intgl.

APPLICATION AP-40
NOTE

June 1978




AP-40

INTRODUCTION

This application notes presents a software package for
interfacing members of Intel's MCS-48™ family of
single-chip microcomputers with keyboards and dis-
plays using a minimum of external components. Be-
cause of the similarity of the architectures of the vari-
ous members of the family (the 8035, 8048, 8748, 8039,
8049, 8021, and 8022 microcomputers; also the 8041 and
8741 universal peripheral interfaces in the UPI-41®
family), the code included here could run with minor
modifications on any member of the family.

Since keyboard and display logic can be just one of
several functions handled by a microprocessor, the
added cost of including these functions in a system is
minimal. In fact, considering the extremely low cost of
standard X-Y matrix keyboards and integrated displays,
their use is often more cost effective than even a hand-
ful of discrete switches and indicators. Thus, the addi-
tiona! flexibility of keyboard input and display output
can be added to inexpensive consumer products (such
as games, clocks, thermostats, tape recorders, etc.),
while producing a net savings in system cost.

Since each potential application will have its own
unigue combination of keys and display characters, the
program is written so that very little modification is
needed to interface it with a wide variety of hadware
configurations. In general, the only changes required
are within the set of initial EQUates at the beginning of
the program.

Along with the basic software for driving a multiplexed
display and/or scanning and debouncing an X-Y matrix
of key switches, a collection of utility subroutines is
also included for implementing the most commonly
used keyboard and display utility functions, such as
copying simple messages onto the display or determin-
ing the encoded value of each key in the key matrix. As a
result of the versatile architecture and applications-
oriented instruction set of the MCS-48 family, the entire
package fits into about 250 bytes of internal program
ROM or EPROM, leaving the rest of the ROM space for
the program to cook the perfect piece of toast, or what-
ever. By tailoring the software to match a known hard-
ware configuration, or by selecting only those functions
needed for a given application, the program size could
be even further reduced.

Since what is being presented in this application note is
a software package, rather than the usual hardware/
software system design, the format of this note is some-
what different from most — it consists primarily of a
long program listing reproduced in the following pages.
For the most part, the listing is self-explanatory, with
comments introducing each subroutine and major code
segment. Some parts of this introduction are repro-
duced in the program tisting itself, explaining the con-
figuration of the prototype system. However, an addi-
tional bit of explanation would make the listing easier to
understand, especially for those readers unfamiliar with
the concept of multiplexed displays and keyboards.
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In traditional digital system design, various hardware
registers or counters were used to hold binary or BCD
values which had to be conveyed to the user. The stand-
ard way of presenting this information was by connec-
ting each register to a seven-segment encoder (such as
the 7447) driving a single display character, as repre-
sented by Figure 1. Thus, two ICs, seven current limiting
resistors, and about 45 solder joints were required for
each digit of output. Consider how traditional tech-
niques might be (mis-)applied in designing a microproc-
essor system: the designer ¢ »uld add a latch, encoder,
and resistors for each digit of the display. Still another
latch and decoder could be used to turn on one of the
decimal points (if used). The characters displayed could
only be a sequence of decimal digits. In the same vein, a
large matrix of key switches could be read by installing
an MSI TTL priority encoder read by an additional input
port. Not only would all this use a lot of extra /O ports
and increase the system price and part count drastic-
ally, but the flexibility and reliability of the system
would be greatly reduced.
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(DOTS USED TO INDICATE SOLDER JOINTS)

Figure 1. Wrong Way to Design Multiple Digit Displays for
Microcomputer Systems
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Instead, a scheme of time-multiplexing the display can
be used to decrease costs, part count, and interconnec-
tions, while allowing a wider range of character types to
be used on the display. The techniques used here are
fairly typical of today’s integrated subsystems designed
especially for controlling keyboards and displays (such
as in calculators or the Intel® 4269, 8278, and 8279 Key-
board/Display Controller Devices).

In a multiplexed display, all the segments of all the
characters are interconnected in a regular two-dimen-
sional array. One terminal of each segment is in com-
mon with the other segments of the same character; the
other terminal is connected with the same segments of
the other characters. This is represented schematically
in Figure 2. A digit driver or segment driver is needed for
each of these common lines.
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Figure 2. Sch ic Repr of 6-Digit, 7

Common-Cathod LED Multiplexed Display

The various characters of the display are not all on at
once; rather, only one character at a time is energized.
As each character is enabled, some combination of seg-
ment drivers is turned on, with the result that a digit
appears on the enabled character. (For example, in Fig-
ure 3, if segment drivers ‘a’, ‘b’, and ‘c’ were on when
character position #6 was enabled, the digit ‘7’ would
appear in the left-most place.) Each character is enabled
in this way, in sequence, at a rate fast enough to ensure
that the display characters seem to be on constantly,
with no appearance of flashing or flickering.

In the system presented here, these rapid modifications
to the display are all made under the control of the MCS-
48™ microcomputer. At periodic intervals the com-
puter quickly turns off all display segments, disables
the character now being displayed and enables the next,
looks up the pattern of segments for the next character
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to be displayed, and turns on the appropriate segments.
With the next character now turned on, the processor
may now resume whatever it had been doing before. The
whole display updating task consumes only a small frac-
tion of the processor’s time.

l SEGMENT
| DRIVERS

l DIGIT
| DRIVERS

Figure 3. Segment and Digit Drivers used with 6-Position, 7-Segment
LED Display

Moreover, since the computer rather than a standard
decoder circuit is used to turn the segments off and on,
patterns for characters other than decimal digits may be
included in the display. Hexadecimal characters, spe-
cial symbols, and many letters of the alphabet are pos-
sible. With sufficient imagination this feature can be ex-
ploited for some applications, as suggested by the
examples in Figure 4.
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Figure 4. E ples of Typical M,
7-Segment Displays
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As each character of the display is turned on, the same
signal may be used to enable one row of the key matrix.
Any keys in that row which are being pressed at the time
will then pass the signal on to one of several “return
lines”, one corresponding to each column of the matrix.
(See Figure 5.) By reading the state of these control
lines, and knowing which row is enabled, it is possible
to compute which (if any) of the keys are down. Note
that the keys need not be physically arranged in a rec-
tangular array; Figure 5 is merely a schematic.

COLUMN 1 COLUMN2 COLUMN3 COLUMN 4

RETURN RETURN  RETURN  RETURN
UNE LINE LINE LINE
ALH ,,L;4 o _L.H
-~y
we [ r — r
SCAN LINE
. . . r—_
— — -4
pows [ I_. C I .—+ .
SCANLINE |
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ON ADDITIONAL
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SCAN LINE
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o - — —
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SCAN LINE

FROM SWITCHES ON
ADDITIONAL SCAN LINES

Figure 5. Schematic of X-Y Matrix Muitiplexed Keyboard

Since each character is on for only a small fraction of
the total display cycle, its segments must be driven with
a proportionately higher current so that their brightness
averages out over time. This requires character and seg-
ment drivers which can handle higher than normal levels
of current. Various types of drivers can be used, ranging
from specially designed circuits to integrated or dis-
crete transistor arrays. The selection depends on
several factors, including the type of display being used
(LED, vacuum flourescent, neon, etc.), its size, the
number of characters, and the polarity of the individual
segments. Some drivers have active high inputs, some
active low. Some invert their input logic levels, some do
not. Some require insignificant input currents, some
present a considerable load. Some systems use exter-
nal logic to enable one of N characters or to produce the
appropriate segment pattern for a given digit, some sys-
tems implement these functions through software.

Because of these and the other variables which make
each application unique, provisions are made in the first
page of symbol EQUates to allow the user to specify
such things as the number of characters in the display
or the polarity of the drivers used, and the program will
be assembled accordingly. The display is refreshed on
each timer interrupt, which occurs every 32x (TICK)
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machine cycles. ‘One machine cycle occurs every 30
crystal oscillations for the 8021 and 8022, or every 15
oscillations for all other members of the family.) A more
detailed explanation of these variables is included in the
listing.

Port assignment is also at the discretion of the user —
all port references in the listing are “logical” rather than
physical port names. The port used to specify which
character is enabled is referred to as “PDIGIT”. The out-
put segment pattern is written to “PSGMNT” and the
keyboard return lines are read by "“PINPUT". These
logical port names may be assigned to whichever ports
the user pleases.

By way of example, the breadboard used to develop and
debug this software used a matrix of 16 single-pole
pushbuttons and an 8-character common-cathode LED
display with right-hand decimal point. No decoders ex-
ternal to the 8748 microcomputer were used; all logic
was handled through software. PDIGIT was the 8-bit
bus, PSGMNT was port 1, and PINPUT was port 2. The
drivers used were 75491 and 75492 logically non-
inverting buffers: high level inputs were used to turn a
segment or character on. Pull-up resistors were used on
the 8748 output lines to source the current levels
needed by the buffers. The 8748 was socketed on the
breadboard, and was driven with an inexpensive 3.59
MH?z television crystal. The short test program included
in this listing was used to echo key depressions as they
were detected, and to invoke four demonstration sub-
routines. A summary of the subroutines included in this
listing with a short explanation of the function of each is
included in Figure 6; Figure 7 shows how the various
utilities interact.

KBDIN Keyboard Input. Waits until one keysiroke input has been received
from the keyboard: determines the meaning or legend of that key. and
relurns with the encoded value in the accumulator.

CLEAR Blank out the display.

ENCACC Encode accumulator with bit pattern corresponding to the segment
pattern needed by the display to represent that symbol or character.
Uses the value of the accumulator when called to access a table con-
taining the patterns tor all legal input values

WDISP Write into Display. Writes the bit pattern in the accumulator into the
next character posiion of the display. Maintains a character position
counter so that repeated calls will automatically write characters into
sequential positions

RENTRY ~Right-hand Entry. Stores the accumulator segment pattern in the
display in the night-most character position. Shifts all other characters
to the left one place,

PRINT Print a string of arbitrary characters onto the dispiay. Useful for pro-
mpting messages. warmngs. etc. Uses a table of segment patterns in
ROM. s0 that messages will not be restricted to numbers. letters. etc.

FILL Fill the display with the character pattern in the accumulator. Useful
for writing dashes. segment test patterns, etc.. into all character posi-
tions

ECHO Wait for a key 10 be pressed by the operator and write that key onto
the display. Used for providing feedback to the operator when enter-
ing numeric dala. etc

RDPADD Adds or deletes a decimal point to the character at the right-hand side
of the display. for entering floating point numbers.

HOLD Called when a key 1s known 10 be down. Does not return until all keys
have been released. Used for organ-type keyboards. or when some ac
tion should not be initiated until the key invoking that action has been
released

DELAY Provides a crude real-time delay corresponding to the value ot the ac
cumulator when called. Can be used to cause dispiay characters o
blink. to momentarily fiash information. to enable a buzzer. etc Could
also be used by the program when delays are needed. such as 1o slow
down the computer reaction rate while playing a game against the
human operator.

Figure 6. Utility Subroutine Definitions
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IS1S-11 MiS-45.UF R RRSEMBLER. Ve B
RF4G INTEL MCS-48 EEYBUR FLHY APPLICATICN NGTE RPPENDLS

LoC oel Ll SOURCE STRTEMEMT

1 $MACROFILE SREF
2 ORTITLE ARy INTEL MCS-45 REVBURRD,DISFLEY HPPLICRTION NOTE RPPENDIX

L N

<IN Hl.x 3 H)ﬁTL' 5
9 INPLEMENT MIRE SUPHIST
¥ WITH SECTIONS OF THE Fi
i1 FOF ERCH RFPLICRTION

USED TG IMFLEMENT EOTH THE DISFLAY

4. oA SINGLE SUBRUTINE Ui LEv REFMSHY 1S
14 PLTIFLEZTNG AND KEYBORRD SCANNING. N THE SRME SI0NAL BRTH T ENRELE
S i ONE CHHRRTTER OF THE DISFLAY BND TROBE ONE mOW OF THE ¥-¥ FEY DRTRIZ
16 THE SUBKTRITIME MUST BE CALLEDL SUFFLCTENTLY GFTEN 1O ENSIRE THE Lb HY
L7 CHRRRCTERS DO ONOT FLI i 4 LOMFLETE LISFLAY SURNS P Rk
5, TR RLCOMOEHTE SKITC g
5 CZET TO BE ANY DESIRED NHHBEF JF HNH.UE SLANS
W . THUS THE DEBOUNGE TIME 15 A FUNCTION OF BOTH SHE SCAN RATE ANDG THE VALUE
&1 OF CONSTANT "DEBNCES

fHE DEMOUNCE TINE ©

SX0IN THIS LISTING, THE INTERNAL TIMER 13 USEL 70 GENERRTE INTERRUFIS THAT

24 SERVE RS R TIME BASE FOR THE REFRESH SUBRILTINE

25 (ALTERMHTE TIME BASES MIGHT BE HN EXTERNAL OSCILLHTOM (DRIVING THE INTERRUFT

26 PIN OR POLLED BY R TEST OR [HPUT FINS. FTWARE DELRY LODP IN THE BRCKGPOUNG
7 PROGEAM. R FEFIUDI' CALLS Vi THE SUBROUTINE FROM THREOUGHOUT THE LSEF’S FRUGRAN
RT RFFROPRIATE PLACES

29 o IN THESE CRSES, THE CODE STAKRTING AT LRKEL TIINT (TIMER INTERRUFT: AN( TIRED
SCTTINT RETURNY COULEG STILL BE LEED TO SAVE AND RESTORE RUCUMULATOR CONTENTS
CTHE INTEFRUFT SERVICING ROUTINE SELECTS FEGISTER BANE 1

i FOR THE NEEDEL REGISTERS

WFETTEM BY JOHN WHARTON. INTEL SINGLE-CHIF COFUTER APPLICATION:

All mnemonics copyrighted © Intel Corporation 1976.
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ISIS-11 MC5-45/UF1-41 MACRD RSSEMBLER. VO 2
AP4E - INTEL MCS-42 KEYBOARD DISPLAY APPLICATICR NOTE APPENDIX

(HUR -3 SEE

49 .

SOURCE STRTEMENT

<IN THIS THPLEMENTRTION GF THE DISFLAY SCAN, §T 15 ASSUMED THAT THERE WILL
+BE RELATIVELY LITTLE 1-0 OTHER THAN FOR THE KEYBOFRD/TISFLAY

+1F THIS 15 THE CASE. THEN THERE 15 NO NEED FOR FOR ANY ADDITIONRL EXIERNAL
LOGIC CSUCH RS ONE-CF-ETGHT DECODERS OR SEYEN-SEGMENT ENCODERS®. THOUGH

! THERE WILL STILL BE A NEED FOR CURRENT OR vOLTRGE DRIVERS. ACCORDING 10
. THE TYFE OF DISFLRY BEING USED

+IN PR3 LISTiNG. THE PROCESSOM 1°0 FORTS ARE LOGICALLY DIVIDED AS FOLLOWS

JFDIGIT-EIGHT BIT PORT USED TO ENRBLE. ONE RT R TIME. THE INDIVIDUAL
CHRFACTERS (F AN ETGHT DIGIT SEVEN-SEGMENT DISFLAY. WHILE HLSD
STROBING THE ROMS IF AN X-¥ MRTRIX KEYBORND

EIT” ENABLES THE LEFTMOST CHRARACTER NG THE BOTTOM ROW OF THE Kb
BIT4 ENRBLES THE TOP ROM OF THE 944 KBD RND THE FOURTH CHARHCTEV.
BITA ENRBLES THE RIGHTMOSY CHARRCIER

(R 428 KEYBOART COULD BE STROBED B RSO USING BIT3-BITR

AMD EXTENDING OR ELIMINATING THE THELE. “LEGMD:Z" >

THE ENABLING OF ONE BIT (ACTIVE HIGH OR LOW: 15 ACCOMODATED BY

W ACCESSING B LOOK-UF TRELE (RLLED CHRSTE

57 THIS TECHNIGUE THKES REOUT FOUR BYTES MORE FuM THAN A TECHNIBUE

3 . OF ROTRTING F "ONE THROUGH A FIELD OF “ZERUGES” IN THE RCC

59 AN APFROPPIATE NUMBER OF TIMES, BUY IT ALLUMS SOME RDDITIONAL

& FLEXABILITY: IF THE DRIVERD BEING USED HAVE # COMBINATORIRL INFUT
81 (HS IN THE 745X FAMILY OF HIGH-CURRENT. HIGH-YOLTAGE ORIVERS:.

8 THE CHRSTR TABLE COULD PPGVIDE ENCODED OLTPUTS.  NINE DIGITS, FOR
LT EXAMFLE. COULD BE ENABLED WITH 51X BITS UF (BUFFEREDS OUTRUT

&4 . (ALaa]. Bo1R10. BA110A. B10031. 910814, 310108, 106021, 180817, 1A016E
63, iF 170 LINES NEED TO BE CONSERVED. OR IF MANY DIGLTS

68 MUST BE DISPLAYED. AN EXTERMAL DECOUER COULD BE RODED TG THE SYSTEM
& DURING CHRRACTER TRANSITIONS A ‘BLANK® CHARACTER 15

68 EXPLICITLY WRITTEN TO THE DISPLAY.  THUS,

8% . THERE WILL BE NO CHARRCTER < SHHDOKING' CRUSEG BY THE

78 FACT THAT THE HARDMARE OF SOF TWARE DELODER KEEPS ONE

71 QUTFUT. AND THUZ OME CHARHCTER. HCTIYE AT ALL TIME:

72

73 CFSMNT-ELIGHT BIT PORT TO ENABLE THE SEVEN SEGMENTS & D P OF A STRNDARD

74 DISPLRY

75 . BIT7-BIT@ CORRESPUNDG T0 THE DP AND SEGMENTS G THROUGH A, RESFECTIVELY
- IT 15 POSSIBLE T ACCOMODATE

7 DRIVERS WHICH AFE EITHER LOGICALLY INVERTING OR NON-INVERTING BY
. SETTING YARIABLE "SEGPOL" (SEGMENT POLRRITY:

5 NOTE THAT BY HAVING ARBITRARY CONTROL OVER ERCH SEGHENT, NON-NUMERIC
38 . CHARACTERS CAN BE REPRESENTEL ON A SEVEN SEGMENT DISPLAY.

81 . AS SHOWN IN EXAMPLE SUBROUTINE ‘TESTZ

az

83 SETECT

All mnemonics copyrighted © Intel Corporation 1976.
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ISIS-T1 MCS-45/UFT-41 MACRD ASSEMELER, V2 @
AP48- INTEL MC5-48 KEYBOARD TLZPLRY APPLICATION NOTE WPPENDLA

LGC 0B SER SDURCE STATEMENT

&4 . PINFUT-FORP RIGH-OFDER BI15S USED A= INPUTS FROM THZ KEYBORRD RETURN LINES

8. HSSUMES THART A KEY DOWN IN HE CURBENTLY ENABLEL ROW WGULD RETURN
8h A LOW LEVEL

a7 IN THIS CASE, BITY RETURNS THE LEFTMOST COLUMN. BIT4 THE FIGHTMOST
8. THE HIGH-ORDER BITS ARE LSED S THRT IF BN DFF-CHIF DECODER 1S USED
89 TO ENABLE UF TO 16 CHARRCTERS. FOR EXAMPLE. 1T COULD BE URIVEN BY
98 THE LOW DRDER BITS OF THE SHME FOET

. NOTE ALSO THART IF A SIXTEEN KEY MRTREIX WERE ELECTRICALLY ORGANIZED
e . IN R 228 ARRAY. ONLY THO RETURN LINES WOULD BE NEEDED.

9% ; fIN THIS CASE. FERHAPS T aMC T1 COULD BE LSED FOR INPUT BITS o

a9

35 JPULL-UF FESISTORS ON THE RETUEN LINES MIGHT BE IN ORDEF IF THEFE 15 ANY
56 PORSIEILITY OF R HIGH-TMPEGERCE CONDUCTIVE PATH THROUGH THE SWITCH WHEN

S7 S IT 1S SUPPUSED T BE “OPEN

98 . CTHIS PHENOMENON HRS ACTURLLY BEEN DESERVEL @

4%

186 . THE DRIVERS USED IN THE FROTOYYRE WERE HLL HON~INVERTING IN THHT

161 oA HIGK LEVEL ON HN GUTPUT LINE 1o USEL TO TURN R CHARACTER OF SEGMENT ON
1oz . THERE ARE B TOTAL OF SEVEN 1/ LINES LEFT DVER

18z .

184 STHE ALGORITHY FOR DRIVING THE DISFLAY USES R BLOCK OF INTERNAL RAM

185 HS DISPLRY REGISTERS, WITH OME EYTE CORRESFONDING 10 EACH CHARRCTER OF THE
486 DISFLAY  THE EIGHT BITS OF ERCH EYTE CORRESPOND TG THE SEVEN SEGHENTS & LF
187 L OF EACH CHARRCTER.  IF AN EXTERNRL ENCODER 15 USED /SUCK RS A FOUR-EIT 70
188 : SEVEN-SEGMENT ENCOGER OF R ROM FOR TRANSLATING RSCTI 70

189 STATEEN-SEGMENT "STRREURST" DISFLAY PRTTERNS). THE TABLE ENTRIES WlULD HOLD
118 . THE CHARRCTER CODES. CIN THE FORMER CRSE. AN UNUSED BIT QD BE USED 10
111 ENRELE THE D F )

112 i THUS, WRITING CHARACTERS TO THE GISPLAY FROM THE BRCKGROUND PROGRAM

113 REALLY ENTAILS WRITING THE RREPROFRIATE SEGMENT

114 (FRTTERNS TO A DISPLRY REGISTER- THE MUTURL DUTPUTTING 1S AUTORRTIC

115 5 THE LEFTHOST CHARACTER CORKESPONGS 7O THE LAST BYTE OF THE DISFLAY

116 JREGISTERS, AND 15 ACCESSED BY NEXTPL=8 {SEE SOURCED: THE RIGHTMOST

117 CHARACTER IS THE FIRST DISFLRY BYTE. WHEN NEXTFL=L

118 SUTILITY SUBROUTINES ARE INCLUDED HERE TO TRANGLATE FOUR BIT NUMBERS TD HEX
119 ;DIGIT FATTERNS. AND WRITE THEM INTO THE DISFLAY REGISTERS SEQUENT TALLY

128 : (EITHER FILLING FROM THE LEFT- H F. CALCULATOR STYLE OR FROM THE

121 SRIGHT- 7 1. STYLE. SUBROUTINES WOISP AND RENTRY. RESFELTIVELY,

tee .

123 i THE KEVBURRD: SCHANNING ALGORITHI SHOBMN HERE REQUIRES # KEY BE DOWN Fik

124 S SOME NUMBER OF COMPLETE DISFLAY 3CANS To BE RCKNDWLEGED.  SINCE IT 15

129  INTENDED FOR “ONE-FINGER® GPERRTION. TWO-KEY ROLLOVER/N-KEY LOCKOUT HRS

26 :BEEN IMPLEMENTED  HOWEVER, MOGIF[CHTIONS WOULD BE POSSIBLE TU ALLOW. FOF
127 CEXAMPLE. ONE KEY IN THE MATRIZ 10 BE USED RS & SHIFT KEY OR CONTROL KEY

28 i T0 BE HELD DOWN WHILE ANOTHER sEY Ift THE MRTKIX IS PRESSED  (SEE NOTE WITHIN
13 . THE BODY OF THE LISTING »

128

131 SEJECT

All mnemonics copyrighted © Intel Corporation 1976.
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I515-11 MCS-43/UP1-41 MACRO ASSEMBLER. Y2 u FRGE 4
AP48- INTEL MCS-42 KEYEDRRD/DISFLAY APFLICATIGN NOTE APPENDIX

Lac OBy 5B

132
135
134
135
138
157

33

139

141
14z
143
144
145
145
147
143
149

SOURCE STRTEMENT

i CBE AWRRE THAT N0 MORE THAM TWD KEYS CAN EVER BE DOWN UNLESS DIODES

+ARE FLACED IN SERIES WITH ALL OF THE SWITCHES- CERTAINLY NOT THE CASE FR EL
- CHEAPG KEYBOARDS- BECALISE SOME COMBINRTIONS OF THREE KEYS DOWN WILL RESULT
JIN HPHANTON' FOURTH KEY BEING PERCETVED

- THE FHARTOM KEY WRULD BE THE FOURTH "CORNER " WHEN THREE KEYS FORMING

A RECTANGLLAR FRTTERN (IN THE ¥-% KEY MRTRIX) ARE OOWN >

& IF DIODES ARE FLACEL: IN THE SCANNING ARRAY. CONSIDERATIONS MUST BE MALE
~RBOLT HOW THE DIODE VOLTAGE DROF WILL AFFECT INFUT LOGIC LEVELS

144,

JWHEN R UEBOUNCED ©EY IS DETECTED. THE NUMBEK OF ITS FUSITION IN THE KEY
MATRIN (LEFT-TO-RIGHT, @0TTOM-TO-TOP. STARTING FROM 0@ IS PLACED INTO

RAM LOCATION ‘KBDBUF® AN INPUT SUBROUTINE THEN NEED ONLY RERD THIS LOCATION
REPEATEDLY TO DEYERMINE WHEN R KEY HAS BEEN FRESSED  WHEN A KEY 15 DETECTED.
+R SFECIAL CODE EYTE SHOULD BE WRITTEN BRCK T0 INTO KBDBUF - TD PREVENT
+REPERTED DETECTIONS OF THE SHME KEY

s THE ROUTINE KBDIN® DEMCNSTRATES R TYFICAL INPUT FRIDOCOL. ALONG WITH A METHOD
+FOR TRANSLHTING R KEY POGSITION 7O ITS RSSOCIATED SIGNIFICANCE BY HCCESSING

i TABLE “LEGNDSS IN ROM

158 .

151 3EJECTY

AP-40
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1515-1
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“F1-41 MACRO ASSEMBLER. Y2 @

PRGE 3

INTEL MCS-48 KEYBORPD/UISPLAY AFPLICATION NOTE RPFENDIX

el SE

152§ iRk bRk

193
154
155 .

SOURCE STRTEMENT

INITIAL EQUATES TO UEFINE SYSTEM CONFIGURATION

198 dkokkiord kbR kk bRk kb

157
158 PRIGIT
153 PEGMNT
168 FINPUT
181
162
162
184
165 5
166 POELOG
167 NEGLOG
168
129
17a
171 THFHSE
172
173 CHARND
174 NROWS
175 MLCOLS
176
177 TICK
178 CEENCE
179 BLAME
138
.18
182 4
133 ENCHEK
184 .
185 $EJECT

HRFIL . €1
SEGPIL

Lin)
£
£l

151

EUS
F1

F2

oK
oFFH

POSLOG
FOSLOG
AFaH

£e £ O

-18H

5M

HFH

#USED TI¥ ENAELE CHARACTERS AND STROBE FOWS OF KE'YBORRD
JUSED T TURM ON SEGMENTS OF CURRENTLY ENABLED DIGIT
+PORT LSED TG SCAN FOR KEY CLOSURES

+{NOTE THAT THIS FORT ALLGCAYION USES THE HIGHER

; CURRENT SCURCING REILITY OF THE BUS TD SWITCH ON THE
SDIGIT DRIVERS. AND LERVES F23-F29 FREE FOR USING

(RN 2242 PORT E<PANDEK IN THE SYSTEM. )

+DEFINES HHETHER CUTPUT LINES ARE ACTIVE HI OR LOW
+FOK CRIYING CHARRCTERS AMD SEGMEMT FHTERNS
»[EFINES BITS WSED AS INPUT

NUMBER OF DIGITS IN DISPLAY
FOMS OF KEYS (LESS THHN OR EGUAL TO CHARNOY
- LESSER DIMENSION OF KEYEBORRD MATRIX

-CETERMINES INTERRUPY INTERVAL

NUMEER (F SUCESSIYE SUANG BEFORE KEY CLOSURE ACCEPTED
LODE TO BLANK DISPLAY CHARACTERS.

(WD BE 2BH IF RSCIL DECODING ROM USED OR 8FH IF

- 7447-TYPE SEVEN-SEGMENT DECODER EXTERNAL TO §748)

-SELECTS WHICH BITS ARE RELEVANT TO ENCACC SUBROUTINE

All mnemonics copyrighted © Intet Corporation 1976.
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L}
intel.
ISIS-11 MCS-48/UP1-41 MACRO ASSEMBLEK. Y2. 9 PAGE &
AP48: INTEL MCS-48 KEYBOARD/DISPLAY APFLICATION MUTE AFPENDIX
LoC 08J SEQ SOURCE STATEMENT
186 4
187
188 ; BANK @ REGISTERS LISED
189 ;
198 ;FOINTERS USED FOR INDIRECT RAM RCCESSING:
0090 191 PNTR8  EQU k9
0ae1 192 PNTR1  EQU R
297 193 NEXTPL EQU k7 +USED TO KEEP TRRCK OF CHARACTER POSITION BEING
194 i WRITTEN INTO
195 ;
195 ;
157 &
198 : BANK 1 REGISTER ALLOCATION
199 .
200 iPNTR EQU Re (ALKEADY DEFINED)
291 iPNTRL EQU Rl
6902 202 RSAVE  EQU RZ 7HOLDS ACCUMULATOR YALUE DURING SERVICE ROUTIME
0004 203 ROTPAT EW 2] USED TO HOLD INPUT PATTERN BEING ROTHTED THROUGH CY
2685 204 ROTCNT EGY k3 i COUNTS NUMBER OF BITS ROTRTED THROUGH CY
BBde 285 LRSTKY EQ 13 7HOLDS KEY POSITION OF LRST KEY DEFRESSION DETECTEL
nagy 206 CURDIG EGU r? JHOLDS PUSITION OF NEXT CHARACTER TO BE DISPLAYED
297 ;
208 ;
2689 ;
218 ; DATA RAM ALLOCATION
211 ;
Baze 212 NREPTS EgU 32 ;KEEPS TRACK OF SUCCESSIVE READS OF SAME KEYSTROKE
Bo21 213 KEYLOC Efu 33  INCREMENTED RS SUCCESSIYE KEY LOCRTIONS SCANNED
B4z 214 KEDBIF EQU 34 +CARRIES POSITION OF DEBOUNCED KEY FRDM REFRSH ROUTINE
215 i\ BRCK TO BRCKGROUND PROGRAM
0923 216 RDELAY EQU k) i NON-ZERQ WHEN DISPLAY IN PROGRESS
27
218 ; THE LAST {CHARNO> REGISTERS HOLD THE DISPLAY SERMENT PATTERNS
219 ;
w7 220 SEGMAP  EQU (83-CHARND +BASE OF REGISTER ARRAY FOR DISPLAY PATTERNS
e #\ (COULD BE ANYWHERE IN INTERNAL RAM)
222
223
224 ;
225 . NOTE THRT LASTKY, CURDIG, AND F1 RETAIN STRTUS INFORMATION FROM
226 ; ONE INTERRUPT TO THE NEXT. ALL OTHER REGISTERS MAY BE USED IN
227 i THE USER‘S OWN INTERRUPT SERVICING ROUTINE
228 ;
229 ;
239 ;
231 $EJECT

AP-40

All mnemonics copyrighted © Intel Corporation 1976
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AP-40 I n
ISIS-11 MCS-48/UPI-41 MACRO RSSEMBELER, ¥2.A PAGE 7
AP49: INTEL MCS-48 KEYBOARD/DISPLAY AFPLICATION NOTE AFPENDIX

LoC OBJ SE@ SOURCE STATEMENT
32,
233 " bk
234

8060 235 ORG (115

9008 846D 236 P INIT
237
38
239
248

0087 241 1IRG 9iTH
242
242 STIINT TIMER INTERRUFT SUEROUTINE
244 ; CRLL MADE T LOC 87H WHEN TIMEE TIMES QUT
243 ¢ TIMER CAN BE RE-INITIALLIZED AT THIZ FOINT IF UESIRED.
246 USED HERE T0 CAUSE THE GISPLAY REFRESH AND KEY SCAN ROUTINES TO
247 . BE CALLED PERIOGICRLLY

aoa7 05 248 TIINT- SEL REL

a0qs AR 249 Moy RSAVE. H

w9 23F8 250 My R #TICK

3068 w2 &1 (i I.H JRELORD TIMER INTERWVAL
232 ;
2535 ‘ Hhokx
e
59 THE USER'S OWN TIMER INTERRUPT ROUTINE CIF IT EXISTS) COULD
296 . BE PLRCED AT THIS FOINT
a7
298 AENERE
&ay s

waaC 1419 R0 CALL REFRSH + CRUSE DISPLAY TO BE LFORTED
261 ¢
262 THE COMPLETE INTERRUPT ROUTINE SHOULD BE COPIEL HERE
263 ; TO SHYE R FULL LEVEL OF SUBRDUTINE NESTING.
b4 . 1T WAS WRITTEN RS A SUBROUTINE HERE FUR THE SAKE OF CLARIYY.
265
266
LY
268 S TIRET TIMER INTERRUPT RETURN CODE- RESTURES HCL VALUE

WaBE FA 269 TIRET: MOV R: ASAYE

aauF 93 270 RETR
7l

272 $EJECT

All mnemonics copyrighted © Intel Corporation 1976.
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intgl.

IS1S-11 MCS-48/PT-41 MACRO HSSEMELER. “2. 9@ PAGE 8
AP49: INTEL MCS-45 KEYBURRD/DISPLAY APFLICATION NOTE HPPENDIX
LaC orJ SEQ SOURCE STATEMENT
73 ¥
274 ;KEFRSH SUBROUTINE T0O MULTIPLEX SEVEN-SEGHENT DISPLAYS
275 EACH CALL CRUSES THE NEAT CHARACTER T BE DISFLAYED.
76 ACCORDING TO THE CIONTENTS OF THE SEGMAF REGISTER RRFRY
77 . PEFRSH SHOALD BE CALLED AT LEAST EVERY MSET R ":-Gﬂ\
2}‘8 Ak SRAK F kA E
279
wate 2369 250 REFRSH: MOY . $BLANK <X0R SEGPOL
B2 33 281 QUTL  PSGMNT. A SWRITE BLANK FRITERN 10 SEG CRIVERS
13 2357 262 REFRL: MOY . #CHRSTE LOOK UP DIGIT ENABLE PATTERN
8a15 oF 283 ROD i CURDIG +ADU CURDIG LISFLACEMENT
s A3 284 MOYP  A.@A +ENRBLE ONE BIT UF RCCUMILATOR
aa1v a2 285 WIL FRIGIT.R ; ENERGIZE CHARALTER
86
287 SWRITE NEXT SEGHMENT FHTTERN
o@18 2337 288 Moy A, #5EGHAF LORD BRSE OF REGISTER ARRAY
AB1R 6F 289 HOU A CURDIG JADD CURDIG DISFLACMENT
2848 A9 298 Moy PNTRL. A
#e1C F1 291 Moy H, @8PNTE1 ;LORD ACC W/ NEXT SEGMENT PATTERN
Be1l 39 292 QUTL  PSGMNT, H ENARBLE APPROPRIATE SEGMENTS
293 4
&M *
295 THE NEXT CHARACTER 15 NOW BEING DISPLAYED.
296 THE KEYBOARD SCAN ROUTINE IS INTEGKATED INTO THE DISPLAY SUAN.
297 WITH THE CURKENT ROW ENERGIZED. CHECK IF THERE ARE RNY INPUIS
298 ;
99
891E 8321 300 SCAN:  MOY FNTRO, $KEYLOC . SET PDINTER FOR SEVERAL KEYLOC REFERENCES
0020 9R 301 IN R PINPUT SLOAD ANY SWITCH CLOSURES
302

303 ; SEARRRERRRRRERARRRERRRERRRRRER RN RRARRRRRERRRRERENRB RN R RR RN RN
304 4% THIS BLOCK OF CUDE I3 NOT NEEDED 8Y THE KEYBORFD SCAN LOSIC Ll

KU HOMEYER. 175 INCLUSION WOULD SPEED THINGS UF A EIT BY Liid
306 .48 SKIPPING OYER ROMS IN WHICH NO KEYS ARE DOWN. L
RCTARE ] IT WAS DMITTED HERE TO CONSERVE ROM SPHCE. BUT MIGHT BE L]
388 .4 RESTORED IF YERY LARGE KEYBORRDS (ESPECIALLY THOSE WITH EIGHT 4%
389 . 4% KEYS PER ROW) ARE TOH BE USED WITH THIS ALGORITHM i
310 AEERRRBERAR RN R R AR RN
311 48 CFL H SANY CLOSURES DETECTED RRE NOW ONE BITS #44
32 .4 ANL fi: $INPMSK Liid

33 e INZ SCANL  i-IF A KEY IN THE CURRENTLY ENAELED ROW IS DOWM ki
314 4% NO KEY IS NOMW DOWN 50 THE KEYLOC COUNT MRY BE UPDATED DIRECTLY #4#

313 4 MOy A, @PNTRE LiE]
316 4% HDD A, #NCOLS i
37 4 Moy BPNTRS. A LA
8 JHp SUANG L]

ERL L e T D LA R A R L
320 ¥ IF THI5 CODE IS USED. SUBSTITUTE THE “JC SCAND® FOUR LINES Lo
321 4 HENCE WITH “INC SCANS™ TO HCCOMODATE THE INVERTED PULRRITY Ll
322 5 SEARREEERRE AR R AR
323 $EJECT

AP-40

All mnemonics copyrighted © Intel Corporation 1976.
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AP-40

ISIS-11 MCS-48/UPI-41 MACKO ASSEMBLER, vZ. 8 PAGE 9
AP48: INTEL MC5-48 KEYBORRD/DISPLAY APPLICATION NOTE APPENDIX
LoC gt SER SOURCE STATEMENT
324 5wk
329 5 ROTATE BITS THROUGH THE CY WHILE INCKEMENTING KEYLOC
326
327 .
21 BU@4 328 SCANL: MWW ROTONT. NCOLS 5 SET UP FOR CNCOLSY LOOPS THROUIGH ‘NXTLOC/
egzs F7 329 NATLOC: RLC A
24 AC 330 Moy ROTPRT. R i SHVE SHIFTED BIT PHTTERN
8925 Fe3F 331 I SCANS ONE BIT IN CY INDICATES KEY NOT UOWN
338
333
ESCI
335 HT THIS POINT IT HAS JUST BEEN DETERMINED THAT THE WALUE
336 OF KEYLOL IS THE POSITION OF R KEY WHICH IS NOW DUWN
33 THE FOLLOWING CODE DEBOUNCES THE KEY, EIC.
338 IF MODIFICATIONS TO THE KEYBORRD LOGIC. 1 E. THE INCLUSION
339 UF A SHIFT, CONTROL. OR MODE KEY IN THE KEY MATRIX ITSELF)
348 ; ARE DESIRED. THEY SHOULD BE MADE AT THIS FOINT. BEFORE
341 THE DEBOUNCE LOGIC BEGING  FOR EXRMPLE. AT THIS POINT
342 ; KEYLOD COULD BE COMPARED AGRINST THE POSITION OF THE MODE
343 5 KEY. AND IF THEY MATCH SET SOME FLAG BIT AND JUMF TO
344 LABEL “SCANS’ (R, BY COMPARING KEYLOC AGRINST THE LAST
345 5 KEY GEBOUNCED. IMMEDIRTE TWO-KEY ROLLOVER COULD BE
246 ; IMPLEMENTED.
347 '
348 ;
349 ;
0827 A 350 (LR Fi ;MARK THAT AT LERST ONE KEY WAS DETECTED
9928 BS 33 CFL F1 N\ IN THE CURRENT SCAN
352
383
354 H KEYSTROKE WAHS DETECTEL FOR THE CURRENT COLUMN.  ITS
355 FOSITION 15 IN REGISIER KEYLUC  SEE IF SAME KEY SERSED LAST CYCLE
356
357 .
8829 Fa 358 MY R APNTRO iPNTR@ STILL HOLDS #KEYLOD
BUZR 2B 359 ACH A: LASTKY
8928 DE 368 KRL A: LASTKY
wa2c B8 361 Moy FNTR@, ¥NREFTS  : PREPARE Ti) CHECK AND/OR MODIFY REPERT COUNT
Ba2E (634 362 2 SEANZ
263
364 SEJECT

All mnemonics copyrighted © Intel Corporation 19786.
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in‘tel . AP-40

ISIS-I1 MCS-48/UP1-41 MACRD RSSEMELER. Y2 @ PAGE 18
AP48 - INTEL MC5-48 KEYBOARD/DISFLAY APPLICATION NOTE RPPENDIX

LG 0B SEQ SOURCE STRTEMENT
365
366 A DIFFERENT KEY WAS RERD ON THIS CYCLE THAN ON THE PREVIOUS CYCLE.
367 SET NREFTS TO THE DEBOUNCE FARRMETER FOR A NEW COUMTDOWN
36R
363
2038 BoEd 37 oY @PNTRD. #DEBNCE
A832 B43F k5 IHF SCANS
372
ME
374 SAME KEY WAS DETECTED AS ON FREVIOUS CYCLE
375 LOOK AT NREPTS. IF RLREADY ZERD. DO NOTHING
376 ELSE DECREMENT NREFTS
T IF THIS RESULTS IN ZERG. MOVE LASTKY INMD KBDBUF
378,
379
#h34 F& 380 SCANZ: MOV A, BFNTRD
wazs Ca3F 8 12 SCANS < IF ALRERDY ZERO
0as7 a7 382 DEC [ s INDICRTE ONE HMORE SUCCESIVE KEY DETECTION
Ha3s AR 383 MO BENTR®. A
§839 9R3F 324 N SCANS i IF DECREMENT DOES NOT RESULT IN ZERD
9a38 FE 383 MY A LASTRY
3L B82Z 386 Moy PNTRQ. #¥BOBUF
BAE A9 387 Moy #PNTRG. A T MARE NEW KEY CLOSURE
388
BA3F bRl 399 SCANS: MOV PNTRR. $KEYLUC
841 19 9 INC @FNTRO
@42 FC 91 Moy A ROTPAT
WMl EDZS 392 DINZ  ROTCNT, NXTLOC
3.
394
0945 EF57 395 SCANG: DINZ  CURDIG. SCANZ
396

397 $EJECT

All mnemonics copyrighted © Intel Corporation 1976.
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AP-40

16

1515-11 MCS-48/UPI-41 MACRO RSSEMBLER. ¥2. @

intgl.

PRGE 11

AF4@- INTEL MCS-48 KEYBOARD/DISFLAY APFLICRTION NOTE RPPENDIA

Lo oed SEQ

9

o0

SOURCE STATEMENT

&

Vo L)

9
468 ;
491
482 ;
403

AT~

THE FOLLOWIMG CODE SEGMENT IS USED BY THE KEYBORRD SCRANNING FOUTINE
1T 15 EXECUTED ONLY RFTER A REFRESH SEQUENCE OF ALL
THE CHARRCTERS IN THE DISPLAY IS COMPLETED

44
@47 BFGg 4n3
09 Baga
B4R Th4F
A84D BEFF
Ba4F RS

4a7
498
433 SCANG:
418
411 .

EEE XS 23
oy CURDIG, ¥CHARND
Moy WFNTRA, #8 SPNTRA STILL CONTRINS #KEYLOC
JFl SCANZ 3 JUMP IF ANY KEYS WERE DETECTED
Moy LASTKY, #OFFH 5 CHANGE CLASTKY> WHEN NO KEYS ARE DOWN
Lk F1

412 ;
43

THE NEXT CODE SEGMENT IS THE INTERRUFT-DRIVEN PORTION OF THE “DELRY
UTILITY. 1T DECREMENTS RAM LOCRTION ROELAY’ ONCE PER DISPLRY SCAN
IF “RDELAY’ IS NOT ALFERDY ZERD

12

Hov PNTR1, #RDELAY
MOV A, BPNTRL
Z SCANS
bEC A
Hov BPNTRL. A
RET

A B9z

@052 F1

8953 L6857

aa55 a7

8956 Al

8a57 83 SCANS-

sy

2935 @1

20 e

HiESR 23 421

5E 68 aer

BpSC 10 LEM

[RGn 2 474

ARSE 4 415

sk 2 47
437

478 FEIELT

*¥

(822 ST IR RS R AL SRR 5

S 15 THE BRSE FUR THE FRTTERNS T ENRBLE ONE-OF-CHARND CHARACTERS.

(§-13 AN OFFH

[k CAAILE AR CHEFOL Y
ot T CHRPOL ¢+
3 L AAEE1G CHRPOL?
€3 HRPOL
g CHRPOL Y
g : CHRFOLY
£ (F1O0AGHRE ADF CHRPOL?
13 9998 A0Kk CHRPOLY

All mnemonics copyrighted © Intel Corporation 1976.



TEIS-T1 MOS-4R/UF -4 MACRG

AP4e: INTEL MCS
Lo el SEQ
473 LINIT
BEE 05 442 INIT

el BrOS a1
T E522 a4z
@
444
445
L4
447
BUSE CS 445
B65F 149E 443
71 AS 450
w72 23F0 451
2 452
453
454
455 .

AP-40

RESEMELER. V2 8 FRGE 12
ISPLAY APPLICATION NOTE HPFENDIX

SOURCE STRATEMENT

INITIRLIZES PROCESSOR REGISTERS
SEL kB1

W CIRDIG, #CHARNG

o FNTRE. ¥KE[BIF

M BFNTRD. #OFFH

M FNTR, $KEYLOC

o BPNTRE, ¥

o H. BINFMSK

WL FINMULA SET BIDIRECTIONAL INPUT LINES

SEL RED

LML CLERR SUTILITY FOR SETTING INITIAL DISPLRY REGISTERS.
CLF F1

How R $TICK sLOAD INTERRUPT RATE VALUE

L0 T.H

SR T

EN TENTT ENABLE TIMER INTERRUPTS

457
4398 ¢
453 S ECHD
468 .
481
ez
GET . MRk
4ed
877 1483 4h% ECHD:
a7y p2sl qe5
LY
465
8978 14ER 469
87D 1408 471
0a7TF B477 47
472
sl 2489 473 FREY
474
479 $RJECT

UHECK. FOR ANY NEW KEYSTROKES DETECTED
TRANSLATE EACH KEYSTROKE INTO H SEGMENT PATTERN
HHD' WRITE 1T INTO THE APFROPRIATE DISPLRY REGISTER.

Aok

CALL  KBDIN i GEY NEXT KEYSTROKE

185 FKEY S JUNMPTF FEY IN RIGHTHAND COLUMN
SIMCE THE ACC 15 LSED BY ENCRCL AND RENTRY. ITS CONTENIS MUST
BE PROCESSED % SAVED EEFORE ENCRLC IS CALLED

CHLL  ENCRCC {FORM HPFROFRIATE SEGMENY PATTERN

CHLL  FENTRY +WRITE PHTTERN INTO DISFLHY REGISIERS

me ECHD SLOOF INDEF INTTELY

L3 FUNCTN +JUMP TO DFF-PAGE CODE TO CHLL DEMD ROUTINE

All mnemonics copyrighted © Inte!l Corporation 1976.

17



AP-40 in‘tel .

[S15-11 MOS-9870F 41 FRAGE 13
HPdn KE [ZFULHY AFRFUICATION NOTE RFFENDIH
LAY 3 B (E STHIEMENT
7B L EFER AT R 8 B A
j‘? THE SULLIMING SUBROUTINES IMFLEMENT THE UTILITIES COMMONLY USED FOR

HIST KEYBORRLDISFLAY RPPLICRTIONS.
THEY COULD BE USED EXRCTLY AS SHOWM HERE OR ADAFTED FOR SPECIAL CASES.

FARLE ERE A PR F LA ARG E AR

SFBOING FEYBORRD THPUT SUEFUUTINE.

iSED T0 INTERFACE THE USER'S BRCKGROUND FROGRAM WITH

ENS UNLY RFTER A NEW KEYSTROKE HHS BEEM DETECTED AND DEBOUNCED.
v YALUE OF KEY (RATHER THAN IT5 POSITION IN SWITCH MATRIX) IS
HED [N THE ACCUMULAGE

FNTRL, #EBLELF

B i KBUBUF WILL BE MARKED AS CLERR

. BENTRL + LR BUFFER YALUE

KEDIN

H- #LEGNDS ADU BASE OF KEY ENCODING TRELE
LAY (DETRIN EYTE REFRESENTING KEY SIGNIFICANCE

RET

495 CLEONDS 15 THE BRSE FOR THELE SHOWING KEY MHTRIN SIGNIFICANCE
FOR THE KEYRORRD USED IN THE FROTOTYPE.
FEY LAYOUT 15 RS SHUWN Tt THE RIGHT

NOTE THRT EI1Tc-BITS MAY BE USED TO ENCODE KEY TYPE.  IN THIS CRSE:
BIT4 TNCICATES REGULAR DECIMAL DIGITS.
BITS IHDICRTES RIGHT-COLUMN FUNCTION KEYS,
BT INDICATES PUNCTURTION MARKS ( + AND # 5.

el (% AND AFFH? +USE LOW ORDER BITS RS TRABLE INDEX
3 4FH

o 160
s € B 4EH
Bl ] 284 ¢ FDIGIT4==y 1 2 3 L
L3 17H
e 18H + FOIGITS==> 4 9 6 &
e 13H
516 ik 24H i FDIGITe==: 7 3 9 33
hoty ok 14H
518 e 15H i PRIGIT?==s & B L] ()2
818 oe 1eH
30 te ZeH . ! ! ! !
83 il : ! ! ! !
ok 124 . Y ¥ Y v
3 1:H . FINFUT? PINPUTE PINPUTS FINPUT4
wish 21 bE Z1H

All mnemonics copyrighted © Intel Corporation 1976.
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AP-40

FRGE 14

Lo ORd SED SOURCE STATEMENT

R e S S R R e

& i ULEAR WRITES /BLAMK CHARACTERS INTO ALL DISPLRY REGISTERS
FETURNS WITH MEXTPL SET TO LEFTMOST CHARRCTER POSITION
LU WRITES SEGMENT FRTTERN NOW IM ACC INTO ALL CISPLAY REGISTERS

4 CLERR i A #ELAMK =0R SEGFOL

FILL Hiw FNTR1, #SESHRP1
"oy NESTPL, BURARNG
MLy GENTRL P {5TORE THE BLANK CODE
INC PNTRL -POINT 1O NEXT CHARACTER TO THE LEFT
DINZ NEXTPL.CLRL
Y NEATPL, RCHARNOD
RET

S48 dkkdobd bt bk Ao

541
542 (PRINT  SUBROUTINE TO COPY A STRING OF BIT PRTTERNS FROM ROM TO THE
543 s GISPLAY REGIZTERS  STRING STARTS AT LOCATION POINTED TO BY PNTRG
44 CONTINUES UNTIL AN ESCAPE CODE (BFFH) IS REACHED
e NOTE THAT THE CHARACTER STRING PUT OUT MUST BE LOCATED ON THE SAME
946 PAGE AS THIS SUBROUTINE. SINCE SRME-PRGE MOVES ARE USED
547 PRINT IN TURM CALLS EITHER SUBRCUTINE “WDISFY OR “RENTRY’
32 T ACTUALLY EFFECT WRITING INTO THE DISPLHY REGISTERS
guRE Fi 949 FRINT:  MO¥ Fis PNTRH iLOAD NEXT CHARRCTER LOCATION
HURC A2 554 MOVF R.@R LOAD BIT PATTERN INDIRECT
A6HD Cokd 551 2 FRNTL JESCHPE PHTTERM
BRF 1408 59 CALL  WDISP QUTPUT TG NEXT CHARRCTER POSITION
953 4% (DAL RENTRY INSTEAD IF MESSAGE 1S TO BE RIGHT JUSTIFIED)
aoet 17 e ING FNTRE i INDER POINTER
HEE2 B4R b e FRINT
Wik 83 FET » DUNE

SE& vk

SER s JOHN  ARRRY HOLDS THE BIT PATTERNS FOR THE LETTERS ‘JOHN/ (SEE “TEST2”)

Sel s CNOTE THAT “OHNY IS WRITTEN IN LOMER CRSE LETTERS)
(i S See JORN  EOU § RND BFFH
aaes 1E 62 R Ap111188 WOR SEGFOL
ags S 564 be B18111008 A0F SEGPOL
ey 74 563 02 #11101008 KOR SEGPOL
Rz M 968 0e G181940aE ADR SEGPOL
HiEs a SE7 0B 512
562

SR9 SETECT

All mnemonics copyrighted © Intel Corporation 1976.
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AP-40

ISI5-11 MCS-43/UFT-41 MACRD ASSEMELER. V2 @ FRGE
AF48- INTEL MOS-4% KEVBORRD/DISPLAY AFPLICATION NCTE APFENDIX

LoG Rj

HABA 339F
]
QUEE A
BApF 33

22

Baca F
| a5
#Bce 5B
a3 4F
a4 6
woCS AD
H8ie 0

BECE 79
BBCF 71

ey A3
well FF
wals W37
g 29
oDy Al
wals EFDR
8403 BFES
DR B3

<EQ

SOURCE STRTEMENT

15

578

571

572 JENCRCC ENCODES LSNIBBLE OF ACC INTO HEX BIT FRTTERN INTO ACL

572 ENCRCT
574

53

¢ . COPHYTS 15 THE BRSE FOR THE TRELE (F SEGMENT FRTTERNS FOR THE BASIC

E THE FULL HEX SET (g-F» 15 INCLUDED.

AFELICATIONS. THE CHARACTER SET MAY BE AMENDED OR AUGMENTED
INCLUDE AGDITIONAL SPECIAL PURFOSE PHTTERNS.

IN STANDARD SEVEN-SEGMENT ENCODING CUNVENTION
WHERE P REPRESENTS THE DECIMAL PGINT

V8 DIGITE

[45]

LIPATS

383
956
567
588
389
554
53
592
953
554
595
596
397
598
599
649

w1 s FORMAT

ANL
A
Lile
RET

I¢

B
DE
b
be
be
[
e
e
be
U3
3
e
be
be
tB
e
e

: HER
579 FOR HANY SE

3

R #ENCHSK
. #UGPRTS
f. BF

FGFEDCER

$ ANl BFFH

431111118 XOR SEGFOL
BERORLL0E 0P SEGPOL
G1Ri1e11e NOR SEGPOL
1011118 40R SEGPOL
AL1001108 XOF SEGPOL
11811018 XOR SEGPUL
111118 0 SEGPOL
a8RE111B XOR SEGROL
811111118 XOF SEGPOL
211301148 NOR SEGPOL
11181118 Y0R SEGPIL
2IL11088 NOR SEGPOL
AB1110R1E XOR SEGPOL
H1811118E X0F SEGPOL
21111901 A0R SEGPOL
811106818 Z0R SEGPOL

2559

2SN RS LE X2

a2 :

(A3 UD1EP
aBd .

683

&85 WOISP-
Liry

225

549

518

£11

812

£13 WRISFL
614

€15 SEJECT

WRITES BIT PATTERN NOW IN ACC INTO NENT CHARACTER POSITION
ADJUSTS NEXTPL POINTER VALLE.
RESULTS IN DISPLAY BEING FILLED LEFT TO RIGHT. THEN RESTARTING

OF THE DISPLAY ¢NEXTPLY.

Moy
MY
ROD
REH
MY
DINZ
Mo
RET

PNTRL. A

. NEXTPL

A, #5EGMAP

A PNTRL
BPNIRL. A
NEXTPL, WDISPL
NEXTPL. #CHARNC

All mnemonics copyrighted © Intel Corporation 1976.

20



intgl.

1515-11 MCS-431UF T-41 MACRD ASSEMELER, Y2 v PRGE 16
HP4 INTEL MCS-43 KEYBORRD/DISPLAY AFFLICATION NOTE APFENDIN

Lo ORjy SER SOURCE STATEHENT
BlE .
£17
£13 RENTRY SUBROUTINE TO ENTER RCC CONTENTS INTD THE RIGHTHOST OIGIT
813 . ANC SHIFT EVERYTHING ELSE (NE FLACE T THE LEFT
BebE 893S £Z0 FENTRY: MOV PHTRL. RSEGHAP+L
eadl BFeg €2l Hav NE™TFL. BCHARNG
gu0F 21 FENTRL  HCH A, PNTR
weEd 19 INC FNTRL
BBEL EFDF DINZ NEXTPL.RENTR1
deE> EFER " NEXTFL, BCHARNO S FOINT TO LEFTHOST CHARACTER
H0ES 53 RET

BIR © RRRAARR AR A,

AFF AR ARE bR

RIA RDPHDD TOGSLE DECIMAL POINT IN LAST CHARACTER DISPLAY CHARACTER

« [FHDD

¢ RDPRCD: MY

TOHGGLES DECTMAL FOINT IN THE CHRRACTER FOINTED TO BY THE ACC

BpER 301 A, #9814 :SET INDE 10 FIGHTMOST POSITION
BRES AN3T 4 DPRDL RDD H: #SEGMAF ACCERS DISPLAY REGISTER FOR DESIRED PLACE
WiER A 8 MY PHTEL. R
BAEE F1 iy A: 3FNTRE
HBED 338 WRL A, #3084
HOEE FL PO% @FNTRL. A
HREF B2 &i9 FET
£40
641 vkEER R Rk AR
&42 .
643 SHOLD SUBROUTINE CALLED WHEN KEY 15 KNDWN TO BE DOHN.
B4 WILL NOT RETUEN UNTIL KEY 1S RELERSED.
waFa 5 845 HOLD:  SEL RE1
td6 MoV R, LRSTRY CLASTRY=0FFH. 1FF NO KEYS DOWN
£47 SEL REQ
w48 CPL R
649 INZ HOLD
] RET
£51 .
B2 5k
693
654 (DELAY SUBROUTINE HANGS UP FOR THE MUMBER OF COMPLETE DISPLRY SCANS EQUAL
695 10 THE CONTENTS OF THE ACLUMULATOR WHEN CALLED.
BOF7 B923 636 DELAY - HOV PNTR1, $RDELAY
BAFS R €57 Moy BFNTRL. A
BaFA F1 ES8 DELAYL. MOV H 8PNTRL
BAFE J6FH £59 INZ LELAYL
AWFp 23 (] FET

561 SEJECT

AP-40
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AP-40

22

IS15-11 MCE-49/UF]-41 MRCKD ~CSEMELER. ¥2 @ FROE 17
AF4R . INTEL MCE-46 KEYEORRD/DISPLAY RFPLICHTION NOTE APPENDIX

LG BT

16

1ea 1212
ez AE
Bied 526R

A106 145
#ieL adyy

AR S42E
BLaC w477

e1BE 3424
ailm a4y

112 3416
@114 @477

8116 BFDE
8113 BSA3
B11R FF

A11R 14BR
wiib 1400
211F EG1R
#1z1 BFES
23 83

SER SOUPCE STRTEMENT

£62 OFG  10GM

RRAEEAEXE R LRR RS R RS LS SRS 4

R6E i THE CODE ON THIS PRGE 15 FOP DEMONSTRATION FURFOSES ONLY-

7 o1 TRUELY GOURT WHETHEF RNY END USEPS MOULD LIKE TO SEE A NARME
SFOPPING LUF 0N THEIR CRUCULATOR SCREENS
JHOWEMER. THE TODE SHOWN HEPE DOES INCICATE HOM THE UTILITY SUBROUTINES
¢ INCLUDED: HERE CWILD BE RUCESSED
THE ROUTINES THEMSELVES ARE CALLED WHEN ONE OF THE FOUR BUTTONS
(N THE RIGHT-HAND S1DE OF THE FROTGTYPE KEVBORRD: 15 PRESSED

LRRREA kLR SRR 2

CFUNCTN ROUTINE 70 IMFLEMENT ONE OF FOUR DEMO UTILITIES. ACCORDING
; TO WHICH OF THE FOUR FUNCTION KEYS WAS PRESSED

FUNCTH: JE@ FUNCTY

TeL FUNCTZ

Je2 FUNCTZ

IMCT4. CALL RDPRDD
np ECHO

CHLL TESTS
NP ECHO

68% FUNCTS: (ALL  1EST2

689 I ECHD
639
691 FINCTL- CALL  TESTH

e ECHO

296 :TESTL CODE SESMENT 7O FILL DISPLAY REGISTERS WITH DIGITS DOWN TO “17
TESTL: MOV NEXTPL, #CHARNG

MOV PNTRG. #CHARND 5 SET FOR EIGHT LOOP REPETITIONS
TETLL MOV R NEXTPL

7o CALL ENCRCEC

71 CHLL  WDISP

ez GINZ PNTRG, T5T11 COPY NEXT DIGIT INTO DISPLAY REGISTERS
7az Hov NEXTPL. $CHRRNC

704 RET

785 .

7on $EJECT
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IS1S~11 MCG-48/UFT-41 MACRD RSSEMELER. vZ2 @ PAGE 18
AP49: INTEL HCS-48 KEYBORRD/DISFLAY APPLICATION NOTE RFFENDIX

Lac

3]

9124 BEBS
#126 14AB

e

2364

2R 14F7
(oD

MZE 340
8132 14R3
e 14FE
B134 B49E

USER SYMEOLS

HSRYE

e

DEENCE @e@4

FILL

INIT

NCILS
FNTRA
REFRL
SCANG
TESTE

HoRe
HR69
824
a1z
fgld4
@124

SOURCE STRATEMENT

bk

769 :TESTZ WRITEZ THE SEGMENT PRTTERN FOR “JOHN’ ONTO THE DISPLAY.

711 TEETZ:

WATTS FOR A WHILE. AND THEN CLERRS THE DISPLAY
Hoy FNTRE, $I0HN

CALL  FRINT

M A. #1088 SCAN DISPLAY FOR 1688 CYCLES
CALL  DELAY

JHF CLERF

LR AL

SUBROUTINE TO FILL DISPLAY WITH DRSHES

JUFS INTO SUBROUTINE TLEAR’

A5 SOON RS THE KEY IS RELERSED

i A, beleenagap Xk SEGPOL ; PATTERN FOR "~
CALL  FILL

CALL  HOLD

TP CLERR

ELANE  gae
VELAY  &eFy
FKEY @851
INPHSK 9aFE
HEGLOG BeFF
FNTR1 6291
FEFRSH 2214
SCHNS  w3F
TESTZ 12

RSSEMELY COMPLETE.  NO ERRORS

CHARNG B0R2  CHRPOL @@ CHRSTE @957  CLEAR ©a5E
DELAY1 B8FF  DGPATS ABCA  DPADD @BER  ECHO 9977
FUNCTY 8442 FUNCTZ B48E  FUNCTI 8488  FUNCT4 @106
JOHN  esBS  ¥BOBUF @822  KBDIN @883 KEYLOC 4821
NEXTPL @887  NPEPTS @@20  NROWS 8@@4  NXTLOC 6823
FOSLOG Al FRINT 98AB  PRNT1 @@B4  PSGMNT 9008
RENTRL Q8DF  RENTRY @G0B ROTOCNT 8003  ROTPAT 8694
SCANE 8045 SCANS AmdF  SCANY ©AS7  SEGMAP 8837
TICK.  FFFPR TIINT @007  TIRET @@0E  TST11 eidf

CLRl  08R4
ENCRCC 88BR
FUNCIN 9100
LASTKY 2806
PDIGIT @818
RDELAY 8023
SCAN  BOLE
SEGPOL 8488
WDISP ©88De

AP-40

CURD1G 8ee7
ENCMSK 886F
HOLD  @@ro
LEGNDS 888E
PINPUT 8089
RDPADD BBEG
SCANL @821
TESTL 8146
WD15P1 89DR
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AP-40

181511

ASAYE
BLANK
CHARNO
CHRFOL
CHRSTE
CLEAR
CLRA
CURDIG
DEENCE
LELAY
LELAYL
DFRTS
DFADE
ECHO
ENCRCE
ENCMSK
FILL
FHEY
FUNCTA
FINCTZ
FUNCTZ
FUNCT4
FUNCTN
HILD
INIT
INENSK
Jom
KEDBLF
KEDIN
KEVLOC
LASTKY
LEGNES
NCOLS
NEGLOG
NEXTFL
NREPTS
NROKS
NXTLOC
PLIGIT
PINFUT
PNTRG

PNTRL

POSLOG
PEINT

PENT1

FSGMNT
RUELAY
RDPARBD
REFR1

REFRSH
RENTRL
RENTRY

ASSEMBLER SYMBOL CROSS REFERENCE. V2 @

2024
179
1738
1694
262
449
4%
2068
1754
£568
€394
574
s34
4534
469
1524
3324
466
A78
679
680
aB28
473
[Shi
23€
171
Sezé
2448
465
2134
2854
494
1754
1674
1938
2128

174%

249
280
228
429
4284
3314
53k
283
714
653
353%

471
573
573
73
4738
(3ot ]
a588
5354

(-
549
4484
446
711
386
4904
380
359
Sack
328

533

361

392
2685
38
308
554
299
623
163
535
3564
251
417
682
286%

624
6204

269
531
485
438
715

o

59

g8

442
493
389
368

32

447

698
291
€36

78
v

292
656

636

498

444

385

37

361
o8
97
638

405

689

463

647

38
11
418
€56

£ w0
& &
)

441

£92

611

421
657

612
434

612

383

4%
658

PAGE 1

621 625 697
25 436

698 763

621 624 625 697 699 783

386 387 383 3% 486 442

492 532 53¢ 935 o6 689

443

618

44 445

628 622
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IS15-11 ASSEMBLER SYMBOL CROSS REFERENCE. v2 @

ROTENT cwdd 325 392

ROTPRT 203% 38 391

SLRN T

SCRNL zzaed

SCHN: 362 380

AN 331 31 381 384 3694

SCANG 39T

SCANE 487 4098

SCAM2 395 419 42

SEGHAF 22 282 532 M3 €20 s34

SEGROL  17ee 288 531 962 564 65 966
393 %4 585 93 597 S48 598

TESTL €91 £97#

TESTZ 695 7iié

TEST: 885 7224

TICK  177% 25 451

TIINT 2484

TIRET  zo9%

TETLL  e%9% 7a2

WDISF 5%z cBek Tal

WDISFL 61l 6134

CROSS REFERENCE COMPLETE

598

991

AP-40

0992
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