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MC68705P3

Advance Information

§-BIT EPROM MICROCOMPUTER UNIT

The MC68705P3 Microcomputer Unit IMCU) is an EPROM member
of the MBBOS Family of low-cost single-chip microcomputers. The user
programmable EPROM allows program changes and lower volume

applications in comparison 1o the factory mask programimable versions.

The EPRCOM versions also reduce the development costs and turn-
around tme for prototype evaluation of the mask ROM versions. This
&-bit microcomputer contains 8 CPU, or-chip CLOCK, EPROM,
bootstrap ROM, RAM, /0, and a TIMER.

Because of these festures, the MCEBB706P3 offers the user an
economical means of designing an MB35 Family MCU into his system,
either as a prototlype evaluation, 8s a low-volume production run, of a
piiot production run.

HARDWARE FEATURES:
® B-Bit Architecture
112 bytes of RAM
Memory Mapped 1/0
1804 Bytes of User EPROM
intarnal 8-Bit Timer with 7-Bit Prescaler
= Programmable Prescaler
* Programmable Timer Input Modes
* Extornal Timer interrupt

> e s

Vectored Interrupts — External, Timer, and Software
Zero-Cross Detection on INT Input

20 TTL/CMOS Compatible Bidirectiona! /0 Lines (8 Lines are
LED Compatiblel

On-Chip Generator

Master and Power-On Raset

Complete Development Systemn Support on EXORciser
Emulates the MCOBOGPZ and MCB805P4 (Except for Vgl
Bootstrap Program in ROM Simpiifies EPROM Programming
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SOFTWARE FEATURES:

Simiar to ME8C0O Family

Byte Efficient Instruction Set

Easy to Program

True Bit Manipulation

Bit Test and Branch Instructions

Versatile Interrupt Handling

Versstile Index Register

Powerful Indexed Addrassing for Tables
Full Sat of Conditionat Branches

Memory Usable as Registers/Flags

Single Instruction Memory Examing/ Change
10 Powerful Addressing Modes

Al Addressing Modes Apply to EPROM, RAM, and 1/0
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HMOS

{HIGH-DENSITY, N-CHANNEL
DEPLETION LOAD,
& V EPROM PROCESS)

8-BIT EPROM
MICROCOMPUTER

t SUFFIX
CERAMIC PACKAGE
CASE 718

8 SUFFIX
CERDIP PACKAGE
ALSO AVAILABLE

PIN ASSIGNMENT

Vssl AESET
NTQ] PAT
Voo (d PAG
exTALL PAE
XTAL[Q PAL
vppl PA3
TIMER(] PA2
PCON FAL
PC1l PAD

dord n
ects
raol]
pe1]
pe2{]

PB7
PB6
P85
PB4
PB3

GENERIC INFORMATION
if=1.0 M~z Ta =010 76°C)

Package Type Generic Number

Ceramic
L Suffix MCBRTOBP3L

Cerdip
S Suffix MCBB7IEP3S

This document contans miarmation on 3 new product. Speaficatons and sniormation hergin
are sUbIECt 10 change without nojice
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BLOCK DIAGRAM
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MAXIMUM RATINGS
Rating Symbol Value Unit
Supply Voltage Yoo —031w0 +70 v
Input Voltage This device comains Circuitry (0 protect the in.
EPROM Programming Voltage (Vpp Pin Vpp ~0.3tw0 +220 Y puts against damage due to high static voltages
TIMER Pin or electne fields; however, it s advised that nor-
Normat Mode ¥in ~g3t0 +7.0 ¥V mal pracautions be taken to aved applicaton of
Bootstrap Programming Mode Yin ~{0.310 +15.0 v any voltage higher than maximum rated voltages
Al Others Vin -0310 +70 v to this high-mpegance circut. For proper opera-
Operating Temperature Rangs TA G to + 70 e tion 118 recommende;i that Vi, and V4 be con-
= Ty = strained 10 therange Vg g < Vin or Voutt =Vee.
Storage Temperature Range Tsg —oe et < Rehabiity of opesation is enhanced ¥ unused -
Junetion Temperature Ty +150 °C puts are ted 10 an appropriate logic voltage fevet
fa.g ., esthes Vg or Yool
THERMAL CHARACTERISTICS
Characteristic Symbol Vaius Unit
Thermal Resistance
Ceramic Package AT 50 *C/W

POWER CONSIDERATIONS

The average chip-junction temperature, T3, in °C can be obtained from:

Ty=Ta+{Ppeijal
Where:

T a = Ambient Temperature, °C
9 34 = Package Thermal Resistance, Junction-to-Ambient, *C/W

Pp=PiNT + PRORT

PiNT=ice x Ve, Watts — Chip internal Power
PpORT = Port Power Dissipation, Watts —~ User Determined
For most applications PpoRT<€PINT and can be naglected. PPORT may become significant if the device is configured to

drive Darlingtor bases or sink LED ioads.

An approximate relationship between Pp and T3 lif PpoRT is neglected! is:

Pp=K={T j+273°C}
Solving squations 1 and 2 for K gives:
K=PpelTa+273°C) + 4002

(%31

2}

3

Whaers K is a constant pertaining to the particuiar part. K can be determined from eguation 3 by measuring P {8t equilibrium}
for a known T a. Using this valus of K the values of Pp and T j can be obtained by solving equations (1) and {2} Reratively for any

vatue of Ta.
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PROGRAMMING OPERATION ELECTRICAL CHARACTERISTICS
(Ve =526 Vde $0.5, Vgg =0 Vde, Ta = 20° to 30°C unless otherwiss noted)

Charscteristic Symbol | Min | Typ | Max | Unt
Prograrmming Voltsge (Vpp Pin} Vep .0 210 22.0 v
Ypp Supply Current
Vpp=528V ipp - — 8 mA
Vep=210V - - 3
Programming Oscillator Frequency foscp 08 10 1.1 MHz
Bootstrap Programming Mode Voltage (TIMER Pin} i = 100 A Max ‘ ViIHTP 9.8 120 5.6 M

SWITCHING CHARACTERISTICS (Vo= +5.28 Vdo +£0.5 Vde, Vg =0 Vde, Tao=0° to 70°C unless otherwise noted)

Characterstic Symbot Min Typ Max Unit
Osealtator Fregquency
Normal fose 04 - 42 | Mz
instraction Cycle 1ime (87 1gse) teye 0.950 - 0 s
TNT or Timer Puise Width {See Interrupt Section) WL tWH | toye+ 250 - - ns
 RESET Puise Width tRWL oy + 250 — - ns
| RESET Delay Time (External Cap=1.0 gF) tRML 100 - - ms
INT Zero Crossing Detaction Input Frequency HINT 0.03 - 1.0 kHz
External Clock Duty Cycle (EXTAL) {Sea Figure 12) - 40 50 & %

ELECTRICAL CHARACTERISTICS (Vo= +56.25 vde +0.5 Vde, Vgg=0 Vde, Tp=0° to 70°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
input High Voltage
RESEY (4.752 Ve <5.75) 40 — vee
Voo <d.75) Veo 05 - Ve
WNT  4.7sVeesS5.78 Vi 4.0 ol Ve vV
Wee <4 75) vee-08 | *¥ vee
Alt Other 20 - Voo
input High Voltage {(TIMER Pint
Timer Mode ViH 20 - Voo v
Bootstrap Programming Mode 9.0 12.0 150
fnput Low Voltage
RESET ~0.3 08
Ny Vi ~03 *a 15 v
Adl Other ~0.3 — 08
interna Power Dissipation (No Port Loading, Ve =926V, TA=0°C) PingT - 450 TBO mW
Input Capacitance
XTAL i Cin - 2% - pF
All Other = 10 -
INT Zero-Crossing Voltage, through a Capacitor VinT 20 - 440 Vacp-p
T
RESET Hysteresis Voitage (See Figura 11)
Qut ot Reset Vollage VIRES + 2.1 - 4.0 v
Into Reset Voltage ViRES — 0.8 - 20
Programming Voltage (Vpp Pin
Programming EPROM Vpp* 0.0 210 20 v
Operating Mode 4.0 Voo 5.75
Input Current
TIMER (V=04 V) - ~ P-4
Nt (vip=04Ww - 20 50
EXTAL Vin=2.4 V to Voo Crystal Option} fin - - 10 rA
Vin=0.4 Vv Crystat Option} - - - 1600
RESET tv,,=08W ~4.0 - ~ 40
{External Capacitor Changing Current)

*¥pp is Pin 8 on the MCBSTUSPI and is connected 1o Vg in the Normal Operating Mode. in the MCBB05PZ, Pin 6 is NUM and is connected
to Vgg in the Normat Operating Mode. The user must slfow for this difference when emulating the MOBS05P2 ROM-basad MCU.

*¥Due to internal biasing, this input twhen not used! floats to approximately 20 V.
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PORT ELECTRICAL CHARACTERISTICS {vpe= +5.25 Vde £0.5 Vde, Vgg =0 Vde, TA=0° to 70°C unless otherwise noted)

Characteristic {Symbol | Min ] Tvyp | Max | Unit
Port A
Qutput Low Voltage, I aaq= 1.8 mA VoL - - 0.4 v
Output High Voltage, I gad = — 100 pA VoH 24 - Y
Qutput High Voltage, || gag= — 10 xA VoH Veo-1.0 - - v
input High Voltage, b paq= — 300 pA {Max} ViH 20 - Veg+0.7 v
input Low Volage, § 4aq= — 500 A tMax} Vi Vsg - 0.8 v
Hi-Z State Input Current V=20 V to V! i - -~ - 300 RrA
Hi-2 State input Cumrent tVin=0.4 V) M - - w500 #A
Port B
Quiput Low Voitage, 1y qad =32 mA ¥oL - - 04 v
Output Low Voltage, 1} gag= 10 mA (Sink} VoL - — 1.0 Y]
Output High Voltags, {| gaq= ~ 200 gA Vou 2.4 — v
Darlington Current Drive {Sourced, V=16V oM - 1.0 — — 10 mA
input High Vollage Vin 20 - Yoo +0.7 vV
input Low Voltags Wy Vgg — 0.8 \
Hi-Z State Input Current ) TSy e 2 20 &R
Port €
Cutput Low Voltage, I gag= 1.6 mA Vor - — 0.4 \'4
Qutput High Voltage, I aag= — 100 gA Vou 2.4 — - vV
- Input High Voltage Vi 2.0 - Ve +0.7 v
Input Low Voltage Vi ¥ss - 08 v
Hi-Z State Input Curvert 751 - 2 20 pA
FIGURE 1~ TTL EQUIVALENT TEST LOAD SIGNAL DESCRIPTION
{PORT B) The input and output signals for the MCU are described in
Vor=878V the following paragraphs.
MMDBIEC
Test or Equiv. § 1.5k Ve and Vgg — Power is supplied to the MCU using two
Paing T pins. V¢ is power and Vgg is the ground connection.
€7 MMD7000 INT — This pin allows an external event to asynchronously
] or Equiv. interrupt the processor. 11 can aiso be used as a polled input
. . using the BIL and BiH instructions. Refer to INTERRUPTS
€ =40 pf ftot ah - for additional information,
XTAL and EXTAL — These pins provide connections to
EIGURE 2 — CMOS EQUIVALENT TEST LOAD the on-chip ciock oscillator circuit. A crystal, a resistor, or an

{PORT A) external signal, depending on the CLK bit {see MASK OP-
TIONS), is connected to these pins 1o provide a system clock
scurce with various stability/cost tradeoffs. Lead lengths
Test RPoint and stray capacitance on these two pins shoultd be mini-

l 30 pF ttotall mized. Refer to INTERNAL CLOCK GENERATOR OPTIONS

for recommendations about these inputs.

]_.: TIMER — This is used as an external input to control the
internal limer/ circuitry. This pin also detects a higher voltage
level used to initiate the bootstrap program (see PROGRAM-
MING FIRMWARE). Refer to TIMER for additional informa-
tion about the timer circuitry.

FIGURE 3 — TTL EQUIVALENT TEST LOAD

{PORTS A AND C HESET — This pin has a Schmitt Trigger input and an on-
Vee=8.75V chip pullup. The MCU can be reset by pulling RESET low,
MMCEIR0 ~ Rafer to RESETS for additional information.
Test or EQUi‘L 2878
Point:i; " Vpp — This pin is used when programming the EPROM,

By applying the programming voltage 1o this pin, one of the
raquirements is met for programming the EPROM. In normal
operation, this pin is connected to V. Refer to PRO-

- GRAMMING FIRMWARE and ELECTRICAL
©=30 pF hotal) CHARACTERISTICS.

CoF S22 % mMDIN

or Equiy.

I L4
1|t
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INPUT/QUTPUT LINES {PAD-PA7, PBO-PB7, PCO-PC7,
PDO-PD7) — These 20 lines are arranged into two 8-bit ports
tA and BY and one 4-bit port {C). Al lines are programmable
as either inpuls or outputs. under software contrel of the
Data Direction Registers {DDRs). Refer to INPUT/OUTPUT
paragraphs for additionat information, being sure to observe
the Caution.

MEMORY

As shown in Figure 4, the MCU i3 capable of addressing
2048 bytes of memory and /O registars with its program
counter. The MUB805P3 MCU has implemented 2047 bytes

of these locations, This consists of: 1804 bytes of user
EPROM, 115 bytes of bootstrap ROM, 112 bytes of user
RAM, an EPROM Mask Option Register IMOR}, a Program
Control Register (PCRI, and eight bytes of I/Q. The user
EPROM is located in two areas. The main EPROM area is
memory locations $080 to $783. The second area is reserved
for eight interrupt/reset vector bytes at memory locations
$7F8 1o $7FF. The MCU uses nine of the lowest 16 memory
iocations for program controt and 1/ O features such as ports,
the port BORs, ang the timer. The Mask Option Register at
memory location $784 completes the total. The 112 bytes of
user HAM include up 1o 31 bytes for the stack.

FIGURE 4 — MEMORY CONFIGURATION

000 7 9 7 85 4 3 2 1 4Q
170 Ports Timer $600 0] Port A $000
Page Zero ;Xid 4 Part B 5001
Access ywih N . " ~ "
Short 12t (128 Bytes) $07F A1 ] ponc sz
INSTrLChions 138 Fage Zero S08G 3% Mot Used $003
tser EFROM
1128 Bytes) 4 Port A DDR* 004
255 e e j &
256 S Port B DUR* b
11 1 1 {PonnCDDR]S008
Main User Not Used s007
EPROM Tomer Data Reg S008
11668 Bytest
Timer Control Reg  J$009
Not Used SD0A
V] R — Programming s008
1024}  Mask Option Reg Contral Reg
1925 Bootstrap Not Usad $O0C-00F
ROM $010
. {115 Bytes) RAM
2038 {117 Rytest
2040 Tuner interrupt Stack
EOM s se— ———— 131 Bytes Maximumi
20428 External interrupt
interrupt LTS TR ————— $O7F
Vectors 2044 St
2045 Y e s s e e &
2046 Reset
2047 eoe

Caution: Data Direction Registers (DDRs) are write-only; they read as $FF

The stack area is used during the processing of interrupt
and subroutine calls to save the processor state. The register
contents ars pushed onto the stack in the order shown in
Figure 5. Becouse the stack pointer decrements during
pushes, the low order byte (PCL) of the program counter is
stacked first; then the high order three bits {(PCH) are stack-
ed. This ensures that the program counter is loaded correctly
during pulls from the stack since the stack pointer in.
crements during pulls, A subrouting call results in only the
program counter {PCL, PCH) contents being pushed onto
the stack; the remaining CPU registers are not pushed

FIGURE § — INTERRUPT STACKING ORDER

7 & 5 4 3 2.+ 0O Pyl
| Caondimon
a-dl 113 Cade Register (0t 1
a3 Accumulatot n+2
% index Ragister n+3
I TR PCH* n+d
“ PCL* n+5 ‘

Push
* Far subroutine calls, only PCH and PCL are stacked.
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CENTRAL PROCESSING UNIT

The CPU of the MEB0S Family is implemented in-
dependently from the 1/0 or memory configuration. Conse-
quently, it can be treated as an independem central pro-
cessor communicating with /0O and memory via internal
address, dala, and control buses,

REGISTERS

The MEB0S Family CPU has five registers available to the
programmer. They are shown in Figure 6 and are explained in
the foliowing paragraphs.

FIGURE 8 — PROGRAMMING MODEL

7 0

I_ A ] Accumulator
7 9

[ X ] Index Register

8]
} Program Counter

10 87 _
| pcH | PCL

i%]a]o]o{zf;? sP
4

0
i ] ! l l ’ Condition Code
HPTENGZIC Register

Carry/ Borrow

o
—] Stack Pointer

Zerg

— Negative

interrupt Mask

Half Carry

ACCUMULATOR (A}l ~ The accumulater is a general pur-
pose B-bit register used 1o hoid operands and results of the
arithmetic calculations or data menipulations.

INDEX REGISTER (X} — The index register is an 8-bit
register used for the indexed addressing mode. 1t contains an
8-bit value that may be added 10 an instruction value 1o
create an effective address. The index register can also be
used for data manipulations using read-modify-write instruc-
tions. The index register may also be used as a temporary
storage ares.

PROGRAM COUNTER (PC) — The program counter is an
11-bit register that contains the address of the next instrue-
tion to be executed.

STACK FOINTER {SP) — The stack pointer is an 11-bit
register that contains the address of the next iree location on
the stack. During an MCU reset or the Reset Stack Pointer
{RSP} instruction, the stack pointer is set to location $07F.
The stack poiner is then decremented as data is pushed on-
to the stack and incremented as data i$ then pulled from the
stack. The six most significant bits of the stack pointer are
permanently set t¢ 000011, Subroutines and interrupts may
be nested down to location $061 (31 bytes maximum!, which
allows the programmer 1o use up 10 15 levels of subroutine
calis less if nterrupts are slowsd).

CONDITION CODE REGISTER {CC} ~ The condition
code register is a 5-bit register in which four bits are used 10
indicate the results of the instruction just executed. These
bits can be individually tested by a program and specific ac-
tion taken as a result of thewr state. Each of the five bits is ex-
plained below.

Half Carry (H} — Set during ADD and ADC operations to
indicate that a carry occurred between bits 3 and 4.

fsterrupt {l — When this bit is set the timer and external
interrupt {INT} are masked (disabled}. If an wnterrupt cocurs
while this bitis set, the interrupt is latched and is processed
&5 $00n gs the interrupt bit is cleared.

Negative (N} —~ When set, this bit indicates that the result
of the last arithmetic, logical. or date manipulation was
negative {(bit 7 in the result is a fogical 17},

Zero (Z} — When set, this bit indicates that the result of
the last arithmetic, logical, or data manipulation was zero.

Carry/Borrow {C) ~ When set, this bit indicates that a
carry or borrow out of the arithmetic fogic unit {ALUY occur-
red during the last arithmetic operation. This bit is also af-
feciad during bit test and hranch instructions plus shifts and
rotates.

TIMER

The MCB8705F3 MCU timer consists of an 8-bit software-
programmabie counter which is driven by a 7-bit software-
programmable prescaler. Various timer clock sources may be
selected ahead of the prescalsr and counter, The timer selec-
tions are made via the Timer Control Register {TCR) and/or
the Mask Option Register IMOR). The TCH also contains the
interrupt control bits. The sections slsewhere entitled TIMER
CONTROL REGISTER and MASK OPTIONS include addi-
tional details on controlling this timer.

The MCU simer circuitry is shown in Figure 7. The 8-bit
counter may be loaded under program control and is
decremented toward zere by the oy counter input {output
of the prescaler option selection}. Once the 8-bit counter has
decremented to zero, it sets the TIR {Timer Interrupt Re-
quest) bit 7 (b7 of TCR). The TiM {Timer Interrupt Mask} bit
{bB} can be software set to inhibit the interrupt request, or
software cleared to pass the interrupt request to the pro-
cessor. When the I-bit in the Condition Code Register is
cleared, the processor receives the Timer interrupt. The
MCU responds to this interrupt by saving the present CPU
state on the stack, tetching the timer interrupt vector from
locations $7F8 and $7FS and executing the interrupt routine.
The processor is sensitive to the level of the timer interrupt
request ling; therefore if the interrupt is masked, the TIR bit
may be cleared by software {e.g., BCLR) without generating
an interrupt. When servicing a timer intarrupt, the TIR bit
MUST be cleared by the timer interrupt service routine soft-
wate in order to cigar the timer interrupt request

The counter continues to count (decrement} after falling
through to $FF from zero. Thus, the counter can be read at
any time by the processor without disturbing the count. This
allows a program 1o determine the length of time since the
occurrence of a tmer interrupt and do2s not disturb the
counting process.



FGURE 7 - TIMER FUNCTIONAL BLOCK DIAGRAM
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Mask Gpwon Register Bits:
CLK —Ciock Oscillator Yype
TOPT ~ Timer Mask/Progranmnable Option
CLS - Timer Clock Souwroe
P2, F1, PO~ Prescaler Option

Tuner Control Register Brs:
TiR — Timer interropt Requast Sratus
TiM - Timner Interrupt Mask
TN~ Timer input Seiect
TiE — Timer External inpus Enable
PSC~ Prescaler Clear
PS2. PS1, 280~ Prescaler Setect

oy~ Prescaler Input Frequency
{etn - Counter Input Frequency

NOTE. The TOPY nt i the Mask Oprtion Register seiects whather the timer is software programmable via the Timer Controt Register or
emias the mask programmable parls via the MOR PROM tyte.
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The clock input to the timer can be from an external
source {decrementing the counter occurs on a positive tran-
sition of the external source} applied to the TIMER input pin,
or it ¢an be the internal 2 signal, The maximum frequency
of a signal that can be recognized by the TIMER pin fogic is
dependent on the parameter labeled twi, twi. The pin
logic that recognizes the high state on the pin must also
racogrize the low state on the pin i order 10 “re-arm’™ the
internal logic. Therafore, the perod can be calculated as
follows: {assumes B0/60 duty cydle for a given pericd)

toye x 2 + 280 ns = period = freq

The periad is not simply twi + twH. This computation is
allowabte, but it doss reduce the maximum allowable fre-
quenty by defining an unnecessarily fonger period {250 ns
twicel.

When the ¢2 signal is used as the source, it can be gated
by an input applied to the TIMER pin allowing the user to
easily perform pulsa-width measurements. {Note: When the
MOR TOPT bit is set and the GLS bit is clear, an ungated ¢2
clock input is obtained by tying the TIMER pin to Voo ) The
source of the clock input is selected via the TCR or the MOR
as described later.

A prescaler option can be applied to the clock input that
extends the timing interval up 1o a maximum of 128 counts
before decrementing the counter. This prescaling option
selects one of eight outputs on the 7-bit binary divider; one
output bypasses prescaling. To avoid truncation errors, the
prescaler 1s cleared when bit b3 of the TCR is written 1o
logic 1", when in the software controlted mode (TOPT = Q,
more on these modes in later paragraphs); however, TCR bit
b3 reads as a logic 0" when TOPT=0 and as a """ when
TOPT = 1 to snsure proper operation with read-modify-write
instructions (hit set and clear for example).

At Reset, the prescaler ang counter are initialized to an all
18" condition; the Timer Interrupt Request bit {TCR, b7} i
cleared and the Timer interrupt Request mask {TCR, bl is
set. TCR bits b0, bt, b2, b4, and bb are initialized by the cor-
responding Mask Option Register (MOR] bits at Beset. They
are then software selectable after Reset if TOPT=0.

Note that the timer block diagram in Figure 7 reflects two
separate timer control configurations: a) software controlied
mode via the Timer Contro!l Register (TCRI, and b} MOR
controlied mode to emulate a mask ROM version with the
Mask Option Register. In the software controfled mode, all
TCR bits are read/write, except bit b3 which is write-only
talways reads as a fogic “0”). In the MOR controlied mode,
TCR bits b7 and bb are read/ write, the other six have no ef-
fect on a write and read as fogic "1s”. The two configura-
tions provide the user with the capability to freely select
timer options as well as accurately emulate the MCBBO5P2
and MUBB05P4 mask ROM version. In the foliowing para-
graphs refer to Figure @ as well a3 the TIMER CONTROL
REGISTER and MASK OPTIONS sections.

The TOPT {Timer Option} bit (b8} in the Mask Option
Register is EPROM programmed to a logical “0"' to select the
software controlled mode, which is described first. TCR bits
bb, b4, b3, b2, b1, and b0 give the program direct control of
the prescaler and input sefection options.

The Timer Prescaler input (fpin! can be configured for
three different operating modes, plus a disable mode,
depending upon the value written to TCR control bits bd and
b5 {TIE and TINJ.

When the TIE and TIN bits are programmed to "0, the
timer input i from the internal clock {62} and TIMER input

pin is disabled. The internal clock mode can be used for
periodic interrupt generation as well as a reference for tre-
quency and event measurerent

When TiE=1 and TIN=0, the internal clock and the
TIMER input pin signals are ANDed to form the timer input
fpin. This mode can be used to measure external pulse
widths. The external pulse simply gates in the internal clock
for the duration of the pulse. The sccuracy of the count in
this mode IS + one count,

When TIE=0 and TIN=1, no fp|y input is appled to the
prescaler and the timer (s disabled.

When TIE and TIN are both programmed to a *1”, the
umer is from the external clock. The external clock can be
used to count external events as well as provide an external
frequency for generating periodic nterrupts.

Bits b0, b1, and b2 in the TCR are program controfled to
choose the appropriate prescaler outpul. The prescaling
divides the ipiN frequency by 1. 2, 4, etc. in binary multiples
to 128 producing foiN frequency to the counter. The pro.
cersor cannot write into of read from the prescaler;
however, the prescaler is set to all 15" by writing b3 of TCR
to ¢ "1, which aftows for truncation-free counting.

The MOR controlled mode of the timer is selected when
the TOPT (Timear Option) bit (b6} in the MOR is programimed
to a logical 1" to emulate the mask-programmable presealer
of the MCBBO5PZ and MCBB0SP4. The timer circuits are the
same as described above; however, the Timer Control
Register (TCR) 1s contigured differently, as discussed below.

The logical level for the functions of bits b0, b1, b2, and b5
in the TCR are all determined at the time of EFROM pro-
gramming. They are controlled by corresponding bits within
the Mask Option Register (MOR, $784). The vaiue program-
med imto MOR bits 50, b1, b2, and bb controls the prescaler
division and the tmer clock selection. Bit bd {TIE! and b3
{PSC) are set to & logical “1” in the MOR controlled mode.
{When read by software, these six TCR bits always read as
logical "157.} As in the software programmable configura-
tion, the TiM (b6} and TIR (b7} bits of the TCR are controlied
by the counter and software as described above and in the
TIMER CONTROL REGISTER section. The MOR controfied
mode is designed to exactly emulate the MUBR0BP? and
MCBBOEP4 which has only TIM and TIR in the TCR and have
the prescaler options defined as manufacturing mosk
options.

RESETS

The MCU can be reset in two ways' by initial power-up
and by the external reset input (RESET! Upon power-up, a
gelay of tRHL is needed before aliowing the RESET input to
go high. This time allows the internal clock generator to
stabilize. Connecting a capacitor to the RESET input, as
shown in Figure 8, typically provides sufficient delay.

FIGURE 8 — POWER-UP RESET DELAY CIRCUIT

i
Yoo ——_;28
—N\A—
AESET - 1.0 uF

Part of
MCBR705P2
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The internat circuit connected to the RESET pin consists
of a Schmitt trigger which senses the RESET line logic level.
The Schmitt trigger provides an internal reset voltage when
it senses logical “0” on the RESET pin. During power-up,
the Schmitt rigger switches on {removes reset! when the
RESET pin vohage rises to VIRES + . When the RESET pin
voltage falls to a logical "0 for a period longer than one
toye. the Schmitt trigger switches off to provide an internal
reset voliags. The “switch off” voltage ocours 3t ViRES —
A typical reset Schmitt trigger hysteresis curve is shown in
Figure 9 See Figure 13 under INTERRUPTS for the com-
plate raset sequence

INTERNAL CLOCK GENERATOR OPTIONS

The internal clock generator circuil is designed to require a
minimum of external components. A crystal, a resistor, a
jumper wire, or an externa! signal may be used to generatz a
system clock with various stability/ cost tradeoffs. The Mask

Option Registar (EPROM} s programmed to select crystal or
resistor operation. The oscillator frequency is internally
divided by four 10 produce the internal system clocks.

The different connection methods are shown in Figure 10,

FIGURE 9 — TYPICAL RESET SCHMITT
TRIGGER HYSTERESIS

Tut
of Reset [

i Reset
OBV 2V 4V

FIGURE 10 — CLOCK GENERATOR OPTIONS

.__rs XTAL
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t I {Crystal Option, MOR
{Ses Now 2} = 1?=10, Ses Note 1}

Crystat
5
I e XKTAL
External ~ MCB3705P3
Clock EXTAL MCU
Input {Crystat Opron,
MOR b7 =0}

—

External Clock

NOTES:
1

A xTaL
MC63705P3
Hextar Mo
(R Opton,
MOR b7=1)

\_\__J‘“"\/

Approximately 26% to 80% Accuracy
Typicat toye=1.25 s
£xternal Jumper

Vee .
LaAA— S xraL
R
{See Figure 13} 4 MCEB8706R3
1 EXTAL MCU
No

Connection {RC Option..
MOR 07 =1}

ST

Approximately 10% to 25% Accuracy
{Exciudes Resistor Tolarance)
External Resistor

. When the TIMER input pin is in the VT range lin the bootstrap EPROM programming model, the crystal option is forcad. When the
TIMER input is at or below Vg, the clock generator oplion s determined by bit 7 of the Mask Option Register {CLK}.

2. The recommended O value with 8 4.0 MHz crystal is 27 pF maxdimum, including system distributed capacitance. There is an internal
capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MMz, the total capacitance on each pin should be
seated as the inverse of the frequency ratio. For example, with a 2 MMz crystal, use approximetely 50 pF on EXTAL end epproximately 25 pF
on XTAL, The exact value depends on the Motionah-Are parameters of the crystal used,
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Crystal specifications and suggested PC board tayouts are
given in Figure 11 A resistor selection graph is given in

Figure 12,
FIGURE 11 — CRYSTAL MOTIONAL-ARM

PARAMETERS AND SUGGESTED PC BOARD LAYOUT

fal
S
Ww_
EXTAL - s g X7
4 o
I
n
AT — Cut Paralief Resonance Crystal

Co=7 pfF Max.
Freq.=4.0MHz @ C =27 pF
Rg="50 ohms Max.

(bl
GHND
oy BF/10) Crysial

extaL [
xTAL [r—r,

E MCU

tel

Crystal o

NESENEEREREEN

NOTE: Keep crystal feads and circuit connections

as short as possible.

FIGURE 12 — TYPICAL FREQUENCY SELECTION
FOR RESISTOR OSCILLATOR OPTION

o
o
T

iHator Frequency (MHzZ]

Remstance tk

The crystal osciflator start-up time is a function of many
variables: crystal parameters {especially Rg), oscillator load
capacitances, IC parameters, ambient tempeiature, and
supply voliage. To ensure rapid oscillator start-up neither the
crystal characteristics nor the load capacitances should ex-
ceed recommendations.

BOOTSTRAP ROM

The bootstrap ROM contains a factory program which
allows the MCU to fetch data from an external device and
transfer it into the MCB8705P3 EPROM. The bootstrap pro-
gram provides: timing of programming pulses, timing of Vpp
input, and verification after programming. See PROGRAM-
MING FIRMWARE section.

MASK OPTION REGISTER {MOR)

The Mask Option Register is an B-bit user programmed
{EPROMI register in which six of the bits are used. Bits in
this register are used to select the type of system clock, the
tmer option, the tmer/prescaler clock source, and the
prascaler option. 1tis fully gescribed in the MASK OPTIONS
section.

INTERRUFTS

The MCEB706P3 MCU can be interrupted three different
ways: through the external interrupt {INT} input pin, the
internal timer interrupt request, or the software interrupt in-
struction {SWH. When any interrupt occurs: the current in-
struction {including SWI is completed, processing is
suspended, the present CPU state is pushed onto the stack,
the interrupt bit {1} in the Condition Code Register is set, the
address of the interrupt routine is obtained from the appro-
priate interrupt vector address, and the interrupt routine is
executed. Stacking the CPU registers, setting the -bit, and
vector fefching requires a total of 11 Toye periods for comple-
tion. A flowchart of the interrupt sequence is shown in
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Figure 13. The interrupt service routine must end with a
return from interrupt {RTH instruction which allows the CPU
10 resumea provessing of the program prior to the interrupt
{by unstacking the previous CPU state), Unlke .
hardware interrupts do not cause the current instruction
aexecution to be halted, but are considered pending until the
current instruction execution is complete,

When the current instruction 1s compiete, the processor
checks all pending hardware interrupts and, if unmasked,

proceads with interrupt processing; otherwise, the next in-
struction is fetched and executed. Note that masked inter-
rupts are latched for later interrupt service.

If both an external interrupt and a timer interrupt are pend-
ing at the end of an instruction execution, the external inter-
rupt is serviced first. The SWI is executed as any other in-
struction.

The external interrupt is intemally synchronized and then
iatched on the falling edge of INT. A sinuscidal input signal

FIGURE 13 — RESET AND INTERRUPT PROCESSING FLOWCHARY
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t
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{fiNT maximumi can be used 16 generate an external intet-
rupt, as shown in Figure 14(al, for use as a Zero-Crossing
Detector {for negative transitions of AC sinuscid). This
allows applications such as servicing time-of-day routines
and engaging/ disengaging AC power control devices, Off-
chip full-wave rectification provides aninterrupt at every 2ero
crossing of the AC signal and thereby provides a 2f clock.

For digital applications, the INT pin can be driven by a
digital signal. The maximum frequency of a signal that can
be recognized by the TIMER or TNT pin fogic is dependant on
the parameter labeled twi, tywH. The pin logic that
recognizes the high {or low! state on the pin must alse
recognize the low (or hight state on the pin in order 1o "re-
arm’’ the internal fogic. Therefore, the period car be
calculated as follows: {assumes B0/80 duty cycle for a given
periodh

i

toye x 2 + 280 ns = period = Trog

The period is not simply 1w + tywi. This computation is
allowable, but it does reduce the maximum alfowable fre-
quency by defining an unnecessarity longer period (280 ns
twicel. See Figure 14(b1. For the INT function, the maximum

sllowable frequency is also determined by the software
response of lhe'INT service routing.

A software interrupt {SWH is an executable instruction
which is executed regardless of the state of the i-bit in the
Condition Code Register. SWis are usually used as break-
points for debugging or as system g¢alls,

INPUT/QUTPUT

There are 20 input/output pins. The INT pin may be polled
with branch instructions to provide an additional input pin.
All pins on Ports A, B, and C are programmable as either in-
puts or outputs under software contrat of the sarresponding
Data Direction Register {DDR}. The port 1/ 0 programming is
accomptished by wriitng the correspending bit in the port
DDR to a logic 717 for output or 3 logic "0 for input. On
Reset afl the DDRs are inttighzed to a logic 707 state, placing
the ports in the input mode. The port output registers arg nol
initialized on Reset but may be wrilten to before setling the
DDR bits to avoid undefined levels. When programmed as
outputs, the latched oulput data is readable as input dats
regardiess of the fogic levels at the output pin due to output
loading; see Figure 15, When Port B is programmed for out’
puts, it 1s capable of sinking 10 mA and sourcing 1 mA on
each pin.

FIGURE 14 - TYPICAL INTERRUPT CIRCUITS

a — Zero-Crossing Interrupt

b — Digitak-Signat intarrupt

{Current
Limiting} MCEST ..
ae s CE8I0PE
input E"" N MCU
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ac inputa 10 Vacp,p

-~ ""M

vee
TTL 47k
Level 2 MCES705P3
Digrean INT MCU
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v

FIGURE 16 — TYPICAL PORT {/0 CIRCUITRY
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*DDR is write-only register and rezeds as alt ~1s™.

* *Boris B and C are three-state ports. Port A has internat pullup

devices 1o provide CTMOS drive capability. See Tlectrical
Characteristics tables for complets information.
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Al input/ output lines are TTL compatible as both nputs
and outputs. Port A fines sre CMOS compatible as outputs
whiie port B and C lines are CMOS compatible as inputs, The
memory map in Figure § gives the address of data registers
and DDRs. The Register configuration i3 providad in Figure
16. Figure 17 provides some examples of port connections.

Caution
The corresponding DDRs for ports A, B, and C are
write-only registers {registers at $004, 3005, and $006},
A read operation on these registers is undefined. Since
BSET and BCLR are read-modify-write functions they

cannot be used 1o set or clear a single DDR bit {all
“unaffected” bits would be set). It is recommended
that all DDR bits in a port must be written using &
singla-store instruction.

The latched output data bit (see Figure 15} may always be
written. Therefore, any write to a port writes all of its data
bits even though the port DDR is set to input. This may be
used to initiglize the data registers and avoid undefinad out-
puls;, however, care must be exercised when using
read-modify-write instructions since the data read cor
responds 1o the pin level if the DDR is aninput{”0") and cor-
responds to the latched sutput data when the DDR is an out-
put {171

FIGURE 18 — MCU REGISTER CONFIGURATION

POAT DATA REGISTER

Port & Addr = $000
Port & Addr= $001
Port C Addr=$002 {Bits -3

PORT DATA DIRECTION REGISTZR (DDRI
7 ¢

l _

{18 Wiite Only; teads as ail 1s
{2} 1= Qutput; 0= input. Cleared to O by Reset
13 Port A Addr = 3004

Port B Addr = 50056

Port C Addr = $008

TIMER DATA REGISTER (TOR}

§ MSE

Lse $008

TIMER CONTROL REGISTER (TCRI

7 8 5 4

2 1 3]

LI 11

[ T [ ] sme

See detail description in TIMER CONTROL REGISTER

secuon

PROGRAMMING CONTROL REGISTER (PCAI

7

3 2 1

l

¢
P ] Jswe

See detail description in ON-CHIP PROGRAMMING

HARDWARE section.

MASK OPTION REGISTER (MOR)

7 6 5 4

2 1 4]

Ll 1|

[ T 1] v

See getail description i MASK OPTIONS section.
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FIGURE 17 — TYPICAL PORT CONNECTIONS
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TIMER CONTROL REGISTER (TCR)

The configuration of the TCR is determined by the fogic
level of bit 8 {Timer Cption, TOPT! in the Mask Option
Register {IMOR}. Two configurations of the TCR are shown
below, one for TOPT=1 and the other for TOPT=0.

MCBE0BP4. When TPOT =0, it provides software control of
the TCR. When TOPT = 1, the prescaler “mask” options are
user programmable vis the MOR. A description of each TCR

bit is provided below {also see Figure 8 and TIMERL

b7 b6 5 b4 B3 b2 bt 80

T 2 A I N W

TCR with MOR TOPT = 1 {IMCB305P2/ P4 Emulation!

b7 b6 B8 B4 b3 b2 Bt B0

[ nﬁl T§M[ TIN [ TIE lpsc*l PS2 ‘ PS1 ] PSO}

TCR with MOR TOPT = 0 {Sottwere Programmabie Timer!

* = writg only, reads as a zero

b7, TIR

b, TiM

b5, TIN

Timer interrupt Request— Used to initiate the
fimer interrupt or signal a timer Data Register
underflow when it is a iogical "1".

1= Set when the Timer Data Register changes
o all zeros.

Q= Cleared by external reset or undsr program
contiol.

Timer interrupt Mask—Used 1o inhibit the
timer interrupt, 10 the processor, when it is a
logical 1.

1=Set by an external reset or under program
control
0= Cleared under program control.

External or Internal— Sslects the input clock
SOUICE o be either the external TIMER pin {77
or the internal ¢2.

t= Selects the external clock source
0= Selects the internal ¢2 (fggc+4} clock
source

Register $009

Timer Conteal
Register $009

b4, TiE

External Enable— Used 10 enable the external
TINIER pin (7} or to snable the intemal clock {if
TIN=0) regardiess of the external timer pin
state (disables gated clock featursl. When
TOPT=1, TIE is always a logical "'1".

¥ = Enables external umer pin.
0= Disables externa! timer pin.

TIN-TIE Modes

TIN TIE

CLOCK

a 4 Internal Clock {2}

e
ey

Gated (AND} of External and
internal Clocks

No Clock

External Clack

b3, PSC

b2, PS2
bi, P51
00, PSO

Prescaler Clear — This is g write-only bit. It reads

and BCLR on the TCR function correcty.
Writing & “1” into PSC generates a pulse which
clears the prescaler. {When TOPT =1 this bit is
always read as a logical 1" and has no effect on
the prescater.}

Prescaler Select— These bits are decoded to
select one of eight oulpuls on the timer
prescaler. The table below shows the prescaler
division resulting from deceding thess bits.

@
]

X
%]
=
©
o
3

Prescaler Division

- ) AT O D

1 {Bypass Prescaler!
2

4

2

18

3z

64

128

. DL e - DR
-k KD e KD e (D s (D

Note

When changing the PS2-PSO bits in software, the
PSC bit should be written to a 17 in the same write
cycle 1o ciear the prescaler. Changing the PS bits with-
out cleanng the prescaler may cause an extraneous

toggle of

the Timer Data Register.
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MASK GPTIONS

The MCE8705P3 Mask Option Register is implemented in
EPROM. Like all other EPROM byles, the MOR contains ali
zeros prior to programming.

When used to emulate the MCB805P2 or MCBB0SPS, tive
of the sight MOR bits are used in conjunction with the
prescater. Of the remaining, the b7 bit is used to select the
type of oscillator clock, and bits b3 and b4 are not used. Bits
80, b1, and b2 getermine the division of the Timer prescaler.
Bit b6 determines the Timer clock source. The value of the
TOPT bit (b6} is programmed 1o configure the TCR (a logic
17 for MOBRDSEPZ/ P4 emulation).

if the MOR Timer Option {TOPT) bitis 2 0, bits b5, b4, b2,
b1, and b0 set the initial value of their respective TCR bits
during reset. After initialization the TCR is software con-
trolable,

A description of the MOR bits is as follows:

Y ] bs b b3 02 bt o0

Mask Option

cicfrorfas| | [ ez | er [ eo | negsersima

07, CLK Ciock Oscillator Type
t=RC
0= Crystal

Note

Viute on the TIMER pin (7} forces the crystal mode.

b6, TOPT Timer Option

1= MCEBBO5PZ/ P4 type timer/ prescaler. All bits,
exoept 6 and 7, of the TimerControf
Register {TCR) are invisible to the user. Bits
5, 2, 1, and © of the Mask Option Register
determine the egquivaient MUCBBOBPZ/P4
mask options.

0= All TCR bits are implemented as 3 Software
Pragrammable Timer. The stste of MOR bris
5. 4, 2, 1, and 0 sets tha initial values of their
respsctive TCR bits {TCR i3 then software
contolled after initialization}

b8, CLS Timer/Prescaler Clock Source
1= Externat TIMER pin.

O = Intarnal @2

b4 Not used # MOR TOPT=1 (MCB805P2/P4
emuiation}. Sets initial value of TCR TIE if
MOR TOPT=0.

b3 Not used.

bZ, P2
bl, P
0, PO

Prescaler Option—the logical levels of these
bits, when decoded, select one of eight outputs
an the timer prescaler. The table below shows
the diwvision resulting fram decoding combina-
tions of these three bits.

P2 P1
g

-
L}

Prescaier Division
1 {Bypass Prescaler!
2
4
8
18
32
&4
128

K2 £33 G

L ek e (e 0D

e ki
o]

Two examples for programming the MOR are discussed
below.

Ta emulate an MCBBOBP2 to verfiy your pro-
gram with an RC oscillator, and an event count
input for the timer with no prescaling, the MOR
would be set to "T1THI0007 . To write the MOR,
it is simply programmed as any other EPROM
byte.

Example 1

Example 2 Suppose you wish to use the MC88Y08P3 pro-
grammable prescaler fundtions, and vou wish
the initial condition of the prescaler to be divid-
ed by 64, with the input disabled and an internal
clock source. if the clock oscillator was tobe in
the crystal mode, the MOR would be set to
"O0001110.

ON-CHIP PROGRAMMING HARDWARE

The Programming Control Register (PCR} at location $00B
is an 8-bit register which utilizes the three LSBs (the five
MSBs are set to togic 18}, This register provides the
necessary control bits 1o allow programming the MCE8705P3
EFROM. The bootstrap program manipulates the PCR when
programming, so that users need not be concerned with the
PCR in most applications. A description of each bit follows.

o b6 b5 o b3 b2 ot b0 Program

! ! l ! l ! [ i [ 1 VPONl ;TG_EI;TL‘E Control
Ragister $008

b0, FLE Programming Latch Enable~ When cleared this
bit aliows the addrass and dats to be latched in-
10 the EPROM. When this bit is set, data can be
read from the EFROM.

1=1iset} read EPROM

O=iclear’ latch address ang dawla into
L EPROM {read disabled)
PLE is set during a Resaet, but may he cleared
any time. However, its effect on the EPROM is

inhibited if VPON is a logic 17

bl, PGE  Program Enable—When cleared, PGE enables
programming of the EPROM. PGE can anly be
cleared 1f PLE 15 cleared. PGE must be set when
changing the address and data; i.e., setting up
the byte to be programmed.
1= {set) inhibit EPROM programming
0= {clear} anable EPROM programming lif
PLE is fow)
PGE is set during a Reset, however, it has no
effect on EPROM circuits if VPON 15 a fogic
qee
b2, VPON {Vpp ONI - VPON is a read-only hit and when at
a logic "0 it indicates that a2 “high voltage” is
present at the Vpp pin.
1= no "high voitage” on Vpp pin
O="igh voltage’™ on Vpp pin
VPON being “V" “disconnects” PGE and PLE
from the rest of the chip, preventing accidentat
clearing of these bits from effecting the normal
operating made.
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Note
VPON being "'0”' does not indicate that the Vpp
tavel is correct for programming. is used as a
safety interlock for the user in the normal
operating mode.
The Programming Controd Register functions are shown
below.

PLE
0
4]
0

Programming Conditions
Programming mode {program EPROM byte!
PGE and PLE disabled from system
Programming disabled (latch address ang

data in EPROM}
FGE and PLE disebled from systemn
invahd state; PGE=0 iff PLE=O
invalid state; PGE=0 ift FLE=-0
“High voltage” on Vep
FGE and PLE disabled from system
{Operating Mode)

PGE
0
¢

P e I
[ 3

ERASING THE EPROM

The MCBB706P3 EPROM can be erased by exposure 1o
high-intensity utraviolet {UV) light with a wavelength of

2537 A. The recommended integrated dose (LIV intensity x
expostire timel is 25 Ws/cm<. The lamps should be used
without shortwave filters and the MCB8706P3 should be
positioned about one inch from the UV tubes. Ultraviolet
erasure clears all bits of the MCE8706P3 EPROM to the "0
state. Data is then entered by programming 13" into the
desired bit locations.
Caution

Be sure that the EPROM window is shielded from light
sxcept when erasing. This protects both the EPROM
and light-sensitive nodes.

PROGRAMMING FIRMWARE

The MC68705P3 has 115 bytes of mask ROM containing a
bootstrap program which can be used to program the
MCO8708P3 EPROM. The vector at addresses $7F6and §7F7
is used to start executing the program. This vectaor is fetched
when ViHTp 15 applied to pin 7 {TIMER pind ot the
MCBR705P3 and the BESE! pin is allowed to rise sbove
VIRES + - Figure 18 provides & schematic diagram of a cireuit
and a summary of programming steps which ¢an be used to
program the EPROM in the MCG8705P3.

FIGURE 18 — PROGRAMMING CONNECTIONS SCHEMATIC (HAGRAM

Summary of Programming Steps:
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IN4TA2A & Vpp=+21V +1V
vee

1. When plugging in the MCE8706P3 or the MCMZ716, be sure that St and 52 are closed and that V¢ and + 26 V are not apphed.
2. Yo initiate programming, be sure §1 s closed; 82 is closed; and Vo and + 26 V are applied. Then open S2. tofiowed by St
3. Before removing the MCBB708P3, first close 52 and then close S1. Disconnect Vo and + 26 V, then remove the MCBB705F3
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PROGRAMMING STEPS

The MCMZ7186 UV EPROM must first be programmed with
an exact duphicate of the information that s to be transferred
1o the MLE8708P3. Non-EPROM addresses are ignored by
the bootstrap. Since the MCGB705P3 and the MCM2716 are
1o be inserted and removed from the circuit they shouid be
mounted in sockets. In addition, the precaution below must
be observed {refer to Figure 18§

Caution
Be sure §1 and §2 are closed and Vg and + 28V are
not applied when inserting the MC88705P3 and
MCM2716 into their respective sockets. This ensures
that HESET is held low while inserting the devices.

VWhen ready to program the MCEB705P3 i1 is only
necessary 1o provide Vog and +26 V, open switch 52 (1o
apply Vep and VinTR!, and then open 87 {to remove Reset).
Once the voltages are applied and both 52 and S1 are open,
the CLEAR output control line (PB4} goes high and then low,
then the 11-bit counter (MC140408) s clocked by the PB3
output (COUNT}. The counter selects the MCM2716 EPROM
byte which & 0 Ibad the equivalent MCEE70SP3 EPROM
byte selected by the bootstrap progrsm. Once the EPROM
location is loaded, COUNT clocks the counter 1o the next
EFROM location. This continues until the MCE8705P3 is
completely programmed a1 which time the Programmed in-
dicator LED is lit. The counter is cleared and the loop is
repeated to verify the programmed data. The Veritied in-
dicator LED tights if the programming is corract

Once the MCBB706P3 has been programmed and verified,
close switch S2 {to remove Vpp and ViqTpl and close
switch 81 {to Reset), Disconnect +26 V and Vg, then
remove the MCBR705F3 from its socket.

MCEBO5PZ AND MCE805P4 EMULATION

The MCBE705P3 emulates the MCBEOEPZ ang MCBRUEPA
“exactly.” MCBBOSPZ/ P4 mask features are implemented n
the Mask Option Register {MCR} EPROM byte on the
MMCER70EPE. There are a few minor exceptions to the exact-
ness of emulation which are listed below:

1. The MCEBOSP2 "future ROM' area is implementad in
the MCEBE705P3 and these 704 bytes must be left un-
programmed to accurately simulate the MCH805P2/ P4,
{The MCBRIBPZ/ P4 reads all 08" from this area.}

2. The reserved ROM areas in the MCEBBOEPZ/P4 and
MCEB705P3 have ditferent data stored in them and this
data i5 subyect to change without notice The

MCOBOBPZ uses the reserved ROM for the self-check
feature and the MCEB705P3 uses this area for the
bootstrap program.

3. The MCBBOSPZ reads all ~18™" in its 48 byle “future
RAM arza. This RAM is not implemented in the
MCBBO5FPZ mask ROM version, but is implemented in
the MCBB705P3 and MCE8705P4.

4, The Vpp line [pin 6} in the MCB8705P3 must be tied to
Vee for normal operation, In the MCB80BPZ, pin 6 is
the NUM pin and is grounded in normal operation. The
MCGE05PA uses pin B for Vg which is normaliy tied to
Vo, as with the MCB8705P3.

5. The LV! feature s not availsble in the MCEE7DEP3,
Processing differences are not presently compatible
with proper design of this feature in the EPROM ver-
SO,

6. The function in the Non-User Made is not identical o
the MCBBOSF2/ P4 version. Therefore, the MCEB705P3
does not function in the MEXG805 Support System. In
normal operation. all pin functions are the same ag on
the MCEBOBP2/ P4 version, except for pin 6 as previous-
Iy noted.

7. The MCE805P4 provides a standby RAM festure which
is not available on the MCBB706P3.

The operstion of all other circuitry has been exactly
duplicated or designed to function exactly the same in both
devices including Interrupts, Timer, Data Ports, and Data
Direction Registers (DDRs}. A stated design goa! has been 1o
provide the user with a sale mnexpensive way 1o verity his
program and system design before committing 1o a factory
programmad ROM.

SOFTWARE
BIT MANIPULATION

The MCB8705P3 MCU has the ability 10 st Or clear any
single random-access memory of input/output bit {except
the Data Direction Register, see Caution under INPUT/OUT-
PUT paragraphl, with a single instruction {BSET, BCLR).
Any bit in the page zero memory can be tested, using the
BRSET and BRCLR instructions and the program branches
as a result of its state. The Carry bit squais the value of the
bit referenced by BRSET and BRCLR. A Rotate instrustion
may then be used to accumulate serisl input data in a RAM
focation or ragister. This capabiiity t0 work with any bit in
RAM, ROM, or I/0 allows the user 10 have individual flags in
RAM or to handie /0 bits as controt tines. The coding exam-
pie in Figure 19 ilustrates the usefulness of the bit manipuls-
tion and test instructions. Assume that the MCU is to com
municate with an external senal device. The external device

FIGURE 18 — BIT MANIPULATION EXAMPLE

READY
P
Serial ‘_&;I_t_:«i___‘1 g
3
A

Dawa

SELF BRSET 2Z,PORTA,SELF

BSET 1,PORTA

BRCLR (,PORTA,CONT
CONT BCLR 1, PORTA

ROR RAMLOC

-
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has a data ready signal, a data cutput line, and a clock line to
clock data one bit at a time, LSB first, out of the device. The
MCU waits until the data is ready, clocks the external device,
picks up the data in the Carry flag (C-bit), clears the clock
tine, and finally accumuiates the data bit in 3 RAM location.

ADDRESSING MODES

The MCBB705P3 MCU has 10 addressing modes which are
expiained briefly in the following paragraphs. For additional
details ang graphical lustrations, refer to the MBROS Family
Users Manual.

The term "effective address™ (EA) is used in describing the
addreasing muodes. EA is defined as the address from which
the argument for an instruction s fetched or stored,

IMMEDIATE - in the immediate addressing mode, the
operand is contained in the byte immediately following the
opcode. The immediate addressing mods is used to access
constants which do not change during program exscution
{e.g.. a constant used 1o initislize a loop counter).

DIRECT — in the direct addressing mode, the effective ad-
dress of the argument is contained in a single byte following
the opcode byte. Direct addressing allows the user to direct-
ly address the lowest 266 bytes in memory with a single
2-byte instruction. This address area includes alf on-chip
RAM, 1/C registers, and 128 bytes of EPROM. Dirsct ad-
dressing is an effective use of both memory and time.

EXTENDED — In the extended addressing mode, the ef-
fective address of the argument is contained in the two bytes
following the opcode. Instructions using extanded address-
ing are capable of referencing arguments anywhere in
memory with a single 3-byte instruction. When using the
Motorola assembler, the programmer need not specify
whether an instruction uses direct or extended addressing.
The assembler automaticatly selects the shortest form of the
instruction,

RELATIVE — The relative addressing mode is only used in
branch instructions. in relative addressing, the contents of
the 8-bit signed byte foliowing the opcode {the offsat) is add-
ed to the PC, if and only if, the branch condition is true.
Otherwise, control proceeds to the next instruction. The
span of relative addressing is from — 126 to + 129 from the
opcode address. The programmer nesd not worry about
salculating the correct offset when using the Motorols
assernbler, since it calculates the proper offset and checks 1o
see if it is within the span of the branch.

INDEXED, NO OFFSET — In the indexed, no ofiset
addressing moda, the effective address of the argument is
contained in the 8-bit index register. Thus, this addressing
mode can access the first 256 memory locations. These in-
structions are only one byte long. This mode is often used 1o
move a pointer through a table or to hold the address of 2
frequently referenced RAM or 1/O location.

INDEXED, 8-BIT OFFSET — In the indexed, 8-bit offset
addressing mode, the effective address is the sum of the
contents of the unsigned 8-bit index register and unsigned
byte tollowing the opcode. This addressing mode is usefut in

selecting the kth element in an n elernent table. With this
2-byts instruction, k would typically be in X with the address
of the beginning of the table in the instruction, As such,
tables may begin anywhere within the first 256 addressable
locations and could extend as far as location 510 ($1FE is the
last location at which the instruction may begin}.

INDEXED, 168-BIT OFFSET ~ In the indexed, 16-bit offsat
addressing mode, the effective address is the sum of the
contents of the unsigned 8-bit index register and the two un-
signed bytes following the opcode. This address mode can
be used in a manmer similar to indexed, 8-bit offser, except
that this 3-byte instruction alfows tabies 1o be anywhere in
memory. As with Direct and Extended addressing, the
Motorola assembler determines the shortest form of indexed
addressing.

BIT SET/CLEAR — in the bit set/clear addressing mode,
the bit 1o be set or cleared is part of the opcode and the byte
following the opcode specifies the direct address of the byte
in which the specified bit is to be set or cleared. Thus, any
read/ write bit in the first 256 locations of memory, including
t/Q, can be selectively set or cleared with a single 2-byte in-
struction. See Caution under the INPUT/QUTPUT
paragraph.

BIT TEST AND BRANCH — The bit test and branch
addressing mode is a combination of direct addressing and
relative addressing., The bit which is to be tested and the
condition {set or ¢lesr! is included in the opcode, and the
address of the byte to be tested is in the single byte im-
mediately following the opcode byte. The signed relative
8-bit offset is in the third byte and is added to the value of the
PL. if the branch condition is trus. This single 3-byte instruc-
tion allows the program to branch based on the condition of
any readsble bit in the first 256 locations of memory. The
span of branching is from — 125 to + 130 from the opcode
address. The state of the tested bit is also transferred to the
Carry bit of the Condition Code Register. See Caution under
the INPUT/QUTPUT paragraph.

INHERENT — In the inherent addrassing mods, afl the in-
formation nacessary 10 execute the instruction is containgd
in the opcode, Operations specifying only the index register
dr aceurnulator, as well as control instruction with na other
arguments, are included in this mode. These instructions are
one byte long

INSTRUCTION SET

The MCBB705P3 MPU has a set of 59 basic instructions,
which when combined with the 10 address modes produce
207 usable opcodes. They can be divided into five different
types: regisier/memory, read-modify-write, branch, bit
manipulation, and contral. The foliowing paragraphs briefty
explain sach type. All the instructions within a given type ara
presented in individuat tables.

REGISTER/MEMORY INSTRUCTIONS — Most of these
instructions use two operands. One operand is either the ac-
cumulator or the index register. The other operand is obtain-
ed from memory using one of the addressing modes. The
jump unconditional (JMP} and jump to subroutine {JSR) in-
structions have no register operands. Refer to Tabie 1.
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READ-MODIFY-WRITE INSTRUCTIONS These in-
structions read a memory focation or a register, modify or
test its comtents, and write the modified value back to
memory of 1o the register {(see Caution under INPUT/QUT-
PUT paragraph). The test for negative or zero (TST) instruc-
tion s included in the read-modify-write instructions, though
it does not perform the write, Reler to Table 2.

BRANCH INSTRUCTIONS — The branch instructions
cause & branch from the program when a certain condition is
met. Reter to Table 3.

BIT MANIPULATION INSTRUCTIONS — Thase instruc-
tons are used on any bit in the first 256 bytes of the memory

isec Caution under INPUT/QUTPUT paragraphi. One group
either sets or clears. The other group performs the bit and
test branch operations. Reler to Table 4

CONTROL INSTRUCTIONS - The contrgl instructions

control the MCU operations during program execution.
Refer to Table 5.

ALPHABETICAL LISTING — The complete instructian set
i3 givent in aiphabetical order it Table 6

OPCODE MAP SUMMARY — Table 7 s an opoode map

. for the instructions used on the MCU.

TABLE 1 ~ REGISTER/MEMORY INSTRUCTIONS

Agdressing Modes
tndexed tndexed tndexed
immediste Direet Fuended Mo GHeey 18- Bit Offset] {16 Bit Otfaet)
Qpi # L] Op # # Op | ¥ # Op | » ] Op i = = oP i # £
Fi M Codel Bytest Cyctes | CourjBytes | Cycles | Codel@ytes | Cycles | Code [Bytes| Cyoias | Code [Bytes Cycles | CodeiBytes | Cycles
L0ad & trom Kemory LOA Ag 2 2 BEO s 4 o] 3 8 e 1 4 E6 2 5 D8 3 &
toud X from Memgry [§+13 AE 2 2 BE Z 4 CE 3 5 FE 1 4 33 2 L} DE 3 &
Store &on Memopry BTA 57 2 S c7 3 [} £V 1 5 £7 2 ) 07 3 7
Store X in Memory 8TX — - - aF < [y CF 3 & FF H 5 £F by & DF 3 7
Acd Memory 10 A ADD | AB | 2 7 EREE 2 CB | 3 5 F8 {1 4 {82 5 08 | 3 &
Add Memory and
Carry 1o A AQC AY 2 4 [ix:] 2 4 = 3 b Fg 3 a E9 Z 5 53 3 &
Sublract Memory SUB AQ 2 4 80 ¥ 4 s} X a £ 1 & (39 2 5 o0 3 6
Subtract Memary from
A waith Borrow 5B a2t 2 z B2 | 3 L] cz i 3 5 £2 4 4 £2 | 2 Z o2 | 3 &
AND Memory to A AND Ad 2 2 gt {2 4 [of 2 S 5 £4 1 4 €4 2 § Da |3 5
08 Memary with A QORA Af Y 2 2 Ba 2 4 Ca 3 8 FA 1 4 EA 2 5 DA 3 &
Exclusive R Memory
win A& e0R A 2 2 BE 2 a CE 3 ] F8 1 4 £8 2 5 ng {3 &
Asthmetic Compdes A )
with Memory Cae Al 3 ¢ Ri 2 4 ct 3 5 F1 1 i Et 2 5 [s3) 3 §
Artthonete Comparg X
with Mermory CPX A3 2 2 B3 2 & €3 3 5 3 3 4 £3 2 5 D3 3 &
Bir Tesr Memory with
A 4t ogicat Compsre) air AL ? 2 BS 2 a s K} 5 fs 1 2 29 Z 5 o) 32 &
Jump Uncenditional MNP 8r 2 3 faled 3 4 FC 1 3 [3§) 2 A oL 3 &
Juimp e Sutnouine JSR 80 z H o6 3 8 D 1 7 £Q 2 8 Db E g
TABLE 2 — READ-MODIFY WRITE INSTRUCTION
Addressing Modes
indexed indexed
Inherent (A} Inherent X} Drirect INo Otfset) {8 8it Oftset)
Op # ¥ Op # o Op # # Op & ¥ Op # #
Funetion M CodelBytes] Cycies | CodeiBytes| CyclesjCodelBytes| Cycies | CodeiBytes | Cycles | Dode{Bytes| Cycles
Inererment NG ac 1 4 ¢ 1 4 3¢ 2 8 ¢ 1 5} 60 2 7
Decrement DEC 4n 1 4 5A 1 4 34 2 & 74 1 8 BA 2 7
Clear CLR 4f 1 4 SF 1 4 3F 2 & i i [ 33 2 7
Complemant COM 43 1 4 53 1 4 33 2 8 73 1 [ 63 2 7
Negate
{2's Complement) NEG a0 i 1 4 50 | 1 4 L3} 2 8 0] 1 6 60 | 2 7
Rotate Left Thru Carry ROL 49 1 4 59 1 4 39 2 & 79 1 8 89 2 7
Rotate fight Thry, Carry RO a6 1 4 58 1 4 14 2 8 78 1 8 €6 2 7
Logicat Sttt Leh LSL 48 1 4 58 1 4 38 F 8 8 1 8 &8 2 7
Logical Shult Right i5R 44 1 4 %4 1 4 34 2 & 74 1 & &4 2 b
Anthmetic Studt Right ASR 47 t 4 57 1 4 37 2 6 77 1 6 87 2 7
Test for Megalive
or Zeso 57 4D 1 4 50 1 4 30 2 € Kis 1 & 60 2 7
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TABLE 3 — BRANCH INSTRUCTIONS

Refative Addressing Made
Function Mnemanic | 00 Byins Cyelns
Branch Always BRA il 2 4
Branch Mever BRN 23 2 4
Branch {FF Nigher BHt x 2 4
Branch {FF Lower or Same BLS 23 2 4
Branch iFF Carry Clear 8cC 24 2 4
{Branch {FF Higher or Samef {@HS! 24 3 4
Branch IFF Carry Set BCS ) 2 4
{Branch IFF Lower! BLO) 5 2 4
Branch IFF Mot Equat BNE 3 2 ]
Branch IFF Equst BEQ 27 2 4
Branch IFF Half Carry Clear BHCC 8 2 4
Branch IFF Half Carry Set BHCS 28 2 4
Branch IFF Plus BFL A 2 4
Branch IFF Minus BAtY 28 2 4
Branch IFF Interrupt Mask Bit s Claar ‘BMC 2C < 4
Branch IFF Interrupt Mask 8it s Set BMS 2D 2 4
Branch FF Interrupt Line is Low BiL 2E 4 4
Brangh IFF Interrupt Une is High BiH 2F 2 4
“Branch to Subrouting BSR AD 2 8

TABLE 4 — BIT MANIPULATION INSTRUCTIONS

Addressing Modes
Bit Set/Clear 8t Tesat and Branch
Function Mremonic e Bv’:aa Cy:hs o B\:as cv;es
Branch IFF Bit nis sety BRSET n in = 0. .7} — 2en 3 10
Branch IFF 8t nis Cear { BRCLR n il = .. 78 - - - Ot 4+ 2en 3 10
\ SetBitn BSET nitn = 0.7 0+ 2*n Z 7 - -
Ciear Bit o BURnin= {7} 1+ 2en 2 7 - — -
TABLE 5 ~ CONTROL INSTRUCTIONS
inhsrent
Function Mnsmonic ngo By'tu Cy:les

Transfer A 1o X TAX 97 1 2

Transter X 10 & TRA 9F 1 2

Set Carry 8it SEC o9 1 2

Claar Carry Bit CLg S8 1 prd

Set Interrupt Maskc git SE 98 1 2

Lieat Interrupt Mask 8ir Cit A 1 2

Sothware interrupt Swi 83 1 11

Retusn from Subroutine RTS a1 i B

Return from Interrupt ) AT a0 1 [

Reset Stack Pointer RSP ac H 2

No-Operation NOP keis} 1 2
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TABLE 6 — INSTRUCTION SET

Addressing Modes Condition Codes
Bit Bit
incexed indaxsd | indexed | Set/ | Test &

Mnemonic | inherant | immediate | Oirsct {Extended! Relative | (No Offset) | (B Bits) [{16 Bits}|{ Clear | Branch { H{ I[N Z|C
ADC X X X X X X Al AALA
ADD X X X X X x AjvALALA
AND X X X X X X 2istAlAL.
ASL X X X X e lel ATALA
ASH X X X X =2 fsl ATALA
ace X eielsiee
BCLR X sisis
8CS X siele -
BEG X sjelslw]e
BHCC X . elele
BHCS X . eieis
BHI X siejejais
BHS X sialelsals
BiK X e ieleiv]s
8L X esjiaiesinje
BIT X X X X X X eisiAtA]Y
81O X eiejoiale
BLS X ejeisiw
BMC X einjeinie
BMI X slalsisin
BMS X sisjeinle
BNE X esiesjeisiw
BFL X sisjeinin
BRA X cisiein
BRN X sjaisisls
BRCLR X siaieie A
BRIET X sloain]alA
BSET X * sleie
BSR X slajaisia
CLC X sleisie
T X siQie|sle
CLR X X X X ei2i0ft}e
LMP X X X X X X sistAJALA
COM X . X X s sl AEA}Y
CPX X X X X X X e il ATATA
Condition Code Symbols
H Half Carry {From Bit 3}
{ tnterrupt Mask
N Negative (Sign Bit)
Z oo
C Carry/ Borrow
A Teg and Set if True, (leared Otherwise
* Not AHfectad
? toad CC Regisier From Stack
1 Set |
0 Clear
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TABLE 8 — INSTRUCTION SET {CONTINUED)

Addressing Modes Condition Codes
i1 Bit
Indexed | Indexed | indexed | Set/ | Test &
Mnemonic inherent | immediste | Direct |Extended! Relative | (No Offset) | {8 Bits) | (16 Bite} | Clear | Branch | M [ 1IN ZiC
QEC X X X X sieiATAL.
EQR X X X X X X e leiALAL.
INC X X X X *leiATAlY
JMp X X X X X ejeisisie
JSR X X X X X e iwivie
LDA X X X X X X elelAlAL
LOX X X X X X X ®leiAiALS
LSL X X X X s s ALALA
LSR X X X X =i CiALA
MEQ X X X X s ATALA
NOP X e jeiwinie
ORA X X X X X X sisiAlAls
ROL X X X X *ie i ATALA
RSP X siafefele
BTt X I I RaRa N
RYS X sisisinle
SBC x X X X X X »le i ATATA
SEC X sisisial]
SEl X ¢ jljeieie
STA X X X X X SIALA|
8TX ¥ X X X X el ATAl
SuB X X X X X X sisiAFALA
SV X sjtisiele
"T AX X s ininje)e
TST X X X X =TAJAL .
XA X sjaisiala

Condition Cods Symbols

Half Carry {From Bit 3§
interrupt Mask

Negative 1Sign Bitl

Zero

Canry/Borrow

Test and Set if True, Cleared Otherwise
Not Atfected

Load CC Register From Stack
Set

Clear

O e Nz T



TABLE 7 ~ MB305 HMOS FAMILY INSTRUCTION SET OPCODE MAP

f L ﬁ%“ - Read: Wikte _Hagusar/ termory
- X1 W (L X1 X
W ] 5 e % %2 E £ =
Lo o ) ot 6% it Xy @ R 00} 10 o b1 nw kLTS o law
4 £} T Y (3 &
4 BESETO | BSETC BRA NEG NEG NEG NEG NEG |]T SuB 8 suB o
2000 "‘B BYB i 850 REL it e ) LNl it =41 s H AN R 2 EXT é — £ T
% BRCLAG | BOLRG BAN ®TS owe cwe 1 cmp =¥
2001 ?5 BI3 1L 238 ; REL 1 iHR f i 2 Ol g EX1 ,;; AN X frend .
2 ERSETY 1 OBSETI | am S8C SBC SBC $8¢ $8¢ 2
syl ?r BB L2 R&Y 3 R i i y . . 2 MY 2 QRIG EX1L 3 IS ® fc2lid
i) : 3 i ? * 5 % 4
3 BRCLRY 8CLRY BLS COM COMA COMX com N cam sw TP CPX orX CFX. opx 3
W CRNCICE S Bl g FICR M ne 2 Xt Wi it Jor ML Dl Kxtix (LIRS i o
kL & ? § ¥ v
4 BRSEY2 BSETZ BCC L3R (SRA LS8x LSR L8R AND AND AND < AND : AND 4
GG .'i() 81§ g B3C % BEL TR T 1 gt 12 Xty X, ‘3‘ st 7 DR {3 3 iy} 24 5¥%
K : £ B3 03
53 BRCLAZ BCLRZ BLE BT 87 &1 BiY : B &
o I‘io BTg 3 BsC i REL F T - - b3 L B350 L > g iy L EH
& 2 & b3 k
3 BRSET3 | BSET3 BNE, ROR RORA ROAX 80R * oA iDA LA wa | e iDA
LI EM L PR Bh4d R L 8 3 3 _ P LY s 1L3 R Wl ®
7 BACLAY | BCLRI BEQ ASR ASRA | ASEX " ass T vax 5Ta STA sta | sta | sTa
fub4) ?‘a Brg e 835¢ " REL e : ks (2 ': -3 2z é iz i EL $ iz 2 g IEZ % X3 "; Aid
= : H
& BRSETE | BSET4 | BHCC L8 Y 3% LSL 181 oL EDR £08 EOR ECR EOR £08 8
KK, :(t IR L 1IN 4 REL ; Siel1 ks ol :: hroind 3 EAl ; 17 1 Mn: 12 el D :4 Tl 3 X2 i ity 3000
% g E < z 3 3 3
5 BRCLR4 BLR4 BHCS R{n HOHA RO X 0L AL SEC N AGC N ADC : ADC * ADDT 8
3001 3}:\ BIg g BSC E gL w8 il Bkl ety % %) ; i ; NN § AW 3 il W1 K 0
A BRSETH | ggETy 58 BEC ECA DECX faiss DEC cu “ora | oma | oma A
o d _evals ek iz 5L g s ol s sl @rin s NCEE F Y ol T exiis 1 ESR i g
2 s
I} BRCLRD | BOLRE BNt s ADG teiv) ADD AT ADD ADD
hicitd ‘PO 218.14 BEC ",; B 5 < - = ; 12 i _zl 31 i\ ERT E“ 1Xig 2 733 - 1 h¥i%)
' § 3
o BASETE | BEETS BMC INC HCA IREX NG NC RSP P Fith JMP vy AR <
15 9 i 4 ‘ PEC ,2: BEL 3 D8t INH ; Ak 11’ X 2\ Y 3 G ¢ $ &% g £ g X3 g R 4 110
o BRCLRE | BCLRE BMS | ST TSTA TETX LS R T3 i as . : - 5 )
g % 8.4z ass 3 BEL o8 ¥l S PR e ¥ NOP!KF % 3"%\5\_ 2 vssmw 2 “sRExT g JSF“] g J&ﬁm B i e 1354
. 17 13 )
\‘Et»o BRSETY QSET{ Bt | LOX _ il LOX [Re] LOX DX E
i ?‘) 81 ; BIC 3 AEL x " - P 2 AN ;' ™8 EXI '; IXg ; Ayl . it
- B 3 E) ¥ 3 H k3
F BRCLAT | BCLRY 8 CLR CiRA CLRX cir TXA T T A
Hn ENRE R R R LR D e SR 1 x ) Wt , ¥ s T g ST, ST TR %
Abbrervistions for Addesss Modes LEGEND
INH inherent
hin mediste F CGpeode 1n Hexadecimat
R Dirnet ‘o un
X1 E£xtended 7 of Gydlgs - 4 "—*—-;7 Opcods in Brary
REL Retativa Mrwrnonic = SUB 0 foe o
BSC  Bit Sev/Clear Bytes ———»a 1 X 00 €|
BY8 81t Tast and Branch
X indexed iNo Offsett Addross Mode
X1 indexed, 1 By 18-Bi) Oltset
X2 indexed, 2 Byte (16-Bui Offset



