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Definitions

Data sheet status

Objective specification | This data sheet contains target or goal specifications for product development.

Preliminary specification | This data sheet contains preliminary data; supplementary data may be
published later.

Product specification | This data sheet contains final product specifications.

Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134).
Stress above one or more of the limiting values may cause permanent damage to the device.
These are stress ratings only and operation of the device at these or at any other conditions
above those given in the Characteristics section of the specification is not implied. Exposure to
limiting values for extended periods may affect device reliability.

Application information

Where application information is given, it is advisory and does not form part of the specification.

Life support applications

These products are not designed for use in life support appliances, devices, or systems where
malfunction of these products can reasonably be expected to result in personal injury. Philips
Semiconductors” customers using or selling these products for use in such applications do so on
their own risk and agree to fully indemnify Philips Semiconductors for any damages resulting from

such improper use or sale.
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1 Introduction

hitag - is the name of one of the universal and powerful product lines of our 125 ikitiz fa

The contactless read/write system that works with passive transponders is suitable for various
applications. Inductive coupling helps you to achieve operating ranges up to 1000 mm and the use
of cryptography guarantees highdatasecurity.

Anticollision Mode, which is used only in long range operation, allows you to handle several
transponders that are within the communication field of the antenna at the same time, thus
achieving highest operating security and permitting to handle several data transfers quickly and
simultaneously. In this context anticollision becomes an essential element of applications such as
ski-ticketing and long range access control. With applications of that typk @ways happen
thatseveral transponders arrivetire communication field ofthe antenna at treame time.

Nevertheless, the proximity application also prevents any type of malfunction even if several
transponders arrive the communication field othe antenna at treame time.

The HITAG product family is used both in the proximity area (operating range up to about
200 mm) and in the long range area (operating range up to about 1000 mm). In both cases the
HITAG Core Module forms the centrpért.

The most outstanding features of the HITAG Long Range Reader Module are:

* easy integration

* high noisammunity

* small size

» uncomplicated interfaces
» very powerful RF-part

Thefollowing paper describes the reader hardware, interfaces and connection of the antenna.

Htrm800.doc/HS Page 5 of 23



[ ™
hltag Long Range Reader Module HT RM800 Rev. 5.0 February 1997

2 System Overview

Thefollowing drawing showshe HITAG Long Range Reader Module as part cbaplete
Radio Frequency ldentification (RFID) system.

I/ O - Function

(key, LED) Power Supply

HITAG
HOST Long Range
Reader Module

Transponders

2.1 Transponders

The HITAG Reader Module can communicate with Philips Semiconductors’ HITAG 1 and
HITAG 2 transponders as well as with further 125kHz transponders as for example the
MEM(H400x) transponders. You use software commands to switch the device from being used as
read/write device for HITAG transponders to a read device for e.g. the YUEM(H400x)
transponders and the othveay round.

2.2 Host

The connection to the host (e.gquC or PC) is a serial interface on RS232 level (version
HT RM800/AED) for data transmission. Optionally wired interface drivers for CMOS (version
HT RM800/EED) and RS485 (version HT RM800/CED) are integrated on the Reader Module.

2.3 1/O - Functions

Oneline of the HITAG Reader Module is wired as input freng. switches, one asitput to
drive a LED.
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2.4 Connecting the Antenna

The antenna has to be mounted infallewing way:

Antenna

ANT

HITAG
Long Range C
Reader Module

GND

C is used for tuning the antenna. For more detailed information please see Chapter 6.1 (Building
HITAG Long Range Antennas).

2.5 Behaviour with Several Transponders

If several HITAG 1 transponders arrigmultaneouslywithin the communication field of the
antenna of a HITAG Long Range Reader Module, all the HITAG transponders (theoretically up
to 2%) within the communication field of the antenna can be read and written simultaneously.
Because of the mutual influence of the transponder coils - they detune each other if there are too
many too close to each other - the number of the transponders that can be operated
simultaneously is limited.

If several HITAG 2 transponders arriggmultaneouslywithin the communication field of the
antenna of a HITAG Long Range Reader Module, the ,stronger” transponder (the nearer one)
takes over or - under special circumstances - no communication takes place. If the transponders
arrive in the field one after the other, communication is established with the first one, all the other
transponders are ignored. This ensures that no two (or several) HITAG 2 transponders will ever
be processed (above all written to!) accidentally at the same time. By muting a selected HITAG 2
transponder (HALT Mode) another HITAG 2 transponder that is to be found in the
communication field of the antenna can be recognized.
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3 Specifications

3.1 Electrical Specifications

3.1.1 Power Supply

The Reader Module contains some filtering circuits for the power supply. Nevertheless some
requirements are to be fulfilled by the powepgly. This means the maximum ripple of the supply
voltages £ 15V) must not exceed thalues listed irthefollowing table.

frequency of maximum amplitude

the ripple f [kHZ] of the ripple u [MVrws]
0<f<05 48
0.5<f<20 7
20<f<120 36
120<f<130 12
130<f 48

3.1.1.1 Current Specification

Ityp Imax Istby
+ 15V 400 mA 550 mA 200 mA
- 15V - 300 mA - 400 mA - 100 mA
lyp ... typicalcurrent
Imax ... Mmaximumcurrent
Istby ... typical standbyurrent

F1

~ T
standard
net
Fliter
~ — optional 1

— F1: depends on the

type of transformer
F2: 800mA delayed
F3: 800mMmA delayed

4xTN400T

TN40DT ‘

I
N
T2uH 3A
A _— 7815 1oV

I [ L5 1oL

“TzzoouF | 100MF T 100nF THoura0v [ 190nF  Togue ey
4oV To

il

+ +
Tosoour | 100NF T 100nF THour 40V TTT100NF Thour ey I::I Tk
40V To

© _— 7915 eV
T2uH 3A
N
A1

1N4QO1

Instead of a transformer type supply unit (see above), a switching frequency power supply unit
can be used alternatively. The switching frequency mustthe irange of:
165 kHz < §ien < 210 kHz (over temperature, load and production)
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3.1.2 Modulation
3.1.2.1 Reader Module O Transponder

Type of Modulation Modulation Ratio
amplitude shift keying (ASK) 100 %

Thatmeanghe carrier idlanked completelytheinformation is located itheintervals between
the pauses.

3.1.2.2 Transponder O Reader Module

Type of Modulation Modulation Ratio

amplitude shift keying (ASK) depending on the distance between
transponder and Reader Module

3.1.3 Interface

An interface driver for RS232 (version HT RM800/AED) is integrated on the HITAG Reader
Module.

Optionally driversaare CMOS (version HT RM800/EED) and RS485 (version HT RM800/CED).

3.1.4 Metallic Environment, Interferences and other Readers

The communication range is impaired by metallic environment and electromagnetic interfer-ences
(e.g.: monitors, keyboards). Therefore, you should keep a distance of at least the antenna’s
diameter to metallic suates or loops as well as to electromagnetic interferences. If this is not
possible, you have to take preventive measures such as using ferrites or shielding for transponder
and antenna. The HITAG Long Range Reader Module is able to suppress up to two harmonic
electromagnetic disturbances. In order to be able to operate two systems side by side without
negative influence on communication ranges, you must place the antennas at a minimum distance.
To keep this distance low, magnetic shielding must be realized. This topic is handled in detail in
the Design Instruction: Antenna Design for the HITAGong Range System.

3.1.5 Temperature Range

» -25° Cto +70° C (operating)
« -40° C to +85° C (storage)
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3.2 Mechanical Specifications

3.2.1 Mechanical Dimensions
Thefollowing drawing (not to scale) shows thaterdimensions othe HITAG Reader Module

with the four mounting hole$op view (component side).

Mg

88,90 mm

100,00 mm

[cos ]

= 1C15

|

ST

1C20

[T | R

B 1C14

oL

A
A

152,86 mm

5,56 mm

358mm o | g

160,00 mm

Thedimensions ofhe PCB are 160 x 100 mm. The heigbes noexceed 43 mm.

Page 10 of 23 Htrm800.doc/HS



e ™
December 1996 Rev. 5.0 hltag Long Range Reader Module HT RM800

3.2.2 Pin Assignment

Thefollowing drawing (not to scale) shows thi assignment ahe HITAG Long Range
Reader Moduletop view).

ST1
CMOUT| |o o| GND
CMIN| |o o|GND
INT1| |o 0| INT2
CMOSIN| | o o] CMOSOUT
GND| [o ol GND
RXD| [o o| TXD
GND| [o ol GND ST2
+15VIN| |o o| +15VIN
GND| [o ol GND ANT| ©
-15VIN| [0 o -15VIN GND| ©
O O

In the lower left corner of the PCB a connector is fixed (ST1) for connecting the power supply,
the serial interface anthe general purpose inppihs.
ST2 in the lower right corner of the PCB is used to connedctriteana.

Pindescription:

Pin Type Description Commend
+15VIN PWR
-15VIN PWR power supply
GND PWR
RXD IN serial interface
TXD ouT RS232 standard mounting
INT1 IN/OUT serial interface option
INT2 IN/OUT RS485 standard as per
CMOSIN IN CMOS agreement
CMOSOUT ouT interface
CMIN IN pins for
CMOUT ouT general purpose
ANT ouT pins for connection
GND ouT of the antenna
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4 Description of the Reader Module Functions

4.1 Block Diagram

125 kHz o amplifier voltage
sine generator NS limiter
antenna
digital signal filter and

processor unit

demodulator

%>_@ CMOUT
- Line driver microcontroller
serial interface RS232 (?F (H\'tag Core
e RS485 optiondl Module) %—e CMIN
F15Y o L . +15V
voltage -~ —15V
GND o0& regulator 1 ©ND
unit L . BV

-5V

1BV o]

4.1.1 Sine Generator, Amplifier and Voltage Limiter

For transmitting power and data to the transponder a sine signal is switched by the micro-
controller and amplified. The amplifier is designed as a current source. A voltage limiter is used to
clampthe outputvoltage of theamplifierduring the decay and transient phases ositine signal.

4.1.2 Microcontroller

The microcontroller (placed in the Hitag Core Module) processes the protocol for the
communication between the transponders and the read/write unit. The interface signals are
converted so that the transponders are able to process them and the outgoing signals from the
transponders are converted into interface-compatiptels.

The second essential microcontroller function is its control function. The microcontroller acti-
vates and deactivates the transmitter and switches the receiver between the modes for the
different transponders reception.

Additional functions of the microcontroller are controlling the standby mode of the amplifier,
detection of detuned or broken antennas (antenna malfunction) and controlling of the input and
output forgeneral purpose.
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4.1.3 Interface: Microcontroller - HOST

The device communicates with the host (processor, PC, ...) via a seriaciatesfng a baud rate
of 9600 baud. Data transfer details are: 1 start bit, 8 data bits, 1 stop bit and no parity bit, the
LeastSignificant Bit issent first.

An RS232 interface device is connected to the reader module. Optionally a CMOS or an RS485
device is possible.

4.1.4 Receiver

After filtering and demodulation of the amplitude modulated signal received from the trans-
ponder the received data are converted and passed to the digital signal processing unit (DSP) for
further processing.

4.1.5 Digital Signal Processing Unit (DSP)

The receiving part of the reader module includes bandpass filters which attenuate disturbances
(8dB attenuation at 105 kHz and 145 kHz). For disturber frequencies near the 125 kHz (e.g.

harmonics of the line frequency of PC monitors, long wave transmitters) a fourier trans-formation

is used to recognize harmonic disturbers and to eliminate their influence. The DSP is also
responsible for separating the responses of different transponders during anticollison cycles
(multiple transponder operation).

4.1.6 Voltage Regulator Unit

The voltage regulator unit supplies after filtering all parts of the reader module with the required
voltages.

4.1.7 Antenna
To the design of HITAG Long Range Antennas see Chapter 6.1.

4.2 Standby Mode

The HITAG Long Range Reader Module offers a software controlled standby mode. This mode
can be activated and deactivated by the host system via serial interface. During the standby mode
theamplifier ofthe reader module is turneff andthe power consumption decreasdesstically.
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5 Postal Approval and Disturbers

5.1 Postal Approval

The postal approval can only be granted for final products, not just for components like the
HITAG Reader Module. But the reader module is designed in a way that it is possible to get the
postal approval for device includinghe HITAG Reader Module.

Electromagnetic emissions comply with the guidelines in FTZ 17 TR 2100, ETS 300 330 and
ETS 300 683, electromagneiomunity complieswith the guidelines in ETS 300 683.

EMC, EMI Standards
Thefollowing configuration is in compliance witlhhe European Telecommunication Standards:
» HITAG Long Range Reader Module

» Powersupplyaccording to the recommendationchmapter 3.1.1 (transformer)
* Antenna :50 x 70 cm, number tofrns N=26, inductivity L=1.2 mH

Thefollowing measurements have been passed:

EMI: ETS 300330, September 1994 (FTZ 17 TR 2100)
RFI-Emissions:  Limit class Bccording to EN 55022, 1987

Immunity: RFElectromagnetic Fieldccording to ENV 50140
80 MHz - 1000 MHz: 3 V/m, AM 80 %, 1 kHz

Electrostatic Discharge according to IEC 801-2, 1991
Contact discharge: 4 k\4jr discharge: 8 kV

Electrical Fast Transients (Burst) according to IEC 801-4, 1988
Signalports: 0.5 kV, DC-power ports: 1 kV, AC-power ports 2 kV

RF Common Mode according to ENV 50141
Currentclamp injection 150 kHz - 80 MHz: 3 s, AM 80 %, 1 kHz

Voltage Dips and Interruptions according to IEC 1000-4-11
Reduction of 30 % of UN for 10 ms, of 60 % of UN for 100 ms,
voltage interruption for 5000 ms

Surges, Common and Differential Mode according to IEC 1000-4-5
AC-power input ports: 1kV (lines-to-ground), 0.5 lhé-to-line)
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5.2 Periodic Disturbers

There are a couple of possible sources for disturbances for a 125 kHz system like HITAG. The
HITAG Long Range Reader Module is designed to handle this problem and achieve optimal
performance undevorstconditions.

Long Wave Transmitters, other 125 kHz systems and PC monitors are examples for periodic
disturbers which can be relevant for 125 kHz systems. lifrinate these disturbers the digital
signal processing unit issed.

After the Start FFT command is sent to the reader module a Fast Fourier Transformation (FFT) is
started to locate periodic disturbers. After about 110 ms this calculation is finished and for the
following communication between reader module and transponder the located disturbers are
eliminated. The command FFT should be executed as often as the applaiiivs.

Note:

» The DSP is able to suppress upvi@ harmonic electromagnetic disturbances.

e During FFT is running (about 110 ms) communication with a transponder
is not possible.
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6 Connection of the HITAG Reader Module

In the lower right corner of the PCB of the reader module the connector for the antenna is fixed
(ST2).

6.1 Building HITAG Long Range Antennas

The antenna is an important part of the HITAG Long Range System. The antenna must provide
energy and data transmission between reader and transponder. Therefore, you should be
particularly careful when implementirige antenna inrder toachieve optimum results.

6.1.1 Basics
HITAG Long Range Reader Module
coax cable
amplifier +
voltage limiter U f::c! _
0 C
Y
L
Rs
— antenna
Xs,eff
Uo,peak < 10V
6.1.2 Specifications
30< Q<60 .ciiiiiiiiiiciiieee e, guality factor;
400 pH < L <1200 pH..........c....s inductance of theoill;

6.1.3 Recommended Antenna Cable and Length

The length of the antenna cable should be limited with five meters. In case of longer cables a type
with low capacitance and resistance must be used. For standard applications a coaxial cable is
recommended (%0-coaxial cable for standard applications an@ 7& 95 Q-coaxial cable for

special applications).
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6.1.4 Tuning of the Antenna Current

According to the layout diagram of Chapter 3.2 the potentiometer R72 is used to tune the current
driven through the antenna. The default setting is 200 mA. It is not customary to change this
value. However, if you want to change the current for a special application, please notice that the
range for Y is

| Uopeak< 10 V |

6.1.5 Tuning of the Antenna Phase

The signal from a transponder is delayed by the decay time of the antenna of the reader module.
To achieve optimal performance this signal and the digital signal processing unit of the reader
module must be synchronous. Thus it is necessary to store a phase information called "Bit Clock
Delay" (BCD), which is a function of the quality factor and the inductance (reactance) of the
antenna connected to the reachedule.

Equivalent circuit of the antenna:

©

ik
Rs
I Xs,eﬁ

O
Rs ...  effective series resistance
X eff ...  effective series reactance
Q ... qualityfactor

The default setting is 7 which is suitable in most of the cases. Apart from that, the user is able to
change the BCD value. The reader module includes a non volatile memory (EEPROM) to store
the bit clock delay. To load the BCD value to the reader modulthenandSetBCD is used.

HITAG ANTENNA TUNING DEVICE:
Especially for our HITAG product line the HITAG Antenna Tuning Device was designed. This
Tuning Device can be used for tuning HITABoximity and HITAG Long Range Antennas.

6.1.6 Antenna Malfunction Indication

If the antenna is broken or badly detuned, the antenna overload bit is set. This bit can be read by
the hosssystem viagheserial interface by usinipe ReadLRStatusommand.
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6.1.7 Additional Notes

The following list is a summary about HITAG Long Range Antennas, the exact way how to
design a HITAG Long Range Antenna is described in the docurAemérina Design for the
HITAG O Long Range Systerh

» Philips Semiconductors lays high emphasis on the research of antenna development.

» The choice of various antenna shapes (the electrical parameters) is characteristic to 125 kHz
systems.

* The knowledge is transferred to Philips Semiconductors customers, in order to enable them to
design and build antennas which fit best for the particular applications (antenna trainings).

» Solutions can be found for almost every environmental scene. (Metal, periodic disturbers,
special antenna shapes.

Possible arrangements of antennas:

Reader
Unit

SingleLoop Antenna Gate Antenna
ﬂ ﬂ
Unit
Reader
| U Sone
Double Gate Antenna Antenna Multiplex

The different arrangements are suitable for different applications. So the single loop antenna is
used for standard arrangements.

The gate antenna is used for typical access control applications, for access control during passing
through the gate.
The double gate antenna is similar to the gate using two rows.

An antenna multiplex system is a cost efficient application, because one reader drives many
antennas. The number of multiplexed antennas is only limited by timing restrictions.

By changing the arrangement of the antenna, the total system performance and reliability can be
significantly improved. As an example: building gate antennas with opposite magnetic orien-tation
leads to a very reliable system.
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6.2 Possible Sources of Errors by Connecting the HITAG

Long Range Reader Module

The following error list should be checked if any error (e.g. read/write distances that do not reach
the specified values) occurs:

Power supply cable not mounted correctly.

Power supply not in the specified range (see 3.1.1)

Serial interface not connected correctly.

Interference received by the antenna because of an external noise source (e.g. monitor,
keyboards).

Remedial measure: Removal of the antenna from the interfering area, 8t tRET
command

Connecting cables of the antenna changed by mistake.
Antenna is mounted in metal environment.
Remedial measure: Mount a non-metal space keeper between the antenna and the metal.

Antenna is not designed following the antenna design instructions.
Inductance of the antenna is not in the specified range.
Quiality factor of the antenna is not in the specified range.

Command names mentionned in the previous chapters are fully described in the document:
»,HT CM400, HT RM440 Family, HT RM800 Family Interface Protocol Reader - Host*
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7 Security Considerations

Developing the HITAG System special consideration was given to aspects of security. The
following items represent the fundamental framework of the security concept:

* cryptography

* mutual authentication

» password verification and

» Cyclic Redundancy Check (CRC)

7.1 Operating Security

The following mechanisms ensure the operation security of the HITAG system.

7.1.1 Anticollision Mode

Anticollision Mode in long range applications permits you to process several HITAG 1 trans-
ponders simultaneously. Theoretically up & RIITAG 1 transponders can be processed simul-
taneously. In practice this number is limitedcause of the mutual influence of the transponders -
they detune each other, if there are too many too close to each other.

In long range applications using HITAG 2 transponders, only one transponder is handled even if
there are several transponders within the communication field of the antenna. In this case either no
communication takes place or the "stronger" or closer transponder takes over. By muting a
selected transponder (HALT Mode) another transponder that is to be found in the communi-
cation field of the antenna can be recognized.

7.1.2 Monitoring the Supply Voltage of the HITAG Long Range Reader
Module

Supply voltage is controlled by a watch dog circuit which triggers a system reset if the supply
voltage of the HITAG Core Module drops below 4.75 V or if the microcontroller fails.

7.1.3 Antenna Rupture, Antenna Short Circuit

The HITAG Long Range Reader Module does not get permanently damaged in case of an
antenna rupture or a brief antenna short circuit. The detection of detuned or broken antennas
(antenna malfunction) is possible.
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7.2 Data Privacy

The use of cryptography (Stream Cypher), mutual authentication, and password verification
prevents monitoring and copying the data channel. Therefore, the area of the transponder that
only can be accessed enciphered is called “secret area“.

To make use of cryptography for HITAG 1 transponders you need keys and logdata.

Keys are used tmitialise the crypto block
andlogdata are used fomutual authentication.

To make use of cryptography for HITAG 2 transponders you need a key and passwords.

TheKey is used tonitialise the crypto block using HITAG 2 in Crypto Mode
andpasswordsare used foauthentication for HITAG 2 in Password Mode.

The transponders and the HITAG Proximity Reader Module are provided with identical transport
keys and transport logdata so that you can start operating them right away.

The Keylnit Password is set to 0x00000000, HITAG 1 Keys and Logdata are set to 0x00000000,
HITAG 2 Key is set to 0x4D494B524F4E, HITAG 2 Password TAG to OxAA4854 and
HITAG 2 Password RWD to 0x4D494B52 by ils Semiconductors (predefinelansport
values).

In order to offer our OEM clients high flexibility, the configuration of the transponder memory,
password, keys and logdata can be changed.

We strictly recommend to rigorously restrict these possibilities for the end customers (by setting
the configuration page to read only, setting password, keys and logdata to neither read nor write).
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8 Ordering Information

HITAG Long Range Reader Modules:

Type Name

Description

Ordering Number

HT RM800/AED

RS232 Interface

9352 338 40122

HT RM800/CED

RS485-Interface

9352 338 50122

HT RM800/EED

CMOS-Interface

9352 338 60122
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Tel. +3592 689 211, Fax. +3592 689 102

Canada: Philips Semiconductors/Components,

Tel. +1800 234 7381

China/Hong Kong : 501 Hong Kong Industrial Technology Centre,
72 Tat Chee Avenue, Kowloon Tong, HONG KONG,

Tel. +85223 19 7888, Fax. +85223 19 7700

Colombia : see South America

Czech Republic : see Austria

Denmark : Prags Boulevard 80, PB 1919, DK-2300 COPENHAGEN S,
Tel. +4532 88 2636, Fax. +4531 57 1949

Finland : Sinikalliontie 3, FIN-02630 ESPOO,

Tel. +3589 61 5800, Fax. +3589 61 580/xxx

France : 4 Rue du Port-aux-Vins, BP 317, 92156 SURESNES Cedex,
Tel. +331 40 99 6161, Fax. +331 40 99 6427

Germany : Hammerbrookstra3e 69, D-20097 HAMBURG,

Tel. +4940 23 53 60, Fax. +4940 23 536 300

Greece: No. 15, 25th March Street, GR 17778 TAVROS/ATHENS,
Tel. +301 4894 339/239, Fax. +301 4814 240

Hungary : see Austria

India: Philips INDIA Ltd., Shivsagar Estate, A Block, Dr. Annie Besant Rd.

Worli, MUMBAI 400018, Tel. +9122 4938 541, Fax. +9122 4938 722
Indonesia : see Singapore

Ireland : Newstead, Clonskeagh, DUBLIN 14,

Tel. +3531 7640 000, Fax. +3531 7640 200

Israel : RAPAC Electronics, 7 Kehilat Saloniki St., TEL AVIV 61180,
Tel. +9723 645 0444, Fax. +9723 649 1007

Italy : Philips Semiconductors, Piazza IV Novembre 3,

20124 MILANO, Tel. +392 6752 2531, Fax. +392 6752 2557

Japan: Philips Bldg. 13-37, Kohnan 2-chome, Minato-ku, TOKYO 108,

Tel. +813 3740 5130,Fax. +813 3740 5077

Korea: Philips House, 260-199, Itaewon-dong, Yonsan-ku, SEOUL,
Tel. +822 709 1412, Fax. +822 709 1415

Malaysia : No. 76 Jalan Universiti, 46200 PETALING JAYA, Selangor,
Tel. +60 3750 5214, Fax. +603 757 4880

Mexico : 5900 Gateway East, Suite 200, EL PASO, Texas 79905,

Tel. +9 5800 234 7381

Middle East: see ltaly

Netherlands : Postbus 90050, 5600 PB EINDHOVEN, Bldg. VB,
Tel. +3140 27 82785, Fax +3140 27 88399

New Zealand : 2 Wagener Place, C.P.O. Box 1041, AUCKLAND,
Tel. +649 849 4160, Fax. +649 849 7811

Norway : Box 1, Manglerud 0612, OSLO,

Tel. +4722 74 8000, Fax. +4722 74 8341

Philippines : Philips Semiconductors Philippines Inc.,

106 Valero St. Salcedo Village, P.O.Box 2108 MCC, MAKATI,
Metro MANILA, Tel. +632 816 6380, Fax. +632 817 3474

Poland : Ul. Lukiska 10, PL 04-123 WARSZWA,

Tel. +4822 612 2831, Fax. +4822 612 2327

Portugal : see Spain

Romania : see Italy

Russia : Philips Russia, Ul. Usatcheva 35A, 119048 MOSCOW,
Tel. +7095 247 9145, Fax. +7095 247 9144

Singapore : Lorong 1, Toa Payoh, SINGAPORE 1231,

Tel. +65350 2538, Fax. +65251 6500

Slovakia : see Austria

Slovenia : see ltaly

South Africa : S.A. Philips Pty Ltd., 195-215 Main Road Martindale,
2092 JOHANNESBURG, P.0.Box 7430 Johannesburg 2000,

Tel. +2711 470 5911, Fax. +2711 470 5494

South America : Rua do Rocio 220, 5th floor, Suite 51,
04552-903 Sao Paulo, SAO PAULO - SP, Brazil,

Tel. +5511 821 2333, Fax. +5511 829 1849

Spain: Balmes 22, 08007 BARCELONA,

Tel. +343 301 6312, Fax. +343 301 4107

Sweden: Kottbygatan 7, Akalla, S-16485 STOCKHOLM,

Tel. +468 632 2000, Fax. +468 632 2745

Switzerland : AllmendstraRe 140, CH-8027 ZURICH,

Tel. +411 488 2686, Fax. +411 481 7730

Taiwan : Philips Taiwan Ltd., 2330F, 66,

Chung Hsiao West Road, Sec. 1, P.O.Box 22978,

TAIPEI 100, Tel. +8862 382 4443, Fax. +8862 382 4444

Thailand : Philips Electronics (Thailand) Ltd.,

209/2 Sanpavuth-Bangna Road Prakanong, BANGKOK 10260,
Tel. +662 745 4090, Fax. +662 398 0793

Turkey : Talapasa Cad. No. 5, 80640 GULTEPE/ISTANBUL,

Tel. +90212 279 2770, Fax. +90212 282 6707

Ukraine : Philips Ukraine, 4 Patrice Lumumba Str., Building B, FI. 7,
252042 KIEV, Tel. +38044 264 2776, Fax. +38044 268 0461
United Kingdom : Philips Semicond. Ltd., 276 Bath Road, Hayes,
MIDDLESEX UM3 5BX, Tel. +44181 730 5000, Fax. +44181 754 8421
United States : 811 Argues Avenue, SUNNYVALE, CA94088-3409,
Tel. +1800 234 7381

Uruguay : see South America

Vietnam : see Singapore

Yugoslavia : Philips, Trg N. Pasica 5/v, 11000 BEOGRAD,

Tel. +38111 625 344, Fax. +38111 635 777

Philips Semiconductors, Mikron-Weg 1, A-8101 Gratkorn, Austria Fax: +43 /3124 /299 - 270

For all other countries apply to : Philips Semiconductors, Marketing & Sales Communications, Internet:

http://www.semiconductors.philips.com

Building BE-p, P.O.Box 218, 5600 MD EINDHOVEN, The Netherlands, Fax: +3140 27 24825
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