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MC68701

Advance Information

MC68701 MICROCOMPUTER UNIT tMCU)

The MCBB701 is an 8-bit single chip microcomputer unit IMCU} which
significantly enhances the capabilities of the MB800 family of parts. It
can be used in production systems to alfow for sasy firmwarse changes
with minimurm delay or it can be used to emulate the MCBBO1/03 for
sofrware development. It includes an upgraded MEB800 microprocessor
unit IMPUI with upward source and object code compstibility. Execu-
tion times of key instructions have been improved and several new in-
structions have been added including an unsigned multiply. The MCU
can function as a monolithic microcomputsr or can be expanded 1o a
B4K byte address space, It is TTL compatible and requires one + 5 voit
power supply for nonprogramming operation. An additional Vpp power
supply is needed for EPROM programming. On-chip resources includae
2048 pyres of EPROM, 128 bytes of RAM, Serial Communications Inter-
tace {SCH), paraliel 1/0, and a three function Programmable Timer. A
summary of MCU features includes:

® Enhanced MCB800 Instruction Set

® 88 Muitiply Instruction

® Serial Communications Interface (SCI}

@ Upward Source and Object Code Compatibility with the MC6B00

@ 15-Bit Three-Function Programmable Timer

#® Single-Chip or Expanded Operation to 64K Byie Address Space

® Bus Cormpatibility with the MB800 Family

® 2048 Bytes of UV Erasable, User Programmable ROM (EPROM!

® 128 Bytes of RAM (84 Bytes Retainable on Powerdown)

® 29 Parallel I/0 and Two Handshake Control Lines

#® internal Clock Generator with Divide-by-Four Output

® - 40 to 85°C Temperature Range

MOS

{N-CHANNEL, SILICON-GATE,
DEPLETION LOAD)

MICROCOMPUTER WITH EPROM

L SUFFIX
CERAMIC PACKAGE
CASE M&

GENERIC INFORMATION
Package Type Fragiency (MHKz} Temperature Genaric Numbsr
Ceramic 10 3°C to 70°C MOBR701L
L Suffix 1.0 —40°C to B5°C MCE8701CL
1.25 Q°C 10 70°C MCB8701L9
1.2% —-40°C 10 86°C MOBB01CL-1
1.8 G°C 10 70°C MCEBAT01L
2.0 3°C 10 70°C MOGBB701L

PIN ASSIGNMENT

vsst] @~ whe
XTAL1Q ¢ w{Isct
ExTaL2[]3 [ sc2
NMif 4 arfi r3o
RQ1GS 36{] P31
RESET/Vpplls Bl paz
vecli 7 il Pas
P20( s P{Ie34
P2ifle s2fIP3s
P22[1w 31flPas
P23 X [P3I7
p24 12 20 pdo
Piofja 28[1P41
PLI[1a n{iraz
ri2[hs 2§} Pa3
P1306 251 Pa4
Pidfi17 243 P45
P15[is z{iras
Pis i 2{ieaz
P17Q20 1 vee

Standby

This docurent containg infarmation on a new product. Specifications and information herein
are subject 10 change without notics.
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MC68701 MICROCOMPUTER BLOCK DIAGRAM
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MAXIMUM RATINGS
Rating Symbol Value Unit This device contains circuitey 10 protect the in-
Supply Vohage Ve -3031w +7.0 v puts ageinst damage due to hign static voltages
input Voltage Vip -0.310 +7.0 v or electric fieids; however, it is advised that nor-
5 " mal precautions be taken 1o avoid application of
h;gég}%:e rare fange TA T(‘}_ :,;(: ;;H e aty voliage higher than maximum rated voltages
M 10 this high-impedance circuit. For proper opera-
MOS80 -~ a0 10 85 ) .
— tion it is recommended that Vi, and Vg1 be con-
Storage Temperatute Range Tsig 01085 C strained to the Bnge Ve s S 1Vin or Vourl SVEC.
Rehiability of operation is enhanced if unused in-
THERMAL CHARACTERISTICS puts are ved to an appropriaie logic volage level
Characraristic Symbol Value Rating fe.g.. either Vg5 or Ve
Tharmal Resistance o
C/W
Ceramic Package fia i
POWER CONSIDERATIONS

The average chip-junction temperature,

Ty=Ta+{Ppeeja)
Where:

T4, in °C can be obtained from:

TaA= Ambient Terperature, °C
# 35 = Package Thermal Resistance, Junction-1g-Ambient, “C/W

PomPuT + PPORT

PiNT=Ipe x Voo, Watts — Chip internal Power
PpoRrT=FPort Power Digsipation, Watts — User Determined
For most applications PpoRT €PNT and can be neglected. PpQRT may become significant i the device 1s configured o

drive Darlington bases or sink LED loads,

An approximate relationship between P and T3 (f FpQRT is neglected! is.

Po=K={T ;4 273°C)
Solving equations 1 and 2 for K gives:
K = Ppsi{Ta+ 2735C) + 6 aePp2

{1

2

{3

Where K is a constant pertaining 1o the particular part. K can be determined from eguation 3 by measuring P (a1 equilibriumi
for a Xnown TA. Using this value of K the values of Pp and T J can be obtained by solving equations (1) and {2 iteratively for any

vatue of Ta.
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CONTROL TIMING (Voo =50V £5%, Vag=0, Ta=0 1o 70°C)

. -1 1| MCEBB701 .
Charscarisic Symbol |- o Wi | M [ i | Mo | ¥ | M| U
Frequency of Operation to 05 | 101 0B 125 106] 15 | 051 2.0 | MH:2
Crystal Frequency fxtaL | 20 [ 404§ 204§ 50 |20 80 | 20| 80 |MM:z
External Oscillator Frequency BN 20 1401201 50 }20] 80| 20} 80 [MH:
Crystal Oscitlator Stant Up Time tre - Wef —~ | 1w — 100§ - 100 | ms
Processor Control Setup Tims tpes | X0 - {170} -~ 40) - Mo ~ ns
DC ELECTRICAL CHARACTERISTICS (voe=86.0 Vde #5%, Vgg=0, Ta=T| 10 T, uniess otherwise noted
MOBE701 MCEB701C
Characteristic Symbol Min Typ Max Min Tye Max Unit
fnput High Voltage RESET Vgg+4.0 - Ve Vag+4.0 - Voo
Other inputs® Vi {V¥sg+20 — Yoo Vgg+2.2 - Yoo \
input Low Voltage RESET Vgg=~0.3 - Vgg+04 {Vgg~03 - Vgg+04
Other tnputs® Vi jVgs-03 -~ Vog+08 {veg~03 — Veg+08| ¥
fnput Current, See Note Port4 - - 08 — - 14
Vip=0tw24W) SCt [P D — 1o - - 18 ma
Input Current
V=0t B.28 Vi N, IRGT fin - 1.5 25 - 15 5 #A
Input Current
WVip=0w04v RESET/vpp in - -20 - - -2.0 - mA
Vip =40V 10 Veo! - - 8.0 - - 84
Hi-Z (O State) input Current
Vip=05t02.4V) Ports1, 2, and3} Iyg; — 2 10 - 2 20 pr
Cutput High Vollage
) pad = — 88 pA, Ve = Min) Porta, 8C1, 8C2} Vo |Vss+2.4 - - Vg +24 — _ v
Y g — W00 pA, Voo = Min) Other Dutputs Vgg+2.4 — - vgg+2.4 - -
Output Low Voltage
it gad ™ 2.0mA, Voo = Min) AR Qutpuis | Vo - — Vgg+035 - Vgg+ 081 ¥
Darlington Dnive Current
NMo=15WV! Port i fon 1.0 25 106 1.0 25 100 mA
internal Power Dissipation
{Measured at T4 = Ty in Steady-Siate Operation! PiNT 1500 R 1500 mvy
input Capacitance ) Port 3,
V=0, To=25°C, fo=1MHz} Port4, SCt Cin - 125 — - 12.5 pF
Otherlnputsf |~ - 100 - - 10.0
Voo Standby Powerdown | Vaopg 4.0 - 5.25 4.0 - 525
Powerup | Vgp 4.75 - 5.25 4.7 ~ 5.25 v
Standby Current Powerdown | 1SBS — —~ e - 8.0 mA
Programming Time Per Byte {Tao=25°C) pp 25 - 50 25 50 ms
Programming Voltage {Ta = 25%C) Vep 200 210 228 20.0 R 2.0 ¥
Programming Current
VhpseT=Vpp, TA=26°C) ipp - 30 50 - * 50 ma
* Excapt mode prograrming levels, see Figure 15
NOTE: BESET/ Vpp lin differs from MCBBDT and MCES0S vehues,
PERIPHERAL PORT TIMING {Refer to Figures 3-6)
cert MCEB701 | MCE8701-1{ MCBBATZGT | MUSBB701 .
Characteristics Swmbol [in T Max| Min | Mox | Min | Mex | Min] Max ] o
Peniphersl Data Setup Time tppSU | 20| —- | 20 F — i 8 00 - ns
Paripheral Data Mold Time tpH { 00| - | 201 ~ Wy - |0 - ns
Delay Time, Enable Positive Transition to 053 Negative Transition} 1ogp1 — 30 - 333 —_ 300 — 250 ns
Delay Time, Enable Positive Transition to 053 Positive Teansition tospz | — | 3%) - 130 -~ 130 - § 20 | ns
Delay Time, Enable Negative Transition 1o Peripheral Data Valig BPwWio — {380} - 3 — 1300 -} B | ons
ime. bie Negative Transition to .
T peripherd CMOS Detp Vi CMOS | — |20 - | 204 ~j20) - 120 1w
input Strobe Pulse Width tpwis { 200 — | 200} - B} - W00t - ns
nput Data Hold Time tim 50 — 50 — 40 - 30 - ns
input Data Setup Time s 20 - 0| - ) - 8 S ns
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FIGURE 1 — DATA SETUP AND HOLD TIMES
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FIGURE 2 — DATA SETUP AND HOLD TIMES
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NOTES:
1. 10 k Puliup resistor required for Porr 2 1o reach 0.7 ¥
2. Not applicable to P21
3. Fort 4 cannot be pulled above Yoo

FIGURE 4 — PORT 3 LATCH TIMING
{SINGLE-CHIP MODE}
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NOTE: Timing measurements are referenced 1o a low voitage of 0.8 volts and & high volage of 2.0 volts unless othenwise noted.

FIGURE § — CMOQS LOAD
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FIGURE 6 — TIMING TEST LOAD PORTS 1, 2,3, 4

Ve
RL = 1.8 i}

Test Pomt MMDE150
or Equwv

MMOF7000

or Equv

C=90 pF for P30-P37, P&O-PA7, B, SC1, 502
=30 pf for P10-F17, P20-P24

R=037 k@ for PA0-P47, §C1, §C2,
=24 R for PI0-P17, P20O-P2Q, P3O-P37, €
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BUS TIMING {See Notes 2 and 3

¥ o - .
Number Characteiti S0l et x| Wi | Mex | Wi T ise| Mer] wiax | Ut
1 Cycte Time oy 104 20 081 20} - J 20| 05} 28 | as
2z Pulse Width, £ Low PWe | 430 | 100G} 360 | 1000} 300 {1000] 210 1000 | ns
3 Pulse Width, E High PWpy 1460 | 10001 360 | 1000) 300 {1000] 2201 00 | ns
4 Clock Rise and Fall Time 1y, if - % - % - 25 - 20 0ns
k) Address Hold Tine 1AM 20 - 20 - 2 - 10 - ns
12 Naon-Muxed Address Valid Timg to £% Ay 0] - Wi - sl - 0 ~ ns
17 Regd Data Setup Time IDSR 80 - 03 - 6C - Ay - ns
k] Read Data Hold Time DHR 10 - 10 - 10 - 10 - ns
13 Write Data Delay Time POW - x5 200 7l o — 1 120 ] ns
21 Write Data Hotd Tame oy | 20 04 - - 0 - ns
22 Muitiplexed Address Vatid Tire to £ Rise* AV | 20 -~ | IR0 15| - 80 - ns
24 Muitiplexed Addrsss Valid Time to AS Fall* ASL 80 - 5O - 40 - b} ns
il Multiplexed Address Hold time TAML 20 20 - 20 — 10 - ns
26 Delay Time, E 10 AS Rise® TASD [SO%%] — Pigws GO*F ] - L 4R¥RL ns
7 Fulse Width, AS High* PWagy | 220 170 -} 140 g ns
28 Delay Time, AS to £ Rise* tASED | 90 — 0 - B0 - 48 — ns
X Ussble Access Time* tace 1996 ) — j488 | - 0} — | 20 - 03

* At specified cycle time.

* X a5 parameters lsted assume extamat TTL clock drive with 0% +5% duty cycle, Devices driven by an exterral TTL clogk with 50%
+ 1% duty cycle or which use a crvstal have the following tagn specfication: 100 nanoseconds minimum (1.0 MHz devices). 80 mang-
seconds minimum {1.25 MHz devices!, 62 nanoseconds minimum {1.% MHz devices), B0 nanoseconds minimum (2.0 MHz devices!.

FIGURE 7 — BUS TIMING
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NOTES:

1. Voltage tevels shown are Vi <08V, V2 2.4 V, uniess otherwise specified.
2. Measurement points shown gre 0.8 V and 2.0 V, undess othernwise specified.

3. Usaple access time is computed by 12+3-17+4.

4. Memory devices should be snabled only during E high 1o avoid port 3 bus contention.
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INTRODUCTION

The MCEB70N is an 8-bit monglithic microcomputer which
can be configured to function in a wide variety of applica-
tions. The facdity which provides this extraordinary flexibility
is its ability 10 be hardware programmed into eight different
operating modes, The operating mode controls the con-
figuration of 1B of the 40 MCU pins, available on-chip
TEEQUICES, memory mag, location linternal or external} of in-
terrupt vectors, and type of external bus. The configuration
of the remaining 22 pins is not dependent on the operating
mode.

Twenty-nine pins are organized as three 8-bit ports and
one b-bit port. Bach port consists of at least a8 Data Register
and a write-only Data Direction Register, The Data Direction
Register is used to define whether corresponding bits in the
Data Register are configuwed as an input {clear} or output
{set].

The wrm 'port,’” hy nself, refers 1 all of the hargware
assocated with the port. When the port is used as g8 "'data
port’” ot “1/0 port,” it is controfied by the port Data Diree-
tion Reqister and the programmer has direct access 1o the
port pirs using the port Data Register. Port pins are labled as
Pij where | identifies one of four ports and } indicates the par-
ticutar bit.

The Microprocessor Unit {MPLY is an enhanced MC8800
MPU with additional capabilities and greater throughput. it is
upward source and object code compatible with the

MCEB0O. The programming model is depicted in Figurs 8
where Accumutator D is a concatenation of Accumulators A
and B. A list of new operations added to the M88OG instruc-
tion set are shown in Table 1.

The basic difference between the MC8801 and the
MCE8701 is that the MCB301 has an onboard ROM while the
MCB8701 has an onbgoard EPROM. The MCB8701 is pin and
cods compatible with the MCBE01 and can be used to
emulate the MCE801. aflowing easy software development
using the onboard EPROM. Software developad using the
MCE8701 can then be masked into the MCE80T ROM

in order to support the onboard EFROM, the MCE8701 aif-
fers from the MCE801T as follows:

{1} Mode 0in the MCB8C1 is a test mode only, while in the
MCBB701 Mode G is also used to program the onboard
EPROM and has imerrupt vectors at $BFFC-$BFFF
rather than $FFFO-§FFFF,

The MC88701T RAM/EPROM Control Register has two
bitg used to control the EPROM in Mode 0 that are not
detined in the MC8B801 RAM Contral Register.

The RESET/Vep pin in the MCBR7C1T is dual purpose,
used to supply EPROM power as well as to reset the
device; while in the MCE801 the pin is called RESET
and is used only 1o reset the dewice.

{2

3

FIGURE 8 — MC6B8701/6301/6803 PROGRAMMING MODEL

8-Bit Accumidators A and B
a Or 18-Bit Double Accumulator D

2] Index Register (X}

ﬂ Stack Pointer {SP)

0] Program Counter {PC)

15 0
!15 X
la&; SP
[m PC
7 0

I 1 ] 1 lHl | INIZl vlcl Condition Code Register (CCR)

A

k
2 Carry/Borrow from MS8

Overflow
Zero

. NBQtIVE
Interrupt

Haif Carry {From Bit 3)
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YABLE 1 — NEW INSTRUCTIONS

Instruction Description
ABX Unsigned addition of Accumulator B to index Register
ADDD Agkis {without carry] the double accumuistor 10 memaory and leaves the sum in the double accumuiator
ASLO or (SLD|Shiks the double accumulator left {towards MSB) one bit, the LSB is cleared and the MSB is shifted into the C-bit

BHS Branch if Higher or Same, unsigned condiional branch (same as BCC}

BLO Branch if Lower, Unsignad conditional branch (same as 8CS)

BRN Branch Newver

JER Additional addressing maode: direct

LDD Loads double accumauelator from memory

LSL Shifts memgry or accumulator left (towards MSB) one bit: the LS8 is cleared and the MSE is shifted into the C-brtisame as

ASL)

LSRD Shifts the double secumautator right itowards LSB) ons bit the MSB s cleared and the LSB is shifted into the C-by
MUL Unsigned multiply, multiphies the two accumutators and leaves the praduct in the double accumulator

PSHX Pushes the index Register to stack

PULY Pulis the Index Register from stack

STD Stores the double accumulator to memory

SUBD Subtracts memory from the double accumulator and Jeaves the difference in the double accumulator

CPX Interngl processing modifiad to permit its use with any conditional branch imstruction

TABLE2 — SUMMARY OF MC68701 OPERATING MODES
OPERATING MODES

The MCU provides eight different operating modes which
are selectable by hardware programming and referred to as
Mode € through Mode 7. The operating mode controls the
mernory map, configuration of Part 3, Port 4, 8C1, SC2, and
the physical location of interrupt vectors.

FUNDAMENTAL MODES

The sight MCU modes can be grouped into thres fun-
damental modes which refer to the type of bus it supports:
Single Chip, Expanded Non-Multiplexed, and Expanded
Muiltiplexed. Modes 4 and 7 are single chip modes. Mode 5is
the expanded non-muitiplexed mode, and the remaining
modes are expanded muitiplexed modes. Table 2 sum-
marizes the characteristics of the operating modes.

Single-Chip Modes (4, 7}

In the Single-Chip Mode, the four MCU ports are con-
figured as paraliel input/output data ports, as shown in
Figure 9. The MCU functinns as a monolithic microcom-
puter in these two modes without external address or data
buses. A maxirium of 29 1/0 lines and two Port 2 control
lines are provided. Peripherals or another MCU can be inter.
faced to Port 3 in a joosely coupled dual processor configura-
tion, as shown in Figure 10

In Single-Chip Test Mode (4}, the RAM responds to
$XX80 through $XXFF and the EPROM is removed from the
internal address map. A test program must first be loaded in-
to the RAM using modes G, 1, 2, or 6. If the MCU i5 reset
and then programmed into Mode 4, exscution will begin at
$XXFEXXFF. Mode & can be irreversibly entered from Mode
4 without asserting RESET by sstting bit 5 of the Port 2 Dats
Register. This mode is used primarily to test Porte 3and 4 in
the Single-Chip and Non-Multiplexed Modes.

Common to all Modes:

Reserved Register Area

Port

Port 2

Programmable Timer

Serial Communications Interface

Single Chip Mode 7

128 bytes of RAM; 2048 bytes of EPROM

Port 3 i¢ 2 paraliet 1/0 port with two control lines
Part 4 is 2 paraliel /O pert

SC1is Input Strobe 3 183}

SCZis Output Strobe 3 {053

Expanded Non-Multiplexed Mode &

128 bytes of RAM, 2048 bytes of EPROM
256 bytes of exiernal memory space

Port 3 is an 8-bit data bus

Port 4 is an input port/ addrass bus

SC1 18 Input/ Quiput Select HOS)

SC2 is Read/Write (R/W)

Expanded Multiplexed Modes 1, 2, 3, 6
Four memory space options (84K address spacel:
{1} No internal RAM or EPROM (Mode 3}
{2} tmtermnal RAM, no EPROM (Mode 2)
{3} Internal RAM snd EPROM (Maode 1}
{4} tnternal RAM, EPROM with partial addrass bus
{Mode 6)
Paort 3 is a multiplexed address/ data bus
Port 4 i3 an address bus tinputs/address in Mode 6)
SC1is Address Strobe [AS)
SC2 is Read/Write (R/W)

iTest Mode 4

{1} May be changed to Mode & without going through
Reset

{2} May be used to test Ports Jand 4 as 1/0 ports

Expanded Multiplexsd Mode G
{1} internal RAM and EPROM
{2} External interrupt vectors located at $BFFO-$BFFF
{3} Used to program EPROM




FIGURE 3 — SINGLE-CHIF MODE
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Expandad Non-Multiplexed Mods {5}

A modest amount of external memory space is provided in
the Expanded Non-Multiplexed Mode while significant on-
chip resources are retained. Port 3 functions as an 8-bit
bidirectional data bus and Port 4 is configured initially as an
input dawa port. Any combination of the eight least-
significant address ines may be obtained by writing ¢ the
Fort 4 Data Dwection Register. Stated alternatively, any
combination of AQ to A7 may be provided while retaining the
remainder as input data lines. Internal pullup resistors are in-
tended to pull the Port 4 lines high until the port is con-
figured.

Figure 11 ilustrates & typical system configuration in the
Expanded Non-Multiplexed Modae. The MCU interfaces
directly with MS800 family parts and can access 256 bytes of
external address space at $100 through $1FF. 103 provides
an address decode of external memory {$100-$1FF) and an
be used as a8 memory page select or chip select line.

Expanded-Multiplexed Modes {0, 1, 2, 3, &)

in the Expanded-Muitiplexad Modes, the MCU has the
ability to access 8 64K byte memory space. Port 3 functions
as a time multiplexed address/data bus with address valid on
the negative sdge of Address Strobe {AS), and data valid
while E is high. In Modes 0 to 3, Port 4 provides address lines
A8 1o A8, In Mode 8, however, Port 4 is initially confiqured
at RESET as an input data port. The Port 4 Data Direction
Register can then be changed to provide any combination of
address lines, AB to A15. Stated alternatively, any subset of
AB 10 A1b can be provided while retaining the remaining Port
4 lines as input data lines. internal pullup resistors pull the
Port 4 ines high untit software configures the port.

Figure 12 depicts a typical configuration for the Expanded-
Multiplexed Modes. Address Strobe can be used 1o control a
transparent D-type latch to capture addresses AQ to A7, as

shown inFigure 13. This alfows Port 3 to function a3 a Data
Bus when E is high.

in Mode 0, the internal and external data busss are con-
nected,; there must therefore be no memory map overlap in
order (0 avoid potential bus conflicts. Mode € is used 1o pro-
gram the onboard EPROM. All interrupt vectors are external
in this mode and are located at $BFFO-$BFFF.

PROGRAMMING THE MODE

The operating mode is determined at RESET by the levels
asserted on P22, P21, and P20. These levels are tatched into
PC2, PC1, and PCO of the program control register an the
positive edge of RESET. The operating mode may be read
trom the Port 2 Data Register as shown below, and program-
ming levels and timing mustbe met as shown in Figure 14, A
brief outiine of the operating modes is shown in Table 3.

PORT 2 DATA REGISTER
7 8 5 4 3 2 1 o]

PCZ i PCY | PCO | P24 { P23 | P22 [ P21 | P20 | 30003

Circuitry to provide the programming levels is dependent
primarily on the normal system usage of the three pins. If
configured as outputs, the circuit shown in Figure 15 may be
used; otherwise, three-state buffers can be used to provide
isolation while programming the mode.

MEMORY MAPS

The MCU can provide up to 84K byte address space
depending on the operating mode. A memory mag for each
operating mode is shown in Figure 16, The first 32 locations
of each map are reserved for the MCU internal registers as
shown in Table 4, with exceptions 8s indicated.

TABLE 3 -- MODE SELECTION SUMMARY

Mode | 525 | bor | poo |EPROM | mam | 'Rt | ue Otede ”

7 H H H t i ¢ 1 Single Chup

& 4 4t L ] i t Muxis, & Muitiplexed/ Partial Decode

5 W L H i t f NMUXIS 8 | Non-Muliptexed. Partiat Decods
4 H L L ja 1 i i Single Crup Test

3 L H H E E £ Mux 4 Muttiplexed/ No RAM or EPROM
2 L H L E t £ a4 Multiplexed/RAM

i L L H i i E Muxid! Multiplexed/ RAM and EPROM
< L L L ! ! 13 Myxi Multiplexed/ Programming

tegend: Notes:

{ — Internai {1} Inmernat RAM 15 addressed at $XX80
E « Externat {2} internal EPROM is disabled

MUX — Multiplexed
NMUX - Non-Muitiplexed
L — Logie 707

H o togic 717

1,2, and 3

{3} Interrupt vectors located at $BFFO-$BFFF
{4} Addresses associated with Ports 3 and 4 are considered extemat in Modes O,

{5} Addresses associated with Port 3 are considered external in Modes S and 6

{6} Port 4 gefault is user data input; address output s optional by writing to Port 4
Bata Direction Register



MC68701

FIGURE 12 — EXPANDED MULTIPLEXED CONFIGURATION
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NOTE: To aveid dota bus {Port 31 contention in the expanded muitiplexed medes, memory devices should be anabled only during E high tme.

FIGURE 13 — TYPICAL LATCH ARRANGEMENT
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FIGURE 14 — MODE PROGRAMMING TIMING

Vin
RESET
ViL

See Figure 16

for Diede Arrangement
VMPDD
P V¥R G T e MPH ==
: — ¥
y PG (P20, P21, P22} 7 M'\::LL .
MPH Yapi Min - ) € Latch
Moge Inpute Data Vakd MPH Tt = Levet
P20, P21, P22) VIPL VP Max
MODE PROGRAMMING iReter to Figure 14)
Characterigtic Symbol Min Typ Max Unit
Mode Programming Input Voltage Low VaapL - - 18 v
Mode Frogramming input Voltege High VMPH 40 - - Y
Mode Frogramming Dsode Ditferential VMepD 0.6 — — v
RESET Low Pulse Widin PWRsTL 38 | - - E-Cycles
Mode Pragramming Set-Up Time s 2.0 — — E-Cveles
Made Programming Hoid Time
RESETY Rise Timax 1 ps IMPH 4] - - ng
RESET Rise Time= 1 as 100 — _
FIGURE 15 — TYPICAL MODE PROGRAMMING CIRCUIT
Yeo
Rt
8
P20 P20 (PCOY
g9
P21 P21 {PCYH
1
P22 9 P22 {PCH
(L v
MCBE701

Mode Controf Switches R2

“Normal”

S1 [\ P
RESET/vpp

Notes:

s R AN b £a) f

Mode O as shown {switches closed)

. R1=10k ohms {typicall.

. The RESET time caonstant is equal to RC where R is the equivalent paraliel resistance of R2 and the number of rasistors (RT)
placed in the circuit by closed mode control switches.

D= INS14, INAQOOT {typicall. N

.V =Vep, then R2=50 ohms {typical} to meet ViK for the RESET/Vpp pin. ¥ = V¢ is also compatible with MCEB01. The
RESET time constant in this case is approximately R2°C.

. Switch §1 sliows salaction of normal { } or programming {Vpp] as the input 1o the RESET/Vpp pin. During swit-
ching, the input level is held at a value determined by a diode (D1, resistor (R2) and input voltage {Vi,

. While S1is in the "Program” position, RESET should not be asserted.

. From powerup, RESE] must be held low for at least tRg. The capacitor, £, is shown for conceptual purposes onty and is

on the arder of 1000 uF for the circuit shown. Typically, a buffer with an RC input will be used to drive RESET, eliminating
~ the need for the larger capacitor.
9. Diode Vi should not exceed VPR min.



FIGURE 16 — MCE8701 MEMORY MAPS

MCOB7ON
Mede

ngﬁpignsd Test mode

$0000™ § o
77 Lo }:memai Registors
SOOI F R
Externat Memory Space
;%///f,’% internal RAM
SOOFF [ldids
Exernal Memory Space
igé;& Ty Extornat Ivterrupt Vectors
Extarnal fAemory Space
58800

%/j’: //‘

7 % N
{/E}f}:g?; /‘é J/ internal EPROM

SFFEF

Notes:

1} Excludes the following addresses which may
be usedexternally: 804, 808, $06, s07and SOF.

21 Therm must ba v svedapping of ntemnal ang
external memory spaces to avoid driving the
gate bus with more than one device.

3 This mods i§ used to program the anboard
EFROM.

MCe87a1
Rade
Multiplexgd/RAM & EPROM

300007 7 %
f/’,/' s
o

x
- imternal Registers

$OG1F
> Exterral Memory Space
SO080 bz
ff;’,’/,’;fﬁ'///:/? j inseroal RAM
SQOFF 2

Externat Memory Space

sFaoo :/-'/,—:‘}f!f 7
Z’%g’éf’ intornal EPROM
SFFEF fg/ 'j/ 7 .
SEFFD
SEEFE

i Externatl Interrupt Veciors

Noies

1) Exziudes the OIIOWING addresses which may
be used externally. 804, SCh, $08. 807 and
$OF

2) Internal EPROM addresses SFFFQ to SFFFF are
not usable

tCe8701
Mode

Multipiexae -RAM

internat Registers
suotE
External Memory Spane
SDORG
Jrrernai RAM
7
VA
SCOFF S 4
Externai Memuory Space
SFFFQ
SFEEF ¢ Exwernal interrunt Veciors
hoes

1} Exciudes the foliowing addresses which may
be used externally S04, $0% $06. $O7, and
SOF




FIGURE 16 ~ MCBSHT MEMGRY MAPS (CONTINUED)

MCB801
Mode

Muitiplexed/ No RAM or EPROM

oty
s 7% internal Begisters
SOOI e
fxternal Memory Space
§FFFQ
External interrupt Vectars
SFRFE
SFFFF

Notes:
1) Exciudes e fotowing addresses which may be
usad extarmatly: 504, SO5. SOB, $07 and $OF

MCE8701
Mede

Single Chip Test
%}?;‘Z’i’ /f‘; } internal Registerst™
$00TF 2

Unusable! 1R3!

RXEY 27 e Y nternat RAM
IXXEF LA imerna INerrLET Vecions

Notes

1} Tha internal EPROAY is dissbled

2t Mode 4 may be changed 1o Mode 5 without hav-
ing 10 assest FESET by wrting 8 1 o the
PCO bit of Port 2 Date Register

3} Acddresses A8 in AS are wested S8 gart
cares’ 10 deeode ntetngl RAM

A heternal RAM wi appear at $XX80 t¢ SXXFF

& MCU read of the Port 3 Dae Direction Register
wit acoess the Port 3 Data Ragister.

MCE870
Moda

Hon Mumglexedf Parual Becode

400001 1 -
E,, ; ;’;’%’Z } tremal Registers
S001F A

Unusagle
SO08G 5

4 7 {m{ema{ FAM
SOOFFZ; ;
$D 1

{Ex!umai Memory Soace

SQIFF 1

Unusabie
$F00, l

[ intaraal EFROM

feereal Interant Vegtoes

$FFFF

Motes.

1} Exciudes tho following addresses which may NOT
Be usad extamafly: $04, 806, snd SOF (Mo 10GH

2 The mode may b enterad witnout gomg
through RESET Oy using Mode 4 and subse-
gquently writing 8 1" into the PCO bit of Port 2
Dara Regstey

3} Addrass fines AQ 10 A7 will not contan addresses

url the Dara Owection Register for Port 4 has
breen wiitien with “1's” in the appropriate s,
These addrass hnes wiit 358681 71'87 uatd mad
outpwis by writing the Data Disection Register
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FIGURE 16 ~ MCE8701 MEMORY MAFS (CONCLUDED}

MCa8701 MCBB701
Made Mode

Multiplexed. Partiat Decode Single Chip

1 $0000

$0000 /////// intarnal Registers W} internat Registersm

$O04F SOOF
External Mamory Space Unusable

SO0BO 27 $0080

7// internal RAM l} internal RAM

$OOFF 7 $O0FF

Unusable

External Memory Space

SFBOQ

SFBOO % ]
// internal EPROM Internal EPROM
internal interrupt Vectors
SFFFF //j: tnternal Interrupt Vectors SPEFF 1
Note:
Notes: 1} MCU read of the Port 3 Data Dirsction Register
1} Excludes the following addresses which maybe wiil access the Port 3 Dats Register.

used externally: 304, 808, $0F.

2} Address tines AB-A15 will not contain
addresses until the Data Direction Register for
Port 4 has been woitten with “1's” in the
appropriate bits. These address lines will
assert “1's” until made gutputs by writing the
Data Direction Register.

TABLE 4 — INTERNAL REGISTER AREA

Register Address Ragister Address

Port 1 Data Direction Register® ¥ * o0 Quiput Compare Register {Low Byte) oG
Port 2 Data Uirection Registert * * o1 input Capiure Register {(High Byte} oD
Port 1 Data Regster 02 input Capture Ragister (Low Byte) QF
Port 2 Oats Register 03 Port 3 Controt and Status Register OF*
Port 3 Data Direction Register» ** 0ax Rate and Mode Contro! Register 10
Port 4 Data Direction Register* * * Q5% * Transmit/Receive Control and Status Register § 11
Port 3 Data Register 06* Hecewe Data Register 12
Port 4 Data Register G7x» Transmit Data Register 13
Timer Coniral and Status Regrster o8 RAM/EPROM Control Register 14
Counter {High Bytet 08 Reserved b 15.1F
Counter {Low Byte} OA

Qutput Cormpare Register {High Bytel OB

= External addressas in Modes G, 1, 2, 3, 5, §; cannot be accessed in Mode 5 {No 08}
** oxternal addresses in Modes 0,1, 2, 3
**® 1= outpul, O=Input
“ 1= Qutput, O=tnouy
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MCB8701 INTERRUPTS

The MCU supports two types of interrupt reguests:
maskable and non-maskable, A Non-Maskable Interrupt
(R is always recognized and acted upon at the comple-
tion of the current instruction. Maskable interrupts are con-
rofled by the Condition Code Register's Ibit and by in-
dividual enable bits. The 1-bit controls all maskable inier-
rupts. Of the maskable interrupts, there are two types: 1RQ1
and IRQZ The Programmable Timer and Serial Communica-
tions Interface use an internal TRQZ interrupt line. External
devices tand 153 use IRGT. An TRQT interrupt is serviced
before IRGZ  both are pending.

Alt IROZ interrupts use hardware prioritized vectors. The
single SCi interrupt and three timer interrupts are serviced in
a prioritized order and each is vectored 1o a separate loca-
tion. All MCU interrupt vector locations are shown in Table
b,

TABLE B — MCU INTERRUPT VECTOR LOCATIONS

Mods 0 Modes 1-7
MS8 LSh MSE 158 Interrupt
BFFE | BFFF | FFFE FEEE HESET

| _BFEC | BFFD | FFFC | FFFD NMI

BFFA | BFFB FEFA FEFR

BFF8 BFF9 FFF8 FFFQ TRGT tor 153)

BFFE BFFY FEF6 FFF7 ICF tinput Capturel *

BFF4 BFFS FREL FFFS OCF {Cutput Compare} ¥

BEF2 BFF3 FFF2 FFF3 TOF [Timar Ovarflow! ®

BEFQ BEEY FFED FFF1 | SCHRDRF+-ORFE + TORE)*
*IRQZ imerrupt -

Sofwware interrupt {SY)

The interrupt flowchart is depisted in Figure 17 and is
comman 1o every MCU interrupt excluding reser. During in-
|rrupt servicing the Program Counter, Index Register, A Ac-
cumulator, B Accumulator, and Condition Code Register are
pushed to the stack. The I-bit is set to inhibit maskable inter-
rupls and a vector is fetched corresponding to the current
highest priority imterrupt. The vector is transferred 1o the
Program Counter and instruction execution is resumed. In
terrupt and RESET timing are ifustrated in Figures 18 and 18.

FUNCTIONAL PIN DESCRIPTIONS

Voo AND Vgs

Voo and Vg provide power to a large portion of the
MCU. The power supply should provide + 5 volts ( £5%) to
Ve, and Vgs should be tied to ground. Total power
dissipation lincluding Voo Standby), will not excesd Pp
miliwatts.

Ve STANDBY

Yoo Standby provides power to the standby portion {$80
through $BF} of the RAM and the STBY PWR and RAME
bits of the RAM Controt Register. Voltage requirements de-
pend on whether the MCU is in a powsrup or powerdown
state. In the powerup state, the power supply should provide
+5 voits {4+ 5%) and must reach Vg8 volts before RESET
reaches 4.0 voits. During powerdown, Voo Standby mast
rermain ahove Vggg {mind 1o sustain the standby RAM and
STBY PWR bit. While in powerdown operation, the standby
currant will not exceed 1SR,

Rt is typical to power both Vo and Voo Standby from the
same source during normal operation. A diode must be used
between them to prevent supplying power to Voo during
powerdown operation. Voo Standby should be tied to
ground in Mode 3,

XTALT AND EXTAL2

These two input pins interface either s crystal or TTL com-
patible clock 1o the MCU internal clock generator, Divide-by-
four ciruitry is included which allows use of the inexpsnsive
388 MHz or 44336 MHz Color Burst TV crystals, A 20 pF
capacitor should be ted from gach orystal pin to ground to
ensure reliable startup and operation. Alternatively, EXTALZ
may be driven by an external TTL compatible clock ar 4f,
with a duty cycle of 50% (45% 1 with XTALT connected to
ground.

The internat oscillator is designed (o interface with an AT-
cut quartz crystal resonator operated in parailel resonance
made in the frequency range specitied for fxTai. The
arystat should be mounted as ciose as possible 1o the input
ping to minimize output distortion and startup stabilization
tima.”* The MCU is compatible with most commercially
avatlable crystals. Nominal crystal paramaters are shown in
Figure 20.

RESET/Vpp

This input is used to reset the MCU internal state and pro-
vide an orderly startup procedure. During powerup, BESEY
must be held below 0.4 volts: {1} at least tye after Voo
reaches 4.75 volts in order to provide sufficient time for the
clock generator to swabilize, and (2} until Ve Standby
reaches VSR voits. RESET must be heid low at teast three
E-cycles if asserted during powerup operation,

This pin 15 also used to supply Vpp in Mode 0 for program-
ming the EPROM, and supplies operating power 1o the
EPROM during powerup operation.

E {ENABLE]}

This is an output clock used primarily for bus synchroniza-
tion, it is TTL compatible and is the slightly skewed divide-
by-four result of the MCU input clock frequency. ft will drive
one Schottky TTL load and 90 pF, and ait data given in cycles
is referenced to (his cluck uniess otherwise noted.

NMI (NON-MASKABLE INTERRUPT)

An NMI negative edge requests an MCU interrupt se-
quence, but the current instruction will be completed before
it responds to the request. The MCU will then begin an inter-
rupt sequence. Finatly, a vector is fetched from $FFFC and
SFEFD (or $BFFC and $BFFD in Mode 0), transferred to the
Program Counter and instruction execution is resumed. NMI
typically requires a 3.3 k2 (nominal) resistor o Voo, There is
ne internal NMI puflup resistor. NMI must be held low for at
least one E-cycle 1o be recognized under alt conditions.

iRQ1 (IMASKABLE INTERRUPT REQUEST 1}

IRQ1T 8 3 level-sensitive input which can be used to re-
quest an interrupt sequence. The MPU will compiete the cur-
rent instruction before it responds to the request. I the inter-

* ¥ Devices made with masks subsequent to T7& and CB4 incarpor
ate an advanced clock with improved startup Charactenites.



Vector —=FC
Modes 1-7_| AESET | FFFEFFFE
Mode G {RESET | BFFE-BFFF

FIGURE 17 — INTERRUPT FLOWCHART

Stack Machung Siate
BC, X, A B, CC

WA

Conditien Tode Register

Y
eI TRAR SChe TIESTORE + BMIEMRORF + ORFEY
Tt
Vecor-PC
Mode | Moges 1.7
NRI | BEFC-BFFD | FEFC-FFED iNon-Maskatis tnterupt |
SWE | BFFA-BFFR | FFFA-FFFB [Software lnerupt
IRGT BFFR-BFFO | FFFS FEFD {Maskants imterriapt Roguest 1
=3 BFFE-BFF7 | FFFE-FFF7 foput Capture tntsicupt
OCF | BFFA-BFFS | FFFA-FFED I0UtoWt Compare intarrupt
TOF | BFF2-BFF3 | FFF2-FFF2 [Timer Querflow Interrypt
St BFFC-8FFT | FITO-FFFT ISCY nierrupt




FIGURE 18 — INTERRUPT SEQUENCE
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Cyete §
Last Instruction #1 § 52 83 #8 #12
c_iryyyuyyuuryyryuUuururenren

#4 ‘E 15

Bt Sat
iy t
aadress Bus X XX XX Y XX X X
DpCode OpCode SPIM SP-1t SP-21 SPi3) SPind)  SPin-B) SPn-8) SHn-7}  Vedtsr Vector New PO
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FIGURE 19 — RESET TIMING
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rupt mask bit 1-bit) in the Condition Code Register is clear.
the MCU will begin an interrupt sequence. A vector is fetch-
ed from $FFF8 and. $FFF9 lor $BFF8 and $BFFS in Mode O,
transferred to the Program Counter, and instruction execu-
tien is resumed.

1ROV typically requires an external 3.3 k@ tnominal)
resistor to Voo for wire-OR applications. IRQ1 has no inter-
nal pullup resistor.

SC1T AND SC2 {STROBE CONTROL 1 AND 2}

Tre funclion of $C1 and SCZ depends on the operating
mode. SC1 is configured as an output in alf modes except
single chip mode, whereas SC2 i always an output. SCt
and SCZ can drive one Schottky load and 30 pF.

$C1 and SC2 In Single Chip Mode

in Single Chip Mode, SC1 and 5C2 are configured as an
input and output, respectively, and both function as Port 3
control ines. SC1 functions as 1S3 and can be used to in-
dicate that Port 3 input data is ready or output data has been
accepted. Thrae options associated with 1S3 are conteatied
by the Port 3 Control and Status Register and are discussed
in the Port 3 description. f unused, 1S3 can remain uncon-
nected. —

SC2 is configured as OS3 and can be used o strobe out-
put data or acknowledge input data. 1t is controfed by Out-
put Strobe Seiect {OSS) in the Port 3 Control and Status
Register. The strobe is genersted by a read (OS5 =01 or
write 10S5= 1) 1o the Port 3 Data Registar. 053 timing is
shown in Figure 5.

FIGURE 20 — MC68701 OSCILLATOR CHARACTERISTICS

{a} Nominal Recommended Crystal Parameters

MCE8701 Nominal Crystal Paramaters
MCESTON 3.58 MHz 4.00 MHz 5.0 MHz 8.0 MMz 8.0 MHz
AS 60 0 BT B0 30-50 26-40
- €y 35 pF 8.5 pf 4.6 pF 4-6 pF 4.8 pF
€1 0.015 pF 0.025 pF 0.01-0.02 pf 0.01-002 pF G.0-0.02 oF
n 0 >40k >30k >20 k > 20k >Wk

‘T

3

*Note; These are reprasentative AT-cut crystal paramstsrs only. Crystals of other types of
cuts may also be used.

CL = 20 pF {typrcal}

NOTE
TTL-compatble gscilstors may be
abtained from:

Motorols Component Produtts
aun: Data Clock Sales
2553 N, Edginton St
Franklion Park, 1L 860131
Tel 312-451-1000
Telex: 433-0087

T
—— e

[ Rs

T
[AY
Co

Equivalent Cirguit

{b} Oscillator Stabilization Time {tre)

Stabikzation
Tume. tRC

i L
R ¥ a5 v L4
Voo /
13
4 F
HESET :
i /—
;’-f 0%V
“"“"—“RC e ]
Qscitiator
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SC1 And SC2 In Expanded Non-Multiplexed Mode

in tha Expanded Non-Multiplexed Mode, both SC1 and
SC2 are configured as autputs. SC1 functions as Input/Qut-
put Selact (JO8) and is asserted only when $0100 thraugh
SO1FF is sensed on the internal address bus.

5C2 is configured as Read/Write and is used to control
the direction of data bus transters. An MPU read is enabled
when Read/Wnte and £ are high.

SCt And SC2 In Expanded Multiplexed Mode

in the Expanded Multiptexed Mcdes, both 8C1 and SC2
are configured as outputs. SO functions as Address Strobe
and can be used to demultiplex the cight least significant ad-
dresses and the data bus. A istch controlied by Address
Strobe captures sddress on the negative edge, as shown in
Figure 15.

5C2 is configured as Read/Write and is used to control
the direction of data bus transfers. An MPU read is enabied
when Read/Write and £ are high.

P10-P17 (PORT 1}

Port 115 a mode independent B-bit [/ 0 port with each fine
an input or output as defined by the Port 1 Data Direction
Register. The TTL compatibie three-state output buffers can
drive one Schottky TTL joad and 30 pfF, Dadington tran-
sistors, of CMOS devices using external pullup resistors. ftis
configured as a data input port by RESET. Unused lines can
remain unconnectad.

F20-P24 (PORT 2)

Port 2 18 a mode-independent, 5-bit, multipurpose 1/ 0
port. The voltage levels present on P20, P21, and P22 on the
rising edge of HESET determine the operating mode of the
MCU, The entire port is then configured as a data input port.
The Port 2 lines can be selectively configured as data ocutput
lings by setting the appropriate bits in the Port 2 Data Direc-
tion Register. The Port 2 Data Register is used 1o move data
through the port. However, if P21 is configured as an out-
put, it will be tied 10 the timer Ouiput Compare function and
cannot be used to provide output from the Port 2 Data
Fegister.

Port 2 can alse be used o provide an interface for tha
Serial Communications Interface and the timer lnput Edge
function. These configurations are described in the ap-
propriate SCI and Timer sections of this publication.

The Port 7 high-impedance, TTL compatible output but-
fers are capable of driving one Schottky TTL load and 30 pF
or CMOS devices using external pullug resistors.

PORT 2 DATA REGISTER

7 5] 5 4 3 2 1 Q

PCZIPCYY PCOY P241 P23 | P22y P21} P20 50003

P30-P37 (PORT &)

Port 3 can be configured as an /0 port, 2 bidirectional
8-bit data bus, or a multiplexed address/daws bus depending
on the operating mode. The TTL compatible three-state out-
put buffers can drive one Schottky T7L load and 90 pF.
tUnysed lines can remain unconnacted.

Port 3 In Single-Chip Mode

Part 3 is an 8-bit 1/0 port in the Single-Chip Mode, with
gach line conhgured by the Port 3 Data Direction Register.
There are also two lines, 153 and 053, which can be used to
control Port 3 data transfers.

Three Port 3 options are comirolied by the Port 3 Control
and Status Register and are ovaitable only in Single-Chip
Mode: {1} Port 3 input data can be latched using 163 as a
control signat, (2} OS83 can be generated by either an MPU

1errupt can be enabled by an 1S3 negative edge. Port 3 latsh
timing s shown in Figure 4.

PORT 3 CONTROL AND STATUS REGISTER

7 8 5 4 3 2 1 0
153
183 Latch .
Flag iRQ? x 1 088 Enable X 4 X 1 s000F
Enable
Bit &2 Not used.
Bit 3 LATCH ENABLE. This bit controls the

input fatch for Port 3. i set, input data
i$ latched by an 153 negative edge. The
latch 15 transparent sfter a read of Port
3 Datg Register. LATCH ENABLE is
cleared during reset.

Bit 4 0SS {Quiput Suobe Sselect). This bit
detenmines whether 083 will be
generated by g read of write of the Port
3 [ata Register. When clear, the
strobe 15 generated by a read; when
set, it is generated by a write, 08518
clearad during reset.

Bit5 Not used.
Bit 8 IS3IRQY ENABLE. When set, an IRQ1

interrupt will be enabled whenever 183
FLAG is set, when clear, the inmerrunt
is iphibited. This bit is cleared during
reset.

Bit 7 1S3 FLAG. This read-only status bit is
set by an 1S3 negative sdge. 1t is
clsared by a read of the Pont 3 Control
and Status Register {with 153 FLAG
set! foliowed by a read or write 1o the
Port 3 Data Register or during reset.

Port 3 In Expanded Non-Multiplexed Mode

Port 3 is configured as a bidirectional data bus (D7-DO) in
the Expanded Non-Muiltiplexed Mode. The direction of data
transfers is controlied by Read/Write (SC2). Data is ciocked
by £ {Enabilel.

Port 3 In Expanded Multiplexed Mode

Faort 3 1s configured as a time multiplexed address (AQ-ATS
and data bus (D700 in the Expanded Multipiexed WModes
where Address Strobe (AS) can be used to demultiplex the
two buses, Port 3 is held in a high impedance state between
valid address and data to prevent potentional bus conflicts.
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PAD-PAT (PORT 4)

Port 4 is configured as an 8-bit /O port, as address out-
puis, of as data inputs depending on the operating mode.
Port 4 can drive one Schottky TTL load and 80 pF and is the
only port with internal pultup resistors. Unused lines can rg-
main unconnectad.

Port 4 In Singte Chip Mode

in Single Chip Made, Port 4 functions as an 8-bit 1/ O port
with each tine configured by the Port 4 Data Direction
Register. Internal pullup rasistors allow the port 1o directly in-
terface with CMOS at § volt tevels. Externatl puilup resistors
to more than B volts, howaever, cannot be used,

Port 4 In Expanded Non-Multiplexed Mode

Port 4 is canfigured during reset as an B-bit input port,
where the Port 4 Data Direction Register can be written 1o
provide any or all of eight address lines AQ o A7, Internal
pudiup resistors pull the tings high untit the Port 4 Data Direc-
tion Register is configured.

Part 4 In Expanded Multiplexed Mode

in all Expanded Multiplexed modes except Mode 6, Port 4
tunctions as hatf of the address bus and provides A8 o A1b.
In Mode 8, the port is contigured dunng reset as an B-bit
parafiel input port, where the Port 4 Data Direction Begister
can be written to provide any or all of upper address lines A8
to A15. Internal puliup resistors pull the lines high until the
Port 4 Data Direction Register is configured, whete bit 0 con-
trots A8.

RESIDENT MEMORY

The MCBB701 has 128 bytes of onboard RAM and 2048
bytes of onboard UV erasable EPROM. This memory is con-
trofled by four bits in the RAM/EPROM Conirol Register.

One half of the BAM is powered through the V¢ standby
pin and is maintainable during Voo powerdown. This stand-
by portion of the RAM consists of 84 byies located from $80
through $BF.

Power must be supplied to Voo standby if the internat
RAM is to be used, regardiess of whether standby power
aparation is anticipated. in Mode 3, Vi standby should be
tied o ground.

The HAM is controfled by the RAM/EPROM Control
Register,

RAM/EPROM CONTROL REGISTER (%14}

The RAM/EPROM Control Register includes four bits!
STBY PWR, RAME, PPC, and PLC. Two of these Dits,
STBY PWR and RAME, are used to contral FAM access and
determine the adequacy of the standby power source during
power-down operation. itis intended that RAME be cleared
and STBY FWR be set as part of a power-down procedurs.
RAME and STBY PWR are Read/Write dits.

The remaining two bits, FLEC and PPC, controt the opers-
tion of the EPROM. PLC and PPC are resdable in all modes
Hut can be changed only in Mode 0. The PLC bit can be writ-
ten without restriction in Mode 0, but operation of the PPC
tit is controlied by the state of PLC.

Associated with the FPROM are an 8-bit data latch and a
16-bit address tatch. The data latch is enabled at all times,
latching each data byte written 1o the EFROM . The address
latch is controlled by the PLC bit

A description of the RAM/EPROM Control Register
follows

MCE8701 RAM/EPROM CONTROL REGISTER

7 6 5 4 3 2 1 g

3TRY . ) S B -7
g [RAME | X X % X 1 PRC PLC

BitQ PLC. Programming Latwch Contol
This bit controts {8} a latch which cap-
tures the EPROM address o be pro-
grammed snd (B} whether the PPC bit
can be cleared. The latch 18 tnggered
by an MPU write 10 a location in the
EPROM. This bit is set during resel
and can be cleared only in Mode Q. The
PLC bit is defined as follows:

PLC=0 EPROM address lawich
enabled; EPROM address is latched
during MPU writes to the EPROM.

PLC =1 FPROW address lawch is
transparent

Bit 1 PPLC. Programming Power Caontrol
This bit gates power from the
RESET/Vpp pin to the EPROM oro-
gramming circuit. PPC s set dunng
reset and whenever the PLC bit is set.
it can be clearad only if 18] cperating in
Mode 0. and (b if PLC has been
praviously ceared. The PPO bit s
defined as folows:

PPC=0 EPROM programming
powaer (Vpp) applied.

PRC=1 EPROM programming
power (Vpp} 8 not applied.

Bit 2-5 Unused.

Bit & RAME RAM Enabie. This Read/Wile bil can
be used to remove the entire RAM
from the internal memory map. RAME
is set {enabledt during reset provided
standby power g available ‘on the
positive edge of reset. f RAME ia
clear. any access to @ BAM address 13
external. {f RAME is set and not in
Mede 3, the RAM ig included in the in-
ternal mag.

Standby Powser. This bit 15 & read/
werite status bit which, when onge set,
remaing set as fong as Vo standby re-
mains above Vgpg {minimumi, As
iong as thig bit s set following a pariod
of standby operation, the standby
nower supply has adequately preserv-
ad the data in the standby RAM. Hf this
bit is cleared during a period of stand-
by operation, # indicates that Voo
standby had falen to & leval sufii-
cierdly below Vggp (minimumi to
suspect that data in the standby BRAM
is not valid. This bit can be set only by
software and is not affected during
reset.

Bit 7 STBY PWR

Note that it PPC and PLC are set, they cannot be
sirmnultaneously cleared with a singte MPU write. The PLC bit
must be cleared prior (o attempting o clear FPC_ 1 both PPC
and PLC are clear, setting PLC will also set PPC. in addition,
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it is assumed that Vpp is spplied to the RESET/Vpp pin
whenaver PPC is clear. If this is not the case, the result is
undsfined.

ERASING THE MC68701 EPROM

Ultraviolet erasure will clear ati bits of the EPROM to the
"0 state. Note that this grased state differs from that of
some other widely used EPROMs {such a8 the MCMBB708)
where the erased state is a8 17, The MCB8701 EPROM is
programmed by erasing it 1 "0's” and entering "1’ inte
the desired kit locations.

The MCE8701 EPROM can be erased by exposure 1o high
intensity ultraviolet light with a waves length of 2537A for a
minimum of 30 minutes. The recommended integrated dose
UV intensity X exposure time) s 15 Ws/em. The lamps
shoutd be used without shortwave filters and the MC88701
should be positioned about one inch away from the UV
tubes.

The MCBBI0U transparent g should always be covered
efter erasing. This protects both the EPROM and light-
sensitive nodes from accidental exposure to ultraviolet ight.

PROGRAMMING THE MC68701 EPROM

When the MCB8701 is released from Reset in Mode 0, a
vector is fetched from incation SBFFEBFFF. This provides a
method for an external program 1o obtain contral of the
microcomputer with access to every location in the EPROM.

To program the EPROM, it is necessary to operate the

MCEE7G1 in Mode O under the control of a program resident
in gxternal memory which can facilitate loading and pro-
gramming of the EPROM, After the pattern has been foaded
into external memory, the EPROM can be programmed as
foltows:

8. Apply programming power {Vpp) 1o the RESET/Vpp
pin.

B Clear the PLC convrol bit and set the PPC bit by
writing $FE 1o the BAM/EPROM Contro! Register.

c.  Write date to the next EPROM location 1o be pro-
grammed. Triggered by an MPU write 10 the
EPROM, internal latches capture both the EPROM
address and the data byte.

d. Clear the PPC bit fur programming time, Top. by
writing $FC to the RAM/EPROM Conurol Register
and waiting for time, tpp. This step gates the pro-
gramming power {Vpp! from the RESET/Vep pin to
the EPROM which programs the iocation.

¢. Repeat steps b through d for gach byte to be pro-
grammed.

f. Set the PLC and PPC bits by wwiiting $FF to the
RAM/EPROM control register.

g. Bemove the prograraming power (Vpp) from the
RESET/Vpp pin. The EPROM can now be rsad and
veritied.

Because of the erased staie of an EPROM byte is 300, itis
not necessary o program 3 location which is to contain $00.
Finally, it shiould be noted that the result of inadvertently
programming & focatior moere than once is the logical OR of
the data patterns

A routine which can be used to program the MCB8701
EPROM is provided at the end of this pubtication. This non-
regntrant routing requires four double byte variables named
IMBEQ, IMEND, PNTR, and WAIT to be initialized prior to
antry 10 the routine. These variables indicate (a) the #irst and
last memaory locations which bound the data to be program-
med into the EPROM, {b} the first EPROM location to be pro-
grammed, and {c} & number which is used 1o gensrate
the programming time delay. The last variable, WAIT, takes
into account the MCU mput crystal {or TTL-compatible
clockl frequency to insure the programming time, Ipp, 08
rmet. WAIT is defined as the number of MPU E-tyeles that
will occur in the real-time EPROM programming interval,
tpp. For example, i tpg = B0 milliseconds and the MCB8701
18 being driven with a 4.00 MMz TTL-compatible clack:
WAIT (MPU E-cycles! = _tpn« IMCU INPUT FREG/ 14« 106

- = 500004 % 1061 74.# 108
= 50000

NOTE
A monitor program called PRObug®  is available from
Motorola Microsystems. PRObug contains a user option for
programming the on-bosrd MCEB8701 EPROM.

PROGRAMMABLE TIMER

The Programmable Timer can be used to perform input
waveform measuremenms while independently generating an
output wavetorm. Pulse widths can vary from severs!
microseconds to many seconds, A block diagram of the
Timer is shown in Figure 21.

COUNTER {$09:0A}

The key timer element is a 18-bit free-running counter
which is incremented by E {Enablel. it is cleared during reset
and is read-only with one exception: & write {0 the countar
{308} will preset it to $FFFB. This feature, intended for
testing, can disturb serial operations because the counter
provides the SCI internal bit rate clock. TOF is set whenever
the counter contains all 1's,

GUTPUT COMPARE REGISTER {$0B:0C)

The Qutput Compare Register is a 16-bit Read/Write
register used to control an output waveform or provide an ar-
bivrary timecut fiag. It is compared with the free-rtinning
countar on each E-¢ycle, When a match ccours, OCF is set
and OLVL is clocked to an output level register. i Port 2, bit
1, is configured as an output, OLVL will appear at P21 and
the Output Compare Register and OLVL can then be
changed lor the next compare. The function is inhibited for
one cycle after a write to the high byte of the Compare
Register (SOB) to ensure a valid compare. The Qutput Com-
pare Register is set to $FFFF during resst.

INPUT CAPTURE REGISTER {$0D:0F}

The input Capture Register is a 18-bit read-only register
used to stare the free-running counter when a “proper” in-
put transition: occurs as defined by IEDG. Port 2, bit 0 should
be configured as an input, but the edge detect circuit always



MC68701

FIGURE 21 — BLOCK DIAGRAM OF PROGRAMMABLE TIMER
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senses P20 even when configured as an output. An input
capture can occur independently of ICF: the register always
cordains the most cutrent value. Counter transfer is in-
hibited, however, betweaen acscasses of a double byte MPU
read. The input pulse width must be at least two E-gyeles o
ensure an input capture under all conditions.

TIMER CONTROL AND STATUS REGISTER ($08)

The Timer Control and Status Register (TCSR} is an 8-bit
register of which all bits are readable while bits 0-4 can be
written. Tha three most significant bits provide the timer
status and indicate it

# a2 proper level transition has been detected,

® g match has occurred between the free-running

counter and the oulput compare egister, and

& the fres-running counter has overflowed.

Fach of the three events can generate an {RQ2 interrupt
and is controlled by an individual enable bit in the TCSR.

TIMER CONTROL AND STATUS REGISTER (TCSR)
7 8 & 4 3

2 1 G

ICF | OCF | TOF | RICH{EQCH ETOHIEDGOLVL  $0008

Bit 0 OLVL

Bit 1 EIDG

Bit 2 ETO!

Bit 3 EQCH

8it 4 EICH

A

Guiput  thput
Level Edge
a1 gu¢
Port2 Pertl

Qurput tevel. OLVL s clocked 1o the
output level register by a successiul
output compare and will appear at P21
if Bit 1 of the Port 2 Data Direction
Register is set. W is clearsd during
reset.

Input Edge. 1EDG is clesred during
reset and controls which level transt-
tion will trigger a counter transfer 10
the Input Capture Register:

{EDG =0 Transfer on a negarive-edge
IEDG =1 Transfer on a positive-edge.
Enaple Timer Overflow Interrupt.
When set, an IRQ2 interrupt is enabled
for a tmer overflow, when clear, the
interrupt is inhibited. it is cleared dur-
ing reset.

Enable Output Compare interrupt.
When set, an {RQZ interrupt is enabled
for an output compare; when clear,
the interrupt 18 inhibited. It is cleared
during reset.

Enable Input Capture interrupt. When
set, an IRQZ interrupt is enabled for an
input capture; when clear, the inter-
rugs is inhibited. Ut is cleared during
reset.
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Bit 5§ TOF Timer Querfiow Flag. TOF is st when
the counter contains alt Vs, it i
cleared by reading the TCSR {with
TOF set} then reading the counter high
byte {3081, or by RESET.

Qutput Compare Flag. OCF is set

when the Quiput Compare Register

matches the free-running counter, i

cleared by reading the TCSR i{with

OCF sett and then writing (o the Qut-

put Compare Register {$0B ar $00), or

by RESET.

Bit 7 ICF tnput Cepture Flag. ICF is set to in-
dicate a proper level transition: it s
cleared by reading the TCSR Iwith ICF
set! and then the Input Capture
Register High Byte (30DI, or by
RESET.

82t 8 OCF

SERIAL COMMUNICATIONS INTERFACE (SCI)

A full-duplex asynchronous Senal Communications Inter-
face {SCH is prowided with two data formats and a variety of
rates. The SCI transmitter and receiver are functionaliy in-
dependent, but use the same date format and bit rate. Serial
data formats include standard mark/space (NRZ) and Bi-
phase and both provide one start b, eight daa bits, and one
stop bit. “"Baud” ang "'bitl rate” are used synonymously in
the following description.

WAKE-UP FEATURE

In & typical serial loop multi-processor configuration, the
software protocol wilt usually identify the addressesis) at the
beginning of the message. In order t@ permit uninterested
MPU's to ignore the remainder of the message, a wake-up
feature is included whereby all further S receiver flag land
interrupt] processing can be inhibited until the daa fing goes
idle. An SCi receiver is re-enabled by an idle string of ten
consecutive 1's o during reset, Soltware must provida Yor
the required idle string between consecutive messages and
pravent i1 within messages.

PROGRAMMARBLE QPTIONS

The foffowing features of the SCI are programmable:

# format: standard mark/space INRZ} or Bi-phase

® clock: external or internal bit rate clock

® Baud : one ot 4 per E-clock fraquency, of ex-
ternal clock (X8 desired baud!

® weke-up feature: enabled or disabled

® interTupt Tequests: enabled individually  for wans-
mitter and receiver

® clock output: internal bit rate ciock ensbled or dis-
abled t¢ P22

SERIAL COMMUNICATIONS REGISTERS

The Serial Communications interface includes four ad-
drassable registers as depicted in Figure 22. 1 is controtied
by the Baw and Mode Conurol Register and the

Transmit/ Receive Control and Staws Register. Data is
transmitted and received wiilizing 8 write-only Transmi
Register and a read-only Receive Register. The shift registers
are not accessible to software.

Rate and Mode Control Register {RMCR} (§10}

The Rate and Mode Control Register controls the SCi bit
rate, formar, clock source, and undsr certain conditions, the
configuration of P22 The register consists of four write-only
bits which are cleared during reset. The two least significant
pits control the bit rate of the internal clock and the remain-
ing two bits control the format and clock source.

RATE AND MODE CONTROL REGISTER (RMCR)

6 6 4 3 2 9
L x T x| x| x Jcci]ceofssi]sso] sooo

Bit B O §51-SSC Speed Seisct. Thase two
bits select the Baud rate when using
the internal clock. Four rates may be
selected which are g functon of the
MCU input frequency. Tabie 6 lists bit
time and rates for three selected MCU
frequencies.

CCHCCO Clock Control and Format
Selact, These two bits control the for-
mat and select the senal clogk source.
If CC1is set, the DDOR value for P221s
forced to the complement of CCQ and
cannhot be ahtered untd CC1 is cleared.
it CCYis cleared after having been set,
its DDR wvalue is unchanged. Table 7
defines the formats, ciock source, and
use of P22,

If bath CC1 and CCO are set, an external TTL compatible
clock must be connected to P22 at eght tmes (8X) the
desired bit rate, but not greater than E, with a duty cycle of
B0% {4 10%). If CC1:CC0= 10, the internal bit rate ciock is
provided at P22 regardiess of the values for TE or RE.
NOTE: The source of SCI internat bit rate clock is the tmer

tree running counter. An MPU write to the counter
can Jisturb serial operations.

Bit 3:84t 2

Transmit/ Receive Control And Status Register
{TRCSR) {$11)

The Transmit/Receive Control and Status Hegister con-
trois the wransmitter, receiver, wake-up feature, and two in-
dividual interrupts and momitors the status of serial opera«
tions, All eight bits are readable while bits 0 16 4 are alsc
writable. The register is initialized to $20 by RESET.

TRANSMIT/RECEIVE CONTROL AND STATUS
REGISTER {TRCSR)

5 4 3 2 1 0

7 8
bDiﬁOHF TDRE{R!E |RE | TiE } TE] Wi} 000
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TABLE 6 — SCi BIT TIMES AND RATES

4ig.. 2.4576 MHz 4.0 MHz 4.9152 MHz

551:880 £ 614.4 kHz 1.0 MHz 1.2788 MHz

g 0 + 16 26 #5738,900 Baud 16 p5/82 500 gaud 13.0 xs/76.800 Baud

¥} i - 128 208 us74 800 Baud 128 ps/7812.5 Baud 104.2 ps/9,800 Baud

1 [ - 1324 1,67 ms/800 Baud 1.024 ms/976.6 Baud 833.3 ps/ 1,200 Baud

1 } - 40096 8 67 ms/ 150 Baud 4 096 ms/244.1 Baud 3.33 ms/300 Baud
Extarnal (P22 Up 10 76,800 Baud Up 10 125,000 Baud Up to 153,600 Baud

TABLE 7 ~ SCI FORMAT AND CLOCK SOUACE CONTROL

CC1:CCo Format Ciock Source | Fort2, Bit2
[{RY 8i-Phase irernat Not Used
o 1 NRZ Intermal Not Used
t ¢ NRZ internal Gutput
101 NRZ External input
FIGURE 22 — SCI REGISTERS
B 7 Rate and Mods Cuntrol Register 81 0
CCr f CCO | SS1 880810
Transmit/Receve Contral ang Siatus Regisier
RORF § ORFE {TORE] RIE RE TE TE §wuisit
Recewe Data Register
LI L e
Dot 2 (Mot Addressabile:
Rx 11
Bir P E Recewe Shift Register
3
Clock
10 B Rate
Bit e > Generator -« E
z
Y {Not Addressable)
Transmit Shift Register
Tx
Bit 12
4 v
$13

Transerit Data Register
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Bit 0 wu

B 1 TE

Bit 2 TiE

Bit 3 RE

Bit 4 RIE

g8it 5 TORE

Bit 6 ORFE

"Wake-up” on idie Line. When set,
WU enables the wake-up function: i1 is
cleared by ten consecutive 1's or dur-
ing reset. WU will not set i the line is
idle,

Transmit Enable. When set, P24 DDR
bit is set, cannot be changed, and will
remain st if TE is subseguently
cleared. When TE is changed from
clear to set, the transmitter is con-
nected to P24 and a preambile of nine
consecutive 1's is transmitted. TE is
cleared during reset.

Transmit Interrupt Enable. When set,
an 1RQZ interrupt is enabled when
TDRE is set; when clear, the interrupt
is inhibited. TE % cleared during reset.
Receive Enable. When set, the P23
DDR bit is cleared. cannot be chang-
ed, and will remain clear if RE is subse-
guently cleared. While RE is set, the
S£1 receiver is enabled. RE 15 cleared
during reset.

Receiver interrupt Enable. Whean set,
an 1RQZ interrupt is enabled when
RUBF and/or ORFEis set; when clear,
the interrupt is inhibited. RIE is cleared
during reset. )

Transmit Date Hegitter Empty. TORE
is set when the Transmit Data Register
is transierred to the cutput serial shift
register or during reset. it is cleared by
reading the TRACSE (with TORE set
and then writing to the Transmit Data
Register. Additional data will be
transmitted only if TORE has been
cleared.

Overrun Framing Error. if set, ORFE in-
dicates either an overrun or framing er-
ror. An overrun is a new byte ready
transfer to the Receiver Data Register
with RDRF sull set. A receiver framing
grror has occurred when the byie
boundaries of the bit stream are not

synchronized to the bit counter, An
overrun can be distinguished from s
framing error by the state of RDRF: if
RORAF is set, then an gverrun has og-
curred; otherwise a framing error has
heen detected. Dats is not transierrad
to the Receive Data Regisier in an
overrun  condition. Unframed data
causing a framed arror is transferred to
the Receive Data Register. Howaever,
subsequent data transfer is blocked
until the framing error flag is cleared *
QRFE is cleared by reading the TRCSR
twith ORFE set} then the Recaive Date
Register, or during reset.

Receive Data Register Full. RDRF is
set when the input serial shift register
is transferred to the Receive Data
Begister. 1t i cieared by reading the
TRCSRA {with RORF set), and then the
Recsive Data Register, or during reset,

Bit 7 RDRF

SERIAL OPERATIONS

The SClis initialized by writing control bytes first to the
Rate and Mode Control Register and then to the
Transmit/Receive Control and Status Register. When TE is
set, the output of the transmit serial shift register is con-
nected to P24 and serial cutput is initiaied by transmitting to
2ot preambie of Vs,

At this point one of two situations axist: 1} if the Transmit
Data Register is empty (TDORE = 1), a continusus string of 1's
will be sent indicating an idie ine, or 2} if 3 byte has been
written to the Transmit-Data Register (TDRE=0}, it wili be
transferred to the output serial shift register {synchronized
with the bit rate clock}, TDRE will be set, and transmission
will begin.

The start bit {0, eight data bits {beginning with bit 0} and a
stop bit {1}, will pe rransmitted. I TDRE s stilf set when the
next byte transfer should occur, 1's will be sent until more
data is provided. In Bi-phase format, the outpul 1oggles at
{he start of each bir ang at half-bit time when a “ 17 is sent.
Receive operation is controlied by RE which configures P23
as an mput and enables the receiver. SCI data formats are i
strated in Figure 23,

FIGURE 23 — SCI DATA FORMATS
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* Devices made with mask numbers T7A and CB4 da not transfer unframed data to the Receive Data Register.
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INSTRUCTION SET

The MCB8701 is upward source and object code compati-
ble with tha MCB300. Execution times of key instructions
have been reduced and several new instructions have heen
added, including 8 hardware multiply. A list of new opera-
tions added to the MCBBI0 instructon set is shown in
Table 1. In addition, two new special opcodes, 4F and SE,
are provided for test purposes. These opcodes force the pro-
gram counter to increment ke a 18-bit counter, causing ad-
cress fines used in the expanded modes 1o increment until
the device is reset. These opcodes have ne mnemonics.

The coding of the first {or only} byte corresponding 1o an
executable instruction s sutficient to identify the instruction
and the addressing mode. The hexadecimal equivelents of
the binary codes, which result from the ransiation of the 82
instructions in all valid modes of addressing, are shown 1In
Table 8. There are 220 valid machine codes, 34 unassigned
codes, and 2 reserved Tor 1est purposes.

PROGRAMMING MODEL

A programming modet for the MCBR701 is shown in Figure
9. Accumulator A cen be concatenated with accumulator 8
and jointly referrad to as acoumuiator D where A is the most
signiticant byta. Any operation which medifies the double
accumnulator will alse modity accumulator A and/or B. Other
registers are defined as follows:

Program Counter — The program counter is a 16-bit
ragistar which always points 1o the next instruction.

Stack Pointer — The stack pointer is & 16-bit register
which contains the address of the next available location in a
pushdown/putiup {LIFO} gueue. The stack resides in ran
dom access memory at @ location defined by the program-
mer.

Index Register — The Index Register is a 16-bit register
which ¢an be used to store data or provide an address for the
indexed mode of addressing.

Accumulators — The MCU contains two 8-bit ac-
cumulators, A and B, which are used to store operands and
results from the arithmetic logic unit {ALU). They canalso be
concstenated and referred to as the O {double) accumulator.,

Condition Code Registers — The condition code register
indicates the results of an instruction and includes the
Overflow (V) Carry/Borrow from MSB (C}, and Half Carry
following five condition bits; Negative (N}, Zero (2},

from bit 3 (Hi. These bits arg testable by the conditional
branch instructions. Bit 4 is the interrupt mask {{-bit) and in-
hibits alf maskabie interrupts when set. The two unused bits,
B8 and B7 are read as ones.

ADDRESSING MODES

The MCB8701 provides six addressing modes which can be
used to relerence memory A summary of addressing modes
for all instructions is presented in Tables 8, 10, 11, and 12
where execution ttmes are provided in £ cycles. Instruction
execution times are summarized in Table 13. With an input
frequancy of 4 MHz, E cycles are equivalent to micro-
seconds. A cycle-by-cycle description of bus activity for
each instruction is provided in Table 14 and a description of
selected instructions is shown in Figure 24,

immediate Addressing — The operand or ““immediate
bytels}” is contained in the following bytels} of the instruc

“tion where the number of bytes matches the size of the

register. These are two of three byte instruttions,

Direct Addressing ~ The least significant byte of the
operand address 1s contained in the second byte of the in-
struction and the most significant byte is assumed 10 be $00.
Diract addressing altows the user to access SUQ through SFF
using two byte instructions and execution time is raduced by
ehminating the additional memory access. In most applica-
tons, the 266-byte area s reserved for frequently referenced
data.

Extended Addressing — The second and third bytes of the
instruction contain the absolute address of the operand.
These are three byte instrutions.

Indexed Addressing — The unsigned o'fset contained in
the second byte of the instruction s added with carry to the
Index Register and used to reference memory without
changing the Index Register. These are two byte mstruc-
Hons.

Inherent Addressing — The operandis) are registers and
no memory reference is required. These are single byte n-
structions.

Realative Addressing - Relative addressing is used only for
branch instructions. if the Lranch condition is wue, the Pro-
gram Counter is overwritten with the surn of a signed single
byie displacement in the second byte of the instruction and
the current Program Courmtar. This provides a branch range
of — 126 to 129 bytes from the first byte of the instruction.
These are two byie instructions.
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TABLE B — CPU INSTRUCTION MAP

OP MNEM MODE -~ FIOP MNEM MODE -~ #iOP MNEM MODE - #|OP MNEM MODE -~ #]0P MREM MOCE -~ #
w . 34 DES  INHER 3 168  ASL  INDXD & 2|eC  GPX DI 5 z{pe suBs DA 3 2
@ NOP NHER 2 13 Txs 1} 3 1§88 RO g 2fap 3R & 2iDt cmer A 3z
[ A ¥ PSHA 3 tisa DEC & zf3 L0 4 2{pz  sece 32
@ 37 PEHB 2 e s g TS DIR 4 2{D3 ADDD 5 2
o4 LSRD 3 1flm® fux s 1fsc omg § 2)A0 SUBA INDXD & 7{D4  ANDB 3z
o5 ASLD 3 1}3 RIg s tlap TSt 5 2far cmea g 2 zios  a;s 3z
06 TAR 2 1 E3A £BX 3 1 jEE KPP 3 2p a2 S8C4 4 23108 LDAB 3 2
o TPA 2 tlm su WotisF otk o moxb 6 2]a3 suee & ripr  sTam 5z
08N 3 T30 PSMX 4 1170 HEG  £XTuD 8 3}A4  ANDA 4 2{D8  EORB 3 2
% DEX 3 tian s woorfir . A A5 BITA 4 2}p3  ADCE 32
[ 2 v owat a 1w . A8 1DaA & zi0A ORAB 3 2
o8 SEv 2 T §3F Swi 12 1173 COMt -3 3§ A7 STAA & zios ADGEB & 3 pd
9 e 2 1}a0 NEGa 2 1 wsm s 3{a8 EoRA 2+ 2isc oD ¢ 2
o SEC RS I s s A3 ADCA 4 2{pp sTO & 2
9 Cu 2 tfar s ¥® ROR 6 3}ar oRaa 4 2{DE DX 4 4 2
oF  SE Z 1§43 COMA 2 t{7  =sm § 3}A8 ADDA 4 210F SIX DR & 2
W SBA 2t sea 2 11w  ast 8 3{AC cPx 6 2 }EC SURBE INGXD 4 2
1 Ba 2 1 jae * 7o By & 3 §aD  4SR & zi& CHWER A Es z
12 = 46 RORA 2 t{7& DEC & 2fjac iDs 5 2fEr  sace 4 2
W 47 ASRA 2 ot e AF STS  wDXO B 2 €3 aDDD s 2
M. 48 ASLA FER T LR T 8 31BE  SUBA EXYHD 4 3 {Ed  ANDS 4 2
w . @ ROL& PR ST £ 11 6 2is cmea & 3{gs  mie &2
t Tag 2 Y ofAA DECA 2 ¥ {7E JMR " 3 Jja 38CA 4 3 {E8 Lag & 2
17 YHA 2 1548 . *OLR ex¥NS 6 2§83 susD & 3 jer sras 4 2
W Y P TN 2 1{e0  sSuBA MMED 2 2fR4  ANDA 4 3les  toms 4 2
1 DAA INMER 2 1 [4D  TSYa 2 1Bt cmPa 2 288 ®mYa 4 3les  aDCB 4 2
A a4 ¥ 82  SBCA 2 2)a8s  ibaa ¢ 2lea  ores -
Al AB s INHER 2 t taf TLRA Z Toyes SUBD 4 3} 37 STAA % 2 8EB ADDE 4 2
W B ONEGH 2 t s ANDA 2 2ps €08 & 3 jEC  LDD 5 2
e 51 . 8 BUTA 2 zlaw Aoca ¢ 3o s 5 2
I 82 . 8  LDAA i 2}8& ORmAA 4 ajes ox ] 5 2
. 81 LoMa 2 1 {er e BB ADDA s sler sx owoxe 5 2
28 8RA AR 3 254 LSRE z 1 {88 soRA 2 z2i8c  CPX 6 3 JFC  SUBB EXTND 4 3
21 8RNy j# 3 2355 - 83 ADRCA Zz 2 }BD ISR & 3§t LMPE -] 3
22 BHI 3 2 188 AORR 2 1 {BA GHAA 2 2 I BE LG8 5 3 fr2 SBIB 4 3
3 BLS 3 2197 ASHE i 1 {88 ADRA 2 2 BF 575 EXIND 5 3 §F3 ARDD 8 3
2 BCC 3 zis  ASLB 2180 CPx  mmEo 4 2 }C0 SUBS IMMED 2 2 R4 ANDE 4 3
2% BCS 3 215 ROE 2 18D &SR REL § zjC1 PR A 2 2} s 43
% BNE 3 2iss  DEcs 2 1 i8E (DS MMED 3 3}C? SBCe 2 2} LDaB 4 3
27 Ben 3 zism . . €3 ApDO ERE- 3 TR S 7V 4 3
B BVC 3 2150 NCR 2 1ise  susa pE 3 2}ca  ANDR > 2fes  Eome 4 3
8 BYS 3 245D 1SR Z 1 {9 cuea A 3 ZiCE mive 2 Z 9 ADce 4 1
24 BRL 3 T T 92  SBCA 3 21¢s  Lpaw 2 2 iea  omAR 4 3
M BME 3 2 iSF  CIRB mMER 2 1§83 Susp 5 27 - 8 aDDB 2z 3
2 BGE 3 2 {80 NEQ WOXD & s AMDA 3 Zjc8 EQRB Z Z }FC LD 5 3
20 ®mT 3 2 16t * 85 BiTA kl 210 ARCSB 2 2 }FD STD 5 3
2E BEY V 3 2 3§52 » o8 LORA 3 2 {CAa  QORAE z 2 {FE LO¥ 5 2
2 BLE AEL 3 2383 oM & 2 37 BTAA 3 ZiCE  AODDB 2 2 }FF 0 8TX EXTRNO 5 3
¥ OISx INHER 3 1§68 LSR 6§ 298 EORA 3 2fcc o 3 3
3t NS 3 Ve 9 ADCA 3 zlco . Y * NDEFINEDR OP SODE
37 PULA & 1 168 ROR 5 2 jon DRAS 3 7 1¢e X WAMED 3 3
3 PLLE 4 1{e7 ask moxo 6 21098 asooa ¥ 3 2leE
NOTES:

1. Addressing Modes

INHER minherent  INDXDmindexed IMMED simmediate

REL = Retative

2. Unassigned opcodes are indicated by *"#" and should not be executed.

EXTND = Extended DIR w Direct

3. Codes marked by " T~ force the PC to function as a 18-bit counter
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TABLE 8 — INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS

Condition Codes
ymweed | Direct | tedex | Extend | inherem Bootsan/ slaj2lz]1]®0
Pointer Gperations MNEM|Op] ~ | #{Op{~] #lop] ~] #{ 0o} | # |op|~1 # Arithmetic Operation Hitinjz c
Compara index Register cpx Bclal ajsclsfzfaciel 2iacliei X~ M:M+1 wiet] P
Decrament Indox Hegister DEX i3] 1iX~i~*X sisi wie
Decrament Steck Pointer DES i3} 1{sp-1~5p viejeiofeie
tncrement Index Register INX B3 1inei—*X s{ele{ii=i~
increment Stack Fouvter NS 33 1{1SP+1~>Sp sjslsfeie}n
Load index Register LO% |CEj3] a|DE]4] 2JEE| 5] 2]FEI513 M=+ X4, (M + 13— X| «leil Rie
t gad Stack Fointes LOS [eEl3{ atoE |4 2|AE]5] 2|BE[5 {3 M= 5P M+ 1) = SP DG
Store index Register 57X DF|at2jeF|n] 2|FFl5}3 Xp—* M X =M+ 1) ejeld Rie
Sigre Sieck Poimer T8 9F 14 | Z{AF{SL 21BFIG |3 SPy = M SP ™ i+ 1) «lai{il{R]"
Index Reg " Stack Pointer TXS B3| 1] 15 eje|ofa]e]>
Stack Pritr —= index Register TBX ]3] 1]SPs1=X elofafefe]e
Add ABX SA{3 1 1{Bex—*X efefelninfe
Fush Dow BEAX AT X~ Mgp.8F - T~ B aleleleie]l~
Y=+ Mgp §P~ 1-e 5P
Pult Data PULX 3BIS ] ISP+ ISP . Mgp Xy eiafeieioete
SP 4 1~ 5P Mgp =X
TABLE 18 — ACCUMULATOR AND MEMORY INSTRUCTIONS (Shest 1 of 2}
Accumuliator ang fnmad | Direct | Index | Extend | Inher | Boclesn Condition Codas
Memoary Operations | NE [ Gpl= [#{0p]~ | #]0p] ~ |#| Og| ~ | #| Op| ~ |# Expression HIITINZIV]C
Add Acmitrs ABA 182 {1jA+B=A ffeiti i1}
Add B 10 X ABX 3Al 3 [1{O00B+ X =X slejojeiele
Add verth CTarry ADCATSBBI2 {21983 | Z1AS14 (21688]413 AeM+ [ =A *
ADCBICSI212]{D9i3;21E9}4 [2]F3{d4]3 B+M+( =B o
Add ApDafssizizieBi3]2{AB[4 (2{a8{4{3 A+M ~A )
ADDB| (Bl 2 12|08} 3| 21EB|4 [2]FBI1413 B+ M=A -
Add Double ADDDIC3l4aj3l03]s | 2{E3]6 [2]F3}613 D+rMM+ T =D o e
And ANDATBatZ2 2{aa{3121A414 [2iB4{4}3 AM A e Rie®
ANDBICA]2 1 2]D4] 3| 2]Eal4 j2]F4j4]3 B M ~3 DD R ®
Shift Left, ASL 686 {2 7B{6}3 - [
Arithmetic ASLA 4g[7 |1 B~ << [e]®
ASLE 2 11 N I
Shilt LeRt Dbl ASLD 0513 11 0
Shift Right. ASE 6716 121771613 —dw Li0.J {
Arithmetic ASAA 3713 Lfrttn-8 ste i
ASRB 5712 11 ¥ o el ® BN
Bit Test BiTA [B6121219513 |2|JA54 {2{B514 3 A - M aimi} fle
gite {C5|2]2{D5]3 | 2]ES{4 j2iF5{413 8-M LI IR 8K 4
Compare Acmitrs CBA 11iz2 j1jA -8B eley 11
Clear [o] BF 6 (21 7F{ 61 3 00 =M SIS R S{R{R
CLRA AFI2 1100 =~ A SI@® RIS{RIR
{LRB 5F{ 7 |1j00 -B @/ ®|B]|S{R{R
Compare cnmpalRI {2 {2]81{3(2]A1{4 j2{B1}4 {3 A-M [ 1N ]
CMPEICYI212IDY{32IEY}4 {2iF114 13 8- M el e
1's Complement COM 8316 j2173/613 T4~ e B
COMA 4312 [ 1A ~A D Al{S
COMB 5312 {118 ~B sl e R{S
Decimat Adj. A DAA 2 [1Adi binary sum 10 BCD| @1 @ ]
Decrement DEC BA{6 §2]7A1813 M1 =M el® )
DECA SALZ (1{A- 1 A [ 3 @
DECH GAlZ 1|8 .1 =8B el e e
Exclusive OR EQORA |88 |2 j2]{0813 {21A8]4 {2|B88{4 13 A D Mw-A .l @ al e
EORB iC8{2 (2]08{3 {2|EB}4 {2|FB}a 3 B ® M-8 [ JK ] {4 Ri®
Increment NG BCHE 1217CiB 13 M+t =M 3K { )
WNCA ACI2 (HA+1 =A 0 D)
INCB 5Ci2 {1|B+1 —B ele .
Load Acmitrs LDAA {86]2 [219813 {2|A6l4 |2iB6]4]3 M ~A sl® Riw
LOAB IC812 1 2{D6]3 [21E6]{4 J2iF6j14 13 M-8 el e Ri®
Load Double (DD [CCi{313{DCIa [21EC|6 J21FCI5]3 MM+ 1 =D ale Rl
Lagucal Shift LSL 6816 2{78{61]3 | ® ¢
Lett LSLA L AW sy PR L ¥
LSLB E3FRE b 53 ) {
LSLD 0513 i1 * e i
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TABLE 10 — ACCUMULATOR AND MEMORY INSTRUCTIONS (Sheet 2 ot 2)

Accurmulator and MNE Immed | Direct Index Extend Inher | Baolean Condition Codes
Memory Dperations Opi~ | #|0p{ ~ | #i0p] ~ |#{Op] ~ | #{Cp|- |# Expression HI 1IN} ZI V] C
Shift Right, LSR 646 {2{74]{8 {3 — R
Logical LSRA adz (1) o~{TTHE felei /]l
LSRB 5412 11 ’ o/eiRr|! i
LSRD G413 i1 eleiall [
Multiply MUL 3phioiifaxs=p slieivinle
2's Complement NEG 6016 12170{6{23 00 -M =M sieiiidi}
{Negate} NEGA 40{2 [ HO0-A =A oiei il ]
NEGB 50{2 {1{00-B =8 DEINNnE
No QOperation NOP Q12 [HPC+1 =PC iR IR I )
Inclusive OR ORAATEA 2 1 218A[{3 [21AA14 12BA{4 {3 A e M w-p [ 3R] Ri®
QRABICAIZ 1210A13 121EAI4 121FA14 13 8+M =8 [ K] Aie
Push Data PSHA 3613 | HA =Stack Sinioieins
PSHB 3713 { 1B = Stack sieinieisis
Pull Data PULA 3214 | 1] Stack = A Sieidisiaie
PULB 3314 {1} Stack =B sisisisiele
Rotate Left ROL 83|16 (21781613 . aile f111
ROLA 4317 M B-III =0 {0 ® 11ty
ROLB 5912 11 . i elel (]}
Rotate Right ROR 6616 {2{76]8 13 e [ JK 2 RAN
RORA 4812 {1 g-IInIn =g (el e
RORB 5612 I il o [ JK.
Subtract Acmite SBA- 10j2 {1}A -8 ~4 (JK.]
Subtract with SBCA |B2 |2 | 210213 |21AZ|4 (2|B2|4 (3 A-M-C=A e e
Carry SBCR {c2 (2 [21D213 {21e2]a [2{F2]4 |3 B. W .C =B el e
Srore Acmitrs STAA 9713 [2]A7]4 {2{B7]4 13 A -k ) Rl @
STAR o7f3 j2{e7]a {2{F7]4 |3 B =M D Rl e
ST0 DD[4 {2{eDis {2{FDl5 13 D -MM- 1 e Rl e
Subtract SUBA |BO|2 | 219013 [2]A014 (218014 |3 A M ~A I 1
SUBE (COJ2 |2|DOI3 {2 {ED{4 121F0}4 13 8-M--—8 .l e i
Subtract Double SUBD {83 {4 J3{93{5 [2{A3]6 {2{83l6 |3 D-MM:+1 =D o » [
Transter Acmite TAB 1512 (1A =B 3B Rie
TBA 7712 [1{B ~A O Ri®
Test, Zero of TS 8Dj6 {2{7D0j8 {2 M- 00 2 ® R{ R
Minus ISTA 4012 (1A - 00 el e R{R
TST8 spf2 {1{B-00 e R{R

The condition sode regiser notes are fisted after Table 12
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TABLE 11 — JUMP AND BRANCH INSTRUCTIONS

Londition Code Reg.

Direct Retative index Extend inherent 1) 321110

Qperstions MNEMIOpE ~F #{Opt ~] ¥ |Opf ~] F{Opl~| #F{0Op} -} ¥ EBranch Test Hi1TINjZIV{C

Branch Always BRA 213y 2 None sisjsiajisie
Branch Never BRN 2113tz None eleiefejeien
Branch if Carry Clear 2CC Aai13f2 C=0 efeiejaletle
Branch it Carry Set 8¢S 213)2 =1 efelelelefe
Branch it= Zerg BEQ 271312 Z=1 ejeleleteln
Branch it =Zero BGE 201312 N&® V=0 efefafafeis
Branch If >Zero 8GT 28f3i2 ZeiNBvi=0 sjelelaletls
Branch It Higher Bt 21342 C+Z=0 sjefefjaloie
Branch it Highar or Same BHS Mf3i2 C=8 ejefefajelis
Branch it s7erg BLE {32 Z+iINB V=1t siefefafseis
Branch tt Carry Set BLG B2 C=1 sisisjetets
Branch if Lovear Or Same BLS 231312 C+2=1 sieoiefetlete
Beanch it <Zero BiLT W3t 2 N@ Vel siaiajfaloeie
Branch it Minus n 2B13¢2 W=t s lsisisteils
Branch 1t Not tgual Zers BME 1312 2=4 DR R I B
Branch tf Overflow Clear BvC 2Bi5t2 Vi sl leieie n
Branch i Qverfiow Sat BYS 21312 V=i e le efeleie
Branch ¥ Plus 8oL 241312 N=Q e lejeieiefe
Bracich To Subroutine 8SR BDi6 {2 edeteiele e
Jump P BE|3§2{7E{3 {3 See Special Oparstions-Figure 24) & {+ (& [ { & {»
Juesp To Subrouting JER DKL 2 A0 612 {EDI6 |3 efrieio e e
o Opsration NGP RIE PR R . *slefele
Return From Intermipt BT ECR IR IR ERER AR RN
Retumn From Sutroutng RYS 3915 {1 |See Spacial Oparatons-rigure 2afe fe e fe jo e
Software intenupt SwWi 3F 2 e (S jejeje je
Wait Fox trterrupt WAL 3Eigi s lofoefoinle

TABLE 12 — CONDITION CODE

REGISTER MANIPULATION INSTRUCTIONS

Condition Code Register

inharant 5{4i3ijzi1]1¢0

Qperations MNEM | Op { ~ | # | Boolean Operation | H NIZiv! C

Clear Carry CLC oC {2 1 g—C = s | . » A
Clear tnterrupt Mask GLi Qe {2} 1 gt « IR e s} e«
Clear Qverflow CLV §0A {21} 1 G~y « Je | & ]e R{»
Sat Carry SEC oDt 2 1 1 - - - - » g
Set Imerrupt Mask SE! OF } 2 1 1 « | S| |» - .
Set Overflow SEV | 0B | 2 1 1=V e o je telsi e
Accurmulator A+ CCR TAP |06 {2 {1 A~ CCR it 11t
CCR ~— Accumuiator A TPa 07 2 {1 CR—A « {e je foioueioe

LEGEND
Gperation Code (MHexadecimal)

Op
Msp
#

4+

80l§ﬂ+x-

Number of MPU Cyeles

Contents of memaory location pointed to by Stack Pointer
Number of Program Bytes

Arithmetic Plus
Arithmetic Minus
Boolean AND
Asithmetic Multiply
Boolean Inclusive OR
Boolean Exclusive OR
Complement of M
Transfer into
Bit=Zegro

Byte= Zero

CONDITION CODE SYMBOLS

H

s ma <2 -

Half-carry from bit 3
interrupt mask
Negative tsign bit}
Zero tbyted

Overtiow, 2's complement

Carry/ Borrow from MSB
Reset Always
Set Always

Altected

Not Aftected
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TABLE 13 — INSTRUCTION EXECUTION TIMES IN E CYCLES

AL B A R R R R NI E N R RN I N RN  F N R R R
yuasanu) 300.!:&2323.@220344522m52.22200:000.@22222339
W
8
= POXGPUL | BT U0 RO BORTREIPOCL ISR TIBET N LUTONONOGECDE S
Q
2
B
G| POPUGIXT | 8O T HUWOBCEIOCETIOSICOSSOT OSSR T oessscane
@
&
L4 WG ([ #8088 0BPS RSP0 RE008ssRPNTtacarmunsleostesres
LT TR R IR I R R R RN N IRE W NN I W RN W I R W 3 W Py i ey
Q.89 x X ] —-
o 0 alg w & o€ U - 0w oo ma d o -~ 0
* RADSXLL&RUEORHHLL ] G > x b= <
R EELE CEEE R EFEFEE LT o R R S TR R
LI R R IR I e R e R R R Y N Y A I Y
WHIHU | M 8 S8 ERIINB e sReesBRISRIR O NPl NSO,
£
8
b POXSpU | S B Y T LSO CHISSBB S APPSO GEEIBT NIRRT O
0
Z
7]
“ popusx] | S BT SO T ORC OB I OBNO TSP SEIEPEORTEBBLPIO IR
@
8
a 1eng) 0‘3353‘0‘l!l.'..3.!....‘.0!...00..3.5.0033!0
O A A D e R LA R R R R Y RN R R R R ]
o
AXCDWDLLRCSGET!S wourkosw g du _axBlEwdonxe
DEOOOARBINAOC = [ > 07 e I°4]
AAAAAAAAAMB%%%MMB&M&&WWS%M%WBCCC&&WWW%WB%WWN
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SUMMARY OF CYCLE-BY-CYCLE OPERATION

Tabie 14 provides a detailed description of the information
present on the Addrass Bus, Data Bus, and the Read/Write
(R/W) line during each cycle of gach instruction.

The information 18 useful in comparing actual with ex-
pected rasults during debug of both software and hardware
as the program is axecuted. The information is categorized in
groups according to addressing mode and number of cycles

per instruction, In general, instructions with the same ad-
dressing moce and number of cycles execute n the same
manner. Exceptions are indicgted in the table.

Note that during MPU reads of internat locations, the
resultant value will not appesas on the external Dets Bus ax-
ceptin Mode 0. “High order” byte refers to the most signifi-
cant byte of a 16-bit value,

TABLE 14 — CYCLE-BY-CYCLE OPERATION {Sheet 1 of 5}

Address Mode and Cycle R/W
instructions Cyclas} ¥ Address Bus Line Data Bus
IMMEDIATE

ADC EOR 2 1 1 Opcode Address 1§ Opcode

ADD LOA Z | Opoode Address+ 1 1 Opsrand Data

AND QRA

ar s8c

TP SuB

LDs 3 1 Opcode Address 1 Opcode

LOX 2 | Cocode Addrass+ 1 1 Operand Data (High Order Byte)

LoD 3 Qpoode Address+ 2 1 Operand Data [Low Order Byte!

CPX 4 1 {Opcods Address T | Opcode

SUBD 2 | Opcode Address+ 1 1 Operand Data {High Order Bytel

ABDD 3 ] Opcode Adgress+2 1 Operand Data (Low Order Byted
4 | Address Bus FFFF 1§ Low Byte of Restarn Vector

DIRECT

ADC EOR 3 1 | Opcode Address [ Opoode “"‘

ADD LOA 2 {Opcode Address+ 3 Address of Operand

AND ORA 3 | Address of Operand 1 | Operand Date

BiT SEC

CMF SuUB

STA 3 1 | Opcode Address 1§ Opcode
2 | Opcode Address+ 1 1 Dastinaon Address
3 | Destination Address 3 Data from Accumulator

LDS 4 1 | Opcode Address 1 | Opcode

LDX 2 | Opeode Address+1 1 | Address of Operand

LD 3 | Address ot Operand 1 1 Operand Data (High Order Byte}
4 | Operand Address+1 1} Operand Data iLow Order Byie)

878 4 1 Opcode Address 1 QOpcode

STX 2 | Opcode Address+1 1 | Address of Oparand

STD 3} Address of Operand 0 | Registey Data [High Order Bytel
4} Address of Uperand+1 o | Register Data {Low Order Byte)

CRX 8 t | Opcode Address 1§ Opeode

SUBD 2 1 Opcode Address+1 1§ Address of Operand

ADDD 3 | Operand Address 1 | Gperand Data {High Ordar Bytel
4 | Operand Address + 1 1 | Opersnd Daw {Low Order Byte!
% § Addess Bus FFFF 1§ Low Byte of Restart Vector

JSR 5 1 Opcode Address 1 Opcode
2 | Opcode Address+ 1 § | trrelevant Data
3 | Subrouting Address 1 | First Subroutine Opcode
4 | Stack Pointer ¢ | Return Address {Low Order Bytel
& 1 Stack Pointer—1 0 | Return Address {High Order Byte)
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TABLE 14 — CYCLE-BY-CYCLE OPERATION {Sheet 2 of 5}

Address Mode and Cycie R/W
Instructions Cycles} # Addross Bus Line Date Bus
EXTENDED
Jap 3 1 | Opeode Address 1 | Opcode
2 | Opcode Address+ 1 1 Jump Agdrass {High Qrder Byte!
3§ Opcode Addrgss+ 2 1 { Jump Addrass {Low Order Byte}
ADC FOR 4 1T {1 Opcode Address 1 Opcode
ARD LDA 2 { Opcode Address+ 1 1 Address of Cperand
AND ORA 3 | Opcode Address+ 2 ¥ Address of Cperand {Low Drder Byte!
BIT SBC 4 | Address of Operand H Operand Data
CMP SuB
STA 4 1 | Opcode Address 1 I Opcode
2 { Opcode Address+ 1 1§ Destination Address tHigh Order Byiel
3 | Opcode Address+2 1 Destination Address (Low Order Bytel
4 | Operand Destination Address ¢ | Data from Accurmutator
LDS 5 T | Opeode Address 1 | Opcode
LBX 2 | Opoode Address+ 3 1 | Address of Operand tHigh Order Byte
Loo 3 | Opcode Address +2 1 | Address of Operand {Low Order Bytel
4 | Addrass of Operand 1 Qperand Data {High Order Bytel
5 | Adgress of Operand+ 1 1 1 Opersnd Dats {Low Order Bytel
578 5 1§ Opcode Address 1 { Opcode
87X Z | Opcode Address+ 1 H Address of Operand {High Order Byte!
57D 2 | Opeode Address+ 2 1 Address of Operand (Low Order Byte)
4 1 Addeess of Operand 0 | Operand Data (High Order Byte)
5 | Address of Operand + 1 0 | Operand Data fLow Order Bytel
ASL LSR & 1 | Opoode Address 1 | Opeode
ASR MNEG 2 | Opecode Addrass+ 1 1 Address of Qparand {High Order Bytel
CLR ROL 3 | Opcode Address+2 t | Agdress of Gperand {Low Order Bytal
COM HOR 4 ] Address of Operend 1 | Current Qperang Datg
DEC TST* 8 Addrass Bus FFRF 1 Low Byte of Restant Vector
INC & | Address of Operand ¢ Now Qperang Data
CPX 8 1 Opcode Address 1 Opcode
SUBD 2 | Opocode Address+ 1 1 | Qperand Address {Migh Order Bytal
ADDD 3 | Opcode Address + 2 1 | Operand Address {Low Order Bytsl
4 | Operand Address 1 Operand Data {Migh Order 8Byis)
5 | Operand Address+ 1 t | Operand Data (Low Order Byta)
& | Address Bus FFFF 1 | Low Byte of Restart Vector
J5R é 1 | Opcode Address 1 Opcode
2 | Opcode Address+ 3 1 | Address of Subrouting {High Order Byle!
3 | Opcode Address+ 2 1 Address of Subroutine {Low Order Bytel
4 | Subroutine Starting Address 1 | Opcode of Next instructipn
5 | Stack Pointer 0 | Retwm Address {Low Order Bytel
6 | Stack Pointer—1 0 | Return Address (High Qrder Byte}

*TST does not pertorm the weite cycle during the sixth cycle. The sixth cycle is another address bus= SFFFF.
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TADLE 14 — CYCLE-BY-CYCLE OPERATION {Shaet Jof B}

Address Mode and Cycle RIW
Instructions iCycles} ¥ Address Bus Ling Dats 8Bus
INDEXED
JMmP 3 1 Opcode Address 1 Cpeode
2 }Cprode Address+ 1 1 Offset
3 | Address Bus FFFF 1 Low Byte of Restart Vector
ADC EQR 2 ¥ Opoode Address i Opeode
ADD LOA 2 {Opeode Address+ 1 1 | Ofiset
AND ORA 3 | Addgress Bus FFFF 1 Low Byte of Restart Vector
BIT 58C 4 {index Register Plus Offset 1 QOperand Daws
CMP sus
STA 4 1 ]} Opcode Address 1 Opcode
2 |} Optode Address+ 1 1§ Oifset
3 | Address Bus FFFF 1 | Low Byte of Restart Vector
4 {index Register Plus Otffset O | Opesand Dats
LD 5 1t | Opcede Address 1 | Opcode
LOX 2 | Opcode Address+ 1 1 {Offset
LDO 3 | Address Bus FFFF 1 | Low Byte of Restart Vector
4 | index Register Plus Offset 1 | Operang Data {High Order Bytel
5 | Index Register Plus Offset+ 1 1 Operang Data {Low Order Bytet
578 5 1 Opcode Address 1 QOpcode
57X 2 | Opcode Address+1 1 | OGifset
STD 3 | Address Bus FFFF 1 Low Byte of Hestart Vector
4 | index Register Plus Offset @ | Operand Data {High Order Bytel
o) Index Register Plus Otfset+ 1 4] Operand Dats (Low Order Bytal
ASL LER 6 1 | Opcode Address i 1 Opecode
ASR NEG 2 } Opcode Address+ 1 1 | Offset
CLR ROL 3 | Address Bus FFFF 1 | Low Byte of Restart Vector
COM ROR 4 | Index Register Plus Offset 1§ Current Operand Data
DEC 187T* & | Address Bus FFFF 1} Low Byte of Restart Vector
INC 6 | index Register Plus Offset G} New Operand Data
CRX 8 1 | Gpeode Address 1 | Opcode
SUBD 2 | Oprode Address+1 1 | Offsst
ADDD 3 | Address Bus FFFF 1 | Low Byte of Restart Vector
4 index Ragister + Offset 1 Operand Data {High Qrder Byte)
£ | index Register + Ottset+ 1 v | Operand Data {Low Order Bytel
€ | Address Bus FFFF Low Byte of Restart Vector
JSR & 1 Opcade Addrass 1 Gopeods
2 |} Opcode Address+ 1 1§ Offset
3 | Address Bus FFFF 1} Low Byte of Restart Vector
4 | index Register+ Qffset 1 | First Subroutine Opcode
9§ | Stack Pointer Q| Return Address (Low Order Bytel
8§} Stack Polnter~1 0 { Rewrn Addsess (High Order Bytel

*TST does not perform the write cycle during the sth cycle. The sixth cycle is another address bus= SFFFF.
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Shest 4 of 5)

Address Moda snd Cycle W
fnstructions # Address Bus tine Data Bus
INHERENT
ABA DAA SEC 1 Opcode Addrass i Qpcode
ASL DEC SE 2 | Opcode Address+ 1 1§ Opeode of Next instruction
ASR INC SEV
CBA LSR TAB
CLC NEG TAP
CLy NOP T84
CLR ROL TPA
CLY ROR TST
COM SBA
£ 1 1 Opcode Address V| Opeode
2 | Opcode Address+ 1 1 | lrelevant Data
3 | Address Bus FFFF 1 | Low Byte of Restart Vector
ASLD 1 | Opcode Address 1 | Opcode
LSRD 2 | Opeoode Address + 1 1 | irrelevant Data
3 | Address Bus FFFF 11 Low Byte of Restert Vector
DES 1 Opcode Address 1 Opcode
INS 2 | Opcode Address+ 1 1 Cpcode of MNext instruction
3 Previous Stack Pointer Contents] 1 frrelavant Data
INX 1 | Opeode Address 1 | Opcode
PEX 2 | Opcode Address+ 1 1} Opoode of Next instruction
3 | Address Bus FFFF 1 Low Byte of Restart Vector
PSHA 1 | Opcode Address 1 Opeode
PSHB 2 {Opeode Address 41 1 Dpcode of Next Instruction
3 | Stack Pointer 0 | Acoumulator Data
TSX 1§ Opooda Address H Opoode
2 | Opcode Address+ 1 1 Cpoode of Next Instryction
3 | Swek Pointer 1 | trrelevant Data
TXS 1 | Opcode Addrass 1 | Opcode
2 | Opoode Address+1 1 | Opcode of Next Instruction
3 | Agdress Bus FFFF 1 Low Byte of Restart Vector
PULA 1 Cpeode Address 1 Opeode
PULB 2t Opcode Address+ 1 1 Dpeode of Next instruction
3 | Stack Pointer 1 | frrelevant Data
4§ Stack Pointer+ 1 1 Gperand Data from Stack
PSHX t | Opcode Address 1 | Opoode
2 Opeode Address+ 1 1 rrefevant Data
3 | Stack Pointer 0 | index Register {Low Qvder Byled
4 | Stack Pointer—1 ¢ | Index Register {High Order Bytel
PULX 1 Opcode Address 1 Opeode
2 | Opoode Address+1 1 | treelevant Gata
3 | Stack Pointer 1 | trelevant Data
4 | Stack Pointer+ 1 1 index Register {High COrder Byter
5 | Swack Pointer+2 1 Index Register (Low Order Byis!
RTS 1 { Opcode Addrass 1 | Opcode
2 { Opcode Address+1 1§ trelevant Daw
3 | Stack Pointer 1 | treclevant Date
4 | Stack Pointer+ 1 1 Address of Next instruction {High Order Byte}
8 | Stack Pointer+ 2 1 | Address of Next Instruction (Low Order Bytel
WAL 1 | Opcode Address 1 Opcode
2 | Opeode Address+ 1 1 1 Opoode of Next Instruction
3 | Stack Fointer 0 | Return Addrass {Low Order Byte)
4 Stack Pointer—1 Q Return Address {High Order Byte)
& | Stack Pointer 2 0 | index Begister {Low Order Bylel
6 | Stack Pointer-3 0 | index Hegister [High Order Bytel
7 1 Suwek Pointer—4 0 | Conmients of Accumutater A
8 | Stack Pointar—5 0 | Contents of Accumulator B
G | Stack Pointer -6 O | Contents of Condition Code Register
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TABLE 14 ~ CYCLE-BY-CYCLE OPERATION (Sheat § of 5}

Address Mods and Cycle R/W
instructions Cycles] # Address Bus Line Data Bus
INHERENTY
MUL G 1 Cpoode Address i Opcode
2 | Dpeode Address +1 1 irretevant Data
3 | Address Bus FFFF 1 Low Byte of Restart Vector
4 | Address Bus FFFF 1 | Low Byte of Rastart Vector
5 | Address Bus FFFF 1 Low Byte of Restart Vector
& | Address Bus FFFF 1 Low Byte of Restart Veotor
7 Address Bus FFEF 1 Low Byte of Restart Vector
8 | Address Bus FFFF 1 | Low Byte of Restart Vactor
8 | Address Bus FFFF 1 Low Byte of Restart Vector
10 | Address Bus FFFF 1 Low Byte of Restart Vector
RTi 19 1 | Gpecode Address 1 | Opecode
2 | Dpoode Address+ 1} 1 irrelevant Daw
3 | Swack Pointer 1 | firglevant Dawa
4 | Stack Pointer+1 1 1 Contents of Condition Code Register from Stack
& | Stack Pointer+2 1§ Contems of Accumulator 8 from Stack
8 | Stack Pointer+3 1 | Contents of Accumnulator A from Stack
7 | Stack Pointer+ 4 1 index Register from Stack iHigh Qrder Byt
8 | Stack Poimter+5 1 | Index Register from Stack {Low Order Byte}
& | Stack Pointer+6 T | Next Instruction Address from Siack tHigh Qrder 8vie}
10 | Stack Pointer+7 1 Next Instruction Address from Stack {Low Order Byl
swi 12 1 | Opcode Addrass 1. | Opcode
2 Opcade Addrass+ 1 ] irralevant Data
3 | Stwack Pointer O 1 Reture Adedrass {(Low Order Syte}
4 Stack Painter—1 i} Return Address (High Order Byte)
5 | Stack Pointer —2 &} index Aegister {Low Drder Bytel
] Stack Pointer— 3 0 | Index Register (Migh Order Bytel
7 | Stack Pointer—4 @ | Contents of Accumulator A
8 Stack Pointer -5 ¢ Cortents of Accumulator B
9 | Stack Pointer~8 ¢ | Cortents of Condition Code Register
W} Stack Pointer—7 1 irrelevant Data
11 | Vector Address FFFA (Hex) i | Address of Subwoutine {High Order Bytel
12} Vector Address FFFB (ex) i Address of Subroutine (Low Order Bytet
RELATIVE
BCC BHT BNE BLO 3 1 Op Code Address 1 Op Code
B8CS BLE BPL BHS 2 | Op Code Address +1 1 Branch Qffsey
REQ BLS BRA BRN 3 | Address Bus FFFF 1 | Low Byte of Restart Vector
BGE BLY BVC
B8GY BMT BVS
BSR [) 1 | Op Code Address 1 {p Code
2 | Op Code Address +1 ¥ | Branch Offset
3 | Address Bus FFFF 1 Low Byte of Restart Vector
4 | Subroutine Starting Address 1 | Op Code of Next instruction
5 1 Stack Pointer O | Return Address {Low Order Byte)
6 | Stack Pointer -1 Q | Return Address (High Order Byte}




FIGURE 24 — SPECIAL OPERATIONS

SR, Jurm o Butrouting SWA, Softwars tniarupt Matn Program s& Staek
po _ Mainprogam PC $F = SV \>.,. 5P-7
$00= ISR RTN SP-§ Conditian Cove
Lritent X SP~5 Avmitr 8
HIN Naxt Main Instr. SP-4 Acrvitr 4
& = Direct Address SP-3 | fodex RegistertXy)
Main Program 3P Stack WAL Wait for Intsrrupt Main Program SF-2 t index Registar (X}
&% $A0=JSR —» 5P-3 S sp-1 RTNw
WOXG % = Gfiset sF-1 ANy AT | - sP RTN
BIN | NextMainInstr. [__‘> P /N
- R, Return fominterrupt Intornupt Progearr 14 Stack
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e [ sBO= SR i SP+t ] CondtonCode
. SH= Subr ‘adds. T P42 Acite 8
$1.= Subr. Addr. $Pe3 Acwmitr A
RIN Next Main tnst. SP«d | indevRegister {X 4
J P45 | indax Regisker tX, i
BSR, Brarch To Subreutine N SP+8 R¥Ny
o r"z:ﬁ:?;m Stk = 5Pe7 FThy
TR s JMP, Jump Main Pr =y Main Program
BTN | NextMaininsy, RIN _—— oc ogram 08!
= SEE = IMP $7E - IMB
K- Ofisat Kjpgw Next Addrase
RIS, Retu from Subrauting 8 g Staex INOXD H Extondsd Ky w Mgt Addreaa
Pe s¢
SR+t ATy
—~ 9P 2 RTNL

RIN= Address of next instruction in Main Progam (6 be executad upon return fom subroutine
BTNy = Sost significant byte of Betum Adgreak

BTNy = {east sigaificent byie of Retum Address

— = Swack Poirter After Execution

K = 8-bit Unvigred Yolue
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PAGE 001

00001
00002
00003
60004
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Q0007
40008
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060010
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00013
00014
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EPROM

.SA:1

EPROM PROGRAMMING ROUTINE
EFROM #*%% ROUTINE TO PROGRAM THE MC68701 EPROM X*%

NAM EPROM
QrPT Z01,LLEN=80
TTL **% ROUTINE TO PROGRAM THE MC68701 EPROM *%

********i‘k**********i**********kﬁ***************ti*******

%*

»*

W%k W R % N R KON R R A N BN AFEER R R R N R R E R N KA R R RN RN NN

EFPROM~~ A NON-REENTRANT ROUTINE TO PROGRAM
THE MC687C1 EFROM.

THE ROUTINE PROGRAMS THE MC68701 EPROM
STARTING AT ADDRESS V"PNTR" TROM A
BLOCK OF MEMORY STARTING AT “IMBEGY
AND ENDING AT "IMENDY.

CALLING CONVENTION:
JSR  EPROM
NOTES:

1. THE ROUTINE EXPECTS FOUR DOUBLE BYTE VALUES
T0 BE INITIALIZED PRIOR TO BEING CALLED.
THESE VALUES ARE:

IMBEG = A DOUBLE BYTE ADDRESS WHICH POINTS
TO THE FIRST BYTE TO BE PROGRAMMED
INTO THE EPROM.

IMERD = A DOUBLE BYTE ADDRESS WHICH POINTS
TO THE LAST BYTE TO BE PROGRAMED IN=-
INTO THE EPROM.

PNTR = A DOUBLE BYTE ADDRESS WHICH POIRTS
T0 THE FIRST BYTE IN THE EPROM TO BE
PROGRAMMED .

WAIT = A DOUBLE BYTE COUNTER VALUE WHICH I8
A FUNCTION OF THE MCU INPUT FREQUEN-
€Y AND 15 USED WITH THE QUTPUT COM=-
PARE FUNCTION TO GENERATE A 50 MSEC
TIMEOUT. IT IS EQUIVALENT TO

530000 * (MCU INPUT FREQ) / 4 * 10%%6

VALUES FOR TYPICAL INPUT FREQS ARE:

WAIT MCU INPUT FREQ
30615 (§7797) 2445 MHZ
50000 (3€350) 4.00 MRZ
61375 {$EFBF) 4.91 MHZ

2, IT IS ASSUMED THAT POWER (VPP) IS AVATLABLE
TO THE RESET PIN FOR PROGRAMMING.

3. THIS ROUTINE PERFORMS NO ERROR CHECKING.

Routive parsmeter inftistization, such as stack pointer, etc., must be done pnm to entry.
{Use of PRObug will ensure all neaded initialization. )
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EPROM PROGRAMMING ROUTINE

PAGE 002 EPROM »S4:1 EPROM *** ROUTINE TO PROGRAM THE MCH8701 EPROM *#%

00060

00061 * EQUATES

Q0062

00063 0008 A TCSR  EQU 308 TIMER CONTROL/STAT REGISTER
00064 0009 A TIMER EQU $09 COUNTER REGISTER

00065 000B A OUTCMP EQU $0B OUTPUT COMPARE REGISTER
00066 0014 A& EPMCNT EQU $14 RAM/EPROM CONTROL REGISTER
00067

p0G68 * LOCAL VARTABLES

00069

G0070A 0080 ORG $80

000714 0080 0002 A IMBEG RMB 2 START OF MEMORY BLGCK
000724 0082 0002 A IMEND RMB 2 LAST BYTE OF MEMORY BLOCK
JOD73A 0084 0002 A PNTR  RMB 2 FIRST BYTE OF EPROM TO BE POM D
000744 D086 0002 A WAIT RMB 2 COUNTER VALUE

o075

00076 * EPROM STARTS HERE

00077

000784 3000 ORG $3000 .

000794 3000 DE 84 A EPROM 1DX PNTR SAVE CALLING ARGUMERT
00080A 3002 3¢ PSHX RESTORE WHEN DONE

000814 3003 DE 80 A DX IMBEG USE STACK

00082

000834 3005 3C EPROO2 PSHX SAVE POINTER ON STACK
G0084A 3006 86 FE A LDAA  #SFE REMOVE VPP, SET LATCH
000854 3008 97 14 A STAA  EPMCNT  PPC=1, PLC=0

000864 300A AG 00 A LDAA X MOVE DATA MEMORY-TO-LATCH
000874 300C DE 84 A LDX PNTR GET WHERE T¢ PUT IT
OOCRBA 3008 A7 00 A STAA X STASH AND LATCH

Q00894 3010 OR8 INX NEXT ADDR

000904 3011 DF 84 A STX PRTK ALL SET FOR NEXT

00091A 3013 86 FC A LDAA  #SFC ENABLE EPROM POWER {VPP}
00092A 3015 97 14 A STAA  EPMONT  PPC=0, PLC=0

40093

00094 * NOW WAIT FOR 50 MSEC TIMEOUT USING OUTPUT COMPARE.
00095

000964 3017 DC 86 A LDD WALT GET CYCLE COUNTER

000974 3019 D3 09 A ADDD  TIMER BUMP CURRENT VALUE
DOO98A 3018 7F 0008 A CLR TCSR CLEAR OCF

00099A 301E DD OB A STD CUTCMP  SET OUTPUT COMPARE
00100A 3020 86 40 A LDAA  #$40 NOW WAIT FOR OCF

00101
001024 3022 95 08

k23

EPROO4 BITA TCSR

00103A 3024 27 FC 3022 BEQ EPROOA NOT YET

O0104A 3026 38 PULX SEIUP FOR NEXT ONE
001054 3027 08 INX NEXT

001064 3028 9c 82 A CPX IMEND MAYBE DONE

00107A 3024 23 D9 3005 BLS EPROO2  NOT YET

GOL08A 302C 86 FF A LDAA #5FF REMOVE VPP, INHIBIT LATCH
OO108A 3028 97 14 A STAA  EPMCNT  EPROM CAN NOW BE READ
GO110A 3030 38 PULX RESTORE PNTR

Q0111A 3031 DF 84 Y STX PNTR

G0112A 3033 39 RTS THAT'S ALL

00113 EXD

TOTAL ERRORS 00000--00000
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IMPORTANT NOTICE

Devices made with mask numbers T7A and CB4 may generate muliiple tframing
error fiags in response 10 untramed data, These devices will eventually synchronize
correctly after a framing error; but valid, framed dats following an unframed byte may

nenerate faise framing error flags.




