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2650 microprocessor keyboard interfaces

In many computer systems, the vital link between
computer and operator consists partly of a keyboard.
The keyboard may be part of a larger unit, such as a
teletype or VDU; in other cases, a simple keyboard is
sufficient. .

Standard keyboard units, containing full decoding and
control circuitry, are readily available. However, these
units are expensive.

A cheaper solution is to use the required number of
keyboard switches and perform the tasks of detection,
contact-bounce suppression and switch encoding by
software. This also results in a keyl oard which is custom
built for the microcomputer system. This publication
describes four such keyboards.

Of the four keyboard types described here, two require
regular sensing of the inputs by the software, while the
other two rely on hardware-generated interrupts and an
interrupt program to scan the keyboard. A listing of the
software required for each system is given in Appendix A.

System 1

System 1 is designed to detect and encode up to eight
key-switches, using regular software scanning of the
inputs. The hardware and connections to the 2650
microprocessor are shown in Fig. I and a flow chart of
the software in Fig. 2.

A depressed key causes a ‘1’ on the corresponding bit of
the data bus. The program accepts the data from the data
bus and generates the appropriate code for the key by a
simple algorithm, after a short delay to eliminate the
effects of contact-bounce.

The program now loops until it senses that no key is
depressed and then waits a further 11 milliseconds to
allow for contact-bounce before scanning the switch
inputs again. This program thus holds the computer in a
loop while a key remains depressed. If two keys are
depressed at once, the key of lesser significance is
detected.

The bounce-suppression delay of 11 milliseconds
corresponds to a clock frequency of 1 MHz. The program
assumes that there are no other I/O devices connected to
the data bus: otherwise the keyboard buffers must be
inhibited during I/O to other devices.

The keyboard is treated as a peripheral connected to the
non-extended I/O port C of the 2650.
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Fig. 1 Hardware for eight-key keyboard, system 1.

System 2

System 2 is designed to detect and encode up to sixteen
keys. It uses the same method as system 1, but employs
the FLAG output to select alternately the two banks of
eight switches. More sophisticated software allows the
subsequent detection of a second key if two are depressed
at the same time and the first is released after detection.
If the FLAG output is already in use, other signals can be
used in its place, e.g. D/C, E/NE, with an appropriate
change in the program.

Figure 3 shows the code table for the circuit of Fig. 4
which shows the hardware and connections to the 2650,
while the flow chart of the software is given in Fig. 5.
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DELAY (11ms)

LOAD R1WITHO J

pp—

ROTATE RO 1x RIGHT

l

< BIT70F RO=1? \ves

PROCESSING OF
ACTIVATED KEY

[NO

INCREMENT R1

L]

|

READ ACTIVITY OF
ALL SWITCHES INTO RO

TRAILING BOUNCE
DELAY (11ms)

7271966

IFig. 2 Flow chart of the software for keyboard system 1.

CODE TABLE
KEY NO. CONTENTS OF R1

76543210

0 000O0O0OODO

1 000O0O00O 1

2 000O0O0OT1TO0

3 000O0O0O0OT1T1

4 000O0O0T1TO00O0

5 00O0O0O0T1TO01

6 0O000O0O0OT1TT1TO0

7 000007111

8 000O0T11TO0O0OO

9 00001001

10 000O01TO0T1TO0

" 000O0T11TO0O 11

12 00001100

13 00O0O0T11T1 01

14 00O0O0T11T1 10
15 00001111

7271964

Fig. 3 Code table for the circuit of Fig. 4.
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Fig. 4 Hardware for the 16-key keyboard, system 2. Fig. 5 Flow chart of the software for keyboard system 2.



System 3

System 3 detects and encodes 32 keys in a 4 x 8 matrix.
Processing time is minimized by the use of an interrupt
program to scan the keyboard input. The interrupt is
generated by hardware when a key is depressed.

The hardware is shown in Fig. 6, with the appropriate
timing waveforms in Fig. 7. A flow chart of the software
is given in Fig. 8.

When a key is depressed, one of the eight inputs to the
OR gate becomes low and causes the INTREQ flip-flop
to be set. The four scan lines are driven low by the signal
ADRI13-E/NE (ADRI13 is assumed to be unused). After
receiving the interrupt request, the microcomputer

responds with the interrupt acknowledge signal (INTACK).
The INTACK signal selects the A inputs of the multi-
plexers, setting the interrupt vector address determined

by the wire links onto the data bus. This address is then
used to locate the keyboard interrupt routine.

The interrupt routine contains four REDE instructions
which sequentially sense the four scan lines. After
bounce suppression and processing, the INTREQ flip-flop
is reset. When the key is released, contact bounce can
cause setting of the INTREQ flip-flop and entry to the
interrupt routine. The bounce-suppression delay will
prevent a second detection of the key.

INTREQ
OPACK «—R
links for
:lr;::e'ror:.‘pt hexadecimal
yo/ }/(/ >/(/ yc// value in R 1
DBUS7 +——Of 1Y ©"0 HiE| P17 Por| por
yJ >/c/ (/ y& Vee
DBUS6 «—0f 2Y ;: ©-°1 Dpie| 1| Poe| Pos
MULTIPLEXER » » A
745258 | oo >/c/ P4 y >/ %0
DBUS5 «—O[3Y = p1p| 15| ‘pop| 05
] o] 9] /]
DBUS4 «——0| 4Y :: R pic| p14a| poc| poa
u7
OE SEL 2
? )
([ T
Q
OE SEL o ! yo/ o -
DBUS3 «——O 1Y - o= 2/13 2/13 Jpos ;/03 []
INTREQ
— o --0—4 >/d’ ij/ :yQ/ :yﬂf FF
DBUS2 «—0| 2Y . Dial pi2| Jpoa| po2
MULTIPLEXER
o /o A 4]
7452583A oo >/ >/ }/ >/
DBUS 1 +—Of 3Y e p19| P11 Pog| Lol
" o] ] ] ] /9]
DBUSO «+—Of4Y 4B _P18| 010| p08| 000
Ula
INTACK_.—.DO___.
ADR3 O
'» open SCAN3
collector
ADR2 —»— O
O open SCAN2
collector
ADR1 —»— O
O open SCAN1
collector
ADRO —— O
O open SCANO
collector
OPREQ
o U1,U2: 7404
= U3:7408
MY U4:7409
uib Us: 7410
U6: 7430

U7:7474

ADR13—E/NE
o—
Ulc utd

] usb

Ulg

Fig. 6 Hardware for 32-key keyboard, system 3.
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Fig. 8 Flow chart of the software for keyboard system 3.
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System 4

System 4 uses an 8 x 8 matrix to detect and encode 63
keys. Figure 9 shows the hardware while Fig. 10 shows
the flow chart of the software. The matrix is scanned
every 100 milliseconds by an interrupt routine: a 10 Hz
oscillator drives the INTREQ line.

When the INTREQ flip-flop is set, the microcomputer
replies with the INTACK signal, which causes the multi-

plexers to set the interrupt vector address on the data bus.

This gives the start address of the keyboard interrupt
routine.

In the interrupt routine, each column is sequentially

OPACK +—N §—T—T—|

scanned by the instructions WRTC, RO and REDC, R2,
RO contains a single ‘1’ which is rotated one bit position
after each scan. Register R2 is loaded with the informa-
tion from the column scanned. The bounce-suppression
delay prevents key-bounce from causing another key
detection.

The system has three memory locations to store the
depressed keys, so that up to three keys can be detected,
awaiting processing. It is assumed that the main program
fetches key-codes from the key buffers (LOC1, LOC2
and LOC3) and then performs the appropriate key action.
When this action is complete, bit 7 of the key buffer is

63 NORMALLY OPEN KEY-SWITCHES

(hexadecimal code generated in R1)

Ge-DIODES
Waa Rep Me 07| 06| 05| 04| 03| 02| o1
DBUS7 BA7 Bg7 o @
72\ oF| o€| oo| oc| oB| 0A| 09| 08
DBUS6 < BAG 8g6 lo- <9
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DBUSS BAS Bgs O |<¢
722\ 17| 1€| 10| 1] 18] 1A] 19| 18
DBUS4 <+ BA4 Bg4 jO- @
T3t i) 27| 26| 25| 24| 23| 22| 21| 20
DBUS3 BA3 BB3 O w
i) 2F| 2€| 2D| 2c| 28| 2A| 29| 28
DBUS2 BA2 Bg2 |o— w
FO 37| 36| 35| 34| 33| 32| 31| 30
DBUS 1 BA1 881 lo 1
lrad 3F| 3| 30| 3c| 38| 3A| 39| 38
DBUSO Bao o BBO O w
Wgs RBa CLK
4 vee
47K - links for
(16x) inter. vector
1A O-—~ 20—
Lof1y
18
=
L—of2v ;‘B‘ o
MULTIPLEXER
745258
-
Loy 3A ©—
38
4 O - -0—4
L——olavy 4‘;
OE SEL
OE SEL
L ol1v 1A -0
18
2A o —-0—
L 4
2y b
MULTIPLEXER
o 745258 5, e
L o o
3B
ay 4A —0o--0——
48
INTREQ
OPREQ vee
M U1:7400 100pF
: % 1kQ
U2,uU3:7404 =D USa
NE u4a:7411
E/NE
U5:7474 0% uss D
T ot
E/C U3c aQ
R/W 5
2200
whe 10Hz OSCILLATOR T
INTACK o—
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Fig. 9 Hardware for 63-key keyboard, system 4.



set, informing the interrupt program that the key-code is
no longer required. After release of that key, the next
execution of the interrupt program will result in the
contents of that buffer being erased and the remaining
key-codes in the other buffers being shifted up in the
buffers. For example, if the key-code in LOC1 has been
processed (LOCI1 bit 7=1) the contents of LOC2 are moved
to LOC1 and the contents of LOC3 are moved to LOC2.
LOC3 then contains zeros. The next key to be entered

will then be stored in LOC3.

Bit 6 of a key buffer is set whenever a key is relcased
before its action has been executed, to provide discrimina-

tion between a key that has already been stored and is
still pressed and a key that has been pressed for a
second time, requiring its code to be stored as the next
key-code.

The 10 Hz interrupt clock allows the user to enter
characters at a rate of 10 per second; this rate can be
increased by using a faster interrupt clock. To prevent
incorrect key detection when three keys are depressed at
the same time, a diode, not shown on Fig. 9, should be
connected in series with each key-switch.

Position 00 of the key matrix is not used because this
code is already used to indicate an empty buffer.

INTERRUPT Loc2.3 76543210
mﬂ key pressed ; key action not executed
(each 100ms) — key code —
mn key released ; key action not executed
SAVING OF PSWL, RO — key code —
SELBNK #1 nm key pressed ; key action executed
— key code —
LOAD ROWITH 01 [0Jo]ooJoJoJo]0] key reteased and executed
LOAD R1WITH H'3F’
(ACT1)
WRITE RO TO OP
LOAD R2 FROM IP
(COMP) (released key ) (key action executed)
T —— / BIT70FR2 | / BIT70F LOC3 b 0 - Loca
"/ YES =12 NO =12 YES
NO YES (active key) NO (key action
not executed)
BIT 6 OF LOC3
=1? NO (previously
(key released & = | YES pressed key)
again pressed)
RST BIT6 OF LOC3 ] (SET BIT 6 OF LOC3 ]
= / BIT 7 OF R2 /BIT7OF LOC2 (LOC3) = LOC2
(R1) = (LOC2) ? —
YES = 12 / No =12 YES 0 -—L0Cc3
NO [Yes NO
BIT 6 OF LOC2
=1? NO
YES
RST BIT 6 OF LOC2 SET BIT 6 OF LOC2
{LOC2) = LOC1
(R1) = (LOC1) ? o BITY OFR2 >——»<B'T ToFLec o (LOC3) ~LOC2  |—»
NO =17 NO =12 o - Llocs
YES [Yes NO
BIT 6 OF LOC1
=12 NO
YES
l RST BIT 6 OF LOC1 | [ SET BIT 6 OF LOCTl
BIT 7 OF R2 NO
=12 14__
YES  (BEMP) (>3 keys pressed ; LROT)
= WO CIAE ) |

ignore this key )

A\

LOC2 IS EMPTY ?

LOC3 IS EMPTY ?
NO

ROTATE R2 1x L
DECREMENT R1 (column sense

finished)

[Yes

[ (R1) ~LOC

| l (R1) ~LOC2

I (R1)

1

[ves BIT2,1,00F R1 / FOTATE HG e L
< ARE 17 >vss 9 )

~Loc3 [No

i (R1)=07?

RST = RESET

RO = ROW SCAN REGISTER

R1BNK =1 =
R2BNK =1 =
R3BNK =1 =

KEY CODE REGISTER
COLUMN SENSE REGISTER
INDEX REGISTER

NO

YES (scan

{BEST) finished)

RESTORE PSWL, RO
SELBNK =0

RETURN TO
MAIN PROGRAM

7211973

Fig. 10 Flow chart of the software for keyboard system 4.



APPENDIX A. Listings of the software for the keyboard systems.

LOC OBJECT

PROCESSOR REGISTERS

PQU: SENSE
FLAG
INTERRUPT INHIRIT
STRCKPQOINTER
PSL- CONDITION FOOF
INTER DIGIT CAPRY
PEGISTER BANK SELECT
1=WITH. A=ND CARRY
NVERFLMY
1=L0G. . A=ARITH 1 (MP
CARRY /N1 BORRIM
POSITIVE
NEGATIVE
FouR
GREATER THAN
LESS THAN
IINCOND T TTONAL
ALL BITS ARE 1
NOT ALL RITS APE 1

ADDR E STMT  SOURCE LINE

2 %

3 * DEFINITIONS OF SYMBOLS:

4 *
[0 5 P23 EQU 2}
8881 6 B E 1
naa2 7 R 2
09az 8 R EW 3
988 9 S E H'8a’
8848 9 F E® H’ 48’
o428 11 II e H' 28’
aea7 12 % EM H'a7”
e 13 ¢ Feu H/ra’
M 14 IDC EQU H
ma 15 RS EQU H/1@’
[ 1f WC EQU H’Ag’
AARd 17 MV EQU H'Ad’
a2 18 CoM EQU HAw2’
550 19 € EQU He’
(252 m 2 3=1) A
981 A p Foul |

z 2 N EQU 2

2227 22 E0  EMU a
a1 24 GT Feu 1
a2 25 LT FRY 2
Aeaz 27 N ERU 2
2] 20 MO a
6062 22 N EQU 2

29 =x

Fig. Al. Definitions common to all software.

TWIN ASSEMRLER VEP 2.1

LOC OBJECT  ADDR E STMT
3456 49
345 7588 41
8452 @ 42
B45% 187D 0452 4z
A4SS FB47I W79 44

45

46
ndsg 47

59 Sea2 A45D 48
w458 1B75 8452 43

54
51
45D ASAA 52
waSF S 2

7460 1E@4ED 463 54
8463 DI7R R45F 55
56
57
3504 58

wn
el

A5en 1FRd47a  B47R

]

na7h B

8471 587D 8479
#4477 F@d79 w479
8475 1FR452 @452

8479 B6A5

0478 28

8477 FR7E a47c
847F FA7C (S ¥(H
8488 17

BRAIIFAFIAIINIBBTIRRZRA[RE

TOTAL RSSEMBLY EPRORS

SOURCE LTNE
[Las] H’45a°  START ADDPESS NF PROGRAM
FPSL W

DET REDC.R% TEST FIR KEVACTIVITY
BCTR.Z DET RPANCH TF NO ACTIVE KEY
BSTR.IN DI Y RPANCH TN YRR [LY IF KEY RCT

*

*

REDC. F@ TFST IF KEV 1S STILL PRESSED
BRNR. @ KEY TF NOT RETIRN TN KEYDFTECTION
BCTR. IN DET

*

*

KEY LODIR1 8@

LOOP RRR. R4 INCREMENT R4 INTILL A SINGLE
ECTA, N EXEC ONE 1S FOUND IN BIT 7 OF R
BIRR, R1 LOOP

*

*

EXEC ORG K568

*PROCESSING OF ACTIVATED KEY*

BCTR. UN KREL
*
*
MRG  H/478’
KREL REDC, ke TEST IF KEY IS RELERSED
BRNR, BB KREL BRANCH IF KEY ACTIVE
BSTAR. LN DLY TRAILING BOUNCE DELARY
BCTA. UN DET RETURN T0O DET FOR NEW KEYACT

x

*

*SUBROUTINE DELRY

DLY LODL.R2 &5
ERZ R
BORR, Ra §
BORR, R2 $-2
RETC, N

END

8

Fig. A2. Assembly listing of the software for keyboard system 1.



TWIN RASSEMBLER VER 2.1

LOC OBJECT  ADDR E STMT

8458

A450 7548
0452 12
8452 2448
8455 92
4456 A

57 1879
8459 3FB47C

n45C @
845D 5842
B45F 1B71

8461 (2
R462 B5AA
B464 5
8465 1R82
8467 DI7R

A4h9 Ba4a
B46E 9092
B46D 6598
W4GF 1FA7RA

n472 39
8473 42
8474 587C
B476 FBATT
8479 1F@452

A47C ASES
M4T7E 20
A47F FR7F
A4gy F97C
8482 17

n7ea

8700 1Fa472

@452
warc

(215
8452

469

a7en

8472
a47C
8452

a7k
a47F

a472

K. |
R
i
34
kS
26
37

49

IRIEIIFAAIININITIVIRRRTIABRBILLAALTSLS

0
i~

BIRRR

TOTAL ASSEMBLY ERRORS

SOURCE LINE

*JHB 75122312 68

*EVENCODING

*THIS PROGRAM ENCODES 16 SINGLE NORMALLY OPEN KEYS
*T0 A 4 BIT CODE IN THE 4 LOW ORDER BITS OF Ri;
#HAX  KEVBOUNCEDELRY 1S 41 MSEC;

*2-KEY RALL-OVER

*
ORG H’458°
*
CPSL W
DET SPSl)
EORL, RO F
LPSy
PEDC. R
BCTR.Z DET
BSTR. UN DLY

REDC, R
BRNR, R® KEY
BCTR. N DET

*

KEY STRZ  R2
LODI, R4 @8

LOOP RRR, R
BCTR-N ROV
BIRR,R1  LOOP

*

RDY TPSU  F
BCFR, A1 EXEQ
I0RT, R1 H/@8/

EXEQ BCTA. IN EXEC

*

KREL REDC, R®
mDZ K2
BRNR, R KREL
BSTAR. LN DLY
BCTA. IN DET

*

*SUBROUTINE DELRY

DLY LODI.R1 85
EORZ  RB
BORR, R#
BDRR, R1 $-2
RETC. IN

O0RG H’ 7@8’

START ADDRESS NF PROGRAM

TOGGLE FLAG IN ORDER TN DRIVE
HI-ORDERAN-ORDER KFYS

BRANCH IF RO KEV ACTIVE
BRANCH TD SRR DLY

TEST IF KEY IS STILL PRESSED
IF NOT RETIRN T0 KEYDETECTION

INCREMENT R1 UNTILL R SINGLE

MNE IS FOUND IN BIT 7 OF PR

IF FLAG SET SET BIT 2
OF R1

BRANCH TF EXECUTED KEY RELERSED
(NEW KEY MAY BE ENTERED)

*PROCESSING (F ACTIVATED KEY*

EXEC BCTR, UN KREL
*

END

@

Fig. A3. Assembly listing of the software for keyboard system 2.



a477

R477 (TACRH
A47H rDAReL
B47D 1%
B47E 1T

PA7F 7508
8481 @545
8483 0

8484 FA7E
8486 FI7C

6403 @587
B43A S4FE
B4AC 5814
B48E S54FD
3493 529F
A492 S4FB
A494 5808
8496 S4F7
8498 5042
B49F 1RAF

#49C 35aR8
4% 25a8
B4R ASAR

A2 54
B4AT 1RAT
B4R5 DA
B4RE FI7R

B4RS CDRACA2

84aB w2
B4AC 9
84RD ACHAAG
B4R 477

R4RA 37

AGAA
AR
2%}
BeAz

nean
5]

84R2

R43E

849C

PhB2

B
L5

BRBLIRLN

y
DA

BARATY

BRGRF LIS EBRYAR NNV TLIAYAANIANIIS

TOTAL RSSEMBLY ERRORS

*JMB 768123-14 80
*

*KEYENCODING

*THIS ROUTINE ENCODES 32 NORMALLY-OPEN SWITCHES.
«POSITIONED IN R 4 X & MATRIX TN A 5 BIT MIDE IN THE
*5 LOW-ORDERBITS OF Ri;

*THE ROUTINE STARTS AFTER RECEIVING AN INTERRUPT
*REQUEST SIGNAL FROM THE KEYBORRD-STROBE;

*THE MATRIX 1S SCANNED AND SENSED BY IISING PERD
*EXTENDED 1/ INSTRUCTIONS; THIIS ERCH SCANLINE WITH
*SWITCHES REPRESENTS AN EXTERNAL 1/ DEVICE;

*THE MAIN PROGRAM 1S CONTINUED AFTER DETECTING.
*DECODING AND STORING NF THE PRESSED KEY;
*REGISTER R2 IN BOTH RANKS TS ASSUMFD T RF FREE;
*MAX. KEYBOUNCEDELRY 1S 11 MSEC

*
ORG H'477/  START MF KFYBNARD TNTERRIIPT
* SERVICE PIUTINE

*SAYING NF ISED REGISTERS

STRA. kA 1.0C1 CAVE P7 TH 1001
STRAR, R4 102 SAYE R1 TN I0C2
SPSL (PSL)Y TN PR
STRZ  RR (RAY TN RT
*STRRT OF KEVSCAN
cPsL W INITIALTZE
LODI.RL 85 PRESET FMR ROUNCEDELRY
E0RZ  FB
BDRR. R ¢ ROUNCEDELAY (141MSEC)
BORR.F1 $-2

LODT. kY H'A7° GET R4 TR 7

REDE. PA H'FE” ACTIVATE/SENSE GFAN @ LINE
BRNE, PR DECA BRANCH TF ACTIVE KFY FNIMD
REDE, R8 H’FD’ ACTIVATE/SENSE SCAN 1 LINE
BRNR, kA DEC1 BREANCH TF ACTIVF KEY FRING
REDE, F8 H'FB’ ACTIVRTE/SENSE SCAN 2 | TNE
BRNR, R@ DEC2 BRANCH TF ACTIVE KEY FOUND
REDE, RA H'F7/ RCTIVRTE/SFNSE SCRN 2 LINE
ERNR, R4 DECZ BRANCH TF ACTIVE KFY FrUMND
BCTR.IN REST RPANCH TN PFSTORF

*

DEC3 ADDIL, R1 H/@8”
DEC2 RUDI, RL H’@8”
DECL ADOT.R1 H'@8”

MIDIFY RITS 4 RND
WODTFY BITS 4 AND
MODIFY RITS 4 AND

PR R

*

DECA T0RZ ra DECREMENT R4 INTTI! A SINGLF
RCTR.N  STOR (NE TG FAUND TN RIT 7 1F RA
RRL, PH
RORR. R1 DECA

*

STOR STPA.R1 LOC3 STORF (P4) TN 10T 2

*ESTORING OF IISED REGISTERS

PEST 10DZ  RZ (RZ) T0 PA
1PaL (RA) Ta PSL
LODA. A L0714 RESTORF RR: I'L 1S AFFECTED
LODA, R LOC2 RESTORE Ri: T IS RFFECTED
ANDI, R2 H/(R’ RECONSTRUCT [T IN FSI
*
WRTC. kA RESET INTRED FF
RETE.IN RETIRN TN MATN PROGRAM: FNARIE
* INTERRIPT
MR H/AAR’
LOCY RFS 1
LOC2 RES 1
LOC2 RES 1
END
A

Fig. A4. Assembly listing of the software for keyboard system 3.
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TWIN RESEMRLER VER 2

LO% DRIECT

4459

0450 7620

w52 7518

8454 20

6455 A7AG

0457 (F4E  BEY
B45R SR7R 57
R45C 7424

w477

0477 CCRAES  AEAS
B47R 12

8478 (2

a47r: 7740

R47E 7561

R482 A3F
7484 P41
A486 RA
0487 32

A488 A7A3

R48R THEB4  B6B4
848D AF46A  BRED
8498 443F

8492 E1

#4932 1887 #49C
B495 SB7A 8480

ADDR E STHMT

BEBdddRnYae

51

BYIRRIAB2BEBIAN

Al
o

AFNINI

-~
N

FRIJIRBIIA

SOURTE LINE

JME 766212-1R "W
*

KK EVENCTID NG

*THIS POUTINE ENCODES A3 KEY-SHITCHRES POSTTIONED TN
*R & X 8 MATRIX INTN A A RIT CODE:

*EACH 10 MGEC THE MAIN PROGRAM 1S INTFRRUPTED BY
*THTS KEVRORPD-SERVICE ROUTINE:

P TO 3 KEYCODES CAN BE STORFD: SN A MAXIMM NF
HEY-SWITCHES CAN RE DOWN AT A TIMFE:

*SUCCESSIVELY ENTERED KEYS WILL BE STORED IN PAM

L OCATIONS LOCY. LOC2 AND LOCZ:

*# 0C1 HAS FIRST PRIORITY TN RE SERVED BY THE MATN
*PROGRAM FOLLOWED BY LOC2 AND LONZ;

*REGISTERBANKZY 1S USED DIRING INTERPIPT;

*REG R BNKZ@ IS SUPPOSED TO BE FREE FOR SAVING PSL

*
*POWER ON INITIALIZE OF MAINPROGRAM

OFG H/4597
PPSU 11 IRHTRTT TINTERRIPT
rPSL RS SELECT MAINPROGRAM RER RANK(A)
EORZ PR FLERR PR
LADT.R3 A6 SET INDEX TN A6
INIT STRA.RA 10C4, R3, - CLEAR 1.OCL---{ NCA
BRNR. RZ INIT
cear 1 ENABLF INTERRIPT
0RG H’4777  START OF KEVBORRD INTFRRIPT
* SERVICE ROUTINE

*SRYING OF USED REGISTERS

STRA, kA LOCE SAVE PA IN LOC6

SPSL (PSLY TO PR

STRZ  R3 (RA) TO R

PPSL RS SELECT INTERRIPT REG BANK (1)

*START NF KEYSCAN

CPSL W OPERATIONS WITHOUT CARRY
PPSL M |.OGICAL COMPARE
LODI. PL H/ZF/ SET R1 TN THE MAX  KFYDNDF
LODI, kA 81 SET LSB OF R8

ACTL WRTC.PA ACTIVATE DNE ROWLINE
REDC. R2 RERD COLLMNINFN TNTO P2

*

TES LNDI.RZ 82 SET INDEX T0 3
STRA. kA LOCS SAVE SCANREG N LOCS

COMP LODA, RA LNCY, B2, - FETCH KEYCODEMEM LOCATION

ANDIL, R8 H'3F” CLEAR IPPER 2 RITS
oz ™ COMPARE LOC AND KEYCODERES
BCTR, EO EQL BRANCH TF EQURL

[ BRNR, RT COMP
*

THIN ASSEMBLER VER 2 1

LOC OBJECT

7497 92
0498 9A3A
B49R 1827

a4sC a2
8490 1R18
B49F AFREOD
84A2 SRAC

B4R4 BF26A0
B4A7 CFESFF
B4R Fraz
P4AC 9876
B4RE 1B24

B4BA 6448
P4B2 (FR6a
B4RS 1B5F

B4R7 AFRAAG
B4BA F44n
#4BC 3816
B4BE 44BF
B4CH CF66M

B4C3 B7FF
84C5 BF2600
A4CR 186
A4CA F7a2
P4CC 9877
A4CF 1BA4

a4pA 1
D1 CFe6aA
8404 ACAARY
8407 D2
A4DR Fou2
#4DA 1829

84DC FoA7
B4DE 970458
B4E1 DO
B4ED 1FRA486

B4ES 7518
7 on
B4ES 97
BAED ACHAAS
BAEM 4707
P4EE 27

A6aA
A6l
A6a1
[
ArAz
wrAY

ADDR E STHT

84C3

84B7

8487

0495

3]

R4cs

o]
acad

A4ES

482

8

145
146
147

TOTAL ACSEMRLY EPRORS

SOURCE LINE

Loz 2
BCFR, N ROT
BCTR, UN REMP

FOL LODZ  R2
BCTR.N  FLAT
LODA, R@ LOC1, R3
BCFR,N FLRS

*

UPDA LODA, RA LNCY, R3. +
STRA. RA LOCA-1,P3

THI.R? B2
RCFR. A1 UPDA
BCTR, IN ROT

*

FLAS I10RI1, RA H’48"
STRA, R@ 1.0C1, R
BCTR, N COML

*

FLAT LODA, kA LOC4, R2
THI.RA  H/4a’
BCFR, AL FOT
ANDI, RB H'BF”
STRA, kA LOCL, R

¥

BEMP LODIL, R3 H/FF/

LOOP LODA, R@ LOCY, R3, +

BCTR. 2 STOR
THL.RR @2
BCFR, A1 LDOP
BCTR, N ROT

*

STOR LODZ  RY
STRA. RA LOCY, R2

ROT LODA, RA LOCS
RRL, R2
BORR, R1 NFC
BCTR. N REST

NEC TMLR1 H/@7°
BCFR, A1 TES
RRL, F@

BCTA. LN ACTY

*

SET If: NODE
BRANCH IF NO ACTIVE KEV FOLND
RRANCH TF NEW KFY FNUND

SET CC CODE

BRANCH TF ACTIVE KEY FOIND
FETCH KEVCODEMEM. LOCRTION
BRANCH TF KFY NOT FEXECUTED
UPDATE KEYCODEMEMORYLOCATIONS

BRANCH IF INDEX NOT EO 2

SET BIT £ (F R@

FETCH KEYCODEMEM. LOCATION

RRANCH TF RITA IS R
CLEAR BIT £ OF RA

BRANCH IF KEYBUFFER EMPTY

RRANCH TF INDEX NAT FR 2
A FOURTH KEY HRS REEN ENTERFD
AND (AN RE IGNORED

STORE KEVCODE TN PAMLOCATION
RESTORE SCANREG
ROTATE COLIMNTNFO 4 X LEFT

ERANCH TF AL KEYPOSITIONS

BRANCH IF COLUMNSCAN NOT RERDY
POTATE SCANREGISTER 1 X LFFT

*RESTORING OF USED REGISTERS

FEST CPSL RS
Loz R
LPSL
LODA, R LOCE
ANDI. R H'CR’
PETE. IN

OFG H/6oR”
LOCY RES 1
LOC2 RES 1
LOC? RES 1
LnC4 RES 1
L (CS PES 1
| PR PES 1
END

a

Fig. AS. Assembly listing of the software for keyboard system 4.

SELECT MAINPROGRAM PEG RANK(2A)
(R2) TO PR

(RAY TO PSL

RESTORE R@: (T IS AFFECTED
RECONSTRUCT CTC

RETURN TO MATN PROGRAM:

ENRBLE INTFRRLPT

DEFINITION OF RAM NCATIONS
BUFFER F(R FIRST ENTERED KEY
RUFFER Nk SFCOND ENTERED KEY
BUFFER FNR THIRD FNTERED KFY
ISED FOR IPDATE (=2)
TEMPIPARY SAVING NF PA
SAVING NF PA REFNRF TNTERP
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Related 2650 publications

no. title summary
AS50 Serial Input/Output Using the Sense/Flag capability of the 2650 for serial I/O interfaces.
ASS1 Bit & Byte Testing Procedures Several methods of testing the contents of the internal registers
in the 2650.
ASS52 General Delay Routines Several time delay routines for the 2650, including formulas for
calculating the delay time.
ASS3 Binary Arithmetic Routines Examples for processing binary arithmetic addition, subtraction,
multiplication, and division with the 2650.
AS54 Conversion Routines ® FEight-bit unsigned binary to BCD
® Sixteen-bit signed binary to BCD
e Signed BCD to binary
® Signed BCD to ASCII
® ASCII to BCD
® Hexadecimal to ASCII
® ASCII to Hexadecimal
ASSS Fixed Point Decimal Arithmetic Methods of performing addition, subtraction, multiplication and
Routines division of BCD numbers with the 2650.
SP50 2650 Evaluation Printed Circuit Detailed description of the PC1001, an evaluation and design tool
Board (PC1001) for the 2650.
SP51 2650 Demo System Detailed description of the Demo System, a hardware base for use with
the 2650 CPU prototyping board (PC1001 or PC1500).
SP52 Support Software for use with the Step-by-step procedures for generating, editing, assembling, punching,
NCSS Timesharing System and simulating Signetics 2650 programs using the NCSS timesharing
service.
SP53 Simulator, Version 1.2 Features and characteristics of version 1.2 of the 2650 simulator.
SPs4 Support Software for use with the Step-by-step procedures for generating, editing, assembling, simulating,
General Electric Mark IIT Timesharing  and punching Signetics 2650 programs using General Electric’s Mark III
System timesharing system.
SP55 The ABC 1500 Adaptable Board Describes the components and applications of the ABC 1500 system
Computer development card.
SS50 PIPBUG Detailed description of PIPBUG, a monitor program designed for use
with the 2650.
SS51 Absolute Object Format Describes the absolute object code format for the 2650.
MP51 Initialization Procedures for initializing the 2650 microprocessor, memory, and I/O
devices to their required initial states.
MP52 Low-Cost Clock Generator Circuits Several clock generator circuits, based on 7400 series TTL, that may be
used with the 2650. They include RC, LC and crystal oscillator types.
MPS53 Address and Data Bus Interfacing Examples of interfacing the 2650 address and data busses with ROMs
Techniques and RAMs, such as the 2608, 2606 and 2602.
MP54 2650 Input/Output Structures and Examines the use of the 2650’s versatile set of 1/O instructions and the
Interfaces interface between the 2650 and I/O ports. A number of application
examples for both serial and parallel I/O are given.
TN 064 Digital cassette interface for a 2650 Interface hardware and software for the Philips DCR digital cassette

microprocessor system

drive.

© 1978 N.V. Philips” Gloeilampenfabrieken

This information is furnished for guidance, and with no guarantees as to its accuracy or completeness; its publication conveys no licence under any patent or other right, nor
does the publisher assume liability for any consequence of its use; specifications and availability of goods mentioned in it are subject to change without notice; it is not to be
reproduced in any way, in whole or in part, without the written consent of the publisher

Printed in The Netherlands

Date of release: 2 January 1978 TBL

9399 500 06901



