), 92 (IN) -03 — 0.4
Input Leakage Current In rA Vin = 0V to 5.25V
Logic (Excl. RDY, SO) — - 25 Vg = OV
81 (IN), 62 (IN) — — 100
#0 (IN) — — 10
Input Leakage Current for Three State Offf lrsi uA Vin = 0.4V to 2.4V
DO-D7 - - 10 Ve =5.25V
Output High Voltage _ Vou \ lLoap = —100 pA
SYNC, D0-D7, AO-A15, RIW, §1 (OUT), #2 (OUT) +2.4 — — Vee = 4.75V
Output Low Voltage _ VoL \ lloap = 1.6 ma
SYNC, D0-D7, A0-A15, R/W, @1 (OUT), $2 (OUT) — — +0.4 Vg = 4.75V
Power Dissipation Pp mwW
1 and 2 MHz — 450 700
3 MHz — 500 800
Capacitance C pF Vee = 5.0V
Logic Cin — — 10 Vin = OV
DO-D7 _ — — 15 f=1MHz
A0-A15, RIW, SYNC Cour - — 12 Ta = 25°C
90 (IN) Chouny - - 15
91 (IN) Cp1 - 30 50
92 (IN) Cp2 — 50 80
Notes:
1. All units are direct current (dc) except for capacitance.
2. Negative sign indicates outward current flow, positive indicates inward flow.
3. IRQ and NM! require 3K pull-up resistor.
4.91 (IN) and $2 (IN) apply to R6512, 13, 14, and 15; 00 (IN) applies to R6502, 03, 04, 05, 06 and 07.
5. Typical values shown for Ve = 5.0V and Tp = 25°C.
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Peripheral Interface Adapter (PIA)

R6520

DESCRIPTION

The R6520 Peripheral Interface Adapter (PIA) is designed to
solve a broad range of peripheral control problems in the
implementation of microcomputer systems. This device allows
a very effective trade-off between software and hardware by
providing significant capability and flexibility in a low cost chip.
When coupled with the power and speed of the R6500, R6500/*
or R65C00 family of microprocessors, the R6520 allows

implementation of very complex systems at a minimum overall
cost.

Control of peripheral devices is handled primarily through two
8-bit bidirectional ports. Each of these lines can be programmed
to act as either an input or an output. In addition, four peripheral
control/interrupt input lines are provided. These lines can be
used to interrupt the processor or to “handshake’’ data between
the processor and a peripheral device.

FEATURES

* Two 8-bit directional I/O ports with individual data direction
control

e Automatic ‘‘Handshake” control of data transfers

e Two interrupts (one for each port) with program control
e Commercial and industrial temperature range versions
* 40-pin plastic and ceramic versions

e 5 volt +5% supply requirements

e Compatible with the R6500, R6500/* and R65C00 family of
microprocessors

e 1 and 2 MHz versions

Vss d 1 ~ 40 [gcA,
PA, O 2 39 ca,
PA, O3 38 D TRGA
PA, 4 37 3 TRGB
PA; 05 36 RS,
ORDERING INFORMATION PAa Qo ]
PA; 7 34 Y RES
PAG 8 33D,
PA, (o 32 :.'ID1
Part Number PB, Q10 31ADb,
R6520 T T Temperat q Ty PB, O 11 30Dy
Blank = G to s 7(<I°Loo w PB2 412 29110,
E = —40°C to +85°C PB; [0 13 283D,
PB, [ 14 270 Dg
Package: . PBg ] 15 263D,
C = 40-Pin Ceramic DIP
P = 40-Pin Plastic DIP Pe; ] 16 251 92
P8, O 17 2af3cs,
Frequency Range: ce, 18 23 :Es;
No Ietui: - ; m:;‘ cs, 19 22 ¢cs,
Vec O 20 21 p R/W
Figure 1. R6520 Pin Configuration

Document No. 29651N30
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FUNCTIONAL DESCRIPTION

The R6520 PIA is organized into two independent sections
referred to as the A Side and the B Side. Each section consists
of a Control Register (CRA, CRB), Data Direction Register
(DDRA, DDRB), Output Register (ORA, OBR), Interrupt Status
Control (ISCA, ISCB), and the buffers necessary to drive the

Peripheral Interface buses. Data Bus Buffers (DBB) interface
data from the two sections to the data bus, while the Data Input
Register (DIR) interfaces data from the DBB to the PIA registers.
Chip Select and R/W control circuitry interface to the processor
bus control lines. Figure 2 is a block diagram of the R6520 PIA.

IRA INTERRUPT STATUS @ CA1
CONTROL A (1SCA)  |g—» CA2
CONTROL
> ?cE:;)STER A DATA DIRECTION
> REGISTER A
D
o __l [_— (DDRA)
D1 ——P» >
D2 <¢— | '
D3 @ DATABUS | ——————0UTPUT BUS
BUFFER PAO
D4 ¢——
<> (©B8) PERIPHERAL l— PA1
oS ouTPUT ~ PERIPHERAL — PA2
D6 4— F> REGISTER A > INTERFACE le— Pa3
Pa— ORA | BUFFER A lc—> PAs
> Sl (PIBA) [ — PAS
<—> PA6
f@—— PA7
DATA INPUT PBO
REGISTER —
(OIR) PERIPHERAL ¢— PB1
OUTPUT ) PERIPHERAL l@— PB2
r_:> REGISTER B — INTERFACE l¢— PB3
(ORB) l BUFFER B g——P PB4
(PIBB) g——> PBS
cso l@— PBS
CS1 ——»t @— PB7
cs2 ™ cur ﬂ
RSO0 —————»f SELECT NPUT BUS
—>] &RW L
RSt CONTROL | l DATA DIRECTION
AW ’ CONTROL REGISTER B
92— L—>| recisTERB (DDRB)
TEs ——————
RES ——> (CRB)

SRS INTERRUPT STATUS [@—— CB!

IRQB @

CONTROL B (ISCB)

l¢— CB2

Figure 2. R6520 PIA Block Diagram
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DATA INPUT REGISTER (DIR)

When the microprocessor writes data into the PIA, the data
which appears on the data bus during the 92 clock pulse is
latched into the Data Input Register (DIR). The data is then
transferred into one of six internal registers of the PIA after the
trailing edge of the 92 clock. This assures that the data on the
peripheral output lines will make smooth transitions from high
to low (or from low to high) and the voltage will remain stable
except when it is going to the opposite polarity.

CONTROL REGISTERS (CRA and CRB)

Table 1 illustrates the bit designation and functions in the two
control registers. The control registers allow the microprocessor
to control the operation of the Interrupt Control inputs (CA1,
CA2, CB1, CB2), and Peripheral Control outputs (CA2, CB2).
Bit 2 in each register controls the addressing of the Data Direc-
tion Registers (DDRA, DDRB) and the Output Registers (ORA,
ORB). In addition, two bits (bit 6 and 7) in each control register
indicate the status of the Interrupt Input lines (CA1, CA2, CB1,
CB2). These Interrupt Status bits (IRQA1, IRQA2 or IRQB1,
IRQB2) are normally interrogated by the microprocessor during
the IRQ interrupt service routine to determine the source of the
interrupt.

Bit 2 (DDRA, DDRB) in each Control Register (CRA and CRB)
controls access to the Data Direction Register or the Peripheral
Interface. If bit 2 is a *‘1,”” a Peripheral Output Register (ORA,
ORB) is selected, and if bit 2is a ““0,” a Data Direction Register
(DDRA, DDRB) is selected. The Data Direction Register Access
Control bit, together with the Register Select lines (RS0, RS1)
selects the various internal registers as shown in Table 2.

In order to write data into DDRA, ORA, DDRB, or ORB registers,
bit 2 in the proper Control Register must first be set. The desired
register may then be accessed with the address determined by
the address interconnect technique used.

DATA DIRECTION REGISTERS (DDRA, DDRB)

The Data Direction Registers (DDRA, DDRB) allow the pro-
cessor to program each line in the 8-bit Peripheral 1/O port to
be either an input or an output. Each bit in DDRA controls the
corresponding line in the Peripheral A port and each bit in DDRB
controls the corresponding line in the Peripheral B port. Writing
a “0” in a bit position in the Data Direction Register causes the
corresponding Peripheral /O line to act as an input; a “1”
causes it to act as an output.

PERIPHERAL OUTPUT REGISTERS (ORA, ORB)

The Peripheral Output Registers (ORA, ORB) store the output
data from the Data Bus Buffers (DBB) which appears on the
Peripheral /O port. If a line on the Peripheral A Port is pro-
grammed as an output by the DDRA, writing a 0 into the cor-
responding bit in the ORA causes that line to go low (<0.4 V);
writing a 1 causes the line to go high. The lines of the Peripheral
B port are controlled by ORB in the same manner.

INTERRUPT STATUS CONTROL (ISCA, I1SCB)

The four interrupt/peripheral control lines (CA1, CA2, CB1, CB2)
are controlled by the Interrupt Status Control logic (A, B). This
logic interprets the contents of the corresponding Control Reg-
ister and detects active transitions on the interrupt inputs.

PERIPHERAL 1/0 PORTS (PA0-PA7, PB0-PB7)

The Peripheral A and Peripheral B I/O ports allow the micro-
processor to interface to the input lines on a peripheral device
by writing data into the Peripheral Output Register. They also
allow the processor to interface with the peripheral device output
lines by reading the data on the Peripheral Port input lines
directly onto the data bus and into the internal registers of the
processor.

Each of the Peripheral I/O lines can be programmed to act as
an input or an output. This is accomplished by setting a 1 in the
corresponding bit in the Data Direction Register for those lines
which are to act as outputs. A 0 in a bit of the Data Direction
Register causes the corresponding Peripheral I/O lines to act
as an input.

The buffers which drive the Peripheral A /O lines contain “pas-
sive” pull-up devices. These pull-up devices are resistive in
nature and therefore allow the output voltage to go to VCC for
alogic 1. The switches can sink 1.6 mA, making thesse buffers
capable of driving one standard TTL load.

In the input mode, the pull-up devices are still connected to the
1/0 pin and still supply current to this pin. For this reason, these
lines also represent one standard TTL load in the input mode.

The Peripheral B 1/O port duplicates many of the functions of
the Peripheral A port. The process of programming these lines
to act as an input or an output is similar to the Peripheral A port,
as is the effect of reading or writing this port. However, there
are several characteristics of the buffers driving these lines
which affect their use in peripheral interfacing.

Table 1. Control Registers Bit Designations

7 6 5 4 3 2 1 0
CRA IRQA1 IRQA2 CA2 Control DDRA/ORA CA1 Control
Select
7 6 5 4 3 2 1 0
CRB IRQB1 IRQB2 B2 Control DDRE/ORS CB1 Control
Select
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The Peripheral B I/O port buffers are push-pull devices i.e., the
pull-up devices are switched OFF in the 0 state and ON for a
logic 1. Since these pull-ups are active devices, the logic 1
voltage will not go higher than +2.4V.

Another difference between the PAO-PA7 lines and the PBO
through PB?7 lines is that they have three-state capability which
allows them to enter a high impedance state when programmed
to be used as input lines. In addition, data on these lines will
be read properly, when programmed as output lines, even if the
data signals fall below 2.0 volts for a “‘high’’ state or are above
0.8 volts for a “low’ state. When programmed as output, each
line can drive at least one TTL load and may also be used as
a source of up to 1 milliampere at 1.5 volts to directly drive the
base of a transistor switch, such as a Darlington pair.

DATA BUS BUFFER (DBB)

The Data Bus Buffer is an 8-bit bidirectional buffer used for data
exchange, on the D0-D7 Data Bus, between the microproces-
sor and the PIA. This buffer is tri-stateable and is capable of
driving a two TTL load (when operating in an output mode) and
represents a one TTL load to the microprocessor (when
operating in an input mode).

INTERFACE SIGNALS

The PIA interfaces to the R6500, R6500/* or the R65C00 micro-
processor family with a reset line, a @ clock line, a read/write
line, two interrupt request lines, two register select lines, three
chip select lines, and an 8-bit bidirectional data bus.

The PIA interfaces to the peripheral device with four interrupt/
control lines and two 8-bit bidirectional data ports.

Figure 1 (on the front page) shows the pin assignments for these
interface signals and Figure 3 shows the interface relationship
of these signals to the CPU and the peripheral devices.

CHIP SELECT (CS0, CS1, CS2)

The PIA is selected when CS0 and CS1 are high and CS2 is
low. These three chip select lines are normally connected to the
processor address lines either directly or through external
decoder circuits. When the PIA is selected, data will be trans-
ferred between the data lines and PIA registers, and/or peripheral
interface lines as determined by the R/W, RS0, and RS1 lines
and the contents of Control Registers A and B.

RESET SIGNAL (RES)

The Reset (RES) input initializes the R6520 PIA. A low signal
on the RES input causes all internal registers to be cleared.

CLOCK SIGNAL (02)

The Phase 2 Clock Signal (§2) is the system clock that triggers
all data transfers between the CPU and the PIA. $2 is gener-
ated by the CPU and is therefore the synchronizing signal
between the CPU and the PIA.

READ/WRITE SIGNAL (R/W)

Read/Write (R/W) controls the direction of data transfers
between the PIA and the data lines associated with the CPU
and the peripheral devices. A high on the R/W line permits the
peripheral device to transfer data to the CPU from the PIA. A
low on the R/W line allows data to be transferred from the CPU
to the peripheral devices from the PIA.

REGISTER SELECT (RS0, RS1)

The two Register Select lines (RS0, RS1), in conjunction with
the Control Registers (CRA, CRB) Data Direction Register
access bits (bit 2), select the various R6520 registers to be
accessed by the CPU. RSO and RS1 are normally connected
to the microprocessor (CPU) address output lines. Through con-
trol of these lines, the CPU can write directly into the Control

L ——
92 ————
R6500, g’s"; >
R6500/" Re1 'l
OR €S0 ——————
R65C00 P
MICROPROCESSOR =1 .'
FAMILY 0—52
RES ————
m .
IRQB ——————|
vs§ ———

vcC ——————]

R6520
PIA

e —LU
PERIPHERAL
DEVI
j¢—————— CA1 EACE
|+——» CA2
l———
< . gg; PERIPHERAL
DEVICE
B
PB0-PB7

Figure 3.
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Registers (CRA, CRB), the Data Direction Registers (DDRA,
DDRB), and the Peripheral Output Registers (ORA, ORB). In
addition, the processor may directly read the contents of the
Control Registers and the Data Direction Registers. Table 2
shows the internal register address decoding.

Table 2. Internal Register Addressing
Register | Data Direction|
Register Select Lines Control Register Operation
Address CRA | CRB _ _
(Hex) | RS1 | RSO | (Bit2) |(Bit2)] R/W=H R/W=L
0 L L 1 — |Read PIBA |Write ORA
0 L L 0 — |Read DDRA|Write DDRA
1 L H — — |Read CRA [Write CRA
2 H L — 1 |Read PIBB |Write ORB
2 H L — 0 |Read DDRB|Write DDRB
3 H H — — |Read CRB |Write CRB

INTERRUPT REQUEST LINES (IRQA, IRGB)

The active low Interrupt Request lines (IRQA and TRQB) act to
interrupt the microprocessor either directly or through external
interrupt priority circuitry. These lines are open drain and are
capable of sinking 1.6 milliamps from an external source. This
permits all interrupt request lines to be tied together in a wired-
OR configuration. The A and B in the titles of these lines cor-
respond to the peripheral port A and the peripheral port B so
that each interrupt request line services one peripheral data
port.

Each Interrupt Request line has two interrupt flag bits which can
cause the Interrupt Request line to go low. These flags are bits
6 and 7 in the two Control Registers (CRA, CRB). These flags
act as the link between the peripheral interrupt signals and the
microprocessor interrupt inputs. Each flag has a corresponding
interrupt disable bit which allows the processor to enable or dis-
able the interrupt from each of the four interrupt inputs (CA1,
CA2, CB1, CB2). The four interrupt flags are set (enabled) by
active transitions of the signal on the interrupt input (CA1, CA2,
CB1, CB2).

CRA bit 7 (IRQAT1) is always set by an active transition of the
CA1 interrupt input signal. However, IRQA can be disabled by
setting bit 0 in CRA to a 0. Likewise, CRA bit 6 (IRQA2) can be
set by an active transition of the CA2 interrupt input signal and
IRQA can be disabled by setting bit 3 in CRA to a 0.

Both bit 6 and bit 7 in CRA are reset by a “Read Peripheral
Output Register A" operation. This is defined as an operation
in which the read/write, proper data direction register and reg-
ister select signals are provided to allow the processor to read
the Peripheral A I/O port. A summary of IRQA control is shown
in Table 3.

Control of IRQB is performed in exactly the same manner as
that described above for IRQA. Bit 7 in CRB (IRQB1) is set by
an active transition on CB1 and IRQB from this flag is controlled
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transition on CB2, and IRQB from this flag is controlled by CRB
bit 3.

Also, both bit 6 and bit 7 of CRB are reset by a “Read Peripheral
B Output Register” operation. A summary of IRQB control is
shown in Table 3.

Table 3. TRQA and IRGB Control Summary

Control Register Bits
CRA-7=1 and CRA-0=1
CRA-6=1 and CRA-3=1
CRB-7=1 and CRB-0=1
CRB-6=1 and CRB-3=1

Action

IRQA goes low (Active)
IRQA goes low (Active)
IRQB goes low (Active)

IRQB goes low (Active)

Note:

The flags act as the link between the peripheral interrupt signals
and the processor interrupt inputs. The interrupt disable bits allow
the processor to control the interrupt function.

INTERRUPT INPUT/PERIPHERAL CONTROL LINES
(CA1, CA2, CB1, CB2)

The four interrupt input/peripheral control lines provide a number
of special peripheral control functions. These lines greatly
enhance the power of the two general purpose interface ports
(PA0-PA7, PB0-PB7). Figure 4 summarizes the operation of
these control lines.

CA1 is an interrupt input only. An active transition of the signal
on this input will set bit 7 of the Control Register A to a logic 1.
The active transition can be programmed by setting a “0” in bit
1 of the CRA if the interrupt flag (bit 7 of CRA) is to be set on
a negative transition of the CA1 signal or a “1” if it is to be set
on a positive transition.

Note:

A negative transition is defined as a transition from a high
to a low, and a positive transition is defined as a transition
from a low to a high voltage.

CA2 can act as a totally independent interrupt or as a peripheral
control output. As an input (CRA, bit 5 = 0) it acts to set the
interrupt flag, bit 6 of CRA, to a logic 1 on the active transition
selected by bit 4 of CRA.

These control register bits and interrupt inputs serve the same
basic function as that described above for CA1. The input signal
sets the interrupt flag which serves as the link between the
peripheral device and the processor interrupt structure. The
interrupt disable bit allows the processor to exercise control over
the system interrupt.

In the output mode (CRA, bit 5 = 1), CA2 can operate inde-
pendently to generate a simple pulse each time the micropro-
cessor reads the data on the Peripheral A /O port. This mode
is selected by setting CRA, bit 4 to a 0 and CRA, bit 3to a 1.
This pulse output can be used to control the counters, shift reg-
isters, etc., which make sequential data available on the Periph-
eral input lines.
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CA2 INPUT MODE (BIT 5 = 0)

CONTROL REGISTER A (CRA)

7 6 5 4 3 2 1 0
IRQA1 IRQA2 CA2 INPUT IRQA2 IRQA DDRA/ORA IRQA1 IRQA
FLAG FLAG MODE SELECT POSITIVE ENABLE SELECT POSITIVE ENABLE

(=0) TRANSITION FOR IRQA2 TRANSITION FOR IRQA1
IRQA/IRQA2 IRQA/IRQA1
CONTROL CONTROL
CA2 OUTPUT MODE (BIT5 = 1)

7 6 5 4 3 2 1 0
IRQA1 0 CA2 OUTPUT CA2 cA2 DDRA/ORA IRQA1 RQA
FLAG MODE SELECT OUTPUT RESTORE SELECT POSITIVE ENABLE

(=1) CONTROL CONTROL TRANSITION FOR IRQA1
CA2 IRQA/IRQA1
CONTROL CONTROL
CA2 INPUT OR OUTPUT MODE (BIT 5 =0 or 1)
Bit7 {RQA1 FLAG
1 A transition has occurred on CA1 that satisfies the bit 1 IRQA1 transition polarity criteria. This bit is cleared by a read of Output Register
A or by RES.
0 No transition has occurred on CA1 that satisfies the bit 1 IRQA1 transition polarity criteria.
Bit 2 OUTPUT REGISTER A SELECT
1 Select Output Register A.
0 Select Data Direction Register A.
Bit 1 IRQA1 POSITIVE TRANSITION
1 Set IRQA1 Flag (bit 7) on a positive (low-to-high) transition of CA1.
0 Set IRQA1 Flag (bit 7) on a negative (high-to-low) transition of CA1.
Bit 0 IRQA ENABLE FOR IRQA1
1 Enable assertion of IRQA when IRQA1 Flag (bit 7) is set.
0 Disable assertion of IRQA when IRQA1 Flag (bit 7) is set.

CA2 INPUT MODE (BIT 5 = 0)

CA2 OUTPUT MODE (BIT 5 = 1)

Bit 6

Bit6 IRQA2FLAG
1 A transition has occurred on CA2 that satisfies the bit 4
IRQA2 transition polarity criteria. This flag is cleared by
a read of Output Register A or by RES.
0 No transition has occurred on CA2 that satisfies the bit
4 IRQA2 transition polarity criteria.
Bit5 CA2MODE SELECT
0 Select CA2 Input Mode.
Bit4 IRQA2 POSITIVE TRANSITION
1 Set IRQA2 Flag (bit 6) on a positive (low-to-high)
transition of CA2.
0 Set IRQA2 Fiag (bit 6) on a negative (high-to-low)
transition of CA2.
Bit3 IRQA ENABLE FOR IRQA2
1 Enable assertion of IRQA when IRQA2 Flag (bit 6) is
set.
0 Disable assertion of IRQA when IRQA2 Flag (bit 6) is

set.

0

Bit5
1

Bit 4

Bit 3

NOT USED
Always zero.

CA2 MODE SELECT
Select CA2 Output Mode.

CA2 OUTPUT CONTROL

CA2 goes low when a zero is written into CRA bit 3.
CA2 goes high when a one is written into CRA bit 3.
CA2 goes low on the first negative (high-to-low) $2
clock transition following a read of Output Register A.
CA2 returns high as specified by bit 3.

CA2 READ STROBE RESTORE CONTROL (4 = 0)
CA2 returns high on the next 92 clock negative
transition following a read of Output Register A.

CA2 returns high on the next active CA1 transition
following a read of Output Register A as specified by
bit 1.

Figure 4. Control Line Operations Summary (1 of 2)
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CONTROL REGISTER B (CRB)

CB2 INPUT MODE (BIT 5 = 0)

7 6 5 4 3 2 1 0
IRQB1 IRQB2 CB2 INPUT IRQB2 IRQB DDRB/ORB IRQB1 iRQB
FLAG FLAG MODE SELECT POSITIVE ENABLE SELECT POSITIVE ENABLE

(=0) TRANSITION FOR IRQB2 TRANSITION FOR IRQB1
IRQB/IRQB2 IRQB/IRQB1
CONTROL CONTROL

CB2 OUTPUT MODE (BIT 5 = 1)

7 6 5 4 3 2 1 0
IRQB1 0 CB2 OUTPUT CcB2 CB2 DDRB/ORB IRQB1 IRQB
FLAG MODE SELECT OUTPUT RESTORE SELECT POSITIVE ENABLE

(=1) CONTROL CONTROL TRANSITION FOR IRQB1
CB2 {RQB/IRQB1
CONTROL CONTROL

CB2 INPUT OR OUTPUT MODE (BIT5 =0or 1)

Bit7
1

0

IRQB1 FLAG

A transition has occurred on CB1 that satisfies the bit 1 IRQB1 transition polarity criteria. This bit is cleared by a read of Output Register

B or by RES.

No transition has occurred on CB1 that satisfies the bit 1 IRQB1 transition polarity criteria.

OUTPUT REGISTER B SELECT
Select Output Register B.
Select Data Direction Register B.

IRQB1 POSITIVE TRANSITION

Set IRQB1 Flag (bit 7) on a positive (low-to-high) transition of CB1.
Set IRQB1 Flag (bit 7) on a negative (high-to-low) transition of CB1.

IRQB ENABLE FOR IRQB1

Enable assertion of IRQB when IRQB1 Flag (bit 7) is set.
Disable assertion of IRQB when IRQB1 Flag (bit 7) is set.

CB2 INPUT MODE (BIT 5 = 0)

CB2 OUTPUT MODE (BIT 5 =1)

Bit6
1

Bit 5

Bit 4

IRQB2 FLAG

A transition has occurred on CB2 that satisfies the bit 4
IRQB2 transition polarity criteria. This flag is cleared by
a read of Output Register B or by RES.

No transition has occurred on CB2 that satisfies the bit
4 |RQB2 transition polarity criteria.

CB2 MODE SELECT
Select CB2 Input Mode.

IRQB2 POSITIVE TRANSITION

Set IRQB2 Flag (bit 6) on a positive (low-to-high)
transition of CB2.

Set IRQB2 Flag (bit 6) on a negative (high-to-low)
transition of CB2.

IRQB ENABLE FOR IRQB2

Enable assertion of IRQB when IRQB2 Flag (bit 6) is
set.

Disable assertion of IRQB when IRQB2 Flag (bit 6) is
set.

Bit 6
0

Bit 5
1

Bit 4
1

0

Bit 3

NOT USED
Always zero.

CB2 MODE SELECT
Select CB2 Output Mode.

CB2 OUTPUT CONTROL

CB2 goes low when a zero is written into CRB bit 3.
CB2 goes high when a one is written into CRB bit 3.
CB2 goes low on the first negative (high-to-low) $2
clock transition following a write to Output Register B.
CB2 returns high as specified by bit 3.

CB2 WRITE STROBE RESTORE CONTROL

(BIT 4 =0)

CB2 returns high on the next @2 clock negative
transition following a write to Output Register B.

CB2 returns high on the next active CB1 transition
following a write to Output Register B as specified by
bit 1.

Figure 4. Control Line Operations Summary (2 of 2)
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A second output mode allows CA2 to be used in conjunction
with CA1 to “handshake’” between the processor and the
peripheral device. On the A side, this technique allows positive
control of data transfers from the peripheral device into the
microprocessor. The CA1 input signals the processor that data
is available by interrupting the processor. The processor reads
the data and sets CA2 low. This signals the peripheral device
that it can make new data available.

The final output mode can be selected by setting bit 4 of CRA
to a 1. In this mode, CA2 is a simple peripheral control output
which can be set high or low by setting bit 3 or CRAto a 1 or
a 0 respectively.

CB1 operates as an interrupt input only in the same manner as
CA1. Bit 7 of CRB is set by the active transition selected by bit
0 of CRB. Likewise, the CB2 input mode operates exactly the
same as the CA2 input modes. The CB2 output modes, CRB
bit5 = 1, differ somewhat from those of CA2. The pulse output
occurs when the processor writes data into the Peripheral B Out-
put Register. Also, the “handshaking” operates on data transfers
from the processor into the peripheral device.

READING THE PERIPHERAL A I/0O PORT

transfers the data on the Peripheral A I/O lines to the data bus.
In this situation, the data bus will contain both the input and out-
put data. The processor must be programmed to recognize and
interpret only those bits which are important to the particular
peripheral operation being performed.

Since the processor always reads the Peripheral A I/O port pins
instead of the actual Peripheral Output Register (ORA), it is
possible for the data read by the processor to differ from the
contents of the Peripheral Output Register for an output line.
This is true when the 1/0 pin is not allowed to go to a full
+2.4V DC when the Peripheral Output register contains a
logic 1. In this case, the processor will read a 0 from the
Peripheral A pin, even though the corresponding bit in the
Peripheral Output register is a 1.

READING THE PERIPHERAL B I/0 PORT

Reading the Peripheral B 1/O port yields a combination of input
and output data in a manner similar to the Peripheral A port.
However, data is read directly from the Peripheral B Output
Register (ORB) for those lines programmed to act as outputs.
It is therefore possible to load down the Peripheral B Output lines

Performing a Read operation with RS1 = 0, RS0 = 0 and the without causing incorrect data to be transferred back to the
Data Direction Register Access Control bit (CRA-2) = 1, directly processor on a Read operation.
teve
e F'gx" te
2 A
tacr —> e b tean
RSO, RS1, SRRTRTRRRRIN o S ot
€S0, CS1, €52 R80T R RRRRARRRREIIRRK,
[<— tecr —>

PAD-PA7 STIZZZIN

LKL

PBO-PB7  XRXRRRKY

teop —| > | tyn
VAVaVe e e 00 V. V.V Vv v v,
D07 SRSSIIEIEN | ]
DATA OUT R
—> ‘CAZ [ —>{ trst l"_
CA2 \
(PULSE OUT)
— toc 4—L ty ty—>  |e—
CA1
—  ftgs2

CA2
(HAND SHAKE)

Figure 5. Read Timing Waveforms
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RSO, RS1,
cso, Cs1, €S2

D0-D7
DATA IN

PA0O-PA7
PB0-PB7

cB2
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CB1

cB2
(HAND SHAKE)
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Figure 6. Write Timing Waveforms



R6520 Peripheral Interface Adapter (PIA)
BUS TIMING CHARACTERISTICS

1 MHz 2 MHz
Parameter Symbol Min. Max. Min. Max. Unit
92 Cycle teve 1.0 - 0.5 - us
02 Pulse Width tc 0.47 5 0.24 5 us
92 Rise and Fall Time tre the — 25 — 15 ns
READ TIMING
Address Set-Up Time tach 180 — 90 — ns
Address Hold Time tcar 0 - 0 — ns
Peripheral Data Set-Up Time tpcR 300 — 150 — ns
Data Bus Delay Time tcor — 395 — 190 ns
Data Bus Hold Time thR 10 — 10 — ns
WRITE TIMING
Address Set-Up Time tacw 180 — 90 — ns
Address Hold Time tcaw 0 — 0 — ns
R/W Set-Up Time twow 130 — 65 — ns
R/W Hold Time teww 50 - 25 - ns
Data Bus Set-Up Time tocw 300 — 150 — ns
Data Bus Hold Time thw 10 — 10 — ns
PERIPHERAL INTERFACE TIMING
Peripheral Data Set-Up trcr 300 — 150 —_ ns
Peripheral Data Delay Time tcow — 1.0 - 0.5 us
Peripheral Data Delay Time to temos — 2.0 — 1.0 us
CMOS Level
02 Low to CA2 Low Delay tcaz — 1.0 — 0.5 us
02 Low to CA2 High Delay thst — 1.0 — 0.5 us
CAT1 Active to CA2 High Delay trs2 — 2.0 — 1.0 us
$2 High to CB2 Low Delay teaz — 1.0 — 0.5 us
Peripheral Data Valid to CB2 Low Delay toc [ 1.5 0 0.75 us
$2 High to CB2 High Delay tast — 1.0 — 0.5 us
CB1 Active to CB2 High Delay trs2 — 2.0 — 1.0 us
CA1, CA2, CB1 and CB2 t, 4 — 1.0 — 1.0 us
Input Rise and Fall Time
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ABSOLUTE MAXIMUM RATINGS*

Input Voltage Vin -0.31t0 +Vgc | Vde

Commercial Oto +70
Industrial -40to +85
Storage Temperature Tsta -55t0 +150 | °C

OPERATING CONDITIONS

Parameter Symbol Value
Supply Voltage Vee 5V 1£5%
Temperature Range Ta

Commercial 0°C to 70°C
Industrial —40°C to +85°C

DC CHARACTERISTICS

(Vcc = 5.0V £5%, Vgg = 0, To = T to Ty, unless otherwise noted)

Parameter Symbol Value Unit *NOTE: Stresses above those listed may cause permanent
Supply Voltage Voo 0310 +7.0 | vdc damaqe to the devic.e. This is a stress rating only aqq functional
operation of the device at these or any other conditions above
those indicated in the other sections of this document is not
Operating Temperature Range | T T, Th °C implied. Exposure to absolute maximum rating conditions for
extended periods may affect device reliability.

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

Parameter Symbol Min. Typ.3 Max. Unit? Test Conditions
Input High Voltage Vi +2.0 — Vee "
Input Low Voltage ViL -03 - +0.8 \
Input Leakage Current . In — +1 +25 A Viy = 0V to 5.0V
R/W, RES, RS0, RS1, CS0, CS1, CS2, Vee = OV
CA1, CBt, 92
Input Leakage Current for Three-State Off Itsi —_ t2 +10 rA Viy = 0.4V to 2.4V
D0-D7, PBO-PB7, CB2 Vee = 5.25V
Input High Current (™ -100 —-250 — A Vg = 2.4V
PAO-PA7, CA2
Input Low Current e —_ -1 -1.6 mA Vi = 0.4V
PAO-PA7, CA2
Output High Voltage Vou Veo = 4.75V
All outputs 2.4 — — \ lioap = —100sA
PB0-PB7, CB2 (Darlington Drive) 1.5 — — \ lioap = —1.0mA
Output Low Voltage VoL - - +0.4 \ Vec = 475V
loap = 1.6 MA
- Output High Current (Sourcing)
Logic lon -100 -1000 - uA Vou = 2.4V
PB0-PB7, CB2 (Darlington Drive) -1.0 -25 -10 mA Vou = 1.5V
Output Low Current (Sinking) lou 1.6 — — mA VoL = 0.4V
Output Leakage Current (Off State) lorr — 1 +10 A Vou = 2.4V
IRQA, IRQB Ve = 5.25V
Power Dissipation Pp 200 500 mw
Input Capacitance Cin pF Vee = 5.0V
D0-D7, PAO-PA7, PBO-PB7, CA2, CB2 - - 10 Viy = 0V
R/W, RES, RS0, RS1, CS0, CS1, CS2 - - 7.0 f=1MHz
CA1, CB1, 92 - - 20 Ta = 25°C
Output Capacitance Cout - - 10 pF
Notes:
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PACKAGE DIMENSIONS

40-PIN CERAMIC DIP

40 21 I
MILLIMETERS| INCHES
B DIM[ MIN [ MAX | MIN | MAX

L
A ] 5029 [5131[1980] 2020
B | 146861562 [0585] 0615
! 20 l C | 254 419]0100] 0165
| | D | 038] 053]0015] 0021
| A F | 076] 140]0030] 0055
I G | 25aBSC | 01008SC
——‘«—F H | 076] 178]0030] 0070
J | 020 033]o008] 0013
K | 254 419[0100] 0165
— L | 1460|1537 ]0575] 0605
/ M| 0o [10 o 10
H L*_IL SEATING PLANE 4-‘ '7 N | 051] 152]0020] 0060

D

G

40-PIN PLASTIC DIP

1524 BSC | 0600 BSC
7 [ 10 7 10
051] 102[0020] 0040

i

40 21

MILLIMETERS| INCHES
D B mm’ MIN_| MAX | MIN_ | MAX
A | 51285232 [2040 | 2060
B | 13721422 [0540 | 0560
1 20 c 355] 5080140 ) 0200
D | 036[ 051 (0014 ] 0020
A F | 102] 152[0040] 0060
c G | 254BSC | 01008SC
H | 165] 216]0065] 0085
J | o20] 030]oo008] 0012
K | 3.30| 4.32]0.130] 0.170

N

[

N

- —k- «l ~F ~|-p




R6522

N Re522

Versatile Interface Adapter (VIA)

 Rockwell

DESCRIPTION FEATURES

The R6522 Versatile Interface Adapter (VIA) is a very flexible * Two 8-bit bidirectional I/O ports

1/0 control device. In addition, this device contains a pair of very . le timer/
powerful 16-bit interval timers, a serial-to-parallel/parallel-to serial * Two 16-bit programmable timer/counters

shift register and input data latching on the peripheral ports.

" - A e Serial bidirectional peripheral I/O
Expanded handshaking capability allows control of bidirectional

data transfers between VIA’s in multiple processor systems. e TTL compatible peripheral control lines
The R6522 includes functions for programmed control of up to * Expanded “handshake” capability allows positive control of
two peripheral devices (Ports A and B). These two program con- data transfers between processor and peripheral devices.

trolled 8-bit bidirectional peripheral I/O ports allow direct inter-

facing between the microprocessor and selected peripheral * Latched output and input registers on both I/O ports

units. Each port has input data latching capability. Two program- e 1 and 2 MHz operation

mable Data Direction Registers (A and B) allow selection of data

direction (input or output) on an individual line basis. e Commercial and industrial temperature range versions
The R6522 also has two programmable 16-bit Interval ¢ Single +5 Vdc power requirement

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 coun-
ter. 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 vea ] 1 20 |5 cat
" h ! ! ss
Auxiliary Control Register and the Peripheral Control Register. PRo o 2 30 = ca2
[ 38 3
ORDERING INFORMATION V= PR S pivet
PA3 T 5 36 [ RS2
Part Number: PA4 ] 6 35 (1 RS3
R6522 PAS 7 34 [ RES
T PA6 8 33 3 Do
PA7T ] 9 32 1D1
PBO ] 10 31 D2
’ PB1 ] 11 30 2 D3
Temperature Range PB2 ] 12 291 D4
Blank = 0°C to +70°C PB3 ] 13 28 [ D5
E = -40°C to +85°C PB4 T 14 27 D6
PB5 [ 15 26 (1 D7
PB6 ] 16 25 [ 02
Pac'éag_e Ceramic PB7 O 17 2a [0 cs1
P = Plastic CB1 ] 18 23 (1 CS2
CB2 ] 19 22 A R/W
Vee £ 20 21 3iRQ
Frequency
No Letter = 1 MHz R6522 Pin Configuration
A =2 MHz
Figure 1. R6522 Pin Assignments
Document No. 29000D47 Data Sheet Order No. D47

Rev. 9, June 1987
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INTERFACE SIGNALS

Figure 1 (on the front page) shows the R6522 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 (92) Input Clock controls all data transfers
between the R6522 and the microprocessor.

READ/WRITE (R/W)

The direction of the data transfers between the R6522 and the
system processor is controlled by the R/W line in conjunction
with the CS1 and CS2 inputs. When R/W is low (write opera-
tion) 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 trans-
ferred from the selected R6522 register to the processor bus.

DATA BUS (D0-D7)

The eight bidirectional Data Bus lines transfer data between the
R6522 and the microprocessor. During a read operation, the con-
tents of the selected R6522 internal register are transferred to
the microprocessor via the Data Bus lines. During a write oper-
ation, the Data Bus lines serve as high impedance inputs over
which data is transferred from the microprocessor to a selected
R6522 register. The Data Bus lines are in the high impedance
state when the R6522 is unselected.

CHIP SELECTS (CS1, 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 R6522 register, CS1
must be high (logic 1) and CS2 must be low (logic 0).

REGISTER SELECTS (RS0-RS3)

The Register Select inputs allow the microprocessor to select
one of 16 internal registers within the R6522. Refer to Table 1
for Register Select coding and a functional description.

REGISTER SELECTS (RS0-RS3)

The Register Select inputs allow the microprocessor to select
one of 16 internal registers within the R6522. Refer to Table 1
for Register Select coding and a functional description.

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
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Do-D7 PA0-PA7

02 —————pf [¢—— CA1
RIW —————— P [——» cA2
cs,Csa— 2 RSl o ca
RS0-RS3 ——~> > cB2
RES —————— P
TRQ ¢ PB0-PB7

Figure 2. R6522 VIA Interface Signals

open-drain configuration, thus allowing the IRQ signal to be
wire-ORed to a common microprocessor IRQ input line.

PORT A DATA LINES (PA0-PA7)

Peripheral Data Port A is an 8-line, bidirectional bus for the trans-
fer of data, control and status information between the R6522
and a peripheral device. Each Peripheral Data Port bus line may
be individually programmed as either an input or output under
control of a Data Direction Register. Data flow direction may be
selected on a line-by-line basis with intermixed input and out-
put lines within the same port. When a *‘0” is written to any bit
position of the Data Direction Register, the corresponding line
will be programmed as an input. 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 CA1 line. All modes are program
controlled by the microprocessor by way of the R6522’s inter-
nal control registers. Each Peripheral Data Port line represents
one TTL load in the input mode and will drive one standard TTL
load in the output mode. A typical output circuit for Peripheral
Data Port A is shown in Figure 3.

PORT A CONTROL LINES (CA1, CA2)

Control lines CA1 and CA2 serve as interrupt inputs or hand-
shake outputs for Peripheral Data Port A. Each line controls an
internal Interrupt Flag with a corresponding Interrupt Enable bit.
CAT1 also controls the latching of Input Data on Port A. CA1 is
a high impedance input, while CA2 represents one standard TTL
load in the input mode. In the output mode, CA2 will drive one
standard TTL load.
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Versatile Interface Adapter (VIA)

PORT B DATA LINES (PB0-PB7)

Peripheral Data Port B is an 8-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 1.0 mA at
1.5 Vdc in the output mode. This allows the outputs to directly
drive Darlington transistor circuits. A typical output circuit for
Port B is shown in Figure 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 CA1, 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. CB2 can also drive
a Darlington transistor circuit; however, CB1 cannot.

Table 1. R6522 Register Addressing
Register RS Coding Regl Register/Description
Number RS3 RS2 RS1 RS0 Desig. Write (R'W = L) Read (R'W = H)
4] 0 0 0 0 ORB/IRB Output Register B Input Register B
1 0 0 0 1 ORA/IRA Output Register A Input Register A
2 0 0 1 0 DDRB Data Direction Register B
3 0 0 1 1 DDRA Data Direction Register A
4 0 1 0 0 T1C-L T1 Low-Order Latches T T1 Low-Order Counter
5 0 1 0 1 T1C-H T1 High-Order Counter
6 0 1 1 0 TiL-L T1 Low-Order Latches
7 0 1 1 1 T1L-H T1 High-Order Latches
8 1 0 0 0 T2C-L T2 Low-Order Latches T 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* J Input Register A*
NOTE: “Same as Register 1 except no handshake.
+5V
+5V
INPUT ,
OUTPUT ————1:DO_;
.. PAO-PA7, CONTROL i
CA2
- PB0-PB7,
1/0 CONTROL | . cB1, cB2
OUTPUT DATA ] OUTPUT :
DATA !
INPUT DATA +——m———— ————— INPUT DATA -

a. Port A Output Circuit

b. Port B Output Circuit

Figure 3. Port A and B Output Circuits



R6522 Versatile Interface Adapter (VIA)
FUNCTIONAL DESCRIPTION Register bits corresponding to pins which are programmed as

inputs. In this case, however, the output signal is unaffected.

The internal organization of the R6522 VIA is illustrated in

Figure 4. 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
PORT A AND PORT B OPERATION PA pins. With input latching enabled, IRA will reflect the levels

on the PA pins at the time the latching occurred (via CA1).
The R6522 VIA has two 8-bit bidirectional I/0 ports (Port A and

Port B) and each port has two associated control lines. i . .
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 whethera ‘0" ora *'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.

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 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 Figures 5 through 8 illustrate the formats of the port registers.
INTERRUPT IRQ
CONTROL
FLAGS fINPUT LATCH
H_) (IFR) | __(RA)
"ENABLE | OUTPUT BUFFERS
(IER) :>L——(—Off\2———f : > (PA) ) PORT A
DATA | | DATA DIR
B e [
BUFFERS PORT A REGISTERS
PERIPHERAL
:> (PCR)
" AUXILIARY | PORT A CA1
(ACR) b __________ CA2
FUNCTION PORT B
CONTROL
HANDSHAKE
LATCH | LATCH CONTROL
RES — | i | (riey ) LTSHIET ReG ca1
R/W — COUNTER | COUNTER (SR) cB2
2 ——= (T1C-H) 1 (T1C-L)
€St ——= CHIP PORT B REGISTERS
€S2 ——| ACCESS TvER ! [INPUT LATCH
RSO { CONTROL TIMER 2 (IRB)
RS1 —— LATCH || | -1
RS2 (T2 | E} O K BurrERs Q:>
RS3 — | COUNTER | COUNTER | __(ORB) | (PB) PORT B
-—_1J> (T2C-H) | (T2C-L) DATA DIR
(DDRB)

Figure 4. R6522 VIA Block Diagram
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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
generate 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 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 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”
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 0—ORB/IRB

7lelsfal3][z]1]o
| Y,
P81

‘' PB2

OUTPUT REGISTER
“B” (ORB) OR
INPUT REGISTER
“B" (IRB)

PIN
DATA DIRECTION
SELECTION

WRITE READ

DDRB = 1" (QUTPUT) MPU READS OUTPUT REGISTER
BIT IN ORB PIN LEVEL HAS NO
AFFECT

MPU READS INPUT LEVEL ON PB
PIN

MPUWRITES OUTPUT LEVEL
(ORB)

ODRB = “0" (INPUT)
(INPUT LATCHING DISABLED)

MPU WRITES INTO ORB, BUT
NO EFFECT ON PIN LEVEL,

UNTIL DDRB CHANGED
DDRB = “0" (INPUT) MPUREADS IRB BIT, WHICHIS THE
(INPUT LATCHING ENABLED) 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 1—ORA/IRA

716|sfaf3|2]|1]|0
ILpAo
PA1

PA2

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

PIN
DATA DIRECTION
SELECTION

WRITE READ

DDRA = “1" (OUTPUT) MPU READS LEVEL ON PA PIN
(INPUT LATCHING DISABLED)
DDRA = "1" (QUTPUT)

(INPUT LATCHING ENABLED)

MPU WRITES OUTPUT LEVEL
(ORA)
| 'MPU READS IRA BIT WHICH IS THE

LEVEL OF THE PAPIN AT THE TIME
‘OF THE LAST CA1 ACTIVE
TRANSITION
DDRA = “0" (INPUT) MPU WRITES INTO ORA, BUT | MPU READS LEVEL ON PA PIN
(INPUT LATCHING DISABLED) NO EFFECT ON PIN LEVEL,
UNTIL DDRA CHANGED
DDRA = 0" (INPUT) MPU READS IRABIT, WHICHIS THE
(INPUT LATCHING ENABLED) LEVEL OF THE PA PIN AT THE TIME

OF THE LAST CA1 ACTIVE
TRANSITION

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

REG 2—DDRB
l7 6fsfafa]2]s oI
L pao
B

PB2

o ¢83
L eBarac

PBS/PAS

DATA DIRECTION
REGISTER *‘B’’ (DDRB)

PB6/PAE

PB7/PAT

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

“1"  ASSOCIATED PB PIN IS AN OUTPUT
WHOSE LEVEL IS DETERMINED BY
ORB REGISTER BIT

REG3—DDRA
|7 6|sfalz]2]s (]I
=

DATA DIRECTION
REGISTER “A”’ (DDRA)

PAT)

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

“1"  ASSOCIATED PA PIN IS AN OUTPUT
WHOSE LEVEL IS DETERMINED BY
ORA REGISTER BIT

Figure 7. Data Direction Register B (DDRB)
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(-390 Ny O I P oy Y Yy T e PSS I B

DATA READY R 2
(CA1) LZ 4 |
_ | .
iRQ OUTPUT 2 h L
s
READ IRA OPERATION N [ »
“DATA TAKEN" N A
HANDSHAKE MODE R
(CA2) 4
“DATA TAKEN" 2 %

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-

sh;king, the R§522 generates the ‘.‘Data I‘R‘eady” signa},aqd the REG 12—PERIPHERAL CONTROL REGISTER
peripheral device must respond with the “‘Data Taken” signal.
This can be accomplished on both the PA port and the PB port [Te[s[<[3]=] 1]}
on the R6522. CA2 or CB2 act as a ‘‘Data Ready”’ output in either I
CB2CONTROL CA1 LATCH/INTERRUPT CONTROL.

the handshake mode or pulse mode and CA1 or CB1 accept

7]6[s[opPERATION 0= NEGATIVE ACTIVE EDGE
the “‘Data Taken’’ signal from the peripheral device, setting the [0]00[INPUT NEGATIVE ACTIVE EDGE
interrupt flag and clearing the “Data Ready” output. This °1°1 " |INpot nea Foger ot L cazconrroL
sequence is shown in Figure 10. 2&% :x’;t:xs;‘.x%i’&ﬁ::’ = 5 ; 5 ?::LTTA L;‘i’ir.ve ACTIVE EDGE
Latching lelalimiosaccoomor ] | ||| | mesra

PULSE OUTPUT 0[1]o[INPUT POTITIVE ACTIVE EDGE

The PA port and the PB port on the R6522 can be enabled in A GUTHOT O e e ey ERAuP
the Auxiliary Control Register (Figure 14) to be latched by their ©OB1 LATCH/NTERRUPT CONTROL TSIV [POLSE ootror
individual port control lines (CA1, CB1). Latching is selectable tTolcowouTPuT
to be on the rising or falling edge of the signal at each individ- Tt NOTE 1N FIGURE 20,

ual port control line. Selection of operating modes for CA1, CA2,

CB1 and CB2 is accomplished by the Peripheral Control Register Figure 11. Peripheral Control Register (PCR)

(Figure 11).
2 _I—IK_I_I_J'I_I_I_;;_I_I__I—L_I_L_J_I_I"LR_J_I_F—}_J—I_
WRITE ORA, ORB [
OPERATION 2 2
“DATA READY"" ? L
HANDSHAKE MODE s i )
(A, AT READY e 2 S
PULSE MODE — .
(CA2, CB2) % R
“DATA TAKEN h Lz 2
(CA1, CB1) n N
R@ OUTPUT A L Q j

Figure 10. Write Handshake Timing
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COUNTER/TIMERS

There are two independent 16-bit counterftimers (called Timer 1
and Timer 2) in the R6522. 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 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 92 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 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 (T1C-L). Instead, this half of the counter is loaded
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

|7|6|5|A 3 Z|'l|0|

WRITE - 8 BITS LOADED INTO T1 LOW-ORDER
LATCHES THIS OPERATION IS NO
gIEFgERENT THAN A WRITE INTO

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

716]5]14)3]211}0

l—— 256

512

1024

2048 | COUNT
4096 | VALUE
8192

16384

32768

WRITE - 8 BITS LOADED INTO T1 HIGH-ORDER
LATCHES UNLIKE REG 4 OPERATION
NO LATCH-TO-COUNTER TRANSFERS
TAKE PLACE.

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

716 |5]4|3|2]1|0

[ —

128

WRITE - 8 BITS LOADED INTO T1 LOW-ORDER
LATCHES. LATCH CONTENTS ARE
TRANSFERRED INTO LOW-ORDER
COUNTER AT THE TIME THE HIGH-
ORDER COUNTER IS LOADED (REG 5).

READ -8 BITS FROM T1 LOW-ORDER COUNTER
TRANSFERRED TO MPU. IN ADDITION,
T1 INTERRUPT FLAG IS RESET (BIT6 .
IN INTERRUPT FLAG REGISTER).

REG 5—TIMER 1 HIGH-ORDER COUNTER

I7ls|5|4|3|2|||0|
l_256
512

1024

2048 | COUNT
4006 | VALUE

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 - 8 IBTS FROM T1 HIGH-ORDER COUNTER
TRANSFERRED TO MPU

Figure 13. Timer 1 (T1) Counter Registers
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REG 11—AUXILIARY CONTROL REGISTER

|765432|0I

1_1_‘1
T1 TIMER CONTROL

~
e

OPERATION PB7
0[0[TIMED INTERRUPT
EACH TIME T11S

LOADED DISABLED
CONTINUOQUS
INTERRUPTS

o

1[0| TIMED INTERRUPT | ONE SHOT
EACH TIME T1 1S ouTPUT
LOADED

1(1{CONTINUOUS SQUARE
INTERRUPTS WAVE

OQUTPUT

T2 TIMER CONTROL

[N
PA LATCH ENABLE/DISABLE
P8 [o-DisaBLE
1= ENABLE LATCHING

5| OPERATION

O/ TIMED INTERRUPT
1( COUNT DOWN WITH
PULSES ON PB6

SHIFT REGISTER CONTROL
OPERATION
DISABLED
HIFT IN UNDER CONTROL OF T2
HIFT IN UNDER CONTROL OF 92
SHIFT IN UNDER CONTROL OF EXT.CLK
SHIFT OUT FREE-RUNNING AT T2 RATE
SHIFT OUT UNDER CONTROL OF T2
SHIFT OUT UNDER CONTROL OF 92
SHIFT OUT UNDER CONTROL OF EXT CLK

~lol=lo]=]o|=la[~

=[=Tele[=]=]a]o]w

Figure 14. Auxiliary Control Register (ACR)

Timer 1 One-Shot Mode

The Timer 1 one-shot 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 proc-
essor 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 T1IC-H” operation will cause PB7 to go low. PB7 will
return high when Timer 1 times out. The result is a single pro-
grammable width pulse.

Timing for the R6522 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 assure

that the low order latch contains the proper data before initiat-
ing 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 falling edge of §2 following the
write operation. When the counter reaches zero, the T1 inter-
rupt 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 coun-
ter to determine the time since interrupt. However, the T1 inter-
rupt flag cannot be set again unless it has been cleared as
described in this specification.

@ 1Ml ririre, e rirririere
WRITE T1C-H P
iRQ OUTPUT ’
PB7 OUTPUT
T1 COUNTER N[N ] N2 | N | | o [reer| N | N1 | N2 |
[*————————N + 1.5 CYCLES

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 R6522 are “re-triggerable”. Rewriting
the counter will always re-initialize the time-out period. In fact,

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 oper-
ation 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 PBY7. 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.

LS T T VPR I N I o O o B B e B
WRITE T1C-H I ‘
OPERATION Sy S— T
TRQ OUTPUT I _____._7// l——_
PB7 OUTPUT |

i J
7
L— N + 1.5 CYCLES-———L——— N + 2 CYCLES———’l

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 (T2C-L) and a read/write high order counter (T2C-H). The
counter registers act as a 16-bit counter which decrements at
@2 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 num-
ber 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 low on the lead-
ing edge of 2.
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REG 8—TIMER 2 LOW-ORDER LATCH/COUNTER

|76543|2|0

REG 9—TIMER 2 HIGH-ORDER LATCH/COUNTER

| 7| 6 | s|al3 |z | 1 oI
E 1 l I——zss

2 512
4 1024

L —— % COUNT 20a8 | COUNT
16 VALUE 2096 VALUE

r— 3 —_— 8192
64 16384
_ 18 32768

WRITE — 8BITS LOADED INTO T2 LOW ORDER WRITE - 8BITS LOADED INTO T2 t1iGH ORDER
LATC! COUNTER ALSO, LOW ORDER LATCH
TRANSFERRED TO LOW ORDER
COUNTER. IN ADDITION, T2 INTERRUPT
FLAG IS RESET.

8BITS FROM T2 HIGH-ORDER COUNTER
TRANSFERRED TO MPU.

READ — 8BITS FROM T2 LOW ORDER COUNTER

TRANSFERRED TO MPU T2 INTERRUPT
FLAG IS RESET.

READ -

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

e_[1 Mo, mererirereie
WRITE T2C-H ,
IRQ OUTPUT
NIN-1|N-2‘N-3| |0|N|N-1|N-2|N-3'
fe——————— N + 1.5CYCLES ————————»
Figure 18. Timer 2 One-Shot Mode Timing
WRITE T2C-H
OPERATION 1
PB6 INPUT 1L LI ' Ll L
IRQ OUTPUT

N2 /1 |

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.
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 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 — 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 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 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 CB1 pin to
control 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).

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 CB1
clock pulse. This data is shifted into the shift register during the
02 clock cycle following the positive-going edge of the CB1 clock
pulse. The minimum CB1 positive pulse width must be one clock
period. After 8 CB1 clock pulses, the shift register interrupt flag
will set and IRQ will go low.

SR Mode 2 — Shift In Under 2 Control

In mode 2, the shift rate is a direct function of the system clock
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
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 92 clock pulse. After 8 clock pulses, the shift register
interrupt flag will be set, and the output clock pulses on CB1
will stop.

REG 10—SHIFT REGISTER

|7|E|5|4|3|2|1I0l

-

REG 11—AUXILIARY CONTROL REGISTER

HOOBRERD

—

I_SHIFT REGISTER

SHIFT
REGISTER MODE CONTROL
BITS 41312 OPERATION
0jojo DISABLED
ofol1 SHIFT IN UNDER CONTROL OF T2
0]1]0 SHIFT IN UNDER CONTROL OF
NOTES ot1ir SHIFT IN UNDER CONTROL OF EXT CLK
1. WHEN SHIFTING QUT. BIT 7 !S THE FIRST BIT 110101 SHIFTOUT FREE RUNNING AT T2 RATE
OUT AND SIMULTANEOUSLY IS ROTATED BACK 140}1] SHIFT OUT UNDER CONTROL OF T2
) ngNBsI;IOF,TING N BITS IIT 1] 1]0] SHIFT OUT UNDER CONTROL OF ‘I'p
. , BITS INITIALLY ENTER
BIT 0 AND ARE SHIFTED TOWARDS BIT 7. 11 SHIFT OUT UNDER CONTROL OF EXT CLK
Figure 20. Shift Register Figure 21. Shift Register Modes
02 "U ” ]
WRITE OR READ m
SHIFT REG L
N + 2 CYCLES gvéuzzs 1/ )
CB1 OUTPUT : /
1 2 | 7/
SHIFT CLOCK | L2 | Jj

ce2 NeuT 77K X 2 XK =X e

iRQ I

L

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

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 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

SHIFT GLOCK LLrrrrrrr
Sl S D &P &N D D S ) W

iRQ

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

o2 TULUTLILALUTLALLMLALAL LALALTLA LU LRLAL LU

CB1 INPUT

| I I |

L3 I

BRI s B

SHIFT CLOCK

o2 NPT X XU XX XY~ (I S YL

RQ

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

o [N AR AR

11 ! [
WRITE SR N ' [ ]’ } l] '
N + 2 CYCLES N+2
CB1 OUTPUT |CYCLES _| ,
SHIFT CLOCK Lt 2 [ s 4 l" /_| 8 I_Ls_l'—

DATA T X E X XX X

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

In mode 6, the shift rate is controlled by the §2 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 SR counter sets the SR

Interrupt Flag each time it counts 8 pulses but it does not disa-
ble the shifting function. Each time the microprocessor, writes
or reads the shift register, the SR Interrupt Flag is reset and the
SR 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 byte
of data.

WRITE SR »
N + 2 CYCLES N+2 CYCLES | | :
CB1 OUTPUT /-—‘_l——
SHIFT CLOCK ! I 3 ﬁ & 1
cB2 OUTPUT TG 7 T X X
DATA — — !
iIRQ L—.
Figure 26. SR Mode 5 — Shift Out Under T2 Control
— igml || | || | } -
CB1 OUTPUT ) - 2 3 | 4 | /—LLIL——&_B_‘
SHIFT CLOCK

cB2 oUTPUT U T X 2 3)C7/'4—)C7 X 8

DATA

RQ

Figure 27. SR Mode 6 — Shift Out Under 02 Control

Cpligigigigigigigigigigigipiyaligigigigh

| |
WRITE SR l 1
SHIFT CLOCK I——_I
DATA x 7// x
iRQ I

Figure 28. SR Mode 7 — Shift Out Under CB1 Control
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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 interrupts exists
within the chip. Interrupt flags are set in the Interrupt Flag
Register (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 inter-
rupt, 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 ena-
ble 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 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 sys-
tem 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 IFR. 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

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) 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
0 clears the corresponding bit in the Interrupt Enable Register.
For each zero in bits 6 through O, 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 13—INTERRUPT FLAG REGISTER

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 ACTIVE EDGE
CBT ACTIVE EDGE

READ OR WRITE ORB*
READ OR WRITE ORB

TIME-QUT OF T2

READ T2 LOW OR
WRITE T2 HIGH

TIME-OUT OF T1

READ T1 LOW OR
WRITE T1 HIGH

ANY ENABLED

INTERRUPT

CLEARALL
INTERRUPTS

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

REG 14—INTERRUPT ENABLE REGISTER

7]615|4|3(2}1]0

L——CAZ

CA1
I,

SHIFTREG! 9 = INTERRUPT
ce2 DISABLED
cet 1 = INTERRUPT
TIMER 2 ENABLED
TIMER
SET/CLEAR]

NOTES.

1.1F BIT 71S A “0”, THEN EACH “1" IN BITS 0 - 6 DISABLES THE
CORRESPONDING INTERRUPT.

2.IFBIT71SA“1", THEN EACH “1" IN BITS 0 - 6 ENABLES THE
CORRESPONDING INTERRUPT.

3.1F AREAD OF THIS REGISTER IS 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)




R6522 Versatile Interface Adapter (VIA)

PERIPHERAL INTERFACE CHARACTERISTICS

Symbol Characteristic Min. Max. Unit Figure
b Rise and Fall Time for CA1, CB1, CA2 and CB2 Input Signals — 1.0 us —
toaz Delay Time, Clock Negative Transition to CA2 Negative Transition (read handshake or — 1.0 ns 31a, 31b

pulse mode)
trs1 Delay Time, Clock Negative Transition to CA2 Positive Transition (pulse mode) — 1.0 us 31a
trs2 Delay Time, CA1 Active Transition to CA2 Positive Transition (handshake mode) — 2.0 us 31b
twHs Delay Time, Clock Positive Transition to CA2 or CB2 Negative Transition 0.05 1.0 us 31c, 31d

(write handshake)
tos Delay Time, Peripheral Data Valid to CB2 Negative Transition 0.20 1.5 us 31c, 31d
trsa Delay Time, Clock Positive Transition to CA2 or CB2 Positive Transition (pulse mode) — 1.0 us 31c
thss Delay Time, CA1 or CB1 Active Transition to CA2 or CB2 Positive Transition — 2.0 us 31d

(handshake mode)
oy Delay Time Required from CA2 Output to CA1 Active Transition (handshake mode) 400 — ns 31d
te 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
troH Peripheral Data Hold After CA1, CB1 Transition 150 — ns 31e
tsr1 Shift-Out Delay Time — Time from ¢, Falling Edge to CB2 Data Out - 300 ns 31f
tsr2 Shift-In Setup Time — Time from CB2 Data In to ¢, Rising Edge 300 — ns 31g
tsra External Shift Clock (CB1) Setup Time Relative to ¢, Trailing Edge 100 Tey ns 31g
tipw Pulse Width — PB6 Input Pulse ’ 2 x Ty - 31i
tiow Pulse Width — CB1 Input Clock 2 x Tey — 31h
tips Pulse Spacing — PB6 Input Pulse 2 x Tgy - 31i
tics Pulse Spacing — CB1 Input Pulse 2 x Tgy — 31h
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PERIPHERAL INTERFACE WAVEFORMS

02
0.8V 0.8V
READ IRA
OPERATION
CA2 \ 2.0V
“DATA TAKEN" 0.8V /

tcaz trss

3

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

2
¢ _\_/_\ 0.8V J—\—
READ IRA
OPERATION
/-

CA2 2.0V
“DATA TAKEN" 0.8V
’I/i
teaz |~—trs2

—ya
” -2.0V
cA1
“DATA READY”’ » 0.8V
7/
1 Active
TRANSITION

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

2.0V 2.0V
02
twhs tas3
WRITE ORA, ORB
OPERATION
o
CA2, CB2 x 2.0V
“DATA READY" 0.8V

tos
PA, PB 2.0V
PERIPHERAL
DATA 0.8V

Figure 31c. CA2, CB2 Timing for Write Handshake, Pulse Mode
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02
tsn2
cB2 (-2.0V
SHIFT DATA
(INPUT) 0.8V
CcB1
SHIFT CLOCK
(INPUT OR 1.4V 1.4V
OUTPUT)
| SET UP TIME MEASURED TO THE FIRST 02
¢ RISING EDGE AFTER CB1 RISING EDGE.
SR3

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

cB1 2.0V 2.0V
SHIFT CLOCK \ \
INPUT 0.8V 0.8V -

tew I tics

Figure 31h. External Shift Clock Timing

PB6 2.0V 2.0V
PULSE COUNT
INPUT 0.8V 0.8V

tiew I tps

COUNTER T2
DECREMENTS
HERE

Figure 31i. Pulse Count Input Timing
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R6522 Versatile Interface Adapter (VIA)

BUS TIMING CHARACTERISTICS

R6522 (1 MHz) R6522A (2 MHz)
Parameter Symbol Min. [ Max. Min. | Max. Unit
READ TIMING
Cycle Time Tey 1 10 0.5 10 us
Address Set-Up Time Tacr 180 — 90 — ns
Address Hold Time Tcar 0 . — 0 — ns
Peripheral Data Set-Up Time TecR 300 — 150 — ns
Data Bus Delay Time Tcor — 365 — 180 ns
Data Bus Hold Time TR - 10 — 10 — ns
WRITE TIMING

Cycle Time Tev 1 10 0.50 10 ns
92 Pulse Width Tc 470 — 235 —_ ns
Address Set-Up Time Tacw 180 —_ 90 — ns
Address Hold Time Teaw 0 — 0 — ns
R/W Set-Up Time Twew 180 — 90 — ns
RW Hold Time Toww 0 — 0 — ns
Data Bus Set-Up Time Toow 200 — 920 — ns
Data Bus Hold Time Thaw 10 — 10 — ns
Peripheral Data Delay Time Topw — 1.0 — 0.5 s
Peripheral Data Delay Time Temos - 2.0 - 1.0 us
to CMOS Levels

Note: tg and t = 10 to 30 ns.
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Versatile Interface Adapter (VIA)

BUS TIMING WAVEFORMS
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R6522

Versatile Interface Adapter (VIA)

ABSOLUTE MAXIMUM RATINGS*

Parameter Symbol Value Unit
Supply Voltage Vee -0.3to +7.0 | Vdc
Input Voltage Vin -0.3to +7.0 | Vdc
Operating Temperature
Commercial Ta Oto +70 °C
Industrial -40to +85 | °C
Storage Temperature Tsta -55t0 +150 | °C

OPERATING CONDITIONS

*NOTE: Stresses above those listed under ABSOLUTE MAX-
IMUM RATINGS may cause permanent damage to the device.
This is a stress rating only and functional 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 abso-
lute maximum rating conditions for extended periods may affect
device reliability.

P Symbol Value
Supply Voltage Vee 5V +5%
Temperature Range Ta
Commercial 0°C to 70°C
DC CHARACTERISTICS
(Vee = 5.0 Vdec +5%, Vgg = 0, To = T to Ty, unless otherwise noted)
Parameter Symbol Min. Typ.3 Max. Unit Test Conditions

Input High Voltage Vin 2.4 — Voo \
Input Low Voitage Vi -0.3 - 0.4 \
Input Leakage Current . Iin — +1 +25 pA | Viy = 0V to 5.25V

R/W, RES, RS0, RS1, RS2, RS3, CS1, CS2, CA1, §2 Veo = OV
Input Leakage Current for Three-State Off lrsi —_ 2 +10 wA | Viy = 0.4V 10 2.4V

D0-DO7 Vce = 5.25V
input High Current (™ -100 —200 — pA | Vg = 24V

PAO-PA7, CA2, PBO-PB7, CB1, CBS Ve = 5.25V
Input Low Current e — -0.9 -1.8 mA | V. = 04V

PA0-PA7, CA2, PB0O-PB7, CB1, CB2 Veo = 5.25V
Output High Voltage Vo — — Ve = 4.75V

All outputs 24 - -— v lLoap = —100 pA

PBO0-PB7, CB2 (Darlington Drive) 1.5 — - v lloap = —1.0mA
Output Low Voltage VoL - - 0.4 v Vg = 4.75V

lloap = 1.6 MA

Output High Current (Sourcing) lon

Logic -100 -1000 — A | Vou = 24V

PBO-PB7, CB2 (Darlington Drive) -1.0 -25 -10 mA | Voy = 1.5V
Output Low Current (Sinking) lou 1.6 — — mA | Vg = 04V
Output Leakage Current (Off State) lorr — 4 +10 pA | Vou = 2.4V

IRQ Vo = 5.25V
Power Dissipation Pp - 450 700 mw
Input Capacitance - Cin Vee = 5.0V

R/W, RES, RS0, RS1, RS2, RS3, CS1, CS2, — — 7 pF | Vv = OV

D0-D7, PAO-PA7, CA1, CA2, PBO-PB7

CB1, CB2 — — 10 pF f=1MHz

92 Input - - 20 pF | Ta = 25°C
Output Capacitance Cout — — 10 pF
Notes:

1. All units are direct current (DC) except for capacitance.

3. Typical values shown for Vgc = 5.0V and T, = 25°C.

2. Negative sign indicates outward current flow, positive indicates inward flow.

2-50



R6522 Versatile Interface Adapter (VIA)

PACKAGE DIMENSIONS

40-PIN CERAMIC DIP

INCHES
MIN_| MAX
1.980 | 2020
1486 | 1562 |0.585 | 0615
254] 4190100 0165
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00 | 7 [ 10
0.51] 102]0.020] 0040

l

. 20
WA AVAVEAVAVAVEVEVEVEVACRVEV VIRV R}
A

x|o|m|ojojo|>»

x

J >

Iy °
T K

I
o
2
z|z|r

2-51



R6532

N

Rockwell

R6532

RAM-I/O-Timer (RIOT)

DESCRIPTION

The R6532 RAM-I/O-Timer (RIOT) integrates random access
memory (RAM), parallel /O data ports and timer functions into
a single peripheral device which operates in conjunction with
any CPU in the R6500 microprocessor family. It is comprised
of a 128 x 8 static RAM, two software-controlled, 8-bit bidirec-
tional data ports allowing direct interfacing between the micro-
computer and peripheral devices, a software programmable
interval timer, with interrupt, capable of timing in various intervals
from 1 to 262,144 clock periods, and a programmable edge-detect

circuit.

ORDERING INFORMATION

Part Number: R6532_. . _

Temperature Range:
Blank = 0°C to +70°C
E = —-40°C to +85°C

Package:
C = Ceramic DIP
P = Plastic DIP

Frequency:
No Letter = 1 MHz
A =2 MHz

FEATURES

e 128 x 8 static RAM

e Two 8 bit bidirectional data ports

e Programmable interval timer with interrupt capability
e TTL & CMOS compatible peripheral lines

e One port has direct transistor drive capability

e Programmable edge-sensitive interrupt input

e 8 bit bidirectional data bus

e 6500/6800 bus compatible

e 1 MHz and 2 MHz parts available

e Single +5V power supply

vss . 1 40 [ A6
A5 2 39 1 42
A4 o 3 38 |3 cs1
A3 ] a4 37 |2 ¢s2
A2 T 5 36 [2 RS
A1 ] 6 35 [ R/W
A0 7 34 [ RES
PAO ] 8 33 (3 DO
PA1 ] 9 32 [ D1
PA2 (] 10 31 [3 D2
PA3 ] 11 30 D3
PA4 (] 12 29 1 D4
PA5 ] 13 28 [ D5
PA6 ] 14 27 pe
PA7 . 15 26 [ D7
PB7 ] 16 25 [ jRQ
PB6 ] 17 24 [0 PBO
PB5 ] 18 23 |1 PB1
PB4 ] 19 22 21 PB2
Vee = 20 21 (2 PB3

R6532 Pin Configuration

Document No. 29000D42

Data Sheet
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R6532

RAM-1/O-Timer (RIOT)

INTERFACE SIGNALS

RESET (RES)

During system initialization, a low RES input causes a zeroing
of all four I/O registers. This in turn causes all I/O buses to act
as inputs thus protecting external components from possible
damage and erroneous data while the system is being config-
ured under software control. The Data Bus Buffers are put into
an OFF-STATE during Reset. Interrupt capability is disabled with
the RES signal. The RES signal must be held low for at least
two clock periods when reset is required.

READ/WRITE (R/W)

The R/W signal is supplied by the microprocessor and controls
the transfer of data to and from the R6532. A high on the RIW
pin allows the processor to read (with proper addressing) the
data supplied by the R6532. A low on the R/W pin allows a write
(with proper addressing) to the R6532.

INTERRUPT REQUEST (IRQ)

The TRQ pin is an interrupt pin from the interrupt control logic.
The pin will be normally high with a low indicating an interrupt
from the R6532. An external 3K pull-up resistor is required. The
IRQ pin may be activated by a transition on PA7 or timeout of
the interval timer.

DATA BUS (D0- D7)

The R6532 has eight bidirectional data pins (D0-D7). These pins
connect to the system’s data lines and transfer data between the
R6532 and the microprocessor data bus. The output buffers
remain off, or tri-stated, except when the R6532 is selected for
a Read operation.

ADDRESS LINES (A0-A6)

There are seven address pins (AO-A6). In addition, there is the
RAM SELECT (RS) pin. The pins A0-A6 and RS are always used
as addressing pins. There are two additional pins which are used
as CHIP SELECTS. They are pins CS1 and CS2. Tables 1 and 2
identify the functions selected and registers addressed depending
upon the address line and RS inputs in conjunction with the RW
level.

I/O PORTS (PAO- PA7, PBO- PB7)

The R6532 has 16 pins available for peripheral I/O operations.
Each pin is individually software programmable to act as either
an input or an output. The 16 pins are divided into two 8-bit
ports, PAO-PA7 and PB0-PB7. (PA7 also has another use
which is discussed later.) Each is set up as an input by writing
a “0” into the corresponding bit of the data direction register. A
“1” written into the data direction register causes its corre-
sponding bit to be an output. When in the input mode, the
peripheral output buffers are in the “1” state and the internal
pull-up device acts as less than one TTL load to the peripheral
data lines. On a Read operation, the microprocessor reads the
peripheral pin. When the peripheral device gets information
from the R6532 it receives data stored in the data register. The
microprocessor reads valid pin information if the peripheral lines
are greater than 2.0 volts for a “1” and less than 0.8 volt for a
“0” as the peripheral pins are all TTL compatible. Pins PBO~
PB7 are also capable of sourcing 3 ma at 1.5V, thus making
them capable of Darlington drive.

_

De-07

A0-A6 (10) )

R6500 2 ————————————>>
MICROPROCESSOR _

BUS 1 RW ——————— P

INTERFACE

cSt —M

€82 ——mMm

B ——— ]

RE§ ———

{ Ro=+——— |

R6532
RIOT

PA-PA7

PERIPHERAL
INTERFACE

PBO-PB7

RIOT Interface Signals




R6532 RAM-1/O-Timer (RIOT)
Table 1. Address Decoding
Operation RS RW A4 A3 A2 Al AO
Write RAM 0 0 — — — — —
Read RAM 0 1 — — — — -
Write Output Reg A 1 0 — — 0 0 0
Read Output Reg A 1 1 — — 0 0 0
Write DDRA 1 0 — — 0 0 1
Read DDRA 1 1 — — 0 0 1
Write Output Reg B 1 0 —_ —_ 0 1 0
Read Output Reg B 1 1 — — 0 1 0
Write DDRB 1 0 — — 0 1 1
Read DDRB 1 1 — — 0 1 1
Write Timer
=17 1 0 1 (a) 1 0 0
8T 1 0 1 (a) 1 0 1
+64T 1 [ 1 (a) 1 1 0
+1024T 1 0 1 (a) 1 1 1
Read Timer 1 1 — (a) 1 — 0
Read Interrupt Flag 1 1 — — 1 — 1
Write Edge Detect Control 1 0 0 — 1 (b) (c)

Notes:

— = Don't Care, “1” = High level (=2.4V), “0” = Low level (<0.4V)

(a) A3 = 0 to disable timer interrupt (c) A0 = 0 for negative edge-detect
A3 = 1 to enable timer interrupt A0 = 1 for positive edge-detect
(b) A1 = 0 to disable PA7 interrupt
A1 = 1 to enable PA7 interrupt
Table 2. Register Addressing
Start Start
Address + Register/Function Address + Register/Function
$0 DRA (‘A’ side data register) $7 Write edge-detect control (positive edge-detece,
$1 DDRA (‘A" side data direction register) enable interrupt)
$2 DRB (‘B’ side data register) $C Read timer (enable interrupt)
$3 DDRB (‘B side data direction register) $14 Write timer (divide by 1, disable interrupt)
$4 Read timer (disable interrupt) $15 Write timer (divide by 8, disable interrupt)
$4 Write edge-detect control (negative edge-detect, $16 Write timer (divide by 64, disable interrupt)
disable interrupt) $17 Write timer (divide by 1024, disable interrupt)
$5 Read interrupt flag register (bit 7 = timer, bit 6 = $1C Write timer (divide by 1, enable interrupt)
PA7 edge-detect) Clear PA7 flag $1D Write timer (divide by 8, enable interrupt)
$5 Write edge-detect control (positive edge-detect, $1E Write timer (divide by 64, enable interrupt)
disable interrupt) $1F Write timer (divide by 1024, enable interrupt)
$6 Write edge-detect control (negative edge-detect,
enable interrupt)
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R6532

RAM-1/O-Timer (RIOT)

INTERNAL ORGANIZATION

The R6532 is divided into four basic sections, RAM, /O, Timer,
and Interrupt Control. The RAM interfaces directly with the
microprocessor through the system data bus and address lines.
The I/O section consists of two 8-bit halves. Each half contains
a Data Direction Register (DDR) and a Data Register (DR).

RAM—128 BYTES (1024 BITS)

The 128 x 8 Read/Write Memory acts as a conventional static
RAM and can be accessed from the microprocessor by selecting
the chip (CS1 = high, CS2 = low) and by setting RS low.
Address lines AO through A6 then select the desired byte of
storage.

I1/0 PORTS AND REGISTERS

The I/O Ports consist of eight lines which can be individually pro-
grammed to act as either an input or an output. A logic zero in
a bit of the Port A Data Direction Register (DDRA) causes the
corresponding line of Port A to act as an input. A logic one
causes the corresponding Port A line to act as an output. The
voltage on any line programmed to be an output is determined
by the corresponding bit in the Port A Data Register (DRA).

Data is read directly from the data pins during any read oper-
ation. For any output pin, the data transferred into the processor
will be the same as that contained in the Data Register if the
voltage on the pin is allowed to go to 2.4V for a logic one. Note
that for input lines, the processor can write into the corre-
sponding bit of the Data Register. This will not affect the polarity
on the pin until the corresponding bit of DDRA is set to a logic
one to allow the /O line to act as an output.

The operation of the Port B is exactly the same as the normal
/O operation of the Port A. Each of the eight lines can each be
programmed to act as either an input or as an output by placing
aQora1into the Port B Data Direction register (DDRB). In the
output mode, the voltage on a peripheral pin is controlled by the
Port B Data Register (DRB).

The primary difference between Port A and the Port B is in the
operation of the output buffers which drive these pins. The Port
B output buffers are push-pull devices which are capable of
sourcing 3 ma at 1.5V. This allows these pins to directly drive
transistor switches. To assure that the microprocessor will read
proper data on a “Read Port B” operation, logic in the R6532
allows the microprocessor to read the Output Register instead
of reading the peripheral pin as on Port A.

PAO  PA7 PBO PB7
! , Iv
DIF?EI::TI‘II\ON DATA PERIPHERAL | | PERIPHERAL | DATA DIF?E‘::TT‘:ON
REGISTER REGfTER #| DATA BUFFER | [DATA gUFFER - REGIBSTER REGISTER
A A E
] [} ) 1
A v Y \ ] v l
L
[} i 7 I
DATA CHIP
ADDRESS 128 x 8 INTERRUPT INTERVAL
BI.?I:‘:’SI’ER DECODER SERL,EfT RAM controL [  TimeR
T T Cs2 | RiW _l_ T
Do b7 Ao As% cst g2 RS RG RES

R6532 Block Diagram
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R6532

RAM-I/O-Timer (RIOT)

EDGE DETECTING WITH PA7

In addition to acting as a peripheral I/O ling, the PA7 line can
be used as an edge-detecting input. In this mode, an active tran-
sition sets the internal interrupt flag (bit 6 of the Interrupt Flag
register). Setting the interrupt flag causes IRQ output to go low
if the PA7 interrupt has been enabled. .

Control of the PA7 edge detecting mode is accomplished by
writing to one of four addresses. In this operation, A0 controls
the polarity of the active transition and A1 acts to enable or dis-
able interrupting of the processor. The data which is placed on
the Data Bus during this operation is discarded and has no
effect on the control of PA7.

The PA7 interrupt flag is set on an active transition, even if the
pin is being used as a normal input or as a peripheral control
output. The flag is also set by an active transition if the PA7
interrupt is disabled. The reset signal (RES) disables the PA7
interrupt and enables negative (high-to-low) edge detection on
PA7. The PA7 edge detect logic can be set to detect either a
positive or negative transition and to either enable or disable
interrupt (IRQ) generation upon detection.

During system initialization, the interrupt flag may inadvertently
be set by an unexpected transition on the PA7. It is therefore
recommended that the interrupt flag be cleared before enabling
interrupting from PA7. To clear PA7 interrupt flag, simply read
the interrupt Flag Register.

INTERVAL TIMER

The Timer section of the R6532 contains three basic parts: pre-
liminary divide down register, programmable 8-bit register and
interrupt logic.

The Timer can be programmed to count up to 255 time intervals.
Each time interval can be either 1T, 8T, 64T or 1024T incre-
ments, where T is the system clock period. When a full count
is reached, an interrupt flag is set to logic “1”. After the interrupt
flag is set the internal clock begins counting down at the system
clock rate to a maximum of —255T. Thus, after the interrupt flag
is set, a Read of the timer will tell how long since the flag was
set up to a maximum of 255T.

D7 D5 D3 D1

0 BhERET L

INTERRUPT | |PROGRAMMABLE DIVIDE
1RQ contRoL | ¥ REGISTER DOWN g2
| l ' g
w i, D5 1
D7 D4 D2 DO

Basic Elements of Interval Timer



R6532 RAM-1/O-Timer (RIOT)

INTERVAL TIMER EXAMPLE

The 8-bit microprocessor data bus transfers data to and from Valueread =11100100

the Timer. If a count of 52 time intervals were to be counted, Complement=00011011

the pattern0 0 1 1 0 1 0 Owould be put on the data bus and ADD 1 =00011100= 28 Equals two’s com-

written into the divide by 1 Timer register. plement of register
SUB 1 =00011011= 27

At the same time that data is being written to the Timer, the
counting intervals of 1, 8,64, 1024T are decoded from address
lines AO and A1. During a Read or Write Operation address line
A3 controls the interrupt enable, i.e., A3 = 1 enables IRQ,
A3 = 0 disables IRQ. When the time is read prior to the inter-
rupt flag being set, the number of time intervals remaining will
be read, i.e., 51, 50, 49, etc.

When the Timer has counted through0 0 0 0 0 0 0 Oonthe
next count time an interrupt will occur and the counter will read
1111111 1. After the interrupt flag is set, the timer reg-
ister decrements at a divide by “1” rate of the system clock. If
the timer is read after the interrupt flag is set and a value of
1110010 Ois read, the time since interrupt is 27T. The
value read is in two’'s complement, but remember that interrupt
occurred on count number one. Therefore, we must subtract 1.

Thus, to arrive at the total elapsed time, merely do a two's com-
plement add to the original time written into the timer. Again,
assume time writtenas0 0 1 1 0 1 0 0 (=52). With a divide
by 8, total time to interrupt is (52 x 8) + 1 = 417T. Total elapsed
time would be 416T + 27T = 443T, assuming the value read
after interruptwas 111 00 1 0 0.

The interrupt flag will be reset whenever the Timer is accessed
by a read or a write. However, the reading of the timer at the
same time the interrupt occurs will not reset the interrupt flag.
When the interrupt flags are read (D7 for the timer, D6 for the
edge detect) data bus lines DO-D5 go to 0.

When reading the timer after an interrupt, A3 should be low so
as to disable the TRQ pin. This is done so as to avoid future
interrupts until after another Write timer operation.

COUNTER CONTENTS

[—-—PTc—>

o | N1

WRITE TIMER J—-l

¢2 PULSE NUMBER oL L feLIoL Jrel J_LJ_L J—LJ_L mm J_l_l—L_l_\_

1 ) | 255 | 254 | 253 | | 64

PTc-Tc/2 —-—[_l m

PRE-SCALE OUTPUT

[ I |

N-P-Tc + Te/2 -—>| I

INTERRUPT FLAG (BIT 7)

I

READ TIMER

Notes:

Assume 52 Loaded into Timer with a divide by 8.

The Counter Contents and the Clock Pulse Numbers will coincide.
Prescale, P = 8.

Cycle Time, Tc = 1 usec (for 1 MHz)

Count, N = 52

Interval Time Example Waveforms
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R6532 RAM-1/O-Timer (RIOT)

BUS AND PERIPHERAL TIMING WAVEFORMS

READ TIMING
Teve
Th—] f—— T ja—T
@2 / 20v 20V \
08V 08V 08V
~—a TACR |=— p——
ADDRESS 20V 20 v
cs, RS, ETC
08V o.
04V
—1 Twer[=—
20V 24v
04V
TecR——|
24v
PERIPHERAL 20V
DATA 7 08V
X 0.4V
l=—TcpR —= —] l—THR

24V
DATA -20v 20VK
BUS % 74
0.8V .8 V
0.8 04V

WRITE TIMING

I Teve
Tr Te ~—T¢
20V 20V
#2 \
08V 08V X +osv
! Tpcw f~— —!  =—Tean
s 24V
ADDRESS, 20V 2|.ov
CS. Rs, ETC Xosv 08V 04V
— ] T f=— —  ~—Tewn
24v
RAW \ /
0.8V 0.8V 0.4V
Temos™ _ _ _ _ _ _ __ ________ Ve -30%
_—TCPW——-‘ . cc
L 24V
PERIPHERAL 20V
DATA 08V
7 : 04V
Toow=— |~ Thw
DATA 20V 2.0 v‘r\
BUS
08V osvy
I
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R6532 RAM-I/O-Timer (RIOT)

AC CHARACTERISTICS

R6532 R6532A
(1 MHz) (2 MHz)

Characteristic Symbol Min Max Min Max Unit
Clock Cycle Time Teve 1 10 0.5 10 us
Clock Pulse Width Te 470 — 240 - ns
Rise & Fall Times Tr, Te — 25 — 15 ns

READ TIMING
Address Set Up Time Tacr 180 — 90 — ns
Address Hold Time Tcar 0 - 0 — ns
R/W Set Up Time Twer 180 — 90 — ns
Data Bus Delay Time Teor —_ 395 — 190 n
Data Bus Hold Time Thr 10 - 10 — ns
Peripheral Data Set Up Time Tecr 300 - 150 - ns
WRITE TIMING

@2 Cycle Time Teve 1 10 0.5 10 us
$2 Pulse Width Te 470 — 240 - ns
Address Set Up Time Tacw 180 — 90 — ns
Address Hold Time Tean (] —_ 0 - ns’
R/W Set Up Time Twew 180 - 90 — ns
R/W Hold Time Town 0 — 0 — ns
Data Bus Set-Up Time Tocw 300 —_ 150 — ns
Data Bus Hold Time Taw 10 - 10 - ns
Peripheral Data Delay Time Terw — 1 — 0.5 s '
Peripheral Data Delay Time CMOS Tcmos —_ 2 — 1 us
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R6532 RAM-I/G-Timer (RIOT)

MAXIMUM RATINGS*

T *NOTE: Stresses above those listed under ABSOLUTE MAXI-

Parameter Symbol Value Unit MUM RATINGS may cause permanent damage to the device.

Supply Voltage Vee —0.3t0+7.0 | Vde This is a stress rating only and functional operation of the device

at these or any other conditions above those indicated in the

Input Voltage Vin -03to+7.0 | Vdc other sections of this document is not implied. Exposure to abso-

lute maximum rating conditions for extended periods may affect

Operating Temperature Ta device reliability.

Commercial 0to+70 °C
Industrial ~40 to +85 °C
Storage Temperature Tsta —-55t0 +150 | °C

DC CHARACTERISTICS

(Voe = 50 +5%, T, = T_to Ty unless otherwise noted)

Parameter Symbol Min Max Unit™ Test Conditions

Input High Voltage Vi 24 Vee \

Input Low Voltage Vi 0 0.4 \

Input Leakage Current: _ In — 25 nA Vin = 525V
A0-A6, RS, R/W, RES, 92, CS1,CS2 Voo = OV

Input Leakage Current for Three-State Off brsi — +10 rA Vi = 0.4V to 24V
DO-D7

Input High Current [ -100 — pA Vi = 24V
PAQ-PA7, PBO-PB7

Input Low Current I — -1.6 mA Vin = 0.4V
PAO-PA7, PBO-PB7

Output High Voltage Vou Vv Vee = 4.75V
PAO-PA7, PB0-PB7 (TTL drive), DO-D7 24 — lLoap = =100 pA
PBO-PBY7 (other than TTL drive, e.g., Darlington) 15 - lLoao = 3 MA

Output Low Voltage Voo \ Ve = 4.75V
DO-D7 — 0.4 lLoap = 1.6 MA

Output High Current (Sourcing) lon
PA0-PA7, PBO-PB7 (TTL drive), DO-D7 -100 — rA Vou = 2.4V
PBO-PB7 (other drive, e.g., Darlington) -3.0 mA Vou = 1.5V

Output Low Current (Sinking) lou 1.6 —_ mA VoL = 0.4V

PA0-PA7, PBO-PB7

Input Capacitance
2

Cewx - 30 pF xcc _= 05\>/.0V
Oth — F N =
l O 10 P f=1MHz
Output Capacitance Cour — 10 pF Ta = 25°C
Power Dissipation Po — 1000 mw T, = 0°C

Notes:
1. All units are direct current (DC).
2. Negative sign indicates outward current flow, positive indicates inward flow.
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R6532 RAM-I/O-Timer (RIOT)

PACKAGE DIMENSIONS
40-PIN CERAMIC DIP

2 54 BSC 0100 BSC

B
0 0

A F .76 | 1.40]0.030 [ 0.055
G
H

.76 | 1.78 |0.030 | 0070

|<F 20 | 0.33|0008] 0.013
g K 54| 4.19]0.100] 0.165

1 L 14:60;‘ 15:37 0:575 0‘605
N M [ 10° o 10°
N | 051] 152]0.020] 0060]
tlLD G’I "' —-y M—>|

40-PIN PLASTIC DIP

2 Q
1 MILLIMETERS| _INCHES
. oM MIN MIN_| MAX
% B A | 5128 2.060
J B | 1372 0.560
: 5 5T o] Soa0
U U U U U U U U UU U U U U U U U UUY X
F | 102 0.060
A L G | 254 1100 BSC
¢ H| 165 065 | 0.085

N 0.20 0012

1 305 3.56 [0.120 ] 0.140

T J L | 1524BSC | 0600BSC

M| 7 Jwo [ 7 [ 10

|¢-———‘ F—efeo 051] 102[0020] 0040

z
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- R6545/R6545E

N

R6545/R6545E
CRT Controller (CRTC)

Rockwell

DESCRIPTION

The R6545/R6545E CRT Controller (CRTC) interfaces an 8-bit
microprocessor to CRT raster scan video displays, and adds an
advanced CRT controller to the established and expanding line
of R6500, R6500/* and R65C00 microprocessor, microcomputer
and peripheral device products.

The R6545 and R6545E devices differ only in the character clock
frequency (CCLK) specifications. The maximum CCLK frequency
is 2.5 MHz for the R6545 and 3.7 MHz for the R6545E. Through-
out this document, the nomenclature R6545 applies to both
devices, unless specified otherwise.

The R6545 provides refresh memory addresses and character
generator row addresses which allow up to 16K characters with
32 scan lines per character to be addressed. A major advan-
tage of the R6545 is that the refresh memory may be addressed
in either straight binary or by row/column.

Other functions in the R6545 include an internal cursor register
which generates a cursor output when its contents are equal
to the current refresh address. Programmable cursor start and
end registers allow a cursor of up to the full character scan in
height to be placed on any scan lines of the character. Variable
cursor display blink rates are provided. A light pen strobe input
allows capture of the current refresh address in an internal light
pen register. The refresh address lines are configured to pro-
vide direct dynamic memory refresh.

All timing for the video refresh memory signals is derived from
the character clock input (CCLK). Shift register, latch, and mul-
tiplex control signals (when needed) are provided by external
high-speed timing. The mode control register aliows noninter-
laced video display modes at 50 or 60 Hz refresh rate. The
internal status register may be used to monitor the R6545
operation. The RES input allows the CRTC-generated field rate
to be dynamically-synchronized with line frequency jitter.

FEATURES

e Compatible with 8-bit microprocessors

e 3.7 MHz character clock operation (R6545E)

e 2.5 MHz character clock operation (R6545)

¢ Refresh RAM may be configured in row/column or straight
binary addressing

e Alphanumeric and limited graphics capability

e Up and down scrolling by page, line, or character

e Programmable vertical sync width

e Fully programmable display (rows, columns, character matrix)

¢ Video display RAM may be configured as part of micro-
processor memory field or independently slaved to R6545
(Transparent Addressing) :

* Interlaced or non-interlaced scan

* 50/60 Hz refresh rate

* Fully programmable cursor

e Light pen register

* Addresses refresh RAM to 16K characters

* No external DMA required

¢ Internal status register

* 40-pin ceramic or plastic DIP

¢ Pin-compatible with MC6845R

e Single +5 *5% Vdc power supply

ORDERING INFORMATION

Part Number:
R6545 _ _ __ _
L Operating Temperature (T to Ty)
No Letters = 0°C to 70°C
E = -40°C to 85°C

Package

P = 40-Pin Plastic DIP

C = 40-Pin Ceramic DIP

J = 44-Pin Plastic Leaded Chip Carrier (PLCC)

Operating Frequency (Bus)
No Letter = 1 MHz
A = 2 MHz

Character Clock Frequency (CCLK)
No Letter = 2.5 MHz
E = 3.7 MHz

Document No. 29001D35

Data Sheet

Order No. D135
Rev. 2, June 1987
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R6545/R6545E

CRT Controller (CRTC)

INTERFACE SIGNAL DESCRIPTION

Figure 1 illustrates the interface between the CPU, the R6545,
and the video circuitry. Figure 2 shows typical timing waveforms
at the video interface.

Vee GND
CPU IF I J VIDEO I/F
g »—» HSYNC
Do-b7 |— vsvne
- DISPLAY ENABLE
02 — i R6545 — CURSOR
AW — CRTC l@— LPEN
s —» l@— CCLK
RS —— j@—— RES

V

MAO-MA13 RAO0-RA4
REFRESH RAM AND CHARACTER ROM

Figure 1. R6545 Interface Diagram

CPU INTERFACE

02 (Phase 2 Clock)

The Phase 2 ($2) input clock triggers all data transfers between
the system processor (CPU) and the R6545. Since there is no
maximum limit to the allowable $2 clock time, it is not neces-
sary for it to be a continuous clock. This capability permits the
R6545 to be easily interfaced to non-6500 compatible
microprocessors.

R/W (Read/Write)

The R/W input signal generated by the processor controls the
direction of data transfers. A high on the R/W pin allows the
processor to read the data supplied by the R6545, a low on the
R/W pin allows data on data lines DO-D7 to be written into
the R6545.

CS (Chip Select)

The Chip Select input is normally connected to the processor
address bus either directly or through a decoder. The R6545
is selected when CS is low. Then, data may be written to, or
read from, the R6545 depending on the state of RS and R/W.

RS (Register Select)

The Register Select input allows access to internal registers. A
low on this pin permits writing (R/W = low) into the Address
Register and reading (R/W = high) from the Status Register. The
Address Register selects the register accessed when RS is high.

D0-D7 (Data Bus)

The eight data lines (D0-D7) transfer data between the proces-
sor and the R6545. These lines are bidirectional and are nor-
mally high-impedance except during read cycles when the chip
is selected (CS = low).

VIDEO INTERFACE

HSYNC (Horizontal Sync)

The HSYNC active-high output signal determines the start of
the horizontal raster line. It may drive a CRT monitor directly
or may be used for composite video generation. HSYNC time
position and width are fully programmable.

VSYNC (Vertical Sync)

The VSYNC active-high output signal determines the start of
the vertical frame. Like HSYNC, VSYNC may drive a CRT
monitor or composite video generation circuits. VSYNC time
position and width are both programmable.

DISPLAY ENABLE (Display Enable)

The DISPLAY ENABLE active-high output signal indicates when
the R6545 is generating active display information. The number
of horizontal display characters per row and the number of
vertical display rows are both fully programmable and together
generate the DISPLAY ENABLE signal. DISPLAY ENABLE may
be delayed one character time by setting bit 4 of R8 to a 1.

CURSOR (Cursor Coincidence)

The CURSOR active-high output signal indicates when the scan
coincides with the programmed cursor position. The cursor
position is programmable to any character in the address field.
Furthermore, within the character, the cursor may be pro-
grammed to be any block of scan lines, since the cursor start
scan line and end scan line are both programmable. The cur-
sor output may be delayed by one character time by setting Bit 5
of R8 to a 1.

LPEN (Light Pen Strobe)

The LPEN edge-sensitive input signal loads the internal Light
Pen Register. A low-to-high transition 