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SECTION 1
INTRODUCTION

SUMMARY

The Rockwell R65012 is a complete, high performance 8-
bit NMOS-3 microcomputer on a single chip and is com-
patible with all members of the R6500 family.

The R65012 consists of an enhanced 6502 CPU, an inter-
nal clock oscillator, 192 bytes of Random Access Memory
(RAM), and versatile interface circuitry. The interface cir-
cuitry includes two 16-bit programmable timer/counters,
32 bidirectional input/output lines (including four edge-
sensitive lines and input latching on one 8-bit port), a full-
duplex serial I/O channel, ten interrupts, and bus
expandability, The R65012 can be thought of as a
modified R6501 and the major feature differences are
shown in bold.

The innovative architecture and the demonstrated high
performance of the R6502 CPU, as well as instruction
simplicity, results in system cost-effectiveness and a wide
range of computational power. These features make the
R65012 a leading candidate for microcomputer applica-
tions.

Rockwell supports development of the R65012 with the
Low Cost Emulator (LCE) Development System and the
R6500/* Family of Personality Modules. Complete in-cir-
cuit 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 (Document Order No. 201). A descrip-
tion of the instruction capabilities of the R6502 CPU is con-
tained in the R6500 Microcomputer System Programming
Manual (Document Order No. 202).

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)
—  Binary arithmetic mode only
— 13 addressing modes
—  True indexing
— Stack on page one
— Page select bit for zero page instructions
« 192-byte static RAM -
« 32 bidirectional, TTL-compatible 1/C lines {four ports)
—  One 8-bit port may be tri-stated under software
control
— One 8-bit port may have latched Inputs under
software controf
— Internal pull-up resistors on ports: PA and PB:
« Two 186-bit programmable counter/timers, with latches
— Pulse width measurement -
—  Asymmetrical pulse generation
— Pulse generation
— Interval timer
—  Event counter
— Retriggerable interval timer
« Serial Pont
—~  Full-duplex asynchronous operation-mode
— One stop bit only
—~  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 pasitive, two
negative )
— Reset and non-maskable mterrupt
—  Twao counter underflows
— Serial data received and serial data transmitted
+ Bus expandable to 64K bytes of extemal memory
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FEATURES (Cont'd)

+ Flexible clock circuitry
~ 3 MHz (R65012B), 2 MHz (R65012A) or
1 MHz (R65012) internal operation
—  Crystal or clock input
* 0.66 ps minimum Instruction execution time at
3 MHz
* Single +5V power supply
* 12 mW standby power for 32 bytes of the 192-byte
RAM

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

ORDERING INFORMATION ) )
T-49-17-06
Part Number: .
R65012 _
Temperature Range (TL to Th):
NoLetter= 0°Cto70°C
E= -40°Cto +85°C
Package
J= 68-Pin PLCC
Q= 64-Pin Plastic QUIP
Frequency .
— Noletter= 1 MHz Operation
A= 2 MHz Operation
B= 3 MHz Operation
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INTERFACE REQUIREMENTS

This section describes the interface requirements for the assignments for both devices. Table 2-1 describes the- -
R65012, Figure 2-1 and 2-2 show the interface and the pin function of each pin.
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Figure 2-1. R65012 Interface Diagram
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Table 2-1. R65012 Pin Descriptions T-49—17 -06 :
Pin No. ‘ ’
Slgnal Name /O | 64-Pin QUIP | 68-Pin PLCC Description H
Vee | 21 22 Power. Main power supply. +5V.
VAR | 43 46 RAM Retention Power. Separate power pin for RAM. In the event
that Vcc power is off, this power retains RAM data. +5V.
Vss 44 48 Ground. Signal and power ground (OV).
XTU | 42 45 Crystal In. Crystal or clock Input for internal clock oscillator. Allows
input of X1 clock signal if XTLO is connected to Vss, or of X4 (R65012A)
or X2(R65012A) clock if XTLO is floated.
XTLO o} 4 44 Crystai Out. Crystal output from internal clock osclllator. ) - N
RES | 6 7 RESET. The Reset input Is used to Intialize the device. This signal must
not transition from low to high for at least eight cycles after Vg reaches
operating range and the internal oscillator has stabilized.
$2 [0} 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 Interrupt signal requests that a non-maskable lnterrupt
be generated with the CPU.
PAO-PA7 /0 39-32 42-35 Port A. General purpose I/O Port A,
PBO-PB7 110 31-24 34-30, 28-26 Port B. General purpose I/O Port B.
PCOPC7 110 54-61 58-65 Port C. General purpose /O Port C.
PDOPD7 /O | 62-64,1-5 66, 67, 1-6 Port D. General purpose /O Port D. R e
Four 8-bit ports used for input/output. Each line of Ports A, B and C )
consists of an active transistor to Vss and a passive pull- up to Vge.
Port D functions as either an 8-bit input or an 8-bit output port, it has
active pull-up and pull-down transistars. .
A0-A12,A15] O 20-8,7 21-9,8 Address Lines. Fourteen address lines used to address a complete
65K byte external address space. Note: A13 and A14 are sourced through
PC6 and PC7 when in the Full Address Mode.
DB0-DB7 [t[e} 53-46 57-50 Data Lines. Eight bidirectional data bus lines used to transmit data to and N
from external memory. : :
SYNC [0} 2 24 SYNC. SYNC is a positive gaing signal for the full clack cycle whenever
the CPU is performing an op code fetch. )
AW (o} 40 43 READ/WRITE. R/W cortrols the direction of data transfer between the CPU
and the external 65K byte address space. The signal Is high when readmg
or low when writing.
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SYSTEM ARCHITECTURE

This section provides a functional description of the
R65012. Functionally, the R65012 consists of a CPU,
RAM, four 8-bit parallel I/O ports, a serial /O port, dual
counter/latch circuits, a mode control register, an interrupt
flag/enable dual register circuit. A block diagram of the
system is shown in Figure 3-1.

NOTE

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

3.1 CPU LOGIC

The R65012 internal CPU is a standard 6502 configuration
with an 8-bit Accumulator register, two 8-bit index registers
(X and YY), an 8-bit Stack Pointer register, an arithmetic and
logic unit (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 8-bit index registers, X and Y. Each index
register can be used as a base to modify the address data
program 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 ad-
dressing, 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 valus of
memory.

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

3.1.3 Stack Polinter

The Stack Pointer is an 8-bit register. it is automatically in-
cremented and decremented under control of the
microprocessor to perform stack manipulation in response
to either user Instructions, an internal interrupt request
(IRQ), or the extemal non-maskable Interrupt input (NMI).
The Stack Pointer must be Initialized by the user program.

The stack allows simple implementation of multiple leve}
interrupts, subroutine nesting and simplification of many
types of data manipulation. The JSR, BRK, RTl, and RTS
instructions 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:
location is stored (or "pushed®) onto the stack. Each time
data are to be pushed onto the stack, the Stack Pointeris: .
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 Painter is incre-
mented by 1. The Stack Pointer is then placed ori the Ad=
dress Bus and data are read from the memory location
addressed by the Stack Pointer. -

The stack is located on page one, i.e., memory locatlons :
01FF-0100. After reset, which leaves the Stack Pointer in-
determinate, normal usage calls for its Inmallzanon at
01FF.

3.1.4 Arithmetic And Loglc Unit (ALU) :

All arithmetic and logic operations take place in the ALU,
including incrementing and dectementing 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 reglsters ortoex- - B £

ternal 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 186-bit Program Counter provides the addresses that
are used to step the processor through sequential instruc-
tions in a program. Each time the processor fetches anin-
struction from program memory, the lower (least

significant) byte of the Program Counter (PCL) is placed
on the low-order 8 bits of the Address Bus and the higher

(most significant) byte of the Program Counter (PCH) is

placed on the high-order 8 bits of the' Address Bus. The.

Counter is incremented each time an instruction or data is:
fetched from program memory.

3.1.8 Instruction Reglster and Instruction Decode

Instructions are fetched from ROM or RAM and gated onto
the Internal Data Bus. These instructions-are tatched into
the Instruction Register, then decoded along: with- timing
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Figure 3-1. Detailed Block Diagram
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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 in-
struction 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.

3.1.8 Interrupt Logic

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

3.2 NEW INSTRUCTIONS

in addition to the standard R65012 instruction set, four
new bit manipulation instructions have been added to the
R65012. The added instructions and their format are ex-
piained in the following paragraphs. Refer to Appendix A
for the Op Code mnemonic addressing matrix for these
added instructions. The four added instructions do not im-
pact the CPU processor status register. These operate on
data in page zero or page two. The page is selected by the
CLD or SED instruction.

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 I/O port).
The first byte of the instruction specifies the SMB opera-
tion 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 with in the first byte of the instruction.

The second byte designates the address of thie byte to be
tested within the zero page address range-(memory-or /O
ports). The third byte of the instruction specifies.the 8-bit
relative address to which the instructionbranches if the bit-
tested is a"1". if the bittested is not set, the next sequen-
tial 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 R65012 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 memary with
an assigned page zero address of 0040 through..QOFF,
The R65012 provides a separate power pin (VRr) which
may be used for standby power for 32 bytes located at
0040-005F. In the event of the loss of Ve power, the
lowest 32 bytes of RAM data will be retained if standby
power is supplied to the VR pin. If the RAM data retention
is not required, then VRR must be connected to Vee.
During operation VRr must be at the Ve level,

For the RAM to retain data upon loss of Vce, Ver mustbe
supplied within operating range and RES- must be driven
low at least eight $2 clock pulses before Vce falls out of
operating range. RES must then be held low whife Vccis
out of operating range and until at least eight ¢2 clack
cycles after Vcg is again within operatirig range and the in-
teral ¢2 oscillator is stabilized. VRr must remaln within
Vec operating range during normal operation, When Veg
is out of operating range, VRr must remain within the Vg
retention range in order to retain data. Figure 3-2 shows
typical waveforms.

RAM OPERATING MODE RAM RETENTION MODE

INITIAL APPLICATION OF V.. AND V,,..

LOSS OF V.., RAM ON STANDBY POWER.

REAPPLICATION OF V..

>8 §2 CLOCK PULSES AFTER OSCILLATOR STABILIZATION.
>8 §2 CLOCK PULSES.

[ NN

Figure 3-2. Data Retention Timing




ROCKWELL/DIGITAL COMM

3LE D 7811073 0015823 & EARKY

R65012

One-Chip Microprocéssor

3.5 CLOCK OSCILLATOR

The R65012 has been configured for a crystal oscillator, a
countdown network, and for Master Mode Operation.

A reference frequency can be generated with the on-chip
oscillator using either an extemal crystal or an external os-
cillator. 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
crystal 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 (CL), series
resistance (Rs) and the crystal resonant frequency (F)
must meet the following two relations:

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

6
Rs = Rsmax = (2FXT1)02
L

where: F is in MHz; C and Cv are in pF; R is in ohms.

To select a parallel resonant crystal for the oscillator, first
select the load capacitance from a crystal manufacturer's
catalog. Next, calculate Rsmax based on F and CL. The
selected crystal must have a Rg less than Rsmax.

For example, if CL = 22 pF for a 4 MHz paralle! resonant
crystal, then

C = (2x 22) - 27 = 17 pF (use standard value of 18 pF)
The series resistance of the crystal must be less than

2x10°
(4x22)E

Internal timing can also be controlled by driving the XTLI
pin with an external frequency source. Figure 3-3b shows
typical connections. If XTLO s 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 fre-
quency of the external source.

3.6 MODE CONTROL REGISTER (MCR)

The Mode Control Register contains control bits for the
multifunction /O ports and mode select bits for Counter A
and Counter B. lts setting, along with the setting of the
Serial Communications Control Register (SCCR), deter-
mines the basic configuration of the R65012 in any ap-
plication, initializing this register is one of the first actions
of any software program. The Mode Control Register bit
assignment is shown in Figure 3-4.

Rsmax = = 258 ohms

RG6S5012A = 2 MHz

RE5012B =< 3 MHz-

Ne C xTLO 1., = DIVIDE-BY-2

B. CLOCK INPUT

Figure 3-3. Clock Osclilator Input Options

MCR

[T L]

Counter A

Counter B Mode Select
Mode Select [} 0 Intervat Yimer-
Q~~—— 1 Pulse Gereration™
1——"0 Event Counter
t 1 Pulse Width Meas.

[} 0 Interval Timer

0 —— 1 Asymmetnc Pulse Generation

1 —— 0 Event Counter

1 1 Retriggerable interval Timer:
Port 8 Latch
(t Enabled)
L Port O Tn-State
{0 Tri State High Impedance Mode)

Bus Mode Select

Q== 0 FuR Address

0=~ 1 Normal

1=— 0 Not supported, ndatarminate oparation
===t Not supported, indslerminals operalion

Ct5% XTLI 27pF
ARS M It . .
N " DEVICE 1,
[ R65012 = 1 MHz
-6 MH;
o XTaL R65012A s 2 MHz
_) 'L l { { ( RG65012B < 3.MHz
_L ., = Divipe-BY-2
= C%5% XTLO 27pF wr = ?
A. CRYSTAL INPUT
DEVICE [
XTLI W
2:6 MHz RESO12 = 1 MHz

Figure 3-4. Mode control Register

3.7 INTERRUPT FLAG REGISTER (IFR)

AND INTERRUPT ENABLE REGISTER (IER) . ._

An interrupt request (JRQ) 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 in-
terrupt enabled bits in the Interrupt Enable Register (IER).
Multiple simultaneous interrupts cause the.interrupt re-

quest to remain active until all interrupting conditions have®

been serviced and cleared. :

~r
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Underfiow Flag
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L. Receiver
Flag

| xmTR
Flag

Figure 3-5, Interrupt Enable and Flag Registers

The Interrupt Flag register contains the information that in-
dicates 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 loca-
tion 0010. The RMB X, (0010) instruction reads FF,
modifies bit X to a "0*, and writes the modified value at ad-
dress 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 ig-
nored when writing to edge detect IFR bits.

Each IFR bit has 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

T-49-17-06.
may be cleared by writing a "0" in the respective bit posi-
tion, or by RES. if set to a "1", an IRQ will be generated
when the corresponding [FR bit becomes true. The Inter-
rupt Flag Register and Interrupt Enable Register bit as-
signments are shown in Figure 3-5 and the functions of
each bit are explained in Table 3-1.

T crnrvee) ()

1= CanrySat

0= CanryCloar
L mom@

1= ZsroResul

0= HonZeoResct

wreraoeroisaae (O

1= IRQetsrrupt Disabled
0 IRQIwrpt Enabled

SELECTICN (D)

1= ExdemalPige o,
0w tamal Page Zero.

@ -
1= Brsak Commind

0 @ Non Break Command

overrow ) (7)

= Ovetiow Set.
0 = Oveifiow Clear

NOTES o o
@ Not initiatized by AES 1= NegaFveValee
() Set to Logic 1 by RES 0 = Posiive Valua:

Flgure 3-6. Processor Status Register '

Table 3-1. Interrupt Flag Reglster Bit Codes

Bit Code Function

IFR 0: PAOQ Positlve Edge Detect Flag—Set to a *1* when a positive goning edge is detected on PAO. Cleared by
RMB 0 (0010) instruction or by RES.

IFR 1: PA1 Positive Edge Detect Flag—Set to a 1 when a positive going edge is detacted on PA1. Cleared by
RMB 1 (0010) instruction or by RES.

IFR2: 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 Negatlve Edge Detect Flag—Set to a 1 when a negative going edge is detscted on PA3. Cleared
by RMB 3 (0010) instruction ory RES.

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

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

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

IFR7: Transmitter Interrupt Flag—Set to a 1 when SCSR 6 is setto a 1 while SCSR5isa0or SCSR 7 issettoat,
Cleared when the Transmitter Status bits (SCSR 6 &7) are cleared or by RES.

acr
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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 D 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.

3.8 PROCESSOR STATUS REGISTER

The 8-bit Processor Status Register, shown in Figure 3-6,
contains seven status flags. Some of these flags are con-
trolled by the user program; others may be controlled both
by the user's program and the CPU. The R65012 instruc-
tion set contains a number of conditional branch instruc-
tions 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)

The Carry Bit (C) can be consipergagitated 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
01if no carry occurred as the result of arithmetic operations.

The Carry Bit may be set or cleared under program con-
trol by use of the Set Carry (SEC) or Clear Carry (CLC) in-
struction, respectively. Other operations which affect the
Carry Bit are ADC, ASL, CMP, CPX, CPY, LSR, PLP,
ROL, ROR, RTI, and SBC.

3.8.2 Zero Blt (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 resul-
tant 8 bits of a data movement or calculation operation are
not all zero. The R65012 instruction set contains no in-
struction to specifically 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 (I) controls the servicing of an in-
terrupt request (IRQ). Ifthe | Bit is reset to logic 0, the IHQ
signal will be serviced. If the bit is set to logic 1, the IRQ
signal will be ignored. The CPU will set the Interrupt Dis-
able Bit to logic 1 if a RESET (RES), IRQ, or Non-Mask-
able Interrupt (NMI) signal is detected.

The | Bit is cleared by the Clear Interrupt Mask (CL!) in-

struction and is set by the Set Interrupt Mask (SEI) instruc-

tion. This bit is set by the BRK instruction, The return from
Interrupt (RTI) and Pull Processor Status (PLP) instruc-
tions also affect the | bit.

3.8.4 Zero Page Bank Select Bit (D)

This bit is used to bank select the zero page. When this.bit

is set to logic 1, instructions that operate on zero page
memory locations will operate on memory locations 0200

through 02FF of external RAM. When this bit is cleared ta.

logic 0, instructions that operate on zero page memory
locations will operate on locations 0000 through 00FF of
internal memory.

CAUTION

The Zero Page Bank Select Bit will either set or clear
in an unpredictable manner upon power applicatian,
This bit must be initialized to the desired state by the
user program or erroneous results may oceur.

3.8.5 Break Bit (B)

The Break Bit (B) indicates the condition which caused the’
IRQ service routine to be entered. If the IRQ service
routine was entered because the CPU executed a BRK
command, the Break Bit is set to logic 1. If the IRQ routine-
was entered as the result of an [RQ signal being
generated, the B Bit is cleared to logic 0. There are no in-
structions which can set or clear this bit.

3.8.6 Overflow Bit (V)

The Overflow Bit (V) indicates 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 arithmstic
(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 0. The V Bit is also be cleared by the
Ciear Overflow (CLV) instruction.

The Overflow Bit may also be used with the: BIT instruc-
tion. 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 instruc-
tion the Overflow 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 arith- -

metic, but is just another sense bit for the microprocessor.
Instructions affecting the V flag are ADC, BIT, CLV PLR,
RTl and SBC.
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3.8.7 Negative Bit (N)

The Negative Bit (N) indicates that the sign bit (bit 7) in the
resulting value of a data movement or data arithmetic
operation is set to logic 1. If the sign bit is set to logic 1, the
resulting value of the data movement or arithmetic opera-
tion is negative; if the sign bit is cleared, the resuit of the
data movement or arithmetic operation is positive. There

1

are no instructions that set or clear the Negative Bit since
the Negative Bit represents only the status of aresult. The
instructions that effect the state of the Negative Bit are;
ADC, AND, ASL, BIT, CMP, CPX, CPY, DEC, DEX, DEY,
EOR, INGC, INX, INY, LDA, LDX, LDY, LSR, ORA, PLA,
PLP, ROL, ROR, RTI, SBC, TAX, TAY, TSX, TXA, and

™ T-49-17-06
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SECTION 4

PARALLEL INPUT/OUTPUT PORTS & BUS MODES

The devices have 32 I/O lines grouped into four 8-bit ports
(PA, PB, PC, 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 out-
puts.

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

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

The direction of the 32 |/O lines is controlled by four 8-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 I/O ports, thus simplifying /O
handling. The I/O addresses are shown in Table 4-1.

Table 4-1. 1O Port Addresses

Port Address
A 0000
B 0001
C 0002
D 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 1/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
portregister. 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 1/O lines as inputs.

Port D may only be all inputs or all outputs. All inputs is
gelected by setting bit 5 of the Mode control Register
{(MCRS5) 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

12

the actual status of the input lines, not the data written into
the 1/O port registers. -

Read/Modify/Write instructions can be used to modify the
operation of PA, PB, PC, & PD. During the Read cycle of
a Read/Modify/Write instructions, the Port [/O register Is
read. For alt other read instruction the port input lines are
read. Read/Modify/Write instructions are: ASL, DEC, ING,
LSR, RMB, ROL, ROR, and SMB. B

4.2 QUTPUTS

Outputs for Ports A through D are controlled by writing the
desired I/O line output states into the corresponding /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 are selected by setting MCRS toa ':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 standard parallel 8-bit, bitindependent, /O port
or as serial channel I/O lines, counter /O lines; or an input
data strobe for the Port B input latch option. Table 4-2
tabulates the control and usage of Port A. ’

In addition to their normal /O functions, PAO and PAt can
detect positive going edges and PA2 and PA3J 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 ¢2 clock rate. ' ’

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 disabled via the Mode Contral Register (MCR). Table
4-3 tabulates the control and usage of Port B. An Input
Data Strobe signal must be provided through PAC when
Port B is programmed to be used with latched input option,
Input data latch timing for Port B is shown in Appendix E.3.
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Table 4-2. Port A Control and Usage T'49-17_06 -
PAO 110 PORT 8 LATCH MODE ' :
MCR4 = 0 MCR4 = 1 )
SIGNAL SIGNAL
NAME TYPE NAME TYPE
PAO (2) PAG 1o PORT B INPUT (1) } - .
LATCH STROBE : . : .
PA1-PA3 110
PA1(2)
PA2 (3) SIGNAL
PA3 (3) NAME TYPE
PA1 I{e] . -
PA2 1o : L S . .
PA3 1o - . i
PA4 1O COUNTER A 110
MCRO = 0 MCRO = 1 SCCR? = 0
MCR1 = 0 MCR1 = 0 SCCR6 = 0
SCCR? = 0 SCCA7 = 0 MCR1 = 1
PA4  {RCVR S/R MODE = 0 RCVA S/R MODE = 0
(4) (5) (4)
SIGNAL SIGNAL SIGNAL
NAME TYPE NAME TYPE NAME TYPE
PA4 10 CNTA OUTPUT CNTA INPUT (1)
SERIAL 1/O SHIFT REGISTER CLOCK
SCCR7 = 1 RCVR S/R MODE = 1
SCCRs5 =1 (4) .
SIGNAL SIGNAL
NAME TYPE NAME TYPE -
XMTR CLOCK OUTPUT RCVR CLOCK INPUT (1)
PAS5 VO COUNTER 8 10 ,
MCR3 = 0 MCR3 = 0 MCR3 = 1
PAS MCR2 = 0 MCR2 = 1 MCR2 = X -
SIGNAL SIGNAL SIGNAL . -
NAME TYPE NAME TYPE NAME TYPE-
PAS 1o CNTB OUTPUT CNTB CINPUT (1) -
(1) HARDWARE BUFFER FLOAT
SERIAL /O {2) POSITIVE EDGE DETEGT B
PA6 11O XMTR OUTPUT (3) NEGATIVE EDGE DETECT
(4) RCVR S/R MODE = 1 WHEN:
PAG SCCR7 = 0 SCCR7 = 1 SCCR6 - SCCR5 + SCGR4 = 1
SIGNAL SIGNAL (5) For the following mode combi-
nations PA4 ig available as an
NAME TYPE NAME TYPE Input Only pin: ]
PAG 1o XMTR OUTPUT SCCR7-SCCR6-SCCR5-MCR1
+8CCR7-SCCRE-SCCRA-MCR1
+8CCR7-8CCRE-SCCRS
SERIAL HO +SCCR7-SCCR5-SCCRAs
PA7 IO RCVR INPUT
PA7 SCCR6 = 0 SCCR6 = 1
SIGNAL SIGNAL
NAME TYPE NAME TYPE
PA7 ) RACVR INPUT (1) )
13
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Table 4-3. Port B Control and Usage Table 4-5. Port D Control and Usage
Latch Normal Mode Normal Mode
/O Mode Mode? MCR7=0 MCR7=0
MCR4=0 MCR4 = 1 MCR6=X MCR6=X
Pin Signal  Signal Signal Slgnal MCR5=0 MCR5 =1
Name Name Type' Name Type Pin Signal  Signal Signal  ~ Signal
PBO P80 1o PBO INPUT Name | Name Type' Name  Type®
PB1 PB1 /0 PBt INPUT PDO PDO  INPUT PDO OUTPUT
PB2 PB2 /o P82 INPUT PD1 PD1 INPUT PD1 OUTPUT
PB3 PB3 /0 PB3 INPUT PD2 PD2 INPUT PD2 OQUTPUT . |-
PB4 PB4 e} PB4 INPUT PD3 PD3 INPUT PD3 OUTPUT
PBS PBS /0 PB5 INPUT PD4 PD4 INPUT PD4 QUTPUT -
PB6 PB2 [I{e] PB6 INPUT PD5 PD5 INPUT PDS OUTPUT
PB7 PB2 /0 PB7 INPUT PD6’ PD6 INPUT PD6 ouTtrPUT
NOTES: 1. Resistive Pull-Up, Active Butfer Pull-Down pPD7 PD7 INPUT po7 - OuTPUT
2. Input data is stored in Port B latch by PAO Pulss NOTES: 1. Tri-State Buffer is in High Impedance Mode
2, Tri-State Buffer is in Active Mode
4.5 PORT C (PC)

Port C can be programmed as an I/O port, as part of the
full address bus. When operating in the Full Address
Mode, PC6 and PC7 serve as A13 and A14 with PCOPCS5

operating as normal I/O pins. Table 4-4 shows the Port C
control and usage.

Table 4-4, Port C Control and Usage

Full Address
Mode Normal Mode
MCR7=0 MCR7 =0
MCRS6 = 0 MCRS = 1
Pin Signai  Signal Signal Signal
Name Name  Type Name Type!
PCO PCO 1o’ PCO )
PCi PG1 iyo! PC1 10
PC2 PC2 o' PC2 /o
PC3 PC3 10! PC3 /0
PC4 PC4 iyo! PC4 /o
PC5 PCS 10! PC5 ]
PC6 A13  OUTPUT? PCS i/o
PC7 A14  OUTPUT? PC7 o]
NOTES: 1. Resistive Pull-Up, Active Buffer Puli-Down
2. Input data is stored in Port B latch by PAO Pulse

4.6 PORT D (PD)

Port D can be programmed as an /O port, an 8-bit tri-state
data 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. Table 4-5 shows the necessary settings for the MCR to
achieve the various modes for Port D.

14

4.7 BUS MODES

A special attribute of Port C and Port D is their ca;fability
to be configured via the Mode Cantrol Register (see Sec-
tion 3.6) into four different modes.

In the Full Address Moade, 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 I/O function.

In the Normal Made, all ports serve as I/O. The address

and data bus are still functional but without A13 and A14,
Since the intemal RAM and registers are in the 00XX loca-
tion, A15 can be used for chip select and AG-A12 used for
selecting 8K of external memory. .

Figures 4-1a and 4-1b show the possible configurations of
the two bus modes. Figure 4-2 shows a memory map- of
the part as a function of the Bus Mode and further shows
which addresses are active or inactive on each of the three
possible buses. '

e
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Figure 4-1. R65012 Bus Mode Configurations
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8000
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SECTION 5
SERIAL INPUT/OUTPUT CHANNEL

The device provides a full duplex serial I/O channel with
programmable bit rates and operating modes. The serial
1/O 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 S/R) mode for which an extermnal shift clock must
be provided. The maximum data rate using the internal
clock is 62.5K bits per second (at $2 = 1 MHz). The trans-
mitter (XMTR) and receiver (RCVR) can be independently
programmed to operate in different modes and can be in-
dependently enabled or disabled.

7 I ] I 5 4 3 2 1 0 |Addr
0015
SCCR
0~-0dd Parity
i~-Even Parity
0 Parity Disable
1 Parity Enable

0~ 8 Bits/Char

1~ 7 Bits/Char

0~ 6 Bits/Char

1~ 5 Bits/Char
Y 0 XMTR & RCVR ASYN Mode
0 1 XMTYR ASYN, RCVR S/R
1 X XMTR S/R, RCVR ASYN

RCVR Disable

1 RCVR Enable

0 XMTR Disable

1 XMTR Enable

Figure 5-1. Serial Communicatlon Control Register

--00

Except for the Receiver Shift Register Mode (RCVR S/R),
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 I/O 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 I/O 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 con-
trol/status functions are enabled by bit 7 of the Serial Com-
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SHET RECTEA CLOCK (PAN) )

Figure 5-2. S10 Data Modes

munications Control Register (SCCR). The transmitter,

when in the Asynchronous (ASYN) made, automatically -

adds a start bit, one stop bit and, when enabled, a parity
bit to the transmitted data. A word of transmitted data (in
asynchronous 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.ter-
minated with one stop bit. ) : .

Inthe S/R mode, eight data bits are always shifted out. Bits

character and parity control bits are ignored. The serial

data is shifted out via the SO output (PAG) and the shift

clock is available at the CA (PA4) pin. When the transmit- ; -

ter undemrruns in the S/R 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 + SCSAY)
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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 in-
ternal synchronization. The receiver bit stream is
synchronized by the start bit and strobe signal is
generated at the approximate center of each incoming bit.
Refer to Figure 5-3 for SYN 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 eror 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.

Serlal
nput — | r I I ] 1
SunBR 188 Stop Bit

Internal

Mo LFLFL ., LML

*Serist Input Dete Shifted In

Figure 5-3. ASYN Recelve Data Timing

In the S/R mode, an external shift clock must be provided
at CA (PA4) pin along with 8 bits of serial data (LSB first)
atthe St input (PA7). The maximum data rate using an ex-
ternal shift clock is one-eighth the internal clock rate. Refer
to Figure 5-4 for S/R Mode Timing.

s DU S— T — T T

External Data in

A B o B o B e W B W o

Clock

o T T—T T T T
Data Cut

Shift
R O o S e SNV o SN s W o S o 8

* Serlal input Data Shifted In
“* Serlal Qutput Data Makss Transilian

Figure 5-4. S/R Mode Timing
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A RCVR interrupt ({FR6) is generated whenever any of
SCSRO0-3 are true.

5.3 SERIAL COMMUNICATION
STATUS REGISTER (SCSR)

The Serial Communication Status Register (SCSR) holds
information on various communication error conditions,
status of the transmitter and receiver data -régisters; a
transmitter end-of-transmission condition, and a: receiver
idle line condition (Wake-Up Feature). The SCSR bit as-
signment 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 Ioglc 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 dis-
abled if SCCR 6 = 0. The SCSR 0 bit will. not be
set to a logic 1 if the recelved data contains. an

error condition; instead, a correspondlng error o

bit will be set to alogic 1.

SCSR t: Over-Run Error - Set to a logic 1 when a new
character is transferred from the Receiver Shift
Register 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 ta logic 1 when the RCVR is in
the ASYN Mode, Parity Enable bit is set, and the
received data has a parity error. This bit is
cleared by reading the Receiver Data Register
or by RES.

SCSR 3: Framing Error - Setto alogic 1 when the recelved
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 bitis cleared
by RES or when the receiver detectsa string of
ten consecutive 1's. When the Wake-Up bit is
set, SCSRO through SCSR3 are inhibited.

SCSR &: 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-Of-Transmission

bit is true the Transmitter Register Empty bit is
disabled until a Transmitter Under-Run occurs,

SCSR 6: Transmitter Data Register Empty - Setto a logic
1 when the contents of the Transmitter Data:
Register are transferred to the Transmitter Shift
Register. Cleared upon writing new datainto the
Transmit Data Register. This bit is initialized toa
logic 1 by RES.

7811073 0015833 0 BARKU
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SCSR 7: Transmitter Under-Run - Set to a logic 1 when | ;
the last data bit is transmitted if the transmitter is 5.4 WAKE-UP FEATURE S
in a /R Mode or when the last stop bit is In a multi-distributed microprocessor or microcomputer

transmitted if the XMTR is in the ASYN Mode icati ot o e
while the Transmitter Data Register Empty Bit is applications, a destination address is usually included at

A the beginning of the message. The Wake-Up Feature al-

. Cleared ] ¢
?’?zt-mgn?iztitr:r S?\’ilftaRzg?sstﬁro(:tb';egEdsé ta into the lows non-selgcted DP'U’s. to ignore th9 remamdgr of thg
message until the beginning of the next message by set-
ting the Wake-Up bit. As long as the Wake-Up flag Is true,
the Receiver Data Register Full flag remains false, The.

scsn[ ? l 6 I 5 l . l 3 | 2 I 1 l ] | Addr 0016 Wake-Up bit is automatically cleared when the receiver
detects a string of eleven consecutive 1’s which indicates
[ RCVR Data an idle transmit line. When the next byte is received, the
Reg Full Receiver Data Register Full Flag signalsthe GPU to wake-

RCVA Over-Run . R .

up and read the received data. :

Parity Error
Frame Error

Wake-Up

End of Tranamission

L XMTR Dats Reg Empty

L AMTR Under-Run

Flgure 5-5. SCSR Bit Allocations
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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
programmed to operate in one of four modes:

Counter A Counter B
* Pulse Width * Retriggerable Interval Counter
Measurement * Asymetrical Pulse

Generation
* Interval Timer
« Event Counter

* Pulse Generation
« Interval Timer
« Event Counter

Operating modes of Counter A and Counter B are control-
led 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 PAS is automati-
cally selected for Counter B (see Table 4-2).

6.1 COUNTER A

Counter A consists of a 16-bit counter and a 16-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 executing a read at location 00189 for the Upper Counter
A and at location 001A or location 0018 for the lower
Counter A, A read at location 0018 also clears the Counter
A Underflow Fiag (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 ac-
cumulator are copied into the applicable fatch register.

Counter A can be started at any time by writing to address:
001A. The contents of the accumulator will be copied into
the Upper Latch A before the contents of the 16-bit latch
are transferred to Counter A. Counter A is set to the latch
value whenever Counter A underflows. When Counter A
decrements from 0000, the next counter value will be the
latch value—not FFFF—and the Counter A Underflow
Flag (IFR4) will be set to a *1". This bit may be cleared by
reading the Lower Counter A at location 0018, by writing
to address location 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.

The Interval Timer, Pulse Generation, and Pulse Width
Measurement Modes are ¢2 clock counter modes. The
Event Counter Mode counts the occurrences of an' exter-
nal event on the CNTR line. -

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

6.1.1 Interval Timer

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

MCR1 MCRO
(bit 1) (bit 0) Mode
] 0 Interval Timer
0 1 Pulse Generation
1 0 Event Counter
1 1 Pulse Width Measurement

1. When the Counter is decremented from 0000, the
next Counter value is the Latch value (ot FFFF).

2. When a write operation is performed to the Load
Upper Latch and Transfer Latch to Counter address
001A, 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 ¢2
clock rate. The 16-bit Counter can hold from 1 to 65535
counts. The Counter Timer capacity is therefore 1 ps to
65.535 ms at the 1 MHz ¢2 clock rate, or 0,5 us to 32.767
ms at the 2 MHz ¢2 clock rate. Time intervals greater than
the maximum counter value can be easily measured by

counting IRQ interrupt requests in the counter IRQ inter- 7

rupt routine.

When Counter A decrements from 0000, the Counter A
Underflow (IFR4) is set to logic 1. If the Counter A Inter-
rupt Enable Bit (IERA) is also set, an IRQ interrupt request

will be generated. The Counter A Underflow-bit in the.In-

terrupt Flag Register can be examined in the IRQ interrupt

routine to determine that the IRQ was generated by the -

Counter A Underflow.

While the timer is operating in the Interval Timer Mode,
PA4 operates as a PA 1/O bit. )

A timing diagram of the Interval Timer Mode is shown in:
Figure 6-1.
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Figure 8-1. Interval Timer Timing Diagram

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 001A.

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 oc- '

currence 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 decrements 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 ({ER4) 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

E-09

Y-49-17-06

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.

The Counter A underflow fiag 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,

6.1.4 Pulse Width Measurement Mode

A timing diagram for the Pulse Width Measurement Mode
is shown in Figure 6-3.

Figure 6-3. Pulse Width Measurement

6.1.5 Serlal YO Data Rate Generation

Counter A also provides clock timing for the Serial I/O
which establishes the data rate for the Serial 1/O port.
When the Serial /O is enabled, Counter A is forced to
operate atthe intemal clock rate. Counter A is not required
for the RCVR S/R mode. The Counter /O (PA4) may also
be required to support the Serial /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:

= _L -1
16 x bps
where
N = decimal value to be loaded into Counter A
using its hexadecimal equivalent.
¢2 = the clock frequency (1 MHz or 2 MHZ)
bps = 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. Trans-
mitter and receiver errors of 1.5% or less are accept-
able. 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 T-49-1 7'06
Clock Rate
Needed
Standard Actual To Get
Baud Hexadecimal Baud Standard
Rate Value Rate At Baud Rate |
1 MHz 2 MHz 3 MHz 1 MHz 2MHz 3 MHz 1 MHz 2 MHz 3 MHz
50 04E1 03C3 0EAS 50.00 50.00 50.00 1.0000 2.0000 3.0000
75 0340 0682 09C3 75.03 74.99 75.20 1.0000 2.0000 3.0000
110 0237 046F 06A8 110.04 110.04 108.97 1.0000 2.0000 3.0000
150 01A0 0340 04E1 149.88 150.06 150.00 1.0000 2.0000 3.0000
300 00CF 01A0 0270 300.48 2989.76 300.00 1.0000 2.0000 3.0000
600 0067 COCF 0138 600.96 600.95 599.04 1.0000 2.0000 3.0000
1200 0033 0067 0096 1201.92 1201.92 1201.92 1.0000 2.0000 3.0000
2400 0019 0033 004D 2403.85 | 2403.85 2403.85 1.0000 2.0000 3.0000
3600 0010 0021 0033 3676.47 3676.47 3605.77 0.9792 1.9584 3.0000
4800 000C 0019 0026 4807.69 | 4807.69 4807.69 1.0000 2.0000 3.0000
7200 0008 0010 0019 6944 .44 7352.94 7211.54 1.0368 1.9584 3.0000
9600 0006 000C 0013 8928.57 9615.38 8375.00 1.0752 2.0000 3.0720
6.2 COUNTER B the four Counter B modes in a similar manner and coding

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 Latch C
(ULC). Latch C is used only in the asymmetrical pulse
generation mode. The counter contains the count of either
¢2 clock pulses or external events depending on the
counter mode selected. The contents of Counter B may be

as MCRO and MCR1 select the modes of Counter A.
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 ad-
dress 001E, by a Counter B underflow, or whensver a
positive edge occurs on the CB pin (PAS). 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

read any time by executing a read at location 001D or the operation.
- 001C for the Lower Counter B. A read at location 001C

also clears the Counter B Underflow Flag. Lateh

Latch B contains the counter initialization value and can be Velue

loaded at any time by executing a write to the Upper Latch Count Value

B at location 001D and the Lower Latch B at location 001C. 0000

In each case, the contents of the accumulator are copied
into the applicable latch register.

Counter B can be initialized at any time by writing to ad-
dress 001E. The contents of the accumulator is copied into
the Upper Latch B before the value in the 16-bit Latch Bis
transferred 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 Retrig-
gerable Interval Timer mode and the Pulse Generation
mode is replaced by the Asymmetrical Pulse Generation
mode. Mode Control Register bits MCR2 and MCR3 select

E~-10

Counter

Underflows .~ Reset by Software

Counter B
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
intervention once the latch values are initialized.

[n this mode, the 16-bit Latch B is initialized with a value
which corresponds to the duration between pulses
(referred to as D 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

o
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descriptions). The initialization sequence for Latch B and
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 001C; 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 001D. At this point
both Latch B and Latch C contain the value of P,

2. The lower 8 bits of D are loaded into LLB by writing
to address 001C; the upper 8 bits of D are loaded
into ULB by writing to address location 001E. Writ-
ing to address location 001E also causes the con-

T-49-17-06

tents of the 16-bit Latch B to be downloadea Into wig’
Counter B and the CB output to go low as shown In
Figure 6-5. .

. When Counter B underflow occurs, the contents of

the Latch C are loaded into the Counter B-and the
CB output 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. .

€8 Output ——1 l_l l_l

2 3 4.

<——nu—>|r|~—

183. Counter B «¢—— tatch B (0}

204, Gountar B +—— Latch C {fy

Figure 6-5. Counter B Pulse Generation
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SECTION 7 T'49"17_‘°6;

POWER ON/INITIALIZATION CONSIDERATIONS

7.1 POWER ON TIMING

After application of Ve and VRa power to the device, RES
must be held low for at least eight ¢2 clock cycles after Vcc
reaches operating range and the internal oscillator has
stablized. This stabilization time is dependent upon the
Input Vce voltage and performance of the internal oscil-
lator. The clock can be monitored at ¢2 {pin 3). Figure 7-1
illustrates the power turn-on waveforms. Clock stabiliza-
tion time is typically 20 ms.

mo — WA U LTI LU UL UL

| Groex stpiaazon Time o]
NN UUunIUL,
vl

Flgure 7-1. Power Turn-On Timing Detall

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/O ports
(PA, PB, PC, PD) are forced to the high (logic 1) state. All
bits of the Control Register are cleared to logic 0 causing
the Interval Timer Counter Mode (mode 00) to be selected
and all interrupt enabled bits to be reset,

7.3 RESET (RES) CONDITIONING

When RES is driven from low to high, the device is putin
areset state causing the registers and I/O ports to be con-
figured as shown in Tabie 7-1.

All RAM and other CPU registers will initialized in a ran-
dom, non-repeatable, data pattern.

24

Table 7-1. RES Initlalization of /O Ports and

Registers

765 432 10
Registers
Processor Status |- — - — - T - -
Mode Control (MCR) 000000QOQCO
Int. Enable (IER) 000600C0CGQO0O0
Int. Flag (IFR) 00000O0COCO
Ser. Com. Control (SCCR)(0 0 0 0 0 0 O 0O
Ports .
PA Latch 111111411
PB Latch 11111111
PC Latch t1 111111
PD Latch 1111119174

7.4 INITIALIZATION

Any initialization process for the device should include a
RES, as indicated in the preceding paragraphs. After

stabilization 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 Cany Flag

4. Set up Mode Controls as required
5. Clear Interrups

A typical initialization subroutine could be as follows: o

LDX Load stack pointer starting address into
X Register
TXS Transfer X Register value to Stack Pointer

CLD Zero Page Bank Select (Clear Decimal Made) .

SEC Set Carry Flag
...  Set-up Mode Control and
special function registers
... and clear RAM as required
CLI  Clear Interrupts

RKU
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APPENDIX A ‘

ENHANCED R6502 INSTRUCTION SET

This appendix contains a summary of the enhanced R6502 instruction set. For detailed in-

formation, consult the R6502 Microcomputer System Programming Manual, (Order No.

202). The four instructions notated with an asterisk (*) are added instructions to enhance o . .

the the standard 6502 instruction set. T -

A.1 INSTRUCTION SET IN ALPHABETIC SEQUENCE - _ .

Mnemonic Descrlption Mnemonlc Description

ADC Add Memory to Accumulator with Carry LDA Load Accumulator with Memory R

AND *AND* Memory with Accumulator LDX Load Index X with Memory <

ASL Shift Left One Bit (Memory or Accumulator) Loy Load Index Y with Memary o :
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 ORA "OR" Memory with Accumulator N

BEQ Branch on Result Zero :

BIT Test Bits in Memory with Accumulator PHA Push Accumulator on Stack

BMI Branch on Result Minus PHP Push Processor Status on Stack

BNE Branch on Result not Zero PLA Pull Accumulator from Stack

BPL Branch on Result Plus PLP Pull Processor Status from Stack

BRK Force Break

BVC Branch on Overflow Clear RMB* Reset Memary Bit

BvVS Branch on Overflow Set ROL Rotate One Bit Left (Memory or Accumulator)
ROR Rotate One Bit Right (Memory. ar Accumufator)

CLC Clear Carry Flag RTI Return from Interrupt

CLD Zero Page Bank Select - Page Zero RTS Return from Subroutine

CLl Clear Interrupt Disable Bit . .

cLv Clear Overflow Flag SBC Subtract Memory from Accumulator with Borrow

CMP Compare Memory and Accumulator SEC Set Carry Flag -

CPX Compare Memary and Index X SED Zero Page Bank Select-Page Tw!

CPY Compare Memory and Index Y SEI Set Interrupt Disable Status - ’
smB* Set Memory Bit . B

DEC Decrement Memory by One STA Store Accumulator in Memory - IR

DEX Decrement Index X by One STX Store index X in Memory

DEY Decrement Index Y by One STY Store Index Y in Memary

EOR *Exclusive-Or* Memory with Accumulator TAX Transfer Accumulator to index X
TAY Transfer Accumulator to Index Y

INC Increment Memory by One TSX " Transfer Stack Pointer to Index X

INX Increment Index X by One TXA Transfer Index X to Accumulator ) ,,

INY Increment Index Y by One TXS Transfer index X to Stack Regster . 1
TYA Transfer Index Y to Accumulator ' :

JMP Jump to New Locatlon

JSR Jump to New Location Saving Return Address

1o o o

i Ko o
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A.3 INSTRUCTION CODE MATRIX T-49-17-06

o LSO 1 2 3 4 5 8 7 8 9 A B c [} E F

7]

H BAK | ORA ORA | ASL | mmMBo | PHP | ORA | ASL ORA | AsL | BBRO

¢ | tmplied |(IND. X) P zP 27 | implied | MM | Accum ABS | ABS | ZP | O
17| 268 23| 2s|2s8|13j22}12 34(36|35"
BPL | ORA ora | ast | AmBt | cLc | ORA ORA | ASL | BBAf
Relative | (IND), ¥ p.x | zp.x | zP | Implied | ABS, Y ABS, X |ABS,;X| ZP |t
2 2|2 5 24|28 |25|12]34% 3 alar|as
JSA | AND BIT | AND | ROL { RMB2 | PLP | AND | ROL BIT | AND | ROL | BBRZ | -

2 | Absotute! (IND. X) P zP zP zp | Imptied | MM | Accum ABS | ABS | ABS | ZP | 2
3626 23|l23|2asl|l2as5|14|22]12 34| 343635
Ml | AND AND | ROL | AMB3 | SEC | AND AND | ROL | 8BR3: | -

3 | Relative| (IND. Y) . x | zp.x | zP |Implied | ABS, Y ABs, X laBs, x| ZP | 3-
2 2°| 2 5 24|26|2s8i12]34 34|37 |35"
AT | EOR EOR | LSR | RMB4 | PHA | EOR | LSR JMP | EOR | Lsmr | esa4

4 | Imptied | (IND. X) 2P P ZP |imptied | IMM | Accum ABS ABS ABS 2P 4
16|28 2a3|l2sj25|13]|22]12 33| 3436|958
BVC | EOR EOR | LSR |[RMBS | CLI | EOR EOR | LSR | BBRS

5 | Ralative|(IND), Y P, X | ZP. X P Imptied | ABS, Y ABS, X |ABS, X| 2P |5
2 20|25 2428|2512 }3 4 3 4|37 |35
ATS | ApC ADC | ROR | AMBE | PLA | ADC | ROR JMP | Aoc | ROR | BBRS

8 | Implied | (IND, X) 2P i zp | implied | IMM | Accum Indirect] ABS | ABS | ZP | 8
16|28 23l2sl2asf14l22]|12 35| 34|3e6/|38&"
BvS | ADC ADC | ROR | AMB7 | SEI | ADG ADC | ROR | BBR?

7 | Relative|(IND. V) zp,x | zp.Xx | 2P |implied |ABS, Y ABS, X |ABS, X| 2Z2P |7
2 2¢|2 5 24(268125]12 3« 3 &#larias”

STA STy | STA | STX | SmBo | DEY TXA STY | STA | STX | BBSO |

8 (IND. X} P zP P P | Implied Implied ABS | ABS | ABS | 2P {8

28 23|23]23|2s5]|12 12 34| 34|34 |88
BCC | STA STY | STA | sTx | sSMB1 | TvA | STA | TXS STA " | s8S1

9 | Relative [{IND. Y) P X | ZP. X | ZP, Y ZP implied | ABS, Y |!mplied ABS, X i 9
2 20| 28 24 |24|24|2s5l12135 12 35 |8 s
LOY | LDA | LDX oy | LoA | LDx | smB2| TAY | LDA | TAX LOY | LDA | LDX .| BBS2

Al MM [(ND, X) | M P zP P zP | implied | IMM |tmplied ABS | ABs | ABS [.-2P | A
2272686 |22 23|l23]23|2s5j12]22][12 34| 34]34]858"
BCS | LDA oY | LDA | LDX | smMB3 | CLV | LDA | TSX LoY | LDA | toX | BBs3

B |Relative| (IND), Y zp.x | zp.x | zp,Y | 2P |implied [ABS, Y [Implied ABS, X| ABS, X |ABS,Y| 2ZP. | B
2 27| 2 5 24|24 24|25|12|[3e¢ |12 34|34 |3 4|38
CPY | CMP CPY | 'CMP | DEC | SMB4 | INY | CMP | DEX cpy | cwp | DEG. | BBSS |.

c| MM [(ND.x) zP zP P zp | Impiied | IMM |lmplied ) ABS | ABS | ABS: | 2P |G
22128 23|23{25|25|12|22]12 34|34 36|38
BNE | CMP CMP | DEC | smBs | CLO | CMP CMP | DEC | BBSS.

D | Relatve| (IND), Y P, X | zp.X | zP |Imptied |ABS, Y ABS, X | ABS,X| ZP | D
2 27|25 24|28 |25]12])34a 3 4|37 |as
cPX | SBC cPx | sec | INC | sMB | INX | SBC | NOP cPx | sBc | ING | BBSS

E| MM [(ND. X P zr 2P zp | Imptied | MM |Implied ABS | ABS | ABS [ ZP | E
22|28 23|2a3aje2s|2as|12]22]12 34| 34|38/ 358"
BEQ | SBC SBC | INC | SMB7 | SED | SBC sBc | ING | BBST

F | Relative| (IND), Y zp,x | 2P, x| 2zP |implied |ABS, Y ABS, X |ABS, X| Z |F
2 272 5 24| 262811 2]|3 4 3 4|37 (38"

[} 1 2 3 4 [ [ 7 8 9 A B c o] E F
0
BRK —OP Code
0 | Implied | —Addressing Mode
1 7 | —Iinstruction Bytes; Machine Cycles

*Add 1 to N if page boundary Is crossed.
**Add 1 to N if branch cccurs to same page;
add 2 to N if branch occurs to different page.
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KEY REGISTER SUMMARY

7 1]

LT T accumuaron

A
7 )
7 9
13 7 [
C PCH I PCL | ProGRAM counter PC
7 []
STACK PomTER s

7 [
NIvI Te ToT T [2]<] raocesson status rec o

CPU Registers

S nnnnnnnne

Counter 8
Mode Safect

Counter A
Mode Setect
0 ——0 interval Timer

1 ———0 Event Counter
1——1 Puiss Width Meas
0———20 intervat Timer
0 ——1 Asymmetric Pulse Ganeration
1 ——0 Event Counter
1 1 Aatriggerabie Intarval Timar
Port B Latcn
(1—Enabdle)
Port D Tri-State
{0~ TekState High Impedance Moda)
0= 0 Full Address

l Q =1 Pulse Ganeration

Bus Mode Select |

O 1 Normal
1-=——0 Not spportad, indetarminate operation
1= 1 Not supportad, indstarminate operation

Mode Control Register

SCCR 7'5[5'4 3|z|
I

1 I o]Aduroms
I

0~0dd Parity
1~Even Parity
0 Parity Disable
1 Parity Enable
0 0~ 8 Bits/Char
0 1~.7 Bits/Char
1 0~ 8 Bity,Char
1 1~ 5 Bitg/Char

0~——0 XMTR & RCYR ASYN Mods
0— 1 XMTR ASYN, RCVR S/R
1 —— X XMTR /R, RCVR ASYN
0 RCVRA Disable
“ t RCVR Enable
- 0 XMTR Disatle
1 XMTR Enable

Sertal Communications Control Register

7T 8 s a4 32 [
N l v I el o l z-! c I
mem@
ta Cary Sel
0 = Carry Clewr
L wmoa () -
t = ZeoResuk
0= NonZsraResuR
DIMBLE( (7).

1w IRQInkerrupt Disatied
0 = IRQ Intarrupt Enabled

wmﬂ‘\\@

1= ExwmalPage Two
O Sobema) Page Zars

O]
1a BruzkCommand
0= Noo Break Comimasd

10)
1w Overfiow Set.
9= Owifion Clear

NOTES ®
Not imiraized by RES. 1= Hegative Vake-
Set to Logic 1 by HES 0= Positive Vakie

Processor Status Register
IFR 1[9[5'4 3 zlllolldamn
lEN7lSlSII 3 2 ||n Addr 0012
l__l;Ao Posilive
Edge Detect
PA1 Pasitive
Edge Detect
PA2 Negalive
Edge Detect
PA3 Negative
Edge Detect
Countar A
Underfiow Flag
Counter B
Underflow Flag
| RCVA
L xutR
Flag -

Interrupt Enable and Flag Registers

SCSHL1IGIsltl:lz||lo|“dvoo|c

[ RCVA Data
Reg Full

RCVR Qver-Run

Parity Error
Frame Error
Wake-Up

End of Transmission

- XMTR Data Reg Empty

* XMTR Under-Run

Serial Communications Status Register

28
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APPENDIX C

ADDRESS ASSIGNMENTS/MEMORY
MAPS/PIN FUNCTIONS

C.1 /O AND INTERNAL REGISTER ADDRESSES

T-49-17-06

ADORESS

(HEX) READ WRITE

001F —_— —_——
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, Cntr A—Latch A, CLR Flag
19 Upper Counter A Upper Latch A :
18 Lower Counter A, CLR Flag Lowar 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. Contral Register
14 Mode Control Register Mode Control Register
13 —_ ——
12 Interrupt Enable Register Interrupt Enable Register
1 Interrupt Fiag Register _

0010 Read FF Clear Int Flag (Bits 0-3 only, Write 0's only)
OF
OE
[o]0]
ocC
08 RESERVED
0A
09 These addresses are reserved and are used by the CPU during Read and Write
08 operation over the external Data Bus (D0-D7). -
7
06
05
04
03 Port D Port D
02 Port C Port C
o1 Port 8 Port B

0000 Port A Port A

TP
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C.2 FULL ADDRESS MODE MEMORY MAP—R65012

One-Chip Microprocessor

T-89-17-06

FFFE
FFFC
FFFA

£ 5238 §

IRQ VECTOR

RES VECTOR

NMI VECTOR

USER PROGRAN

EXTERNAL
ZEROQ PAGE

STACK

INTERNAL RAM (192}

RESEAVED

VO & REGISTEAS

INTERNAL
REGISTERS

0010

RAESEAVED

28

VOPORTS A, 8,C, 0

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

Full Address /O Port

Mode Function
PCO PCO
PCt PC1
PC2 PC2
PC3 PC3
PC4 PC4
PCs PC5
A13 PCé
Al14 PC7
PDO PDO
PD1 PD1
PD2 PD2
PD3 PD3
PD4 PD4
PD5 PDsS
PD6 PD6
PD7 PD7

’
S~
»
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APPENDIX D T-49-17-06 . .
ELECTRICAL SPECIFICATIONS S ‘ s o
* * NOTE: Stresses above those listed may cause per-
MAXIMUM RATINGS manent damage to the device. This is a stress rating: only
Parameter Symbol Value Unit and functional operation of the device atthese or any other .
Supply Yoltage Vec&Ven [-031t047.0 | Vdo conditions above those indicated in the other sectioris: of
Input Voltage Vin  |-0.310+70 |Vdo this document is not implied. Exposure to-absolute maxi- -
Operating Tamperature Range | Ta TitoTh c mum rating conditions for extended periods may affect:
Commercial 0to+70 .\ e S ’
Industrial —4010 +85 device reliability. -
Storage Temperature Range Tsta 5510 + 150 ‘C
DC CHARACTERISTICS

(Vec = 5.0V £5%; VRR = Vcc: Vss = OV, Ta=TLto T unless otherwise specified)

3 Max Unit Test Co_ndjﬂons

Parameter Symbol Min Typ
RAM Standby voltage (Retention Mode) VRR 3.0 - Vee A .
RAM Standby Current (Retention Mode) IR - 4 - mA TA=25°C-
Input High Voitage ViH :
All Except XTLI +2.0 - Vce
X1l +4.0 - Vee
Input Low Voltage Vi -03 - +0.8 v
Input Leakage Current Y - - +10.0 A Vin=0to5.0V
RES, NMi K
Input Low Current e - -1.0 -1.6 mA ViL = 0.4V
PA, PB, PC, PD -
Output High Voitage (Except XTLO) Vou +2.4 - Vee \'/ lLoap =—100 pA
Output Low Voitage VoL - - +0.4 Vv loan = 1.6mMA
1/0 Port Pull-Up Resistance RL 30 6.0 1.5 Kohm s
PAQ-PA7, PBO-PB7, PCO-PC7
Output Leakage Current (Three-State Off) lout - - 210 pA
Input Capacitance Cin . pF Ta=25C
XTLI, XTLO - - 50 Vin= 0V
All Others - - 10 f=1.0MHz
Output Capacitance (Three-State Off) Cour - - 10 pF Ta=25°C
Vi=0v
{=1.0 MHz _
Powaer Dissipation (Outputs High) Po - 750 1100 mw Ta=0C
Notes:
1. Typical values measured at Ta = 25°C and Ve = 5.0V.
2. Negativa sign indicates outward current flow, positive indicates inward flow,
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T-49-17-06
APPENDIX E TR
TIMING REQUIREMENTS AND CHARACTERISTICS i
E.1 GENERAL NOTES o ' ) )
1. Vec =5V +5%,0°C s Tas70°C .

2. Avalid Vcc ~ RES sequence is required before
proper operation is achieved.

3. Alltiming reference levels are 0.8V and 2.0V, un-
less otherwise specified.

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

5. All capacitive loading is 130 pF maximum, except
as noted below:
PA, PB — 50 pF maximum
PC (/O Modes Only) — 50 pF maximum
PC6, PC7 (Full Address Mode) — 130 pF maximum

E.2 CLOCK TIMING

1 MHz 2 MHz 3 MHz
Symbol Par; t Min Max Min Max Min |  Max _
Teve Cycle Time 1000 10 us 8500 10 us 333 10 ps
Tewx XTL! Input Clock Pulse Width 500 - 250 - 167 - ) .
XTLO = Vsg =25 =10 =10 o ;
Trwoz Output Clock Puise Trwxi Tewxi Trwxs Tewxi Tewxi Tewxt #
Width at MinimumTcye 25 =20 +20 -
Tr, TF Output Clock Rise, Fall Time - 25 - 15 - 16
T, Tie Input Clock Rise, Fall Time - 10 - 10 - 10
I: TCVC . }
I ;

(XTLO = V,y) ————— Ty ———- > ¥

# T\ i
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R65012 One-Chip Microprocessor
E.3 /O, EDGE DETECT, COUNTERS, AND SERIAL I/O TIMING o

1 MHz 2 MHz 3 MHz _
Symbol Parameter Min Max Min Max Min Max
Intemal Write to Peripheral Data Valid
Teow' PA, PB, PC (TTL) - 500 - 500 - 333
Tewos' PA, PB, PC (CMOS) - 1000 - 1000 - | es8
Troow PD - 175 - 150 135
Trosu Peripheral Data Setup Time
PA, PB, PC 200 - 200 - 150 -
PD 50 - 50 - 50 =
TrHa Peripheral Data Hold Time
PA, PB, PC 75 - 75 - 75 -
PD 10 - 10 - 10 -
Terw PAO-PA3 Edge Detect Pulse Width Teve - Teve - Teve -
Counters A and B
Tepw PA4, PAS Input Pulse Width Teve - Teve - Teve -
Teo' PA4, PAS Output Delay - 500 - 500 - 333
Port B Latch Mode ) -
Tratw PAO Strobe Pulse Width Teve - Teve - Teve -
Trsu PB Data Setup Time 175 - 150 - 150 -
Tea4 PB Data Hold Time 30 - 30 - 30 -
Seral /O -
Teow' PAS XMTR (TTL) - 500 - 500 - "333
Temos' PAG XMTR (CMOS) - 1000 - 1000 - 666
Terw PA4 RCVR SR Clock Width 4 Teve - |4Tevc - 4 Teve o=
Trow' PA4 XMTR Clock -S/R Mode (TTL) - 500 - 500 - 333
Temos' PA4 XMTR Clock -S/R Mode (CMOS) - 1000 - 1000 - 666.

NOTES: 1. Maximum Load Capacitance: 50 pF; Passive Pull-Up Required.

E.3.1 /O, Edge Detect, Counter, and Serlal /O Timing

<« Tocve —————»

§2 \ ] y. 1.5V 1.5V
TPDSU
PAO-PA7
PBO-PB7 | — —
PCO-PC7 s Ji(
PDO-PD7 -
TPHR
EDGE DETECTS £
(PAC-PA3) ——>§° ﬂ\E<
TEPW |
CNTR
T Roas *1.5v 1.5v7r 1.5v1\
TCPW o TCPW .
CNTR Tco Py —
(PA4, PAS)
0.4V
< » TPODW
PDO-PD? )gf
- TCMOS —>

PAQ-PA7 TPOW 2.4V /’_____V_I,P:ﬂ’i___
PCO-PC7 .
PBO-PAT7 oV

PB o
{LATCH MODE)
pAo_STROBE fsv 1.8v

eTpLgy > TooLw ‘Il «—Tpatu
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E.4 MICROPROCESSOR TIMING (D0-D7, A0-A12, A{ 5, SYNC, R/W) ;
1 MHz 2 Mz 3MHz ¥
Symbol Parameter Min Max Min Max Min ___Max R
Trws R/W Setup Time -~ 255 - 140 - [ 1o
Taos A0-A12, A15 Setup Time - 150 - 140 - 110
Tosu D0-D7 Data Setup Time 50 - 35 - 25 -
THA D0-D7 Read Hold Time 10 - 10 - 10 =
Thw D0-D7 Write Hold Time 30 - 30 - 30 -
Tmos D0-D7 Write Quiput Delay - 175 - 110 - 110
Tsyn SYNC Setup Time - 225 - 175 - - 110
Tha A0-A12, A15 Hoid Time 30 - 30 - 30 s
TraAw R/W Hold Time 30 - 30 - 30 =
Tacc External Memory Access Time - Tacc - Tacc - Tace
Tacc = Teve ~Te-Taos—Tosu .
Tsvn SYNC Hold Time 30 - 30 - 30 .- -

E.4.1 Microprocessor Timing Diagram

READ WRITE
02\ / R £+ \ 7
'% *
—|  ~THRW :
TRWS
—o  [~—THA
Ao-a12, -
A —— Y -1 S
OSU— [+ ™DS [ev . ,
DATAO- | \ \l: :
paTA7| / ]f_
—s| l~—THR THW | o } .
TSYH ~| e y /
- .lTsVN T
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PACKAGE DIMENSIONS T-49-17-06
64-PIN PLASTIC QUAD IN-LINE PACKAGE (QUIP)
WILLIMETEAS NCHES ] -
oM [“MIN | MAX | MIN | NAX.
A 3110 | 4161 | 1618 | 1638 |
8 1702 | 17.23 | 0670 | 0690
c 356 | 458 [ 0.140 | 0.180
(4 048 | 056 | 0018 | 0022
& 18 05 BSC 0.750 8SC
€2 2350 8SC 07925 BSC
nﬂn“nnnﬂnnnnnﬂnnnnnﬂnﬂnﬂnﬂnnnnnﬂ G 127 BSC 0050 BSC
m 5 ] 018 | 033 | 0007 | 0013
KT 292 | 318 | 0115 | 6125
l K2 483 | 5340160 | 0310
B

q

n

e

I(ﬁ"H”U”U”U“U”U”H”U”U”H”U”U”U‘EU

o

A

K2

2
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PACKAGE DIMENSIONS (CONT'D) T-49-17-06 -

68-PIN PLASTIC CHIP CARRIER (PCC)
INDEX D | SEATING
N | L, [euane
l_ °u ~f a2,
I :
o! q PIN 1
01; 5 INDICATOR
D2
|
R B v .
TOP VIEW SIDE VIEW
‘ J £ T
@—) e B@__{ﬂ_‘"
L_D;_—'l R TYP.
SECTION A-A )
TYP FOR BOTH AXIS (EXCEPT FOR BEVELED EDGE) MICMETERS HCHES
CHAM.J x 45° OIM MIN MAX MIN MAX 5
A 3.683 3.785 145 149

CHAM. 17 PINS
h x 45° pER SIDE
3 PLCS EQUALLY

SPACES

BOTTOM VIEW

EJECTOR PIN MARKS
4 PLCS BOTTOM OF
PACKAGE ONLY
(TYPICAL)

A 1829 | 16830 | 072 | 076 |
A2 1803 | 1905 | 071 075
A3 | 172 | 1413 | 05 058
A4 | 2311 | 2468 | 091 @7
A5 | 0203 | 0305 | 008 012
b 0.457 TYP OB TYP |
D 2502 | 2527 | 985 ] 995

D1 2400 | 2426 | 945 | 956

[ ©2_] 2019 | 2045 | .85 805
D3 | 73024 | 230 | 915 925
D4 | 2006 | 2121 | 875 835
D5 | 2223 | 2248 | a7s 685
. 1.27 BSC 050 8SC
[ 0.254 TYP 010 TYP-

J 1143 TYP 045 TYP
« 45 TYP 4 TYP

at 10° TYP 10° TYP
o2 45° TYP 455 VP,
R 0.889 TYP 035 TYP
Al 0.754 TYP 010 TYP




