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SECTION 1
INTRODUCTION

SUMMARY

The Rockwell R6501 is a complete, high performance 8-bit
NMOS-3 micracomputer on a single chip and is compatible
with all members of the R6500 family.

The R6501 consists of an enhanced 6502 CPU, an internal
clock oscillator, 192 bytes of Random Access Memory (RAM),
and versatileinterface circuitry. The interface circuitry includes
two-16-bit programmable timer/counters, 32 bidirectional
input/output lings (including four edge-sensitive lines and input
latching on one 8-bit port), a full-duplex serial IO channel, ten
interrupts, and bus expandability.

The innovative architecture and the demonstrated high per-
formance 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 the R6501 a leading
candidate for microcomputer application.

Rockwell supports development of the R8501 with the Low Cost
Emulator (LCE) Development System and the R6500/* Family
of Personality Modules. Complete in-circuit emulation with the
RE500/* Family of Personality Modules allows total system test
and evaluation.

This product description assumes that the reader is familiar
with the R6502 CPU hardware and programming capabilities.
Adetailed description of the R6502 CPU hardware s included
inthe R6500 Microcomputer System Hardware Manual {Docu-
ment Order No. 201). A description of the instruction capabili-
ties of the R6502 CPU Is contained in the R6500 Microcom-
puter System Programming Manual (Document Order No. 202).

ORDERING INFORMATION
‘PartNumper: |
R6501 _

—— Temperature Range (T 1o Ty):
No Letter = 0°C to 70°C
(Commercial)
E = -40°Cto +85°C

{Industrial)
Package
J = 68-Pin Plastic Leaded
Chip Carrier (PLCC)
Q = 64-Pin Plastic QUIP
Frequency

No Letter = 1 MHz Operation

A = 2 MHz Operation

FEATURES

* Enhanced 6502 CPU
~-Four new bit manipulation instructions

« Set Memory Bit (SMB)

* Reset Memory Bit (RMB)

e Branch on Bit Set (BBS)

« Branch on Bit Reset (BBR)
—Decimal and binary arithmetic modes
—13 addressing modes
—True indexing

* 192-byte static RAM

+ 32 bidirectional, TTL-compatible I/O lines (four ports)

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

—One 8-bit port may have latched inputs under software
contral

—Internal pull-up resistors on parts PA, PB, and PC

* Two 16-bit programmable counterftiniers, with latches

—Pulse width measurement
—Asymmetrical pulse generation
—Pulse generation

—Interval timer

—Event counter
—Retriggerable interval timer

« Serial port

—Full-duplex asynchronous operation mode

—S8electable 5- to 8-bit characters

—Wake-up feature

—Synchronous shift register mode

-—Standard programmable bit rates programmable up to
62.6K bits/sec @ 1 MHz

s Ten interrupts

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

-—Reset and non-maskable interrupt

—Two counter underflows

—Serial data received and serial data transmitted

* Bus expandable to 64K bytes of external memory

¢ Flexible clock circuitry
—2 MHz (R6501A) or 1 MHz {R6501) internal operation
—CGCrystal or clack input

* 1 x5 minimum instruction execution time at 2 MHz

* Single +5V power supply

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

* Available in 84-pin plastic QUIP and 68-pin PLCC packages

Document No. 29651N48

Product Description

Order No. 2145
Rev. 4, June 1987
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SECTION 2
INTERFACE REQUIREMENTS

This section describes the interface requirements for the
RB501. Figure 2-1 and 2-2 show the Interface Diagram and the
pin out configuration for both devices. Table 2-1 describes the

function of each pin. Figure 3-1 has a detailed block diagram
of the R6501 ports which illustrates the internal function of the
device.
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R6501 Interface Diagram
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Table 2-1, R&501 Pin Descriptions
Pin No.

Signal Name 1o 84-Pin QUIP 68-Pin PLCC Description

Vee | 21 22 POWER. Main power supply. +5V.

VRr | 43 46 RAM RETENTION POWER. Separate power pin for RAM. Inthe event that Vog power
is off, this power retains RAM data. +5V.

Va3 44 48 GROUND. Signal and power ground (QV).

XTLI 42 45 CRYSTAL IN. Crystal or clock input for internal clock oscillator. Allows input of X1 clock
signal if XTLO is connected to Vgg, or of X4 (R6501) or X2 (R6501A) clock if XTLO is
floated.

XTLO o] 41 44 CRYSTAL OUT. Crystal output from internal clock oscillator.

RES 1 6 7 RESET. The Resetinput is used toinitialize the device. This signal must not transiticn
from low to high for at least eight cycles after Ve reaches operating range and the
internal osciliator has stabilized.

02 o] 45 49 PHASE 2 CLOCK. Clock signal output at internal frequency.

NMI | 23 25 NON-MASKABLE INTERRUPT. A negative going edge on the Non-Maskable Inter-

| rupt signal requests that a non-maskable interrupt be generated with the CPU

PAQ-PA7 11O 39-32 i 42-35 PORT A. General purpose 1/O Port A.

!

PBO-PB7 lle] 31-24 34-3¢, 26-26 PORT B. General purpose IfO Pert B.

PCO-PC7 Ho 54-61 \ 68-65 PORT C. General purpose 110 Pert C.

PDO-PD7 1o 62-64, 1-5 [ 66, 67, 1-6 PORT D. General purpose /O Port D.

Faour 8-hit parts used for either inputfoutpul. Each Jine of Ports A, B and C cansists of
an active transistor 1o Vss and a passive puil-up 10 Veg. Port D functions as either an
8-bit input or an 8-bit output port. It has active pull-up and pull-down transistors.

AQ-A12, A15 0 20-8,7 21-9,8 ADDRESS LINES. Fourteen address lines used lo address a complete 65K external
address space. Note: A13and A14 are sourced through PC6 and PC7 when in the Full
Address Mede.

DBoO-DB7 110 53-46 57-50 DATA LINES. Eight bidirectional data bus lines used to transmit data to and from exler-
nal memory.

SYNC (o] 22 24 SYNC. SYNC is a positive going signal for the full clock cycle whenever the CPU is per-
forming an OF CODE fetch.

RW (o} 40 43 READ/WRITE. Controls the direction of data transfer between the CPU and the exter-
nal 85K address space. The signal is high when reading and low when writing.
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SECTION 3
SYSTEM ARCHITECTURE

This section provides a functional description of the R6501.
Functionally the R6501 consists of a CPU, RAM, four 8-bit
paraliel /O ports, a serial I/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,
1 all memory or register address locations are specified
‘ in hexadecimal notation.

3.1 CPU LOGIC

The R6501 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 internal
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 B-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 contrel of the micro-
pracessor 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 SR, BRK, RT! and RTS instruc-
tions use the stack and Stack Pointer.

The stack can be envisioned as a deck of cards which may
be accessed only from the top. The address of a memory
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location is stored (or “pushed’) onto 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
O0FF-0040. After reset, which leaves the Stack Pointer
indeterminate, normal usage calls for #ts 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-hit 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-crder 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 pregram 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 centrols 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 te the standard R6502 instruction set, four new bit
manipulation instructions have been added to the RB501. The
added instructions and their format are explained in the follow-
ing paragraphs. Refer to Appendix A for the Op Code
mnemonic addressing matrix for these added instructions. The
four added instructions do notimpact the CPU processor status
register.

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 one of eight
bits to be set. The second byte of the instruction designates
address (0-255) of the byte 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 eight bits designated by a 3-bit
immediate field within the first byte of the instruction. The
secondbyteis used to designate the address of the byte to be
tested within the zero page address range {memory or /O
ports). The third byte of the instruction is used to specify the
8-bit relative address to which the instruction branches if the
bittested is a “1”. If the bittested 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 formal as the BBS
instruction except that a branch takes place if the bit tested is
20"

3.3 READ-ONLY-MEMORY (ROM)
The R6501 has no ROM and its Reset vector is at FFFC.

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 R6501
provides a separate power pin (Vgg) which may be used for
standby power for 32 bytes located at 0040-005F. in the event
of the loss of Vi power, the lowest 32 bytes of RAM data will
be retained if star:dby power is supplied to the Vgg pin. If the
RAM data retention is not required then Vsa must be con-
nected to V¢c. During operation Vg must be at the Vg level.
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For the RAM to retain data upon loss of Vg, Var must be sup-
plied within operating range and RES must be driven low at
least eight §2 clock pulses before Vg falls out of operating
range. RES must then be held low while Vg is out of operat-
ing range and until at least sight @2 clock cycles after Vg is
again within operating range and the internal 2 oscillator is
stabilized. Vs must remain within Ve operating range during
normal operation. When V¢ is out of operating range, Vgg
must remain within the Vg retention range in order to retain
data. Figure 3.2 shows typical waveforms.

RAM OPERATING MODE RAM RETENTION MODE

4——l—-—‘
e =

INITIAL APPLICATION OF Vc; AND Ve,

LOSS OF V., RAM ON STANDBY POWER.

REAPPLICATION OF V...

>8 92 CLOCK PULSES AFTER OSCILLATOR STAHILIZATION.
8 P2 CLOCK PULSES.

~ Fm

AP

Figure 3-2. Data Retention Timing

3.5 CLOCK OSCILLATOR

The RB65C1 has been configured for a crystal oscillator, a count-
down network, and for Master Mode Operation.

A reference frequency can be generated with the on-chip oscil-
lator using either an external crystal or an external oscillator.
The oscillator reference frequency passes through an internal
countdown network to obtain the internal operating frequency.
The on-chip oscillator is designed for a parallel resonant crys-
tal connected between XTU and XTLO pins. The equivalent
oscillator circuit is shown in Figure 3-3a.
A parallel resonant crystal is specified by its load capacitance
and series resonant resistance. For proper oscillator operation,
the load capacitance (C,}, series resistance (Rg) and the crys-
tal resonant frequency (F) must meet the following two refations:

(C+27)=2C, or C=2C_- 27pF

2% 10°

. (FCL)?

where: F is in MHz; C and C_ are in pF; R is in chms.

Rs = Rsmax =

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 crys-
tal must have a R; less than the Rspax.

For example, if C. = 22 pF for a4 MHz parallel resonant crys-
tal, then
C = (2x22) — 27 = 17 pF (use standard value of 18 pF}

The series resistance of the crystal must be less than

6
Rgmax = J2 R0 = 258 ohms
(4 x 22)°
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Internal timing can also be controlled by driving the XTLI pin
with an external frequency source. Figure 3-3b shows typical
connections. If XTLO ig left floating, the external source is
divided by the internal countdawn network. However, if XTLO
is tied to Vss, the internal countdown network is bypassed
causing the chip to operate at the frequency of the external
source.

C5%  xTL 276F
Ayl Iy .
LN ; Re501
2.4 MHz [_]XTAL Rs—sl;ﬂus-sm
] Iy | —DIVIDE-BY-2
] {] |
= C+5% XTLO 2pF =

A. CRYSTAL INPUT

2.4 MHz XTLL  tyr < 2 MHz
RE501 —DIVIDE-BY-4
R6501A—DIVIDE-BY-2

NC O XTLO

12MHz | >Oo—OXTL g < 2MHz
RE501 —DIVIDE-BY-1
R6501A—DIVIDE-BY-1

Vgs =

B. CLOCK INPUTS

Figure 3-3, Clock Oscillator Input Options

3.6 MODE CONTROL REGISTER (MCR)

The Mode Control Register contains control bits for the mul-
tifunction I/O perts and mode select bits for Counter A and
Counter B. lts setting, along with the setting of the Serial
Communications Control Register (SCCR), determines the
basic configuration of the R6501 in any application. Initial-
izing this register is one of the first actions of any software
program. The Mode control Register bit assignment is shown
in Figure 3-4.

3.7 INTERRUPT FLAG REGISTER (IFR)
AND INTERRUPT ENABLE
REGISTER (IER)

An TRQ interrupt request can be initiated by any or all of eight

possible scurces, These sources are all capable of being

enabled or disabled by the use of the appropriate interrupt
enabled bits in the Interrupt Enable Register {(IER). Multiple
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simultaneous interrupts cause the TRQ interrupt request to
remain active until all interrupting conditions have been
serviced and cleared.

The Interrupt Fiag Register contains the information that
indicates which I/O or counter needs attention. The contents
of the Interrupt Flag Register may be examined at any time
by reading at address: 0011. Edge detect IFR bits may be
cleared by executing a RMB instruction at address location
0010. The RMB X, (0010) instruction reads FF, modifies bit
X to a "0", and writes the modified value at address location
0011. In this way IFR bits set to a “17 after the read cycle of
a Read-Modify-Write instruction (such as RMB) are protected
from being cleared. A logic "1 is ignored when writing to
edge detect IFR bits.

Each IFR bit has a corresponding bit in the Interrupt Enable
Register which can be set to a "1” by writing 2 “1” in the
respective bit position at iocation 0012. Individual IER bits
may be cleared by writing a 0" in the respective bit position,
or by RES. If set to a "1”, an IRQ will be generated when the
corresponding IFR bit becomes true, The Interrupt Flag Reg-
ister and Interrupt Enable Register bit assignments are shown
in Figure 3-5 and the functions of each bit are explained in
Table 3-1.

MCR

f’lﬁlﬂ*l;l?{l’l“l

dounter a
Counter B Mode Select
Mode Select ¢ @ Interval Timer
0—— 1 Pulse Generation
1 ——- 0 Event Countar
71— 1 Pulse Width Meas.
0 0 Interval Timer
0 —— 1 Asymmatric Pulse Generation
1w O Event Counter
1 1 Retriggerable Interval Timer
Port B Lalch
(1 = Enabied)
Port G Tri-State
(0= Tri State High impedance Mode)

Addr 0014

Bus Mode Select

Q—=—— 0 Full Address
Q= 1 Hormal

t=—— 0 Abbrevialed Bus
i

1 Multlplexed Bus

Figure 3-4. Mode Control Register

The use of Counter A Mode Select is shown in Section 6.1.
The use of Counter B Mode Select is shown in Section 6.2.
The use of Port B Latch Enable is shown in Section 4.4
The use of Port O in Tri-State Enable is shown in Section 4.6.

The use of Bus Mode Select is shown in Section 4.5 and 4.6.
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The Carry Bit may be set or cleared under program control
"J 6 ] § | 4 3 I 2 1 I o J Adldsi012 by use of the Set Carry (SEG) or Clear Carry (CLC) instruc-
IER l I I | { J I I tion, respectively. Other operations which affect the Carry Bit
are ADGC, ASL, CMP, CPX, CPY, LSR, PLP, ROL, ROR, RTI,
I k 6 5 4 3 I 2 1 a | Aadrooty and SBC.

1FR I_ PAQ Positive
Edge Detect

INTERRUPT CISABLE (]
Flag w@

|
|
PA1 Positi l
ositive
Edge Detecl | 7 6 5 1 3 2 1 0
PA2 Negative [’ N | v | B [ L 1 ] z c
Edge Detect
PA3 Negative |_
Edge Detect CARRY (C) (7
Counter A i [ClO]
Underflow Flag 1= Carry Set
Eouniar | 0= Carry Clear
Undarflow Flag | L zrom@
| Receiver | 1 = Zero Result
Flag | 0 = Non-Zera Result
L xMTR |

= I1AQ Interrupt Disabled
0 = IRQ Inlerrupt Enabled

Figure 3-5. Interrupt Enable and Flag Registers

OECIMAL MODE (D) (T)

3.8 PROCESSOR STATUS REGISTER 5 X Bovary o

BREAK COMMAND (B} (T}

The 8-bit Processor Status Register, shown in Figure 3-6,
contains seven status flags. Some of these flags are controlled B skl S
by the user program; others may be controlied both by the

user’s program and the CPU. The R6502 instruction set con-

OVERFLOW (0)@

tains a number of conditional branch instructions which are 5 et crear
designed to allow testing of these flags. Each of the eight L NEGATIVE (H)(T)

processor status flags is described in the following sections. NOTES
(7) Not initlatized by Al

AES 1= Negative Valug
@ Set 1o Loglc 1 by AES

0= Postive Value
3.8.1 Carry Bit (C)

The Carry Bit (C) can be considered as the ninth bit of an
arithmetic operation. It is set to logic 1 if a carry from the
eighth bit has occurred or cleared to logic O if no carry Figure 3-6. Processor Status Register
occurred as the result of arithmetic operations.

Table 3-1. Interrupt Flag Register Bit Codes

Bit

Code Function

IFR 0: PAQ Paositive Edge Detect Flag—Set to a "1” when a positive going edge is detected on PAQ.
Cleared by RMB O (0010} instruction or by RES.

fFR 1: PA1 Posilive Edge Detect Flag—Set to a 1_when a positive going edge is detected on PA1.
Cleared by RMB 1 (0010) instruction or by RES.

IFA 2: PA2 Negative Edge Detect Flag—Set to a 1 when a negative going edge is detected on PA2.
Cleared by RMB 2 (0010) instruction or by RES.

IFR 3: PA3 Negative Edge Detect Flag—Set to 1 when a negalive going edge is dstected on PAS.
Cleared by AMB 3 (0010} instruction or by RES.

IFR 4: Counter A Underflow Flag—Set to a 1 when Counter A underflow occurs. Cleared by reading
the Lower Counter A at location 0018, by writing to address location 001A, or by RES.

IFR 5: Counter B Undertlow Flag~—Set o a 1 when Counter B underflow occurs, Cleared by reading
the Lower Counter B at location 001C, by writing to address location 001E, or by RES.

IFR 6: Receiver Interrupt Flag—Set to a 1 when any of the Serial Communication Status Register bits
0 through 3 is set to a 1. Cleared when the Receiver Status bits (SCSR 0-3) are cleared or by
RES.

IFR 7: Transmitter interrupt Flag—Set to a 1 when SCSR 6 is set to a 1 while SCSR 5is a 0 or SCSR
7is setto a 1. Cleared when the Transmitter Status bits (SCSR 6 & 7) are cleared or by RES.

3110
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3.8.2 Zero Bit (2)

The Zero Bit (Z) is set to logic 1 by the CPU during any data
movement or calculation which sets all 8 bits of the result to
zero. This bit is cleared to logic 0 when the resultant 8 bits
of a data movement or calculation operation are not all zero.
The RB500 instruction set contains no instruction to specifi-
cally set or clear the Zero Bit. The Zero Bit is, however,
affected by the following instructions; ADC, AND, ASL, BIT,
CMP, CPX, CPY, DEC, DEX, DEY, EOR, INC, INX, INY,
LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, ROR, RTI,
SBC, TAX, TAY, TXA, TSX, and TYA.

3.8.3 Interrupt Disable Bit (I)

The Interrupt Disable Bit (1) is used to control the servicing
of an interrupt request (IRQ). If the | Bit is reset to logic O,
the TRQ signal will be serviced, If the bit is set to logic 1, the
IRQ signal will be ignored. The CPU will set the Interrupt
Disable Bit to logic 1 if a RESET (RES),IRQ, or Non-Mask-
able Interrupt (NM) signal is detected.

The | bit is cleared by the Clear Interrupt Mask Instruction
{CLI) and is set by the Set Interrupt Mask Instruction (SEi).
This bit is set by the BRK Instruction. The Return from Inter-
rupt (RTH) and Pull Processor Status (PLP) instructions will
also affect the | bit.

3.8.4 Decimal Mode Bit (D)

The Decimal Mode Bit (D) is used to control the arithmetic
mede of the CPU. When this bit is set to logic 1, the adder
operates as a decimal adder. When this bit cleared to logic 0,
the adder operates as a staight binary adder. The adder
maode is controlled only by the programmer. The Set Decimal
Mode (SED) instruction will set the D bit; the Clear Decimal
Mode (CLD) instruction clears it. The PLP and RTI instruc-
tions also affect the Decimal Mode Bit.

CAUTION

The Decimal Mcde Bit will either set or clear in an
unpredictable manner upon power application. This bit
must be initialized to the desired state by the user pro-
gram or erroneous results may occur.
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3.8.5 Break Bit (B)

The Break Bit (B) is used to determine the condition which
caused the IRQ service routine lo be entered. If the IRQ service
routing was entered because the CPU executed a BRK com-
mand, the Break Bit will be set tolagic 1. If the IRQ routine was
entered as the result of an IRQ signal being generated, the B bit
will be cleared to logic 0. There are no instructions which can
set or clear this bit.

3.8.6 Overflow Bit (V)

The Overflow Bit (V) is used to indicate that the result of a
signed, binary addition, or subtraction, operation is a value
that cannot be contained in seven bits (-128 = n =< 127).
This indicator only has meaning when signed arithmetic (sign
and seven magnitude bits) is performed. When the ADC or
SBC instruction is performed, the Overilow Bit is set to logic
1 if the polarity of the sign bit (bit 7) is changed because the
result exceeds +127 or —128; otherwise the bit is cleared
to logic 0. The V bit may also be cleared by the programmer
using a Clear Overflow (CLV) instruction,

The Overflow Bit may also be used with the BIT instruction,
The BIT instruction—which may be used to sample interface
devices—allows the overflow flag to reflect the condition of
bit & in the sampled field. During a BIT instruction the Over-
flow Bit is set equal to the content of the bit 6 on the data
tested with BIT instruction. When used in this mode, the
overflow has nothing to do with signed arithmstic, but is just
another sense bit for the microprocessaor. Instructions affecting
the V flag are ADG, BIT, CLV, PLP, RTI and SBC.

3.8.7 Negative Bit (N)

The Negative Bit (N) is used to indicate that the sign bit
(bit 7) in the resulting value of a data movement or data arith-
metic operation is set to fogic 1. If the sign bit is set to lagic 1,
the resulting value of the data movement or arithmetic
operation is negative; if the sign bit is cleared, the result of
the data movement or arithmetic operation is positive. There
are no instructions that set or clear the Negative Bit since the
Negative Bit represents only the status of a result. The
instructions that effect the state of the Negative Bit are: ADC,
AND, ASL, BIT, CMP, CPX, CPY, DEC, DEX, DEY, EOR,
INC, INX, INY, LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL,
ROR, RTI, SBC, TAX, TAY, TSX, TXA, and TYA.
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SECTION 4
PARALLEL INPUT/OUTPUT PORTS
& BUS MODES

The devices have 32 I/O iines grouped into four 8-bit ports
(PA, PB, PG, and PD). Ports A through C may be used either
for input or output individually or in groups of any combination,
Port D may be used as all inputs or all outputs.

Multifunction /Q's such as Port A and Port C are protected
from normal port /O instructions when they are programmed
1o perform a multiplexed function.

Internal pull-up resistors (FET’s with an impedance range of
3K = R, < 12K ohm) are provided on all port pins except
Port D.

The direction of the 32 I/O lines is controlled by four B-bit port
registers located in page zero. This arrangement provides quick
programming access using simple two-byte zero page addrass
instructions. There are no direction registers associated with
the /O ports, thus simplifying /O handling. The /O addresses
are shown in Table 4-1. Appendix E.4 shows the /O Port Timing.

Table 4-1. 1/O Port Addresses
Port Address
A 0000
B 0001
c 0002
D 00038
4.1 INPUTS

Inputs for Ports A, B, and C are enabled by loading logic 1
into all 1/O port register bit positions that are to correspond
to /O input lines. A low (<0.8V) input signal will cause a logic
D to be read when a read instruction is issued to the port
register. A high (>2.0V) input will cause a logic 1 to be read.
An RES signal forces all O port registers to logic 1 thus
initially treating ail ¥O lines as inputs.
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Port D may only be all inputs or all outputs. All inputs is
selected by setting bit 5 of the Mode Control Register (MCR5)
toa"o.

The status of the input lines can be interrogated at any time
by reading the I/O port addresses. Note that this will return
the actual status of the input lines, not the data written into
the I/C port registers.

Read/Modify/Write instructions can be used to modily the
operation of PA, PB, PC, & PD. During the Read cycle of a
Read/Modify/Write instruction the Port I/O register is read.
For all other read instructions the port input lines are read.
Read/Modify/Write instructions are: ASL, DEC, INC, LSR,
RMB, ROL, ROR, and SMB.

4.2 OUTPUTS

Outputs for Ports A thru D are controlled by writing the
desired I/C line output states into the corresponding I/O port
register bit positions. A logic 1 will force a high (>2.4V)
output while a logic 0 will force a low (<0.4V) output.

Port D all outputs is selected by setting MCR5 to a "1”.

4.3 Port A (PA)

Port A can be programmed via the Mode Control Register
(MCR) and the Serial Communications Control Register
(SCCR) as a standard parallel 8-bit, bit independent, I/O port
or as serial channel 1/O lines, counter IfO lines, or an input
data sirobe for the Port B input latch option. Table 4-2 tab-
ulates the control and usage of Port A.

In addition to their normai IO functions, PAO and PA1 can
detect positive going edges and PA2 and PA3 can detect
negative going edges. A proper transition on these pins will
set a corresponding status bit in the IFR and generate an
interrupt request if the respective Interrupt Enable Bit is set.
The maximum rate at which an edge can be detected is one-
half the ,d2 clock rate. Edge detection timing is shown in Ap-
pendix E.3.
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Table 4-2. Port A Control and Usage

PAQ /O PORT B LATCH MODE
MCR4 = 0 MCR4 = 1
SIGNAL SIGNAL
NAME TYPE NAME TYPE
PAO(2) PAQ lle} PORAT B INPUT (1)
LATCH STROBE
PA1-PA3 IO
PAT(Z) |
PAZ (3) SIGNAL
PA3(3) NAME TYPE

PA1 1o

PA2 [/[o]

PA3 (e}

PA4 11O COUNTER A )iO
MCRO =0 MCRO = 1 SCCR7 = 0
MCR1 = 0 MCR1 =0 | SCCRé = 0
SCCR7 = 0 SCCR7 =0 MCR1 =1
PA4 RCVR S/R MODE = 0 ACVR S/A MODE = 0
e (4)
SIGNAL SIGNAL SIGNAL
NAME TYPE NAME TYPE NAME TYPE
PA4 {e] CNTA ouTPUT CNTA INPUT (1)
SERIAL I/O SHIFT REGISTER CLOCK
SCCR7 =1 RCVR S/R MODE = 1
SCCRS = 1 4
SIGNAL SIGNAL
NAME TYPE NAME TYPE
XMTR CLOCK OuUTPUT RCVR CLOCK INPUT (1)
PA5 /O COUNTER B O
MCR3 = 0 MCR3 ~ 0 MCR2 = 1
PAS MCR2 = 0 MCR2 =1 MCR2 = X
SIGNAL SIGNAL SIGNAL
NAME TYPE NAME TYPE NAME TYPE
PA5 1o CNTB QUTPUT CNTB INPUT (1)
{1) HARDWARE BUFFER FLOAT
SERIAL /1O (2) POSITIVE EDGE DETECT
PAG /O XMTR OUTPUT (3) NEGATIVE EDGE DETECT
{4) RCVR S/R MODE = 1 WHEN
PAG SCCR7 = 0 SGCR7 =1 SCCR6 - SCCR5 - SCCR4 = 1
SIGNAL SIGNAL (5) For the following mode combi-
nations PA4 is available as an
NAME TYPE NAME TYFE Input Only pin:

PAG 1o XMTR OUTPUT SCCR7-SCCRE-SCCREMCR1
+SCCR7-SCCRE"SCCR4-MCR1
+SCCR7SCCRE-SCCRS

SERIAL /O +SCCR7-SCCR&SCCR4.
PA7 /O RCVR INPUT
PA7 SCCR6 =0 SCCR6 = 1
SIGNAL SIGNAL
NAME TYPE NAME TYPE
PA7 o ACVR INPUT (1)
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4.4 PORT B (PB)

Port B can be programmed as an 8-bit, bit-independent /O port.
It has a latched input capability which may be enabled or dis-
abled via the Mode Control Register (MCR). Table 4-3tabulates
the control and usage of Port B. An Input Data Strobe signal
must be provided thru PAG when Port B is programmed to be
used with latched input option. Input data latch timing for Port B
is shown in Appendix E.5.

Table 4-3, Port B Control & Usage
Latch
110 Mode Mode
MCR4 = 1
MCR4 = 0 )
Signal Signal
Pin Pin Type
# Name Name {1) Name Type
31 PBO PBO le] PBO INPUT
30 PBI1 PB1 l{e] PB1 INPUT
29 PB2 PB2 lle] PB2 INPUT
28 PB3 PB3 [I{e] PB3 INPUT
27 PB4 PB4 lle} PB4 INPUT
26 PB5 PB5 l{e] PBS INPUT
25 PB6 PB8 l{e] PB6 INPUT
24 PB7 PE7 1o Pa7 INPUT
(1) Resistive Pull-Up, Active Buffer Pull-Down
(2) Input data is stored in Port B latch by PAQ Pulse

4.5 PORT C (PC)

Port C can be programmed as an IfO port, as part of the full
address bus, and, in conjunction with Port D, as an abbreviated
bus, or as a multiplexed bus. When operating in the Full
Address Mode PC6 and PC7 serve as A13 and Al4 with
PC0-PCS operating as normal I/O pins. When used in the
abbreviated or multiplexed bus modes, PC0-PC7 function as
AQ-A3, A12, R/W, A13, and EMS, respectively, as shown in
Table 4-4. EMS {External Memory Select) is asserted (low)
whenever the internal processor accesses memory area
between 0100 and 3FFF. (See Memory Map, Appendix B). The
leading edge of EMS may be used to strobe the eight address
lines multiplexed on Port D in the Multiplexed Bus Mode. Sge
Appendices E.3 through E 5 for Port C timing.

4.6 PORT D (PD)

Port D can be programmed as an /O Port, an 8-bit tri-state data
bus, or as a multiplexed bus. Mode selection for Port D is made
by the Mode Cantrol Register (MCR). The Port D output drivers
can be selected as tri-state drivers by setting bit 5 of the MCR
to 1 (one). Table 4-5 shows the necessary settings for the MCR
to achieve the various modes for Port D. When Port D is
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selected to operate in the Abbreviated Mode PD0O-PD7 serves
as data register bits D0-D7. When Port D is selected to oper-
ate in the Multiplexed Mode data bits DO through D7 are time
muitiplexed with address bits A4 through A11, respectively.
Refer to the Memory Maps (Appendix C) for Abbreviated and
Multiplexed memory assignments. See Appendices E.3
through E.5 for Port D timing.

4.7 BUS MODES

A special attribute of Port C and Port D is their capability fo be
configured via the Mode Control Register (see Section 36)into
four different modes.

Inthe Full Address Mode, the separate address and data bus
are used in conjunction with PC6 and PC7, which automatically
provide A13 and A14. The remaining ports perform the normal
110 function.

In the IO Bus Mode all ports serve as /0. The address and data
bus are still functional but without A13 and A14. Since the inter-
nal RAM and registers are in the 00XX location, A15 can be
used for chip select and AD-A12 used for selecting 8K of exter-
nal memory.

In the Abbreviated Bus Mode, the address and data lines can
be used as in the I/O Bus Mode to emulate the R6500/11. Port C
and Port D are automatically transtormed into an abbreviated
address bus and control signals {Port C) and a bidirectional
data bus (Port D). 64 Peripheral addresses can be selected.
In general usage, these 64 addresses would be distributed to
several external I/O devices such as R6522 and R6520, etc.,
each of which may contain more than one unigue address.

In the Multiplexed Bus Made, the cperation is similar to the
Abbreviated Mode except that a full 16K of external addresses
are provided. Port C provides the lower addresses and control
signals. Port D multiplexes functions. During the first half of the
cycle it contains the remaining necessary 8 address bits for
16K; during the second half of the cycle it contains a bidirec-
tional data bus. The address bits appearing on Port D must be
latched into an external holding register. The leading edge of
EMS which indicates that the bus function is active, may be
used for this purpose.

MCRE must be a logic 1 in the Abbreviated and Multiplexed
Bus Modes.

Figures 4-1a through 4-1d show the possible configurations of
the four bus modes. Figure 4-2 shows a2 memory map of the
part as a function of the Bus Mode and further shows which
adddresses are active or inactive on each of the three possi-
ble buses.
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