\LES G R6500 MICROCOMPUTER SYSTEM
PRODUCT DESCRIPTION

1.1 FEATURES OF THE R6501Q

« Enhanced 6502 CPU
—Four new bit manipulation instructions
=« Se! Memory Bil (SMB)
» Resat Memory Bit (RMB)
« Branch on Bit Set (BBS)
= Branch on Bit Reset (BBR)
— Decimal and binary arithmetic modes
—13 addressing modes
—True indexing
192-byte static RAM
32 bidirectional, TTL-compatible 'O lines (four ports)
Ona B-bit port may be tn-stated under soltware control
One 8-bil port may have latched inpuls under software
control
s Two 16-bit programmable countertimers, with laiches
—Pulse width measurement
— Asymmatrical pulse genaration
—Pulse generation
— Interval timer
— Event counter
—Ratnggerable interval timer
« Sernal par
—Full-duplex asynchronous operation mode
—Salectable 5- 1o 8-bit characters
—Wake-up feature
—Synchronous shif register mode
—Standard programmabie bit rates programmabile
up 1o 62.5K bits/sec @ 1 MHz
e Ten nerrupls
— Four edge-sensitive lines; two positive, two negative
—Reset
. —MNon-maskable
—Two counter underflows
—Senal data received
-~ Sanal data transmitied

S

" " 8 @

R6501@ ONE-CHIP MICROPROCESSOR

SECTION 1
INTRODUCTION

» Bus expandable lo 64K bytes ol extemal memory

e Flexible clock circuitry

—2-MHz or 1-MHz intemnal operation

—internal clock with external XTAL at four times internal
frequency

—Extemal clock input divided by one or four

1 ps minimum instruction executon time at 2 MHz

NMO3-3 silicon gate, depletion load technology

Single +5V power supply

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

64-pin QUIP

1.2 SUMMARY

The Rockwell R6501Q is a complete, high-performance 8-bit
NMOS-3 microcomputer on a single chip and is compalible
wilh all members of the RE500 family.

The RES5010 consists of an enhanced 6502 CPU, an internal
clock oscillator, 192 bytes of Random Access Memaory (RAM),
and versatile interface circuitry. The interface circuitry in-
cludes two 16-bit programmable timercounters, 32 bidirec-
tional inputioutput lines (including four edge-sensitive lines
and input latching on one 8-bit port), a full-duplex serial VO
channel, ten inferrupts, and bus expandability,

The innovative architecture and the demonstrated high per-
formance of the AE502 CPU, as well as instruction simplicity,
results in system cost-effectiveness and a wide range of
computational power. These fealures make the RE5010 a
leading candidate for microcomputer applications.
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Rockwell supports development of the RES01Q with the
System 65 Microcomputer Development System and the
RB500/* Family of Personality Modules. Gomplete in-gircuit
emulation with the ABS00" Family of Personality Modules

1.3 CUSTOMER OPTIONS

The AE5010 has no customer specified mask options. It has
the fhllowing characteristics.

allows total system test and evaluation. # Crystal Oscillator
+ Clock Divide by 4
T}:ti: &md:b;t Eggﬁgéﬂm: adaj.lm&s i:ai the mad_ar I5 famlllir + Clock MASTER Mode
e ardware and programming capabili- ' Resel Vector at FFFC
ties. A delailed description of the RE502 CPU hardware is . I - i : Parts PA. PB pC
included in the RB500 Microcomputer System Hardware e Internal pull-up resistors on . PB, and
Manual (Document Number 28650N31). A description of the
instruction capabilities of the RES02 CPU is contained in the
RES00 Microcomputer Systern Programming Manual (Doc-
ument Mumber 29650MN30).
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FIGURE 2-1. Mechanical Outline & Pin Out Configuration



SECTION 2
R6501Q INTERFACE REQUIREMENTS

This section describes the inlerface requirements for the
RE5010). 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 delailed block dia-
gram of the RES010C ports which illustrates the internal fune-
tion of the device.
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TABLE 2-1. RE501Q Pin Descriptions

SIGNAL NAME

PiIN NO.

DESCRIPTION

VE =
vﬂ L]

Vs
XTLI

XTLD

=

PAD-PA7
PHO-PBT
PCO-PC7
PDO-PD7

AQ-A12, A15

De0-Da7

SYNC

3

21
43

42

41

45

39-32
3-24
54-61
G2-64,
1-5

20-7

53-46

22

Main power supply + 5V
Separate power pin for AAM.
In the event thal V.. powser
is off, this power retains RAM
dala.

Signal and power ground (V)
Crystal or clock input for in-
ternal clock oscillator, Alows
input ol X1 clock signal if
XTLO is connected to Vs, or
of X4 clock if XTLO is foaled.
Crystal output from nfemal
clock oscillator,

The Resel inpul is used o
initialize the device. This sig-
nal must not fransition from
low to high for al least eight
cyclas after V.. reachas op-
erating range and the inter-
nal pscilator has stabilizad,
Clock signal output at inter-
nal frequency.

A negative going adge on tha
Mon-Maskable interrupt sig-
nal requests that a non-
maskable interrupt ba gen-
erated with the CPL.

Four 8-bd ports used for
either inputioutput. Each ling
of Poris A, B and C consisis
ol an active transistor to Ve,
and a passive pull-up to Ve,.
Paort D funcbons as either an
B-bit inpot or 8-bit oulpul port.
It has active pull-up and pull-
down transistors.

Fourtean address lines wsed
to address a complate
65K axternal address space.
Mote: A13 & A14 are sourced
through PCE & PCT when in
tha Full Address Mode.
Eight bidirectional data bus
limes used to transmit data to
and from external memory.
SYNC is a positive going sig-
nal for the il clock cycla
whanever thea CPU is per-
forming an OF CODE fetch,
Caonirols the direction of data
transter between the CPU
and the external 65K ad-
dress space. The signal is
high when reading and low
whan writing,




SECTION 3
SYSTEM ARCHITECTURE

This section provides a functicnal description of the RES010.
Functipnally the RES010 consists of a CPU, RAM, four 8-bit
paralial I'O poris, a serial 'O port, dual counter/latch circuits,
a mode control register, and an interrupt flag/enable dual
register circuit. A block diagram of the system is shown in
Figure 3-1.

NOTE

Throughout this documeant, unless specified otherwise,
all memaory or register address localions are specified
in hexadecimal notation,

3.1 CPU LOGIC

The RB5010 intemal CPU is a standard 6502 configuration
with an 8-bit Accumuiator register, two 8-bit Index Registers
(X and Y). an B-bit Stack Pointer register, an ALU, a 16-bit
Program Counter, and standard instruction register/decode
and internal timing contral logic.

3.1.1 Accumulator

The accumulator 15 a general purpose 8-bil register thal
stores the resulls of most anthmebc and logic operabions, In
addition, the accumulator usually contains one of the two
data words used in these operalions.

3.1.2 Index Registers

There are two 8-bil index registers, X and Y. Each index reg-
istar can be used as a base to modily the address data pro-
gram counler and thus oblain a new address—ihe sum of
the program counter conlents and the index register contents.

When ewmecuting an instruction which specifies indirect
addressing, tha CPU fetches the op code and the address
and modifies the address from memory by adding the index
ragister 10 it prior 1o loading or storing the value of memory.

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

3.1.3 Stack Pointer

Tha Stack Pointer is an 8-bit register. it is automatically
incremented and decremented under control of the micro-
processor 1o perform stack manipulation in response to aither
user instructions, an internal RO interrupt, or the external
interrupt line NMI. The Stack Pointer must be initialized by
the user program,

The slack allows simple mplementation of mulbple level
intarrupts, subrouting nesting and simplification of many types
of data manipulation. The JSR, BRK, ATI 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

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 Addrass Bus, data are written into the mamory
location addressed by the Stack Pointer, and the Stack
Painter is decremented by 1. Each lime 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 memary location addressed by the
Pointer.

The stack 15 localed on zero page, |.e., memory locations
QOFF-0040. After reset, which leaves the Stack Pointer
indeterminate, normal usage calls for its mitialization at 00FF.

3.1.4 Arithmetic And Logic Unit (ALU)

All anthmetc and logic operatons take place in the ALL,
including incrementing and decrementing internal registers
jexcept the Program Counter). The ALU cannol slore data
for more than one cycle. || data are placed on the mputs to
the ALU al the beginning of a cycle, the resull is always gated
into one of the storage registers or to external memory during
the next cycle

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

3.1.5 Program Counter

The 16-bit Program Counter provides the addresses that are
used 1o step the processor through sequential instructions
in a program. Each time the processor fetches an instruction
from program memory, the lower (least significant) byte of
fhe Program Counter (PCL) is placed on the low-order bits
of the Address Bus and the higher (most significant) byte of
the Program Counter (PCH) is placed on the high-order 8
bits of the Address Bus. The Counler is incremented each
time an instruction or data is tetched 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 RAegister, then decoded along with timing and
intarrupl signals to generate control signals for the various
registers.

3.1.7 Timing Control

The Timing Control Logic keeps track of the specific instruc-
tion cycle being executed, This logic is set to TO each time
an instruction feteh s execuled and is advanced at tha
beginning of each Phase One clock pulse tor as many cycles
as are required 1o complete the instruction, Each data transfer
which takes plate between the registers i5 caused by
decoding the coments of both the instruction register and
timing control unit
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3.1.8 Interrupt Logic

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

3.2 NEW INSTRUCTIONS

In addition to the standard RE502 instruction set, four new
bit manipulation instructions have been added to the RE5010.
The added instructions and their format are explained in the
following paragraphs. Refer to Appendix A for the Op Code
mnamonic addressing matrix for these added instructions.
The four added instructions do not impact the CPU processor
status register.

3.2.1 Set Memory Bit (SMB m, Addr.)

This instruction sets to 1" one of tha B-bit data field specified
by the zero page address (memory or IO port). The first byte
of the instruction specifies the SMB operation and one of eight
bits to be set. The second byte of the Instruction designates
address (0-255) of the byte lo 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 "07 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 Hrst byte of the instruction. The
sacond byte is used lo designate the address of the byte to
be tested within the zero page address range (memory of
IfO ports). The third byte of the instruction is usad to specify
the B-bit relative address to which the instruction branches
if the bit tested is a “17. If the bit tested is not set, the nex
saquential 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
instructicn except that a branch takes place if the bit tested
isa"l

3.3 READ-ONLY-MEMORY (ROM)
The RE5010 has no ROM and its Resat vector is at FFFC.

3.4 RANDOM ACCESS MEMORY (RAM)

The RAM consists of 192 bytes of read/write memory with
an assigned page zero address of 0040 through 00FF. The
RE5010Q provides a separate power pin (Vag) which may be
used for standby power for 32 bytes located at 0040-005F.
In the event of the loss of V. power, the lowest 32 byles of
RAM data will be retained if standby power is supplied to the
Vaa pin. If the RAM data retention s not required then Vag
must be connected to V.. During operation V. must be at
the Ve level,

For the RAM to retain data upon lpss of Vg, Ve must be
supplied within operating range and RES must be driven low
at least eight 02 clock pulzes before V.. falls oul of operating
range. RES must then be held low while V.- is out of oper-
ating range and until at least eight 2 clock cycles after Ve,
is again within operating range and the internal @2 oscillator
is stabilized. V., must remain within V.. operating range
during normal operation. When V. is out of operating range,
Van must remain within the V., retention range in order to
retain data. Figure 3.2 shows typical wavelorms.

RAM OPERATING MODE RAM RETENTION MODE

Wi 3

\‘uu'f

IMITIAL APPLICATION OF ¥, AND V.

LOSS OF V.., RAM ON STANDBY POWER.

REAPPLICATION OF V.

= 2 CLOCK PULSES AFTER DSCILLATOR STABILIZATION,
=8 §2 CLOCK PULSES.

A -

FIGURE 3-2. Data Retention Timing *

3.5 CLOCK OSCILLATOR

The RE5010Q has been configured for a crystal oscillator, a
divide by 4 countdown network, and for Master Mode
Operation,

A reference frequency can be generated with the on-chip
oscillator using either an external crystal or an exernal
oscillator. The oscillator reference frequency passes through
an internal countdown network (divide by 4) to obtain the
intemal operating frequency (see Figures 3-3a and 3-3b),
The external crystal generated reference frequancy is a pre-
farred mathod since the resistor method can have tolerances
approaching S0%:.



Imternal iming can also be controlled by driving the XTLI pin
with an exiernal frequency source. Figure 3-3c shows typical
conrections. It XTLO is left floating, the external source 15
divided by the internal countdown network. However, if XTLO
15 tied to Wse, the imlernal countdown network s bypassed
causing the chip to operate al the frequency of the external
source
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FIGURE 3-3. Clock Oscillator Input Optians

3.6 MODE CONTROL REGISTER (MCR)

The Mode Control Register contains contral bits for the mul-
fifunction VO poris and mode select bits for Countar A and
Counter B, s setting, along with the setting of the Senal
Communications Control Register (SCCR), determinas the
basic configuration of the RES010 in any application. [nitial-
izing this register is one of the first-actions of any software
pragram. The Made Conirol Register bit assignment is shown
in Figure 3-5

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

An IRQ interrupt request can be imbiated by any orall of eight

possible sources. These sources arg all capable of being

enabled or disabled by the use of the appropriate interrupt
enabled bits in the Interrupl Enable Register (IER), Multiple

simultaneous Interrupts cause the |RQ interrupt request to
remain active until all interrupting conditions have been
serviced and cleared

The Interrupt Flag Reagister confains the information that
indicates which '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 RMEB X, {0010} instruction reads FF, modities bil
¥ 1o a "0, and writes the modified value al address location
0011, In this way IFR bits set to a "1" after the read cycle of
a Read-Modity-Write instruction (such as RME) are protected
from being cleared. A logic "1" is ignored when writing o
edge detect IFR bits.

Each IFR bit has a corresponding bit in the Interrupt Enable
Reqister which can be set 1o a ™1" by wnting a "1~ i the
respective bit position at location 0012 Individual [ER bits
may be gleared by writing a 0" in the respective bit position,
or by RES. I setto a "1, an IRQ will be generated when the
corresponding |FR bit becomes trug. The Interrupt Flag Reg-
ister and Interrupt Enable Register bit assignments are shown
in Figure 3-6 and the functions of each bil are explained in
Table 3-1.

MCR T B 5 4 1 2 1 ] Addr 0014
[ [ Zounter s
Counter B Mode Select
Mo Select a 1 intedvil Timei

L] I Pusise GeEneralsn
[ | . 1—— 0 Event Gounter

Bus Mode Selec] | 1 —— 1 Pulss Widin Meas.
| O = 1 inteiwal Timer

0 —— 1 Asymmetric Pulse Genoralsen

| —— O Ewant Crounies

| . 1 RnEtiggorabéo interval Timer
Parl B Lalch
11 Erabhed]
Pori [t Tri-Gtate
i Trr Stnie High impedance Mods)

[T Full &riiress
lis 1 Ml

¥ 0 Mot Used

L T Hol Used

FIGURE 3-5. Mode Control Register

The use ol Counter & Mode Select 15 shown in Section 6.1
The use of Counter B Mode Select is shown in Sechion 6.2,
The use of Port B Lateh Enable is shown in Section 4.4,

The use of Port O in Tri-State Enable 1= shown n Section
4.6

The use of Bus Mode Select 1s shown in Section 4.5 and 4.6,
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Edge Delect
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Edge Detect
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Undesfiow Flag
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| Receiver
Flag
_ XMTR
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FIGURE 3-6. Interrupt Enable and Flag Registers

3.8 PROCESSOR STATUS REGISTER

The B-bit Processor Stalus Register, shown in Figure 3-7,
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 RE500 instruction
set contains a number of conditonal branch instructions
which are designed to aflow testing of these flags. Each of
the eight processor status flags = described in the following

3.8.1 Carry Bit (C)

The Carry Bit (C) can be considered as the ninth bit of an
arithmetic operation. It is set 1o logic 1 if a camry from the
gighth bit has occurred or cleared to logic 0 if no ::a:ry
occurred as the result of anthmetic operations.

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.

¥ ] 5 ] 3 2 1 ]
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1 = IRQ inderrupt Disabled
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1 = Decimal Mode
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BREAK COMMAND m{j}

1 . Break Command
8 = Mon Break Command
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0 = Owerflow Clear

- HEGATIVE ;n}{j}
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FIGURE 3-7. Processor Stalus Register

TABLE 3-1. Interrupt Flag Register Bit Codes

PAD Positive Edge Delect Flag—Sal 1o a "1” when a positive going edge is detected on PAD.
PA1 Positive Edge Detect Flag—Set 1o a 1 when a positive going edge is deteciad on PA1.
PAZ Negalive Edge Detect Flag—Set o a 1 when a negative going edge is detectad on PAZ,
FAaNnnmmEuguDalmFlag—sum1n_munowﬁmmmuwhudmms_
Gumluﬁumrﬁchlag—SﬂMl1wthulwmhmdmmmu.Chﬁid reading
Courtar B Underfiow Flag—Set 1o a 1 whan Counter B underfiow occurs. Cleared by reading

tha Lower Counter B &t location 001C, by wriling to address location 001E, or by RES,

Recaiver Imterrupt Flag—Set 1o a 1 when any of the Seral Communication Status Register bits
0 through 3 is sel to a 1, Cleared when the Aeceiver Slatus bits (SCSR 0-3) are cleared or by

BIT
CODE FUNCTION
IFR O:

Cleared by RMB O (0010) instructon or by AES.
IFR 1:

Cleared by RMEB 1 (0010) instruction or by RES.
IFR 2

Clgared by RMB 2 (0010) instruction or by RES,
IFA 3:

Cleared by AMB 3 (0010 instruction or by RES
IFA 4:
’ the Lower Counter A al location 0018, by writing (o address location 0014, or by
IFR 5:
IFR B:

RES.
IFR 7.

Transmitier Intarrupt Flag—Set 1o a 1 when SCSA Bis satto a 1 while SCSRA Sisa 0 or SCSA
7 is set to a 1. Cleared when the Transmittar Status bits (SCSR 6 & 7) are clearad or by AES.




3.8.2 Zero Bit (Z)

The Zero Bit (Z) 15 sel 1o logic 1 by the CPU during any data
mavement.or calculation which sets all 8 bits of the result 10
zero. This bit is cleared to logic 0 when the resultant B bils
of a data movement or calculation operation are not all zero.
The RBS00 instruction sel contains no instruction 1o specifi-
cally set or clear the Zero Bit. The Zero Bil is, however,
afiected by the lollowing instructions; ADC, AND, ASL, BIT,
CMP, CPX, CPY, DEC, DEX, DEY, EOR, INC, INX, INY,
LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, ROR, RATI,
SBC, TAX, TAY, TXA, TSX, and TYA.

3.8.3 Interrupt Disable Bit (I)

The Imterrupt Disable Bit {1) 1s usad o control the servicing
of an interrupt request (IRQ). If the | Bit is reset 1o 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 1o 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 Instruction
{CLI} and is set by the Set Interrupt Mask Instruction (SEI).
This bit is set by the BRK Instruction. The Return from Inter-
rupt (RTI) and Pull Processor Status (PLP) instructions will
also atlect the | bit.

3.8.4 Decimal Mode Bit (D)

The Decimal Mode Bit (D) is used to conirol the arithmetic
mode of the CPU. When this bil is sel to logic 1, the adder
operates as a decimal adder. When this bit is cleared to logic
0, the adder operates as a straight binary adder. The adder
maode is controlled anly by the programmer. The Set Decimal
Made (SED) instruction will set the D bit; the Clear Decimal
Mode (CLD) instruction clears il 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 of erroneous results may occur.

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 ser-
vice routine was entered because the CPU executed a BRK
command, the Break Bit will be set to logic 1. If the IRQ rou-
tine was entered as the result of an ARG signal being gen-
erated, the B bit will be cleared 10 logic 0. There are no
instructions which can set or clear this bit,

3.8.6 Overflow Bit (V)

The Overflow Bit (V) is used to indicate that the result of a
gigned, inary addition, or subtraction, operation is a value
that cannot be contained in seven bits (-128 = n = 127).
This indicator only has meaning when signed anthmetic (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 polarily of the sign bit (bit 7) is changed becausa the
resull exceeds -127 ar - 128; otherwise the bil is cleared
to logic 0. The V bil may also be cleared by the programmer
ustng 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 overfiow flag 1o reflect the condition of
bit & in the sampled field. During a BIT instruction the Over-
fiow Bit is sel 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 sanse 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-
melic operation is set 1o 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 dala movement or arithmelic operation is positive. There
are no instructions that set or clear the Negative Bit since the
Megative Bil represents only the slatus 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,
ING, INX, INY, LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL,
AOR, ATI, SBC, TAX, TAY, TSX, TXA, and TYA.



SECTION 4
PARALLEL INPUT/OUTPUT PORTS
& BUS MODES

The devices have 32 IO lines grouped into four B-bil ports
(PA, PB, PC, and PD). Ports A through C may be used sither
for input or output individually or in groups of any combination.
Port D may be used as all inputs or all outputs.

Multifunction 'O’s such as Porl A and Port C are protected
from normal pon VO instructions when they are programmed
1o perdorm a multiplexed function.

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

The direction of the 32 /O lines are controlied by four 8-bit
port registers located in page zero, This arrangement pro-
vides quick programming access using simple two-byte zero
page address instructions. There are no direction registers
associated with the 'O ports, thus simplifying /O handling.
The VO addresses are shown in Table 4-1. Appendix E.4
shows the 'O Port Timing.

TABLE 4-1. 1/Q Port Addresses

PORT ADDRESS
A 0000
8 0001
c 0002
B : e
4.1 INPUTS

Inputs for Ports A, B, and C are enabled by loading logic 1
into all /O port register bit positions that are to correspond
1o VO input lines. A low (<0.8V) inpul signal will cause a logic
0 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 /O lines as inputs.
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Port D may only be all inpuls or all outputs. All inputs is
selected by satting bit 5 of the Mode Cantrol Register (MCRS)
toa"0".

The status of the input lines can be intermogated at any time
by reading the 'O port addresses. Note that this will return
the actual status of the input lines, not the data writien info
the /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 instruction the Port /O register is read.
For all other read instructions the port inpul lines are read.
Read/Modify/Write instructions are: ASL, DEC, INC, LSR,
AMB, ROL, ROR, and SMB.

4.2 OUTPUTS

Outputs for Ports A thru D are controfled by writing the
dagired VO line output states into the cormesponding VO 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,

Paort D all putputs is salected by setting MCRS to a “1%.

4.3 Port A (PA) !

Port A‘can be programmed via the Mode Control Register
(MCR) and the Serial Communications Gontrol Register
{SCCR) as a standard parallel B-bit, bit indepandent, 10 port
or as serial channel /0 lines, counter /O lines, or an input
data strobe for the Port B input latch opbion. Table 4-2 tab-
ulates the contral and usage of Port A,

In addition 1o their normal O functions, PAD and PA1 can
detect positive going edges and PAZ and PA3 can datect
negative going edges. A proper transition on these pins will
set a coresponding status bit in the IFR and generate an
interrupt request if the respactive Interrupt Enable Bit is set.
The maximum rate at which an edge can be delected is one-
half the @2 clock rate. Edge detection timing is shown in Ap-
pendix E.3,



TABLE 42 Port A Control & Usage

PAD 1O PORT B LATCH MODDE
MCA4 - 0 MCRM = 1
SGMAL SIGMAL
CAMEE TYPE HAME s TYPE
PAD (2) Pad o POAT B INPUT (1)
PN 39 LATCH STROBE
PAL-P
PAT (@) A3 VD
PN 38 |- SIGNAL |
PAZ (3) NAME TYPE
PN 37
PA3 (1) Pa1 o
PN 36 FAZ2 w
PA3 10
P4 1D COUNTER A VO
MCRO - 0 = 4 SCCRT - 0
MCR1 - 0 m-u SCCRs - 0
SCCAT - 0 SCCRT =0 MCRA1 = 1
Paa RACVAR SR WMODE = 0 RCVR SR MODE - 0
PIN 35 48 )
SIGMAL SIGMAL SEMAL
SLAME TVPE NAME TYPE SAME TYPE
Pt L] CNTA OUTPUT CNTA NPUT (1)
SERIAL VO SHFT REGISTER CLOCK
SCCAT - 1 ACYVRA 57 MODE - 1
SCCAS - 1 )
SIMAL SHGMAL -
RAME TYPE HAME TYPE
XMTR CLOCK OUTPUT ! ACVA CLOCK INPUT (1)
PAS 1O COUNTER B D ]
MCRY = 0 MCR3 - 0 MCA3 - 1 .
PAS MCR2 - O MCR2 = ¥ MCRZ = X
PIN 34 SIGNAL SIGNAL SIGNAL
HAME TYPE NAME TYPE MNAME TYPE
P o CNTB ouUTPUT CNTR INPLUIT (1)
(5 Under the Moliowing ocondtions
SERAL VO PAS wall lunction as e ingut Ority
PAS 1D XMTH QUTPUT e
SCCAT « SCCHT - 1 A Ssnal VO XMTH o, RCVA
PAS B o Asynchronous Moode. and
PN 13 SEGMAL SIGMAL MCH1 = 1.
RAME TYPE NAME TYPE B Seral VO XMTR on and fes-
XMTR 1 ther XMTH nor RCVF oper-
— o OUTRY atrg n the Synctvonous 5H
loade
SEFIAL VO
PAT VO RCWA NPUT
PAT SCCRs ~ 0 SCCRé - 1
PIN 32 SIGMAL SIGNAL
MAMNE TYPE MNAME TYPE
PAT Vo RCVA NPUT (1)
{1 HARDWARE BUFFER FLOAT (¥ NEGATIVE EDGE DETECT

(@) POSITVE EDGE DETECT

{4) RCVA SA MODE - 1 WHEN SCCR& SCCRS - SCCR4 - 1
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4.4 PORT B (PB)

Port B can be programmed as an 8-bit, bil-independent 110
port. It has a latched Input capability which may be enabled
or disabled 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 PAQ when Porl B is pro-
grammed 10 be used with laiched input opfion. Inpul data
lateh timing for Port B is shown in Appendix E.3.

TABLE 4-3. Port B Control & Usage

LATCH
/O MODE MODE
MCR4 = 1

MCR4 - 0 @

SIGNAL SIGNAL
PIN | PIN
+ | NAME |NAME | TYPE | NAME | TYPE

(1)

31 PBO | PBO o PBO | INPUT
30 | pe1 | PB1 lio PB1 | INPUT
29 Pe2 | PB2 0 PB2 | INPUT
28 PE3 | PB3 e} PB3 | INPUT
2 PB4 | PB4 e} PB4 | INPUT
26 PBS | PBS 1o PBS | INPUT
25 PB6 | PB6 Vo PBE | INPUT
24 PE? | PB7 e} PE7 | INPUT

(1) RESISTIVE PULL-UP, ACTIVE BUFFER PULL DOWN
(2) INPUT DATA IS STORED IN PORT B LATCH BY PAD PULSE
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FIGURE 4-1a. Full Address Mode

4.5 PORT C (PC)

Fort C can be programmed as an /O port, or as part of the
full address bus. When operating in the Full Address Mode
FPCE and PCT serve as A13 and A14 with PCO-PCS operaling
as normal /O pins. B

4.6 PORT D (PD)

Port D can be programmed as an 'O Port. 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 nec-
essary seftings for the MCR to achieve the various modes
for Port D

4.7 BUS MODES

In the Full Address Mode, the separate address and data bus
are used in conjunction with PCE and PC7, which automat-
ically provide A13 and A14. Tha remaining poris parform the
normal KO function.

In the IO Bus Mode all ports serve as /0, The address and
data bus are still functional but without A13 and A14, Since
the internal RAM and registers are in the O0XX location, A15
can be used for chip select and AD-A12 used for salacting
BK of external memaory.
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FIGURE 4-1b. Normal Bus Mode



TABLE 4-4. Port C Control and Usage

FULL ADDRESS
. MODE U0 MODE
MCRT 0 WMCRT. 0
MCRE 0 _'_“_:E 1
SHGMAL SIGNAL
PiN FiN —e—— - 5
a NAME HAME TYPE HAME TYPE
m
54 PCO PCO 1G4y FCD 1o
55 PC1 PCY 11 PCH 1o
58 PE2 pC2 | o PCE g
57 PC3 PCa Loy PEa | o
58 PCa PG4 1ain PCa | o
L PCS PCS Vo 1) PCE g
&0 PCE A13 OUTPUT (3 PCE 10
LA [ B I ourtPuTEa | Por WD
NOTES:
1. Resistive Pull-Up, Active Buffer Pull-Down
2. Active Butfer Pull-Up and Pull-Down
TABLE 4-5. Port D Control and Usage
1D MODES
MCRT = 0 MCRT = 0
MCRS - X MCRE = X
MCRS = 0 MCRS = 1
SIGNAL SIGNAL
PIN PIN TYPE TYPE
# NAME NAME (1) NAME (2)
62 PDO PDO INPUT PDO QUTPUT
63 PO PO INPUT PD1 OuTPUT
B4 FO2 PD2 INPUT PD2 OuTPUT
1 PD3 P03 INPUT PD3 OuUTPUT
2 PD4 PO INPUT PDa4 QUTPUT
a PD5 PD5 INPUT PD5 QUTPUT
4 PD& PDE INPLUT PDE& QUTPUT
5 POT PO7 INPUT PDY ouUTPUT
NOTES

1. Tri-State Bufler is in High Impedance Mode
2. Tri-Stawe Butler is im Active Mode
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SECTION 5
SERIAL INPUT/OUTPUT CHANNEL

The device provides a full duplex Serial VO channel with pro-
grammable bit rates and operating modes. The serial /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 lor
all modes excepl the Receiver Shift Register (RCVR S/R)
mode for which an extemal shift clock must be provided. The
maximum data rate using the intemal 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.

SCCR| 7 [ 5 4 3 2 1 o | Addr D018

0==0dd Parity
{~~Even Parity
0 Parity Disable
1 Parity Enabie
0~8 Bits/Char
1 ~ T BiaiChar
0~6 Bits/Char
1~ 5 Blts/Char
0 XMTR & ACVR ASYN Mode
1 XMTR ASYN, RCVR 5/R
X XMTR S/R, RCVR ASYN

- e

0
(1]
1
CYR
CVR

- —
D3

Disable
Enabie
0 XMTR Disable
1 KMTR Enabie

FIGURE 5-1. Serial Communication Control Register

Except for the Receiver Shift Register Mode (RCVR S/R), all
XMTR and RCVR bt rates will occur al one sixteenth of the
Counter A interval timer rate. Counter A is forced into an
inlerval timer mode whenever the serial /O is enabled in a
mode requinng an internal clock.

Whenaver Counter A is required as a timing source it must
be lpaded with the hexadecimal code that selects the data
rate for the serial VO Port. Refer to Counter A (paragraph
6.1) for a table of hexadecimal values 1o represent the desired
data rate.

5.1 TRANSMITTER OPERATION (XTMR)

The XTMR operation and the lransmitter related control/
status functions are enabled by bl 7 of the Serial Commu-
nications Control Register {SCCR). The transmitier, whan in
tha Asynchronous (ASYM) 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 B bits of data.
The nine data modes are shown in Figure 5-2. When parity is
disabled, the 5, B, 7 or B bits of data are lerminated with two
stop bits.
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FIGURE 5-2. SIO Data Modes

In the 3/R mode. eight data bits are always shifted out, Bits/
character and parity control bits are ignored. The senial data
is shifted out via the SO outpul (PAS) and the shift clock is
available at the CA (PA4) pin. When the transmitter under-
runs in the S/R mode the SO output and shift clock are held
in a high stata.

The XMTR Interrupt Flag bit (IFR7) is controlled by Serial
Communication Status Register bits SCSR5, SCSAG and
SCSRA7.

IFA7 = SCSRE (SCSRS5 + SCSAT)

5.2 RECEIVER OPERATION (RCVR)

The receiver and its selected control and status functions are
enabled when SCCR-6 is sel to a "1." In the ASYN mode,
data format must have a start bil, 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 B sub-intervals for intermal syncho-
nization. The receiver bit stream is synchronized by the stan
bit and a sirobe signal is generaled at the approximate center
of each incoming bit. Refer to Figure 5-3 lor ASYN Receive
Data Timing. The characier assembly process does not start
if the start bit signal is less than one-hall the bit time after a
low level is detecled on the Aeceive Data Input. Framing
armos, 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 o logic 1.
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FIGURE 5-3. ASYN Receive 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) at the
Sl input (PAT). The maximum data rate using an extermnal
shift clock is one-eighth the internal clock rate. Refer to
Figura 5-4 for S/A Mode Timing.
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FIGURE 54. S/R Mode Timing

A RCVA interrupt {IFARG) is generated whenever any of
SCSR0-3 are true,

5.3 SERIAL COMMUNICATION STATUS
REGISTER (SCSR)

The Serial Communication Status Fegister (SCSR) holds
information on various communication error conditions, status
of the transmitler and receiver dala registers, a transmitter
end-ol-transmission condition, and a receiver idle line con-
dition (Wake-Up Feature). The SCSR bit assignment 15 shown
in Figure 5-5. Bit assignments and functions of the SC5H are
as follows:

SCSA0: Receiver Data Register Full—Set to a logic 1 when
a characler i transferred from the Receiver Shift
Register to the Receiver Data Register. This bit Is
cleared by reading the Receiver Dala Register, or
by RES and is disabled if SCCR 6 = 0. The SCSR
O bit will not be set to a logic 1 if the received data
contains an error condition; instead, a corme-
sponding emor bit will be set to a logic 1.

SCSR 1: Over-Run Error—Set 1o a logic 1 when a new char-
acter is transterred from the Receiver Shift Reg-
ister with the last character siill in the Receiver
Data Register. This bit is cleared by reading the
Receiver Data Register or by AES.

SCSR 2: Parity Error—>5Set to logic 1 when the RCVR is in
the ASYN Mode, Parity Enable bit is set, and the
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received daia has a parity error, This bil 15 cleared
by reading the Receiver Data Fegister or by AES.

SCSA 3. Framing Error—3Set 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).

SCSA 4: Wake-Up—>Sel to a logic 1 by writing a ™17 in bit
4 of address: 0016. The Wake-Up bit is cleared by
HES or when the recever delects a string of ten
conseculive 1's. When the Wake-Up bit is sat
SCSA0 through SCSRA3 are inhibited.

SCSA 5: End of Transmission—Sat 1o a logic 1 by writing
a"1" in bit position 5 of address: 0016. The End
of Transmission bil is cleared by RES or upon
writing @ new data word into the Transmitter Data
Registar, When the End-of-Transmission bit is true
the Transmitter Register Empty bit is disabled until
a Transmitter Under-Run occurs.

SCSR 6: Transmifter 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 1o a
logic 1 by RES.

SCSR 7: Transmitter Under-Aun— Set to a logic 1 when the
last data kit is transmitied if the transmitler is in a
5/A Mode or when the last stop bit is transmilted
if the XMTH is in the ASYN Mode while the Trans-

. mitter Data Aegister Empty Bit is sel. Cleared by
a transfer of new data into the Transmitler Shift
Register or by RES.

SCER| T [ 5 4 3 2 i o Addr 0018
l RCVA Data
o Ay Full
RCVRA Cver-Run
Parity Error
L Frame Error

- Wake-Up

- End of Tranamission

- XMTA Data Reg Emply

- xMTR Under-Run
FIGURE 55. SCSR Bit Allocations

5.4 WAKE-UP FEATURE

In & multi-distribuled microprocessor Or microcomputer ap-
plications, a destination address |s usually included at the
beginning of the message. The Wake-Up Featura allows
non-selected CPU's to ignore the remainder of the massage
until the beginning of the next message by setling 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
ten consecutive 1's which indicates 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.



SECTION 6
COUNTER/TIMERS

The device contains two 16-bit counters (Counter A and
Counter B} and three 16-bit lalches associaled 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 Counter B
» Pulse width s Retriggerable Interval Counter
measurgment e Asymmetrical Pulse
« Pulse Generation Generation
» Interval Timer « Interval Timer
& Event Countar s 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 modas are selected
requiring a counter input'output ling, PA4 is automatically
selected for Counter A and PAS is automatically selected for
Counter B {see Table 4 2).

6.1 COUNTER A

Counter A consists of a 16-bit counter and a 16-bit lalch
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 @82 clock pulses or
axternal 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 001A or location 0018 for the Lower Counter A,
A read at location 0018 also clears the Counter A Underflow
Flag (IFR4).

COUMTER LNDERFLOW

{1

ik [ Ao

FIGURE 6-1. Interval Timer Timing Diagram

iR

W arneuaer Gwntar A undaﬁms When Guuntm' A den:rea
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
salected by the Counter A Mode Control bits in the Control
Register.

MCR1 MCROD
(it 1) (bit 0) Mode
i} L] Intarval Timer
0 1 Pulse Genaration
1 1] Evant Counlar
1 1 Pulse Width Measurement

The Interval Timear, Pulse Genaration, and Pulse Width Mea-
surement Modes are @2 clock counter modes, The Event
Counter Mode counts the occurrences of an extarnal evant
on the CNTH ling.

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

6.1.1 Interval Timer

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

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

2. Whan a write operation is parformed 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 Lalch value is transferred to
the Counter.

The Counter value is decremeanted by one count at the 02
clock rate. The 16-bit CGounter can hold from 1 to 65535
counts. The Counter Timer capacity is therefore 1us 1o 65535
ms al the 1 MHz @2 clock rate or 0.5 x5 lo 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 IRG interrupt routine.

Whaen Counter A& dacreamants from 0000, the Counter A
Underflow (IFR4) is set to logic 1. If the Counter & 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 examinad in the iAQ 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 IO bit.

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

6.1.2 Pulse Generation Mode

In the Pulse Generation mode, the CA line operales as a
Counter Qulput. The line toggles from low 1o high or Irom
high to low whenever a Counter A Underflow ocours or a
write is performed o address 0014

The normal output waveform 1s a symmetrical sguare-wave,

i

Asymmaetric wavelorms can ba generated if the value of the
latch is changed after each counter underflow.

A one-shol waveform can be generated by changing from
Pulse Generation io Interval Timer mode after only ocne
occurrence of the oulput loggle 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 ling. The maximum rate al which lhis edge can be
detected is one-half the B2 clock rate.

The Counter can counl up lo 65535 occurrences before
underflowing. As in the other modes, the Counter A Under-
fiow bit (IER4) is set to logic 1 if the underflow ocours.

Figure 6.2 15 a timing diagram of the Event Counter Mode.
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FIGURE 6-2. Event Counter Mode

6.1.4 Pulse Width Measurement Mode

This mode allows the accurale measuremeant of a low pulse
duration on the CA line. The Counter decrements by ong
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’

iT

The Counter A underfiow flag will be sat only whan 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 couniter 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 1o count down from ils present value. The state
af 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.

0 e S i A R G (i = O S

FIGURE 63. Pulse Width Measurement

6.1.5 Serial I/O Data Rate Generation

Counter A also provides clock timing for the Serial /O which
establishes the data rate for the Serial IfO port. When the
Serial 0 is enabled, Counter A is forced 1o operate at the
internal clock rate. Counter A is not required for the RCVR
5/R mode. The Counter /0 (PA4) may also be required o
support the Serial /0 (see Table 4-2),

Table §-1 identifies the values to be loaded in Counter A for
selecting standard data raies with a 02 clock rate of 1 MHz
and 2 MHz. Alhough Table 6-1 identifies only the more
commeon data rates, any data rate from 1 16.62.5K bps can
be selected by using the formula:

N - o I -1
16 = bps
where
N = decimal value 1o be loaded into Countar 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 rale
and the actual data rate may be slightly differant.
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.




TABLE 6-1. Counter A Values for Baud Rate Selection

CLOCK RATE

02 NEEDED

. ACTUAL TO GET
HEXADECIMAL BAUD STANDARD
ET::E;“" VALUE RATE AT BAUD RATE
RATE | 1MHz 2MHz| 1MHz 2MHz |1 MHz 2 MHz
50° | O4E1 09C3 | 5000 50.00/1.0000 2.0000
75 | 0340 0682 | 7503 74.99/1.0000 2.0000
10 2 0237 D46F 110.04  110.04 | 1 0000 2.0000
150 1 | O1AD 0340 | 14988 150.06|1.0000 2.0000
300 ¢ | 0OCF 01A0 | 30048 299.761.0000 20000
600 . | OOB7 OOCF | 60096 E00.96|10000 2.0000
1200 ; | 0033 0067 | 120182 1201.92|1.0000 2.0000!
2400 o019 B0aa 2403 85 2403.85|1.0000 20000
3600 | 0010 0021 | 367647 367647 |0.9792 19584
4800 0onc ooe 4807 69 4807 .69 (1.0000 2 0000
7200 oooa 001a G944 44 735294 (10368 1 9584
| 9600 % | 0006 000C | 892857 96153810752 20000

6.2 COUNTER B

Counter B consists of a 16-bit counter and two 16-bit latchas
arganized as follows: Lower Counter B {(LCB), Upper Counter
B (UCB), Lower Latch B (LLB), Upper Latch B (ULB), Lower
Laich © (LLC), and Upper Latch C (ULC). Latch C is used
only in the asymmetrical pulse generation mode. The counter
contains the count of either 82 clock pulses or external
evenis depending on the counter mode selected. The con-
tents of Counter B may be read any time by exetuting a Read
al location 001D for the Upper Counter B and al location
001E or 001C for the Lower Countar B. A Fead al location
001C also clears the Counter B Underflow Flag.

In @ach case, the contents of the accumulator m copied
the applicable latch register.

RI6&'and the Counter B Underflow Flag bit (IFRS) will be set
t-:: a “1" whenever Counter B underfiows by damwnenhng
from 0000,

Counter B operates in the same manner as Counter A in the
Interval Timer and Evenl Counter modes. The Fulse Width
Measurement Mode is replaced by the Retrggerable Interval
Timer mode and the Pulse Generation mode is replaced by
the Asymmelrical Pulse Generation Mode. Mode Control
Register bils MCH2 and MCR3 select the four Counter B
modes in a similar manner and coding as MCRO and MCR1
salect the modes ol Counter A.
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6.2.1 Retriggerable Interval Timer Mode

When operating in the Retriggerable Interval Timer mode,
Coynter B is initalized to the latch value by writing 10 address
001E. by & Counter B underfiow, or whenever a positive edge
pccurs on the CB pin (PAS). The Counter B interrupt flag will
be set if the counter underflows belfore a positive edge occurs
on the CB line. Figure 6-4 illustrates the operation.

Latch

Value
Count Value

CB Line

Counter

Underfiows Reset by Soltware

L

[

Counter B ——
Flag

FIGURE 6-4. Counter B. Retriggerable Interval Timer Maode

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 inlerven-
tion once tha latch values are initialized.

In this mode, the 16-bit Latch B is initialized with a value
which corresponds 1o the duration between pulses (referred
to as D in the following descriptions). The 16-bit Latch C is
initialized with a value corresponding 1o the desired pulse
width (referred to as P in the following 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 lo
address 001C; the upper 8 bits of P are loaded into
ULBaﬂdtrmhﬂHEbetsam lranmrradtnLaim Chyr

2. The lower B bits of D are loaded into LLB by writing to
addm&smm tnamrsmmnmmm into

3, When Counter B underflow occurs the contents of the
Latch C are loaded into the Counter B and the CB out-
put toggles 1o 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.



SECTION 7
POWER ON/INITIALIZATION CONSIDERATIONS

7.1 POWER ON TIMING

Aftter application of V.. and V., power 1o the device, RES
must be held low for at least eight fi2 clock cycles after Vec
reaches operaling range and the internal oscillator has sta-
bilized. This stabilization time is dependent upon the input
V.. voltage and performance of the internal oscillator. The
clock can be monitored at 2 (pin 3). Figure 7-1 illustrates
the power turm-on waveforms. Clock stabilization lime is typ-
ically 20 ms.

oMLV LA
v eI UL
e e

FIGURE 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 Stalus Register—
and initiates a reset vector fetch at address FFFC and FFFD
to begin user program execution. All of the /0 ports (PA, PB,
PC, PD) will be forced to the high (logic 1) state. All bits of
the Conftrol 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 resel

| 2 3 L

—— -

14} Couner B --—— Latch B 0y

24, Countet B =—— Luich C (P}

FIGURE 6-5. Countar B Pulse Generation

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 /O ports 10 be config-
ured as shown in Table 7-1.

TABLE 7-1. RES Initialization of IO Ports and Registers
7T 6 5 4 3 2 10

REGISTERS
Processor Status
Mode Control (MCR) a0
Int. Enable (IER) o0
Int. Flag [IFR) o0

oo
o1

Ser. Com. Control {SCCR)
Ser. Com. Status (SCSR)

PORTS
PA Latch
PA Latch
PC Latch
PD Laich

=N === ]
coococo|
ocoooo |

- el i
ki il il
i ol ol
.
L
o
=l ik ke
P e

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 sel
2. Clear or Set Decimal Mode

3. Set or Clear Carry Flag

4. Sat up Mode Controls as required
5. Clear Intemupts

A typical initialization subroutine could be as follows:

LDX Load stack pointer starling address into
X Registar
TXS Transfer X Register value to Stack Pointer
CLD Clear Decimal Mode
SEC Set Carry Flag
Set-up Mode Control and
spacial function registers
and clear RAM as raquired
CL! Clear Interrupls



APPENDIX A
ENHANCED ‘R6502 INSTRUCTION SET

This appendix contains a summary of the Enhanced RE502
instruction set. For detatled information, consult the RE502
Microcormputer Systern Programming Manual, Document
29650 N30, The four instruchons notated with a ° are added
instructions to enhance the standard 6502 instruchon set,

A.1 INSTRUCTION SET IN ALPHABETIC

SEQUENCE
apc Add Memaory to Accumulator with Carry LA Load Accumulator with Memory
AND  “AND" Memory with Accumulator LDX Load Index X with Memory
ASL  Shift Left One Bit (Memory or Accumulatar) LDY  Load Index Y with Memary
LSR Shift Ona Bit Right {Memory or
"BBR Branch on Bit Reset Relative Accumulator)
*BBS Branch on Bit Set Relative
BCC  Branch on Carry Clear MOP Mo Operation
BCS  Branch on Carry Sel
BEQ  Branch on Result Zaro ORA  “OR" Memory with Accumulator
BIT Test Bits in Memory with Accumulator
BMI Branch on Result Minus FHA Push Accumulator on Stack
BME  Branch on Resull not Zero PHP Push Processor Stalus on Stack
BPL Branch on Resull Plus PLA Pull Accumulator from Stack
BRK Force Break PLP Pull Processor Status from Stack
BvVC Branch on Overflow Clear
BvS Branch on Overflow Sel ‘AMB  Resel Memory Bit
ROL  Aotate One Bit Left (Memory or
CLC  Clear Carry Flag Accumulator)
CLD Clear Decimal Moda ROR  Rotate One Bit Right (Memory or
cul Clear Interrupt Disable Bit Accumulator)
CLV  Clear Overflow Flag AT Aeturn from Interrupt
CMP  Compare Memory and Accumulator RTS  Return from Subroutine
CPX  Compare Memory and Index X
CPY  Compare Memory and Index ¥ SBC  Subtract Memory from Accumulator with
Borrow
DEC  Decrement Memary by One SEC  Set Cany Flag
DEX Decrement Index X by One SED  Set Decimal Mode
DEY Decremant Index ¥ by One SEI Setl Interrupt Disable Status
‘SMB Set Memory Bit
EOR  "Exclusive-Or Memory with STA Store Accumulator in Memory
Accumulator S5TX  Store Indax X in Memory

STY  Store Index Y in Memory
INC Increment Memaory by One
M Increment Index X by One TAX Transfer Accumulator to Index X
INY Increment Index ¥ by One TAY  Transter Accumulator to Index ¥
TSX Transfar Stack Pointer to Index X

JMP Jump to New Location TxA Transfer Index X 1o Accumulator
JSA Jump to New Location Saving Return TXS  Transfer Index X to Stack Register
Address TYA Transler Index ¥ to Accumulator
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A.3 INSTRUCTION CODE MATRIX
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N if branch occurs to ditferant page.
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APPENDIX B
KEY REGISTER SUMMARY
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B —— 1 Pules G ation
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1 ——0 Mot Liwad
BT M Limtl

Mode Control Register

4 3 H 1 0 | Addr 015

L
|T1\'I |

0—-0ad Parity
| B Ewan Parily
-] Disabls
Lopem
0~ 8 Bits/Char
1 =7 Bitw/Char
8~ § BitwiChar
| 1~ § BeinChae
O —=0 IMTR & ACVA ASTH Mode
=1 XMTR ASYM, RCVA S8
\ { 1 — X XMTR SA, RCVA ASYN

& ACVH Dhinbie
| 1 RCVR Enable
g XMTH Dissbls

1 EMTR Enmbis

Serial Communications Control Register
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Processor Status Register
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Underfiow Fleg
Fisg
| NWTR
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Interrupt Enable and Flag Registers




APPENDIX C
ADDRESS ASSIGNMENTS/MEMORY
MAPS/PIN FUNCTIONS

C.1 1/O AND INTERNAL REGISTER ADDRESSES

ADDRESS

(HEX) READ WRITE

Doi1F — - -
1E Lower Counter B Upper Latch B. Cnir B-—Latch B, CLR Flag
0 Upper Counter B Upper Latch B. Latch C—Laich B
1C Lower Counter B, CLRA Flag Lower Latch B.
18 —— —_—
1A Lower Counter A Upper Laich A, Crir A—Latch A, GLR Flag
19 Uppar Counter A Upper Lalch A
18 Lower Counter A, GLR Flag Lower Laich A
17 Sanal Apceiver Data Register Serial Transmiller Dala Fagisier
16 Sarial Comm, Status Register Serial Comm, S1als Heg. Bis 4 & 5 anly
15 Sanal Comm. Control Register Senal Comm, Conirol Registar
14 Mode Conitrod Ragister Mode Control Register
13 _— s
12 Internupt Enable Register interrupt Enable Register
11 Intermupt Flag Regster —

oo10 Read FF Clear Int Flag (Bits 0-3 only, Write 's only}
OF —
OE
oD
oc
0B RESERVED
0A
09 These addresses are reserved and are used by the CPU during Read and Writs
08 oparation over the external Data Bus (D0-07).
o7
06
05
0+ e
o3 Paori D Port D
a2 Part C Port C
o Por B Porl B

0000 Paori A Pori A




C.2 FULL ADDRESS MODE

MEMORY MAP
RE501Q
- " VECTOR
FEFC HES vECTOm
. Wal VECTOR
BE
LSER PROGRAM /
"rf IHTERHAL
S
/ REMUSTERS
'
l‘I.if
/ e
B £
INTERMAL FLAM (183 ! RESERVED
b ff L
RESEHWED r it
aF T VO PORTS &, B, €. 0
L e E

C.4 MULTIPLE FUNCTION PIN ASSIGNMENTS

—PORT C AND PORTD
PN FULL ADDRESS 10 PORT
NUMBER MODE FUNCTION
54 PCO PCO
55 PC PC1
56 PC2 PC2
57 PC3 PC3
58 PC4 PC4
59 PCS PC5
[T] A3 PCs
&1 Ald PCT
62 PDO PDO
63 PD1 PD1
B4 PD2 PD2
1 PD3 PD3
2 PD4 PDa
3 PD5 PD5
4 PDE PDE
5 POT POT




APPENDIX D
ELECTRICAL SPECIFICATIONS

Maximum Hit{rrgl

RATING SYMBOL .'I"ALI.IE UNIT
Supply Voltage Viee & Vi -031+70 Vdc
Input Voltage V. -03 o «70 Vi
Operating Temperature Ranga, Commarcial Oto =70 "
Storage Temperature Range Tiia -5510 +150 <

MNOTE: This device contains circuitry to protect the inputs against damage due 1o high static voltages; however, it is advised that normal
precautions be taken to avold application of any voltage higher than maximum rated voltages to this circuit,

D.C. Characteristics (V.. = 5V +5%; Vi = Ve Vas = 0; TA = 0 to 70°C)

CHARACTERISTIC SYMBOL MIN TYP MAX UNIT
Power Dissipation (Outputs High)

Commercial @ 0°C Py — TEQH 1100 mW
RAM Standby Voltlage (Retention Mode) Van 3.0 — Vee Vde
AAM Standby Current (Retention Mode) Ins midc

Commercial @ 25°C —_ 4 -

Input High Voliage {Except XTLI) Vi +2.0 - Vee Vdc
Input High Voltage (XTLI) Vi -4.0 - Vee Vide
Input Low Voltage Vi -0a — +0.8 Vdc
input Leakage Current (RES, NMIi) s =100 wAde

Vie = 010 5.0 Vde
Input Low Current PA, PB, PC, PD [ — -10 -1.8 mAde

V., = 0.4 Vdg)

Output High Voltage (Except XTLO) Vae -24 —_ Vee Ve

{hosa = 100 uAdc)

Output Low Voltage Vi -— — ~0.4 Vdo
fliea = 1.5 mAde)
Input Capacitance Ca pF

(Vin -0, T, = 25°C, { = 1.0 MHz)

XTLI, XTLO — — 50

All Others = — 10
IO Port Pull-Up Resistance

PAD-PAT, PBO-PBT, PCO-PCY A, 3g 6.0 11.5 Kil
Cuiput Leakage Curran

Tri-State 1/0's while in lout - - =10 pAde

High Impadance State
Qutput Capacitance

Tri-State 1'0's whila in G 0

High Impedance State ' PF

V=0V, TA = 25°C. | = 1.0 MHz

NOTE: Megative sign indicates outward cumant flow, positive indicates inward Now,
{1} at 25°C




APPENDIX E

TIMING REQUIREMENTS AND CHARACTERISTICS

E.1 GENERAL NOTES
1. Vee = 5V =5%, 0°C = TA = 70°C

E.2 CLOCK TIMING

1 MHz 2 MHz
2. A valid V.. — RES sequence is required before proper i i MIN | MAX | MIN | MAX
operation is achisved. Tk Cycle Time 1000 | 108 | 500 | 10 us
i ng r ar:;;a evels are DBV and 2.0V, unless Puise Widih g g
t ' XTLO = V85
4. All ime uniis are nanoseconds, unless otherwisa specified. Trwn Output Clock Pulse | Tewr: | Tewss | Tewnr | Temm
Width at  Minimum = 25 =20
5. All capacitive loading is 130p! maximum, excapt as nolad Tere
below: Ta. T Output Clock Hise, - 25 — 15
Fall Time
PC (IO Modes Dnly) —  50pl maximum Y ::.m Tima ’
PC (ABB and Mux Moda) — 130p! maximum
PCE, PCT (Full Address Mode) — 130p! maximum
I—': Tcﬂ:
| ) I-— T
XTL —XT_“
(XTLO = V) L
TF'I'III
-
(-] \
- T, —i] T




E.3 1/0, EDGE DETECT, COUNTERS, AND SERIAL I/O TIMING

1 MHz 2 Mz
SYMBOL FARAMETER
MIM [ MAX | MIM | MAX
Imernal Wnte o Peripherad Data Vakd
T PA, PB, PC TTL == 500 == 500
Tewm' PA, PB, PC CMOS — [0 | — |"1000
T PO — 175 | — 150
|Peripheral Dala Setup Timea
Tromw PA, FB, PC 200 — 200 =
Tresu PD 5 | — | —
Fenpheral Data Hold Teme
Toun P& PB.PC 5 — b =
Thes PO | — 10 -
Tiow PAI-PA3 Edge Delsct Pulse Width Tewe | = [Tewe | —
Counters A and B
T-:r* Pig PAS |r1|;ru1 Pulsg Wigth T[-r — '[-r_ —
Tea! Pad, PAS Outpul Delay = 500 | - 500
Fon B Laich Mode
Tonun FAD Strobe Putse Widih Teae - Test -
Toau PB Data Setup Time 175 _— 150 e
Toacn PB Data Hoid Time 30 - | —
Sanal 10
y A PAG XMTRA TTL = | s00| — [ 500
Teww™ | PAE XMTR CMOS — | w000 | — | 1000
Tem PA4 RCVA 5A Clock Widih AToe| — MTewe| —
Trawr* Pad MBTH Clock— SR Mode (TTL) - 500 | — 500
Tewn'™ PA4 XMTH Clock—5/H Mode (CMOS|| — e | = | 1000
MOTE 1: M. um Liosad Cap S0pF

Pasiive Pull-Up Fegquined

E.3.1 /O, Edge Detect, Counter, and Serial I/O Timing

ar -_\ ? (LT

Lt

Tere

P ot o

T

PE)-FR?
FE-BCT
Phe-BOT

Eoge Deiees
PRI AT

TiEew

3

A

il ]
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-

PaDFAT
PBE-PRT

b
MATEH MODE
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E.4 MICROPROCESSOR TIMING (D0-D7,
AD-A12, A15, SYNC, R/W)

1 MHz 2 MHz
YMBOL PARAMETER
¥ MIN | MAX | MIN | MAX
LN RW Setup Time — | 225 = 140
rung. AQ-A12, A15 Eﬂ'lm -— 150 — -1
Tirne
Tesy D0-07 Data Setup Time 50 | — kL -
Ten 0-D7 Read Hoid Time 10| — 10| —
Tum DO-D7 Write Hodd Time a0 - 0| —
T 1S5S M'n? '|'I'I'I'IE mlw! _— ! ?5 — ‘ﬂ
Delay
Tq.rn SYNC SHI-I'F - 225 _— 175
Tea AD-A12, A15 Hold Time J0 _— 30 —
| [ RW Hoid Tme | — | —
Te External Memory Access | — | T, — | Tagc
Tmme Tace  Teue=—Te—
TIID‘F_'TU‘I-I
Torm SYNC Hold Time | — n | —

E.4.1 Microprocessor Timing Diagram
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