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Using seven-segment LED displays
with the 2650 microprocessor

Seven-segment displays can provide a cheap and simple information display for use with microcomputers.
They are of particular use in displaying information such as error codes, status etc. to the operator. Of the
various types of seven-segment display available, the light emitting diode (LED) is the most common and

suitable for the present purpose.

LED display drive by a microprocessor

Most seven-segment LED displays can be driven directly
from an integrated circuit. The choice of common anode
or common cathode devices depends on the type of driver
IC used. The decoding from the microprocessor’s internal
BCD or hexadecimal code to that for the seven-segment
display can be performed either by hardware or by soft-
ware.

Static or dynamic drive?

Static drive to a display requires a separate latch/driver for
each segment of each digit. This provides a continuous
drive for each digit while placing the minimum load on the
microprocessor: the microprocessor only has to update
digits as they change. Any number of digits can be driven
in this system.

Dynamic drive to two or more displays involves the time-
-sharing of one driver/decoder device by all the digits. The
‘corresponding segments of the separate digits are inter-
connected via common segment lines to the decoder/
driver. Digit scanning is then performed by successive

activation of each digit’s common anode at the same time
as that digit’s segment information is presented by the
decoder/driver. If this procedure is repeated fast enough
(more than 70 times per second) the display will appear
flicker-free to the human eye.

When a number of digits (n) are driven dynamically, each
digit is activated 100/n per cent of the time. The maximum
number of digits that still provides an acceptable read-out
depends on the allowable peak segment current and the
average current to adequately light a segment. For the
CQY81 device, this number is about eight.

The dynamic drive method results in a system with
considerably less hardware than the static drive method,
but places a far greater load on the microprocessor, even
if the digit scanning is performed by hardware.

I/0 device addressing
The 2650 microprocessor can address data output devices

in three ways: non-extended I/0, extended I/O and
memory-mapped I/0.
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Non-extended I/O

The two non-extended output ports are addressed when

the microprocessor executes WITRD and WTRC instructions.
The signal ADR14-D/C provides selection of one of the
ports, C or D. Figure 1(a) shows the generation of a

suitable LE (Latch Enable) signal.

Extended I/O

The two-byte instruction WRTE provides addressing for
up to 256 external devices. The second byte of the
instruction is an eight-bit address that is output on the
address bus (ADRO to ADR7). Figure 1(b) shows the
generation of a suitable LE signal.

Memory-mapped I/O

The external device is addressed as if it were a memory
location. Obviously, the device address must be outside the
range used for memory addressing. Figure 1(c) shows the
generation of a LE signal.

M/10

ADR14-D/C
OPREQ
WRP

R/W

ADR13—E/NE

wWio *D

OPREQ

WRP
ADR13—E/NE
R/W

Yill]v

T

ADR7 —
[ ADDRESS
DECODER

ADRO —

I_|

M/i0
OPREQ
WRP
R/W

ADDRESS
DECODER

ADRO —

ADR14 —

I_|

Do

7274764

=

DADR

7274763

:}g

DADR

7274765

(a)

(b)

(c)

Fig. 1 Generation of LE (Latch Enable) signal. (a) With non-
extended I/0O. (b) With extended I/O. (c) With memory-mapped

I/0.

One-digit display with software decoding

A single seven-segment display is driven via two quadruple
D-type flip-flop ICs from the microprocessor data bus. The
circuit diagram is shown in Fig. 2. A software routine, see
Fig. 3, in the microprocessor’s memory converts BCD or
hexadecimal code into the seven-segment code. The code
to be converted is in the four least significant bits of R3.
Because the four most significant bits of R3 are zero,

R3 can be used as an index for the conversion table. Table 1
shows the conversion from hexadecimal to seven-segment
code. The LED display is addressed as non-extended
output port D, using the LE signal of Fig. 1(a).

TABLE 1 Hexadecimal and seven-segment codes

segment a b c d € f g dp
data bit B7 B6 B5 B4 B3 B2 Bl B0
Hexcods |

0 o 0 0 o0 0 o 1 1

1 1 0 0 1 1 1 1 1
2 0 0 1 0 0 1 0 1

3 0 0 0 O 1 i 0 1
4 1 0 0 1 1 0 0 1

5 0 1 0 0 1 0 0 1
6 0 1 0O 0 0 0 o0 1
7 0 0 0 1 1 1 | 1

8 o 0 0 O O 0 0 1
9 0 0 0 0 1 0 0 1
A 0 0 0 1 0 0 0 0
B 1 1 0O 0 0 O 0 o0
c 0 1 I 0 0 0 1 0
D 1 o 0 0 0 1 0 0
E 0 1 1 0 0 0 0 0
E 0 1 1 1 0O 0 0 o0

7 segment
code

in hex

03
9F
25
0D
99
49
41
1F
01
09
10
Co
62
84
60
70

0 means segment switched on.
1 means segment switched off.
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Fig. 2 Circuit diagram of a one-digit display with software decoding.
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TOTAL RSSEMBLY ERPORS = 000@

Fig. 3 Display drive routine for the circuit of Fig. 2.



One digit display with hardware decoding

The hardware decoding can be performed either by a PROM
or by a specially designed BCD-to-seven-segment decoder.

Display drive using a decoder device

Figure 4 shows an example of hardware decoding of the
microcomputer output using a decoder/driver and a
separate latch, and Fig. 5 an example using a combined
latch/decoder/driver. Current limiting resistors are
required when using the N7446A and N7447A, whereas
the N9734 has constant current outputs, thus avoiding
the need for limiting resistors.
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Fig. 4 Hardware decoding using a decoder/driver and separate latch.

Display drive using a PROM

A PROM such as the 82523 or 825123 can be used in
place of the decoder/driver in Fig. 4. Whereas most
decoder/drivers provide only BCD-to-seven-segment code
conversion, the PROM can be programmed to display
hexadecimal digits (0 to 9 and the letters A to F) and the
decimal point. These devices can sink a current of 16 mA,
allowing direct drive of the display via current limiting
resistors.

Locations 0 to 15 of the PROM are used to store the
conversion code. Table 2 defines the functions of the
PROM as a decoder. A zero bit value causes the correspond-
ing segment to be illuminated. If locations 16 to 31 are left
unprogrammed (all zeros) the most significant address line
performs a lamp-test function. When a word in the range

16 to 31 is addressed, all the segments will light. When the
CE input is high, all outputs will be high and the display
will be dark.
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Fig. 5 Hardware decoding using a combined latch/decoder/driver.



TABLE 2 Programming of PROM decoder

program in memory

dp
B7

a

segment

B1 B2 B3 B4 BS B6

BO

bit

inputs

A4 A3 A2 Al A0

CE

display

LT

OFF




Static multi-digit display

This is the most straightforward approach to driving a hardware decoding. Memory-mapped I/O is employed,
multi-digit display: each digit is driven by an independent assuming that the memory size is less than 16 kbytes so
latch. The decoding can be performed either by hardware that ADR14 can be used to select the output port. The
or by software; the software method will, however, system can display both BCD and hexadecimal symbols,
require twice as many output instructions as the hardware depending on the type of decoder used. Figure 7 shows a
method. Figure 6 shows an eight-digit static drive with listing of the program to drive this display.
| 1 1 I 1 1 -
I—l —1 I—l —l —] I—l |

7|
| A B A Vo B

j I s i

Ng734 N9734 N9734 N9734 N9734 N9734 N9734 N9734 aiehy

decoder/driver
' i 7 if 7 if

S—
—

Yo i Ya Qg O5 Og O5 04 O3 03 O

el 3 DIS2 DIS2
2 10 4 decoder s 8197

N74139 8797 Bl34

" si7ass buffer| 6 s lg 15 lg 13 1o 1

e gezpe % g 232883 3

g 5 RS > 5 5 5 DS 2 3

< < o o @ a @ @@ a @

o o o 0 o oo oo

7274769

ADR14-D/C

Fig. 6 Eight-digit static drive using hardware decoding.

TWIN ASSEMBLER VEP 2. 8 PHGE @001 6128 * LED DEVICES

(6] *
LINE RDDR OBJECT E SOURCE @822 @502 0704 ROUT  LODI,R3 4 SET INDEX

HAZ2 8984 BFd600 LOOP  LODA, P8 TBL,R3,- FETCH TWO BCD CODES
PE0L * DISPLAY DRIVE POUTINE 8024 @567 CFES®8 STRA. F@ *IADR, R3 OUTPUT THIS CODES
B062 * THIS ROUTINE DRIVES A STATIC 8 DIGIT 7 SEGMENT A5 @50R SB78 BRNR,RZ LOOP  TEST AND ERANCH IF NOT
Az * LED DISPLAY THE LED DISPLAYS AFE ADDPESSED RS P26 % ALL DIGITS WRITTEN
ougd * MEMORY ( MEMORY MAFPED 170 ) THE TWO LEAST #A27 950C 48 HALT
aaS * SIGNIFICANT ADDRESSBITS SELECT THE FOLP PRIRS 0928 *
g5 * OF LED DISPLAYS THE MOST SIGNIFICANT RDDRESS w29
anar * BIT SELECTS MEMORY OR MEMOFY MAPFED 1D 059 *
8268 *  ADR 14 = B - MEMORY 6051 * RAM MEMORY
aae9 * AR 14 =1 -2 10 32 * TBL CONTRING THE INFOPMATION WHICH HAS TO
0418 ¥ 2933 * BE DISPLAYED.
58 * DEFINITIONS OF SYMBOLS: 8934 2580 0RG H’ 668"
012 0a09 L EQU 8 PROCESSOR REGISTERS #A35 08 TBL FES 5 4 THO MOST SIGNIFICANT DIGITS
ai1s 90a3 r3 EQy 3 0936 0681 TR RES 1
B814 * w837 8662 TRL2 FES i)
20195 a438 ACO3 TBL3 FES 1 LEAST SIGNIFICANT DIGITS
Buie * 09439 9500 B 1RDR
17 * PROGRAM MEMORY
@618 0000 ORG H’500” TOTAL RSSEMBLY ERFORS = 6009
w319 @508 4008 IADR  DATA H'4@. 08" INDIRECT RDDRESS

Fig. 7 Listing of the program to drive the display of Fig. 5.



Dynamic multi-digit display

This approach uses only one decoder/driver which is
time-shared by all the digits. The digit scanning can be
performed either by software or by hardware. The software
scanning method, however, requires 100% of the CPU’s
time while the display is activated. Thus, the choice of
scanning method will depend upon the particular
application.

Sixteen-digit display with software scanning

Figure 9 shows the circuit diagram of a dynamically
driven 16-digit display, scanned in a loop of eight pairs of
digits by the software. The digits are divided into two
groups of eight, each group being driven via a BCD-to-
decimal decoder from four bits of the data bus. The
microprocessor can thus drive one digit from each group
simultaneously by a single write instruction. Digit scanning
is performed by a three-bit counter and BCD-to-decimal
decoder/driver, providing eight chip enable signals. The
counter is incremented each time a pair of digit codes are
clocked into the flip-flops. The counter is reset by the
RESET signal of the 2650. The digit codes must be output
by the software in the correct sequence to remain
synchronized with the counter. The listing of the software
is given in Fig. 8.

THIN ASCEMBLER VER 2 8 PRGE #601

LINE ADDR OBJECT E SOURCE

5001

8002

0003

6004

6985

Be9E

BaB7

221

069

6610

2561

0812

8812

Bo14

0615

@1e

oe1?

0918 0808

6819 803
0820 8003

0021

vez2

ez

8424 0008
4325 8509 6788
mze

waz7

BU29 @584 FRTE
i)

aAzy 9566 BF4600
eazz

B2 A5H9 F8
2434 B58A S5B76
(X1

o926 B58C 1B72
ez

938

w39

349

22058

Bo42 A50E
943 900
344 8601
0345 BEA7
0946 9582

* DISPLAY DRIVE ROUTINE.

* THIS ROUTINE DRIVES R DYNAMIC 16 DIGIT 7 SEGMENT
# LED DISPLAY, OF WHICH THE TIMING IS DOME BY

* SOFTWARE. THE DISPLAY 1S ADDRESSED WITH NON

* EXTENDED OUTPUTPORT D. THE PROCESSOR SCANS

* CONTINEQUSLY THE DISPLAY. IT CAN BE STOPFED BY
* AN INTERRUPT OR BY INSERTING A TEST AND A BRANCH
* IN THE SCRHNING LOOP

* IN BOTH CRSES THE CONTENTS OF INDEX PEGISTEP R3
* HAS T0 BE SAVED. NWITH A INTERRUPT ALSO R® HAS TO
* BE SAVED.

¢ THE INITIRLIZATION OF REGISTER R3 HAS T0 BE

* DONE RFTER A RESET.

* LABEL “ENTRY’ IS THE START OF THE ROUTINE WHEN
¢ THE INITIRLIZATION IS DONE.

*

* DEFINITIONS OF SYMBOLS:

R EQ ] PROCESSOR REGISTERS
R3 EQu 3
W EQ 3 BRANCH COND. - UNCONDITIONAL
*
* PROGRAM MEMORY
0PG H’500*
INIT  LODL,R3 8 INITIARLIZE RFTER RESET
* OF RESET INDEX

*
LOOP  LODI,R® 168 RESET DELAY COUNTER
DELAY BOPR, k8 DELAY DELAY OF 388 CYCLES
.
ENTRY LODA, R® TBL,R3,- FETCH TWO BCD CODES

* (UT OF THE DATA TABLE
WRTD. k8 OUTPUT THIS CODES
BRNR,R3 LOOP  BRANCH IF SCAN LOOP

* IS NOT RERDY

BCTR,UN INIT  CONTINUE WITH PESET INDEX
.

* PAM MEMORY
& TBL CONTRINS THE INFORMATION WHICH HAS T0
* BE DISPLAYED.

ORG L

TRL  RES 1 THO MOST SIGNIFICANT DIGITS
RES 6
RES 1 LEAST SIGNIFICANT DIGITS
END LOOP

TOTAL ASSEMBLY ERRORS = 0000

Fig. 8 Listing of the program to drive the display of Fig. 9.
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Sixteen-digit display with hardware scanning

In the circuit of Fig. 11, as in the previous example, the
digits are driven two at a time in two groups of eight. A
hardware clock is used to generate program interrupts,
causing entry to the display service routine every 1,8 ms.
The chip enable signals are decoded from the three least
significant address lines from the 2650.

The execution time of the interrupt routine listed in

Fig. 10 is approximately 100 us (2650 clock frequency

= 1,25 MHz). This represents 5,5% of the microprocessor’s
time, while providing a continuous display. The peak
current in the LEDs in the circuits of Figs 9 and 11 is

160 mA. With the duty ratio of 1: 8, the average segment
current is 20 mA, resulting in an easily read display.

TWIN RESEMELEF VEP 2.8 PAGE 6081

LINE ADDF OBJECT E SOURCE

ARAL * DISPLAY DRIVE ROUTINE.
0682 * THIS ROUTINE DPIVES R DYNAMIC 16 DIGIT 7 SEGMENT
[ * DISPLAY SYSTEM OF WHICH THE TIMING IS DONE WITH
B98¢ * A PEAL TIME INTERRUPT CLOCK
a0n5 * THE CONTENTS OF INDEX REGISTER R2(REG. BANK1)
[0 * HRS TO BE SAVED BETWEEN TWO INTERRUFTS.
a7 * PEGISTER R3(BANKL) IS SUPPOSED TO BE FPEE FOR
oeve * SAVING PSL. THE LED DISPLAYS APE ADORESSED AS
({T5] * MEMOPY (MEMORY MAPPED 1/0) THE THREE LERST
[T * SIGNIFICANT ADDRESSBITS SELECT THE EIGTH PAIRS
A1l * OF LED DISPLAYS THE MOST SINIFICANT ACDRESS
BeLz * BIT SELECTS MEMORY OR 1/0.
(56 *
550) * DEFINITION OF SYMBOLS:
A5 Aana Fé EW 8 PPOCESSOR REGISTERS
oa1e AAn2 4 EQU 2
w7 e k2 EQ) 2
ao1e mas N 2<1] k! BRANCH COND. UNCONDITIONAL
(23 EQ) H’48’  PEGISTER BAMK SELECT
= RfM MEMORY
PG H’608”
SAVE  RES 1 MEM. LOCATION TO SAVE R@
TBL  PES - TWO MOST SIGNIFICANT DIGITS
RES 6
PES 1 THO LERST SIGN. DIGITS

* INTEFRUPT SERVICE ROUTINE
0FG H’508’

INTR  PPSL RS REG BANK 4
STRA,RG SAVE  SAVE Re
SPEL SAVE PSL IN R3
STRZ  R3

LODA, k8 TBL, R2, - FETCH CODES QUT OF
STRA, k9 *«[ADR, k2 THBLE AND QUTPUT THEM
BRNR,R2 INTB  TEST INDEX

LODI,R2 8 SET INDEX

*

INTB LO0Z R3 FESTORE PSL
Bide LPSL
fadl @9 LODA, RB SAYE  RESTORE RO
AA42 BS1E 4700 ANCT,R3 HCB”  RECONSTRUCT COND. CODE
W4T S TS1 CFeL kS FEG BANK 8
w44 B51A 17 FETE, N FETURN, ENABLE  INTERRLPS
Bads *
Aids AR 4009 IADF  ACON  H’4880’ INDIRECT RDDRESS OF DISPLAY
47 * INITIRLIZATION
A5 @10 7718 INIT  PPSL RS PEG BANK 1
43 BS1F wees LODI.R2 8 SET INDEX R2
ey ASE1 T cPL RS REG BAN 8
aAs1 2588 END INTR

TOTAL ASSEMELY EPPORS = G000

Fig. 10 Interrupt routine for the circuit of Fig. 11.
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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.
AS52 Binary Arithmetic Routines Examples for processing binary arithmetic addition, subtraction, multiplication, and
division with the 2650.
AS54 Conversion Routines e FEight-bit unsigned binary to BCD
e Sixteen-bit signed binary to BCD
e Signed BCD to binary
e Signed BCD to ASCH
e ASCII to BCD
e Hexadecimal to ASCII
e ASCII to Hexadecimal
ASS55 Fixed Point Decimal Arithmetic Methods of performing addition, subtraction, multiplication and division of BCD
numbers with the 2650.
SP50 2650 Evaluation Printed Circuit Board Detailed description of the PC1001, an evaluation and design tool for the 2650.
(PC1001)
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 NCSS Step-by-step procedures for generating, editing, assembling, punching, and simulating
Timesharing System Signetics 2650 programs using the NCSS timesharing service.
SP53 Simulator, Version 1.2 Features and characteristics of version 1.2 of the 2650 simulator.
SP54 Support Software for use with the General Step-by-step procedures for generating, editing, assembling, simulating, and punching
Electric Mark III Timesharing System Signetics 2650 programs using General Electric’s Mark III timesharing system.
SP5S The ABC 1500 Adaptable Board Computer Describes the components and applications of the ABC 1500 system 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 and RAMs, such
Techniques as the 2608, 2606 and 2602.
MP54 2650 Input/Output Structures and Examines the use of the 2650’s versatile set of /O instructions and the interface
Interfaces 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 drive.
microprocessor system
TN 069 2650 Microprocessor keyboard interfaces Simple interfaces for low-cost keyboard systems.
TN 072 Introducing the Signetics 2651 PCI Description of the 2651 Programmable Communications Interface IC.
Terminology and operation modes
TN 083 Using the Signetics 2651 PCI with popular Simple hardware interfaces to use the 2651 Programmable Communications

microprocessors

Interface with various microprocessors.
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Chile: PHILIPS CHILENA S.A., Av. Santa Maria 0760, SANTIAGO, Tel. 39-40 01.
Colombia: SADAPE S.A., P.O. Box 9805, Calle 13, No. 51 + 39, BOGOTAD.E. 1., Tel. 600 600.
Denmark: MINIWATT A/S  Emdrupvej 115A, DK-2400 KOBENHAVN NV., Tel. (01) 69 16 22.
Finland: OY PHILIPS AB, Elcoma Division, Kaivokatu 8, SF-00100 HELSINKI 10, Tel. 172 71.
France: R.T.C. LARADIOTECHNIQUE-COMPELEC, 130 Avenue Ledru Rollin, F-75540 PARIS 11, Tel. 355-44-99
Germany: VALVO, UB Bauelemente der Philips G.m.b.H., Valvo Haus, Burchardstrasse 19, D-2HAMBURG 1, Tel. (040) 3296-1.
Greece: PHILIPS S.A. HELLENIQUE, Elcoma Division, 52, Av. Syngrou, ATHENS, Tel. 915311.
Hong Kong: PHILIPS HONG KONG LTD., Comp. Dept., Philips Ind. Bldg., Kung Yip St., K.C.T.L. 289, KWAICHUNG, N.T. Tel. 12-24 51 21.
India: PHILIPS INDIALTD., Elcoma Div., Band Box House, 254-D, Dr. Annie Besant Rd., Prabhadevi, BOMBAY-25-DD, Tel. 457 311-5.
Indonesia: P.T. PHILIPS-RALIN ELECTRONICS, Elcoma Division, 'Timah' Building, JI. Jen. Gatot Subroto, JAKARTA, Tel. 44 163
Ireland: PHILIPS ELECTRICAL (IRELAND) LTD., Newstead, Clonskeagh, DUBLIN 14, Tel. 63 33 55
Italy: PHILIPS S.p.A., Sezione Elcoma, Piazza IV Novembre 3, 1-20124 MILANO, Tel. 2-6994.
Japan: NIHON PHILIPS CORP., Shuwa Shinagawa Bldg., 26-33 Takanawa 3-chome, Minato-ku, TOKYO (108), Tel. 448-5611.
(IC Products) SIGNETICS JAPAN, LTD., TOKYO, Tel. (03) 230-1521.
Korea: PHILIPS ELECTRONICS (KOREA) LTD., Philips House, 260-199 Itaewon-dong, Yongsan-ku, C.P.O. Box 3680, SEOQUL, Tel. 44-4202
Mexico: ELECTRONICA S.A.de C.V., Varsovia No. 36, MEXICO 6, D.F., Tel. 5-33-11-80
Netherlands: PHILIPS NEDERLAND B.V., Afd. Elonco, Boschdijk 525, NL-4510 EINDHOVEN, Tel. (040) 79 33 33.
New Zealand: Philips Electrical Ind. Ltd., Elcoma Division, 2 Wagener Place, St. Lukes, AUCKLAND, Tel. 867 119
Norway: ELECTRONICA A/S., Vitaminveien 11, P.O. Box 29, Grefsen, OSLO 4, Tel. (02) 1505 90
Peru: CADESA, Jr. llo, No. 216, Apartado 10132, LIMA, Tel. 27 73 17.
Philippines: ELDAC, Philips Industrial Dev. Inc., 2246 Pasong Tamo, MAKATI-RIZAL, Tel. 86-89-51 to 59.
Portugal PHILIPS PORTUGESA S.A.R.L., Av. Eng. Duharte Pacheco 6, LISBOA 1, Tel. 68 31 21
Singapore: PHILIPS SINGAPORE PTE LTD., Elcoma Div., POB 340, Toa Payoh CPO, Lorong 1, Toa Payoh, SINGAPORE 12, Tel. 5388 11.
South Africa: EDAC (Pty.) Ltd., South Park Lane, New Doornfontein, JOHANNESBURG 2001, Tel. 24/6701.
Spain: COPRESA S.A., Balmes 22, BARCELONA 7, Tel. 301 63 12.
Sweden: A.B. ELCOMA, Lidingévagen 50, S-10250 STOCKHOLM 27, Tel. 08/67 97 80.
Switzerland: PHILIPS A.G., Elcoma Dept., Edenstrasse 20, CH-8027 ZURICH, Tel. 01/44 22 11
Taiwan: PHILIPS TAIWAN LTD., 3rd Fl., San Min Building, 57-1, Chung Shan N. Rd, Section 2, P.O. Box 22978, TAIPEI, Tel. 5513101-5.
Turkey: TURK PHILIPS TICARET A.S., EMET Department, Inonu Cad. No. 78-80, ISTANBUL, Tel. 4359 10
United Kingdom: MULLARD LTD., Mullard House, Torrington Place, LONDON WC1E 7HD, Tel. 01-580 6633.
United States: (Active devices & Materials) AMPEREX SALES CORP., Providence Pike, SLATERSVILLE, R.I. 02876, Tel. (401) 762-9000.
(Passive devices) MEPCO/ELECTRA INC., Columbia Rd., MORRISTOWN, N.J. 07960, Tel. (201) 539-2000.
(IC Products) SIGNETICS CORPORATION, 811 East Arques Avenue, SUNNYVALE, California 94086, Tel. (408) 739-7700.
Uruguay: LUZILECTRON S.A., Rondeau 1567, piso 5, MONTEVIDEO, Tel. 943 21.
Venezuela: IND. VENEZOLANAS PHILIPS S.A., Elcoma Dept., A. Ppal de los Ruices, Edif. Centro Colgate, Apdo 1167, CARACAS, Tel. 36 05 11.
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