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.The Motorola MC68701 is an enhanced version of the 
MC6801 microprocessor. 
ability to program itself. The processing unit controls all 
movement of data into an on-chip EPROM (erasable pro- 

>> -gramrnable-read-enly memory): controls programming 

___ _. power (V,,) to the EPROM during programming, requir- 
ing only a few external devices to accomplish this. 

On-chip resources of the MC68701 include a-2K-byte 
EPROM, a three-function timer, a serial-communication _ - 
interface, up to 29 parallel 1/O (input/output) lines, 128 
bytes of RAM (random-access read/write memory), and 

oscillator. These items provide a great deal of power ~ 
and flexibility in a small package that's easy to use and 
design with. ; 

In this article, we will explore how the MC68701 pro-— 
grams itself. We'll also discuss a fully tested MC68701 
programmer, including software and a hardware design. 

On-Chip EPROM 
A dual-purpose MC68701 pin, RESET/V,,, is used 

both to reset the processor and to power the EPROM. 
This pin is normally +5 volts (V) during nonprogram- 
ming operation. It must be raised to V,, (21 V + 1 V) 
during programming of the EPROM. However, the pro- 
cessor will operate normally with V,, applied at all times. 

The MC68701 EPROM is controlled by two bits in the 
RAM/EPROM control register (see figure 1). Bit 0 of the 
register is called the programming latch control (PLC) 
and is used to control an address latch used during pro- 
gramming of the EPROM. Bit 1 of the register is called 
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ne of its chief features is the « MC68701 RAM/EPROM CONTROL REGISTER 
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— Figure 1: The RAM/EPROM control register. See the text for 

details of its operation. “Ti gryy rt 

the programming power control (PPC) and is used to 
control V,, to the EPROM during programming. 
When PLC is set, the latch is transparent. When PLC is 

clear, the address latch is enabled and latches each 
EPROM address asserted by the processor. PLC should 
be set during normal nonprogramming processor opera- - 
tion; it should be cleared only to program the EPROM. ~ 
This bit is set at RESET and can be cleared only in Mode 
O (more about modes later). 

When PPC is set, V,, is not applied to the EPROM; 
when PPC is clear, V,, is applied to the EPROM. PPC 
should be set during normal nonprogramming operation; 
it should be cleared only to program the EPROM. This 
bit is set at RESET and whenever the PLC bit is set, and 

can be cleared only in Mode 0 with the PLC bit clear. 
The MC68701 is programmed in Mode 0 only. In this 

mode, all the interrupt vectors and reset vectors are in the 
locations BFFO to BFFF hexadecimal, and the on-chip 

EPROM is at locations F800 to FFFF hexadecimal. The 
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Figure 2: Programmer for the MC68701. The simplicity of this inexpensive circuit means easy construction and use. In combination 
with the software provided in listing 1, LEDs in the programmer can indicate that the EPROM is initially erased and that the newly 
stored data pass or fail a verification test. ; 

reset vectors should direct the processor to what is essen- 3. Clear the PPC bit for 50 milliseconds (ms). This con- 
tially a bootstrap-loading program that will fetch data se- trols programming power to the EPROM, allowing the 
quentially from memory or a peripheral controller and data byte to be burned in. 
“burn” each byte into the EPROM. Once V,, is applied to 
the RESET/V,, pin, each data byte is programmed into _—‘ These steps are repeated until all bytes have been pro- 
the onboard EPROM as follows: grammed. 

1. Clear the PLC bit and set the PPC bit. This enables the | An MC68701 Programmer 
EPROM address latch and inhibits V,, to the EPROM. Fully assembled and tested modules designed to pro- 

2. Write data to the EPROM location to be programmed. — gram the MC68701 are available through Motorola dis- 
Both the data and address will be captured by internal _tributors. Some users, however, may require custom pro- 
latches. gramming boards designed to meet specific needs. 
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@ COPY statement for library handling. 
@ CALL...USING...CANCEL 

NOT. 
© GO T0...DEPENDING ON... 

) ©6@ Interactive ACCEPT/DISPLAY... 
@ RELATIVE (random) access files 
© Sequential files both fixed and variable length. 
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JOHN STARKWEATHER'S 

PILOT 
$ For all CP/M systems. Works 
14. with Apple (softcard need- 

Ld ed), Osborne 1, TRS-80, North 
Star, Superbrain, Micropolis, 

Vector and many other microcomputers. Needs 32K RAM, one 
disk drive and CRT or video display and keyboard. 

© PILOT for Programmed, Inquiry, Learning Or Teaching. 
© An excellent interactive language for education and office automation. 
@ Perfect companion for BASIC, COBOL and PASCAL to solve training and 

@ John Starkweather, Ph.D., creator of PILOT, wrote this version to meet 
all PILOT-73 standards and added many new features. 

© New features include full screen text editor, commands to drive 
optional equipment such as VTR's & voice response units. 

© Currently used in many college and progressive high schools. 
© Use for interactive applications—data entry, programmed instruction 

EDIT 
For all CP/M-based systems. Re- 
quires 32K RAM, one disk drive 
and CRT or video display and 

© Acharacter oriented full screen video display text editor designed specifi- 
Cally for program preparation of COBOL, FORTRAN, BASIC and similar 

@ Features include single key commands for cursor control, scrolling, 
___block moves, search and replace, tab setting and multiple file insertions. 

$199.95 
DISKETTE AND MANUAL 

For all CP/M or MP/M operat- +. 
ing systems. Requires 32K Fe 
RAM and one disk drive. 

© Edition I! of Nevada COBOL is based on ANSI-74 Standards. 
© With 48K RAM, you can compile and execute up to 4000 state- 

© PERFORM...THRU...TIMES...UNTIL...paragraph or section names. 
@ 1F..NEXT SENTENCE...ELSE...NEXT SENTENCE AND/OR <=> 

OT. 

COD’s WELCOME 

(415) 751-1522 
CP/M, MP/M, TRS-80 and SoftCard system are registered TM's of Digital Research, 
Tandy Corporation and Microsoft respectively. Osborne 1 is a trademark of Osborne 

Circle 168 on inquiry card. 

The programmer described in this article (see figure 2) 
is designed for simplicity, low cost, and ease of use. The 
hardware and associated software verify that an inserted 
MC68701 is initially fully erased, do the programming, 
and verify the “entered” code. The user only applies 
power and monitors three light-emitting diodes (LEDs) 
that indicate EPROM status. The programmer enters the 
entire 2K-byte content of EPROM IC4 into the MC68701 
EPROM. The system can be modified to, for instance, 
provide more detailed failure information or to program 
only a portion of the EPROM. 

Using the Programmer 
The user needs no knowledge of MC68701 operation 

and very little knowledge of electronics in order to use 
the programmer. Four steps are required: 

1. Insert the EPROM containing the code to be pro- 
grammed into the MC68701 into the socket at IC4. 

2. Insert the MC68701 into the socket. 
3. Apply power. 
4. Monitor LEDs. 

Within a few seconds after power is applied, LED 1 
should light, indicating that the MC68701 EPROM is 
fully erased. Approximately 105 seconds after power is 
applied, LED 2 should light, indicating that the EPROM 
has been programmed and its contents verified. At this 
time, power can be removed from the system, and 
another MC68701 can be programmed. 

LED 3 will light to indicate either a not fully erased 
MC68701 EPROM when power is initially applied, or 
failure to verify after attempted programming. If LED 3 
lights and LED 1 is not lit, the MC68701 was not fully 
erased when inserted into the board. If this occurs, no 
attempt is made to program the EPROM. If LED 3 lights 

/-while LED-is-lit; the-EPROM's contents did not verify. 
after attempted programming. 

| 

The LEDs should be color-coded to give readily recog-. | 
-nized pass and fail indication. A good color scheme is 
amber for LED 1 (erased), green for LED 2 (pass), and red 
for LED 3 (fail). Zero insertion force sockets should be 
used for the MC68701 and EPROM. 

Memory Map 
The memory map, consisting of five special address 

spaces, is shown in figure 3. Four of the address spaces 
are fixed by the MC68701 during programming and can- 
not be relocated. These consist of an internal-register area 
(0000 to 001F hexadecimal), internal RAM (0080 to OOFF 
hexadecimal), external interrupt vectors (BFFO to BFFF 
hexadecimal), and internal EPROM (F800 to FFFF hexa- 
decimal). 

A fifth address space is used for an MCM2716 that con- 
tains the code to be entered into the MC68701 on-chip 
EPROM. This MCM2716 has been arbitrarily placed at 
locations 7800 to 7FFF hexadecimal and can be relocated 
for custom programmer design. 

j 
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Circuit Descri
ption 

“9000 
The MC68701 programmer consists of two MCM2716 

}weoers INTERNAL REGISTERS EPROMs, a 74LS373 transparent latch, a 74LS00 NAND 

oolF 
gate package, an MC68701 socket, and associated “glue,” 

0080 
as shown in figure 2. 

MC68701 INTERNAL RAM 

OOFF 

7800 

EXTERNAL EPROM (MCM 2716) 

WITH CODE TO BE PROGRAMMED 

INTO MC68701 

7FFF 

B800 

EXTERNAL EPROM (MCM2716) 

WITH MINPRG 

BFFF 

F800 

MC68701 ONBOARD EPROM 

FFFF 

il Figure 3: Memory map of the MC68701 address space. 

For ease of decoding, an MCM2716 containing 

“MINPRG; the-programmer- cotstrap program, is based. 

_— at location B800 hexadecimal. 
The system RESET vectors 

are located at the top of the EPROM and decode at loca- 

tions BFFE to BFFF hexadecimal. 

THE LAST ONE 
THE PROGRAM THAT WRITES PROGRAMS 

AVAILABLE FOR 

North Star Vantage 
RAM 
4116-200NS 
4164-200NS 
EPROMS 
2716 (5V) 

Still Only $600.00 

me 
Scotch 
DISKETTES 

DISKS SCOTCH 3M 

TRS - 80 MLD II CP/M 
ya" 

$2.30 each 
multiple copies of system files are not needed. 

Apple Il Plus Sharp PC 3201 Reinforced Hubs, Any Quantity . Removes of oye the us trom directory listings 

Save more on 100 or more boxes $2.25 ea. 

MEMORY 

A 4-megahertz (MHz) crystal is used to yield 1-MHz 

operation. This clock frequency can be increased to ac- 

commodate higher-speed MC68701s, but changes in the 

operating frequency require changes in the MINPRG 

bootstrap software to ensure 50 ms programming time 

for each byte entered into the EPROM, or to minimize 

programming time. 

This delay is governed by the value of WAIT in 

MINPRG and is indirectly related to the clock frequen- 

cy. An increase in the clock frequency requires a propor- 

tional increase in the value of WAIT; a decrease of the 

clock frequency allows a proportional decrease in the 

value of WAIT. 

The MC68701 can also be driven by an external tran- 

sistor-transistor logic (TTL) clock at pin 3, with pin 2 

grounded. If this clock option is used, the capacitors tied 

to pins 2 and 3, used to ensure stable crystal operation, 

are not required. 

Pins 8, 9, and 10 are tied to ground to place the 

MC68701 into Mode 0 (programming mode) at RESET. 

IRQ (interrupt request) and NMI (nonmaskable inter- 

rupt) are tied high to eliminate external interrupts. 

Three LEDs are tied to I/O pins 13, 14, and 15. They 

are used to indicate the state of the MC68701 EPROM 

during programming operations. High-current drivers 

force the pins low to light the LEDs. 

The RESET/V,, pin is driven by a transisto
r to assure 

adequate power to the pin during programming. The 

base of this transistor is controlled by an RC (resistor- 

capacitor) network that provides adequate del
ay between 

= : 
Text continued on page 394 

—rijgrny Listing 1 is on pages 388-392 
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at 

IMPERIAL LARGE DISK 

CP/M USERS 

TIRE!) OF SEARCHING DIRECTORY 

LISTINGS FOR-YOUR 
FILES??? 

ANNOUNCING the CPUTIL package: 

MICRO 
SUPPLY LTD. 

« Allows system files to be logically moved to the 

current user file upon logon. This means that F 

user. 

e Restores all system tiles to file 0 upon logo. 

e Allows user files to be referred to by a user- 

defined name or the file number 

« Allows a directory listing of any user file fromany 

other user file 

INTRODUCTORY 
PRICE 

$49.95 

$s 

5.50 each 
including manuals 

X-TALS MHZ 42.25 each 

1.0 3.579545 5.0688 18.0 

20 40 57143 —«-14.31818 (20.00 

3.0 5.0 8.0 16.0 

Texas res. add 6% sales tax 

Dealer Inquiries Invited EARTH SCIENCE ASSOC. 

10218 Cantertrot 

Humble. Tx. 77338 

713-446-1555 

SATISFACTION GUARANTEED 
Send to KROWN COMPUTING 

4282 Conference Dr., P.O. 66763 

Scotts Valley, CA 95066 

(408) 335-3133 

AAS mph MICRO SUPPLY LTD. 

P.O. BOX B33, DEPT. M, PONTIAC, MI 48056 

Please add *? 00 Shipping — Michigan add 4% Tax 

Circle 157 on inquiry card. 

“> Circle 225 on inquiry card. Circle 199 on inquiry card. 
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Listing 1: MINPRG is the software that allows the MC68701 to program itself. 
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69901 vd 
00902 * 
G9903 
89004 & 

89085 * 
800086 * 
00907 * 
99208 * 
80989 * 
08910 * 
99011 0000 A P1DDR 
00012 0002 A PIDR 
00913 9808 A TCSR 
06914 9999 A TIMER 
00015 §09B A OUTCMP 
69016 0614 A EPMCNT 
00917 ee 
89918 * 
00919 * 
OO020A 8080 
OOG21A BABB 0002 A IMBEG 
OAG22A BA82 A902 A IMEND 
O@9923A O84 #602 A PNTR 
G0924A A086 6062 A WAIT 
00925 * 
G@9026A B85G 

==~@GO27A- B850 BE OAFF A START 
~BOH2BA BBS3-86 07 A 
@6029A B855 97 OO A 
OAA3HA B857 97 G2 A 
$1633 OOS 

___60032A B859 CE F870 A 
@60033A B85C DF 84 #A P 
O@0034A B85E C6 AB A ss 
00035A BRED AG AD A ERASE 
9903G6A B862 11 
60037A B863 26 29 B&8E 
O0038A B865 8C FFFF A. : 
-89939A B868 27-43 BS86D 2 
O@O04HA B86A 28 
09941A B86B 20 F3 B86B 
69942 x * 
@9043A B86D 86 66 A NEXT 
O0044A B86F 97 2 A 
60045 * % 
BAR46 * 
08647 * 
00948A B871 DF 86 A 
OAG49A BR73 CE 0046 A 
BAGSBA BB76 B9 STALL1 
@@951A B877 CC C350 A 
00052A B87A D3 69 A 
0@053A B&S7C 7F GABR A 
@6054A B87F DD OB A 
AGG5SA B8El 846 46 A 
@OG56A BR83 95 48 A: STALL 2 
99057A B885 27 FC B883 
@8058A B887 SC BAAB A 

OPT. ZG1,LLEM=84 

THIS PROGRAM WILL CHECK, PROGRAM AND VERIFY 

THE MC68701'S EPROM 

EO UAT Bs 

EQU $AB 
EQU $A2 

EQU $08 
EQU $9 
EQU $AB 
EQU $14 

E20-C. AE 

ORG $80 
RMB 2 
RMB 2 
RMB 2 
RMB 2 

ORG SBR56 
LDS #SPF 
LDAA,. -"¥SB7 
STAA P1IDDR 
STAA P1DR 

LDX #SFe ia 
STX PNTR 

LDAB_ _#$060  __ 
BAAS Se ote 
CRA eagle 
BNE ERRORL 

"CPR > SFFFF 
BEQ NEXT 
INX 
BRA ERASE 

LDAA #S06 
STAA P1DR 

PORT 1 DATA DIR. REGISTER 
PORT 1 DATA REGISTER 
TIMER CONTROL/STAT REGISTER 

COUNTER REGISTER 
OUTPUT COMPARE REGISTER 
RAM/EROM CONTROL REGISTER 

V-A/R I’ A-B8 L ELS 

START OF MEMORY BLOCK 

LAST BYTE OF MEMORY BLOCK 

FIRST BYTE OF EPROM TO BE PGM'D 

COUNTER VALUE 

INITIALIZE STACK 

INIT. PORT 1 
DDR 
DATA REGISTER (ALL LED'S OFF) 

~ CHECK IF EPROM FRASED 
INIT. PNTR WHILE CONVENIENT 

GET READY FOR CMPR. 
LOAD. EPROM. CON ENTS 
CONFERS 10 2c Hs gen 

BRANCH IF NOT ZERO 
_ CHECK-IF DONE™ ads 

IF SO BRANCH 
GO AGAIN 

TURN ON ERASEE™ LED 

WAIT FOR VPP TO REACH 21V (3.5 SEC.) 

STX 
LDX 
NEX 
LDD 
ADDD 
CLR 
STD 
LNAA 
BITA 
BEQ 
CPx 

WAIT 

#S0H46 

#SC358 
TIMER 

TCSR 
OUTCMP 

#$40 
TCSR 
STALL2 

#SABBA 

GET READY FOR 78 TIMES THRU LOOP 

INIT. 5@MS LOOP 

BUMP CURRENT VALUE 

CLEAR OCF 
SET OUTPUT COMPARE 
NOW WAIT FOR OCF j 

ry 

4 

i 
NOT YET 

76 TIMES YET? Listing 1 continued on page 390 



Listing 1 continued: 

OOA59A B88A EA B876 BNE STALLI1 
GAAD60A BB8BC 86 Be94 BRA PGINT 
06061 “pe 
@60652A B&8E 83 A ERROR1 LDAA #$83 ERROR LED ONLY O60863A B89G a2 A STAA P1DR 
OAA54A B892 5D B8Fl BRA SELF 
BAB65 * & 

DAAGGA BS94 7806 A PGINT Lpx #S78AB6 INIT. IMBEG ®G067A BS97 STX IMBEG 
88B68A B899 LNX #S7FFF INIT. IMEND 
BAB6SA BSB9C STX _ IMEND 
BOA7THA BSOE LDX #SC350 INIT. WAIT (4.4 MHZ) OFf071A BBA] 5 STX WAIT 
OGA72 
4OA73 THIS PART FROM 68701 DATA SHERT 
86074 «| 
@B975A B8A3 LDX PNTR SAVE CALLING ARGUMENT ®8076A BSAS PSHX RESTORE WHEN DONE 86077A BSA6 LDX IMBEG USE STACK ; 
00078 
AAH79A B8A8 , EPROO2 PSHX SAVE POINTER ON STACK DAG8HA BSASD > LDAA #SFE REMOVE VPP, SET LATCH -O80681A BSAB STAA EPMCNT PPC=1,PLC=@ ‘§@0082A BSAD LDAA A,X MOVE DATA MEMORY-TO—LATCH O0G83A BSAF LDX PNTR GET WHERE TO PUT IT O®SA84A BSBl STAA A,X STASH AND LATCH 
&AG85A BS8B3 INX NEXT ADDR, 
O@B86A BSB4 STX PNTR ALL SET FOR NEXT 
®0987A BSBS6 LDAA #SFC ENABLE EPROM POWER (VPP) - BAAB8A -BBBS STAA _EPMCNT PPC=0, PLC=0 

3 | a 
>> D DODD D { 

* - $9089=———— 
86096 * NOW WAIT 508 MSEC TIMROUT USING COMPARE 94891 —— * 

| --==7--00092A. BBBA_DC.-86-— a> = LPD - WAIT —_ GET CYCLF COUNTER H 6AGB93A RABC D3 g9- Ara ADDD TIMER BUMP CURRENT VALUE | ——~—@4094A-B88BE-7F G608 A ~~ CLR TCSR CLEAR OCF ; 99695A BSCl DD @B A _ ._STD_  OUTCMP _ SET OUTPUT COMPARE 0A4096A BSC3 86 4g A:— =>. = eae —NOW-WAIT -FORMDGF: A6097A B8C5 95 68 A EPROO4 BITA Tesh... faa ®AG98A B&C7 27 FC B8C5 BEQ EPROO4 NOT YET 
@0n99 . VD ES ge ae = < AK14GGA B8C9 33 Ee SPUEY SET UP FOR NEXT ONE AO101A BSCA Ag INX NEXT %80102A B8CB 9c CPx IMEND MAYBE DONE QH103A RBSCD 23 BLS EPROO2 -NOT YET - AKH104A BSCF 86 LDAA #SPP REMOVE VPP, INHIBIT LATCH AG1GSA BSD1 97 STAA EPMCNT EPROM CAN NOW BF READ _66106A B8D3 38 PULX RESTORE PNTR O@®1G7A B8D4 DF STX -PNTR 
04108 
90109 START NEW CODE 
46110 
QBLLIA LDX 457880 SET UP POINTER AA112A PSHX SAVE POINTER ON STACK AG1LIZA LDAA GET DESIRED DATA OO114A LDX Q GET EPROM ADDR. @B115A ; LDAB GET DATA TO BE CHECKED AGLIGA CRA CHECK IF SAME 

Listing 1 continued on page 392 
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Listing 1 continued: 

Q@117A BSE1 25 10 B8F3 ~ BNE FRROR2 BRANCH IF ERROR(LIGHT LFDP) 

OG118A B8E3 98 INX NEXT ADDR i 

AG119A BSE4 DF 84 A STX PNTR ALL SET FOR NEXT 

00126A BS8E6 38 PULX SETUP FOR NEXT ONE i 

GGO1i21A B8E7 B68 INX NEXT . 

09122A B8E&8 8C 8000 A CPX 4SB Ane MAYBE DONE £ 

$90123A B8EB 26 EC B8D9 BNE VERF2 NOT YET 

00124 x * 

60125A BSED 86 84 A LDAA #$84 
| 

00126A B8EF 97 62 A STAA P1DR LIGHT VERIFY LED 

6@127 ; * * 

@0128A B8Fl 20 FE B8F1 SELF BRA SELF WAIT FOREVER 

00129 x * 

00130A BSF3 86 82 A ERROR2 LDAA #$82 LIGHT ERROR & ERASED LED'S 

@G131A B8F5 97 G2 A STAA PIDR 

$0132A B8F7 20 F8 B8FL BRA SELF 

00133 x * , 

00134 x RF S.T A RGT AM WTR. VEC s 

06135 * a 

00136A BFFO ORG SBFFA@ 

O0137A BFFO B8Fl A FDB SELF 

O@0138A BFF2 B8Fl A FDB SELF 

0@139A BFF4 B8Fl A FDB SELF 

00140A BFF6~~ B8F1l A FDB SELF 

O0141A BFF8 B8Fl A FDB SELF 

60142A BFFA B8Fl A FDB SELF 

99143A BFFC B8F1 A FDB SELF 

is @@144A BFFE — B850 A FDB START 

| = = 00145 =22e 5 > Behe END 
, TOTAL ERRORS 66660--30000 

wpe nein sant _ AE 

___ 9814 EPMCNT. 60016*00081 9088 OB1M5 
B8A3 EPROM 60075* 
B8A8 EPROO2 G0079*20183  . . _ 
B8CS EPROO4 @0097*90098 = => 7 
B860 ERASE 00035*#0041 a 
B88E ERROR] #0037 60962* 
B8F3 ERROR2 60117 00130* ~- 2°27 2 a SF ml ais Pay 

0080 IMBEG 0021*00067 00077 . 
@082 IMEND. #0022*90669 00182 
B86D NEXT 90039 00043* 

| QO0B OUTCMP 00015*90054 30095 
| 2000 PIDDR #6011*99029 

0002 PIDR @0012*96030 00044 66063 06126 60131 
B894 PGINT 90068 00066* 

I, 9084 PNTR 00023*90033 00075 60083 90086 80107 B¢114 AG119 

B8F1 SELF 90064 00128*00128 00132 06137 00138 00139 0140 00141 A142 

i 90143 
4 B876 STALL1 60050*99059 
iy B883 STALL2 90056*#0057 
i B85@ START 00027*60144 

9008 TCSR 80013*60053 88956 80094 80897 
009 TIMER 60014*90652 00093 
B8D9 VERF2 00112*66123 
GO86 WAIT  80024*60048 60671 40092 
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HEXADECIMAL 
ADDRESS 

BFFE RESET 

b850 
INITIALIZE 
STACK & PORTS 
(ALL LEDs OFF) 

8857 

8859 

B86B LIGHT FAILED 
LED YES 

LIGHT ERASED 
LED 

WAIT FOR 
Vpp LOOP 

INITIALIZE 
REGISTERS 
FOR PROGRAMMING 

PROGRAM THE 
EPROM 

BS6F 

8871 

Bssc 

B894 

BBAl 

B8A3 

BeD4 

B8D6 

Figure 4: Flowchart of the programmer _software_ called 
MINPRG. The program is shown in listing I.~ a= 

Text continued from page 386: 

gramming, 21 V + 1 V (V,,) must be applied to the 
RESET/V,, pin. A 5- to 26-V voltage converter is used to 
eliminate the need for two power supplies. R1 and R2 
form a voltage divider that provides a proper voltage 
level to the RESET/V,, pin. R2 also serves to discharge 
C1 during power-down. 
A 74LS373 transparent latch is used to demultiplex 

port 3; which is used both as a lower address port (signals 
AO through A7) and as a data port. An address strobe 

(AS) from the MC68701 is tied to latch enable (LE) of the 

74LS373 to latch the lower-order address at the proper 
time each bus cycle. Once the lower address is latched, 
the port is used for data transfer. 

Four NAND gates are used for address decoding of the 
two external EPROMs. Each EPROM is selected with 
high A13 to ensure deselection during access of MC68701 

internal RAM and internal registers. EPROM IC3 drivers 
are enabled with low A14 and high E; EPROM IC4 

394 August 1982 © BYTE Publications Inc 

the application. of Voc and RESET. -During pro- 

drivers are enabled with low A15 and high E. Controlling 
with E ensures that drivers are in the high-impedance 
state during E low, eliminating driver contention on the 
multiplexed lower-address/data bus. Controlling the 
drivers with low A14/A15 assures separation between 
the off-chip and on-chip EPROM address spaces. 
EPROM IC3, containing MINPRG, is selected at loca- 

tions B800 to BFFF hexadecimal; EPROM IC4, containing 
the program to be entered into the MC68701 EPROM, is 
selected at locations 7800 to 7FFF hexadecimal. Incom- 
plete address decoding is used for IC3 and IC4 to mini- 
mize the number of devices used in the system, allowing 
their selection in several address spaces. Care must be 
taken when writing software for the system to ensure that 
only one device is accessed at any time. 

Note that only Motorola MCM2716 EPROMs allow an 
optional active high chip select (pin 20) by tying V,, (pin 
21) low during reads. If non-Motorola 2716 EPROMs are 
used, V,, must be tied high and A13 must be inverted to 
the active low chip selects. 

Program Description 
The programmer uses a bootstrap program, MINPRG, 

to control programming of the MC68701 EPROM. The 
program performs the following functions: 

1. Initialize the MC68701. 

2. Check that the EPROM is erased. 
3. Program the EPROM. 
4. Verify the program. 
5. Stop. 

MINPRG also controls three LEDs that indicate 
MC68701 EPROM status during programmer operation. 
A detailed flowchart of MINPRG is shown in figure 4; a 

complete listing is shown in listing 1 on page 388. 

= Program Modifications:ad: Considerations __ 
Additions and modifications to this code can be made 

easily by inserting routines between. the basic blocks.on _. 
the flowchart. For convenience, the start and stop 
addresses of each block are located directly to the left of 
each block. 

Parameters IMBEG, IMEND, PNTR, and WAIT, 

stored in RAM locations 80'to 87 hexadecimal, determine 
the size of the data block to be programmed into the 
MC68701, the first MC68701 EPROM location to be pro- 
grammed, and the time period each byte will be burned 
into the EPROM. These parameters can be changed to 
allow programming of selected EPROM locations and to 
allow changes in operating frequency. These parameters, 
once selected, should remain constant throughout the 
entire program. 

A modification to MINPRG that should be considered 
is verification of the EPROM if the EPROM is not initial- 
ly erased, rather than to simply light LED 1 and wait. 
This change would allow verification of MC68701 
EPROMs that have already been programmed and 
used. @ 
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MC68701 MICROCOMPUTER UNIT (MCU) 
The MC68701 is an 8-bit single chip microcomputer unit (MCU) which 

significantly enhances the capabilities of the M6800 family of parts. It 

can be used in production systems to allow for easy firmware changes 

with minimum delay or it can be used to emulate the MC6801/03 for 
sofiware development. It includes an upgraded M6800 microprocessor 
unit (MPU) while retaining upward source and object code compaitibili- 

ly. Execution times of key instructions have been improved and several 

new instructions have been added inciuding an unsigned multiply. The 
MCU can function as a monolithic microcomputer or can be expanded 
to a 64K byte address space. It is TTL compatible and requires one +5 
volt power supply for nonprogramming operation. An additional Vpp 

power supply is needed for EPROM programming. On-chip resources 
incluce 2048 bytes of EPROM, 128 bytes of RAM, Serial Communica- 

trons Interface (SCI), parallel 1/O, and a three function Programmable 

Timer. A summary of MCU features includes: r 

Enhanced MC6800 Instruction Set 

@ 88 Multiply Instruction # 
® Seria! Communications Interface (SCI) 

© Upward Source and Object Code Compatible with MC6800 
@ 16-Bit Three-Function Programmable Timer 
cE) 

& 

@ 

“Te ' 
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' 

Single-Chip or Expandable to 64K-Byte Address Space 
Bus Compatible with M6800 Family 

2048 Bytes of UV Erasable, User Programmable ROM 

@ 128 Bytes of RAM (6 Bytes Retainable on Powerdown) 

@ 29 Parallel 1/0 and Two Handshake Control Lines 

@ internal Clock Generator with Divide-by-Four Output 

ROMA - Vio 

FIGURE 2 — MC68701 ated a BLOCK DIAGRAM 
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MAXIMUM RATINGS 

Symbol ie a ee 

Operating Temperature Range Ta {0 10-80. —| 

Thermal Resistance 

Ceramic Package 

ELECTRICAL CHARACTERISTICS (Vcc =5.0 V +5%, Vss=0, Ta = 70°C unless otherwise noted) 

Symbol | vin [1] 
Vss+4.0 vegs2e 

Input Low Voltage All inputs* Vss-0.3 | — | Vss+08 
0.5 om Mi | oe ee 

Input Current mars 

(Vin = 0105.25 Vde) NMI, IRQ1 

Input High Voltage RESET 
Other Inputs” 

input Current Port4 

(Vin =0 10 2.4 Vdc) Sci 

Input Current 

(Vin =0 to 0.8 Vde) 
(Vin =4.0 Vdc. to Vcc) 

Three-State (Off State) input Current eo eard wars 

(Vin = 0.5 to 2.4 Vde) P10-P17, P30-P37 
pyar 2-P20-P24 

Output High Voltage 

(oad = — 205 wAde, Vec = min) P30-P37 
WWicad = — 145 pAde, Voc = min) P40-P47, E, SC1, SC2 
(load = — 100 nAdc, Vcc = min) Other Outputs 

Output Low Voltage 

(ogg = 2.0 mAdc, Vcc = min) 

Darlington Drive Current 
(Vo=1.5 Vde) P10-P17 

Power Dissipation 

Input Capacitance 

(Vin =0, Ta = 25°C, fo = 1.0 MHz) P30-P37, P40-P47, SC1 

. Other Inputs 

Vcc Standby Powerdown 
Powerup 

Frequency of Operation 

MC68701 External Clock EXTAL2 

MC68701 Crystal XTALI, EXTAL2 

MC68701-1 External Clock EXTAL2 

MC68701-1 Crystal 

Programming Time (Per Byte) 

XTAL1, EXTAL2 

Programming Voltage 

Programming Current (VpeseT = Vpp) 

“Except Mode Programming Levels; See Figure 17. 

2 

VSBB 
VsB 

4.0 

4.75 

RIOTOROLA Semiconductor Products Inc. 

This device contains circuitry to protect the in- 

Puts against damage due to high static voltages 

or electric fields; however, it is advised thal nor- 

mal! precautions be taken to avoid application of 

any voltage higher than maximum rated voltages 

to this high-impedance circuit. For proper opera- 

tion it is recommended that Vin and Voy be con- 
Strained to the range Vss S(Vin OF Vou) S VCC. 

ps Vv wou] “a | = [- [or 



Characteristics 

| Penpheral Data Seiup Time 
Pe ie 

{ Fenpheral Data Hold Time 

| Deiay Time, Enable Positive Transition to 

Delay Time, Enable Negative Transition 10 Peripheral Data Valid 
Port 1 

Pon 2,3, 4 

FIGURE 3 — DATA SETUP AND HOLD TIMES 
(MPU READ} 

ti Read 

P10-P17 

P20-P24 

P£0-P47 

Inputs 

c P30-P37 

Inputs® 

2.0 V-“9 AY, 

*Port 3 Non-Latched Operation (LATCH ENABLE=0) 

FIGURE 5 — PORT 3 OUTPUT STROBE TIMING 
{SINGLE CHIP MODE) 

MPU access of Port 3° 

| = 10sD2 
{ 

s+ > 10861 
$3 =$(Z ee f2.0V 

“Access matches Output Strobe Select (OSS =O, a read; 

OSS=1, a wie) 

(M) FIOTOROLA 

“FIGURE 4 — DATA.SETUP AND HOLD TIMES 
(MPU WRITE) 

tf MPU Write 

O8V 
p—tcmos =| 

— 'PWD— 
ie 

’ 

---07Vec 
'% 

Mi Dave TOV Val 

NOTES: 
1. 10 k Pullup resistor required for Port 2 to reach 0.7 Vcc 

2. Not applicable to P21 
3. Port 4 cannot be pulled above Vcc anoot8 

FIGURE 6 — PORT 3 LATCH TIMING 

(SINGLE CHIP MODE) 

s3 =9C)_ = 

| nae 
| 

pe | 

| 
mH 

| 
P30-P37 2.0 Vn Data Valid 7 
Inputs 9.8 VO aN 

| 

Semiconductor Products Inc. 
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BUS TIMING [(Reter tu Figures 9 and 10 and 22b) 

MC68701 MC68701-1 

Sioned (f9= 1.0 MHz) (fo = 1.25 MHz) 

AA eee nee Aaaress Svabe Pulse Wath Fgh PPwasH| 200"|Vteye | — [150 | Weve | — | v= | 
Aaaress Swobe Ruse Tome Pasa [> | —- [30] 5 | — [30] vs | 
Adaress Svobe Fall Time pase {5 | — [30s | — | 20] ws | 
Adaress Swobe Delay Tne taso | 60 | weve | — | 90 | Weve | — | vs | 
Enable Rae Time wa [ts] - [els] - [ele 

we ty 1 Enable Fall Time | 30 _| 
Enable Pulse Wiaih High Time j Pwer | 450 | vieve | — | 340| “eve | — | ms | 
Enable Pulse Width Low Time | Pwer | 450 | viteye | — | 350 | “steye | — | ns_| 
Address Strobe to Enable Delay Time | taseo | 60 | — | — {| 30 | | — | ns | 

Address Delay Time | tao | — | — | 2601 

Data Delay Write Time CIS ea ae ee 
LO a ee EY ee eS oS a 

Data Hold Time 

Read 

Write 

Address Setup Time for Latch {ASL 

[ Asdress Hold me fortaieh SS SSCSCSC~C~C~CSCSCSCSd Cw | 2 | — | — | 20 — | — | os | 
Se 

Address. R/W Set-up Time Before E aes ee 

AO-A7 Set-up Time Before E 

Peripheral Read Access Time: 

Non-Multplexed Bus tACCN 410 

Multiplexed Bus - ae 

Oscillator Stabilization Time 

ee Processor Control Setup Time 

FIGURE 7 — CMOS LOAD FIGURE 8 — TIMING TEST LOAD PORTS 1, 2, 3. 4 

Vcc 

Ry 20k 

Test Poim MMD6150 

or Equiv. 

MMD7000 

or Equi. 

‘Test Point aL. 

sy 30 pF 

c = 90 pF for P30-P37, P40-P47, E.SC1, SC2 

= 30 pF fo: P10-P17, P20-P24 

= 16.5 kM for P30-P37, P40-P47, E, SC1. SC2 

= 12 kM for P10-P17. P20-P24 

R 

ADO73 

iy (M) RIOTOROLA Semiconductor Products Inc. 
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FIGURE 9 — EXPANDED NON-MULTIPLEXED BUS TIMING 

leye 

2.0V 

OoBvV PWen 

ae 

J 2.0 V 4 
jase vs | Valid 

O.BV : » 

in i 

0.8V 
DO0-D7 MQQQY Ky the Valid 

IDSR 
tACCN |. ‘HR 

MPU Read 2.0 Ys Data S 

00-07 O.8V Valid 

FIGURE 10 — EXPANDED MULTIPLEXED BUS TIMING 

Address Strobe 

(AS) 

R/W, A8-A15 
(Port 4) Address Valid 

MPU Write 

D0-D7, A0-A7 

(Port 3) 

Data 

Valid ) 

MPU Read 

DO-D7, AO-A7 

(Port 3) 
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INTRODUCTION 

The MC68701 is an 8-bit monolithic microcomputer which 

can be configured to function in a wide variety of applica- 

wons. The facility which provides this extraordinary flexibility 

IS ItS ability to be hardware programmed into eight different 

operating modes. The operating mode controls the con- 
figuration of 18 of the MCU’s 40 pins, available on-chip 

resources, memory map, location (internal or external) of in- 

lerrupt 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 5-bit port. Each port consists of at least a 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 configured as an input (clear) or output 

(set). 
The term “port,” by itself, refers to all of its associated 

hardware. When the port is used as a ‘data port” or “1/0 

port,’’ it is controlled by its Data Direction Register and the 
programmer has direct access to its pins using the port's 

Data Register. Port pins are labled as Pij where i identifies 
one of four ports and j indicates the particular bit.- 

The Microprocessor Unit (MPU) is an enhanced MC6800 
MPU with additional capabilities and greater throughput. It is 
upward source and object code compatible with the 

MC6800. The programming model is depicted in Figure 11 

RAOTOROLA Semiconductor Products Inc. 

where Accumulator D is a concatenation of Accumulators A 

and B. A lis! of new operations added to the '46890 instruc- 

lion set are shown in Table 1. ; 

The basic difference between the MC6801 and the 

MC68701 is that the MC6801 has an onboard ROM while the 

MC68701 has an onboard EPROM. The MCE€8701 is pin and 

code compatible with the MC6801 and can be used to 

emulate the MC6801, allowing easy sofiware development 

using the onboard EPROM. Software developed using the 
MC68701 can then be masked into the MC6801 ROM. 

In order to support the onboard EPROM, the MC68701 dif- 

fers from the MC6801 as follows: 

(1) Mode 0 in the MC6801 is a test mode only, while in the 

MC68701 Mode 0 is also used to program the onboard 

_EPROM and has interrupt vectors at $BFFO-SBFFF 

. father than $FFFO-$FFFF. 

(2) The MC68701 RAM/EPROM Control Register has two 
bits used to control the EPROM in Mode 0 that are not 

defined in the MC6801 RAM Control Register. 
(3) The RESET/Vpp pin in the MC68701 is dual purpose, 

used to supply EPROM power as ftvell as to reset the 

device; while in the MC6801 the pin is calied RESET 

and is used only to reset the device. 

In addition, MC6801 modes 1R and 6R, available as a mask 

option, are not available in the MC68701. 

FIGURE 11 — MC68701/6801/6803 PROGRAMMING MODEL 

8-Bit Accumulators A and B 

Or 16-Bit Double Accumulator D 

Index Register (X) 

Stack Pointer (SP) 

Program Counter (PC) 

Condition Code Register (CCR) 

Carry/Borrow from MSB 

Overflow 

Zero 

Negative 

Interrupt 

Half Carry (From Bit 3) 



as a 

SRE ICRT Riga 1 2? nate, Se OPT A RO A pre! y per pe & = Pare aay rae) Sie Se rw et ee 

ih ~ “° Ear ein Looe 
Les si LAs a=. : pes Redes in 

eT rr ea Sy dh et? i ite 

Branch Never 

Additional addressing mode: direct 

Loads double accumulator from memory 

ASL) 

Pushes the Index Register to stack 

Pulls the index Register from stack 

Stores the double accumulator to memory 

OPERATING MODES 

The MCU provides eight different operating modes which 
are selectable by hardware programming and referred to as 
Mode 0 through Mode 7. The operating mode controls the 
memory map, configuration of Port 3, Port 4,SC1, SC2, and 
ihe physical location of interrupt vectors. 

FUNDAMENTAL MODES 

The MCU’s eight modes can be grouped into three fun- 
Oamental modes which refer to the type of bus it supports: 
Single Chip, Expanded Non-Multiplexed, and Expanded 
Muluplexed. Modes 4 and 7 are Single Chip Modes. Mode 5 
1S the Expanded Non-Multiplexed Mode, and the remaining 
modes e:e¢ Expanded Multiplexed Modes. Table 2 sum- 
mearizes the characteristics of the operating modes. 

Single Chip Modes (4, 7) 

In Singie-Chin Mode, the MCU’s four ports are configured 
2S parallel input/ fis, as shown In Figure 12. 
The MCU functions as a monolithic microcomputer in these 
Iwo modes without external address or data buses. A max- 
imum of 29 1/0 lines and wo Port 3 contro! lines are provid- 
ed. In addition to other peripherals, another MCU can be in- 
terfaced to Port 3 in a loosely coupled dual processor con- 
figuration, as shown in Figure 13. 

In Singie-Chip Test Mode (4), the RAM responds to 
$XXE0 through SXXFF and the EPROM. is removed from the 
internal address map. A test program must first be loaded in- 
to ihe RAM using modes 0, 1, 2, or 6. If the MCU is Reset 
@nc then programmed into Mode 4, execution will begin at 
SXXFE:XXFF. Mode 5 can be irreversibly entered from Mode 
4 without going through Reset by setting bit 5 of Port 2's 
Date Reaister. This mode ts used Primarily to test Ports 3 and 
4 in the Singie-Chip and Non-Multiplexed Modes. 

Meet S aE RN Se ee poate it Vinisg Pontos tuner rete - a TF Toe iM se Fe A 4 jms Lae Os Ge tate ee Che SE Ee Se Se ie WERENT oo epee mate 

Unsigned addiion of Accumulator B to Index Regisier 

Adds (without carry) the duuble accumulator to memory and leaves the sum in the double accumulator 

Branch if Higher or Same; unsigned conditional branch (same as BCC) 
Branch if Lower, Unsigned conditional branch (same as BCS) ‘ 7 pam: 

Shifts memory or accumulator left (towards MSB) one bit: the LSB is cleared and the MSB is shifted into the C-bit (same as 

Shifts the double accumulator right (towards LSB) one bit; the MSB is cleared and the LSB is shifted into the C-bit 
Unsigned multiply; multiplies the two accumulators and leaves the Product in the double accumulato 

Subtracts memory from the double accumulator and leaves the difference in the double accumulator 
Internal processing modified to permit its use with any conditional branch instruction 

7 

RU eee 
*, 

TABLE 2 — SUMMARY OF MC68701 OPERATING MODES 
Common to all Modes: 

Reserved Register Area 
Port 1 ; 
Port 2 

Programmable Timer 
Serial! Communications Interface 

Single Chip Mode 7 
128 bytes of RAM; 2048 bytes of EPROM 
Port 3 is a paraitel 1/O port with two control lines 
Port 4 is a parallel 1/O port 

SC1 is Input Strobe 3 (TS3) 
SC2 is Output Strobe 3 (OS3) 

Expanded Non-Multiplexed Mode 5 
128 bytes of RAM; 2048 bytes of EPROM 
256 bytes of external memory space 
Port 3 is an 8-bit daia bus 
Port 4 is an input port/address bus 
SC1 is Input/Output Select (TOS) 
SC2 is Read/Write (R/W) 

Expanded Multiplexed Modes 1, 2, 3, 6 
Four memory space options (64K address space): 

(1) No internal RAM or EPROM (Mode 3) 
(2) Internal RAM, no EPROM (Mode 2} 
(3) Internal RAM and EPROM (Mode 1) 
{4) Internal RAM, EPROM with partial address bus 

(Mode 6) 
Port 3 is a multiplexed address/data bus 
Port 4 is an address bus (inputs/address in Mode 6) 
SC1 is Address Strobe (AS) 

SC2 is Read/Write (R/W) 
Test Mode 4 

(1) May be changed to Mode 5 without going through 
Reset 

(2) May be used to test Ports 3 and 4 as 1/0 ports 

Expanded Multiplexed Mode 0 

(1) Internal RAM and EPROM 
(2) External interrupt vectors located at $BFFO-$BFFF 
(3) Used to proaram EPROM 

(MA) MAOTOROLA Semiconductor Products Inc. 



FIGURE 12 — SINGLE CHIP MODE 
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FIGURE 13 — SINGLE CHIP DUAL PROCESSOR CONFIGURATION 
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Expanded Non-Multiplexed Mode (5) 

A modest amount ot external memory space is provided in 
Ine Expanded Non-Mulupiexed Mode while retaining signifi- 
cart on-chip resources. Port 3 functions as an 8-bit bidirec- 
ona! cata bus and Port 4 1s configured as an input data port 
Any combination of the eight least-significant address lines 
may be obtained by writing to Port 4’s Data Direction 
Register. Stated alternatively, any combination of AO to A7 
may be provided while retaining the remainder as input data 
lines. Interna! pullup resistors are intended to pull Port 4’s 
lines high until it is configured. ; 

Figure 14 illustrates a typical system configuration in the 
Expanded Non-Multiplexed Mode. The MCU interfaces 
directly with M6800 family parts and can access 256 bytes of 

“external address space at $100 through $1FF. IOS provides 
an adcress decode of external memory ($100-$1FF) and can 
be used similarly to an address or chip select line. 

Expanded-Multiplexed Modes (0, 1, 2, 3, 6) 

In the Expanded-Mulhiplexed Modes, the MCU has the 
ability 10 access a 64K byte memory space. Port 3 functions 
as 2 ume multiplexed address/data bus with address valid on 
the negative edge of Address Strobe (AS) and the data bus 
valid while E is high. In Modes 0 to 3, Port 4 provides address 
lines A8 to Al5. In Mode 6, however, Port 4 is configured 
Curing RESET as data port inputs and the Data Direction 
Register can be changed to provide any combination of ad- 
Gress lines, A8 to A15. Stated alternatively, any subset of A8 
to A15 can be provided while retaining the remainder as in- 
put data lines. Internal pullup resistors are intended to pull 
Port 4's lines high until software configures the port. 

Figure 15 depicts a typical configuration for the Expanded- 
Multiplexed Modes. Address Strobe can be used to control a 
transparent D-type laich to capture addresses AO to A7, as 
shown in Figure 16. This allows Port 3 to function as a Data 
Bus when E is high. 

In Mode 0, the internal and external data buses are con- 
nected, there must therefore be mo memory map Overlap in 
order 10 avoid potentia! bus conflicts Mode 0 is used to pro- 

gram the on buard EPROM. All interrupt vectors are external 
in this mode and are iocated at $BFFO-SBFFF. 

PROGRAMMING THE MODE 

The operating mode is programmed by the levels asserted 
on P22, P21, and P20 which are latched into PC2, PC1, and 
PCO of the Program contro! register on the positive edge of 
RESET. The operating mode may be read from Port 2's Data 
Register as shown below, and programming levels and tim- 
ing must be met as shown in Figure 17. A brief outline of the 
operating modes is shown in Table 3. 

PORT 2 DATA REGISTER 

2 —_— a : 

zero] [os] 
‘ —_~ s 4 LAYCHED qo 

Circuitry 10 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 18 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 64K byte address space 
depending on the operating mode. A memory map for each 
operating mode is shown in Figure 19. The first 32 locations 
of each map are reserved for the MCU’s internal register 
area, as shown in Table 4, with exceptions as indicated. 

TABLE 3 — MODE SELECTION SUMMARY 

p22 | P24 P20 
Mode | poco | pci PCO 

Legend Notes 
| — Internal 

E — External 

MUX — Multipiexed 

NMUX — Non-Multiplexed 

l — Logic “0” 

H — Logic “1” 
1. 2. and 3 

Interrupt Bus 

Vectors Mode Mode 

Ee es ee a ee ee: 
 S ie we mux, 6) Multiplexed /Partral Decode 

a a eee EG Oe OS ee ES ee a ‘op 

Operating 

nmMux'5. 6) Non-Multiplexed ‘Partua! Decode 

! Single Crip Test 

Multipleaed “No RAM or ROM Mux!) 

mMux'4! Multiplexed/ Programming 

(1) Interna! RAM ts addressed at SXX80 

(2) internal EPROM ts disabled 

(3) Interrupt vectors located a1 $BFFO-$BFFF 
(4) Addresses associated with Ports 3 and 4 are considered external in Modes 0. 

(5) Addresses associated with Port 3 are considered external in Modes 5 and § 
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FIGURE 15 — EXPANDED MULTIPLEXED CONFIGURATION 
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FIGURE 16 — TYPICAL LATCH ARRANGEMENT 
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Data: Do-D7 



= ", sas ¢r 
°. ca 
eae : SSM OTC Tam 

fies <5 

See Figure 18 
for Diode Arrangement 

ViMMPDD 

VMPL 

Pe Mode Latch 
(P20, P21, P22) 

Vv j a ae Mode Inputs MPH Min a3 
(P20, P21, P22) VMPL Max RESET 

MODE PROGRAMMING (Refer to Figure 17) 

[Characteristic SS ——*d Cot | in 
VEL 

Moge Programming Hold Time 
RESET Rise Timez 1 ys 

RESET Rise Time<1 ys 

P20 (PCO) 

P21 (PC1) 

P22 (PC2) 
Vv 

MC68701 
Mode Contro! Switches R2 

: D 

Normal x ee ' 

: BwAE 
RESET/Vpp 

vpp O—O-——-& Cc 
“Program” | 

Notes: ‘& _ ; 2 aa 

. Mode 0 as shown. 22 > DU MAY 

. R1=10 kohms (typical). 
. The RESET time constant is equal to RC where R is the equivalent parallel resistance of R2 and the number of resistors (R1) 
placed in the circuit by closed mode contro! switches. 

. D= 1N914, 1N4001 (typical). 
5. I{V=Vcc, then R2= 50 ohms (typical) to meet Vip for the RESET/Vpp pin. V= VCC is also compatible with MC6801. The 

RESET time constant in this case is approximately R2°C. 
. Switch S1 allows selection of normal (RESET) or programming (Vpp) as the input to the RESET/Vpp pin. During swit- 
ching, the input level is held at a value determined by a diode (D), resistor (R2) and input voltage (V). 
While $1 ts in the “‘Program” position, RESET should not be asserted. 

. From powerup, RESET musi be held low for at least iR¢. The capacitor, C, is shown for conceptual Purposes only and is 
on the oroer of 1000 uF for the circunt shown. Typically, a driver with an RC input will be used to drive RESET. ely 
the need tor the laroer capaciior. 

(M) FAOTOROLA Semiconductor Products Inc. 
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MC68701 

Mode 

Multiplexed Test mode 

soo00""’ ; 
Internal Registers 

sOOlF 
External Memory Space 

$0080 

Internal RAM 

External Memory Space 

External Interrupt Vectors 

External Memory Space 

Notes 

1) Excludes the following addresses which may 

be usedexternatly: $04, $05, $06, $07 and SOF 

2) There must be no overlapping of internal and 

external memory spaces to avoid driving the 

data bus with more than one device. 

This mode is used to program the onboard 

EPROM. 

FIGURE 19 — MC68701 MEMORY MAPS 

MC68701 

Mode 

Multiplexed/RAM & EPROM 

Internal Registers 

External Memory Space 

Internal RAM 

External Memory Space 

Internal EPROM 

External Interrupt Vectors 

Notes 

1) Excludes the following addresses which may 

be used externally. $04, $05, $06, $07 and 

SOF 

2) Internal EPROM addresses $FFFO to $FFFF are 

not usable 

MC68701 

Mode 
ae 

Multiplexed/RAM 

Internal Registers 

External Memory Space 

Internal RAM 

External Memory Space 

External Interrupt Vectors 

Notes: 

1) Excludes the following addresses which may 

be used externally. $04, $05, $06, $07. and 

SOF. 
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FIGURE 19 — MC68701 MEMORY MAPS (CONTINUED) 

MC68/01 “a 
Mode Mode 

Multiplexed/No RAM or EPROM Single Chip Test 

Internal Registers Gi rernal Registers!) O=3\ 

BY2 

@€TPR | 

tuNZIOMWA FINO, 

Unusable! 4) 

= SFFFO re $XX80 m y ‘\ Internal RAM 

Shere External Interrupt Vectors $XXFF Internal Interrupt Vectors. 

Notes Notes’ 

1) Excludes the following addresses which may be 1) The internal EPROM is disabied. 

used externally: $04, $05, $06, $07 and SOF 2) Mode 4 may be chanyed to Mode 5 without hav- 

ing to assert ESET by writing a "1" into the 

PCO bit of Port 2 Data Register 

3) Addresses A8 to AIS are treated as “don't 
cares” to decode internal RAM. 

4) Internal RAM will appear at $XX80 to SXXFF 

5) MCU read of the Port 3 Data Direction Register 

will access the Port 3 Data Register. 

MC68701 Kh 

Mode 

Non-Multiplexed Partial Decode 

SIPS LES) 
4“ } internat Registers 

Unusable 

Internal RAM 

SOOFF WY, } 
$0100 

External Memory Space 

SOIFF 

Unusable 

Internal EPROM 

Internal Interrupt Vectors 

Notes. 

1) Excludes the following addresses which may not 
be used externally: $04, $06, and SOF (No IVS) 

2) This mode may be entered without gong 
(through RESET by using Mode 4 and subse- 
quently writing a "1" into the PCO bit of Port 2 
Data Register. 

Address lines AO to A7 will not contain addresses 
until the Data Direction Register tor Port 4 has 
been waitten with “I's” in the appropriate bits 
These address lines will assert “I's unt! made 
outputs by writing the Data Direction Register r meals areal; 

5 ee es SSL Sa 9-8 ae 

eT ast 
sat 

Shey 
~~ le a> 

pe pit 

14 
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Port 1 Data Direction Register 

Port 2 Data Direction Register °** 
Fort 1 Data Register 

Port 2 Data Register 

Port 3 Data Direction Regisier’”* 
Port 4 Data Direction Register” ** 
Port 3 Data Register 

Port 4 Data Register 

Timer Control! and Status Register 

Counter (High Byte) 

|Counter (Low Byte) ~ _— 

}Output Compare Register (High. Byte) 

MC68701 

Mode 

Multiplexed/Partial Decode 

Internal Registers 

External Memory Space 

Internal RAM 

External Memory Space 

Internal EPROM 

Internal Interrupt Vectors 

Notes 

1) Excludes the following addresses which may be 

used externally: $04, $06, SOF. 

Address lines A8-A15 will not contain 
addresses until the Data Direction Register for 
Port 4 has been written with “1's” in the 

appropriate bits. These address lines will 

assert “1's” until made outputs by writing the 

Data Direction Register. 

FIGURE 18 — MC68701 MEMORY MAPS (CONCLUDED) 

MC68701 

Mode 

Single Chip 

$0000 ; 4 
Internal Registers! 1) 

SOO1F 
Unusable 

$0080 p 

internal RAM 

SOOFF 

Unusable 

“ Internal EPROM 

Internal Interrupt Vectors 

Note: 

1) MCU read of the Port 3 Data Direction Register 
will access the Port 3 Data Register. 

TABLE 4 — INTERNAL REGISTER AREA 

Register 

eee 

(A) MOTOROLA Semiconductor Products Inc. 
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Register 

Output Compare Register (Low Byte) 

input Cap:ure Register (High Byte) 

Input Capture Register (Low Byte) 

Port 3 Control end Status Register 

Rate and Mode Contro! Register 
Transmit “Receive Control and Status Regisiter 
Recewe Data Regisier 

Transmit Data Register 

RAM Control Register 

Reserved 

"External addresses in Modes 0, 1. 2, 3.5, 6, cannot be accessed 
mn Mode 5 (Ivo 10S) 

**External eddresses in Modes 0, 1, 2, 3 
***1= Output, O= Input ’ 



MC68701 INTERRUPTS 

The MCU supports two types of interrupt requests: 

maskable and non-maskable. A Non-Maskable Interrupt 

(NMI) is always recoanized and acted upon at the comple- 
tion of the current instruction. Maskable interrupts are con- 

trolled by the Condition Code Register’s |-bit and by in- 

dividual enable bits. The I-bit controls all maskable inter- 
rupts. Of the maskable interrupts, there are two types: IRQ1 

and iRQ2. The Programmable Timer and Serial Communica- 
tions Interface use an internal IRQ2 interrupt line, as shown 

in Figure 1. External devices (and IS3) use 1RO1. An IRQ] in- 
terrupt is serviced before IRQ2 if both are pending. 

All 1RQ2 interrupts use hardware prioritized vectors. The 

single SCl interrupt and three timer interrupts are serviced in 

@ prioritized order where each is vectored to a separate loca- 

tion. All MCU imierrupt vector locations are shown in 

Table 5. 

TABLE 5 — MCU INTERRUPT VECTOR LOCATIONS 

OCF (Output Compare) 

TOF (Timer Overfiow) 

The Interrupt flowchart is depicted in Figure 20 and is 

common to every MCU interrupt exciuding Reset. The Pro- 

Gram Counter, Index Register, A Accumuiator, B Ac- 

cumulator, and Condition Code Register are pushed to the 

stack. The I-bit is set to inhibit maskable interrupts and a vec- 

tor is fetched corresponding to the current highest priority 

interrupt. The vector is transferred to the Program Counter 

and instruction execution is resumed. Interrupt and RESET 
liming are illustrated in Figures 21a and 21b. : 

FUNCTIONAL PIN DESCRIPTIONS 

Vcc AND Vss 

Vcc and Vss provide power to a large portion of the 

MCU. The power supply should provide +5 volts (+ 5%) to 

Vcc. and Vss should be tied to ground. Total power 

dissipation (including VCC Standby), will not exceed Pop 
milliwatts. 

Vcc STANDBY 

Vcc Standby provides power to the standby portion ($80 
through $BF) of the RAM and the STBY PWR and RAME 
bits of the RAM Control Rearster. Voitaae requirements de- 

pend on whether he MCU ts in a powerup or powerdown 

Siaie. In the powerup state, he power supply should provide 

+5 volts (+ 5%) and must reach Vsg volis before RESET 
reacnes 4.0 volts. During powerdown, Vcc Standby must 
remain above Vsgp (min) to sustain the standby RAM and 
STBY PWR bit. While in powerdown operation, the standby 

current will not exceed IggB. 

RIOTOROLA Semiconductor Producis Inc. 

It 1S typical to power both Vcc and Vcc Standby from the 
same source during normal operation. A diode musi be used 

between them to prevent supplying power to Vcc during 
powerdown operation. Vcc Siandby should be tied 10 either 

ground or VC in Mode 3. 

XTAL1 AND EXTAL2 

These two input pins interface either a crystal or TTL com- 

patible clock to the MCU’s internal clock generator. Divide- 

by-four circuitry is included which allows use of the inexpen- 

sive 3.58 MHz or 4.4336 MHz Color Burst TV crystals. A 

25 pF capacitor is required from each crystal pin to ground to 

ensure reliable startup and operation. Alternatively, EXTAL2 
may be driven with an external TTL compatible clock at 4fp 

with a duty cycle of 50% (+ 10%) with XTAL1 connected to 
ground. 

The internal oscillator is designed to interface with an AT- 

Cut quartz crystal resonator operated in parallel resonance 

mode in the frequency range specified for fyxTayt. The 
crystal should be mounted as close as possible to the input 

pins to minimize output distortion and startup stabilization 

time. The MCU is compatible with most commercially 

available crystals, and nominal crystal parameiers are shown 

in Figure 22. 

RESET/Vpp 

This input is used to reset the MCU’s interna! state and 

provide an orcerly startup procedure. During powerup, 

RESET must be held below 0.8 volts: (1) at least 1R¢ after 
VCC reaches VSB volts in order 10 provide sufficient me for 
the clock generator to stabilize, and (2) until! Vcc Standby 

reaches Vsg volts. RESET must be held low at least three 
E-cycies if asserted during powerup operation. 

This pin is also used to supp!y Vpp in Mode 0 for program- 

ming the EPROM, and supplies operating power to the 

EPROM during powerup operation. 

E (ENABLE) 

This is an output clock used primarily for bus synchroniza- 

lion. It is TTL compatible and is the sliontly skewed divide- 

by-four result of the MCU input frequency. !1 will drive one 

Schottky TTL load and 90 pF, and ali data given in cycles is 

referenced to this clock unless otherwise noted. 

NMI (NON-MASKABLE INTERRUPT) 
An NMI negative edge requests an MCU interrupt se- 

quence, but the current instruciion will be completed before 

it responds to the request. The MCU will then begin an inter- 

rupt sequence. Finally, a vector is fetched from $FFFC and 

SFFFD (or $BFFC and $BFFD in Mode 0), transferred to the 
Program Counter and instruction execution resumes. NMI 

typically requires a 3.3 kf (nominal) resistor to Vcc. There is 
no interna! NMi pullup resistor. NMI must be heid low for at 
least one E-cycle to be recognized under ali conditions. 

IRQ1 (MASKABLE INTERRUPT REQUEST 1) 

RQ] is a level-sensitive input which can be used to re- 
quest an interrupt sequence. The MPU will complete the cur- 

rent instruction before it responds to the request If the inter- 

rupt mask bit (I-bit) in the Condition Code Reaister ts clear, 
the MCU will begin an interrupt sequence. Finally, a vector is 
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Modes 1-7 

Vector —PC 

RESET BFFE.BFFF 

EXECUTE 

> 

FIGURE 20 — INTERRUPT FLOWCHART 

TMP -= | 

Stack Machine State 

PC, X, A, B, CC 

<a> _P WAI 

¥ N 

Y N . 

N 

| 
N 

N 

P< | m “ Y 

vee SCl= TIE*TDRE + RIE*(RORF + ORFE) 

Condition Code Register 

Vector—PC 

FFFC-FFFD |Non-Maskable Interrupt 

BFF2-BFF3 | FFF2-FFF3 |Timer Overflow Interrupt 

BFFO-BFF1 | FFFO-FFFI [SCI Interrupt 

Meh 

PRR L. Poe, Peet 74 

= 
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Cycle 
Last Instruction HY 

1-Bit Set Internal 

Address Bus 

Op Code Op Code SP(n) SPin-1) SP(n-2) SP(n-3) SP(n-4)  SP{n-5)  SPin-6) SPin-7) Vector Vector New PC Addr Addr +1 
MSB Addr LSB Addr Address IRQ) 

—| t- trcs 

NMI or IRQ2 

Internal 

Data Bus 

Irrel Vect Vect First Inst of Z : A R trrelevant ecior ector Fi s 
Op Code On Coe PC 0-7 PC8-15 xX0-7 X 8-15 ACCA CCB cc faa MS6 Ca Sidertiags egies 

Internal RAW 

FIGURE 21b — RESET TIMING 

| : tac 
PCS tPcs RESET/Vpp ————____, SR . 

Internal 
t 

Internal 

PC 8-15 PCO-7. First 

NN Not Valid Instruction 



fetched from $FFF8 and $FFFQ (or IBFF8 and $BFF9 in 
Mode 0), transferred to the Program Counter, and instruc- 
110M execution 1s resumed. 

1KQ1 typically requires an external 3.3 kQ (nominal) 
resistor 10 Vc for wue-OR applications. IRQ) has no inter- 
na! pullup resistor. 

SC1 AND SC2 (STROBE CONTROL 1 AND 2) 
The function of SC1 and SC2 depends on the operating 

mode. SC1 is configured as an output in all modes except 
single chip mode, whereas SC2 is always an output. SC1 
and SC2 can drive one Schottky load and 90 pF. 

MC68701 

CL = 24 pF (typical) 

NOTE 

TTL-compatibie oscillators may be 

obtained from: 

Motorola Component Products 

Attn: Data Clock Sales 

2553 N. Edginton Si. 
Franklin Park, IL 60131 

Tel: 312-451-1000 

Telex 025-4400 

SCi and SC2 In Single Chip Mode 
In Single Chip Mode, SC1 and SC? are configured as an 

input and output, respectively, and both function as Port 3 
control lines. SC1 functions as 1S3 and can be used 10 in- 
Gicate that Port 3 input data ts ready or outpu! data has been 
accepted. Three options associated with 1S3 are controlled 
by the Port 3 Control and Status Register and are discussed 
in the Port 3 description. If unused, [$3 can remain uncon- 
nected. 

SC2 is configured as OS3 and can be used 10 strobe out- 
Put data or acknowledge input data. It is controlled by Out- 
put Strobe Select (OSS) in the Port 3 Control and Status 
Register. The strobe is generated by a read (OSS=0) or 
write {OSS = 1) to the Port 3 Data Register. OS3 timing is 
shown in Figure 5. por. 

FIGURE 22 — MC68701 OSCILLATOR CHARACTERISTICS 

(a) Nominal Recommended Crystal Parameters 

MC68701 Nominal Crystal Parameters 

4.6 pF 

0.01-0 02 pF 

>20k 

0.025 pF 

“Note: These are representative AT-cut crystal parameters 

only. Crystals of other types of cuts may also be used. 

Equivalent Circuit 

{b) Oscillator Stabilization Time (tac) 

| es 
Osciltztor 

Stabilization 

Time RC 

(M) KFAiOTOROLA Semiconductor Products Int. 
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SC1 And SC2 In Expanded Non-Multiplexed Mode 
In the Expanded Non-tultipiexed Mode, both $C1 and 

SC2 are configured as outputs. SC1 functions as input/Out- 
put Select (IOS) and is asserted only when $0100 through 
SOIFF 1s sensed on the interna! address bus. 

SC2 is configured as Read/Write and is used 10 control 
the direction of data bus transfers. An MPU read is enabled 
when Read/Write and E are high. 

SC1 And SC2 in Expanded Multiplexed Mode 
In the Expanded Multiplexed Modes, both SC1 and SC2 

are configured es outputs. SC1 functions as Address Strobe 
and can be used to demultiplex the eight least significant ad- 
dresses and the data bus. A latch controlled by Address 
Strobe captures address on the negative edge, as shown in 
Figure 16. 

SC2 is configured as Read/Write and is used to control 
the direction of data bus transfers. An MPU read is enabled 
when Read/Write and E are high. 

P10-P17 (PORT 1) 
Port 1 is a mode independent 8-bit 1/O port where each 

line is an input or output as defined by its Data Direction 
Register. The TTL compatible three-state output buffers can 
Grive one Schottky TTL load and 30 pF, Darlington tran- 
Sistors, or CMOS devices using external pullup resistors. It is 
configured as a data input port by RESET. Unused lines can 
remain unconnected. 

P20-P24 (PORT 2) 

Port 2 is @ mode independent 5-bit 1/O port where each 
line 1s configured by its Data Direction Register. During 
RESET, all lines are configured as inputs. The TTL compati- 
bie three-state output buffers can drive one Schottky TTL 
load ano 30-pF or CMOS devices using externa! puliup 
resistors. P20, P21, and P22 must aiways be connected 10 
Provide the operating mode. If lines P23 and P24 are unused, 
they can remain unconnected. 

P20, P21, and P22 provide the operating mode which is 
fetched into the Program Control Register on the positive 
edoe cf RESET. The mode may be read from the Port 2 Data 

_ Register as shown where PC2 is latched from pin 10. 
Port 2 aiso provides an interface for the Serial Com- 

munications Interface and Timer. Bit. if configured as an 
Output, ts dedicated to the timer’s Output Compare function 
and cannot be used to provide Output from the Port y] Bais 

earster. 
— 

PORT 2 DATA REGISTER 

7 6 5 “ 3 2 1 0 

P30-P37 (PORT 3) 

Port 3 can be configured as an 1/0 port, a bidirectional 
8-bit data bus, or a multiplexed address/date bus depending 
on the operating mode. The TTL compatible three-state out- 
put buifers can drive one Schottky TTL load and 90 pF. 
Unused lines can remain unconnecied. 

Port 3 In Single-Chip Mode 
Port 31s an 8-bit 1/0 port in Single-Chip Mode where each 

line is configured by its Data Direction Register. There are 
also two lines, IS3 and O53; which can be used to control 
Port 3 data transfers. : 

Three Port 3 options are controlled by the Port 3 Control 
and Status Register and available only in Single-Chip Mode: 
(1) Port 3 input data can be latched using (S3 as a contro! 
signal, (2) OS3 can be generated by either an MPU read or 
wre to the Port 3 Data Register, and (3) an [RO1 interrupt 
can be enabled by an [S3 negative edge. Port 3 latch timing 
is shown in Figure 6. 

PORT 3 CONTROL AND STATUS REGISTER 

5 4 3 

Latch 

Not used. 

Bit 3 LATCH ENABLE. This bit controls the 
input latch for Port 3. If set, input data 

is latched by an [S3 negative edge. The 
latch is transparent after a read of Port 

3 Data Register. LATCH ENABLE is 
cleared by RESET. F 

Bit 4 OSS (Output Strobe Select). This bit 
determines whether OS3 will be 
generated by a read or write of the Port 

3 Data Register. When clear, the 

strobe is generated by @ read; when 

set, it is generated by a write. OSS is 

cleared by RESET. 

Bit 5 Not used. 
Bit 6 IS3 1RQ1 ENABLE. When set, an IRQ1 

interrupt will be enabled whenever IS3 

FLAG is set; when clear, the interrupt 

is_inhibited. This bit is cleared by 
RESET. 

Bit 7 1S3 FLAG. This read-only status bit is 
set by an 1S3 negative edge. It is 
cleared by a read of the Port 3 Contro! 

and Status Register (with 1S3 FLAG 

set) followed by a read or write to the 

Port 3 Data Regisier or by RESET. 

$OO0F 

Port 3 In Expanded Non-Multipiexed Mode 

Port 3 ts configured as a bidirectional data bus (D7-D0) in 
the Expanded Non-Multiplexed Mode. The direction of data 
transfers is controlied by Read/Write (SC2) and clocked by E 
(Enable). 

Port 3 In Expanded Multiplexed Mode 

Port 3 is configured as a time multiplexed address {A0-A7) 
and data bus (D7-DO} in Expanded Multiplexed Mode where 
Address Strobe (AS) can be used to demultipiex the two 
buses. Port 3 is held in a high impedance state between valid 
address and data to prevent potentional bus conilicts. 

FACOTOROLA Semiconductor Products Inc. ee 
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P40-P47 (PORT 4) 

Port 4 1s configured as an 8-bit 1/0 port, as address out- 
DUIS, OF Gate INDUIS Gepending on the operating mode. Port 

can drive one Schottky TTL load and 90 pF and is the only 
; pat DB LD 

port with internal pullup resistors. Unused lines can remain 
unconnected. 

Port 4 In Single Chip Mode 

In Single Chip Mode, Port 4 functions as an 8-bit I/O port 
where each line is configured by the Data Direction Register. 
Internal pullup resistors allow the port to directly interface 
with CMOS at 5 volt levels. External pullup resistors to more 
than 5 volts, however, cannot be used. 

Port 4 In Expanded Non-Multiplexed Mode 

Port 4 is configured from RESET as an 8-bit input port 
where the Data Direction Register can be written to provide © 
any or ail of address lines AO to A7. Internal pullup resistors 
are intended to pull the lines high until the Data Direction 
Register is configured. 

Port 4 In Expanded Multiplexed Mode 

In all Expanded Multiplexed modes exc2pt Mode 6, Port 4 
functions as half of the address bus and provides A8 to Al5, 
In Mode 6, the port is configured from RESET as an 8-bit 
parallel input port where the Data Direction Register can be 
written to provide any or all of address lines A8 to A15. Inter- 
nal pullup resistors are intended to pull the lines high until its 
Data Direction Register is configured where bit O controls 
A8. 

RESIDENT MEMORY 

The MC68701 hes 128 bytes of onboard RAM and 2048 
bytes of onboard UV erasable EPROM. This memory is con- 
trolied by four bits in 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 bits, 
STBY PWR and RAME, are used to contro! RAM access and 
Cetermine the adequacy of the standby power source during 
power-down operation. It is intended that RAME be cleared 
and STBY PWR be set as part of a power-down procedure. 
RAME and STBY PWR are Read/Write bits. 

The remaining iwo bits, PLC and PPC, control the opera- 
tion of the EPROM. PLC and PPC are readable in ali modes 
Dut can be changed only in Mode 0. The PLC bit can be writ- 
ten without restriction in Mode 0, but operation of the PPC 
bit is controlled by the state of PLC. 

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

A gescription of the RAM/EPROM Control Register 
follows. 

MC68701 RAM/EPROM CONTROL REGISTER 

7 6 S 4 3 2 1 0 

STBY 

(M4) FAOTOROLA 

Bin O PLC. Programming Latch Controi 
This bit controls (a) a latch which cap 

lures the EPROM address to be pro 

grammed and (b) whether the PPC br 

can be cleared. The latch ts triggerec 
by an MPU write to a location in the 

EPROM. This bit is set by Reset anc 

can be cleared only in Mode 0. The 
PLC bit is defined as follows: 

PLC=0 EPROM address latct 

enabled; EPROM address is latche:< 

during MPU writes to the EPROM. 

PLC=1 EPROM address latch i: 

transparent. 

Bit 1 PPC. Programming Power Contro! 
This bit gates power from the 

RESET/Vpp pin to the EPROM pro 
gramming circuit, PPC is set by Rese 
and whenever the PLC bit is set. It car 

be cleared only if (a) operating in Mod: 
0, and (b) if PLC has been previous! 

cleared. The PPC bit is defined a: 

foliows: 

PPC=0 EPROM programmin¢ 
power (Vpp) enabled. 

PPC=1 EPROM programmin: 
power (Vpp) is not applied. 

Unused. 

RAM Enable. This Read/Write bit car 

be used to remove the entire RAN 

from the internal memory map. RAME 

is set (enabled) during Reset provioec 

’ Standby power is available on thr 

positive edge of RESET. If RAME ix 
clear, any access 10 a RAM address 1 

external. If RAME is set and not ir 

Mode 3, the RAM is included in the in 

ternal map. 

Standby Power. This bit is ¢ 

Read/Write status bit which is clearec 

whenever Vcc Standby decrease: 
below Vsgp (min). It can be set onl, 
by software and is not affected b\ 

RESET. 

Note that if PPC and PLC are set, they cannot br 

simultaneously cleared as the result of a single MPU write 

The PLC bit musi be cleared prior to attempting to clez 

PPC. If both PPC and PLC are clear, setting PLC will also se 
PPC. In addition, it is assumed that Vpp is applied to the 

RESET/Vpp pin whenever PPC is clear. If this is not the 

case, the result is undefined. 

Bit 2-5 

Bit 6 RAME 

Bit 7 STBY PWR 

ERASING THE MC68701 EPROM 

Ultraviolet erasure will clear all bits of the EPROM 10 the 

“O"' state. Note that this erased state differs from that 0° 

some other widely used EPROMs (such as the MCM68708' 

where the erased state is a 1". The MC68701 EPROM is 

programmed by erasing it to “0's” and entering “1's” intc 
the desired bit locations. 

Semiconductor Products Inc. 
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Tne MC68701 EPROM can be erased by exposure to high 
iMtensiy ultraviolet light with a wave length of 2537A.. The 
recommended integrated dose (UV intensity X exposure 
time) is 15 Ws/em4. The lamps should be used without 
snonwave filters and the MC68701 should be positioned 
ebout one inch away from the UV tubes. 

The MC68701 transparent lid should always be covered 
afier erasing. This protects both the EPROM and light- 
sensitive nodes from accidental exposure to ultraviolet light. 

PROGRAMMING THE MC68701 EPROM 
When the MC68701 is released from Reset in Mode 0, 2 

vector is fetched from location $BFFE:BFFF. This provides a 
method for an external program to obtain control of the 
microcomputer with access to every location in the EPROM. 

To program the EPROM, it is necessary to operate the 
MC68701 in Mode 0 under the control of a program resident 
In external memory which can facilitate loading and pro- 
gramming of the EPROM. After the pattern has been loaded 
into external memory, the EPROM can be programmed as 
follows: 

a. Apply programming power (Vpp) to the RES ET/Vpp 
pin, 

b. Clear the PLC control bit and set the PPC bit by 
writing $FE to the RAM/EPROM Control Register. 

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

d. Clear the PPC bit for programming time, top, by 
writing SFC to the RAM/EPROM Control Register 
and waiting for time, tpp. This step gates the pro- 
gramming power (Vpp) from the RESET/Vpp pin to 
the EPROM which programs the location. 

e. Repeat steps b through d for each byte to be pro- 
grammed. 

{. Remove the programming power (Vpp) from the 
RESET/Vpp pin. The EPROM can now be read and 
verified. 

Because of the erased state of an EPROM byte is $00, it is 
not necessary to program a location which is to contain $00. 
Finally, it should be noted that the result of inadvertently pro- 
gramming a location more than once is the logical OR of the 
data patterns. 
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A routine which can be used to program the tiCé8701 
EPROM is provided at the end of this data sheet This non- 
reentrant routmne requires four doubie byte variables named 
IMBEQ, IMEND, PINNTR, and WAIT to be initiahzed prior 10 
eniry to the routine. These variables indicate (a) the first and 
last memory locations which bound the data to be program- 
med into the EPROM, (b) the first EPROM location to be pro- 
grammed, and (c) a quantity which can be used to generate 
the programming time delay. The last variable, WAIT, takes 
intO account the MCU input crystal for TTL-compatible 
Clock) frequency to insure the programming time, pp, is 
met. WAIT is defined as the number of MPU E-cycles that 
will occur in the real-time EPROM programming interval, 
tpp. For example, if tpp = 50 milliseconds and the MC68701 
is being driven with a 4.00 MHz TTL-compatible clock: 
WAIT (MPU E-cycles) =. tpps(MCU INPUT FREQ)/4+ 108 

= 5000+ (4+ 105) /4+ 108 
= 5000 

PROGRAMMABLE TIMER 

The Programmable Timer can be used to perform input 
waveform measurements while independently generating an 

Oulput waveform. Pulse widths can vary from several 
microseconds to many seconds. A block diagram of the 
Timer is shown in Figure 23. 

COUNTER ($09:0A) 

The key timer element is a 16-bit free-running counter 
which is incremented by £ (Enable). It is cleared during 
RESET and is read-only with one exception: a write to the 
counter ($09) will preset it to $FFF8. This feature, intended 
for testing, can disturb serial operations because the counter 
provides the SCIl's internal bit rate clock. TOF is set 
whenever the counter contains all 1's. 

OUTPUT COMPARE REGISTER ($0B:0C) 
The Output Compare Register is a.16-bit Read/Write 

register used to control an output waveform or provide an ar- 
bitrary timeout flag. It is compared with the free-running 
counter on each E-cycle. When a match is found, OCF is set 
and OLVL is clocked to an output level register. If Port 2, bit 
1, is configured as an output, OLVL will appear at P21 and 
the Output Compare Register and OLVL can then be 
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changed for the next compare. The function is inhibited for 

one cycle after a write to the high byte of the Compare 

Register ($OB) to ensure a valid compare. The Output Com- 

pare Register is set 10 $FFFF by RESET. 

INPUT CAPTURE REGISTER ($0D:0E) 

The Input Capture Register is a 16-bit read-only register 

used to store the free-running counter when a “proper’’ in- 

Put transition occurs as defined by IEDG. Port 2, bit O should 

be configured as an input, but the edge detect circuit always 

senses P20 even when configured as an output. An input 

Capture can occur independently of ICF: the register always 

contains the most current value. Counter transfer is in- 

hibited, however, between accesses of a double byie MPU 

read. The input pulse width must be at least two E-cycles to 

ensure an inpul capture under ali 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. The three most significant bits provide the timer’s 
Stalus and indicate if: 

®@ 2 proper level transition has been detected, 

@ a match has been found between the free-running 

counter and the output compare register, and 

@ the free-running counter has overflowed. 

r caliper acc in 
Sepee 3 Sea 

te er oe a hscl, rata 

ba 3 Ak oe 

VAT vif 

Ouran 
tower 

Reysie 

Ovinet imput 

Lever Eooe 

Brt BO 

Port 2? Pon? 

Each of the three events can generate an IRQ2 interrupt 
and is controlled by an individual enable bit in the TCSR. 

TIMER CONTROL AND STATUS REGISTER (TCSR) 

7 6 5 4 3 2 1 0 

Bit O OLVL Output level. OLVL is clocked to the 

Output level register by a successful 

Outpul Compare and will appear at P21 

if Bit 1 of Port 2's Data Direction 

Register is set. It is cleared by RESET. 

Input Edge. IEDG is cleared by RESET 

and controls which level transition will 

trigger a counter transfer to the Input 
Capture Register: 

IEDG =O Transfer on a negative-edge 

IEDG =1 Transfer on a positive-edge 

Enable Timer Overfiow Interrupt. 

When set, an }RO2 interrupt is enabled 
for a mer overflow; when clear, the 

mierrupt is inhibited. It 1s cleared by 

RESET. 

Bit 1 IEDG 

Bit 2 ETO! 
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Bi 3 EOCI Enable Output Compare Interrupt. 
Wren set, an IRQ? interrupt 1s enabled 
for an output compare; when clear, 
the interrupt is inhibited. It is cleared 
by RESET. 

Enable Input Capture Interrupt. When 
set, an [ROZ interrupt is enabled for an 
iNPul Capture; when clear, the inter- 
fupt is inhibited. It is cleared by 
RESET. 
Timer Overflow Flag. TOF is set when 
the counter contains all 1's. It is 
cleared by reading the TCSR (with 
TOF set) foliowed by the counter’s 
high byte ($09), or by RESET. 
Output Compare Flag. OCF is set 
when the Output Compare Register 
matches the free-running counter. It is 
Cleared by reading the TCSR (with 
OCF set) and then writing to the Out- 
put Compare Register ($0B or $0C), or 
by RESET. 
Input Capture Flag. ICF is set to in- 
dicate @ proper level transition: it is 
cleared by reading the TCSR (with ICF 

Bit 4 EICI 

Bit 5 TOF 

Bit 6 OCF 

Bit 7 ICF 

set) and then the Input Capture 
Register High Byte (SOD), or by 
RESET. 

SERIAL COMMUNICATIONS INTERFACE (SCI) 

A full-duplex asynchronous Serial Communications Inter- 
face (SCi) is provided with two data formats and a variety of 
rates. The SCI transmitter and receiver are functionally in- 
Gependent, but use the same data format and bit rate. Serial 
Gata formats include standard mark/space (NRZ) and Bi- 
Phase and both provide one start bit, eight data bits, and one 
Stop bit. “Baud” and “bit rate” are used synonymously in 
the following description. 

WAKE-UP FEATURE 
In @ typical serial loop multi-processor configuration, the 

software protocol will usually identify the addressee(s) at the beginning of the message. In order to permit uninterested MPU's to ignore the remainder of the message, 8 wake-up 
feature is included whereby all further SCI receiver fiag (and interrupt) processing can be inhibited until the data line goes 
idle. An SCI receiver is re-enabled by an idle string of ten 
consecutive 1's or by RESET. Software must Provide for the required idle string between consecutive messages and pre- 
vent 11 within messages. 

PROGRAMMABLE OPTIONS 
The following features of the SCI are programmable: 
@ jormat: standard mark/space (NRZ) or Bi-phase 
® clock: external or internal bit rate clock 
© Baud lor bit rate): one of 4 per E-clock frequency, or 

external bit rate (X&) input 
@ wake-up feature: enabled or disabled © 
@ interrupt requests: enabled individually for trans- 

mitter and receiver 

® clock output: interna! bit rate clock enabied or dis- 
abled 10 P22 

(MA) FAOTOROLA Semiconductor Products Inc. 
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SERIAL COMMUNICATIONS REGISTERS 

The Serial Communications Interface includes four ad- dressable registers as depicted in Figure 24. It is controlied by the Rate and Mode Control Register and the Transmit/Receive Contro! and Status Register. Data is transmitted and received utilizing @ write-only Transmit Register and a read-only Receive Register. The shift registers are nol accessible to software. 

Rate and Mode Control Register (RMCR) ($10) 
The Rate and Mode Control Register controls the SCI bit rate, format, clock source, and under certain conditions, 1 configuration of P22. The register consists of four write-only bits which are cleared by RESET. The two least significant bits 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) 

7 6 5 4 3 2 1 0 

cC1 s$1 $0010 
Bit 1:Bit O SS1:SSO Speed Select. These two 

bits select the Baud when using the in- 
ternal clock. Four rates may be 
Selected which are a function of the 
MCU input frequency. Table 6 lists bit 
time and rates for three selected MCU 
frequencies. 

CC1:CCO Clock Contro! and Format 
Select. These two bits controt the for- 
mat and select the serial clock source. 
lf CC1 is set, vaiue for P22 j 
forced to the complement of CCO and 
cannot be altered until CC1 is cleared. 
If CC1 is cleared after having been set, 
its DDR value is unchanged. Table 7 
defines the formats, clock source, and 

. use of P22. 
If both CC1 and CCO are Set, an external TTL compatible clock must be connected to P22 at eight times (8X) the 

Gesired bit rate, but not greater than E, with a duty cycle of 
50% (+ 10%). If CC1:CCO= 10, the internal bit rate clock is 
Provided at P22 regardless of the values for TE or RE. 

Bit 3:Bit 2 

NOTE: The source of SCI internal bit rate clock is the timer’s 
free running counter. An MPU write to the counter 
can disturb serial operations. 

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

The Transmit/Receive Control and Status Register con- 
trols the transmitter, receiver, wake-up feature, and two in- 
dividual interrupts and monitors the Status of serial opera- 
tions. All eight bits are readable while bits 0 to 4 are also 
writable. The register is initialized to $20 by RESET. 

TRANSMIT/RECEIVE CONTROL AND STATUS 
REGISTER (TRCSR) 

Pm om yt .2 
roRFb 

3 

RFE pre| rie | Re TIE | TE | WU | $0011 
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TABLE 6 — SCi BIT TIMES AND RATES 

a [aise mar] 
26 yws/38.400 Baud 16 =yws 62.500 Baud | 13.0 ws/76.800 Baud 

208 ws/4,800 Baud 128) ys/7812.5 Baud 104.2 ws/9.600 Beud 

1.67ms/600 Baud 1.024 ms/976.6 Baud 833.3 ys/1,200 Baud 

6 67ms/150 Baud 4096 ms/244.1 Baud 333 ms/300 Baud 

TABLE 7 — SCi FORMAT AND CLOCK SOURCE CONTROL 

CC1:CC0 Format Port 2, Bit 2 
0 0 Bi-Phase Internal Not Used 

1 NAZ Internal Not Used 

0 NRZ Imiernal Output 

1 NRZ External Input 

FIGURE 24 — SCI REGISTERS 
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Bi O WU 

Bu 1 TE 

Bit 2 TIE 

Bit 3 RE 

Bi 4 RIE 

Bit 5 TDRE 

Bit 6 ORFE 

“Wake-up” on Idle Line When set, 
WU enables the wake-up function; it is 
Cleared by ten consecutive 1's or by 
RESET. WU will not set if the line is 
idle, 

Transmit Enable. When set, P24 DDR 
bit is set, cannot be changed, and will 
remain set if TE is subsequently 
cleared. When TE is changed from 

clear 10 sel, the transmitter is con- 
nected to P24 and a preamble of nine 

consecutive 1's is transmitted. TE is 

cleared by RESET. 

Transmit Interrupt Enable. When set, 

an !IRQ2 interrupt is enabled when 

TORE is set; when clear, the interrupt 

is inhibited. TE is cleared by RESET. 

Receive Enable. When set, the P23 

DDR bit is cleared, cannot be chang- 

ed, and will remain clear if RE is subse- 

quently cleared. While RE is set, the 

SCI receiver is enabled. RE is cleared 
by RESET. 

Receiver Interrupt Enable. When set, 

an IRQ2 interrupt is enabled when 

RDRF and/or ORFE ts set; when clear, 

the interrupt is inhibited. RIE is cleared 
by RESET. 

Transmit Data Register Empty. TORE 

iS Set when the Transmit Data Register 

is transferred to the output seria! shift 

register or by RESET. It is cleared by 

reading the TRCSR (with TDRE set) 
and then writing to the Transmit Data 
Register. Additional data will be 

transmitted only if TDRE 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 to 

transfer to the Receiver Data Register 

with RDPF still set. A receiver framing 

error has occurred when the byte 

boundaries of the bit stream are not 

synchronized to the bit counter. An 

overrun can be distinguished from 2 

framing error by the value of RDRF: if 

RDRF is set, then an overrun has oc- 

curred; otherwise a framing error has 

been detected. Data is not transferred 

to the Receive Data Register in an 

overrun condition. ORFE is cleared by 

reading the TRCSR (with ORFE set) 
then the Receive Data Register, or by 

RESET. 

Receive Data Register Full. RORF is 

set when the input serial shift register 
is transferred to the Receive Data 

Register. It is cleared by reading the 
TRCSR (with RDRF set), and then the 

Receive Data Register, or by RESET. 

Bit 7 RDRF 

SERIAL OPERATIONS 

The SCI is 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 output is initiated by transmitting to 

9-bit preamble of 1's. 
At this point one of two situations exist: 1) if the Transmit 

Data Register is empty (TDRE = 1), a continuous string of 1's 

will be.sent indicating an idle line, or 2) if a byte has been 

written to the Transmit-Daia Register (TDRE=0), it will be 
transferred to the output serial shift register (synchronized 

with the bit rate clock), TORE will be set, and transmission 

will begin. . 

The start bit (0), eight data bits (beginning with bit 0) anda 
Stop bit (1), will be transmitted. If TDRE is still set when the 

next byte transfer should occur, 1’s will be sent until more 

data is provided. In Bi-phase format, the output toggles at 
the start of each dit and at half-bit time when a ‘’1” is sent. 

Receive operation is controlled by RE which configures P23 

as an input and enables the receiver. SC! data formats are il- 

lustrated in Figure 25. 

FIGURE 25 — SC! DATA FORMATS 
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INSTRUCTION SET 

The MC68701 ts upward source and object code cormpati- 
ble with the MC6800. Execution times of key instructions 
nave been reduced and several new instructions have been 
added, including a hardware multiply. A list of new opera- 
tions added to the MC6800 instruction set is shown in 
Table 1. 

In addition, two new special opcodes, 4E and 5E, are pro- 
vided for test purposes. These opcodes force the Program 
Counter to increment like a 16-bit counter, causing address 
lines used in the expanded modes to increment until the 
device is reset. These opcodes have no mnemonics. 

PROGRAMMING MODEL 

A programming mode! for the MC68701 is shown in Figure 
11. Accumulator A can be concatenated with accumulator B 
and jointly referred to as accumulator D where A is the most 
significant byte. Any operation which modifies the double 
accumulator will also modify accumulator A and/or B. Other 
registers are defined as follows: 

Program Counter — The program counter is a 16-bit 
register which always points to the next instruction. 

Stack Pointer — The stack pointer is a 16-bit register 
which contains the address of the next available location in a 
pushdown/pullup (LIFO) queue. The stack resides in ran- 
dom access memory at a location defined by the program- 
mer. 

Index Register — The Index Register is a 16-bit register 
which can 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 can also be 
concatenated and referred to as the D (double) accumulator. 

Condition Code Registers — The condition code register 
indicates the results of an instruction and includes the 
following five condition bits: Negative (N), Zero (Z), 
Overfiow (V), Carry/Borrow from MSB (C), and Half Carry 
from bit 3 (H). These bits are testable by the conditional 
branch instructions. Bit 4 is the interrupt mask (I-bit) and in- 
hibits all maskabie interrupts when set. The two unused bits, 
b6 and b7 are read as ones. 

ADDRESSING MODES 

The MC68701 provides six addressing modes which can be 
used to reference memory. A summary of adoresting mades 
for all instructions is presented in Tabies 8, 9, 10, and 31 
where execution tirnes are provided in E-cycies. Instruction 
execution times are summarized in Table 12. With an input 
frequency of 4 MHz, €-cycles are equivalent 1c 
microseconds. A cycle-by-cycle description of bus activity 
for each instruction is provided in Table 13 and a descriptior: 
of selected instructions is shown in Figure 26. 

Immediate Addressing — The operand or “immediate 
byte(s)” is contained in the following byte(s) of the instruc- 

lion where the number of bytes matches the size of the 
register. These are two or three byte instructions. 

Direct Addressing — The least significant byte of the 
operand address is contained in the second byte of the in- 
Struction and the most significant byte 1s assumed to be $00. 

‘Direct addressing allows the user to access $00 through $FF 
using two byte instructions and execution time is reduced by 
eliminating the additional memory access. In most applica- 
tions, the 256-byte area is 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 offset contained in 
the second byte of the instruction is added with carry to the 
Index Register and used to reference memory without 
changing the Index Register. These ere two byie instruc- 
tions. i 

Inherent Addressing — The operands) are registers end 

no memory reference is required. These are single byte in- 

structions. 

Relative Addressing — Relative addressing is used only for 
branch instructions. If the branch condition is true, the Pro- 

gram Counter is overwritten with the sum of a signed single 

byte displacement in the second byte of the instruction end 

the current Program Counter. This provides a branch range 

of — 126 to 129 bytes from the first byte of the instruction. 

These are two byte instructions. 
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Transfer Acmitr 1 OO tS iL Rie 
pert tt toa we a RS: par eae ij Rie 

Test. Zero or itst_ ff Hele frope tat twee rare iT RiR | 
Minus TSTA me a [2 [ifA-oo tet eli ii Rie 

RSet EEC EEE Eh 0 ere i RR 
Tne Condition Code Register symbo! explanations are listed atter lable 11. 
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Cond. Code Req 

(5/4 /3l2|[1]0 
Operations ~ |* [oP|~[#lop|~| # [oP] Saeoee Branch Test seen ie 

Branch Always cae ee 
OE Pee eae penremres — teeth cro ele le[ele le] Branch If Carry Set | BcS jf { {| }25) Le ban fa c=1 [sje jelelele| ee eee z= elelsielete, pees ee eee i fh ieee etelelsis [eranenw>zero | ear | [1 les] 111 11] throws [ele ele ele Branch Ii Higher Lacan abastelad lad dl | eee ieee ere | 
= a * 

nch Wt: ptt ferisfey eer Tie nou=1 _lelejelelele, Braneh Hf Carry Sei ec Go [Branch Lower OrSame_ [eis 1] feaisfay TP} TTT] pleszst Je le le fe le el peenecme er Tt proves eae A CTin=i lee lelelele, pene espe] = z i aes BvC Cope ee Tete etee [eranch Ht Overtiow Sex| bvs | | 2sisj2; TTT TT [lives _ Jelelelelele| 
an te toooame — fee tee eo fe fe fe fee. 
[Branch To Subroune | ~—SsBSR_—s«|_—«|:*'|-jejej2| | || i See Special fe je jelejele | 
pene els aes SH Operations - e [elelelele | ae ro et erie Lo NAD tli sect fe je jelole fe | 
No Operation a. eee Lt [| jorf2{yy sf fofelelele| 
[Return From interrupt [TET | Coe COT Return Fron Sumreunne [RIS eh See Special rejereje le 
Setar are ST TT erate inost? 
had 1 i TT EE es 

TABLE 11 — CONDITION CODE REGISTER MANIPULATION es ee 

EAQEIEIEECI 
ties Boolean Operation eee 

PE a a rion LeleR 
Cas OA aE (5) a ae jelele| Clear Overtiow | civ foal2jif omv |e fefelelaie| Set Carry | Sec fooj2jif imc Te lelelelels: Sel Interrupt Mask Sas ee Cl a OE | © [ef ef este | OLS I OE 

Lo fej efefele| [CCR = Accumulator ASSP frp | CCR A 
LEGEND CONDITION CODE SYMBOLS 

OP Operation Code (Hexadecimal) 

Operations 

H_ Half-carry from bit 3 
~ Number of MPU Cycles 1 Interrupt mask Msp Contents of memory location pointed to by Stack Pointer N Negative (sign bit) 
= Number of Program Bytes Z. Zero (byte) 
+ Arithmetic Plus V Overflow, 2's complement 
-  Arithmerne Minus C Carry/’Borrow from MSB 
@ Boolean AND 

R_ Reset Always 
X Arithmetic Multiply S Set Always 
* Booleén Inclusive OR { Affected 
© Boolean Exclusive OR @ Not Affected 
M Compiement of M 

— Transfer into 

O Bn = Zero 

00 Byte = Zero 

FAOTOROLA Semiconductor Products Inc. 
29 



whee ; 

>» eS 

Relative Extanded 
intend 

@eoeeeeicoeeenrnee 

@eenreeedieanmarauuumns Seenrn@ oe eenrauuwwmana @eeeeeee@8ieuwrarsnw OWWWNNMHN AN 

@mnee@ 8M AAD ems eenrernnm We BWWNHNBN 

RIOTOROLA Semiconductor Products Inc. 
30 

Te 
aie 

nan 
the 

om 

Relative 

eoeereeceiraeeecasixeeesceo sie acveesevieeesecesli2e5se089 



T3~>, * y ) 5b Piers ee Te eee Sih Ta Seg Brg es poy eh ig tet ee Se smeepeest Berd ALB -t Sd Raye = hh Fuk grows eee RoR pe He Ren Sah Oia Pea hee OA che ae ip + x erate et Fak te ta oe = hs pean +3 gl fone pet ft* pi 7 > - = 

BPN Oe Sa Sr pNe ge ree TN Be SNS BF re eee ae NAA tenet Rahn Pied 

SUMMARY OF CYCLE BY CYCLE OPERATION 

Table 13 provides a detailed description of the information Per instruction. In general, instructions with the same ec present on the Address Bus, Data Bus, and the Read/Write Gressing mode and number of cycles execute in the sam: (R/W) line during each cycle of each instruction. manner. Exceptions are indicated in the table. The information ts useful in comparing actual with ex- Note that during MPU reads of internal locations, 1h pecied results during debug of both software and hardware resultant value will not appear on the external Data Bus er 
as the program is executed. The information is categorized in cept in Mode 0. “High order” byte refers to the most signifi 
groups according to addressing mode and number of cycles cant byte of @ 16-bit value. 

TABLE 13 — CYCLE BY CYCLE OPERATION 

Instructions # Line 
IMMEDIATE 

ADC EOR 

ADD LDA 

AND ORA 

BIT SBC 

CMP SUB 

Op Code Address 

Op Code Address + 1 
Op Code 

Operand Data 

Op Code Address 

Op Code Address + 1 

Op Code Address + 2 

Op Code Address 

Op Code Address ¢ 1 

Op Code Address + 2 

Address Bus FFFF 

Op Code 

Operand Data (High Order Byte 

Operand Data {Low Order Byte) 

Op Code 

Operand Data (High Order Byte! 

Operand Data (Low Order Byte} 

Low Byte of Restart Vector 
DIRECT 

ADC EOR Op Code Address Op Code 
ADD LDA Op Code Address + 1 Address of Operand 
AND ORA Address of Operand Operand Data 
BIT SBC 
CMP SUB 

Op Code Address 
Op Code Address + 1 

Destination Address 

Op Code Address 

Op Code Address + 1 

Address of Operand 

Operand Address + 1 

Op Code Address 

Op Code Address + 1 

Address of Operand 

Address of Operand + 1 

Op Code Address 

Op Code Address + 1 

Operand Address 

Operand Address + 1 

Address Bus FFFF 

Op Code Address 

Op Code Address + 1 

Subroutine Address 

Stack Pointer 

Stack Pointer + 1 

Op Code 

Destination Address 

Data from Accumulator 

Op Code 

Address of Operand 

Operand Data (High Order Byte) 

Operanc Data (Low Order Byte) 

Op Code 

Address of Operand 

Register Data (High Order Byte} 
Register Data (Low Order Byte} 

Op Code 
Address of Operand 

Operand Data (High Order Byte) 

Operand Data (Low Order Byte} 

Low Byte of Restart Vector 

Op Code 

irrelevant Data 

First Subroutine Op Code 
Return Adoress (Low Order Byte) 
Return Address (High Order Byte) 

— Continued — 
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TABLE 13 — CYCLE BY CYCLE OPERATION 

(CONTINUED) 

Address Mode & Cycle R/W 
Instructions Cycles # Address Bus ria Data Bus’ 

EXTENDED 

JMP Op Code Address Op Code 

Op Code Address + 1 Jump Address (High Order Byte} 

Op Code Address * 2 Jump Adgress (Low Order Byte) 

Op Code Address 

Op Code Address + 1 

Op Code Address + 2 

ADD LDA 

AND ORA 

BIT SBC Address of Operand 

CMP SUB : 

Op Code 

Address of Operand 

Address of Operand 

(Low Order Byte) 

Operand Data 

STA Op Code Adoress Op Code 

Op Code Address + 1 Destination Address ¥ 

(oe. (High Order Byte) 

Op Code Address + 2 Destination Address 

(Low Order Byte) 

Operand Destination Address Data from Accumulator 

LOS Op Code Address Op Code 

LOX Op Code Address + 1 Address of Operand 

(High Order Byte) 

LOD Op Code Address + 2 Address of Operand 

(Low Order Byte) 

Address of Operand Operand Data (High Order Byte} 

Address of Operand ¢ 1 Operand Data (Low Order Byte} 

Op Code Address STS Op Code 

STX Op Code Address + 1 Address of Operand 

(High Order Byte) m 

Address of Operand ~ 

(Low Order Byte) 

Operand Data (High Order Byte} 

Operand Data {Low Order Byte! 

Op Code 

Address of Operand 

{High Order Byte) 

Address of Operand 

(Low Order Byte) 

Current Operand Data 

Low Byte of Restart Vector 

New Operand Data 

Op Code 
Operand Address 

(High Order Byte) 

Operand Address 

(Low Order Byte) 

STD Op Code Address + 2 

Address of Operand 

Address of Operand + 1 

Op Code Address 

Op Code Address + 1 

ASL LSR 
ASR NEG 

CLR ROL Op Code Address + 2 

COM ROR 

DEC TST 

INC 

Address of Operand 

Address Bus FFFF 

Address of Operand 

Op Code Address 

Op Code Address + 1 

Op code Address + 2 

Operand Address 

Operand Address + 1 

Address Bus FFFF 

Op Code Address 

Op Code Address + 1 

Operand Data (High Order Byte} 

Operand Data (Low Order Byte} 

Low Byte of Restart Vector 

Op Code 
Address of Subroutine 

(High Order Byte) 

Address of Subroutine 

(Low Order Byte) 

Op Code of Next Instruction 

Return Adaress 

(Low Order Byte) 

Return Address 

(High Order Byte) 

Op Code Address + 2 

Subroutine Starting Address 
Stack Pointer 

Stack Pointer - 1 

— Continued — 
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TABLE 13 — CYCLE BY CYCLE OPERATION 
(CONTINUED) 

Instructions # Line 

INDEXED 

Op Code Address 

Op Code Address + 1 

Address Bus FFFF 

Op Code 

Offset 

Low Byte of Restart Vector 
ADC EOR Op Code Address Op Code 
ADD LDA Op Code Address + 1 Offset 
AND ORA Address Bus FFFF Low Byte of Restart Vector 
BIT SBC Index Register Plus Offset Operand Data 
CMP SUB 

Op Code Address 

Op Code Address + 1 

Address Bus FFFF 

Index Register Pius Offset 

Op Code Address 

Op Code Address + 1 

Address Bus FFFF 

Index Register Pius Offset 

Index Register Plus Offset + 1 

STS Op Code Address 
STX Op Code Address + 1 

STD Address Bus FFFF 
index Register Plus Offset 

Index Register Plus Offset + 1 

Op Code Adaress 

Op Code 

Offset 

Low Byte of Restart Vector 

Operand Data 

Op Code 

Offset 

Low Byte of Restart Vector 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 

Op Code 

Offset 

Low Byte of Restart Vector 

Operand Data (High Order Byte) 

Operana Data (Low Order Byte) 

Op Code ASL LSR 

ASR NEG Op Code Address + 1 Offset 

CLR ROL Address Bus FFFF Low Byte of Restart Vector 
COM ROR index Register Plus Offset Current Operand Data 
DEC TST (1) Address Bus FFFF Low Byte of Restart Vector 
INC Index Register Plus Offset New Operanc Data 

Op Code Address 
Op Code Address + 1 
Address Bus FFFF 

Index Register + Offset 

Index Register + Offset + 1 

Address Bus FFFF 

Op Code Address 
Op Code Address + 1 

Address Bus FFFF 

Index Register + Offset 

Stack Pointer 

Stack Pointer - 1 

Op Coce 

Offset 
Low Byte of Restart Vector 

Operand Data (High Order Byte} 

Operand Data (Low Order Byte) 

Low Byte of Restart Vector 

Op Code 

Offset 

Low Byte of Restart Vector 

First Subroutine Op Code 

Return Address (Low Order Byte) 

Reiurn Address (High Order Byte) 

— Continued — 
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TABLE 13 — CYCLE BY CYCLE OPERATION 

(CONTINUED) 

* are oe wee “Syma 4 eE: sey "Atty eer, 

aa RS Pes eae Weert , FS Pie 
é : Psy PVRS te Tn 

Address Mode & 

Instructions 

© 

INHERENT 

ABA DAA SEC 
ASL DEC SEI 
ASR INC SEV 
CBA LSR TAB 
CLC NEG TAP 
CLI NOP TBA 
CLR ROL TPA 
CLV ROR TST 
COM SBA 

ABX 

Op Code Address 

Op Code Address +1 

Op Code Address 

Op Code Address +1 

Address Bus FFFF 

Op Code Address 

Op Code Address +1 

Address Bus FFFF 

Op Code Address 

Op Code Address +1 
Previous Register Contents 

Op Code Address 

Op Code Address +1 

Adoress Bus FFFF 

Op Code Address 

Op Code Address +1 

Stack Pointer 

Op Code Address 

Op Code Address +1 

Stack Pointer 

Op Code Address 

Op Code Address +1 

Address Bus FFFF 

Op Code Address 

Op Code Address +1 

Stack Pointer 
Stack Pointer +1 

Op Code Address 

Op Code Aadress +1 

Stack Pointer 

Stack Pointer +1 

Op Code Address 

Op Code Address +1 

Stack Pointer 

Stack Pointer +1 

Stack Pointer +2 

Op Code 

Op Code of Next Instruction 

Op Code 

Irrelevent Data J 

Low Byte of Restart Vector 

Op Coce 

Irrelevant Data 

Low Byte of Restart Vector 

Op Code 

Op Code of Next Instruction 

Irrelevant Data 

Op Code 

Op Code of Next Instruction 

Low Byte of Restart Vector 

Op Code 

Op Code of Next Instruction 

Accumulator Data 

Op Code 

Op Code of Next Instruction 

Irrelevant Data 

Op Code 

Op Code of Next Instruction 

Low Byte of Restart Vector 

Op Code 

Op Code of Next Instruction 

Irrelevant Data 

Operand Data from Stack 

Op Code 

irrelevant Data 

index Register (Low Order Byte) 

Index Register (High Order Byte) 

Op Code 

Irrelevant Data 

Irrelevant Data 

Index Reg:ster (High Order Byte) 

index Rear:ster (Low Order Byte) 
5 1 Op Code Address Op Code 

2 Op Code Address +1 Irrelevant Data 
3 Stack Pointer Irrelevant Data 
4 Stack Pointer +1 Adaoress of Next Instruction 

(High Order Byte) 

5 Stack Pointer +2 1 Address of Next Instruction 

: (Low Order Byte) 

1 Op Code Address i Op Code 
2 Op Code Address +1 1 Op Code of Next Instruction 
3 Stack Pointer (@) Return Address (Low Order Byte) 
4 Stack Pointer -1 (8) Return Adaress 

(High Order Byte) 
5 Stack Pointer -2 0 Index Register (Low Order Byte) 
6 Stack Pointer ie) index Register (High Order Byte) 
7 Stack Pointer -4 (e) Contents of Accumulator A 
8 Stack Pointer -5 (¢) Contents of Accumulator B 
| Stack Pointer (@) Contemis of Cond Code Register 

— Continued — 
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TABLE 13 — CYCLE BY CYCLE OPERATION 
(CONTINUED) 

Address Mode & Cycle R/Ww 

Instructions Address Bus Line Data Bus 

INHERENT 

Op Code Address 

Op Code Address +1 

Address Bus FFFF 

Address Bus FFFF 

Address Bus FFFF 

Address Bus FFFF 

Address Bus FFFF 

Address Bus FFFF 

Address Bus FFFF 

Address Bus FFFF 

Op Code Address 

Op Code Address +1 

Stack Pointer 

Stack Pointer +1 

Op Code 
Irrelevant Data 

Low Byte of Restart Vector 

Low Byte of Restart Vector 

Low Byte of Restart Vector 

Low Byte of Restart Vector 

Low Byte of Restart Vector 

Low Byte of Restart Vector 

Low Byte of Restart Vector 

Low Byte of Restart Vector 

Op Code 

Irrelevant Data 

Irrelevant Data 

Contents of Cond. Code Reg. 

from Stack 

Contents of Accumulator B 

from Stack 

Contents of Accumulator A 

from Stack 

Index Register from Stack 

(High Order Byte) 

Index Register from Stack 

(Low Order Byte) 

Next instruction Address fron 

Stack (High Order Byte) 

Next Instruction Address fron 

Stack (Low Order Byte) 

Op Code 

Irrelevant Data 

Return Address (Low Order By 

Return Address 

(High Order Byte} 
Index Register (Low Order By 

index Register (High Order By 
Contents of Accumulator A 

Contents of Accumulator B 

Contents of Cond Code Regis 

irrelevant Data 

Address of Subroutine 

(High Order Byte) 

Address of Subroutine 

(Low Order Byte} 

Op Code 

Branch Offset 
Low Byte of Restart Vector 

OU BVAMrWN-— te eee ie 

Stack Pointer +2 

Stack Pointer +3 

Stack Pointer +4 

Stack Pointer +5 

Stack Pointer +6 

Stack Pointer +7 

Op Code Address 

Op Code Address +1 

Stack Pointer 

Stack Pointer -1. hWN- 

Stack Pointer -2 

Stack Pointer -3 

Stack Pointer -4 

Stack Pointer -5 

Stack Pointer -6 

Stack Pointer -7 

Vector Address FFFA (Hex) ZO earv8H 

~ NR Vector Address FFFB (Hex) 

Op Code Address 

Op Code Address +1 

Address Bus FFFF 

BCC BHT BNE BLO 

BCS BLE BPL BHS 

BEQO BLS BRA BRN 

BGE BLT BVC 

BGT BMT BVS 

Op Code Address 

Op Code Address +1 

Address Bus FFFF 

Subroutine Starting Address 

Stack Pointer 

Stack Pornter -1 

Op Code 

Branch Offset 

Low Byte of Restart Vector 

Op Code of Next Instruction 

Return Address (Low Order B: 

Return Address (High Order 8: 
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FIGURE 26 — SPECIAL OPERATIONS 

JSR Jump to Subroutine 

Marn Program 

pe 

Durect 

K = Direct Address 

Main Program SP Stack 

es ieee a 

Marn Program 

ee $BD = JSR 

: | SH + Sub Aner | 
sia St + Subr Addr 

RIN 

BSR. Branch To Subroutine 
Main Program se Stack Pp 

PC (L se0- ese a cia | SNE MRT 

RTS Return trom Subroutine Subroumne gP Siack 

Pe $39 = RTS JIN sP 

spe 
SWI. Sotiware Interrupt ~ 

Main Program gp Stack 
PC © (t3F- sm _| —osr-7{ 

|_ acm Bs 

index Regisier (X44) 

se-s 

sp-4 

se. 3 
WAI Wait lor Interrupt 

eC Main Program sP-2 

, 
RTI. Return trom Interrupt 

interrupt Program ge Stack 

fC [s3e= ani 95 

sP-2 

SP¢3 

sp-é inoes Regrster (XH) 

index Register (X.) SP -5 

sP-6 

——sr-.7 

IMP. Jump Main Program Pc Main Program 

SE [__ tee = awe 

; 
Legend 

RIN = Address of neat emstruction in Main Program to be executed upon return from Subroutine 
RIN = Most significant byte of Return Aadress 

RIN¢ = Least significant byie of Return Aadress 

—= Stack Pomnter Atier Execution 

K > B bt Unsigned Value 
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EPROM PROGRAMMING ROUTINE 

PAGE 001 EPROM +«SA:1 EPROM *** ROUTINE TO PROGRAM THE MC6870] EPROM **s 

00001 NAM EPROM 
00002 OPT Z01,LLEN=80 
00003 TTL *** ROUTINE TO PROGRAM THE MC68701 EPROM ** 
00004 
00005 ERK REKKKKKEKEKKEREKRKREREK KEKE IRE RI KER KEKE RAEKRITR TKI RK th 

00006 * 
00007 * EPROM-=- A NON-REENTRANT ROUTINE TO PROGRAM 
00008 * THE MC68701 EPROM. 
00009 * 
00010 * THE ROUTINE PROGRAMS THE MC68701 EPROM 
00011 * STARTING AT ADDRESS "PNTR" FROM A 
00012 * BLOCK OF MEMORY STARTING AT "IMBEG" 
00013 * AND ENDING AT "IMEND". 
00014 * 
00015 * CALLING CONVENTION: 
00016 * 
00017 * JSR EPROM 
00018 * 
00019 * NOTES: 
00020 * 
00021 * 1. THE ROUTINE EXPECTS FOUR DOUBLE BYTE VALUES 
00022 * TO BE INITIALIZED PRIOR TO BEING CALLED. 
00023 * THESE VALUES ARE: 
00024 * 
00025 * IMBEG = A DOUBLE BYTE ADDRESS WHICH POINTS 
00026 * TO THE FIRST BYTE TO BE PROGRAMMED 
00027 * INTO THE EPROM. 
00028 * 
00029 * IMEND = A DOUBLE BYTE ADDRESS WHICH POINTS 
00030 * TO THE LAST BYTE TO BE PROGRAMED IN- 
00031 * INTO THE EPROM. 
00032 * 
00033 * PNTR = A DOUBLE BYTE ADDRESS WHICH POINTS 
00034 * TO THE FIRST BYTE IN THE EPROM TO BE 
00035 * PROGRAMMED. 
00036 * 
00037 * WAIT = A DOUBLE BYTE COUNTER VALUE WHICH IS 
00038 * A FUNCTION OF THE MCU INPUT FREQUEN- 
00039 * CY AND IS USED WITH THE OUTPUT COM- 
00040 * PARE FUNCTION TO GENERATE A 50 MSEC 
00041 * TIMEOUT. IT IS EQUIVALENT TO 
00042 * 
00043 * 50000 * (MCU INPUT FREQ) / 4 * 10**6 
00044 * 
00045 * VALUES FOR TYPICAL INPUT FREQS ARE: 
00046 * 
00047 * WAIT MCU INPUT FREQ 
00048 Bree ee 
00049 * 30615 ($7797) 2-45 MHZ 
00050 * 50000 ($c350) 4.00 MHZ 
00051 * 61375 (SEFBF) 4.91 MHZ 
00052 * 
00053 * 2. IT IS ASSUMED THAT POWER (VPP) IS ane 
00054 * TO THE RESET PIN FOR PROGRAMMING. 
00055 * 
00056 * 3. THIS ROUTINE PERFORMS NO ERROR CHECKING. 

* 

recon KRAKKRKKR KKK KIKKKKE KEKE KIRKE IKI IRE AKA HR ERR AKA a KKH 
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HO Nese 
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00060 
00061 

00062 
00063 
00064 

00065 
00066 
00067 
00068 
00069 

00070A 

00071A 
00072A 
00073A 
00074A 
00075 

00076 
00077 
000784 
00079A 
O00080A 
OO081A 

00082 
00083A 
000844 
00085A 

00086A 
00087A 
00088A 

00089A 
00090A 

O00091A 
0009 2A 
00093 
00094 

00095 
00096A 
00097A 
00098A 
O00099A 
00100A 
00101 
001024 
00103A 
00104A 
00105A 

00106A 

O0107A 
00108A 
00109A 

001114 

00112A 
00113 

001104 

PAGE 002 

0080 

0080 
0082 
0084 
0086 

3000 
3000 
3002 
3003 

3005 
3006 
3008 

300A 
300C 
300E£ 

3010 
3011 

3013 
3015 

3017 
3019 
301B 
301E 
3020 

3022 
3024 
3026 
3027 

3028 
302A 
302C 
302E 

3030 
3031 

3033 

lage 

DE 
3c 
DE 

3C 
86 
97 

A6 
DE 
A? 

08 
DF 

86 
97 

DC 
D3 
7F 
DD 
86 

95 
27 
38 
08 

9C 

23 
86 
a7 

38 
DF 

39 
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Sie GEES 

ae Fae 

EPROM «SA: 

0008 
0009 
000B 
0014 >>> > 

0002 
0002 
0002 
0002 >>> > 

84 A 

80 A 

FE 
14 

00 
84 
00 >>> > > 

84 

FC 
14 >> > 

86 
09 
0008 
OB 
40 >>> PS 

08 
FC 3022 

> 

82 A 

DY 3005 
FF A 
14 A 

84 A 

1 EPROM 

2 - SERS Tee Hee seh, See mais SiGe) 

EPROM PROGRAMMING ROUTINE 

*** ROUTINE TO PROGRAM THE MC68701 EPROM *** 

* CEO 18 A STE S. 

TCSR 

TIMER 

OUTCMP 

EPMCNT 

x (L'8 

IMBEG 

IMEND 

PNTR 

WAIT 

EPROM 

EPROO2 

* NOW WAIT FOR 50 MSEC 

EPROO4 

TOTAL ERRORS 00000--00000 

EQU 

EQU 

EQU 

EQU 

CAL 

ORG 

RMB 
RMB 
RMB 
RMB 

ROM 

ORG 
LDX 
PSHX 
LDX 

PSHX 
LDAA 
STAA 

LDAA 
LDX 
STAA 

INX 
STX 
LDAA 
STAA 

LDD 

ADDD 

CLR 
STD 

LDAA 

BITA 
BEQ 
PULX 
INX 
CPX 
BLS 
LDAA 
STAA 
PULX 
STX 
RTS 
END 

$08 
$09 
SOB 
$14 

— re. = : \ 

r 

TIMER CONTROL/STAT REGISTER 
COUNTER REGISTER 
OUTPUT COMPARE REGISTER 
RAM/EPROM CONTROL REGISTER 

VAR T ADL Bs 

$80 

2 
2 
2 
2 

START OF MEMORY BLOCK 
LAST BYTE OF MEMORY BLOCK i 
FIRST BYTE OF EPROM TO BE PGM’D 
COUNTER VALUE 

STARTS HERE 

$3000 
PNTR 

IMBEG 

#SFE 
EPMCNT 

» 4 
PNTR 
Xx 

PNTR 

#$FC 
EPMCNT 

WAIT 
TIMER 
TCSR 
OUTCMP 
#$40 

TCSR 
EPROO4 

1MEND 

EPROO2 
tSFF 
EPMCNT 

PNTR 

SAVE CALLING ARGUMENT 
RESTORE WHEN DONE 
USE STACK 

SAVE POINTER ON STACK 
REMOVE: VPP, SET LATCH 
PPC=l1, PLC=0 
MOVE DATA MEMORY-TO-LATCH 
GET WHERE TO PUT IT 
STASH AND LATCH | 
NEXT ADDR 
ALL SET FOR NEXT. 
ENABLE EPROM POWER (VPP) 
PPC=0, PLC=0 

TIMEOUT USING OUTPUT COMPARE. 

GET CYCLE COUNTER 

BUMP CURRENT VALUE 

CLEAR OCF 

SET OUTPUT COMPARE 

NOW WAIT FOR OCF 

NOT YET 

SETUP FOR NEXT ONE / 
NEXT 

MAYBE DONE 

NOT YET 

REMOVE VPP, INHIBIT LATCER 

EPROM CAN NOW BE READ 

RESTORE PNTR 

THAT’S ALL 
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OUTLINE DIMENSIONS 

L SUFFIX 
CERAMIC PACKAGE 

CASE 715 

cal MILLIMETERS] INCHES _| 
| MAX | | win | MAX | MIN | 

pA] 50.29 | 51.31 | 1.980 [2.020 | 
| B | 14.94 | 15.34 | 0.588 

| 3.05 | 4.06 [0.120 | 0.160 | 

SEATING PLANE / | : pF {0.76 [1.40 { 0.030 | 0.055 | G-- }G { 254¢esc | 0100BSC 
| H | 0.76 | 1.78 | 0.030 | 0.070 | 

NOTES: 
1. LEADS, TRUE POSITIONED WITHIN 0.25 mm 

(0.010) DIA (AT SEATING PLANE), AT MAX 1608 | 0.590 | 0.630 | MAT'L CONDITION. eto tet te 
2. DIMENSION “L” TO CENTER OF LEADS LA .02 T1521 0.040 | 0.060 | WHEN FORMED PARALLEL. 

Motorola reserves the right to make changes to any products herein to improve tebability, function of design Motorola does nol assume any liability arising 
Out of the application or use of any product or circuil Gescribed herein. neitner does it convey any license uncer its patent rights nor the rights of others 
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