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R65C02, R65C102 and R65C112
R65C00 Microprocessors (CPU)
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CMQOS 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)

e Commercial and industrial temperature versions
. e Pipeline architecture
= ¢ Slave processor version (R65C112)

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
microprocessar (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. Al
R65C00 microprocessars 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. Ali three devices
are available in 40-pin DIP or 44-pin PLCC packages. ‘
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R65C00 Microprocessors (CPU)

INTERFACE S'GNALS

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
(P'.CC) 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 90 clock. See Figure 6 for an
example clock circuit. 30 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
0. 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 (tapg) 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 $2 clock by delay
time tays. Using the @4 clock, addresses are valid at the rising
edge of §4.

CLOCK SIGNALS (R65C112)

All internal 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 AG-A15 form a 16-bit address bus for memory and
I/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 RW. 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

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. IRQis sampled at the falling
edge of §2 prior to the fast 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 proagram counter low byte will be loaded
from address FFFE, and program counter high byte from ioca-
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 92; 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 averflow bit (V) in the
processor status register. The signal is sampled prior to the rising
edge of @2 by the SO setup time (tsos)-
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Figure 1. Pin Assignments
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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 Vo reaches operating voltage from
a power down. A positive transition on this pin will then cause an
intialization 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 cycie 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 ail three devices. With the exception of the crystal
oscillator, clock signals, Memory Lock (ML), and Bus Enable (BE)
signals, the intemal 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 all internal clock signals, and (where
applicable) external clock signals, associated with the device. Itis
the clock generator that drives the timing control unit and the
externai 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.
Each time 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 ptaced on the high-order 8 bits. The
counter is incremented each time an instruction or datais 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 a general 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
madifies 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 controf the address-
ing of the variable-length stack on page one. The stack pointer is
automatically incremented and decremented under contral 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 mulitiple 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 cantrolled 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 RE5CO0 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 cannected 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).








































