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Table A-3. SCMP Instruction Summary (Continued)

Instruction/Mnemonic

Operation/Description

Assembler Format

Execution Time
(Microcycles)

ENABLE INTERRUPT,

7, L L1 1110

00000101

DISABLE INTERRUPTS

7y L1119

0000O0OT1O00

COPY STATUS TO AC

7 1111119

00000110

COPY AC TO STATUS

AL

00000 111

NO OPERATION

7) 1111119

00001000

IEN(05)

DINT(04)

CSA(06)

CAS(07)

NOP(08)

(IE) =1

The Interrupt Enable (IE) Flag in the Status Register
(SR) is set; the remaining bits in SR are not affected.
The processor interrupt system is enabled. Interrupts
will be processed as received after the next instruction
is fetched and executed..

(IE)«0"
The Interrupt Enable (IE) Flag in the Status Register
(SR) is cleared; the other bits in SR are not affected.
The processor interrupt system is disabled. Interrupts
which occur while the system is disabled will not be
processed.

(AC)<—(SR)
The contents of the Accumulator (AC) are replaced
by the contents of the Status Register (SR). The

_ initial contents of AC are lost; the contents of SR

are not altered.

(SR)=—(AC)

The contents of the Accumulator (AC) replace the
contents of the Status Register (SR). SR bits 4 and

b are external sense bits and are not affected by this
instruction. The initial contents of SR (except for bits
4 and 5) are lost; the contents of AC are not altered.
If IE is changed from O to 1 by this instruction, the
interrupt system will be enabled after the next instruc-
tion is fetched and executed.

(PC)=—(PC) + 1

The Program Counter (PC) is incremented by 1. The
NOP instruction takes the minimum 5-microcycle ex-
ecution time. Undefined opcodes encountered are con-
sidered to be one-byte or two-byte NOPs and may take
5 to 10 microcycles to execute, depending on the code.

IEN

DINT

CSA

CAS

NOP

6

5 (min)
10 (max)
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DELAY DLY(8F) DELAY = 13 + 2 (AC) + 2 disp + 2° disp DLY 13 (min)

This instruction delays processing a variable length of 131593 (max)
- BYTE 1 I BYTE 2 time. The contents of the Accumulator (AC) and the
7y oot 1Y 11 g9 Displacement (disp) are considered unsigned binary

numbers (maximum value of each is 255). The num-
ber computed from the given equation is the execution
time in microcycles. The following table gives some
typical execution times. Range of delay is from 13 to
131593 microcycles.

10001111 disp

AC

0 25 50 75 100 125 150 175 200 225

13 63 113 163 213 263 313 363 413 463
527 577 627 677 727 777 827 877 927 977
1041 | 1091 | 1141 | 1191 | 1241 | 1291 | 1341 | 1391 | 1441 | 1491
1565 | 1605 | 1655 | 1705 | 1755 | 1805 | 1855 | 1905 | 1955 | 2005
2069 | 2119 | 2169 | 2219 | 2269 | 2319 | 2369 | 2419 | 2469 | 2519
2583 | 2633 | 2683 | 2733 | 2783 | 2833 | 2883 | 2933 | 2983 | 3033
3097 | 3147 | 3197 | 3247 | 3297 | 3347 | 3397 | 3447 | 3497 | 3547
3611 | 3661 | 3711 | 3761 | 3811 | 3861 | 3911 | 3961 | 4011 | 4061
4125 | 4175 | 4225 | 4275 | 4325 | 4375 | 4425 | 4475 | 45256 | 4575
4639 | 4689 | 4739 | 4789 | 4839 | 4889 | 4939 | 4989 | 5039 | 5089
5153 | 5203 | 52563 | 5303 | 5353 | 5403 | 5453 | 5503 | 5553 | 5603

disp
© 0 N O O A WN = O

-
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To determine AC and disp for a specific number of microcycles (m) use the following

equations:
disp = truncate ((m—13)/514)

AC =((m—13)—514(disp))/2

Using these equations, the delay time will be either exact or one microcycle less than
the required number of microcycles.
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Appendix B

SC/MP INTERFACE WITH KEYBOARD AND DISPLAY

B.1 INTRODUCTION

Figure B-1 schematically shows how SC/MP can be used to
interface with a keyboard and a display. The interface logic
uses standard components and is capable of full numeric
and partial alphabetic display.

B.2 DESCRIPTION

The keyboard is a matrix of single-contact (N.O.) push-
button switches arranged in a 6—by—8 array. The input
matrix could be a typewriter keyboard, a calculator key-
board, or even a musical-instrument keyboard. Although
the example shown uses a 48-key array, the same interface
concepts may be used for switching arrays of other sizes.

Information is read from the keyboard by software scan-
ning. A row is driven with an open-collector inverter from
the address bus. When a switch closure is made, the bit in
the corresponding column is pulled down to a logic ‘0’.
This signal is inverted by the DM8834 and is read onto the
data bus when the interface is selected and the read strobe
(RDS*) is low. Accordingly, a logic ‘1’ appears in the bit
positions corresponding to closed switches.

The keys can be read simultaneously to determine if any
switches are closed. Reading of the matrix is accomplished
by setting the 6 lower bits of the address high and perform-

B-1

ing a load from the keyboard-display interface. If there
are no switch closures, the contents of the accumulator is
zero. If a key is pressed (switch closed), the software per-
forms a keyboard scan to determine the key that is de-
pressed. In the software example that follows, the switch
is binary represented in memory location SWITCH.

As shown in figure B-1, the display is a standard calculator-
type display (NSA1198). The display is driven directly by
the DM74175 latches. Decimal point and segment data are
sent out over the data bus. Because segment decoders are
not used, a lookup table to decode the decimal-point and
segment data must be provided by user software. These
data are latched when the keyboard interface is selected
and the write strobe (WDS¥*) is low; at the same time, the
display digit is selected by ABOO through ABO7. While
writing into the display, no more than one address bit
should be high. (Note: to avoid digit flicker, the display
must be continuously refreshed.) Larger displays may be
used if additional segment and digit drivers are used.

To select the keyboard-display interface, an address de-
coder or one of the most significant address bits can be
used. The CONT, NHOLD, and NRST signals are ORed
together; so if the processor is halted or cleared, the display
is blanked. Refer to the following flowcharts and sample
program for one possible software implementation of this
system.



SCAN
KEYBOARD

SET SWITCH
VALUE =0

I

READ IN
ALL KEYS

WAIT ~ 5 MS
AND INITIALIZE
SWITCH VALUE

ARE
ANY PRESSED

,’l LOOP:

-

DISPLAY

READ IN
DIGIT
POINTER

POINTER = 0
NO

SET POINTER
TO NUMBER
OF DIGITS

WAIT 5 MS AND
READ ALL KEYS

ARE ANY
PRESSED

ADD 8 TO READ IN
SwiTCH NEXT ROW
VALUE
NO YES
YES NO
() - {snir:
INCREMENT SHIFT ROW
SWITCH RIGHT
VALUE
SHIFTED
VALID RELEASE VALUE =0
RESET MODE

GO TO DISPLAY

Y

READ
NEXT DIGIT
FROM MEMORY

'

STORE IN
NEXT LED
DIGIT

SET MODE

TO SWITCH
PROCESSING

GO TO SCAN




THE DISPLAY ROUTINE STORES THE NEXT
DECODED DIGIT INTO THE APPROPRIATE

SEVEN SEGMENT DISPLAY.

THE DIGITS HAVE BEEN DECODED BY THE USER'S
PROGRAM AND ARE STORED IN MEMORY LOCATIONS
POINTED TO BY P2 AND THE CORRESPONDING
OFFSET “DIGSEL".

LDI FPLOC 3 FPLOC IS LOCATION OF PANEL
XPAH P3 3 P3 POINTS TO PANEL

LDI 0

XPAL P3 3 CLEAR P3L

DLD DIGSEL(P2) 5 DIGSEL IS APPROPRIATE OFFSET
JINZ NEXT

LDI 01 5 SET UP DIGDRV

ST DIGDRV(P2)

LDI 8 s RESET DIGSEL TO NO. OF DIGITS
ST DIGSEL(P2)

XAE ; DIGSEL TO E

LD -128(pr2) s READ DECODED DIGIT INTO AC
XAE 3 SAVE DIGIT IN E

LD DIGDRV(P2) 3 DIGDRV TO AC

RR ; ROTATE INTO NEXT LOCATION

ST DIGDRV(P2) 3 SAVE NEW VALUE

XAE 3 DIGDRV TO E

ST -128(P3) ; STORE AC INTO NEXT ODIGIT

“e or wr v ws e

THE KEYBOARD SCAN ROUTINE SCANS
48 KEYS AS A 8 X 6 MATRIX.

THE RESULT IS A BINARY NUMBER
STORED IN MEMORY LOCATION “SWITCH"

ccL ; CLEAR CARRY

LDI 0

ST SWITCH(P2) ; CLEAR SNITCH WORD

LD 03F(P3) ; READ ALL KEYS

Jz NONE ; IF = 0, NO KEYS ARE PRESSED
LD KEYMD(P2) ; READ IN KEY MODE

INZ DISPLA 5 IF NOT 0, WAITING FOR RELEASE
DLY 5 ; DEBOUNCE ABOUT 5 MS

LDI 020 ; INITIALIZE ROW ORIVER

XAE ; ROW DRIVER TO E

LD -128(P3) ; READ ROW INTO AC

INZ SHIFT ; IF NOT ZERO, VALID KEY FOUND
LD SWITCH(P2)

ADI 8 ; INCREMENT SWITCH BY 8

ST SWITCH(P2)

XAE ; ROW DRIVER TO AC

RR ; ROTATE FOR NEXT DIGIT

Jz DISPLA ;

JNP Loop

SR

Jz DONE ; IF = 0, SWITCH IS DECODED
XAE ; SAVE IN E

LD SWITCH({P2) ; INCREMENT SWITCH VALUE

XAE ; RECALL WORD FOR NEXT SHIFT
JMP SHIFT ; REPEAT PROCESS UNTIL = 0

LD KEYMD(P2) ; READ IN KEY MODE

3z DISPLA ; IF 0, NOT WAITING RELEASE
oLY 5 ; DEBOUNCE RELEASE 5 MS

LD 03F(P3) ; READ ALL KEYS

INZ DISPLA ; IF 0, KEY RELEASE IS VALID
ST KEYMD(P2) ; SET KEY MODE = 0 ON RELEASE
JMP DISPLA ; GO TO DISPLAY ROUTINE

Lo1I 1 ; SET KEY MODE = 1 FOR RELEASE
ST KEYMD(P2) ; SCAN ON NEXT PASS

.PAGE

THIS IS THE LOOKUP TABLE USED TO GENERATE
DISPLAY CODES FOR THE MULTIPLEXED SEVEN
SEGMENT DISPLAYS

.BYTE 03F 3 "o"
.BYTE 006 I
.BYTE = 05B ;2
.BYTE 04F I
.BYTE 066 HEN
.BYTE 060 3 5"
.BYTE 070 ; "6"
.BYTE 007 R
.BYTE Q7F ; "8"
.BYTE 06F 3 "9”
.BYTE 077 3 "A"
.BYTE 07¢C 3 “B"
BYTE 039 N
BYTE 05E H
BYTE 079 i "EY
BYTE 07 3 "F"



NS Electronics SDN BHD

Batu Berendam

Free Trade Zone

Malacca, Malaysia

Telephone: 5171 .

Telex: NSELECT 519 MALACCA (c/o Kuala Lumpur)

National Semiconductor Corporation
2900 Semiconductor Drive

Santa Clara, California 95051

(408) 732-5000

After March 8, 1976, call (408) 737-5000

TWX: 910-339-9240

National Semiconductor GmbH
808 Fuerstenfeldbruck
Industriestrasse 10

West Germany

Telephone: (08141) 1371
Telex: 05-27649

National Semiconductor (UK) Lid.
Larkfield Industrial Estate
Greenock, Scotland

Telephone: GOUROCK 33251
Telex: 778 632

REGIONAL AND DISTRICT SALES OFFICES

ALABAMA

DIXIE REGIONAL OFFICE

3322 Memorial Parkway, S.W. Z67
Huntsville, Alabama 35802

(205) 881-0622

TWX: 810-726-2207

ARIZONA

ROCKY MOUNTAIN REGIONAL OFFICE
7353 Sixth Avenue

Scottsdale, Arizona 85251

(602) 945-8473

TWX: 910-950-1185

CALIFORNIA

#NORTH-WEST REGIONAL OFFICE
1333 Lawrence Expressway, Sete 258
Santa Clara, California 85057
(408) 247-6397
TWX: 910-379-6432

#L0OS ANGELES REGIONAL OFFICE
Valley Freeway Center Builliding
15300 Ventura Boulevard, Scite 305
Sherman Oaks, Californiz 87403
(213) 783-8272
TWX: 910-495-1773

#SOUTHERN CALIFORNIA REGIONAL OFFICE
17452 Irvine Boulevard, Scite M
Tustin, California 92580
(714) B32-8113
TWX: 910-595-1523
DISTRICT OFFICE
8333 Clairemont Mesa Siwd_ Seite 273
San Diego, California 32111
(714) 565-8411
TWX: 910-335-1568

CONNECTICUT
DISTRICT OFFICE

MID-ATLANTIC REGIONAL SALES OFFICE
Piersall Bldg., Suites 21£-215

Wilton Center

Wilton, Connecticut 06887

(203) 762-0378

TWX: 710-479-3512

INTERNATIONAL SALES OFFICES

AUSTRALIA

#NS ELECTRONICS PTY,LTD.
Cnr. Stud Road & Mountain Highway
Bayswater, Victoria 3153
Telephone: 03-728-8333
Telex: 32096

BELGIUM

NATIONAL SEMICONDUCTOR SELGIUM
789 Ave, Houba de Strooper

1020 Bruxelles

Telephone: 02-478-3400

Telex: 61 007 Natsem B

CANADA

NATIONAL SEMICONDUCTOR
DISTRICT OFFICE

268 Wildcat Road

Downview, Ontario M3J 2NS
(416) 630-5751

TWX: 610-492-1337

DENMARK
NATIONAL SEMICONDUCTOR DENMARK
Nyhavn 69
1051 Copenhagen
Telephone: (1) 153110
Telex: 160 39

#Micropr S S

ialist Available

FLORIDA
=CARIBBEAN REGIONAL OFFICE

2721 South Bayshore Drive, Suite 121
Miami, Florida 33133

(305) 445-8309

TWX: 810-848-9725

ILLINOIS

SWEST-CENTRAL REGIONAL OFFICE

800 £ Northwest Highway, Suite 203
M Prospect, lllinois 60056

312) 394-8040

TWX: 910-589-3346

SWEST-CENTRAL REGIONAL OFFICE

P.0. Box 40073
Ingamapols, Indana 88260
817) S5-5822

7
TWX: 810-341-3300

MARYLAND
CAPITAL REGIONAL OFFICE

85 Aguahart Rd., Suite 204
Glen Bumie, Maryland 21061

(301) TE0-5220
TWX: 710-867-0508

MASSACHUSETTS
*NORTH-EAST REGIONAL OFFICE

=8 Wallis Ct.

Lexington, Massachusetts 02173

{517) 861-6090

TWX: T10-332-0166

MICHIGAN

REGIONAL OFFICE

27850 Farmington Rd.
Farmington Hills, Michigan 48024
(313) 477-0400

TWX: 810-242-2902

MINNESOTA

DISTRICT OFFICE

8053 Bloomington Freeway, Suite 101
Minneapolis, Minnesota 55420

(512) 888-3060

Telex: 290-766

BRITAIN
SNATIONAL SEMICONDUCTOR (UK) LTD.
18 Goldington Rd.
Bedford
Telephone: 0234-211262
TWX: 826209

FRANCE

NATIONAL SEMICONDUCTOR FRANCE
Expansion 10000

28 rue de la Redoute

92-260 Fountenay Aux Roses
Telephone: 660.81.40

Telex: NSF 25956F +

GERMANY
#NATIONAL SEMICONDUCTOR GmbH
8000 Munchen 81
Cosimastr. 4/1
Telephone: 089/915027
Telex: 05-22772

HONG KONG
NS ELECTRONICS (HONG KONG) Ltd.

8th Floor Cheung Kong Electronic Bldg.
4 Hing Yip Street

Kwun Tong

Kowloon, Hong Kong
Telephone: 3-411241-8
Telex: 73866 NSE HK HX
Cable: NATSEMI

P50M16

NS Electronics (PTE) Ltd.
No. 1100 Lower Delta Rd.
Singapore 3

Telephone: 630011

Telex: NATSEMI RS 21402

NEW JERSEY

DISTRICT OFFICE

140 Sylvan Avenue

Englewood Cliffs, New Jersey 07632
(201) 461-5959

TWX: 710-991-9734

AREA OFFICE

14 Commerce Drive
Cranford, New Jersey 07016
(201) 272-3344

TWX: 710-996-5803

DISTRICT OFFICE

304 Haddon Avenue
Haddonfield, New Jersey 08033
(609) 629-5704

NEW YORK

CAN-AM REGIONAL OFFICE
104 Pickard Drive

Syracuse, New York 13211
(315) 455-5858

REGIONAL OFFICE (IBM cnly)
576 South Road, Rm. 128
Poughkeepsie, New York 12601
) 462-2380

OHIO

DISTRICT OFFICE
Financial South Building
5335 Far Hills, Suite 214
Dayton, Ohio 45429
(513) 434-0097

TWX: B10-458-1615

TEXAS

*SOUTH-CENTRAL REGIONAL OFFICE
13773 No. Central Expressway, Suite 1132
Dallas, Texas 75231
(214) 690-4552
TWX: 910-867-4741

WASHINGTON
DISTRICT OFFICE

300 120th Avenue N.E.
Building 2, Suite 205
Bellevue, Washington 98005
(206) 454-4600

ITALY

#NATIONAL SEMICONDUCTOR SRL
Via Alberto Mario 26
20146 Milano
Telephone: (02) 4 69 28 64/4 69 23 /1
Telex: 36-540

JAPAN
#NATIONAL SEMICONDUCTOR JAPAN
Nakazawa Building
1-19 Yotsuya, Shinjuku-Ku 160
Tokyo, Japan
Telephone: 03-359-45T1
Telex: J 28592

SWEDEN
#NATIONAL SEMICONDUCTOR SWEDEN

Sikvagen 17
13500 Tyreso-Stockholm
Telephone: 08/7 1204 80
Telex: 11293

TAIWAN

NS ELECTRONICS (HK) LTD.
TAIWAN LIAISON OFFICE

Rm. B, 3rd Fl., Ching Lin Bldg.
#5-7 Ching Tao E. Road

P.O. Box 68-332 Taipei
Telephone: 3917324-6

Telex: 22837 NSTW

Cable: NSTW TAIPE!

©1976 NATIONAL SEMICONDUCTOR CORP. PRINTED IN U.S.A.

-




