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R6501 '1' Rockwell One-Chip Microprocessor 

SECTION 1 
INTRODUCTION 

SUMMARY 
The Rockwell R6501 is a complete, high performance 8-bit 
NMOS-3 microcomputer 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 by1es of Random Access Memory (RAM), 
and versatile interface circuitry. The interface circuitry includes 
two-16-bit programmable timer/counters, 32 bidirectional 
input/output lines (including four edge-sensitive lines and input 
latching on one8-bit port), a full-duplex serial I/O 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 R6501 with the Low Cost 
Emulator (LCE) Development System and the R6500,. Family 
of Personality Modules. Complete in-circuit emulation with the 
R6500,. 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. 
A detailed description of the R6502 CPU hardware is included 
in the 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 

Pari Number: 
R6501 

Temperature Range (T L to T H): 
No Letter = O°C to lOoC 

(Commercial) 
E = -40°C to +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 

Document No. 29651N48 

FEATURES 
• 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 

• 192-by1e 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 

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

• Two 16-bit programmable counter/tinters, 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 and non-maskable interrupt 
-Two counter underflows 
-Serial data received and serial data transmitted 

• Bus expandable to 64K by1es of external memory 

• Flexible clock circuitry 
-2 MHz (R6501A) or 1 MHz (R6501) internal operation 
-Crystal or clock input 

• 1 JlS minimum instruction execution time at 2 MHz 

• Single + 5V power supply 

• 12 mW stand-by power for 32 by1es of the 192-by1e RAM 

• Available in 64-pin plastic QUIP and 68-pin PLCC packages 

Product Description 
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SECTION 2 
INTERFACE REQUIREMENTS 

This section describes the interface requirements for the 
R6501. 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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Figure 2-1. R6501 Interface Diagram 
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Figure 2-2. R6501 Pin Assignments 
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Table 2-1 . R6501 Pin Descriptions 

PinNa. 

Signal Name 110 64-Pin QUIP 68-Pin PLCC Description 

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

VAA I 43 46 RAM RETENTION POWER. Separate power pin for RAM. In the event that Vee power 
is off, this power retains RAM data. + 5V. 

Vss 44 48 GROUND. Signal and power ground (OV). 

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

XTLO 0 41 44 CRYSTAL OUT. Crystal output from internal clock oscillator. 

RES I 6 7 RESET. The Reset input is used to initialize the device. This signal must not transition 
from low to high for at least eight cycles after Vee reaches operating range and the 
internal oscillator has stabilized. 

02 0 45 49 PHASE 2 CLOCK. Clock signal output at internal frequency. 

NMI I 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. 

PAO-PA7 1/0 39-32 42-35 PORT A. General purpose 110 Port A. 

PBO-PB7 110 31-24 34-30, 28-26 PORT B. General purpose 110 Port B. 

PCO-PC7 1/0 54-61 58-65 PORT C. General purpose 110 Port C. 

PDO-PD7 110 62-64,1-5 66,67,1-6 PORT D. General purpose 110 Port D. 

Four 8-bit ports used for either inpulloutput. Each line of Ports A, Band C consists of 
an active transistor to Vss and a passive pull-up to Vee. Port 0 functions as either an 
8-bit input or an 8-bit output port. It has active pull-up and pull-down transistors. 

AO-A12, A15 0 20-8,7 21-9,8 ADDRESS LINES. Fourteen address lines used to address a complete 65K external 
address space. Note: A 13 and A 14 are sourced through PC6 and PC7 when in the Full 
Address Mode. 

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

SYNC 0 22 24 SYNC. SYNC is a positive going signal forthe full clock cyclewheneverthe CPU is per-
forming an OP CODE fetch. 

R/W 0 40 43 READIWRITE. Controls the direction of data transfer between the CPU and the exter-
nal 65K 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 S-bit 
parallel 110 ports, a serial 110 port, dual counterllatch circuits, 
a mode control register, and an interrupt flaglenable 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 R6501 internal CPU is a standard 6502 configuration with 
an S·bit Accumulator register, two S-bit Index Registers (X and 
Y); an S-bit Stack Pointer register, an AlU, a 16-bit Program 
Counter, and standard instruction registerldecode and internal 
timing control logic. 

3.1.1 Accumulator 

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

3.1.2 Index Registers 

There are two S-bit index registers, X and Y. Each index reg
ister can be used as a base 10 modify the address data pro
gram counter and thus obtain a new address-the sum of 
the program counter contents and the index regisler 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 theIndex 
regisler 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 S-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 dala 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 
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 
00FF-0040. After reset, which leaves the Stack Pointer 
indeterminate, normal usage calls for its initialization at OOFF. 

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 Ihan 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 regislers or to external memory during 
Ihe 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 Counler provides the addresses that are 
used to step Ihe 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 S 
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 execuled. This logic is set to TO each time 
an instruction felch 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. I 
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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 anyone 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 R6502 instruction set, four new bit 
manipulation instructions have been added to the R6501. 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 not impact the CPU processor status 
register. 

3.2.1 Set Memory Bit 5MB m, Addr.) 

This instruction sets to "1" one of the 8·bit data field specified 
by the zero page address (memory or 110 port). The first byte 
of the instruction specifies the 5MB 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 5MB 
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 
second byte is used to designate the address of the byte to be 
tested within the zero page address range (memory or 110 
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 is 
a "0", 

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 ~92 bytes of readlwrite memory with an 
assigned page zero address of 0040 through OOFF. The R6501 
provides a separate power pin (VAA) which may be used for 
standby power for 32 bytes located at 0040-005F. In the event 
of the loss of Vce power, the lowest 32 bytes of RAM data will 
be retained if standby power is supplied to the VAA pin. If the 
RAM data retention is not required then V AA must be con
nected to Vcc. During,operation VAA must be at the Vee level. 
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For the RAM to retain data upon loss of Vee, VAA must be sup
plied within operating range and RES must be driven low at 
least eight 012 clock pulses before Vee falls out of operating 
range. RES must then be held low while Vee is out of operat
ing range and until at least eight 012 clock cycles after Vee is 
again within operating range and the internal 012 oscillator is 
stabilized. VAA must remain within Vee operating range during 
normal operation. When Vee is out of operating range, VAA 

must remain within the VAA retention range in order to retain 
data. Figure 3.2 shows typical waveforms. 

RAM OPERATING MOOE RAM RETENTION MODE 

~ 
__ l ~~ 

v,, 0 0 ~_ --~=t-

::~:-- ~~II 
1-0 ---j 1-0 -j I- TRL 

o 
INITIAL APPLICATION OF Vee AND v~~. 
LOSS OF Vee, RAM ON STANDBY POWER. 
REAPPLICAnON OF Vee. 
>8,2 CLOCK PULSES AFTER OSCILLATOR STABILIZATION. 
>8 .2 CLOCK PULSES. 

Figure 3-2. Data Retention Timing 

3.5 CLOCK OSCillATOR 
The R6501 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 (Cu, series resistance (Rs) and the crys
tal resonantfrequency (F) must meet the following two relations: 

(C + 27) = 2CL or C = 2CL - 27 pF 

R, s R,m .. = 2 X 106 

(FCc)2 

where: F is in MHz; C and CL 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 R.max based on F and CL. The selected crys
tal must have a Rs less than the R,max. 

For example, if CL = 22 pF for a 4 MHz parallel resonant crys
tal, then 

C = (2 x 22) - 27 = 17 pF (use standard value of 18 pF) 

The series resistance of the crystal must be less than 

R,max = 2 X 106 = 258 ohms 
(4 X 22)2 
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Internal timing can also be controlled by driving the XTU pin 
with an external frequency source. Figure 3-3b shows typical 
connections. If XTLO is left floating, the external source is 
divided by the internal countdown 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. 

A. CRYSTAL INPUT 

2-4 MHz XTLI "NT S 2 MHz 
R6501 -DIVIDE-BY-4 
R6501A-DIVIDE-BY-2 
XTLO 

1-2 MHz ~TLI "NT S 2 MHz 
R6501 -DIVIDE-BY-1 
R6501A-DIVIDE-BY-1 
XTLO 

Vss = 

B.CLOCKINPUTS 

Figure 3·3. Clock Oscillator Input Options 

3.6 MODE CONTROL REGISTER (MCR) 
The Mode Control Register contains control bits for the mUl
tifunction 1/0 ports and mode select bits for Counter A and 
Counter B. Its selling, along with the selling of the Serial 
Communications Control Register (SCCR), determines the 
basic configuration of the R6S01 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 
iii Figure 3-4. 

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

An IRQ interrupt request can be initiated by any or all of eight 
possible sources. 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 IRQ interrupt request to 
remain active until all interrupting conditions have been 
serviced and cleared. 

The Interrupt Flag 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 "1': 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 a "1" in the 
respective bit position at location 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-S and the functions of each bit are explained in 
Table 3-1. 

Bus Mode Select 

Addr 0014 

Counter B 
Mode Selecl 0 - 0 Interval Timer 

I I 0- 1 Pulse Generation 
1 - 0 Event Counter 
1 _ 1 Pulse Width Meas. 

o - 0 Interval Timer 
o - 1 Asymmetric Pulse Generation 
1 _ 0 Event Counter 
1 _ 1 Retrlggerable Interval Timer 

Port B Latch 
(1 = Enabled) 

Port 0 Trl-State 
(0= Tri State High Impedance Mode) 

0- 0 Full Address 
0-1NoR1lal 
1-- 0 Abbreviated Bus 
1--1 Multiplexed 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 0 in Tri-State Enable is shown in Section 4.6. 

The use of Bus Mode Select is shown in Section 4.S and 4.6. 

D 
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PA2 Negative 
Edge Detect 

PA3 Negative 
Edge Detect 
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The Carry Bit may be set or cleared under program control 
by use of the Set Carry (SEC) or Clear Carry (CLC) instruc
tion, respectively. Other operations which affect the Carry Bit 
are ADC, ASL, CMP, CPX, CPY, LSR, PLP, ROL, ROR, RTI, 
and SBC. 

1"lvllelol'lzlel 
L 

Counter A 
CARRY (CleD 

Underflow Flag 

Counter B 
Underflow Flag 

Receiver 
Flog 

XMTR 
Flag 

Figure 3-5. Interrupt Enable and Flag Registers 

3.8 PROCESSOR STATUS REGISTER 

The B·bit Processor Status Register, shown in Figure 3·6, 
contains seven status flags. Some of these flags are controlled 
by the user program; others may be controlled both by the 
user's program and the CPU. The R6502 instruction set con· 
tains a number of conditional branch instructions which are 
designed to allow testing of these flags. Each of the eight 
processor status flags is described in the following sections. 

3.8.1 Carry Bit (C) 

'----

NOTES 
C!) Not Initialized by RES 

® Set to logic 1 by RES 

1::; CsrrySet 
o ::; Carry Clear 

ZERO (Z)Q) 

1 ::; Zero Result 
o ::= Non-Zero Result 

INTERRUPT DISABLE (1)0 

1 ::; IRQ Interrupt Disabled 
o ::; IRQ Interrupt Enabled 

DECIMAL MODE (D)e!) 

1 ::; Decimal Mode 
o ::; Bmary Mode 

BREAK COMMAND (8)C!) 

1 _ Break Command 
o -= Non Break Command 

OVERFLOW (0)0) 

1 ::; Overflow Sel 
o :: Overflow Clear 

NEGATIVE (HIeD 

1 = Negative Value 
0::; Postlve Value 

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 0 if no carry 
occurred as the result of arithmetic operations. 

Figure 3-6. Processor Status Register 

Table 3-1. Interrupt Flag Register Bit Codes 

Bit 
Code Function 

IFR 0: PAO POsitive Edge Detect Flag-Set to a "1" when a positive going edge is detected on PAO. 
Cleared by RMB 0 (0010) instruction or by RES. 

IFR I: PAl Positive Edge Detect Flag-Set to a 1 when a positive going edge is detected on PAl. 
Cleared by RMB I (0010) instruction or by RES. 

IFR2: PA2 Negative Edge Detect Flag-Set to a I 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 negative going edge is detected on PA3. 
Cleared by RMB 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 OOIA, or by RES. 

IFRS: Counter B Underflow Flag-Set to a I when Counter B underflow occurs. Cleared by reading 
the Lower Counter B at location OOIC, by writing to address location OOIE, or by RES. 

IFR 6: Receiver Interrupt Flag-Set to a I when any of the Serial Communication Status Register bits 
o through 3 is set to a I. 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 I while SCSR S is a 0 or SCSR 
7 is set to a 1. Cleared when the Transmitter Status bits (SCSR 6 & 7) are cleared or by RES. 
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3.8.2 Zero Bit (Z) 

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 R6500 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, IN X, INY, 
LOA, LOX, LOY, 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 (I) is used to control the servicing 
of an interrupt request (IRQ). If the I Bit is reset to logic 0, 
the IRQ 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 (NMI) signal is detected. 

The I bit is cleared by the Clear Interrupt Mask Instruction 
(CU) and is set by the Set Interrupt Mask Instruction (SEI). 
This bit is set by the BRK Instruction. The Return from Inter· 
rupt (RTI) and Pull Processor Status (PLP) instructions will 
also affect the I bit. 

3.8.4 Decimal Mode Bit (D) 

The Decimal Mode Bit (D) is used to control the arithmetic 
mode 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 
mode is controlled only by the programmer. The Set Decimal 
Mode (SED) instruction will set the 0 bit; the Clear Decimal 
Mode (CLD) instruction clears it. The PlP and RTI instruc
tions also affect the Decimal Mode Bit. 

CAUTION 

The Decimal Mode 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 to be entered. If the IRQ service 
routine was entered because the CPU executed a BRK com
mand, the Break Bit will be setto logic 1. lithe IRQ routine was 
entered as the result of an IRQ signal being generated, the B bit 
will be cleared to logic O. 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 Overflow 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 O. 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 6 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 arithmetic, but is just 
another sense bit for the microprocessor. Instructions affecting 
the V flag are ADC, 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 logic 1. If the sign bit is set to logic 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, LOA, LOX, LOY, 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 lines grouped into four S-bit ports 
(PA, PB, PC, and PO). Ports A through C may be used either 
for input or output individually or in groups of any combination. 
Port 0 may be used as all inputs or all outputs. 

Multifunction 1I0's such as Port A and Port C are protected 
from normal port 1/0 instructions when they are programmed 
to perform a multiplexed function. 

Intemal pull-up resistors (FET's with an impedance range of 
3K"" RL "" 12K ohm) are provided on all port pins except 
PortO. 

The direction of the 32110 lines is controlled by four S-bit port 
registers located in page zero. This arrangement provides quick 
programming access using simple two-byte zero page address 
instructions. There are no direction registers associated with 
the 1/0 ports, thus simplifying 1/0 handling. The 1/0 addresses 
are shown in Table 4-1. Appendix E.4 shows the 1/0 Port Timing. 

Tabte 4-1. I/O Port Addresses 

Port Address 

A 0000 
B 0001 
C 0002 
0 0003 

4.1 INPUTS 
Inputs for Ports A, B, and C are enabled by loading logic 1 
into all I/O port register bit positions that are to correspond 
to I/O input lines. A low «0.8V) input signal will cause a logic 
o 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 I/O port registers to logic 1 thus 
initially treating all I/O lines as inputs. 
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Port 0 may only be all inputs or all outputs. All inputs is 
selected by setting bit 5 of the Mode Control Register (MCR5) 
to a "0". 

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 1/0 port registers. 

Read/ModifylWrite instructions can be used to modify the 
operation of PA, PB, PC, & PD. During the Read cycle of a 
Read/ModifylWrite instruction the Port I/O register is read. 
For all other read instructions the port input lines are read. 
ReadiModifylWrite instructions are: ASL, DEC, INC, LSR, 
RMB, ROL, ROR, and 5MB. 

4.2 OUTPUTS 
Outputs for Ports A thru 0 are controlled by writing the 
desired I/O 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 0 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 S-bR, bit independent, I/O port 
or as serial channel 1/0 lines, counter I/O lines, or an input 
data strobe for the Port B input latch option. Table 4-2 tab
ulates the control and usage of Port A. 

In addition to their normal 1/0 functions, PAO and PAl 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 162 clock rate. Edge detection timing is shown in Ap
pendix E.3. 
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Table 4-2. Port A Control and Usage 

PAO 110 PORT B LATCH MODE 

MCR4 = 0 MCR4 = 1 

SIGNAL SIGNAL 

NAME TYPE NAME TYPE 

PAO(2) PAO 110 PORTB INPUT (1) 
LATCH STROBE 

PA1-PA3110 
PA1 (2) 

SIGNAL PA2(3) 
PA3(3) NAME TYPE 

PA1 110 
PA2 110 
PA3 110 

PA4110 COUNTER Alia 

MCRO = 0 MCRO = 1 SCCR7 = 0 
MCR1 = 0 MCR1 = 0 SCCRS = 0 
SCCR7 = 0 SCCR7 = 0 MCR1 = 1 

PA4 RCVR SIR MODE = 0 RCVR SIR MODE = 0 
(4) (5) (4) 

SIGNAL SIGNAL SIGNAL 

NAME TYPE NAME TYPE NAME I TYPE 

PA4 110 CNTA OUTPUT CNTA I INPUT (1) 

SERIAL 110 SHIFT REGISTER CLOCK 

seCR7 = 1 RCVR SIR MODE = 1 
SCCR5 = 1 (4) 

SIGNAL SIGNAL 

NAME I TYPE NAME I TYPE 

XMTR CLOCK I OUTPUT RCVR CLOCK I INPUT (1) 

PAS 110 COUNTER B I/O 

MCR3 = 0 MCR3 = 0 MCR3 = 1 

PAS 
MCR2 = 0 MCR2 = 1 MCR2 = x 

SIGNAL SIGNAL SIGNAL 

NAME TYPE NAME TYPE NAME I TYPE 

PA5 110 CNTB OUTPUT CNTB I INPUT (1) 

(1) HARDWARE BUFFER FLOAT 

SERIAL 110 (2) POSITIVE EDGE DETECT 

PAS 110 XMTR OUTPUT (3) NEGATIVE EDGE DETECT 

PAS SCCR7 = 0 seCR7 = 1 
(4) RCVR SIR MODE = 1 WHEN 

SCCRS . SCCRS . SCCR4 = 1 

SIGNAL SIGNAL (5) For the following mode combi· 

NAME TYPE NAME TYPE 
nations PA4 is available as an 
Input Only pin: 

PAS 110 XMTR OUTPUT SCCR7·SCCR&SCCR5-MCR1 
+SCCR7·SCCR&ScCR40MCR1 
+ SCCR7·SCCR&SCCRs 

SERIAL I/O + SCCR7oSCCR5-SCCR40 
PA7110 RCVRINPUT 

PA7 SCCRS = 0 SCCRS = 1 

SIGNAL SIGNAL 

NAME TYPE NAME TYPE 

PA7 110 RCVR INPUT (1) 
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4.4 PORT B (PB) 
Port B can be programmed as an 8-bit, bit-independent 110 port. 
It has a latched input capability which may be enabled or dis
abled via the Mode Control Register (MCR). Table 4-3 tabulates 
the control and usage of Port B. An Input Data Strobe signal 
must be provided thru PAO 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 (2) 

Signal Signal 

Pin Pin Type 
# Name Name (1) Name Type 

3t PBO PBO I/O PBO INPUT 
30 PBt PBt I/O PB1 INPUT 
29 PB2 PB2 I/O PB2 INPUT 
28 PB3 PB3 I/O PB3 INPUT 
27 PB4 PB4 110 PB4 INPUT 
26 PBS PBS I/O PBS INPUT 
2S PB6 PB6 I/O PB6 INPUT 
24 PB7 PB7 I/O PB7 INPUT 

(t) Resistive Pull-Up, Active Buffer Pull·Down 
(2) Input data is stored in Port B latch by PAO Pulse 

4.5 PORT C (PC) 
Port C can be programmed as an 110 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 A14 with 
PCO-PC5 operating as normal 110 pins. When used in the 
abbreviated or multiplexed bus modes, PCO·PC7 function as 
AO-A3, A12, RIW, A13, and EMS, respectively, as shown in 
Table 4-4. EMS (External Memory Select) is asserted (low) 
whenever the interna" 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. See 
Appendices E.3 through E.5 for Port C timing. 

4.6 PORT 0 (PO) 
Port D can be programmed as an 110 Port, an 8·bit tri·state data 
bus, or as a multiplexed bus. Mode selection for Port D is made 
by the Mode Control 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 PDO-PD7 serves 
as data register bits DO-D7. When Port D is selected to oper
ate in the Multiplexed Mode data bits DO through D7 are time 
multiplexed with address bits A4 through Al1, 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 to be 
configured via the Mode Control Register (see Section 3.6) into 
four different modes. 

In the 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 110 Bus Mode all ports serve as 110. The address and data 
bus are still functional but without A13 and A14. Since the inter· 
nal RAM and registers are in the OOXX location, A15 can be 
used for chip select and AO-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 110 Bus Mode to emulate the R6500111. Port C 
and Port D are automatically transformed 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 110 devices such as R6522 and R6520, etc., 
each of which may contain more than one unique address. 

In the Multiplexed Bus Mode, the operation 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 halfolthe 
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. 

MCR5 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 a 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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Table 4·4. Port C Control & Usage 

Full Address Abbreviated Multiplexed 
Mode Normal Mode Mode Mode 

MCR7 = 0 MCR7 = 0 MCR7 = 1 MCR7 = 1 
MCR6 = 0 MCR6 = 1 MCR6 = 0 MCR6 = 1 

Signal Signal Signal Signal 

Pin Type Type Type 
Name Name Type Name (1) Name (2) Name (2) 

PCO PCO 110(1) PCO 110 AO OUTPUT AO OUTPUT 
PCl PCl 110(1) PCl 110 AI OUTPUT AI OUTPUT 
PC2 PC2 110(1) PC2 110 A2 OUTPUT A2 OUTPUT 
PC3 PC3 110(1) PC3 110 A3 OUTPUT A3 OUTPUT 
PC4 PC4 110(1) PC4 110 A12 OUTPUT A12 OUTPUT 
PC5 PC5 110(1) PC5 110 RW OUTPUT RW OUTPUT 
PC6 A13 OUTPUT (2) PC6 110 A13 OUTPUT A13 OUTPUT 
PC7 A14 OUTPUT (2) PC7 110 EMS OUTPUT EMS OUTPUT 

(1) Resistive Pull·Up. Active Buffer Pull·Down 
(2) Active Buffer Pull-Up and Pull·Down 

Table 4·5. Port 0 Control & Usage 

Abbreviated 
Normal Mode Mode Multiplexed Mode 

MCR7 = 0 MCR7 = 0 MCR7 = 1 MCR7 = 1 
MCR6 = X MCR6 = X MCR6 = 0 MCR6 = 1 
MCR5 = 0 MCR5 = 1 MCR5 = 1 MCR5 = 1 

Signal Signal Signal Signal ~ gnal 

Pin 1Ype Type Type 02 Low $ High 

Name Name (1) Name (2) Name (3) Name Type (2) Name Type (3) 

PD~ PD~ INPUT PD~ OUTPUT DATAO 110 A4 OUTPUT DATAO 110 
PDl PDl INPUT PDl OUTPUT DATAl 110 A5 OUTPUT DATAl 110 
PD2 PD2 INPUT PD2 OUTPUT DATA2 110 A6 OUTPUT DATA2 110 
PD3 PD3 INPUT PD3 OUTPUT DATA3 110 A7 OUTPUT DATA3 110 
PD4 PD4 INPUT PD4 OUTPUT DATA4 110 AS OUTPUT DATA4 110 
PD5 PD5 INPUT PD5 OUTPUT DATAS 110 A9 OUTPUT DATAS 110 
PD6 PD6 INPUT PD6 OUTPUT DATA6 110 Al0 OUTPUT DATA6 110 
PD7 PD? INPUT PD7 OUTPUT DATA? 110 All OUTPUT DATA? 110 

(1) Tri-State Buffer is in High Impedance Mode 
(2) Tri·State Buffer is in Active Mode 
(3) Tri-State Buffer is in Active Mode only during the phase 2 portion of a Write Cycle 
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SECTION 5 
SERIAL INPUT/OUTPUT CHANNEL 

The device provides a full duplex Serial 110 channel with pro
grammable bit rates and operating modes. The serial 110 
functions are controlled by the Serial Communication Control 
Register (SCCR). The SCCR bit assignment is shown in 
Figure 5-1. The serial bit rate is determined by Counter A for 
all modes except the Receiver Shift Register (RCVR SIR) 
mode for which an external shift clock must be provided. The 
maximum data rate using the internal clock is 62.5K bits per 
second (at ~2 = 1 MHZ). The transmitter (XMTR) and receiver 
(RCVR) can be independently programmed to operate in 
different modes and' can be independently enabled or 
disabled. 

17161514131 2111 0 lAddr 
0015 

SCCR 1 b-Odd Parity 
l-Even Parity 

o Parity Disable 
1 Parity Enable 

0 0-8 Bits/Char 
0 1-7 Bits/Char 
1 0-6 BitS/Char 
1 1-5 Bits/Char 

0 o XMTR " RCVR ASYN Mode 
0 1 XMTR ASYN, RCVR SIR 
1 X XMTR SIR, RCVR ASYN 

o RCVR Disable 
1 RCVR Enable 

o XMTR Dlaable 
1 XMTR Enable 

Figure 5-1. Serial Communication Control Register 

Except for the Receiver Shift Register Mode (RCVR SIR), all 
XMTR and RCVR bit rates will occur at one sixteenth of the 
Counter A interval timer rate. Counter A is forced into an 
interval timer mode whenever the serial 1/0 is enabled in a 
mode requiring an internal clock. 

Whenever Counter A is required as a timing source it must 
be loaded with the hexadecimal code that selects the data 
rate for the serial 110 Port. Refer to Counter A (paragraph 6.1) 
for a table of hexadecimal values to represent the desired 
data rate. 

5.1 TRANSMITTER OPERATION (XTMR) 
The XTMR operation and the transmitter related controll 
status functions are enabled by bit 7 of the Serial Commu
nications Control Register (SCCR). The transmitter, when in 
the Asynchronous (ASYN) mode, automatically adds' a start 
bit, one or two stop bits, and, when enabled, a parity bit to 
the transmitted data. A word of transmitted data (in asyn
chronous parity mode) can have 5, 6, 7, or 8 bits of data. 
The nine data modes are shown in Figure 5-2. When parity is 
disabled, the 5, 6, 7 or 8 bits of data are terminated with two 
stop bits. 
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ASYNCHRONOUS MODE WITHOUT PARITY 

~1~,,~1 ____ ~~ __________________ ~ __ ~ 

GJ~~I ____ ~~ ______________ ~_·_~_OP~ 

[.';,,1 • IT" 
\9I~ATI 2-8TOP I 

ASVNCHAONOUS MODE WITH PARITY 

I,J"I I PA~ITYI llTOP 

a-lIT OAT ... I p"'~ITYI 18TOP 

1811,"1 IPA~ITYI~ 

SHin REGISTER MODE a·alT DATA 

_OM WORDM+I 

SHIFT REGISTEA CLOCK (PA4) 

Figure 5-2. SIO Data Modes 

In the SIR mode, eight data bits are always shifted out. Bitsl 
character and parity control bits are ignored. The serial data 
is shifted out via the SO output (PA6) and the shift clock is 
available at the CA (PA4) pin. When the transmitter under
runs in the SIR mode the SO output and shift clock are held 
in a high state. 

The XMTR Interrupt Flag bit (IFR7) is controlled by Serial 
Communication Status Register bits SCSR5, SCSR6 and 
SCSR7. 

IFR7 = SCSR6 (SCSR5 + SCSR7) 

5.2 RECEIVER OPERATION (RCVR) 
The receiver and its selected control and status functions are 
enabled when SCCR-6 is set to a "1." In the ASYN mode, 
data format must have a start bit, the appropriate number of 
data bits, a parity bit (if enabled), and one stop bit. Refer to 
paragraph 5.1 for a diagram of bit allocations. The receiver 
bit period is divided into 8 sub-intervals for internal synchro
nization. The receiver bit stream is synchronized by the start 
bit and a strobe signal is generated at the approximate center 
of each incoming bit. Refer to Figure 5-3 for ASYN Receive 
Data Timing. The character assembly process does not start 
if the start bit signal is less than one-half the bit time after a 
low level is detected on the Receive Data Input. Framing 
error, over-run, and parity error conditions or a RCVR Data 
Register Full will set the appropriate status bits. Any of the 
above conditions will cause an Interrupt Request if the 
Receiver Interrupt Enable bit is set to logic 1. 
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Figure 5-3. ASYN Receive Data Timing 

In the SIR mode, an external shift clock must be provided at 
CA (PA4) pin alon'g with 8 bits of serial data (LSB first) at the 
SI input (PA7). The maximum data rate using an external 
shift clock is one-eighth the internal clock rate. Refer to 
Figure 5-4 for SIR Mode Timing. 

• Serial Input Data Shifted In 
•• Serial Output Data Makes Transition 

Figure 5-4. SIR Mode Timing 

A RCVR interrupt (IFRG) is generated whenever any of 
SCSRO-3 are true. 

5.3 SERIAL COMMUNICATION STATUS 
REGISTER (SCSR) 

The Serial Communication Status Register (SCSR) holds 
infonnation on various communication error conditions, status 
of the transmitter and receiver data registers, a transmitter 
end-of-transmission condition, and a receiver idle line con
dition (Wake-Up Feature). The SCSR bit assignment is shown 
in Figure 5-5. Bit assignments and functions of the SCSR are 
as follOWS: 

SCSR 0: Receiver Data Register Full-Set to a logiC 1 when 
a character is transferred from the Receiver Shift 
Register to the Receiver Data Register. This bit is 
cleared by reading the Receiver Data Register, or 
by RES and is disabled if SCCR 6 = O. The SCSR 
o bit will not be set to a logic 1 if the received data 
contains an error condition; instead, a corre
sponding error bit will be set to a logic 1. 

SCSR 1: Over-Run Error-Set to a logic 1 when a new char
acter is transferred from the Receiver Shift Reg
ister with the last character still in the Receiver 
Data Register. This bit is cleared by reading the 
Receiver Data Register or by RES. 

SCSR 2: Parity Error-Set to logic 1 when the RCVR is in 
the ASYN Mode, Parity Enable bit is set, and the 
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received data has a parity error. This bit is cleared 
by reading the Receiver Dala Register or by RES. 

SCSR 3: Framing Error-Set to a logic 1 when the received 
data contains a zero bit after the last data or parity 
bit in the stop bit slot. Cleared by reading the 
Receiver Data Register or by RES (ASYN Mode 
only). 

SCSR 4: Wake-Up-Set to a logic 1 by writing a "1" in bit 
4 of address: 0016. The Wake-Up bit is cleared by 
RES or when the receiver detects a string of ten 
consecutive 1 's. When the Wake-Up bit is set 
SCSRO through SCSR3 are inhibited. 

SCSR 5: End of Transmission-Set to a logic 1 by writing 
a "1" in bit position 5 of address: 0016. The End 
of Transmission bit is cleared by RES or upon 
writing a new data word into the Transmitter Data 
Register. When the End-ol-Transmission bit is true 
the Transmitter Register Empty bit is disabled until 
a Transmitter Under-Run occurs. 

SCSR 6: Transmitter Data Register Empty-Set to a logic 
1 when the contents of the Transmitter Data Reg
ister are transferred to the Transmitter Shift Reg
ister. Cleared upon writing new data into the 
Transmit Data Register. This bit is initialized to a 
logic 1 by RES. 

SCSR 7: Transmitter Under-Run-Set to a logic 1 when the 
last data bit is transmitted if the transmitter is in a 
SIR Mode or when the last stop bit is transmitted 
if the XMTR is in the ASYN Mode while the Trans
mitter Data Register Empty Bit is set. Cleared by 
a transler of new data into the Transmitter Shift 
Register or by RES. 

sesRI 7 I 6 I 5 I 4 I 3 I 2 I 1 1 0 J Addr 001& II l--Reg Full 

ReVR Over·Run 

Parity Error 

Frame Error 

Wake-Up 

End 01 Transmission 

XMTR Data Reg Empty 

XMTR Under.Run 

Figure 5-5. SCSR Bit Allocations 

5.4 WAKE-UP FEATURE 
In a multi-distributed microprocessor or microcomputer appli
ations, a destination address is usually included at the begin
ning of the message. The Wake-Up Feature allows non-selected 
CPU's to ignore the remainder of the message until the begin
ning of the next message by setting the Wake-Up bit. As long 
as the Wake-Up flag is true, the Receiver Data Register Full Flag 
remains false. The Wake-Up bit is automatically cleared when 
the receiver detects a string of eleven consecutive 1 's which indi
cates an idle transmit line. When the next byte is received, the 
Receiver Data Register Full Flag signals the CPU to wake-up 
and read the received data. 
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SECTION 6 
COUNTER/TIMERS 

The device contains two 16-bit counters (Counter A and 
Counter B) and three 16-bit latches associated with the 
counters. Counter A has one 16-bit latch and Counter B has 
two 16-bit latches. Each counter can be independently pro
grammed to operate in one of four modes: 

Counter A 

• Pulse width 
measurement 

• Pulse Generation 
• Interval Timer 
• Event Counter 

Counter B 

• Retriggerable Interval Counter 
• Asymmetrical Pulse 

Generation 
• Interval Timer 
• Event Counter 

Operating modes of Counter A and Counter B are controlled 
by the Mode Control Register. All counting begins at the 
initialization value and decrements. When modes are selected 
requiring a counter input/output line, PA4 is automatically 
selected for Counter A and PA5 is automatically selected for 
Counter B (see Table 4.2). 

6.1 COUNTER A 
Counter A consists of a 16-M counter and a l6-bit latch 
organized as follows: Lower Counter A (LCA), Upper Counter 
A (UCA), Lower Latch A (LLA), and Upper Latch A (ULA). 
The counter contains the count of either ~2 clock pulses or 
external events, depending on the counter mode selected. 
The contents of Counter A may be read any time by exe
cuting a read at location 0019 for the Upper Counter A and 
at location 00lA or location 0018 for the Lower Counter A. 
A read at location 0018 also clears the Counter A Underflow 
Flag (IFR4). 

The 16-bit latch contains the counter initialization value and 
can be loaded at any time by executing a write to the Upper 
Latch A at location 0019 and the Lower Latch A at location 
0018. In either case, the contents of the accumulator are 
copied into the applicable latch register. 

Counter A can be started at any time by writing to address: 
001 A. The contents of the accumulator will be copied Into the 

I 
COUNTER UNDERFLOW 

I 1 
~~"c=~=r==~=c~==~~==tIJ{~u~~~~I]{U~L.~L~~~.'[I== 

I 
COUNTER IHTERRUPTENABLED "1------....;..,-----

~ET ANY TIME BEFORE 
COUNTER UNDERFLOW "I --'1'------COUNTER UNDERFLOW FLAG 

Figure 6-1. Interval Timer Timing Diagram 
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Upper Latch A before the contents of the 16-bij latch are 
transferred to Counter A. Counter A is set to the latch value 
whenever Counter A underflows. When Counter A decre
ments from 0000 the next counter value will be the latch 
value-not FFFF-and the Counter A Underflow Flag (IFR 
4) will be set to "1". This bit may be cleared by reading the 
Lower Counter A at location 0018, by writing to address lo
cation 001A, or by RES. 

Counter A operates in any of four modes. These modes are 
selected by the Counter A Mode Control bits in the Control 
Register. 

MCR1 MCRO 
(bit 1) (bit 0) Mode 

0 0 Interval Timer 
0 1 Pulse Generation 
1 0 Event Counter 
1 1 Pulse Width Measurement 

The Interval Timer, Pulse Generation, and Pulse Width Mea
surement Modes are ~2 clock counter modes. The Event 
Counter Mode counts the occurrences of an external event 
on the CNTR line. 

The Counter is set to the Interval Timer Mode (00) when a 
RES signal is generated. 

6.1.1 Interval Timer 

In the Interval Timer mode the Counter is initialized to the 
Latch value by either of two conditions: 

1. When the Counter is decremented from 0000, the next 
Counter value is the Latch value (not FFFF). 

2. When a write operation is performed to the Load Upper 
Latch and Transfer Latch to Counter address 001 A, 
the Counter is loaded with the Latch value. Note that 
the contents of the Accumulator are loaded into the 
Upper Latch before the Latch value is transferred to 
the Counter. 

The Counter value is decremented by one count at the 02 
clock rate. The 16-M Counter can hold from 1 to 65535 
counts. The Counter Timer capacity is therefore 1 P.s to 65.535 
ms at the 1 MHz ~2 clock rate or 0.5 P.s to 32.767 ms at the 
2 MHz ¢2 clock rate. Time intervals greater than the max
imum Counter value can be easily measured by counting 
IRQ interrupt requests in the counter IRQ interrupt routine. 

When Counter A decrements from 0000, the Counter A 
Underflow (IFR4) is set to logic 1. If the Counter A Interrupt 
Enable Bit (IER4) is also set, an IRQ interrupt request will be 
generated. The Counter A Underflow bit in the Interrupt Flag 
Register can be examined in the IRQ interrupt routine to 
determine that the IRQ was generated by the Counter A 
Underflow. 
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While the timer is operating in the Interval Timer Mode, PA4 
operates as a PA I/O bit. 

A timing diagram of the Interval Timer Mode is shown in 
Figure 6-1. 

6.1.2 Pulse Generation Mode 

In the Pulse Generation mode, the CA line operates as a 
Counter Output. The line toggles from low to high or from 
high to low whenever a Counter A Underflow occurs or a 
write is performed to address 001 A. 

The normal output waveform is a symmetrical square-wave. 
The CA output is initialized high when entering the mode and 
transitions low when writing to 001A. 

Asymmetric waveforms can be generated if the value of the 
latch is changed after each counter underflow. 

A one-shot waveform can be generated by changing from 
Pulse Generation to Interval Timer mode after only one 
occurrence of the output toggle condition. 

6.1.3 Event Counter Mode 

In this mode the CA is used as an Event Input line, and the 
Counter will decrement with each rising edge detected on 
this line. The maximum rate at which this edge can be 
detected is one-half the ~2 clock rate. 

The Counter can count up to 65,535 occurrences before 
underflowing. As in the other modes, the Counter A Under
flow bit (IER4) is set to logic 1 if the underflow occurs. 

Figure 6.2 is a timing diagram of the Event Counter Mode. 

Figure 6-2. Event Counter Mode 

6.1.4 Pulse Width Measurement Mode 

This mode allows the accurate measurement of a low pulse 
duration on the CA line. The Counter decrements by one 
count at the ~2 clock rate as long as the CA line is held in 
the low state. The Counter is stopped when CA is in the high 
state. 
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The Counter A underflow flag will be set only when the count 
in the timer reaches zero. Upon reaching zero the timer will 
be loaded with the latch value and continue counting down 
as long as the CA pin is held low. After the counter is stopped 
by a high level on CA, the count will hold as long as CA 
remains high. Any further low levels on CA will again cause 
the counter to count down from its present value. The state 
of the CA line can be determined by testing the state of PA4. 

A timing diagram for the Pulse Width Measurement Mode is 
shown in Figure 6.3. 

COUNT N·' N·2 N·3 

6-3. Pulse Width Measurement 

6.1.5 Serial 1/0 Data Rate Generation 

Counter A also provides clock timing for the Serial VO which 
establishes the data rate for the Serial I/O port. When the 
Serial VO is enabled, Counter A is forced to operate at the 
internal clock rate. Counter A is not required for the RCVR 
SIR mode. The Counter I/O (PA4) may also be required to 
support the Serial I/O (see Table 4-2). 

Table 6-1 identifies the values to be loaded in Counter A for 
selecting standard data rates with a ¢2 clock rate of 1 MHz 
and 2 MHz. Although Table 6-1 identifies only the more 
common data rates, any data rate from 1 to 62.5K bps can 
be selected by using the formula: 

where 

N 

~2 
bps 

N = --::-,-~2..,---_ -1 
16 x bps 

decimal value to be loaded into Counter A using 
its hexadecimal equivalent. 
the clock frequency (1 MHz or 2 MHz) 
the desired data rate. 

NOTE 

In Table 6-1 you will notice that the standard data rate 
and the actual data rate may be slightly different. 
Transmitter and receiver errors of 1 .5% or less are 
acceptable. A revised clock rate is included in Table 
6-1 for those baud rates which fall outside this limit. 
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Table 6-1. Counter A Values for Baud Rate Selection 

CLOCK RATE 
03 NEEDED 

ACTUAL TO GET 

STANDARD 
HEXADECIMAL BAUD STANDARD 

BAUD 
VALUE RATE AT BAUD RATE 

RATE 1 MHz 2 MHz 1 MHz 2 MHz 1 MHz 2 MHz 

50 04El 09C3 50.00 50.00 1.0000 2.0000 
75 0340 0682 75.03 74.99 1.0000 2.0000 

110 0237 046F 110.04 110.04 1.0000 2.0000 
150 01AO 0340 149.88 150.06 1.0000 2.0000 
300 OOCF 01AO 300.48 299.76 1.0000 2.0000 
600 0067 OOCF 600.96 600.96 1.0000 2.0000 

1200 0033 0067 1201.92 1201.92 1.0000 2.0000 
2400 0019 0033 2403.85 2403.85 1.0000 2.0000 
3600 0010 0021 3676.47 3676A7 0.9792 I 1.9584 
4800 OOOC 0019 4807.69 4807.69 1.0000 2.0000 
7200 0008 0010 6944.44 7352.94 1 .0368 1 .9584 
9600 0006 OOOC 8928.57 9615.38 1.0752 2.0000 

6.2 COUNTER B 
Counter B consists of a 16-bit counter and two 16-bit latches 
organized as follows: Lower Counter B (LCB), Upper Counter 
B (UCB), Lower Latch B (LLB), Upper Latch B (ULB), Lower 
Latch C (LLC), and Upper Lalch C (ULC). Latch C is used 
only in the asymmetrical pulse generation mode. The counter 
contains the count of either 02 clock pulses or external 
events depending on Ihe counter mode selected. The con
tents of Counter B may be read any time by executing a Read 
at location 0010 for the Upper Counter Band al location 
001 E or 001 C for the Lower Counter B. A Read at location 
001 C also clears the Counter B Underflow Flag. 

Latch B contains the counter initialization value and can be 
loaded at any time by executing a Write to the Upper Lalch 
B at location 0010 and the Lower Latch B at location 001 C. 
In each case, the contents of the accumulator are copied into 
the applicable latch register. 

Counler B can be initialized at any time by writing to address: 
001 E. The contents of the accumulator is copied into the 
Upper Latch B before the value in the 16-bit Latch B is trans
ferred to Counter B. Counter B will also be set to the latch 
value and the Counter B Underflow Flag bit (IFR5) will be set 
to a "1" whenever Counter B underflows by decrementing 
from 0000. 

IFR 5 may be cleared by reading the Lower Counter B at 
location 001C, by writing to address location 001E, or by 
RES. 

Counter B operates in the same manner as Counter A in the 
Interval Timer and Event Counter modes. The Pulse Width 
Measurement Mode is replaced by the Retriggerable Interval 
Timer mode and the Pulse Generation mode is replaced by 
the Asymmetrical Pulse Generation Mode. Mode Control 
Register bits MCR2 and MCR3 select the four Counter B 
modes in a similar manner and coding as MCRO and MCRI 
select the modes of Counter A. 
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6.2.1 Retriggerable Interval Timer Mode 

When operating in the Retriggerable Interval Timer mode, 
Counter B is initialized to the latch value by writing to address 
001 E, by a Counter B underflow, or whenever a positive edge 
occurs on the CB pin (PA5). The Counter B interrupt flag will 
be set if the counter underflows before a positive edge occurs 
on the CB line. Figure 6·4 illustrates the operation. 

CB Line 

rv- Reset by Software 

~~MB----------~r-lL--------
Flag 

'Figure 6-4. Counter B Retriggerable Interval Timer Mode 

6.2.2 Asymmetrical Pulse Generation Mode 

Counter B has a special Asymmetrical Pulse Generation 
Mode whereby a pulse train with programmable pulse width 
and period can be generated without the processor interven· 
tion once the latch values are initialized. 

In this mode, the 16-bit Latch B is initialized with a value 
which corresponds to the duration between pulses (referred 
to as 0 in the following descriptions). The 16-bit Latch C is 
initialized with a value corresponding to the desired pulse 
width (referred to as P in the following descriptions). The 
initialization sequence for Latch Band C and the starting of 
a counting sequence are as follows: 

1. The lower 8 bits of P are loaded into LLB by writing to 
address 001 C; the upper 8 bits of P are loaded into 
ULB and the full 16 bits are transferred to Latch C by 
writing to address location 001 D. At this point both 
Latch B and Latch C contain the value of P. 

2. The lower 8 bits of 0 are loaded into LLB by writing to 
address 001 C; the upper 8 bits of 0 are loaded into 
ULB by writing to address location 001 E. Writing to 
address location 001 E also causes the contents of the 
16-bit Latch B to be downloaded into the Counter B 
and the CB output to go low as shown in Figure 6-5. 

3. When Counter B underflow occurs the contents of the 
Latch C are loaded into the Counter B and the CB out
put toggles to a high level, staying high until another 
underflow occurs. Latch B is then down·loaded and the 
CB output toggles to a low level repeating the whole 
process. 
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SECTION 7 
POWER ON/INITIALIZATION CONSIDERATIONS 

7.1 POWER ON TIMING 
After application of Vee and VRR power to the device, RES 
must be held low for at least eight P2 clock cycles alter Vee 
reaches operating range and the internal oscillator has sta
bilized. This stabilization time is dependent upon the input 
Vee voltage and performance of the internal oscillator. The 
clock can be monitored at ~2 (pin 3). Figure 7-1 illustrates 
the power turn-on waveforms. Clock stabilization time is typ
ically 20 ms. 

Figure 7-1. Power Turn-On Timing Detail 

7.2 POWER-ON RESET 
When RES goes from low to high, the device sets the In
terrupt Mask Bit-bit 2 of the Processor Status Register
and initiates a reset vector fetch at address FFFC and FFFD 
to begin user program execution. All of the 1/0 ports (PA, PB, 
PC, PO) will be forced to the high (logic 1) state. All bits of 
the Control Register will be cleared to logic 0 causing the 
Interval Timers counter mode (mode 00) to be selected and 
all interrupt enabled bits to be reset. 

CBOulput 
2 3 

1&3. Counter B ......- ulch B tD) 

Figure 6-5. Counter B Pulse Generation 

3-123 

7.3 RESET (RES) CONDITIONING 
When RES is driven from low to high the device is put in a 
reset state causing the registers and 1/0 ports to be config
ured as shown in Table 7-1. 

Table 7-1. RES Initialization of 110 Ports and Registers 

7 6 5 4 3 2 1 0 

REGISTERS 
Processor Status - - - - - 1 - -
Mode Control (MCR) 0 0 0 0 0 0 0 0 
Int. Enable (IER) 0 0 0 0 0 0 0 0 
Int. Flag (IFR) 0 0 0 0 0 0 0 0 
Ser. Com. Control (SCCR) 0 0 0 0 0 0 0 0 
Ser. Com. Status (SCSR) 0 1 0 0 0 0 0 0 

PORTS 
PA Latch 1 1 1 1 1 1 1 1 
PB Latch 1 1 1 1 1 1 1 1 
PC Lateh 1 1 1 1 1 1 1 1 
PD Latch 1 1 1 1 1 1 1 1 

All RAM and other CPU registers will initialize in a random, 
non-repeatable data pattern. 

7.4 INITIALIZATION 
Any initialization process for the device should include a 
RES, as indicated in the preceeding paragraphs. After sta
bilization of the internal clock (if a power on situation) an 
initialization routine should be executed to perform (as a 
minimum) the following functions: 

1. The Stack Pointer should be set 
2. Clear or Set Decimal Mode 
3. Set or Clear Carry Flag 
4. Set up Mode Controls as required 
5. Clear Interrupts 

A typical initialization subroutine could be as follows: 

LOX 

TXS 
CLD 
SEC 

CLI 

Load stack pointer starting address into 
X Register 
Transfer X Register value to Stack Pointer 
Clear Decimal Mode 
Set Carry Flag 
Set-up Mode Control and 
special function registers 
and clear RAM as required 
Clear Interrupts 

II 
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APPENDIX A 
ENHANCED R6502 INSTRUCTION SET 

This appendix contains a summary of the Enhanced R6502 
instruction set. For detailed information, consult the R6502 
Microcomputer System Programming Manual, (Order 
No. 202). The four instructions notated with a ' are added 
instructions to enhance the standard 6502 instruction set. 

A,1 INSTRUCTION SET IN ALPHABETIC SEQUENCE 
Mnemonic Description Mnemonic Description 

ADC Add Memory to Accumulator with Carry LOA Load Accumulator with Memory 
AND '~ND" Memory with Accumulator LOX Load Index X with Memory 
ASL Shift Left One Bit (Memory or Accumulator) LOY Load Index Y with Memory 

LSR Shift One Bit Right (Memory or Accumulator) 
'BBR Branch on Bit Reset Relative 
'BBS Branch on Bit Set Relative NOP No Operation 
BCC Branch on Carry Clear 
BCS Branch on Carry Set 
BEQ Branch on Result Zero ORA "OR" Memory with Accumulator 

BIT Test Bits in Memory with Accumulator 
BMI Branch on Result Minus PHA Push Accumulator on Stack 
BNE Branch on Result not Zero PHP Push Processor Status on Stack 
BPL Branch on Result Plus PLA Pull Accumulator from Stack 
BRK Force Break PLP Pull Processor Status from Stack 
BVC Branch on Overflow Clear 
BVS Branch on Overflow Set 'RMB Reset Memory Bit 

ROL Rotate One Bit Left (Memory or Accumulator) 
CLC Clear Carry Flag ROR Rotate One Bit Right (Memory or Accumulator) 
CLD Clear Decimal Mode RTI Return from Interrupt 
CLI Clear Interrupt Disable Bit RTS Return from Subroutine 
CLV Clear Overflow Flag 
CMP Compare Memory and Accumulator 
CPX Compare Memory and Index X SBC Subtract Memory from Accumulator with Borrow 

CPY Compare Memory and Index Y SEC Set Carry Flag 
SED Set Decimal Mode 

DEC Decrement Memory by One SEI Set Interrupt Disable Status 

DEX Decrement Index X by One 'SMB Set Memory Bit 

DEY Decrement Index Y by One STA Store Accumulator in Memory 
STX Store Index X in Memory 

EOR "Exclusive-Or" MemorY with Accumulator STY Store Index Y in Memory 

INC Increment Memory by One TAX Transfer Accumulator to Index X 
INX Increment Index X by One TAY Transfer Accumulator to Index Y 
INY Increment Index Y by One TSX Transfer Stack Pointer to Index X 

TXA Transfer Index X to Accumulator 
JMP Jump to New Location TXS Transfer Index X to Stack Register 
JSR Jump to New Location Saving Return Address TYA Transfer Index Y to Accumulator 
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A,2 R6501 INSTRUCTION SET SUMMARY TABLE 

ADDRESSING MODES 

!IMMEDIATE[ABSOLUTETzERO PAGEr ACCUM.-l IMPLIED I (IND. XI. 1 (IND). Y Iz. PAGE, X I ABS, X -1 ABS, Y jRElATIVE 

MNEMONIC OPERATION OP n II OP n #- OP n II OP n II QP n II OP n II OP n II OP n /I OP n II OP n # OPinl.# 

ADC 

A'H-A (4)(') 1'~ITI'1111WW121 ,11,1 1II':ITI
71
ITflI1ITlI3\" 

AND A M-A (1) 29 2 2 20 4 3 25 3 2 21 6 2 31 5 2 35 4 2 3D 4 3 39 
ASL Co--~ --<l Of 6 3 06 5 2 aA 2 1 16 6 2 1E 7 3 
8BA[#(O-7)J BranchonM.~O (5)(2) 
B8S[#(0-7)] BranchonM,=l (5)(2) 
BCC BranchonC=O (2) 
BCS BranchonC=l (2) 

BEO BranchonZ=l (2) 
BIT "" 2C 4 3 24 3 2 
BMI B1anchonN=l (2) 
BNE Branch on Z~O (2) 

BPL BmnchonN=O (2) 
BRK Break 
BVC Branch on V=O (2) 

BVS BranchonV=l (2) 

CLC O-C 
CLD 0-0 
CLI 0-1 
CLV O-V 
CMP A M (1) C9 2 2 CD 4 3 CS 3 2 
CPX X M EO 2 2 EC 43 E4 
CPY Y M Co 2 2 CC 43 C4 
DEC M l_M CE , 3 C, 5 2 
DEX X l-X 
DEY Y l-Y 
EaR A'VM-A tll 49 2 2 40 43 45 3 2 
INC M·l-M EE , 3 E' 
INX X·l-X 

I'NY 
Y'l---Y 

JMP Jump to New lac 4C 3 3 
JSR Jump 5ub 20 6 3 
LOA M ...... A (1) A9 2 2 AD 4 3 AS 3 2 
LOX M ...... X (1) A2 2 2 AE 4 3 A6 3 2 
LOY M ...... Y (1) AD 2 2 AC 4 3 A4 3 2 
L5R O ..... ~ ...... C 4E 6 3' 46 5 2 
Nap No Operation 
ORA AVM-A(I) 09 2 2 00 43 05 3 2 
PHA A ...... Ms 5-1 ..... 5 
PHP P ...... Ms 5 1 ..... 5 
PLA 5·1-5 Ms-A 
PLP 5·1-5 Ms-P 
AMB[#(0-7)) D-M" (5) 
ROL 

~ 
2E , 3 26 5 2 

ROR 6E 6 3 66 52 
ATI Aim Int 
RTS RIm 5ub 
SBC A-M-C_A (1) E9 2 2 ED 43 E5 3 2 
SEC '-C 
SED '-0 
SEI '-T 
5MB[#(O-7)] I ..... M" (5) 
STA A-M 80 4 3 85 3 2 
STX X-M 8E 4 3 86 3 2 
STY Y_M 8C 4 3 84 32 
TAX A-X 
TAY A_Y 
TSX s...-X 
TXA X-A 
TXS X-S 
lYA Y_A 

NOTES 
1. Add 1 to N If page boundary IS crossed 
2. Add 1 to N If branch occurs to same page 

Add 2 to N If branch occurs to different page 
3. Carry not'" Borrow 
4. "In deCImal mode Z flag is invalid 

accumulator must be checked on zero result. 
5. Effects S·blt data field of the specified zero page address. 

00 7 , 
18 2 1 
08 2 
58 2 

86 2 I' I ell 6 I 2 I 01 I 5 I 2 I 051 4 I 2 I DO I 4 I 3 I 09 I 4 13 

I I I I I I I I 1061 612 I DE 1713 
CA 

" 141 I 61 2 151 I 5121 ~~ I : I ~ I ~~ I 4 I 3 I 59 I 4 13 

EB 121, ca 2 1 

4A 2 , I n 6ITrITlllDI4131~~ 
EA 2 , 0' 6 2 11 5 2 :: : : :: I 4 I 3 I 19 I 4 I , 
48 3 
08 
'8 
28 

2A 2 , 
I I I I I I I I I ;~I ~I ~I;~I il; SA 2 1 

40 
60 

38 2 j, IEll 6121 Fll 5121 F514121Fol4131 F91413 

F8 2 
78 2 

I I 8'1 61 2 1 9 '1 '121 :: I : I : I 90 I 51 3 I ' ,I 5 I 3 

AA 2 
A8 
BA 
8A 
9A 
98 

90
1'1' 

BO 2 2 
FO 2 2 

30 
DO 

'TI2 50 2 2 
70 2 2 

PROCESSOR STATUS 
CODES 

INDIRECT I Z. PAGE. Y I BIT ADDRESSING (OP BY BIT If) I 7 6 5 4 3 2 1 0 

opl hi Ifiopi nl # 10 7INV·BDIZC 

N V •••• Z C 
N ••••• Z • 
N ••••• Z c OF"TTlrrll' .. , . , 8F9FAFBFCFOFEFFF······· · ...... · . . . . . . · ...... 

6e 15 13 

Bsl 4 I 2 

071171271371471 571s7 177 

87 I 97 I A7 I B7 IC7 I 07 1 E7 IF7 

961412 

LEGEND M, 
X Index X 
Y '" Index Y 
A '" Accumulator A 

M = Memory per effective address V 
M. = Memory per stack poInter 
MD Selecter zero page memory bit 
M7 := Memory BII 7 # 

M. M.· ••• z 

, 0 

. , 

• 0 
• 0 

• 0 

z C 
Z C 
z C 
Z 
Z 
Z 
Z 
Z 

z 
z C 

, Z 

N ••••• Z 
(Restored) 

N • Z C 
N • Z C 

(Restored) 

N V Z (3) 

N • 

N • 

N ' , Z 

"" Memory BI16 
= Add 
= Subtract 
'" And 
= Or 
= ExclusIVe Or 
= Number of cycles 
= Number of Byles 

IJ 

:0 
en en o .... 

o 
:::J 
(1) 
I 

o 
::r 
ij' 

:s: 
n' 
a 

"C a 
n 
(1) 
en en 
o ... 
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A,3 INSTRUCTION CODE MATRIX 

LSD 
c 0 
~ BRK 

Implied 
I ? 

BPL 
Relative 
2 2" 

JSR 
Absolute 

3 6 

BMI 
Relative 
2 2" 

RTI 
4 Implied 

I 6 

BVC 
Relative 
2 2" 

RTS 
Implied 
I a 

BVS 
Relative 
2 2" 

BCC 
Relative 
2 2" 

LOY 
A IMM 

2 2 

BCS 
B Relative 

2 2" 

CPY 
C IMM 

2 2 

BNE 
o Relative 

2 2" 

CPX 
E IMM 

2 2 

BEQ 
F Relative 

2 2" 

ORA 
(IND,X) 

2 6 

ORA 
(IND), Y 
2 5' 

AND 
(IND, X) 

2 6 

AND 
(IND, Y) 
2 5' 

EOR 
(IND,X) 

2 6 

EOR 
(IND), Y 
2 5' 

ADC 
(IND,X) 

2 a 

ADC 
(IND, y) 
2 5' 

STA 
(IND,X) 

2 S 

STA 
(IND, Y) 

2 S 

LOA LOX 
(IND,X) IMM 

2 S 2 2 

LOA 
(IND), Y 
2 5' 

CMP 
(IND,X) 

2 6 

CMP 
(IND), Y 
2 S' 

SBC 
(IND,X) 

2 a 

sec 
(IND), Y 
2 5' 

o 
BRK 

o Implied 
1 7 

? 

ORA ASL RMBO 
ZP ZP ZP 

2 3 2 S 2 5 

ORA ASL RMBI 
ZP,X ZP, X ZP 
2 4 2 6 2 5 

BIT AND ROL RMB2 
ZP ZP ZP ZP 

2 3 2 3 2 5 2 5 

AND ROL RMB3 
ZP, X ZP,X ZP 
2 4 2 a 2 5 

EOR LSR RMB4 
ZP ZP ZP 

2 3 2 5 2 5 

EOR LSR RMBS 
ZP, X zp,X ZP 
2 4 2 a 2 5 

ADC RDR RMBS 
ZP ZP ZP 

2 3 2 5 2 5 

ADC ROR RMB? 
ZP, X ZP,X ZP 
2 4 2 S 2 5 

STY STA STX 5MBO 
ZP ZP ZP ZP 

2 3 2 3 2 3 2 5 

STY STA STX 5MBI 
ZP, X Zp,X ZP, Y ZP 
2 4 2 4 2 4 2 5 

LOY LOA LOX SM82 
ZP zp ZP ZP 

2 3 2 3 2 3 2 5 

LOY LOA LOX 5MB3 
zp,X ZP, X ZP, Y ZP 
2 4 2 4 2 4 2 5 

CPY CMP DEC 5MB4 
ZP ZP ZP ZP 

2 3 2 3 2 S 2 5 

CMP DEC 5MB5 
ZP,X ZP,X ZP 
2 4 2 a 2 5 

CPX SBC INC 5MBa 
ZP ZP ZP ZP 

2 3 2 3 2 5 2 5 

SBC INC 5MB? 
Zp,X ZP,X ZP 
2 4 2 6 2 5 

4 

-op Code 
-Addressing Mode 
-Instruction Bytes; Machine Cycles 

8 9 

PHP ORA 
Implied IMM 

I 3 2 2 

CLC ORA 
Implied ABS, Y 

I 2 3 4' 

PLP AND 
Implied IMM 

I 4 2 2 

SEC AND 
Implied ABS, Y 
I 2 3 4' 

PHA EOR 
Implied IMM 

I 3 2 2 

CLI EDR 
Implied ABS, Y 
I 2 3 4' 

PLA ADC 
Implied IMM 
I 4 2 2 

SEI ADC 
Implied ABS, Y 
I 2 3 4' 

DEY 
Implied 

I 2 

TYA STA 
Implied ABS, Y 

I 2 3 5 

TAY LOA 
Implied IMM 

I 2 2 2 

CLV LOA 
Implied ABS, Y 
I 2 3 4' 

INY CMP 
Implied IMM 

I 2 2 2 

CLD CMP 
Implied ABS, Y 

I 2 3 4' 

INX sec 
Implied IMM 

I 2 2 2 

SED SBC 
Implied ABS, Y 

I 2 3 4' 

9 
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A B C o E F 

ASL ORA ASL BBRO 
Accum ABS ABS ZP 
I 2 3 4 3 6 3 5" 

ORA ASL BBRI 
ABS, X ABS, X ZP 
3 4' 3 ? 3 5" 

ROL BIT AND ROL BBR2 
Accum ABS ABS ABS ZP 
I 2 3 4 3 4 3 6 3 5" 

AND ROL BBR3 
ABS, X ABS, X ZP 3 
3 4' 3 ? 3 5" 

LSfI JMP EDR LSR BBR4 
Accum ABS ABS ABS ZP 
I 2 3 3 3 4 3 6 3 5" 

EOR LSR BBR5 
ABS, X ABS, X ZP 
3 4' 3 ? 3 5" 

ROR JMP ADC RDR BBRa 
Accum Indirect ABS ABS ZP 

I 2 3 5 3 4 3 a 3 5" 

ADC RDR BBR? 
ABS, X ABS, X ZP 7 
3 4' 3 ? 3 5" 

TXA STY STA STX BBSO 
Implied ABS ABS ABS ZP 8 

I 2 3 4 3 4 3 4 3 5" 

TXS STA BBSI 
Implied ABS, X ZP 9 

I 2 3 5 3 5" 

TAX LOY LOA LOX BBS2 
Implied ABS ABS ABS ZP A 

I 2 3 4 3 4 3 4 3 5" 

TSX LOY LOA LOX BBS3 
Implied ABS, X ABS, X ABS, Y ZP B 

I 2 3 4' 3 4' 3 4' 3 5" 

DEX CPY CMP DEC BBS4 
Implied ABS ABS ABS ZP C 

I 2 3 4 3 4 3 a 3 5" 

CMP DEC BBSS 
ABS, X ABS,X ZP o 
3 4' 3 ? 3 5" 

NDP CPX sec INC BBSa 
Implied ABS ABS ABS ZP E 

I 2 3 4 3 4 3 6 3 5" 

SBC INC BBS? 
ABS, X ABS, X ZP F 
3 4' 3 ? 3 5" 

A B C o E F 

'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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APPENDIX B 
KEY REGISTER SUMMARY 

7 0 

I I ACCUMUL.A TOR 
7 0 

I I INDEX REGISTER Y 
7 0 

I I INDEX REGISTER X 
7 0 

PC" I PC, I PROGRAM COUNTER PC 
7 0 

5P I STACK POINTER 

INlvl Is 10 II /z Ie I PROCESSORSTATUSREG P 

Bus Mode Select 

CPU Registers 

Qunter A 
Mode Select 

Addr 0014 

0-0 Interval Timer 

I I 0 _1 Pulse Generation 
1 -0 Eyent Counter 
1-1 Pulse Width Meas. 

0-0 Interval TImer 
0-1 Asymmetric Pulse General/on 
1 -0 Event Counter 
1 -1 Retrlggerable Interval Timer 

PortB Latch 
(1-Enable) 

Port 0 Tn-State 
(0-Trl·Stale High Impedance Mode) 

0-0 Full Address 
0-1 Normal 
1-0 Abbr. Bus 
1-1 Mux'd Bus 

Mode Control Register 

1"1 v I 1"1 0 1 I 1'1 CI 

NOTES 
<DNOltnillalizedbY~ 
® Set 10 LogiC 1 by RES 

'---

CARRY Ie) CD 
I=CarrySel 
o = Carry Clear 

ZERO (ZleD 

I..:::ZeroResull 
o :::; Non-Zero Result 

INTERRUPT DISABLE (I) <y 

1 -"i'RQlnterruptDLsabled 
o ·'iFi6tnterrupt Enabled 

DECIMAL MODE (D) CD 
1 ::-:: DeCimal Mode 
0= Binary Mode 

BREAK COMMAND (B) CD 
1 = Break Command 
o = Non Break Command 

OVERFLOW (0) <D 
1 "'" Overflow Sel 
0= OverflOW Clear 

NEGATIVE (N) CD 
1 = Negaflve Value 
0= Posllve Value 

Processor Status Register 

XMTR 
Flag 

RCVR 
Rag 

PA2 Negallve 
Edge Detect 

PA3 Negative 
Edge Detect 

Counter A 
Underflow Flag 

Counter B 
Underflow Flag 

Interrupt Enable and Flag Registers 

SCCR Addr 0015 

O ....... Odd Parity 
1 ....... Even Parily 

o Parity Disable 
1 Parity Enable 

0 ..... 8 Bits/Char 
1 ..... 7 BitS/Char 
0 ..... 6 BitsfChar 
1 ..... 5 BltslChar 

o - 0 XMTR I: RCYR ASYN Mode 
o - 1 XMTR ASYN, RCVR SIR 
1 -X XMTR SIR, RCYR ASYN 

o RCVR Disable 
1 RCVR Enable 

o XMTR Disable 
1 XMTR Enable 

Serial Communications Control Register 

Panty Error 

Frame Error 

Wake-Up 

End of Transmission 

XMTR Data Reg Empty 

XMTR Under-Run 

3-127 
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APPENDIX C 
ADDRESS ASSIGNMENTS/MEMORY 

MAPS/PIN FUNCTIONS 

C.1 I/O AND INTERNAL REGISTER ADDRESSES 

ADDRESS 
(HEX) READ WRITE 

oo1F -- --
1E Lower Counter B Upper Latch B, Cntr B-Latch B, CLR Flag 
10 Upper Counter B Upper Latch B, Latch C-Latch B 
1C Lower Counter B, CLR Flag Lower Latch B. 

1B -- --
1A Lower Counter A Upper Latch A, Cn1r A-Latch A, CLR Flag 
19 Upper Counter A Upper Latch A 
18 Lower Counter A, CLR Flag Lower Latch A 

17 Serial Receiver Data Register Serial Transmitter Data Register 
16 Serial Comm. Status Register Serial Comm. Status Reg. Bits 4 & 5 only 
15 Serial Comm. Control Register Serial Comm. Control Register 
14 Mode Control Register Mode Control Register 

13 -- --
12 Interrupt Enable Register Interrupt Enable Register 
11 Interrupt Flag Register --

0010 Read FF Clear 1m Flag (Bits 0-3 only, Write O's only) 

OF 
OE 
00 
OC 

OB RESERVED t----

OA 
09 These addresses are reserved and are used by the CPU during Read and Write 

08 operation over the external Data Bus (00-07). -
07 
06 
05 
04 

03 PortO Port 0 
02 PortC PortC 
01 Port B Port B 

0000 PortA PortA 
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C.2 FULL ADDRESS MODE MEMORY MAP-R6501 

FFFE 

FFFC 

FFFA 

DOFF 

0040 

00IF 

0000 

IRQ VECTOR 

RES VECTOR 

NMI VECTOR 

USER PROGRAM 

INTERNAL RAM (192) 

RESERVED 

I/O • REGISTERS 

/ 
I 

I 
/ 

I 

I 
I 

I 

I 
I 

/,....-----,OOIF 

I 
/ 

I 

/ 
INTERNAL 
REGISTERS 

1-------1~:!: 

RESERVED 

1-------1: 
110 PORTS A, B, C, D 

L--____ -' .... 

C.3 MULTIPLE FUNCTION PIN ASSIGNMENTS-PORT C AND PORT D 

FULL ADDRESS 110 PORT ABBREV 
MODE FUNCTION 

PCO PCO AO 
PC1 PC1 A1 
PC2 PC2 A2 
PC3 PC3 A3 

PC4 PC4 A12 
PC5 PC5 RIW 
A13 PC6 A13 
A14 PC7 EMS 

POO POO 00 
P01 P01 01 
PD2 P02 02 
P03 P03 03 

P04 P04 04 
P05 P05 05 
P06 P06 06 
P07 P07 07 
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MUX 

AO 
A1 
A2 
A3 

A12 
RIW 
A13 
EMS 

A4/00 
A5/01 
A6/02 
A7/03 

A8/04 
A9/05 

A10/06 
A11/07 
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APPENDIX D 
ELECTRICAL SPECIFICATIONS 

MAXIMUM RATINGS· 

Parameter Symbol 

Supply Voltage Vcc & VRR 

Input Voltage V,N 

Operating Temperature Range, TA 
Commercial 
Industrial 

Storage Temperature Range TSTG 

DC CHARACTERISTICS 

Value 

-0.3 to + 7.0 

-0.3 to +7.0 

TL toTH 
o to + 70 

-40to +85 

-55to +150 

Unit 

Vdc 

Vdc 

°C 

°C 

"NOTE: Stresses above those listed 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 absolute maximum rating conditions for 
extended periods may affect device reliability. 

(Vcc = 5.0V ±5%, VRR = Vcc; Vss = OV; TA = TL to T H, unless otherwise specified) 

Parameter Symbol Min Typl Max Unit Test Conditions 

RAM Standby Voltage (Retention Mode) VRR 3.0 Vce V 

RAM Standby Current (Retention Mode) IRR - 4 - mA TA = 25°C 

Input High Voltage V,H V 
All Except XTU +2.0 - Vee 
XTU +4.0 - Vee 

Input Low Voltage V,L -0.3 - +0.6 V 

Input Leakage Current liN - - ±10.0 p.A V,N = 0 to 5.0V 
RES, NMI 

Input Low Current I,L - -1.0 -1.6 rnA V,L = 0.4V 
PA, PB, PC, PO 

Output High Voltage (Except XTLO) VOH +2.4 - Vee V ILOAD = -100 p.A 

Output Low Voltage VOL - - +0.4 V ILOAD = 1.6 rnA 

I/O Port Pull-Up Resistance RL 3.0 6.0 11.5 Kohm 
PAO-PA7, PBO-PB7, PCO-PC7 

Output Leakage Current (Three-State Olf) lOUT - - ±10 p.A 

Input Capacitance C'N pF TA = 25°C 
XTLI, XTLO - - 50 V,N = OV 
All Others - - 10 1= 1.0 MHz 

Output Capacitance (Three-State Off) COUT - - 10 pF TA = 25°C 
V,N = OV 
1= 1.0 MHz 

Power Dissipation (Outputs High) Po - 750 1100 mW TA = O°C 

Notes: 
1. Typical values measured at TA = 25°C and Vce = 5.0V. 
2. Negative sign indicates outward current Ilow, positive indicates inward flow. 
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APPENDIX E 
TIMING REQUIREMENTS AND CHARACTERISTICS 

E.1 GENERAL NOTES 
1. Vee = 5V 0:5%, O'C '" TA '" 70'C 

2. A valid Vee - RES sequence is required before proper 
operation is achieved. 

3. All timing reference levels are O.BV and 2.0V, unless 
otherwise specified. 

4. All time units are nanoseconds, unless otherwise specified. 

5. All capacitive loading is 130pf maximum, except as noted 
below: 

PA, PB - 50pF maximum 
PC (1/0 Modes Only) - 50pF maximum 
PC (ABB and Mux Mode) - 130pF maximum 
PCB, PC7 (Full Address Mode) - 130pF maximum 

Tere 

T'R 

XTLI 1.5V 

E.2 CLOCK TIMING 

SYMBOL PARAMETER 

T eye Cycle Time 

TpWlC1 XTLI Input Clock 
Pulse Width 
XTLO = VSS 

TpW02 Output Clock Pulse 
Width at Minimum 
Tere 

T" T, Output Clock Rise, 
Fall Time 

TIRI TIF Input Clock Rise, 
Fall Time 

(XTLO = V,,) Tpw" 

TpW02 

__ T
R 

3·131 

1 MHz 

MIN MAX 

1000 10 JLs 

500 -
0: 25 

TpWX1 TpWX1 

0: 25 

- 25 

- 10 

2 MHz 

MIN MAX 

500 10 JLs 

250 -
0: 10 

TpWlC1 TpWX1 

'" 20 

- IS 

- 10 
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E.3 ABBREVIATED MODE TIMING-PC AND PO 

(MeR 5 ~ 1, MeR 6 ~ 0, MeR 7 ~ 1) 

1 MHz 2 MHz 
SYMBOL PARAMETER 

MIN MAX MIN MAX 

TpcFls (PC5) R/W Setup Time 225 140 

TpCAS (PCO-PC4, PCS) Address Setup TIme 225 140 

TpBSU (PO) Data Setup Time 50 35 

TpBHR (PO) Data Read Hold Time 10 10 
------ ---

TpBHW (PO) Data Wrrte Hold Time 30 30 

TpBOD (PO) Data Output Delay 1?5 150 

TpCHA (PCO-PC4, PCS) Address Hold Time 30 30 

TpCHR (PCS) R/W Hold Time 30 30 

TpCHV (PC?) EMS Hold Time 10 10 

Tpcvp (PC?) EMS Stabilization Time 30 30 

Tesu EMS Setup TIme 350 210 

E.3.1 Abbreviated Mode Timing Diagram 

READ 
,------,1 

-TPCHR 

RIW 

1 ...... -'-__ ... 1 TPCRS 

_TPCHV 

.-- TESU_ 

TPCHA 

TPBSU 

PDO-PD7 

TPBHR 
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WRITE 

TPBDD 

TPBHW 
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E.4 MULTIPLEXED MODE TIMING-PC AND PD 

(MCR 5 = 1, MCR 6 = 1, MCR 7 = 1) 

1 MHz 2 MHz 
SYMBOL PARAMETER 

MIN MAX MIN MAX 

TpCRS (PC5) R/W Setup Time - 225 - 140 

TpCAS (PCO-PC4, PC6) Address Setup Time - 225 - 140 

TpBAS (PO) Address Setup Time - 225 - 140 

TpBSU (PO) Data Setup Time 50 - 35 -
TpBHR (PO) Data Read Hold Time 10 - 10 -
TpBHW (PO) Data Write Hold Time 30 - 30 -
TpBDD (PO) Data Output Delay - 175 - 150 

TpCHA (PCO·PC4, PC6) Address Hold Time 30 - 30 -
TpBHA (PO) Address Hold Time 10 100 10 80 

TpCHR (PC5) RIW Hold Time 30 - 30 -
TpCHV (PC7) EMS Hold Time 10 - 10 -
TpCV011J (PC7) Address to EMS Delay Time 30 30 

Tpcvp (PC7) EMS Stabilization Time 30 - 30 -

Tesu EMS Setup Time - 350 - 210 

NOTE 1: Values assume PCO-PC4, pes and PC7 have the same capacitive load, 

E.4.1 Multiplex Mode Timing Diagram 

READ 
,-------------__ 1 

112 

R/W 
(PCS) 

EMS 
(PC7) 

PCD·PC4, 
PC6 

POD· 
P07 

_TPCHR 

1-----.1 TPCRS 

~ T ESU 

TPCHA 

---... _TPBHA 

TPBAS -TPCVO 

_TPCHV 

TPCVP 

TPBHR 
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WRITE ,-______ ""'"\ 

I 
TPBHW 
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E.S I/O, EDGE DETECT, COUNTERS, AND SERIAL I/O TIMING 

SYMBOL PARAMETER 

Internal Wnte to Peripheral Data Valid 

TpDW '" PA, PB, PC TTL 
TC~O$(I' PA, PB, PC CMOS 
Tpoow PD 

Peripheral Data Setup TIme 

TPDSU PA, PB, PC 
Tposu PD 

Penpheral Data Hold TIme 

TpHR PA, PB, PC 
T~, PD 

TEpW PAO-PA3 Edge Detect Pulse Width 

Counters A and B 

Tepw PA4, PAS Input Pulse Width 

Teo lll PA4, PAS Output Delay 

Pan B Latch Mode 

TpBtw PAQ Strobe Pulse Width 

T"LSU PB Data Setup TIme 
TPBLH PB Data Hold Time 

SenailiO 

T 111 ". PAS XMTRTTL 

TeMos '" PAS XMTR CMOS 
T,_ PA4 RCVR SIR Clock Width 
TpDWl1i PA4 XMTR Clock-SiR Mode (TTL) 
TeMos '" PA4 XMTR Clock-SIR Mode (CMOS) 

NOTE 1. Maximum Load Capacitance. 50pF 
Passive purl-Up Required 

1 MHz 2 MHz 

MIN MAX MIN MAX 

- 500 - 500 

- 1000 - 1000 

- 175 - 150 

200 - 200 -
50 - 50 -

75 - 75 -
10 - 10 -

Tcve - Teye -

Teve ! - Teve -
- 500 - 500 

Teyc - Teyc -
t75 - 150 -
30 - 30 -

- 500 - 500 

- tO~~ - tODD 
4 Teyc -:- 4 Teyc -
- 500 - 500 

- 1000 - 1000 

E.S.1 I/O, Edge Detect, Counter, and Serial I/O Timing 

PAO·P 
PBO·P 
PCO·P 
PDO·P 

A7 
B7 
C7 
07 

TECTS EDGE DE 
(PAO·PA3 ) 

CNTR 
PA4,P AS 

CNTR 
(PA4, P AS) 

PDO·P 07 

I. 

){ 
I 

\1.SV 

.. 

T.DOW 

X 

PAO·P 
PCO·p 
PBO·P 

A7~PDW 
C7 
B7 

PB 
(LATCH MODE) 

PAO STROBE 

~ 

• 
1.SV\ 

TPDSU t .. ~ 

)t 1< 
T~ 

TEPW I 

1'svi 

TCPW 
.. 

TCD 

2.4V 

O.4V 

1.SV 

~TpLSU"'I" T.BLW 
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T eve ~I 
1.SV 

~-

1.SV] 

• TCPW 

2.4VI 

O.4VI 

TCMOS 
VDD-30%1 

I 

K= 
1.SV 

~t -4-TpBLH 
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E.6 MICROPROCESSOR TIMING (00-07, 
AO-A 12, A 15, SYNC, R/W) 

1 MHz 2 MHz 
SYMBOL PARAMETER 

MIN MAX MIN MAX 

TRws RIW Setup Time - 225 - 140 

TAos AO-AI2. A15 Setup - 150 - 75 
Time 

Tosu 00-07 Oata Setup Time 50 - 35 -
THR 00-07 Read Hold Time 10 - 10 -
THW 00-07 Write Hold Time 30 - 30 -
TMOS 00-07 Write Output - 175 - 130 

Oelay 

TSVfl SYNC Setup - 225 - 175 

THA AO-AI2. A15 Hold Time 30 - 30 -
THRW RIW Hold Time 30 - 30 -

lAce External Memory Access - TAce - TAce 

Time lAce = Tcyc-TF-

TADS-Tosu 

TSYH SYNC Hold Time 30 - 30 -

E.6.1 Microprocessor Timing Diagram 

02 

R/W 

AO·A12, 
A15 

DATA O· 
DATA 7 

SYNC 

READ 

TDSU_ 

One-Chip Microprocessor 

D 
WRITE 

TMDS 

_THR 
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64-PIN PLASTIC QUAD IN-LINE PACKAGE (QUIP) 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 4110 4161 1618 1638 
B 1702 17.23 0670 0690 
C 356 458 0140 0180 
D 048 056 0018 0022 
El 19 05 esc 0750 sse 
E. 2350 SSC 0925 esc 
G 1 27 Bse 0050 Bse 
J 018 033 0007 0013 

Kl 292 31. 0115 0125 
K. 4.3 534 D 190 0210 
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58-PIN PLASTIC CHIP CARRIER (PCC) 

TOP VIEW 

~ 
:".~,: 

I
i ... 03 ,,,. ~A1 

, ;~ 
A3A2 A4 

AS.,·. = 
I ~ ...04---J 1\ \-ATYP. 
~-D5-~rQl 

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

CHAM. 
h x 45° 
3 PLCS 

CHAM.J x 45° 

+j ~e 
17 PINS 

PER SIDE 
EQUALLY 
SPACES 

b~~ 
EJECTOR PIN MARKS 
4 PLCS BOTTOM OF 

PACKAGE ONLY 
(TYPICAL) 

BOTTOM VIEW 
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~SEATING 
I PLANE 

SIDE VIEW 

MILLIMETERS 
DIM MIN MAX 
A 3.683 3.785 

A1 1.829 1.930 
A. 1.B03 1.905 
A3 1.372 1.473 
A. 2.311 2.464 
A5 0.203 0.305 
b 0.457 TYP 
0 25.02 25.27 
01 24.00 24.26 
D. 20.19 20.45 
03 23.24 23.50 
04 20.96 21.21 
05 22.23 22.48 . 1.27 sse 
h 0.254 TYP 
J 1.143 TYP . 4° TYP 
.1 10° TYP 
02 45° TYP 
R 0.889 TVP 

R1 0.254 TYP 

INCHES 
MIN MAX 
.145 .149 
.072 .076 
.071 .075 
.054 .058 
.091 .097 
.008 .012 

.018lYP 
.985 .995 
.945 .955 
.795 .805 
.915 .925 
.825 .835 
.875 .885 

.050BSC 

.010 TYP 

.045 TVP 
4° TYP 
100 TYP 
45° TYP 
.035 TVP 
.010 TVP 

II 


