R6500/11¢/12¢/15¢/16

N

Rockwell

R6500/11, R6500/12,
R6500/15 AND R6500/16
ONE-CHIP MICROCOMPUTERS

SECTION 1
INTRODUCTION

1.1 FEATURES

o Enhanced 6502 CPU

—Four new bit manipulation instructions:
Set Memory Bit (SMB)
Reset Memory Bit (RMB)
Branch on Bit Set (BBS)
Branch on Bit Reset (BBR)

—Decimal and binary arithmetic modes

—13 addressing modes

—True indexing

3K-byte mask-programmable ROM (R6500/11, R6500/12)

4K-byte mask-programmable ROM (R6500/15, R6500/16)

192-byte static RAM

32 TTL-compatible I/O lines (R6500/11, R6500/15)

56 TTL-compatible I/O lines (R6500/12, R6500/16)

One 8-bit port may be tri-stated under software control

One 8-bit port with programmable latched input

Two 16-bit programmable counter/timers, with latches

—Pulse width measurement

—Asymmetrical pulse generation

—Pulse generation

—Interval timer

—Event counter

—Retriggerable interval timer

Serial port

—Full-duplex asynchronous operation mode

—Selectable 5- to 8-bit characters

—Wake-up feature

—Synchronous shift register mode

—Standard programmable bit rates, programmable up to
62.5K bits/sec @ 1 MHz

Ten interrupts

—Four edge-sensitive lines; two positive, two negative

—Reset

—Non-maskable

—Two counter underflows

—Serial data received

—Serial data transmitted

Bus expandable to 16K bytes of external memory

Flexible clock circuitry

—2-MHz or 1-MHz internal operation

—Internal clock with external 2 MHz to 4 MHz series
resonant XTAL at two or four times internal frequency

—External clock input divided by one, two or four

1us minimum instruction execution time @ 2 MHz

NMOS-3 silicon gate, depletion load technology

Single +5V power supply ‘ ‘

12 mW stand-by power for 32 bytes of the 192-byte RAM

40-pin DIP (R6500/11 and R6500/15)

64-pin QUIP (R6500/12 and R6500/16)

1.2 SUMMARY

These Rockwell microcomputers are complete, high-perform-
ance 8-bit NMOS-3 microcomputers on a single chip, and are
compatible with all members of the R6500 family.

The R6500/11 consists of an enhanced 6502 CPU, an internal
clock oscillator, 3072 bytes of Read-Only Memory, 192 bytes
of Random Access Memory (RAM) and versatile interface cir-
cuitry. The interface circuitry includes two 16-bit programmable
timer/counters, 32 bidirectional input/output lines (including four
edge-sensitive lines and input latching on one 8-bit port), a full-
duplex serial /O channel, ten interrupts and bus expandability.

The R6500/15 is identical to the R6500/11 except it has 4K of
ROM.

The R6500/12 consists of all the features of the R6500/11 plus
three additional I/O ports. It is packaged in a 64 pin QUIP.

The R6500/16 is identical to the R6500/12 except it has 4K of
ROM.

The innovative architecture and the demonstrated high perfor-
mance of the R6502 CPU, as well as instruction simplicity,
results in system cost-effectiveness and a wide range of com-
putational power. These features make either device a leading
candidate for microcomputer applications.

To allow prototype circuit development, Rockwell offers a PROM-
compatible 64-pin extended microprocessor device. This device,
the R6511Q, provides all R6500/11 or R6500/15 interface lines,
plus the address bus, data bus and control lines to interface with
external memory. With the addition of external circuits it can also
be used to emulate the R6500/12 or R6500/16 (contact Rockwell
sales offices listed on the back page for details).
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A backpack emulator, the R65/11EB, is available for devel-
oping R6500/11 applications. No backpack pan |s available
for the R6500/12.

The R6511Q may also be used as a CPU-RAM-J/O counter
device in multichip systems.

Rockwell supports development of the devices with the
System 65 Microcomputer Development System and the
R6500/* Family of Personality Modules. Complete in-circuit
emulation with the R6500/x Family of Personality Modules
allows total system test and evaluation.

This product description is for the reader familiar with the
R6502 CPU hardware and programming capabilities. A
detailed description of the R6502 CPU hardware is included
in the R6500 Microcomputer System Hardware Manual (Order
~ Number 201). A description of the instruction capabilities of

the R6502 CPU is contained in the R6500 Microcomputer
System Programming Manuat (Order Number 202).

h

1.3 CUSTOMER OPTIONS i

The R6500/11 microcomputer is"avallable with the followlng
customer specified mask options:

e .

Option 1 Crystal or RC oscillator

Option 2 Clock divide by 2 or 4’

Option 3 Clock MASTER Mode or SLAVE Mode
Option 4 Port A with or without internal pull-up resistors
Option 5 Port B with or without internal pull-up resistors
e Option 6 Port C with or without internal pull-up resistors

All options should be specified on an R6560/11 or NS order
form.

The R6500/12 or /16 is available with all of the above options
plus:

e Option 7 Port F with or without internal pull-up resistors
o Option 8 Port G with or without internal pull-up resistors
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SECTION 2
INTERFACE REQUIREMENTS

This section describes the interface requirements for the Table 2-1 describes the function of each pin. Figure 3-1 has
single chip microcomputer devices. Figure 2-1 is the Inter- a detailed block diagram of the device which illustrates its
face Diagram for the devices, Figure 2-2 and Figure 2-3 show internal functions.

the mechanical outline and pin out configurations and
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Table 2-1. Pin Descriptions

¢
A
|

Pin Number ”
Signal Name | Rgs00/11 or 115 | R6500/12 or 116 Description
Vee 21 50 Main power supply +5V
Var 39 12 Separate power pin for RAM. In the event that V¢ power is lost, this power retains
RAM data. ;
Vss 40 11 Signal and power ground (0V) |
XTLI 2 10 Crystal or clock input for internal clock osgillator. Also allows input of X1 clock
signal it XTLO is connected to Vgg, or X2 or X4 clock if XTLO is floated.
XTLO 1 9 Crystal output from internal clock oscillator.
RES 20 Y The Reset input is used to initialize the device. This signal must not transition from
low to high for at least eight cycles after V¢ reaches operating range and the
internal oscillator is stabilized.
dz 3 13 Clock signal output at internal frequency.
MI 22 51 A negative going edge on the Non-Maskabile Interrupt signal requests that a non-
maskable interrupt be generated within the CPU.
PAO-PA7 30-23 64-57 Four 8-bit ports used for either input/output. Each line of Ports A, B and C consist
PBO-PB7 38-31 81 of an active transistor to Vgg and an optional passive pull-up to V. In the abbre-
PCO-PC7 4-11 25-32 viated or multiplexed modes of operation Port C has an active pull-up transistor. ‘
PDO-PD7 19-12 40-33 Port D functions as either an 8-bit input or 8-bit output port. It has active pull-up )
and pull-down transistors. ’ ‘l
|
PEO-PE7 NA 49-42 For the R6500/12 or /16, the 64 pin QUIP version, three additional ports (24 lines) !
PFO-PF7 NA 24-17 are provided. Each line consists of an active transistor to Vgg. PFO-PF7 and .
PGO-PG7 N/A 52-56 PGO-PG7 are bidirectional, and an optional passive pull-up to V¢ is provided.
4 PEO-PE7 is outputs only with an active pull-up. All ports will source 100 xamps ;
14-16 at 2.4V except port E (PEO-PE7) which will source 1 mA at 1.5V. |
. o
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SECTION 3
SYSTEM ARCHITECTURE

This section provides a functional description of the devices.
Functionally they consist of a CPU, both ROM and RAM mem-
ories, four 8-bit parallel I/O ports {(seven in the 64-pin versions),
a serial 1/O port, dual counter/latch circuits, a mode control
register, and an interrupt flag/enable dual register circuit. A
block diagram of the system is shown in Figure 3-1. -

NOTE

Throughout this document, unless specified otherwise,
all memory or register address locations are specified
in hexadecimal notation.

- 3.1 CPU LOGIC

The internal CPU is a standard 6502 configuration with an
8-bit Accumulator register, two 8-bit Index Registers (X and
Y); an 8-bit Stack Pointer register, an ALU, a 16-bit Program
Counter, and standard instruction register/decode and intermnal
timing control logic.

3.1.1 Accumulator

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

3.1.2 Index Registers

There are two 8-bit index registers, X and Y. Each index reg-
ister can be used as a base to modify the address data pro-
gram counter and thus obtain a new address—the sum of
the program counter contents and the index register contents.

When executing an instruction which specifies indirect
addressing, the CPU fetches the op code and the address,
and modifies the address from memory by adding the index
register to it prior to loading or storing the value of memory.

Indexing greatly simplifies many types of programs, espe-
cially those using data tables.

3.1.3 Stack Pointer

The Stack Pointer is an 8-bit register. It is automatically
incremented and decremented under control of the micro-
processor to perform stack manipulation in response to either
user instructions, an internal iRQ interrupt, or the external
interrupt line NMI. The Stack Pointer must be initialized by
the user program.

The stack allows simple implementation of multiple level
interrupts, subroutine nesting and simplification of many types
of data manipulation. The JSR, BRK, RTI and RTS instruc-
tions use the stack and Stack Pointer.

The stack can be envisioned as a deck of cards which may
only be accessed from the top. The address of a memory

location is stored (or “pushed”) anto the stack. Each time
data are to be pushed onto the stack, the Stack Pointer is
placed on the Address Bus, data are written into the memory
location addressed by the Stack Pointer, and the Stack
Pointer is decremented by 1. Each time data are read (or
"pulled”) from the stack, the Stack Pointer is incremented by
1. The Stack Pointer is then placed on the Address Bus, and
data are read from the memory location addressed by the
Pointer.

The stack is located on zero page, i.e., memory locations
OOFF-0040. After reset, which leaves the Stack Pointer
indeterminate, normal usage calls for its initialization at 00FF.

3.1.4 Arithmetic And Logic Unit (ALU)

All arithmetic and logic operations take place in the ALU,
including incrementing and decrementing internal registers
(except the Program Counter). The ALU cannot store data
for more than one cycle. If data are placed on the inputs to
the ALU at the beginning of a cycle, the result is always gated
into one of the storage registers or to external memory during
the next cycle.

Each bit of the ALU has two inputs. These inputs can be tied
to various internal buses or to a logic zero; the ALU then
generates the function (AND, OR, SUM, and so on) using
the data on the two inputs.

3.1.5 Program Counter

The 16-bit Program Counter provides the addresses that are
used to step the processor through sequential instructions
in a program. Each time the processor fetches an instruction
from program memory, the lower (least significant) byte of
the Program Counter (PCL) is placed on the low-order bits
of the Address Bus and the higher (most significant) byte of
the Program Counter (PCH) is placed on the high-order 8
bits of the Address Bus. The Counter is incremented each
time an instruction or data is fetched from program memory.

3.1.6 Instruction Register and Instruction Decode

Instructions are fetched from ROM or RAM and gated onto
the Internal Data Bus. These instructions are latched into the
Instruction Register then decoded along with timing and
interrupt signals to generate control signals for the various
registers.

3.1.7 Timing Control

The Timing Control Logic keeps track of the specific instruc-
tion cycle being executed. This logic is set to TO each time
an instruction fetch is executed and is advanced at the
beginning of each Phase One clock pulse for as many cycles
as are required to complete the instruction. Each data transfer
which takes place between the registers is caused by
decoding the contents of both the instruction register and
timing control unit.
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3.1.8 Interrupt Logic

Interrupt logic controls the sequencing of three interrupts;
RES, NMi and IRQ. IRQ is generated by any one of eight
conditions: 2 Counter Overflows, 2 Positive Edge Detects,
2 Negative Edge Detects, and 2 Serial Port Conditions.

3.2 NEW INSTRUCTIONS

In addition to the standard 6502 instruction set, four instruc-
tions have been added to the devices to simplify operations
that previously required a read/modify/write operation. In
order for these instructions to be equally applicable to any
VO ports, with or without mixed input and output functions,
the /O ports have been designed to read the contents of the
specified port data register during the Read cycle of the read/
modify/write operation, rather than I/O pins as in normal read
cycles. The added instructions and their format are explained
in the following subparagraphs. Refer to Appendix A for the
Op Code mnemonic addressing matrix for these added
instructions.

3.2.1 Set Memory Bit (SMB m, Addr.)

This instruction sets to “1” one of the 8-bit data field specified
by the zero page address (memory or |/O port). The first byte
of the instruction specifies the SMB operation and 1 of 8 bits
to be set. The second byte of the instruction designates
address (00-FF) of the byte or O port to be operated upon.

3.2.2 Reset Memory Bit (RMB m, Addr.)

This instruction is the same operation and format as SMB
instruction except a reset to "0" of the bit results.

3.2.3 Branch On Bit Set Relative (BBS m, Addr,
DEST)

This instruction tests one of 8 bits designated by a three bit
immediate field within the first byte of the instruction. The
second byte is used to designate the address of the byte to
be tested within the zero page address range (memory or
1/0 ports). The third byte of the instruction is used to specify
the 8 bit relative address to which the instruction branches
if the bit tested is a "1”. If the bit tested is not set, the next
sequential instruction is executed.

3.2.4 Branch On Bit Reset Relative (BBR m,
Addr, DEST)
This instruction is the same operation and format as the BBS

instruction except that a branch takes place if the bit tested
isa"0".
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3.3 READ-ONLY-MEMORY (ROM)

In the R6500/11 or R6500/12 the ROM consists of 3072 bytes
(3K) of mask programmable memory with an address space
from F400 to FFFF. ROM locations FFFA through FFFF are
assigned for interrupt and reset vectors.

In the R6500/15 or R6500/16 the ROM consists of 4096 bytes
{4K) of mask programmable memory with an address space
from FO0O to FFFF. ROM locations FFFA through FFFF are
assigned for interrupt and reset vectors.

3.4 RANDOM ACCESS MEMORY (RAM)

The RAM consists of 192 bytes of read/write memory with
an assigned page zero address of 0040 through 00FF. The
R6500/11 provides a separate power pin {Vas) which may be
used for standby power for 32 bytes located at 0040-005F.
In the event of the loss of V.. power, the lowest 32 bytes of
RAM data will be retained if standby power is supplied to the
Vke pin. If the RAM data retention is not required then Vg
must be connected to V.c. During operation Vzx must be at
the Vcc level.

For the RAM to retain data upon loss of V¢c, Var must be
supplied within operating range and RES must be driven low
at least eight @2 clock pulses before V. falls out of operating
range. RES must then be held low while V¢ is out of oper-
ating range and until at least eight @2 clock cycles after Vec
is again within operating range and the internal ¢i2 oscillator
is stabilized. Vaa must remain within V¢ operating range
during normal operation. When V. is out of operating range,
Vge must remain within the Vqa retention range in order to
retain data. Figure 3.2 shows typical waveforms.

RAM OPERATING MODE

RAM RETENTION MODE

1 INITIAL APPLICATION OF Ve AND Vgq.

2 LOSS OF Vcc, RAM ON STANDBY POWER.

3 REAPPLICATION OF Vc.

4 >892 CLOCK PULSES AFTER OSCILLATOR STABILIZATION.
5 >8 92 CLOCK PULSES.

Fig&re 3-2. Data Retention Timing
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3.1.8 Interrupt Logic

Interrupt logic controls the sequencing of three interrupts;
RES, NMI and IRQ. IRQ is generated by any one of eight
conditions: 2 Counter Overflows, 2 Positive Edge Detects,
2 Negative Edge Detects, and 2 Serial Port Conditions.

3.2 NEW INSTRUCTIONS

In addition to the standard 6502 instruction set, four instruc-
tions have been added to the devices to simplify operations
that previously required a read/modify/write operation. In
order for these instructions to be equally applicable to any
VO ports, with or without mixed input and output functions,
the /O ports have been designed to read the contents of the
specified port data register during the Read cycle of the read/
modify/write operation, rather than /O pins as in normal read
cycles. The added instructions and their format are explained
in the following subparagraphs. Refer to Appendix A for the
Op Code mnemonic addressing matrix for these added
instructions.

3.2.1 Set Memory Bit (SMB m, Addr.)

This instruction sets to “1" one of the 8-bit data field specified
by the zero page address (memory or |/O port). The first byte
of the instruction specifies the SMB operation and 1 of 8 bits
to be set. The second byte of the instruction designates
address (00-FF) of the byte or 1/O port to be operated upon.

3.2.2 Reset Memory Bit (RMB m, Addr.)

This instruction is the same operation and format as SMB
instruction except a reset to "0” of the bit results.

3.2.3 Branch On Bit Set Relative (BBS m, Addr,
DEST)

This instruction tests one of 8 bits designated by a three bit
immediate field within the first byte of the instruction. The
second byte is used to designate the address of the byte to
be tested within the zero page address range (memory or
I/O ports). The third byte of the instruction is used to specify
the 8 bit relative address to which the instruction branches
if the bit tested is a "1”. If the bit tested is not set, the next
sequential instruction is executed.

3.2.4 Branch On Bit Reset Relative (BBR m,
Addr, DEST)
This instruction is the same operation and format as the BBS

instruction except that a branch takes place if the bit tested
isa"0".
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3.3 READ-ONLY-MEMORY (ROM)

In the R6500/11 or R6500/12 the ROM consists of 3072 bytes
(3K) of mask programmable memory with an address space
from F400 to FFFF. ROM locations FFFA through FFFF are
assigned for interrupt and reset vectors.

In the R6500/15 or R6500/16 the ROM consists of 4096 bytes
(4K) of mask programmable memory with an address space
from FOQO to FFFF. ROM locations FFFA through FFFF are
assigned for interrupt and reset vectors.

3.4 RANDOM ACCESS MEMORY (RAM)

The RAM consists of 192 bytes of read/write memory with
an assigned page zero address of 0040 through 00OFF. The
R6500/11 provides a separate power pin (Vss) which may be
used for standby power for 32 bytes located at 0040-005F.
In the event of the loss of V¢ power, the lowest 32 bytes of
RAM data will be retained if standby power is supplied to the
Vra pin. If the RAM data retention is not required then Vg
must be connected to Vic. During operation Vas must be at
the Vcc level.

For the RAM to retain data upon loss of V¢c, Var must be
supplied within operating range and RES must be driven low
at least eight @2 clock pulses before V. falls out of operating
range. RES must then be held low while V¢ is out of oper-
ating range and until at least eight 2 clock cycles after Ve
is again within operating range and the internal 92 oscillator
is stabilized. Vs must remain within V¢c operating range
during normal operation. When V. is out of operating range,
Vs Must remain within the Vqq retention range in order to
retain data. Figure 3.2 shows typical waveforms.

RAM OPERATING MODE

RAM RETENTION MODE

1 INITIAL APPLICATION OF Ve AND Vpgq.

2 LOSS OF V¢c, RAM ON STANDBY POWER.

3 REAPPLICATION OF V.

4 >892 CLOCK PULSES AFTER OSCILLATOR STABILIZATION.
5 >8 §2 CLOCK PULSES.

Figbre 3-2. Data Retention Timing
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3.5 CLOCK OSCILLATOR

Three customer selectable mask options are available for
controliing the device timing. It can be ordered with a crysta/
or RC oscillator, a divide by 2 or divide by 4 countdown net-
work and for clock master mode or clock slave mode
operation.

For 2 MHz internal operations the divide by two option must
be specified.

A reference frequency can be generated with the on-chip
oscillator using either an external crystal or an external resistor
depending on the mask option selected. The oscillator ref-
erence frequency passes through an internal countdown net-
work (divide by 2 or divide by 4 option) o obtain the internal
operating frequency (see Figure 3-3a and 3-3b). The external
crystal generated reference frequency is a preferred method
since the resistor method can have tolerances approaching
50%.

Note:
When operating at a 1 MHz internal frequency place
a 15-22 pf capacitor between XTLO and ground.

XTL 'm'r =1 MHz

R = 2.4K J; R6500/11
for 2 MHz
XTLO fexr = 2 fiyy
a. Resistor Input
XTLl
fint < 2 MHz
2-6 MHz T R6500/11
xTLo  fext =2Xor 4X
b. Crystal Input
Vee

2-4 MHz XTLl
R6500/11

NC O XTLO

far < 2 MHz

fext = 2X or 4X fyy

a7

Ver
300!

=]

1-2 MHz u finr =1 or 2 MHz
R6500/11

Lo fext =far

=

Vss =
c. Clock Inputs

Internal timing can also be controlled by driving the XTLI pin
with an external frequency source. Figure 3-3c shows typical
connections. If XTLO is left floating, the external source is
divided by the internal countdown network. However, if XTLO
is tied to Vs, the internal countdown network is bypassed
causing the chip to operate at the frequency of the external
source.

The operation described above assumed a CLOCK MASTER
MODE mask option. In this mode a frequence source (crystal,
RC network or external source) must be applied to the XTLI
and XTLO pins. #2 is a buffered output signal which closely
approximates the internal timing. When a common external
source is used to drive multiple devices the intemal timing
between devices as well as their #2 outputs will be skewed
in time. If skewing represents a system problem it can be
avoided by’the Master/Slave connection and options shown
in Figure 3-4.

One device is operated in the CLOCK MASTER MODE and
a second in the CLOCK SLAVE MODE. Mask options in the
SLAVE unit convert the #2 signal into a clock input pin which
is tightly coupled to the internal timing generator. As a result
the internal timing of the MASTER and SLAVE units are syn-
chronized with minimum skew. If the @2 signal to the SLAVE
unit is inverted, the MASTER and SLAVE UNITS WILL
OPERATE OUT OF PHASE. This approach allows the two
devices to share external memory using cycle stealing
techniques.

8500/11 OR /12
XTLI
92 (OUTPUT CLOCK)
(=] MASTER ——
XTLO
——__ INVERTER USED
H "] WHEN SLAVE IS
! | TO OPERATE
6500/11 OR /12 L-—J__J OUT OF PHASE
WITH MASTER
XTLI
SLAvE p-%2
(INPUT CLOCK)
XTLO

Figure 3-3. Clock Oscillator Input Options

Figure 3-4. Master/Slave Connections




