



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































should be buffered before driving
the transducer. An LED or
beeper connected to the IC is
either controlled directly by the
IC, with signals generated by
successful decodes, or controlled
by the host system. The tone of
the beeper can be configured to
one of 16 tones, or can be
silenced.

Power Requirements

The decoder IC is operated from a
+5 volt DC power supply. the
maximum current draw is 24
mA. The maximum power
supply ripple voltage should be
less than 100 mV, peak-to-peak.

Idle Mode

The IC automatically reduces
power consumption whenever
there is no scanning or decoding
activity, or when there is no
activity on the I/O port. See
Table 4.

Manual

The HBCR-1610 Series Users
Manual (HBCR-1697) covers the
following topics:

« Specifications and Timing
Diagrams

o Pin Definitions and
Schematics

o General Scanning Tips
« Configuration and Operation

« Escape Sequence
Programming

+ Data Output Formats

wr U orm

« Sample Bar Codes

¢ I/O and Pacing
Characteristics

Table 1. Recommended Operating Conditions

Parameter Symbeol | Minimum Mﬁximum Units | Notes

Supply Voltage v cc 4.5 5.5 v 1

Ambient Temperature T ‘A -40 +85 °C

Oscillator Frequency F osc DC 16.000 MH:z 2
Notes:

1. Maximum power supply ripple of 100 mV peak-to-peak.
2. The IC can use either an 11.059 or a 16.000 MHz crystal or ceramic resonator. The
FRQ pin selects the frequency that matches the oscillator.

Table 2. Absolute Maximum Ratings

Parameter Symbol | Minimum | Maximum | Units | Notes

Storage Temperature TS - 55 +150 °C

Supply Voltage v c - 05 +7.0 v

Pin Voltage VIN - 0.5 v et 0.5 v 3
Note:

3. Voltage on any pin with respect to ground.

Table 3. Ordering Information

Part Number Description

HBCR-1610 CMOS, 40 pin DIP, bulk shipment, no manual
HBCR-1611 CMOS, 44 pin PLCC, bulk shipment, no manual
HBCR-1612 CMOS, 40 pin QFP, bulk shipment, no manual
HBCR-1697 HBCR-1610 Series Users Manual

Option AO1 IC individually bagged, no manual

Option BO1 IC individually boxed with manual and data sheet
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IC Configuration

The default configuration is set
when the IC powers up or when a
Hard Reset command is received.
Default configuration of many of
the options is dependent on the
logic states of IC pins, as shown
in Table 5. A complete

FRQ Pin

The FRQ pin is used to tell the IC
what frequency oscillator is
attached to the IC. Using the
higher frequency allows greater
maximum scan speeds, but
causes the IC to draw slightly
more supply current. If the state

IOM Pin

The IOM pin selects between the
serial and parallel I/O mode of
the IC. Depending on the state of
the IOM pin, definitions of several
configuration pins change or
move to new positions.

description of the pins and all of the FRQ pin does not match
possible configurations is in the the actual oscillator, beeper tones, IoM 1/0 Mode
Users Manual. More complete LED flash length, parallel port
and flexible configuration is timing, and serial port baud rates Parallel
achieved using escape sequence are adversely affected. 1 Serial
commands.
There are two pins that cause FRQ | Oscillator Frequency
significant changes in the IC
operation. 0 16.000 MHz
1 11.059 MHz
Escape Sequences Table 7. Escape Sequences
The following set of escape
sequences are used to control the Escape Sequence Function
IC and change its default
configuration. Note that all Ec.y<n>b Good Read Beep Tone
configuration changes will be lost Ec-y<n>d Serial Intercharacter Delay
after a Hard Reset, or after power EcE Hard Reset
up. Detailed information on how Ec.y<n>f Bar Code Symbology Selection
to formulate and use escape Ec-y<n>g Check Character Options
sequences is given in the Users Ec.y<n>h Decoding Options
Manual. Ec.y<n>j Single Read Mode
Ec-y <n>k Single Read Control
Ec-y<n>1 LED Control
Ec.y<n>m Interleaved 2 of 5 Length
Ec-y <n> O <n characters> Trailer Selection
Ec-y<n>q Code ID Characters
Ec.y<n>s Status Request
Ec-y<n>t Sound Tone
Ec-y<n>w Scanner Enable
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Table 4. DC Characteristics
(T, =0°Cto +70°C,V,_ = 4.5V to 5.5V, V__ = OV)

HBCR-1610, 1611, 1612

Symbol | Parameter 1610 Pins 1611 Pins 1612 Pins Min. Max. Units | Test Conditions
Input Low
V; 1 1l I -0.5 02V_-0.1 v
IL Voltage # 8 8 cc
Input High except except except
v 02V_ +09 V., +05 v
H | voltage 9,19 10, 21 4,15 cc cc
Input High
Vn_“ Voltage 9,19 10, 21 4,15 0.7 vcc Vec +05 v
-8, 10- X -3,5,7-13
v()L Output Low 1-8, 10-17, 2-9, 11, 1-3, 5, 7-1. 045 v IOL - 16mA
Voltage 21-28 13-19, 24-31 18-25, 40,44
Output Low
vOLl Voltage 32-39 36-43 30-37 0.45 v IOL =32mA
24 \% Iy = - 60 A
Output High 1-8, 10-17, 2-9,11, 1.3,5,7-13
V, 075V v =-25
OH | vVoltage 21-28 13-19, 24-31 18-25, 40-44 cc lon A
09 Vcc v IOH =-10 pA
24 v Ty = - 400 pA
Output High OH
VOHI Voltage 32-39 36-43 30-37 0.75 Vcc v IOH =-150 pA
09V, v Tog = -40 A
I Input Low 1-8,10-17, 2-9, 11, 1-3,5,7-13, 50 A Vi = 045
Current 21-28 13-19, 24-31 18-25, 40-44
Input Leakage
LU | corrent 32-39 36-43 30-37 +10 pA |V SVINEV,
Pulldown
R, 9 10 4 50 150 K
RST Resistor
Supply Current 18 mA Scanning
ke | 10.059MH 0 u“ 8
- z 4 mA | Idle
. Supply Current 0 “ 8 24 mA Scanning
cc 16.000 MHz
6 mA Idle

Table 5. Summary of Features and Configurations — HBCR-1610 series

. Default Setting
Feature Function or Value Serial Mode Parallel Mode
When a symbology is enabled, bar codes Depends on pins:
Bar Code Symbology of that type can be read, assuming C3g, 125, UPC All codes enabled
other decoding options are satisfied. CDB and C28.

Interleaved 2 of 5

Length variable from 4 to 32, or specific

Variable, 4-32

Variable, 4-32

Label Length lengths from 2 to 32, or 6 or 14 only

For Code 39 Depends on pin @ Depends on pin @
Check Character For Interleaved 2 of 5 Depends on pin 12C Depends on pin 12C
Verification For Code 128 1 Enabled Enabled

For UPC/EAN ¢ Enabled Enabled
Check Chara ctér For Code 39 and Interleaved 2 of 5 Depends on pin CST Depends on pin CST
Transmission For UPC/EAN Enabled Enabled

For Code 128 t Enabled Enabled
t Not configurable
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Table 5. Summary of Features and Configurations — HBCR-1610 series

(continued) -
. Default Setting
Feature ction or Value Serial Mode Parallel Mode
Extended Code 39 Converts paired Code 39 data . =on . R
Enable characters to Full ASCII characters Depends on pin EX3 Depends on pin EX3
UPC vs. UPC/EAN UPC/EAN UPC/EAN
UPC E expansion to UPC A Depends on pin UEE Depends on pin UEE
UPC/EAN Decoding UPC E Version 1 autodiscrimination Depends on pin U_E_1 Depends on pin UET
Options UPC/EAN supplemental digits Depends_on pins US2 Disabled
and US5
UPC/EAN check digit Transmitted Transmitted
UPC/EAN output format Standard Standard
Codabar Start/ Transmits or suppresses Codabar . .
Stop Transmission start/stop characters Depends on pin CSS Depends on pin CSS
Baud Rates 1200, 2400, 4800, 9600 Depends on pins BRO | _
and BR1
. L1 Depends on pins PTO .
Parity 0’s, 1’s, even, odd and PT1 0’s
Stop Bits lor2 Depends on pin STB -
XON/XOFF Pacing t Controls data flow on either port Enabled Enabled
Transmitted character | Controls 10 millisecond intercharacter Depends on pin ICD
Delay enable delay on the serial port P P B
. Cr, Cr'r, M1, ornone |
Trailer Selection String of characters appended Depends on pins TRO Cg
to the decoded message (4 maximum) and TR1
Single Read Mode Controls when labels can be read Disabled Disabled
Code ID Character Controls the transmission of the . .
Enable Code ID characters before decoded data | Dio2Pied Disabled
Good Read Beep Controls the tone sounded when High or low pitch High or low pitch
Tone Selection a bar code label is read Depends on pin GRB Depends on pin GRB
LED Control Controls LED function: flash or Auto Flash Mode Auto Flash Mode
turn off after a label is read

t Not configurable
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Table 6. Summary of Commands — HBCR-1610 series

Feature Description

Scanner Enable When enabled, scans from a wand or a slot reader are decoded; otherwise, they are ignored.

Hard Reset Resets the IC as though it were just powered up. |

Self Test Failure An error message is transmitted over the serial port at 9600 baud at power up if the ‘

Message IC self test fails. \

Status Request Returns the version number of the software. |

Sound Tone Causes the IC to sound a tone of the selected pitch for 120 milliseconds. }
|
\
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Stand Alone Decoder
(Serial Mode)

+5V

8x10KQ

Vee

(o]

RST

BPR

733330703 958%433 258358

Notes:

1. Use the correct capacitor for either a
crystal or a ceramic resonator. See
Users Manual, page 2-16.

. See the pin diagrams for the pinout of
the decode IC. Pin numbers vary with
package.

. Volume of the beeper circuit is
adjustable by varying the value of the
500 Q pot.

4. The eight pull up resistors shown in

the sch tic are only dedifa
DIP switch is used. If the pins are

N

(2]

] strapped directly to ground or Vcc,
~ the resistors are not needed.
+5V ~— 5. The logic levels of the SDI scanner
] input is as follows: black = high,
1500 ~——o] D 10 4oin  Toout |L ™D white = low.

~—] RxD Roouwt  Rein |2 RxD

~—] ATS MlTiin - Tiout P4 RTS

~— cTs ‘f Riott  Ritin 12 cTs

47KQ C1+ c3
anoss LE0 C1 L] Ve B {+g\\; LT1081 or
ey -ri C1- vee 18 _45v Lrst
Alco+ v- €
10KQ o I 1 o
oI soi Tolee-  amo Jéi
XTAL 1 .
= o
F XTAL 2 GND Q
; g HBCR-161X
Surface Mount all of the surface mount ICs Hewlett-Packard cannot
IC Drying should undergo one of the guarantee the performance and
following baking cycles. The reliability of the parts.
Whenever Vapor Phase or parts MUST then be mounted )
Infrared Reflow technologies are within 48 hours. If the parts are Neither bake cycle can be
used to mount either of the not mounted within 48 hours, performed in the standard
surface mount packages, there is they must be rebaked. shipping tubes. The ICs must be
baked in an ESD safe,

a possibility that previously
absorbed moisture, heated very
rapidly to the reflow
temperatures, may cause the
package to crack from internal
stresses. There is a reliability
concern that moisture may then
enter the package over a period of
time, and metal corrosion may
take place, degrading the IC
performance.

To reduce the amount of absorbed
moisture and prevent cracking,

The total number of baking cycles

must not exceed two (2). If the
ICs are baked more than twice,

mechanically stable container,
such as an aluminum tube or
pan.

Cycle | Temperature Time
A 125°C 24 Hours
B 60°C 96 Hours

Note:

Cycle B must be done in an atmosphere of <5% relative humidity air or nitrogen.
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Stand Alone Decoder

|
J
(Parallel Mode) |
+5V
@ Vee +5V
~—C3C g
- i EA _—_}j 500 O Notes:
~—]cst 10 4F 1. Use the correct capacitor for either a
] 3_215 crystal or a ceramic resonator. See
~—rRa the Users Manual.
~—css 2. See pin diagrams for the pinout of the
%‘3 decode IC. Pin numbers vary with
Sl ) package.
— 3. Volume of the beeper circuit is
5y adjustable by varying the value of the
< 500 Q pot.
was CRD CRD 4. An alternative circuit using two
% b_w% T4HCT574 octal latches instead of the
s DbY g 7T4HCT646 is in the Users Manual.
kG TS RTS 5. The logic levels of the SDI scanner
2N5083 LED WR 11cAB  Veo % +5V input is as follows: black = high,
R }———231cBA  sBA ite =
PDR 2:1; oR S8 2 white = low.
PGB G Vss —2—‘]
PP7 1 {ag B8 |13 D8
45V PP6 101 a7 s7 P4 o7
PP5 9 1 A6 B6 |15 D6
PP4 81as Bs |18 D5
10KQ PP3 71ra B4 117 D4
PP2 61a3 B3 8 03
SDi Soi PP1 512 B2 {19 D2
XTAL 1 PPO 41a B1 |2 D1
[ oM
F XTAL 2 GND 74HCTE45
$ g HBCR-161X
Parallel I/0 Handshake
Commands received by the IC Protocol

1. The host indicates that a command is pending by lowering

ooV CDY.
1 \ / 4 . The IC indicates that it is ready for a command by lowering
2\

N

CRD.

The host outputs the command onto the data bus.

The host indicates that the data is stable by raising CDY.
The IC reads the command from the bus.

The IC indicates that the command was accepted by raising
CRD.

The host removes the data from the data bus.

S oA w

%)
g?—
o18)
32

=1
xo
<
@a

-

Dig 3\ 5 /

=

Data Transmitted from the IC Protocol

1. The IC indicates data is ready to be transmitted by lowering
RTS; RTS stays low until the last byte has been transmitted.

2. The host signals the IC that it is ready for data by lowering
Bov. ‘
The IC outputs data onto the bus. !
The IC indicates that the data is stable by lowering DWR. *
The host acknowledges that the data is received by raising 1
|

D.g 3\ /1 DDY.
6. The IC indicates the end of the output cycle by raising DWR. |
DWR AN

RTS

3

<
)

)

ot

[SAr )

7. The IC removes data from the bus.
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Serial Pinout

R TS BB VCluc
B[4 NI w0[]we TTTRRNGCS3 2PD
BR1[2 39:]039 § $B 1 0C ¢ 9 5 ¢C. B
STB[:, 38]|25 MM rrrir
_ / 6 5 4 3 2 1 44 43 42 41 40
cis[]4 37| upc
TS [ 5 36 [] cos B3 []7 O 39 []ces
Ba[]6 35 [] co8 cc[s 38 []Uz5
&7 3 [ Uzs i2¢ o a7 [ U5s
Bc[]s 33 [] UBs RsT []10 36 [] css
RST ]9 32 []css RxD [ 11 35 []EA +5v
O[]0 1610 3 [JEA +5v e []12 1611 a1]ne
D [] 11 30 [] ne ™D []13 a3[]NC
soi [ 12 29 []ne soi [ 14 32 ['NC
CsT[]18 28[]10M +5v csT 15 31[]10M +5v
Lep [ 14 27 [] R LD []16 30 [] 1
BPR [ 15 26 [] TRO BPR []17 29 [ TRO
GRB [ 16 25 [] P
E’E” 18 19 20 21 22 23 24 25 26 27 28 )
24 [] P10 L 3
XTALZEW 23 [] FRQ GTxngUUFPP
XTAL 1 []19 UEE RCTT s EERTT
22 || UEE B DAA s E 1 Qo0 1
Vss [ | 20 21 ] UET L L
2 1
Pin Mnemonics
SRR ETRE RN R ecoed D
S SB10C<c95CB TxD  Transmitted Data
BRO-BR1  Baud Rate Select
HABRARARAAS e
TRO-TR1  Trailer Characters Select
44 43 42 41 40 39 38 37 36 35 34 CTS  Clearto Send
- o) RTS  Request to Send
B3 [ ] |1 33T ]ce8 €39 Code 39 Enable
== s EX3  Extended Code 39 Enable
C3C 2 32 U2s
— N 125  Interleaved 2 of 5 Enable
¢ [T]3 st ]uss UPC  UPC/EAN Enable
RST I:]: 4 30 CsS CDB  Codabar Enable
20 _ C28  Code 128 Enable
D[] }5 EA +5V UEE  UPC E Expansion Enable
NC[T]s 1612 28 :D NC UET  UPC E Version 1 Enable
D EE 7 27 :D NC %S UPC2 ng:rl Sypplementals Enable
U5S  UPC 5 Digit Supplementals Enable
soi[T]s [T INC €SS Codabar start/stop char. Enable
CsT 9 25 IOM +5V STB  Stop Bits Select
EE o4 :D - C3C  Code 39 Checksum Enable
LED [T 10 [ ] 72C  Interleaved 2 of 5 Checksum Enable
BPR [ |11 23 [T ] R0 CST  Checksum Transmit Enable
SDI  Scanner Digital Input
i2 13 i4 5 16 17 18 19 20 21 2 iOM  i/0 Mode Sefect
RST  IC Reset
HEHHEEEEEEE SR Euena Pogran oo Erae
— GRB  Good Read Beep Tone Select
G T X XV NUUTFTZPP FRQ  Oscillator Frequency Select
RCTTs CEERTT LED  LED control line
B D t t s E1Qo01 BPR  Beeper control line
ICD  Intercharacter Delay Enable
2 1 XTAL1  Osciliator Input
XTAL2  Oscillator Input
A Power
cc
s Ground
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Parallel Pinout

18 19 20 21

1611 as [ ne

31 []10M +ov
30 |] Uss
29 |]u2s

Cro |1 \J/ 40 [] Ve
cov [ 2 39 [] pPo
owWR []3 38 []pP1
DD [ 4 a7 ] pr2
f‘_T__[5 36 []pra 56 []
33[6 35 [] Pra o]
ccl)7 34 |] pps [
zc[]s 3 [] prs RST[]
RST[] o 32 []rpp7 PGE []
paB [J10 1610 3'[]EA +sv ne []
POR [] 11 a0 [ne PR []
soi [] 12 29 []ne soi ]
CsT[]13 28 [] oM +ov ost[]
LED [] 14 27 |] UBS Lo []
8PR[] 15 2 [] 025 8PR ]
WR[]16 25 |] GrB
RO []17 24 [ css
xTaL 2 [] 18 23 []FRQ
XTAL 1 [] 19 22 [ UEe
Ves [] 20 21 [ GEF
RDDCT veepep
TDWDRNGCEPPPEP
S YRYDGCGcO1 2 3
REESE S
B3 1 O a3 [T pra
[ 2 32T ]rps
[ ] 31| T ]ppe
RST[ ] 4 o[ T )re?
PGB 5 29[ T ]EA +5V
NC%G 1612 [T NC
POR[ |7 27 TINC
soi[ T ]s % | [ ]NC
eST] | e 5[ T ]1OM +oVv
Lep [T |10 24| T]uss
BPR [ |11 = RS
12 13 14 15 16 17 18 19 20 21 22

]| 5|51 5]5[] ]S

WR X XV NTUTF G
RDTT s CEER SR
A A s E1QS B
L L
2 1
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Pin Mnemonics

FRQ
GRB
LED
BPR
XTAL1
XTAL2

Parallel Port Bus

Data Write handshake

Ready for data handshake
Command read handshake
Command ready handshake
Request to Send

Code 39 Checksum Enable
Interieaved 2 of 5 Checksum Enable
Checksum Transmit Enable
Extended Code 39 Enable

Data write

Data read

UPC 2 Digit Supplementals Enable
UPC 5 Digit Supplementals Enable
Codabar start/stop char. Enable
Transceiver drive Enable
Transceiver direction control

UPC E Expansion Enable

UPC E Version 1 Enable

Scanner Digital Input

1/0 Mode Select

IC Reset

External Program Memory Enable
Oscillator Frequency Select

Good Read Beep Tone Select
LED control line

Beeper control line

Oscillator Input

Oscillator Input

Power

Ground
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Mechanical Specifications — Units (mm)

52.8

L 51.9
® A

OOOOOOONOOOCOCOrIoEee

%wwwwwww{f e [:‘%
— o A b

2542025 '\ seating Plane

HBCR-1610
177
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16.7 1050+0.30
162 = =
30 29
Tressscnecan O LRRRARRAAAR
-
40 28 3 2
T
;;:, = O =
i p—— —
[ |
177) 167 4 ek 4 T | |10 =] E 9.50£0.30 | 13.50+0.40
17.2| 162 < .00 150 =
9.0 =T ===
0es | b ==
e 13 == Oe Index Mark
T 122 44 12
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6 18
b X L
7 17
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60
150
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ﬁ
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Warranty and Service
The HP Decode IC is warranted
for a period of one year after
purchase covering defects in
material and workmanship.
Hewlett-Packard will repair or,
at its option, replace products
that prove to be defective in
material or workmanship under
proper use during the warranty
period.

NO OTHER WARRANTIES
ARE EXPRESSED OR
IMPLIED, INCLUDING BUT
NOT LIMITED TO THE
IMPLIED WARRANTIES OF
MERCHANTABILITY AND
FITNESS FOR A PARTICULAR
PURPOSE. HEWLETT-
PACKARD IS NOT LIABLE
FOR CONSEQUENTIAL
DAMAGES.

For additional warranty or
service information please
contact your local Hewlett-
Packard sales representative or
authorized distributor.

Handling \
Precautions ‘&L
The decoder ICs are extremely
sensitive to electrostatic dis-
charge (ESD). It is important
that proper anti-static
procedures be observed when
handling the ICs. The package
should not be opened except in a
static free environment.
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Programmable

Bar Code Decode ICs

Technical Data

Features

o Ideal for Hand Scanning
and Non-contact Laser
Scanning Applications

¢ Supports 7 Industry Stan-
dard Bar Code Symbologies

¢ Automatic Code
Recognition

¢ Choice of Parallel or
Serial Interface

o Full Duplex ASCII
Interface

o Extensive Configuration
Control

e Optical and Escape
Sequence Configuration

e Input and OQutput
Buffering

o Low Current (18 mA) CMOS
Technology

° 40 Pin DIP and 44 Pin
PLCC Packages

o Audio and Visual Feedback
Control

¢ EEPROM Support For Non-
volatile Configuration

¢ Single +5 Volt Supply

Description
Hewlett-Packard's Bar Code De-
coder ICs offer flexible bar code
decoding capability that is de-
signed to give OEMs the ability to
address a growing number of in-
dustry segments and applica-
tions. Flexibility is made possible
through sophisticated firmware
which allows the ICs to accept
data from a wide variety of scan-
ners and to automatically rec-
ognize and decode the most pop-
ular bar code symbologies. User
implementation of the decoder
ICs is easy since it requires only a
few supporting components and
provides a standard I/O interface.

Manufacturers of data collection
terminals, point of sale terminals,
keyboards, weighing scales, med-
ical equipment, test instrumen-
tation, material handling equip-
ment, and other systems having
data collection needs are finding a
growing demand for bar cede
reading capability in their prod-
ucts. The HBCR-2210 series de-
code ICs make it easy to add this
capability without the need to in-
vest in the development of bar
code decoding software.

The bar code decoder ICs are com-

patible with most hand held scan-
ners and some medium speed ma-
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chine mounted laser heads. The
HBCR-2210 series is compatible
with fixed beam non-contact scan-
ners, digital wands, and slot read-
ers. In addition, the decoder is
optimized for use with the Symbol
Technologies moving beam laser
scanners, but is also compatible
with many other moving beam
non-contact laser scanners with a
similar interface protocol.

The HBCR-2210 series decoder
ICs are excellent decoding solu-
tions for a number of stationary
scanning applications found in
automated systems. The scan
rate for moving beam applications
should be similar to the scan
rates for hand held laser scanners
(35 to 45 scans per second). The
scan speed for fixed beam applica-



tions should be similar to the
scan speeds typical of wands and
slot readers. For moving beam
applications, it is necessary for
the scanner to utilize the three
laser control lines.

The HBCR-2210 series decodes
the most popular bar code sym-
bologies now in use in applica-
tions in the industrial, retail, gov-
ernment and medical markets:

¢ Code 39 (Standard or
Extended)

s Interleaved 2 of 5
« UPCAE

« EAN/JAN 8,13

¢ Codabar

e Code 128

e Code 11

e MSI Code

When more than one symbology
is enabled, the bar code being
scanned will automatically be rec-
ognized and decoded, except for
Standard versus Extended Code
39, which are mutually exclusive.
Bi-directional scanning is allowed
for all bar codes except UPC/
EAN/JAN with supplemental dig-
its, which must be scanned with
the supplemental digits last.

The I/O for the decode IC is full
duplex, 7 bit ASCII. Both serial
and parallel interfacing are avail-
able. The serial interface can be
converted to an RS232C interface
or connected directly to another
microprocessor for data process-
ing. The parallel interface can be
connected to a 74HC646 octal bus
transceiver chip (or an equivalent
part). Feedback to the operator is
accomplished by signals for an
LED and a beeper. In addition,
there are many programmable
functions that cover such items as
code selection, good read

beep tone, Header and Trailer
buffers, laser scanning control,
beeper tone, etc. See Table 2 for a
complete list.

Performance Features

Bar Codes Supported

Code 39 is an alphanumeric code,
while Extended Code 39 encodes
the full 128 ASCII character set
by pairing Code 39 characters.
Both can be read bi-directionally
with message lengths of up to 32
characters. An optional check-
sum character can be used with
these codes, and the ICs can be
configured to verify this character
prior to data transmission.

Interleaved 2 of 5 code, a compact
numeric only bar code, can also be
read bi-directionally with mes-
sage lengths from 4 to 32 char-
acters. To enhance data ac-
curacy, optional checksum
character verification and/or mes-
sage length checking can be en-
abled.

The following versions of UPC,
EAN and JAN bar codes can be
read bi-directionally: UPC-A,
UPC-E, EAN-8, EAN-13, JAN-8,
and JAN-13. All versions can be
enabled simultaneously or de-
coding can be restricted to only
the UPC codes. UPC, EAN, and
JAN codes printed with comple-
mentary two or five digit supple-
mental encodations can be read in
two different ways. If the codes
are enabled without the supple-
mental encodations, then only the
main part of symbols printed with
supplemental encodations will be
read. If the reading of supple-
mental encodations is enabled,
then only symbols with these sup-
plements will be read. When sup-
plemental encodations are en-
abled, the bar code symbols must
be read in a direction which re-
sults in the supplements being
scanned last.
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Codabar, a numeric only bar code
with special characters, can be
read bi-directionally for message
lengths up to 32 characters. The
decode IC can be configured to
transmit or suppress the Codabar
start/stop characters.

Code 128, a full ASCII symbology,
can be scanned bi-directionally
with message lengths of up to 32
characters.

Code 11 is a numeric, high den-
sity code with one special char-
acter, the hyphen (-). Verification
of one or two check characters
must be enabled, and the check
character(s) are always trans-
mitted. This code can be scanned
bi-directionally.

MSI Code is a numeric, continu-
ous code, with message lengths
up to 32 characters. The check
digit, a modulo 10 checksum, is
always verified and transmitted.
This code can be scanned bi-
directionally.

Scanner Input

The HBCR-2210 decode IC is de-
signed to accept data from hand
held digital scanners or slot read-
ers with the following logic state:
black = high, white = low. The
same decode IC also accepts data
from hand held laser scanners
with the opposite logic states:
black = low, white = high. The
scanner type pin (SCT) on the
HBCR-2210 series must be driven
prior to power up or hard reset to
identify the type of scanner con-
nected.

In the HBCR-2210 series ICs, the
automatic laser shutoff feature
delay time is adjustable as a con-
figuration option. Applications
which require increased accuracy
may need the redundancy check
feature.
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Scanner input can be disabled by
software command. This allows
an application program to control
when an operator can enter data,
preventing inadvertent data en-
try. It also allows the program to
verify each scan before enabling
subsequent scans. The HBCR-
2210 series also offers two Single
Read Modes which allow the ap-
plication program to stop bar code
data entry until a "Next Read"
command is received, allowing
the host computer to process data
transmissions before enabling
subsequent reads.

Configuration Control and
Non-volatile Storage
Configuration of the decoder IC is
done by any of three methods. A
minimal subset of key options can
be "hardwired" — controlled by
electrically strapping specified
pins on the decoder IC itself.
Which pins affect configuration
depends on the selection of serial
or parallel interface. Alternative-
ly, ASCII characters in the form
of HP Escape Sequences (a format
common to HP decoder ICs) can
be sent to the serial or parallel
I/0 port; these commands can be
used to control all configurable
options. A third method is optical
configuration, which makes use of
special bar code menus supplied
by HP. Menu labels can be creat-
ed to modify any configurable op-
tions. A summary of the decoder
IC features and applicable con-
figuration methods for each is
presented in Tables 2 and 3.

Once configuration has been set,
it can be stored in an optional
non-volatile memory, if included
in the decoder circuit. When the
EEP pin is tied high, the decoder
IC drives I/O lines compatible
with the widely available 9346/
93C46 family of serial EE-
PROMS. The configuration is
thereby saved during power down

of the system and automatically
reloaded at power up. Escape se-
quence commands allow explicit
storage and recall of configura-
tion settings. When using optical
configuration, storage is auto-
matic. If the EEP pin is tied low,
the EEPROM is not used, so only
hardwired configuration options
are saved through powerdown;
all others are set to default values
at powerup. Table 2 shows
default values of all features.

Data Communications

The serial port supports a wide
range of baud rates, parities, and
stop bits as described in Table 2.
Software control of data trans-
mission can be accomplished with
a standard Xon/Xoff (DC1/DC3)
handshake. The decode IC also
supports an RTS/CTS hardware
handshake.

The parallel port data has con-
figurable parity. When the SMD
pin is tied low, several pins per-
taining to the serial port change
function to control a parallel port
instead. Pins 1 through 5 on DIP
packages assume the function of
handshake lines for the parallel
port. The port itself is an ex-
ternal '646 family octal bus trans-
ceiver. Processor pins 10 and 11
(TXD and RXD in serial mode)
now control the transceiver chip
along with pins 16 and 17, RD
and WR. Alternative circuits us-
ing SSI latch chips can be sub-
stituted for the '646 imple-
mentation to customize the
function of the parallel port to a
particular bus configuration.
Feedback Features

Both audio and visual feedback
are possible with the HBCR-2210
series. In both cases, the outputs
from the ICs should be buffered
before driving the actual feedback
transducer. An LED or beeper
connected to the decoder IC can
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be controlled diréctly by the IC,
with signals generated by suc-
cessful decodes, or can be con-
trolled by the host system. In ad-
dition, the tone of the beeper can
be configured to be one of 16 dif-
ferent frequencies, or can be
silenced.

Power Requirements

The decoder IC operates from a
+5 volt DC power supply. The
maximum current draw is 18 mA.
The maximum power supply rip-
ple voltage should be less than
100 mV, peak-to-peak.

Handling

A
Precautions ‘m

The decoder ICs are extremely
sensitive to electrostatic dis-
charge (ESD). It is important
that proper anti-static procedures
be observed when handling the
ICs. The package should not be
opened except in a static free en-
vironment.

Manuals
The decode IC Users Manual
covers the following topics:
¢ Data output formats
¢ /O interfaces

* Laser input timing
diagrams

¢ Escape sequence syntax
and functionality

¢ Example schematics
¢ All configurable options
¢ Bar code menus

® Scanner positioning and
tilt

¢ Sample bar code symbols

¢ Appendices describing bar
code symbologies



Table 1. Ordering Information ‘ -

Part Number Description ‘
HBCR-2210 CMOS, 40 pin DIP, bulk ship, no manual i
HBCR-2211 CMOS, 44 pin PLCC, bulk ship, no manual !
OPT A01 IC individually boxed with manual and data sheet }
HBCR-2297 HBCR-2210 Series Users Manual

Recommended Operating Conditions

Parameter Symbol Minimum Maximum Units Notes
Supply Voltage Vce 4.0 6.0 v 1
Ambient Temperature Ta -40 +85 °C
Crystal Frequency XTAL 0(DC) 11.059 MHz 2
Element Time Interval ETIy 13 555 us 2,3,4
(Moving Beam)
Element Time Interval ETI 50 71000 us 34
(Contact Scanner)

Notes:

1. Maximum power supply ripple of 100 mV peak to peak.

2. The HBCR-2210 series uses a 11.059 MHz crystal. For different crystal frequencies, multiply the specified
baud rate and beeper frequencies by (crystal frequency/11.059 MHz) and multiply the element time interval
ranges by (11.059 MHz/crystal frequency).

. At the specified crystal frequency.

. Corresponds to a scan rate of 35 to 45 scans per second.
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Absolute Maximum Ratings

Parameter Symbol Minimum | Maximum Units Notes

Storage Temperature . Ts -55 +150 °C |

Supply Voltage Vee -0.5 +7.0 v 5

Pin Voltage ViN -0.5 Veet0.5 v 5,6 i
Notes:

5. Ty = 25 °C ' ‘
6. Voltage on any pin with respect to ground |
|



DC Characteristics
HBCR-2210, 2211

(Tp = 40°C to +85°C, Ve = 4.5 V0 5.5V, Vgg = 0 V)

Symbol | Parameter HBCR-2210 Pins HBCR-2211 Pins Min. Max. Uhits Test Conditions
Vi, | Input Low Voltage all all —o5 | 02Yee |y
. 0.2 Voo
VIH Input High Voltage except 9, 18 ‘ except 10, 20 0.9 Vec+0.5 \%
ViH1 Input High Voltage 9,18 10, 20 0.7 Vo Vcc+0.5 \'
VoL Output Low Voltage 1-8, 10-17, 21-28 | 2-9, 11, 13-19, 24-31 0.45 v IoL= 1.6 mA
VoL1 | Output Low Voltage 30, 32-39 33, 36-43 0.45 \4 IoL= 3.2 mA
2.4 v Ion= - 60 pA
Vou Output High Voltage | 1-8, 10-17, 21-28 | 2-9, 11, 13-19, 24-31| 0.75 V¢ A% Iop= -30pA
0.9 Vo v Iog= —-10pA
2.4 v Iog= —400 pA
Vou Output High Voltage 30, 32-39 33, 36-43 0.75 Ve A Iou= —150 A
0.9 Voo v Iog= —40 pA
In, Input Low Current 1-8,10-17, 21-28 | 2-9, 11, 13-19, 24-31 -10 -200 rA Vin=0.45V
Ine Input Low Current 18 20 -3.2 mA | Viy= 045V
Input Leakage g : <
Iip Current 32-39 36-43 +10 _A 0.45<VIN<=Vcc
Rgrst | Pulldown Resistor 9 10 20 125 KQ
Power Supply _ All Outputs
166 | Gurrent B 18 mA | gisconnected
Idle Mode Power
Icc Supply Current — — 9 mA Note 7.
Note:

7. Applies only to HBCR-2210 and -2211 in Wand Mode or Laser Mode with Laser Idling enabled with no scanning or I/O operation in progress.

Table 2. Summary of Features and Configurations - HBCR-2210 series

In the table below, the column entitled Selection is either:

Software = Escape Sequence and Optical Menu Programmability
Hardwire Control of a feature by electrically strapping specified pins on the decoder IC itself
Both Both Software and Hardwire
Feature Function or Value Selection Default Setting
Code Selection When a symbology is enabled, Both Decoding of all
bar codes of that type can be codes is enabled
read, assuming that other de-
coding options are satisfied.
Minimum/Maximum | Code 39, Codabar, Code 128, Software Min.=1
Label Length Code 11, and MSI Code Max. =32
Selection )
Interleaved 2 of 5 Software Min. =4
Max. = 32

7-64

(continued)




Table 2. Summary of Features and Configurations - HBCR-2210 series (continued) r

Feature Function or Value Selection Default Setting
Interleaved 2 of 5 Length variable from 4 to 32, Software 4t032
Specific Label or a specific even length be-
Length Selection tween 2 and 32, or lengths 6

and 14 only
Check Character For Code 39 Software Disabled
Verification Enable |For Interleaved 2 of 5 Software Disabled

When enabled; the check character
at the end of the bar code data
is verified by the decoder

Check Character For both Code 39 and Interleaved Software Disabled
Transmission 2 of 5, the check characters '
Enable verified by the reader are
included at the end of the
decoded message
Code 39 Full ASCII |Extended Code 39 data will be Software Disabled
Conversion Enable |converted to ASCII characters
UPC/EAN/JAN UPC/EAN/JAN vs. UPC only Software UPC/EAN/JAN
Decoding Options Enable 2 or 5 digit supplements Enabled
Selection Supplements
Disabled
Autodiscrimination of tags with Software Disabled
and without supplements
Codabar Data Transmit or suppress start/stop Software Transmit
Start/Stop characters
Transmission Enable
Code 11 Check Digit |Selection of 1 or 2 check digits Software 1 check digit
Verification Selection .
- Baud Rates 150, 300, 600, 1200, 2400, Both Depends on pins
4800, 9600, 19200 BR1, BR0,and SMD
Parity 0's, 1's, Odd, Even Both Depends on pins
EEP, PT1 and PT0
e
Stop Bits lor2 Both Depends on 8§
pins SMD and STB Eg
RTS/CTS Pacing | Request-To-Send/Clear-To-Send Software Enabled
Enable Pacing controls serial port .

data transmission

Xon/Xoff Pacing Controls data transmission on Software Disabled
Enable serial or parallel port by means
of control characters sent to |
decoder IC |
Transmitted Char- |Specifies whether a delay is Software Disabled I

acter Delay Enable | inserted between characters

transmitted on the serial port . ‘

(continued)
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Table 2. Summary of Features and Configurations - HBCR-2210 series (continued)

Check Enable

consecutive, identical decodes
for a good read

Feature Function or Value Selection Default Setting
Transmitted Char- | Specifies the number of milli- Software 20 msec
acter Delay seconds to insert between
Selection completion of transmission of

one character and beginning of

transmission of the next

(1 to 250 ms)
Header Selection A string of characters pre- Software none

pended to the decoded message .

(10 characters, maximum)
Trailer Selection A string of characters appended Software CrLp

to the decoded message

(10 characters, maximum)
Reader Address Reader Address is transmitted at Software none
Selection the beginning of decoded and No-

Read messages for polling

purposes. (1 character)
Message Ready/Not | The Message Ready/Not Ready re- Software ACK/NAK
Ready Response sponse is transmitted after the '
Selection reader receives a status request

type 3 and is used with Single

Read Mode 2. (1 character each)
No-Read Message The No-Read Message configured Software none
Selection is transmitted each time there

is an unsuccessful read

(10 characters, maximum)
No-Read Controls whether the decoder Software Disabled
Recognition detects unsuccessful reads
Enable and sends the No-Read Message
Single Read Mode 1| Controls reading and automatic Software Disabled
Enable transmission of decoded

messages
Single Read Mode 2| Controls separate reading of Software Disabled
Enable bar codes and triggering decoded

message transmission
Output Buffering Characters to be transmitted Software Disabled
Enable are entered into a 256 character

queue for use with a pacing

protocol.

" Scanner Type Determines whether a wand or Hardwire Depends on pin
Selection laser is to be used SCT
Laser Shutoff Defines laser on time prior to Software 3 seconds
Delay Selection automatic shutoff, from 0 to 10 :

) seconds in 100 ms steps
Laser Redundaﬁcy Enables requirement for two Software

Disabled -
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Table 2. Summary of Features and Configurations - HBCR-2210 series (continued)

Feature Function or Value Selection Default Setting
Continuous Laser When enabled, the laser is turned Software Disabled
Read Mode Enable | on permanently instead of waiting
for the trigger to be pulled
Laser Connection When enabled, the scanner type Software Disabled
Detection Enable pin is ignored at powerup.
Instead, the decoder tests for
alaser scanner to determine
scanner type
Laser Trigger ‘When enabled, the laser scanner Software Disabled
Latch Mode Enable | continues to scan after the :
trigger has been released until
either the laser shutoff delay
period elapses or a read occurs
Laser Idling Enable | When enabled, the processor idles Software Disabled
while waiting for the trigger to
be pulled, reducing current draw
Code ID Character | Code ID character serves to Software Code39= a
Selection identify the symbology of the Int2/5 = b
decoded message UPC/EAN = ¢
Codabar = d
Code 128= e
Code 11 = f
MSICode= g
Code ID Character | Code ID character can be added Software Disabled
Transmission to the beginning of each decoded
Enable message
Bar Code Menu Verification of individual Software Disabled
Scan Response configuration menu scans via
Enable transmission of response message
Hard Reset "Ready 12.4" Cg Lg will be Software Disabled
Message Enable transmitted to host upon hard reset
ROM, RAM Self When enabled, ROM and RAM are Software Enabled
Test Enable tested after a Hard Reset
Good Read Beep Selects'Good Read Beep Software Tone 12
Tone Selection tones (1 to 16)
LED Control Controls the LED function:
Selection Automatic Flash Mode Enabled
Automatic Feedback Mode Disabled
LED Active Defines logic level of LED ON Software Active High
Level Selection state
LED, Beeper Feed- | Suppresses LED and Beeper Software Not Suppressed
back Suppression operation for systems without
Enable those annunciators
(continued)
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Table 2. Summary of Features and Configurations - HBCR-2210 series (continued)

Feature Function or Value Selection Default Setting
Wand Input Data from wand scans is collected Software Disabled
Buffering Enable continuously in an input buffer

to increase throughput
Quiescent State of The quiescent state of the pro- Software High
Address Line cessor memory bus address lines
Selection A8, A9, A10 can be defined for

additional I/O interfacing

Table 3. Summary of Commands - HBCR-2210 Series

Features Description

Scanner Enable When enabled, scans with the wand or laser are decoded; otherwise, they are
ignored

Hard Reset Resets decoder IC as though it were just powered up

Soft Reset Clears pacing conditions, errors

LED Control Selection | Controls the LED On/Off function

Status Requests Cause the decoder to generate a status message

* General status message showing symbology of last message read, error
conditions, etc.

¢ Message Ready/Not Ready response (for Single Read Mode 2)

Sound Tone This command causes the reader to sound a tone at the selected pitch for
approximately 100 milliseconds

Configuration Control | There are three operations that manipulate the decoder configuration as a block.
¢ Set default configuration

¢ Save configuration in non-volatile memory

¢ Recall non-volatile configuration

Execute Pending For use with laser scanning, this command causes immediate execution of previous
Command commands that would otherwise be postponed until the laser scan finishes

Table 4. Summary of Other Features - HBCR-2210 Series

Power Idle Mode Reduces current draw of processor from approximately 20 mA to 4 mA in
wand mode when the wand is inactive

Laser Failure Timeout Turns off the laser if the Scan Sync signal is missing after approximately
1 second, and sets the laser failure status bit

Self Test Failure Message An appropriate message is transmitted at power up if the decoder Self Test
fails.

* ROM SELF TEST FAILED
* EEPROM SELF TEST FAILED
* RAM SELF TEST FAILED

EEPROM Fault An appropriate message is transmitted at power up if the EEPROM
Recognition checksum is incorrect.

* EEPROM FAULT
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Parallel Mode Handshake Timing
Handshake and Data Lines

CDY A, N
ter o> tos P tea e tec >
CRD L -
A
PPO-PP7
\ /

Figure 1. Host Commands Received By Decode IC (Reader)

Handshake Timing
tcg = ~ Falling edge of command ready to falling edge of command read. Max. = 30 ps for the first byte
of transmission from host.

tcg = Falling edge of command read to command valid. Min. =0 ps
tcs= Command valid set up to rising edge of command ready. Min. =0 ps
tca= Rising edge of command ready to rising edge of command read. Max. = 8 ps

tcc= Rising edge of command read to falling edge of command ready. Min. = 0 us

Handshake and Data Lines
RTS —\

too—>
DDY
A \\__—_
— ot fe— et
PP0-PP7 Ny 7
[ P P ) — P

we

WR
D N y4 8§
E o
XS

Figure 2. Decoder IC Data Sent to Host

Handshake Timing
tpo = Falling edge of data ready to data output to bus. Min. =6 ps  Typical Max. = 74 us
Note: The maximum can be infinite if there is no data to be transmitted. RTS can be used to

determine when there is data. If the scanner is active or escape sequence commands
are being processed, (tpo + tpr) can extend by an indefinite amount.

tpr = Data output to bus to falling edge of data write. Max. = 6 ps

tpa = Falling edge of data write to rising edge of data ready. Min. = 0 us

tpw = Rising edge of data ready to rising edge of data write. Max. = 8 us

tpr = Data hold after rising edge of data write. Max. =4 pus

tpp = Rising edge of data write to falling edge of data ready. Min. =0 ps
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PLCC Drying

Whenever Vapor Phase or In-
frared Reflow Technologies are
used to mount the PLCC pack-
ages, there is a possibility that
previously absorbed moisture,
heated very rapidly to the reflow
temperatures, may cause the
package to crack from the inter-
nal stresses. There is a reliability
concern that moisture may then
enter the package over a period of
time, and metal corrosion may
take place, degrading the IC per-
formance.

To reduce the amount of ab-
sorbed moisture and prevent
cracking, all of the PLCC ICs
should undergo one of the fol-
lowing baking cycles. The parts
must then be mounted within 48
hours.

If the parts are not mounted with-
in 48 hours, they must be re-
baked.

The total number of baking cycles
must not exceed two. If the ICs
are baked more than twice, Hew-
lett-Packard cannot guarantee
the performance and reliability of
the parts.

Neither bake cycle can be per-
formed in the standard shipping
tubes. The ICs must be baked in
an ESD safe, mechanically stable
container, such as an aluminum
tube or pan.

Cycle Temperature Time Notes
A 125°C 24 hrs
B 60 °C 96 hrs 8
Note:

8. Cycle B must be done in atmosphere of <5%
relative humidity air or nitrogen.

Pin Definitions

BrO[]1 U/ wf]v,
BR1 [|2 39 [] AD0
sB[]3 38 [] AD1
cs 4 37 [] AD2
RIS []5 36 [] AD3
SE[]6 35 [] AD4
scT}7 34 [ ADs
e |8 33 |] ADs
RST[]9 32 [] A7
RxD ] 10 31 []EA +5v
™o [f 11 30 [ ALE
SDI[12 29:|NC
ssy [113 28 1] sMp 45V
LED [] 14 27 [] eep
BPR [] 15 26 ] erc
WR[] 16 25 [ ECE/ PTH
RD [} 17 24 [JE0/PTO
xTaL 2 [| 18 23 [ At0
XTAL 1 [] 19 22|
v, []20 21 [] A8

Figure 3. HBCR-2210 Serial Pinout

Pin Mnemonics
ADO - AD7 Address/Data bus RTS Request to send
RXxD Received Data cTS Clear to send
XD Transmitted Data RST IC reset
BRO - BR1 Baud rate EEP EEPROM select
PTO- PT1 Parity EPC EEPROM clock
STB Stop bits ECE EEPROM chip enable
LSE Laser scan enable jle] EEPROM |/C
SCT Scanner type TRG Laser trigger line
SDI Scanner digital input SsYy Scanner synchronization
LED LED control line A8 Address line #8
BPR Beeper control line A9 Address line #9
WR Data memory write A10 Address line #10
RD Data memory read EA External program enable
XTALA Crystal input ALE Address latch enable
XTAL2 Crystal input Vee Power
SMD Serial Mode Select ss Ground
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R Cs BB V A A AA Pin Mnemonics
TTTRRNGCDDTDD
$§$ $SB10C<¢¢O0 123 ADO - AD7 Address/Data bus
RxD Received Data
[ rrar ™D Transmitted Data
/ 6 5 4 3 2 1 44 43 42 41 40 BRO- BRI Baud rate
. PTO- PT1 Parity
GSE[]7 39 [ AD4 S8 Stop bits
scT |8 38 [] AD5 IS_ES:;E' ;ser scatc enable
anner type
TRG ]9 37 | ] AD6 sol Scanner digital input
RST []10 36 [ AD7 LED LED control line
= BPR Beeper control line
RxD []11 B[]EA +5V WA Data memory write
NC []12 34 [1NC RD Data memory read
™0 []13 33 [ ALE ﬂﬁ'{; gzs:: _'"93
stal inp!
oI []14 32 []NC SMD Serial Mode Select
ssy |15 31 []sMD +5V RTS Request to send
Leo 116 30 [] eep g;? Iccea'res: send
BPR [ |17 29 [ EPC EEP EEPROM select
EPC EEPROM clock
18 19 20 21 22 23 24 25 26 27 28 ECE EEPROM chip enable
LI EIO EEPROM I/0
WRXXVNAAATPTP TRG Laser trigger line
RDTTs C8 9 1 TT Ssy Scanner synchronization
A A s o o 1 A8 Address line #8
Lt Lt A9 Address line #9
2 1 1 C A10 Address line #10
O E EA External program enable
ALE Address latch enable
Ve Power
Figure 4. HBCR-2211 Serial Pinout Vss Ground
cro[]1 V4 ] Ve
CDY { |2 39 rj ADO
DWR| |3 38 D AD1
pov [ 4 a7 [] AD2
RIS []5 36 [] AD3
LsE(]e % :lAD" Pin Mnemonics 8e
o
set(}7 34 [ AD5 ADO-AD7  Address/Data bus PGB Tranceiver drive enable S3
TRG []8 33 [] AD6 DWR Data write handshake PDR  Tranceiver direction control =g
RsT[]9 a [] A7 DDY  Ready for dala handshake RST  ICreset &
_ CRD Command read handshake EEP EEPROM select {
paB [] 10 31 []EA +5v CDY  Command ready handshake | EPC = EEPROMclock )
POR [ 11 30 []AE PTO- PT1 Parity ECE EEPROM chip enable
LSE Laser scan enable EIO EEPROMI/O
Sol [ 12 2 j NC SCT Scanner type TRG Laser lriggér line
SsYy [ 13 28 ] SMD OV SDI Scanner digital input Ssy Scanner synchronization
LED E 14 27 ] EEP LED LED control line A8 Address line #8
Bﬂ Beeper control line A9 Address line #9
8PR [ 15 2 [] erc WR  Datamemory write AI0  Address line #10
WR[]1e 25 [ ece/ P RD  Datamemory read EA  External program enable
— XTAL1 Crystal input ALE Address latch enable
RD []17 2 [Jeo/ P10 XTAL2 Crysryslal ingut RTS  Requesttosend
XTAL 1 [] 18 23 [] At0 SMD  Serial Mode Select V.  Power
xiaL 2 [] 19 22 [] Ao Vss  Ground
Ves [] 20 21 ] A8

Figure 5. HBCR-2210 Parallel Pinout
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$ 338% N Z S S S 3 Pin Mnemonics
SYRYDCGcO 123 ADO-AD7  Address/Dala bus
imimimimimimimimnininis DWR Data write handshake
[6 5 4 3 2 1 444342 41 20 ) DDV Ready for data handshake
CRD Command read handshake
LSE |: 7 O 39 [']AD4 coy Command ready handshake
PTO-PTH Parity
38 m
scr E 8 j ADS LSE Laser scan enable
TG ]9 37 | ] AD6 SCT Scanner type
RST E 10 36 ] AD7 SDI Scanner digital input
—_ LED LED control line
PGB []11 35 [1EA +5V BPR Beeper control line
NC []12 34 :] NC WR Data memory write
— RD Data memory read
PRD [: 3 3 :] ALE XTAL1 Crystal input
soi [] 14 32[]NC XTAL2 Crystal input
SsY I: 15 31 ] SMD +0V SMD Serial Mode Select
PGB Tranceiver drive enable
Leo []1e 30 ] eep PDR  Tranceiver direction control
BPR []17 29 [T erc RST IC reset
EEP EEPROM select
18 19 20 21 22 23 24 25 26 27 28 Eg‘é ggsggm g::;:kenable
JRNY TS J A [ N N N N A |
_ =4 EIO EEPROM I/O
WRX XV NAAAPP TRG Laser trigger line
R D I I : c 89 (1, g -1" SSY  Scanner synchronization
L L 7 A8 Address line #8
E E A9 Address line #9
2 1 e A0 Address line #10
O E EA External program
_ enable
ALE Address laich enable
RTS Request to send
Voo Power
Figure 6. HBCR-2211 Parallel Pinout Ve Ground
- 528 .
40 519 21
ﬁmnnnmnmnmnnmmnnnhﬂ_—j.
14.2 T
index 136 ﬂ
Mark 149
Area +
S D G e g S e S S R RS U U5 G0 R R EN G an e b 6 5 B
1 20
0.3MIN ‘
|
¥ ¥ 51MAX
0,65 MAX —>“<— 254 MAX
> |«
2541025 SEATING PLANE
oo~ */ - —»\\<— 0.6 MAX
UNITS (mm)

Figure 7. HBCR-2210 Mechanical Specifications
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Figure 8. HBCR-2211 Mechanical Specifications

BAR CODE

w
=
Q
2
a
Qo
<
a

7-73



(OPT) CONTROL o
EE CONTROL - 8
PROM [€—> - |
ADDRESS - PARALLEL
PORT
BAR CODE ADDRESS (2)-74HC574
INPUT DATA ADDRESS Hng DATA
- 1 LATCH > <
\ DATA
. SERAL
—» PORT
(OPT)
Figure 9. System Block Diagram
Warranty and Service
The HP Decode IC is warranted NO OTHER WARRANTIES For additional warranty or
for a period of one year after ARE EXPRESSED OR service information please
purchase covering defects in IMPLIED, INCLUDING BUT contact your local Hewlett-
material and workmanship. NOT LIMITED TO THE Packard sales representative or
Hewlett-Packard will repair or, IMPLIED WARRANTIES OF authorized distributor.
at its option, replace products MERCHANTABILITY AND
that prove to be defective in FITNESS FOR A PARTICULAR
material or workmanship under PURPOSE. HEWLETT-
proper use during the warranty PACKARD IS NOT LIABLE
period. FOR CONSEQUENTIAL
DAMAGES.
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Applications

Because technology is growing and changing so rapidly, HP's
commitment to customers includes an extensive applications
department. In an effort to anticipate design needs and answer
design questions, this team of engineers has published a complete

library of applications literature.

All of the Application Notes, Bulletins and Technical Briefs listed
here, are available from your local HP Sales Office or nearest HP
Components Authorized Distributor or Representative. In the U.S.
call 1-800-537-7715 and in Canada call 1-800-387-3867.

Motion Sensing &
Control Products

AN 1011

Design and Operational
Considerations for the
HEDS-5000 Incremental
Shaft Encoder

This application note is directed

toward the system designer
using the HEDS-5000 and
HEDS-6000 modular
incremental shaft encoders.
First the note briefly analyzes
the theory of design and
operation of the HEDS-5000
and HEDS-6000. A practical
approach to design considera-
tions and an error analysis
provide an in depth treatment
of the relationship between
motor mechanical parameters
and encoding error accumula-
tion. Several design examples
demonstrate the analysis
techniques presented. Operation
considerations for assembly,
test, trouble shooting and repair
are presented. Finally, some
circuits and software concepts
are introduced which will be
useful in interfacing the shaft
encoder to a digital or micro-
processor based system.

Appendix A summarizes the
uses and advantages of various
encoder technologies while
Appendix B provides guidance
for selecting DC motors suitable
for use with the HEDS-5000
and HEDS-6000.

Ordering No. 5953-9393

AN 1025

Applications and Circuit
Design for the HEDS-7500
Series Digital Potentiometer
This application note demon-
strates some of the uses for the
Hewlett-Packard HEDS-7500
series digital potentiometer,
explains how a digital poten-

tiometer works, and explains

some of the advantages of a
digital potentiometer over a
standard resistive potentiome-
ter. In addition, this application
note provides some examples.of
circuitry which will interface
the digital potentiometer to a
microprocessor, and provides
mechanical design
considerations and available
options for the HEDS-7500
series digital potentiometer.

Ordering No. 5954-8485

8-2

AN 1032

Design of the HCTL-1000’s
Digital Filter Parameters by
the Combination Method
Digital closed loop motion
control systems employing a
dedicated IC as a controller are
becoming increasingly popular
as a solution to the need for
controlled velocity and position-
ing systems. Hewlett-Packard’s
HCTL-1000 is a general purpose
motion control IC which has
been designed for this type of
closed loop systems. A digital
compensator has been designed
into the HCTL-1000 to provide a
stable response to an input
command. This application note
explains how the combination
method can be used for
calculation of the HCTL-1000’s
digital compensation filter
parameters to provide a stable,
closed loop position control
system.

Ordering No. 5954-8455



Light Bars & Bar Graph
Arrays

AN 1007

Bar Graph Array
Applications

This application note begins
with a description of the
manufacturing process used to
construct the 10 element array.
Next is a discussion of the
package design and basic
electrical configuration and how
they affect designing with the
bar graph array. Mechanical
information including pin
spacing and wave soldering
recommendations are made.

Display interface techniques of
two basic types are thoroughly
discussed. The first of these two
drive schemes is applicable in
systems requiring display of
analog signals in a bar graph
format. The second major drive
technique interfaces bar graph
arrays in systems where the
data is of a digital nature.
Examples of microprocessor
controlled bar graph arrays are
presented.

Summarized for the design
engineer are tables of available
integrated circuits for use with
bar graph arrays. Finally, a list
of recommended filters is
included.

Ordering No. 5953-0452

AN 1012

Methods of Legend
Fabrication
Hewlett-Packard LED Light
Bar Modules inscribed with
fixed messages or symbols can
be used as economical annuncia-
tors. Annunciators are often
used in front panels to convey
the status of a system, to
indicate a selected mode of

operation, or to indicate the
next step in a sequence. This
application note discusses
alternative ways the message or
symbols (legends) can be
designed. A selection matrix is
provided to assist in the selec-
tion of the most appropriate
method of legend fabrication.
Each fabrication method is
explained in detail along with
mounting and attachment
techniques. Finally, prevention
of cross-talk is discussed for
legend areas of a multi-
segmented light bar.

Ordering No. 5953-0478

Solid State Lamps

AB 74

Option 002 Tape and Reel
LED Lamps

Hewlett-Packard Option 002
tape and reel LED lamps have
straight leads on standard 2.54
mm (0.100 inch) center spacing.
These lamps may be auto-
inserted into printed circuit
boards with most radial auto-
insertion equipment. However,
it is important to have the
proper plated through hole size
and spacing, in the printed
circuit to assure high insertion
yields.

This application bulletin details
the specific information on the
printed board plated through
hole size, spacing, and
tolerances necessary to assure
high insertion yields of Option
002 LED lamps with 0.46 mm
(0.018 inch) square leads.

Ordering No. 5954-8402
AN 1005

Operational Considerations
for LED Lamps and Display

8-3

Devices

In the design of a display
system which incorporates LED
lamps and display devices, the
objective is to achieve an
optimum between light output,
power dissipation, reliability,
and operating life. The perform-
ance characteristics and
capabilities of each LED device
must be known and understood
so that an optimum design can
be achieved. The primary source
for this information is the LED
device data sheet. The data
sheet typically contains
Electrical/Optical Characteris-
tics that list the performance of
the device and Absolute
Maximum Ratings in conjunc-
tion with characteristic curves
and other data which describe
the capabilities of the device. A
thorough understanding of this
information and its intended
use provides the basis for
achieving an optimum design.
This application note presents
an in-depth discussion of the
theory and use of the electrical
and optical information
contained within a data sheet.
Two designs using this informa-
tion in the form of numerical
examples are presented, one for
dc operation and one for pulsed
(strobed) operation.

Ordering No. 5953-0419

AN 1017

LED Solid State Reliability
Light emitting diode display
technology offers many
attractive features including
multiple display colors, sunlight
readability, and a continuously
variable intensity adjustment.
One of the most common
reasons that LED displays are
designed into an application,
however, is the high level of
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reliability of the LED display.
Hewlett-Packard has taken a
leadership role in setting
reliability standards for LED
displays and documenting
reliability performance.

This note explains how to use
the reliability data sheets
published for HP LED indicators
and displays. It describes the
LED indicator and display
packages, defines device
failures, and discusses parame-
ters affecting useful life, failure
rates, and mechanical test
performance.

Ordering Number 5953-7784

AN 1021

Utilizing LED Lamps
Packaged on Tape and Reel
Hewlett-Packard offers many of
its LED lamps packaged on tape
and reel for radial insertion by
automatic equipment during
high volume production of PC
board assemblies.

This application note is a guide
to the use of tape and reel LED
lamps in the automatic
insertion process. Discussed are
the LED lamp tape and reel
configuration, the radial lead
insertion process, PC board
design considerations, a method
to maintain LED lamp align-
ment during soldering, and
lamp stand-off height
information.

Ordering No. 5954-0861

AN 1027

Soldering LED Components
The modern printed circuit
board is assembled with a wide
variety of semiconductor
components. These components
may include LED lamps and

displays in combination with
other components. The quantity
of solder connections will be
many times the component
count. Therefore, the solder
connections must be good on the
first pass through the soldering
process. The effectiveness of the
soldering process is a function of
the care and attention paid to
the details of the process. It is
important for display system
designers and PC board assem-
bly engineers to understand the
aspects of the soldering process
and how they relate to LED
components to assure high
yields.

This application note provides
an in-depth discussion on the
aspects of the soldering process
and how they relate to LED
lamps and display components,
with the objective of being to
serve as a guide towards
achieving high yields for solder
connections.

Ordering No. 5954-0893

AN 1060

Surface Mounting SMT LED
Indicator Components
Circuit board assemblies using
surface mount technology (SMT)
are now common and SMT LED
indicators are being used on
many of these SMT board
assemblies. This application
note gives the Standard EIA
tape and reel packaging infor-
mation for SMT LED indicators.

Recommended pe board pad
layout designs are given for
each type of SMT LED compo-
nent. Automatic placement
considerations, solder paste,
and Type 2 pc board processing
issues are discussed.
Recommended temperature
profiles are presented for both
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convective IR reflow and vapor
phase (VPS) reflow soldering
processes. A brief discussion of
conductive attachment is
included. An industry standard
rework technique is described in
detail.

Ordering No. 5091-6704E

AN 1061

Light Output Degradation of
Emerald Green Solid State
Lamps

Emerald Green material has
demonstrated a different light
output degradation pattern vs
other II V materials. Differences
include larger standard devia-
tion within a sample and sug-
gestions of varied performance
from lot-to-lot. This application
note reports the observed differ-
ences between Standard Green
LEDs and Emerald Green LEDs
on light output degradation vs.
time. Design Engineers could
utilize tis information in their
applications.

Ordering No. 5091-7778E

Solid State Displays

AN 1006

Seven Segment LED Display
Applications

This application note begins
with a detailed explanation of
the two basic product lines that
Hewlett-Packard offers in the
seven segment display market.
This discussion includes
mechanical construction
techniques, character heights,
and typical areas of application.
The two major display drive
techniques, dc and strobed, are
covered. The resultant tradeoffs
of cost, power, and ease of use
are discussed. This is followed
by several typical instrument



applications including counters,
digital voltmeters, and micro-
processor interface applications.
Several different microprocessor
based drive techniques are
presented incorporating both
the monolithic and the large
seven segment LED displays.

The application note contains a
discussion of intensity and color
considerations made necessary
if the devices are to be end
stacked. Hewlett-Packard has
made several advances in the
area of sunlight viewability of
LED displays. The basic theory
is discussed and recommenda-
tions made for achieving
viewability in direct sunlight.
Information concerning display
mounting, soldering, and
cleaning is presented. Finally,
an extensive set of tables has
been compiled to aid the
designer in choosing the correct
hardware to match a particular
application. These tables
include seven segment decoder/
drivers, digit drivers, LSI chips
designed for use with LEDs,
printed circuit board edge
connectors, and filtering
materials.

Ordering No. 5953-0439

AN 1015

Contrast Enhancement
Techniques for LED
Displays

Contrast enhancement is
essential to assure readability of
LED displays in a variety of
indoor and outdoor ambients.
Plastic filters are typically used
for contrast enhancement with
indoor lighting and glass
circular polarized filters are
typically used to achieve
readability in sunlight
ambients.

This application note discusses
contrast enhancement technol-
ogy for both indoor and outdoor
ambients, the theory of
Discrimination Index and
provides a list of tested contrast
enhancement filters and filter
manufacturers.

Ordering No. 5953-7788

AN 1016

Using the HDSP-2000
Alphanumeric Display
Family

The HDSP-2000 family of
alphanumeric display products
provides the designer with a
variety of easy-to-use display
modules with on board
integrated circuit drivers. The
HDSP-2000 family has been
expanded to provide three
display sizes with character
heights ranging from 3.8 mm
(0.15 in.) to 6.9 mm (0.27 in.),
four display colors, and both
commercial and military
versions. These displays can be
arranged to create both single
line and multiple line
alphanumeric panels.

This note is intended to serve as
a design and application guide
for users of the HDSP-2000
family of alphanumeric display
devices. It covers the theory of
the device design and operation,
considerations for specific
circuit designs, thermal
management, power derating
and heat sinking, and intensity
modulation techniques.

Ordering No. 5953-7787

AN 1026

Designing with Hewlett-
Packard’s Smart Display -
the HPDL-2416

The trend in LED Alpha-
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numeric displays is to simplify a
designer’s job as much as
possible by incorporating on
board character storage, ASCII
character generation, and
multiplexing within the display.
The HPDL-2416 is a four
character alphanumeric display
which incorporates a 64
character ASCII decoder and an
on board CMOS IC to perform
these functions. This application
note is intended to serve as a
design and application guide for
users of the HPDL-2416. The
information presented will cover
electrical description, electrical
design considerations, interfac-
ing to micro-processors, pre-
programmed message systems,
mechanical and electrical
handling, and contrast
enhancement.

Ordering No. 5954-0936

AN 1029

Luminous Contrast and
Sunlight Readability of the
HDSP-238X Series LED
Alphanumeric Displays for
Military Applications
Military specifications for
avionics and other kinds of elec-
tronics that require readability
in sunlight use specific defini-
tions for luminous contrast. The
concept of chrominance contrast
and the theory of Discrimi-
nation Index (see Hewlett-
Packard Application Note 1015)
are not used by the military as a
means of determining readabil-
ity in sunlight. Thus, the
military requirements for
readability in sunlight are
based solely on luminous
contrast measurements. This
application note discusses the
luminous contrasts used by
military specifications, describes
anti-reflection/circular polarized

APPLICATIONS



filters designed for use with the
HDSP-238X series sunlight
viewable LED displays, and
presents luminous contrast data
for various HDSP-238X display/
filter combinations.

Ordering No. 5954-0923

AN1030

LED Displays and Indicators
and Night Vision Imaging
System Lighting

This application note introduces
the concept of night vision
imaging. It discusses GEN II
and GEN III ANVIS and Cat’s
Eyes night vision goggles. NVG
compatibility problems and
compatible lighting objectives
for aircraft cockpits are dis-
cussed. It illustrates the use of
NVG filters with high perform-
ance green and yellow LEDs to
obtain NVG compatibility.
Various aspects of MIL-L-
85762A, as they apply to LEDs,
are discussed. Calculated NVIS
Radiance values are presented
for high performance green and
yellow LED/NVG/DYV filter
combinations. A discussion of
the U.S. Army’s NVG Secure
Lighting Program and the
objectives of the CECOM SOW
are included. Information on
dimming LED displays is
presented. Daylight readability
with NVG/DV filters is also
discussed.

Ordering No. 5954-2245

AN 1031

Front Panel Design

In many applications designers
are faced with the problem of
how to match the perceived
brightness of an assortment of
seven segment displays, light
bars, linear arrays, and lamps
on the same front panel. To

simplify this problem Hewlett-
Packard has introduced S02
option selected parts. S02 option
selected parts provide a
restricted range of luminous
intensity for a given part
number. This application note is
written as a design guide to
matching the perceived bright-
ness of LED displays and lamps
on a front panel. The procedure
shown in the application note
will enable the designer to cal-
culate the needed display drive
currents (either dc or pulsed) for
a given ambient light level and
specified filter. Two technques
are explained. The first is how
to calculate the drive currents
to insure minimum acceptable
brightness. The second is how to
calculate the drive currents to
match the display on the front
panel to a known display.

Ordering No. 5954-0933

AN 1033

Designing with the HDSP-
211X Smart Display Family
Hewlett-Packard’s smart
alphanumeric display, the
HDSP-211X, is built to simplify
the user’s display design. Each
HDSP-211X has an onboard
CMOS IC which displays eight
characters. All of the IC
features are software driven.
These features include 128
character ASCII decoder, 16
user-defined symbols, seven
brightness levels, flashing
characters, a self test, and all of
the circuitry needed to decode,
drive, and refresh eight 5x 7
dot matrix characters.

This application note discusses’
how to interface the HDSP-
211X display to either a
Motorola 6808 or an Intel 8085
microprocessor. A 32 character
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display interface is explained
for each microprocessor. The
note includes a detailed
description of the hardware and
software. The software
illustrates how the user-defined
symbols and a string of ASCII
characters are loaded into the
display.

Ordering No. 5954-8424

AN 1039

Dimming HDSP-213X
Displays to Meet Night
Vision Lighting Levels
Abstract

For normal operation, the seven
programmable dimming levels
available with the HDSP-213X
military grade displays are
sufficient. However, the
displays must be dimmed well
below the lowest available on-
board programmable dimming
level to meet the requirements
for night vision imaging system
(NVIS) lighting. This applica-
tion note describes a circuit that
will dim HDSP-213X displays to
luminance levels sufficient to
meet NVIS lighting
requirements.

Ordering No. 5952-0708

Fiber Optics

Application Bulletin 65
Using 50/125 pym Optical
Fiber with Hewlett-Packard
Components

This AB discusses the 50/125
pum cable as it relates to light
losses due to attenuation,
mechanical and optical limits;
the tests used to determine
these losses; how optical power
is calculated; and how full
system performance can be
predicted using this data. This
AB is applicable to any fiber-



optic product in the catalog.
Ordering No. 5953-9370

Application Bulletin 73
Low-Cost Fiber Optic
Transmitter and Receiver
Interface Circuits

This AB assists in designing
circuits to interface HP HFBR-
0400 low-cost miniature fiber-
optic components with TTL 1/0
for applications at data rates up
to 35 MBd. The TTL transistor/
receiver circuits shown were
designed, built, and tested; and
are suitable for a wide range of
applications. The HFBR-0400
fiber-optic components are
compatible with either SMA or
ST style connectors. The
concepts illustrated here are
applicable to both types of
connectors.

Ordering No. 5954-8415

Application Bulletin 78

Low-Cost Fiber Optic Links

for Digital Applications up

to 150 MBd

This AB concentrates on a

specific digital application, one

of the most prevalent for the

HFBR-24X6, the transmission

of encoded digital signals,

otherwise known as run-length

limited data. Circuit diagrams

illustrate the various concepts.

The AB is divided into the

following topics:

- The HFBR-2406/-2416 high
performance components

- Applications for 820 nm LED-
based fiber-optic links

- Advantages of run-limited
code

- Designing with fiber-optic
components

- Testing fiber-optic systems

- Testing fiber-optic systems

- TTL transmitter performance

- ECL transmitter performance

- Receiver design

- Error rate versus signal-to-
noise ratio

- Advantages of hysteresis

- Low-pass filtering to enhance
receiver sensitivity

- Compromises associated with
high-speed 820 nm links

- High-frequency circuit
design

- EMI issues

- Applications support

Ordering No. 5954-8478

AN 1035

Versatile Link

This AN describes how fiber

optics can be used to solve many

different types of application

problems, introduces HP’s

Versatile Link plastic fiber

optics, and shows how to design

a fiber-optic link using the

Versatile Link. The AN, which

is applicable to the HFBR-0500

series, is divided into the

following topics:

- Introduction

- Example Applications

- Versatile Link Description

- System Specifications and
Link Design

- Pulse-Width Distortion

- Additional Circuit
Recommendations

- Appendix

Ordering No. 5954-2191

AN 1037

Surface Mount Flatpack
(HBIC-XXXX) Mounting
This application note describes
appropriate techniques for RF
grounding, PWB pad layout,
and solder attachment of the
HBIC-XXXX series of surface
mount flatpacks used for RF
and High Speed Digital hybrid
and MMIC circuits.

Ordering No. 5954-2211
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AN 1038

Low-Cost Components for

IEEE 802.3 Fiber Optic

Inter-Repeater Links

This AN is applicable to the

HFBR-0400 family of fiber-optic

products. It explains some

system specifications and
specifies values for the Fiber-

Optic Inter-Repeater Links

(FOIRL) described in the IEEE

802.3 standard. Among the

topics discussed are:

- FOIRL System specifications,
which list the key parameters
required by the IEEE
standard

- Overall circuit design

- Designs specific to the
transmitter and receiver
circuits

- Run-length-limited link
performance, containing
tables of specifications, and
burst-mode applications.

Ordering No. 5954-2215

AN 1045

High-Speed Plastic, Fiber-
Optic Link

This AN discusses the speed
limitations of plastic optical
fiber and Hewlett-Packard’s
new transmitter and receiver
components that can transmit
data through these fibers at up
to 50 MBd. The paper is divided
into three sections. The first one
deals with understanding and
using the data sheets; the
second one discusses coupled
power and the optical power
budget; the third section
explains circuit operation and
the considerations involved in
its design. The topics in this last
section include:

- Transmitter configuration

- Receiver circuit operation

- The power supply filter

- Layout of the printed circuit
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AN 1057

Conductive Port Receiver
This AN compares the
performance of fiber-optic
receivers with conductive ports
to fiber-optic receivers with non-
conductive ports. It explains
how conductive port receivers
solve specific problems encoun-
tered in some applications and
how they help to improve the
electromagnetic immunity of
part number HFBR-24X6 XC,
required by such standards as
MIL 461 and IEC 801.3. The
application note also presents
test data that shows why HP’s
low-resistance conductive port
has an advantage over the
higher-resistance conductive
ports of other manufacturers.

Ordering No. 5091-6001E

AN S011

Using Silicon MMIC Gain
Blocks as Transimpedance
Amplifiers

Key specifications and
performance evlauation.

Ordering No. 5091-7798E

AN S015 :

ITA Series Transimpedance
Amplifiers

Transimpedance (TZ) amplifiers
are a critical element in digital
fiber optic receivers. Their role
is to take the current output
from a photo diode, and convert
it to a voltage. This application
note gives an overview of
Hewlett-Packard’s ITA series of
transimpedance amplifiers for
high speed application s(100
Mb/s to 1.5 Gb/s). Tips on how to
get optimum RF performance
with the amplifiers are given.
Recommended PC board layouts
are given for ITAs in chip and
package form.

Ordering No. 300455

AN 1055

Clock Recovery Using Si
MMICs

One of the functions that must
be performed by a fiver optic
receiver is the retiming of the
output data stream. This clock
recovery function can be done
using an active mixer (the IAM-
81 or IAM-82 series) as a
transition detector, a SAW
filter, and a limiting amplifier
(MSA, INA or IVA series). This
application note discusses how
these parts can be combined to
construct a clock recovery
circuit.

Ordering No. 5091-4917E

AN 1051 )

The IDA-07318 Laser Diode
Driver

The IDA-07318 is a high speed
silicon Monolithic Microwave
Integrated Circuit (MMIC) laser
diode driver (LDD) capable of
operating at data rates up to 1.5
Gb/s. This application note
discusses how to properly drive
the IDA-07318 and how to use
the modulation and prebias
inputs on the laser driver. A
brief overview of the theory of
operation of the laser driver is
covered.

Ordering No. 5091-4927E

Technical Brief 101

Fiber Optic SMA Connector -
Technology

This TB discusses tradeoffs
between various SMA connector
techniques. It cross-references
manufacturers of SMA
connectors with SMA connector
types; and is applicable to the
HFBR-2414 fiber-optic receiver.

Ordering No. 5954-1004
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Technical Brief 102
Fiber/Cable Selection for
LED-Based Local
Communications Systems
This TB, which is applicable to
the HFBR-1402/1404 flber-optic
transmitters, is intended to
assist the first-time user of flber
optics with the selection of a
flber cable that best meets
desired system requirements.
Issues discussed in this brief
include:
- Trade-offs between various
fiber types
- The effect of LED emitters on
fiber performance
- Coupled power versus
numerical aperture
- Factors that influence cable
selection

Also included is a cross-
references of manufacturers of
fiber cable with cable type.

Ordering No. 5954-1011

Technical Brief 104
Baseband Video
Transmission with Low-Cost
Fiber-Optic Components
The transmission of video
signals over fiber-optic links
offers several advantages
compared to wire distribution
systems. This TB describes
simple Transistor/Resistor
circuits that provide 20 MHz, 3
dB bandwidth for high-
resolution analog video
transmission. This TB is
applicable to the HFBR-2414
fiber-optic receiver.

Ordering No. 5954-1025

Technical Brief 105

ST Connector/Cable Guide
Although developed fairly
recently by AT & T, the rapid
acceptance of the ST* connector



by users of fiber-optic
components indicates that it
may soon become a standard.
This TB provides a quick
comparison between the SMA
and the ST-style connector.
Some suppliers of the ST- style
connectored cables are
tabulated. This TB is applicable
to the HFBR-2416 flber-optic
receiver.

Ordering No. 5954-8436

Optocouplers

Application Bulletin 69
CMOS Circuit Design Using
Hewlett-Packard
Optocouplers

This AB illustrates CMOS
isolation interface circuits for
use with the various, low input
current, HCPL-2200/-2300/
-2731 and 6N139 optocouplers.
Advantages of and recommen-
dations for different input and
output circuit configurations for
low-power operation at various
signalling rates are tabulated.

Ordering No. 5953-9384

AN 947

Digital Data Transmission
Using Optically Coupled
Isolators

Optocouplers make ideal line
receivers for digital data trans-
mission applications. They are
especially useful for elimination
of common-mode interference
between two isolated data
transmission systems. This AN
describes design considerations
and circuit techniques with
special emphasis on selection of
line drivers, transmission lines,
and line receiver termination
for optimum data rate and
common-mode rejection. Both
resistive and-active termina-
tions are described for

multiplexing applications, and
for common-mode rejection and
data rate enhancement. This
AN is applicable to the 6N136
and 6N137 or any other HP
digital optocoupler.

Ordering No. 5953-7759

AN 951-1

Applications for Low-Input-
Current, High-Gain
Optocouplers

Optocouplers are useful in line
receivers, logic isolation,
medical equipment, power lines,
and telephone lines. This AN
discusses the use of the 6N138/9
series of high-CTR optocouplers
in each of these areas.

Ordering No. 5953-7794

AN 951-2

Linear Applications of
Optocouplers

Although optocouplers are not
inherently linear, the separate
photodiodes used in HP devices
provide better linearity as well
as higher speed of response
than phototransistor detectors.

Using paired optocouplers to
enhance linearity is described
with specific circuit examples
offering dc-to-25 KHz response.
These examples illustrate the
relative merits of differential
and servo techniques. A circuit
with linear ac response to 10
MHz is also described for analog
optocouplers having the
photodiode terminals externally
accessible.

The AN also discusses digital
techniques of voltage-to-
frequency conversion and pulse-
width modulation. Their
linearity is quite independent of
optocoupler linearity but
requires use of high-speed
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optocouplers for low distortion.
The AN is applicable to the
HCPL-2530.

Ordering No. 5954-8430

AN 1002

Consideration of CTR
Variations in Optocoupler
Circuit Designs

A persistent, and sometimes
crucial concern of designers
using optocouplers is that of the
current transfer ratio, CTR,
changing with time. The
change, or CTR degradation,
must be accounted for if long,
functional lifetime of a system is
to be guaranteed. This AN
discusses a number of different
sources for this degradation.
This AN is applicable to the
4N45 and 4N46 optocouplers.

Ordering No. 5953-7799

AN 1004

Threshold Sensing for

Industrial Control Systems

with the HCPL-3700

Interface Optocoupler

Interfacing from industrial

control systems to logic systems

is a necessary operation to

monitor system progress. This

interfacing is found in a variety

of applications, including:

- Process control systems

- Programmable controllers

- Microprocessor subsystems
that monitor proximity and
limit switches

- Environmental sensors and ac
line status

- Switching power supplies for
detection of ac power loss

- Power back-up systems that
need an early warning of
power loss to save special
microprocessor memory
information or switch to
battery operation, etc.

APPLICATIONS



Applications of the HCPL-3700
interface optocoupler are
addressed in this note. The
ability of the HCPL-3700 to
detect thresholds and isolate
systems, allows it to provide
unique features that no other
optocoupler can provide.
Addressed in this note are the
advantages of using this opto-
coupler for isolating systems as
well as the device characteris-
tics, dc/ac operational
performance with and without
filtering, simple calculations for
setting desired thresholds, and
four typical application
examples.

Additional information focuses
on protecting the optocoupler
from power transients, consider-
ations of thermal conditions,
and electrical safety require-
ments of the industrial control
environment.

Ordering No. 5953-0406

AN 1018

Designing with the HCPL-
4100 and HCPL-4200
Current-Loop Optocoupler
Digital current loops provide
unique advantages of large
noise immunity and long-
distance communication at low
cost. Applications are wide and
varied for current loops, but one
of the critical concerns for
designers of loop systems is to
provide a predictable, reliable
and isolated interface. The
HCPL-4100 (transmitter) and
HCPL-4200 (receiver)
optocouplers provide easy
interfacing to and from a
current loop with minimal
design effort.

This AN completely describes
the HCPL-4100/4200 opto-

couplers and lists applications
for digital, 20 mA, simplex, half-
duplex and full-duplex loops.
These loops can be either point-
to-point or multidrop configura-
tions. Factors that affect data
performance are discussed.
Circuit arrangements with
specific data performance are
given in graphical and tabular
form.

Ordering No. 5953-9359

AN 1023

Radiation Immunity of
Hewlett-Packard
Optocouplers

This AN opens with a quotation
from MIL-HDBK-279, which
describes optocouplers that
contain photodiodes as being
superior to optocouplers that
contain phototransistors.

The AN continues with a
description of the properties of
ionizing radiation (particles and
photons) and how it affects the
performance of optocouplers.
Graphs show degradation of
CTR (Current Transfer Ratio) in
the 6N140 as a function of
gamma total dose (up to 1000
rad (Si)) and as a function of
total neutron fluence (up to 6 x
1012 neutrons/cm?). A table
gives radiation hardness
requirements for various
military applications.

Ordering No. 5954-1003

AN 1024

Ring Detection with the
HCPL-3700 Optocoupler
With the increased use of
modems, automatic phone
answering equipment, private
automatic branch exchange
(PABX) systems, etc., low-cost,
reliable, isolated ring detection
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becomes important to many
electronic equipment manufac-
turers. This AN defines the
ringing requirements (U.S.A.
and Europe), and the applica-
tions of the HCPL-3700
optocoupler as a simple, but
effective, ring detector.

A design example is shown with
calculations to illustrate proper
use of the optocoupler. Features
integrated into the HCPL-3700
provide predictable detection,
protection and isolation with
greater ease than is possible
with other optocouplers.

Ordering No. 5954-1006

AN 1036

Small-Signal Solid-State
Relays

This AN introduces the solid-
state relay (SSR), an alternative
to the electromechanical relay;
contrasts its mode of operation;
describes the SSR’s features and
some of its applications. The AN
is applicable to the HSSR-8200/
8400.

Ordering No. 5954-2200

AN 1043

Common-Mode Noise:
Sources and Solutions

This AN is divided into three
sections. The first section
defines and describes common-
mode noise (CMR). The second
section lists some typical
sources, which can be either
coupled from an external device
or can be inherent in the design.
The third section explains the
methods that can limit the
amount of CMR. The last
section explains the technology
of an optocoupler that allows a
low-cost solution to the problem.
The AN is applicable to the



HCPL-2211/2611/4503
optocouplers.

Ordering No. 5091-1866E

AN 1046

Low On-Resistance, Solid-
State Relays

The on-resistance specification
of a solid-state relay (SSR) is
important because, in general, a
lower on-resistance allows a
higher contact current rating
and more closely resembles an
ideal switch. This application
note begins with a description of
the main characteristics of the
HSSR-8060 and HSSR-8400,
two of Hewlett-Packard’s low
on-resistance SSRs. A control
drive circuit is recommended
and suggestions for overvoltage
protection are discussed. Also,
this application note includes
examples of the SSRs in
telecommunications,
multiplexing, and industrial
control applications; and with
various types of loads.

Ordering No. 5091-3123E

AN 1047

Low On-Resistance Solid-
State Relays for High-
Reliability Applications

This AN shows the main
characteristic of the HSSR-7110
Power MOSFET optocoupler
and how this component
operates as a low on-resistance
solid-state relay. Several control
drive circuits are described.

Ordering No. 5091-4502E

AN 1058

Power Transistor Gate/Base
Drive Optocouplers
Hewlett-Packard offers an
expanded choice of optocouplers
that can directly drive power
MOSFETS, IGBTs, and bipolar
power transistors. This
application note describes the
main features of the HCPL-
3000, HCPL-3100 and HCPL-
3101 power driver optocouplers.
Also included are application
guidelines for three-phase
power inverters.

Ordering No. 5091-6000E

AN 1059

High-CMR Isolation
Amplifier for Current-
Sensing Applications

In 1992, Hewlett-Packard
introduced the world’s smallest
isolation amplifier, the HCPL-
7800. This paper describes the
theory of operation for the
HCPL-7800 as well as a typical
application circuit for motor
current sensing.

Ordering No. 5091-6315E

Technical Brief 103
High-Speed Optocouplers vs.
Pulse Transformers

Pulse transformers are often
used for high-speed signaling
with ground loop isolation. This
TB summarizes the difficulties
encountered in using pulse
transformers, such as rise-time,
sag, and interwinding capaci-
tance. A table summarizes the
parameters of Hewlett-Packard
optocouplers designed for high-
speed signaling. A second table
summarizes the advantages of
using these optocouplers instead
of pulse transformers. This TB
is applicable to the following
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products: HCPL-2200/2300/
2400/ 2430/2601/2630/2631
optocouplers.

Ordering No. 5954-1017

Bar Code Components

Application Bulletin 75

ESD Control in Portable Bar
Code Readers

This AB, which is applicable to
the HBCS-AXXX and HBCS-
6XXX series wands, provides
information to help the designer
of portable barcode decoders to
harden their system to
electrostatic discharge (ESD).

Ordering No. 5954-2170

Application Bulletin 77
Interfacing the HP
SmartWand

This AB, which is applicable to
the HBCR-8XXX series,
provides circuits to allow the
user to interface the HP
SmartWand to true RS232
connections.

Ordering No. 5954-2176

AN 1008

Optical Sensing with the
HBCS-1100

This AN gives the basic optical
flux coupling design for discrete
emitters and detectors. It
presents the concepts of
modulation transfer function,
depth of field, and reflective
sensor design. It also discusses
the optical and electrical
operation of the HBCS-1100
High-Resolution optical sensor.
Finally, it presents electrical
design techniques that allow the
HBCS-1100 to interface with
popular logic families.

Ordering No. 5091-7363E
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AN 1013

Elements of a Bar Code
System

This AN, which is applicable to
all HP digital wands, describes
in detail the elements that

make up most bar code systems.

Included is a discussion of the
fundamental system design,
detailed discussion of seven
popular code symbologies, a
section on symbol generation,
and methods of data entry. A
glossary of terms and a :
reference section are also
included. This is an excellent
publication for people who are
just learning about bar code or
for those who need a more
comprehensive understanding
of the subject.

Ordering No. 5953-9387

AN 1040

Ambient Light Rejection
Circuit for the HED5-1500
Bright ambient light causes the
resolution of the HEDS-1500
sensor to degrade when the
sensor is dc driven. This AN
presents a circuit schematic
that allows full resolution in
bright ambient light. Included
are graphs showing limits of
current and voltage, and
frequency responses under
specific conditions.

Ordering No. 5952-2228
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Ordering Information,
After Sales Service

How to Order

To order any component in this
catalog or additional applica-
tions information, call the HP
office nearest you and ask for a
Components representative. A
complete listing of the U.S.
sales offices is on page 9-10;
offices located outside of the
U.S. are listed on page 9-11.

A worldwide listing of HP
authorized distributors is on
page 9-3. These distributors can
offer off-the-shelf delivery for
most HP components.

Warranty

HP's Components are war-
ranted against defects in
material and workmanship for
a period of one year from the
date of shipment. If HP receives
notice of such defects during the
warranty period, HP will repair
or, at its option, replace compo-
nents that prove to be defective
in material or workmanship
under proper use during the
warranty period. This warranty
extends only to HP customers.

NO OTHER WARRANTIES
ARE EXPRESSED OR
IMPLIED. HP SPECIFICALLY
DISCLAIMS THE IMPLIED
WARRANTIES OF
MERCHANTABILITY AND
FITNESS FOR A PARTIC- .
ULAR PURPOSE.

THE REMEDIES PROVIDED
HEREIN ARE BUYER'S SOLE
AND EXCLUSIVE REMEDIES.
HP SHALL NOT BE LIABLE
FOR ANY DIRECT, INDIRECT,
SPECIAL, INCIDENTAL, OR
CONSEQUENTIAL
DAMAGES, WHETHER
BASED ON CONTRACT,
TORT, OR ANY OTHER
LEGAL THEORY.

The foregoing limitation of
liability shall not apply in the
event that any HP product sold
hereunder is determined by a
court of competent jurisdiction
to be defective and to have
directly caused bodily injury,
death, or property damage;
provided, that in no event shall
HP's liability for property
damage exceed the greater of
$50,000 or the purchase price of
the specific product that caused
such damage.
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HP Components
Authorized Distributor
and Representative Directory

Alabama
Arrow/Schweber
Electronics(2

1015 Henderson Rd.
Huntsville 35816
(205) 837-6955

Hamilton Hallmark{1,23]
4890 University Square
Suite 1

Huntsville 35816

(205) 837-8700

Newark Electronics(1.2]
1-800-367-3573

Penstock, Inc.[23]
1-800-PENSTOC

Arizona
Arrow/Schweber
Electronics!1:2
2415 W. Erie Dr.
Tempe 85282
(602) 431-0030

Hamilton Hallmark{1,2.3]
4637 S. 36th Place
Phoenix 85040

(602) 437-1200

Hamilton Hallmark{1,2].
60 S. McKemy Rd.
Chandler 85226

(602) 902-4700

Newark Electronics!12]
1-800-367-3573

Sertek, Inc.[23]

2111 East Broadway Rd.
Suite 5

Tempe 85282

(602) 894-9405

Penstock, Inc.

8260 E. Raintree Drive
Suite 206

Scottsdale 85260

(602) 998-4442

Notes:

1. Optoelectronics

2. RF Diodes/Transistors

3. Microwave and Avantek
Products

California
Arrow/Schweber
Electronics! 1.2

26677 W. Agoura Rd.
Calabassas 91302
(818) 880-9686

Arrow/Schweber
Electronics!1.21

6 Cromwell St.
Suite 100
Irvine 92718
(714) 5870404

Arrow/Schweber
Electronics! 12

9511 Ridgehaven Ct.
San Diego 92123
(619) 565-4800

Arrow/Schweber
Electronics(1:2!
48834 Kato Rd.
Suite 103
Fremont 94538
(510) 490-9477

Hamilton Hallmark{1.23]
580 Menlo Dr.

Suite 2

Rocklin 95677

(916) 624-9781

Hamilton Hallmark{.2]
21150 Califa St.
Woodland Hills 91367
(818) 594-0404

Hamilton Hallmark(1.2!
3170 Pullman St.
Costa Mesa 92626
(714) 641-4100

Hamilton Hallmark(.2]
(Corporate Office)

10950 W. Washington Blvd.
Culver City 90230

(310) 558-2000

Hamilton Hallmark1.2)
4545 Viewridge Ave.
San Diego 92123

(619) 571-7540

Hamilton Hallmark{%.2
2105 Lundy Ave.

San Jose 95131

(408) 435-3500

HEWLETT®
PACKARD

Newark Electronics(1:2]
1-800-367-3573

Penstock, Inc.[23]
(Corporate Office)
520 Mercury Dr.
Sunnyvale 94086
(408) 730-0300

Penstock, Inc.[231

1401 Highland Ave.
Suite 200

Manhattan Beach 90266
(310) 546-8953

Penstock, Inc.[2:3]
5850 Oberlin Dr.
Suite 208

San Diego 92121
(619) 535-3015

Sertek, Inc.[23]
(Corporate Office)

3481 Ol1d Conejo Rd.
Newbury Park, CA 91320
(805) 375-6680

Zeus Electronics(1:2]
6276 San Ignacio Ave.
San Jose 95119

(408) 629-4789

Zeus Electronics!12!

22700 Savi Ranch Parkway
Yorba Linda 92687

(714) 921-9000

Colorado
Arrow/Schweber
Electronics12

61 Invernes Dr. East
Suite 105
Englewood 80112
(303) 799-0258

Hamilton Hallmark{12:3]
12503 East Euclid Dr.
Suite 20

Englewood 80111

(303) 790-1662

Newark Electronics(12!
1-800-367-3573

Penstock, Inc.[23]
(303) 421 7161

Sertek, Inc.
1-800-334-7127

Connecticut
Arrow/Schweber
Electronics!12

12 Beaumont Rd.
Wallingford 06492
(203) 265-7741

Hamilton Hallmark{1.23]
125 Commerce Ct.

Unit 6

Cheshire 06410

(203) 2712844

Newark Electronics!2!
1-800-367-3573

Penstock, Inc.[23]
1-800-PENSTOC

Florida
Arrow/Schweber
Electronics!2!

37 Skyline Dr.
Suite 3101

Lake Mary 32746
(407) 333-9300

Arrow/Schweber
Electronics!1:2

400 Fairway Dr.
Deerfield Beach 33441
(305) 429-8200

Hamilton Hallmark{12:3!
10491 72nd St. North
Largo 34647

(813) 541-7440

Hamilton Hallmark{1.2]
7079 University Blvd.
Winter Park 32792
1-800-332-8638

Newark Electronicst1.2!
1-800-367-3573

Penstock, Inc.[23]
1-800-522-2012
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Penstock, Inc.[23]
700 N. Wickham Rd.
Suite 104
Melbourne 32935
(407) 242-3314

Zeus Electronics!:2

37 Skyline Drive, Ste. 3101
Lake Mary 32746

(407) 333-30556

Georgia

Arrow/Schweber
Electronics(12]

4250 E. River Green Pkwy.
Duluth 30136

(404) 497-1300

Hamilton Hallmark(12:3]
3425 Corporate Way
Suite A & G

Duluth 30136

(404) 623-4400

Newark Electronics(1-2]
1-800-367-3573

Penstock, Inc.[1:2:3]

5500 Interstate North Pkwy.

Suite 475
Atlanta 30328
(404) 951-0300

Illinois

Arrow/Schweber
Electronics!:2]

1140 West Thorndale Ave.
Itasca 60143

(708) 250-0500

Hamilton Hallmark(1:2]
1130 Thorndale Ave.
Bensenville 60106
(708) 860-7780

Newark Electronics{12]
(Corporate Office)

4801 N. Ravenswood Ave.
Chicago 60640
1-800-367-3573

Penstock, Inc.[23] .

1250 West Northwest Hwy
Suite 509

Palatine 60067

(708) 934-3700

Notes:

1. Optoelectronics

2. RF Diodes/Transistors

3. Microwave and Avantek
Products

Indiana
Arrow/Schweber
Electronics!1:2)

7108 Lake View Pkwy West

Dr.
Indianapolis 46268
(317) 299-2071

Hamilton Hallmark(1:23]
4275 W. 96th St.
Indianapolis 46268
(317) 872-8875

Newark Electronicst’.2]
1-800-367-3573

Penstock, Inc.[23]

3304 Mallard Cove Lane
Fort Wayne 46804

(219) 432-1277

Iowa

Newark Electronics(1.2]
1-800-367-3573

Penstock, Inc.[23]
1-800-PENSTOC

Kansas
Arrow/Schweber
Electronics(12!
9801 Legler Rd.
Lenexa 66219
(913) 451-9542

Hamilton Hallmarki1,23]
10809 Lakeview Ave
Lenexa 66215

(913) 888-4747

Newark Electronics!12]
1-800-367-3573

Penstock, Inc.[23]

300 S. Clairborne, Suite #A2

Olathe 66062
(913) 829-9330

Kentucky

Hamilton Hallmark(1,2]
1847 Mercer Rd.

Suite G )
Lexington 40511
1-800-235-6039

Newark Electronics!!2!
1-800-367-3573

Maryland
Arrow/Schweber
Electronics(12]

9800 J. Patuxent Woods Dr.

Columbia 21046
(301) 596-7800

Hamilton Hallmark!!.2.3]
10240 Old Columbia Rd.
Columbia 21046

(410) 988-9800

Newark Electronics!12]
1-800-367-3573

Penstock, Inc.[23]

9881 Broken Land Pkwy.
Suite 105

Columbia 21046

(410) 290-3746

Massachusetts
Arrow/Schweber
Electronics!:2]

25 Upton Dr.
Wilmington 01887
(508) 658-0900

Hamilton Hallmark{12]
10M Centennial Dr.
Peabody 01960

(508) 532-9808

Newark Electronics!1:2
1-800-367-3573

Penstock(23!

5 Mount Royal Ave.
Marlborough 01752
(508) 624-7300

Zeus Electronics[1,2]
25 Upton Drive
Wilmington 01876
(508) 6584776

Michigan
Arrow/Schweber
Electronics!1:2)
19880 Haggerty Rd.
Livonia 48152

(313) 462-2290

Hamilton Hallmark{1:23]
44191 Plymouth Oak Blvd.
Suite 1300

Plymouth 48170

(313) 416-5800

Hamilton Hallmark(%,2]
41650 Gardenbrook
Suite 100

Novi 48375
(313) 3474271

Newark Electronics!1:2
1-800-367-3573

Penstock, Inc.[23]
1-800-PENSTOC

Minnesota
Arrow/Schweber
Electronics(1.2]
10100 Viking Dr.
Suite 100

Eden Prairie 55344
(612) 941-5280

Hamilton Hallmark(1,2.3]
9401 James Ave., South
Suite 140

Bloomington 55431
(612) 881-2600

Newark Electronics(12]
1-800-367-3573

Penstock, Inc.[23]
1-800-PENSTOC

Missouri

Hamilton Hallmark(1:2:3]
3783 Rider Trail South
Earth City 63045

(314) 291-5350

Newark Electronics!12!
1-800-367-3573

Penstock, Inc.[23]
1-800-PENSTOC

New Jersey
Arrow/Schweber
Electronics!:2!

43 Route 46 East
Pine Brook 07058
(201) 227-7880

Arrow/Schweber
Electronics(1:2]

4 Stow Rd.
Marlton 08053
(609) 596-8000

Hamilton Hallmark{1.2]
One Keystone Ave.
Bldg. 36

Cherry Hill 08003
(609) 424-0110

Hamilton Hallmark{1.2]
10 Lanidex Plaza West
Parisippany 07054-2715
(201) 515-5370

Newark Electronicst!2

1-800-367-3573

Penstock, Inc.

160 Littleton Road
Suite 201
Parsippany 07754
(602) 998-4442



New Mexico

Newark Electronics(1:2
1-800-367-3573

Sertek, Inc.[23]
(602) 894-9405

New York
Arrow/Schweber
Electronics1:2]

20 Oser Ave.
Hauppauge 11788
(616) 231-1000

Arrow/Schweber
Electronics!:2!

3376 Brighton-Henrietta
Townline Rd.

Rochester 14623

(716) 427-0300

Arrow/Schweber
Electronics(1.2!
(Corporate Office)
25 Hub Dr.
Melville 11747
(516) 391-1148
(Military)

Hamilton Hallmark{1.2.3]
3075 Veterans Memorial
Hwy.

Ronkonkoma 11779
(516) 737-0600

Hamilton Hallmark(1.2]
933 Motor Park Way
Hauppauge 11788
(516) 434-7470

Hamilton Hallmark(12!
1057 Henrietta Rd.
Rochester 14623

(716) 475-9130

Newark Electronics(1-2]
1-800-367-3573

Penstock, Inc.[23]

1117 Old Country Road
Suite 226

Plainview 11803

(516) 9354785

Zeus Electronics!(1:2]
100 Midland Ave.
Port Chester 10573
(914) 937-7400

Notes:

1. Optoelectronics

2. RF Diodes/Transistors

3. Microwave and Avantek
Products

North Carolina
Arrow/Schweber
Electronics(12

5240 Green Dairy Rd.
Raleigh 27604

(919) 876-3132

Hamilton Hallmark{123]
5234 Greens Dairy Rd.
Raleigh 27604

(919) 872-0712

Newark Electronics!1-2]
1-800-367-3573

Penstock, Inc.[2:3]
1-800-PENSTOC

Ohio
Arrow/Schweber
Electronics(2}
6573E Cochran Rd.
Solon 44139

(216) 248-3990

Arrow/Schweber
Electronics(1.2]

8200 Washington Village Dr.

Centerville 45458
(513) 435-5563

Hamilton Hallmark(1,23]
5821 Harper Rd.

Solon 44139

(216) 498-1100

Hamilton Hallmark{1:23]
777 Dearborn Park Lane
Suite L

Worthington 43085
(614) 888-3313

Hamilton Hallmark{1.2}

7760 Washington Village Dr.

Dayton 45459
(513) 439-6735

Newark Electronicst:2!
1-800-367-3573

Penstock, Inc.[23]
1-800-PENSTOC

Oklahoma
Arrow/Schweber
Electronics!1:2!
12111 E. 51st St.
Suite 101

Tulsa 74146
(918) 252-7537

Hamilton Hallmark{1.2:3]
5411 S. 125th East Ave.
Suite 305

Tulsa 74146

(918) 254-6110

Newark Electronics(1-2]
1-800-367-3573

Penstock, Inc.[23]
1-800-PENSTOC

Oregon

Almac/Arrow Electronics!-2
1885 N.W. 169th Place
Beaverton 97006

(503) 629-8090

Hamilton Hallmarki12l
9750 S.W. Nimbus Ave.
Beaverton 97005

(503) 526-6200

Newark Electronics(1.2]
1-800-367-3573

Penstock, Inc.[23]
1-800-PENSTOC

Pennsylvania
Arrow/Schweber
Electronics!1:2}
2681 Mosside Blvd
Monroeville 15146
(412) 856-9490

Newark Electronics(-2]
1-800-367-3573

Penstock, Inc.[23]
40 Croce Lane
Coatesville 19320
(215) 383-9536

Texas
Arrow/Schweber
Electronics(1:2]
11500 Metric Blvd
Suite 160

Austin 78758
(512) 835-4180

Arrow/Schweber
Electronics!!:2!

3220 Commander Dr.
Carrollton 75006
(214) 380-6464

Arrow/Schweber
Electronics(12]
10899 Kinghurst
Suite 100
Houston 77099
(713) 530-4700

Hamilton Hallmark{1:2:3]
(Corporate Office)
11333 Pagemill Rd.
Dallas 75243

(214) 343-5000

Hamilton Hallmark(1:23]
11420 Pagemill Rd.
Dallas 75243

(214) 553-4300

Hamilton Hallmark{1:23]
8000 West Glen
Houston 77063

(713) 781-6100

Hamilton Hallmark(12!
12211 Technology Blvd.
Austin 78727

(512) 258-8848

Newark Electronicst1:2
1-800-367-3573

Penstock, Inc.[23]
13740 Midway Rd.
Suite 601

Dallas 75244
(214) 701-9555

Zeus Electronics(12]
3220 Commander Dr.
Carrollton 75006
(214) 783-7010

Utah

Hamilton Hallmark{2]
1100 East 6600 South
Suite 120

Salt Lake City 84121
(801) 266-2022

Newark Electronicst1:2!
1-800-367-3573

Penstock, Inc.[23]
1-800-PENSTOC

Sertek, Inc.[23]
800 334-7127

Washington

Almac/Arrow Electronicstl:2
14360 S.E. Eastgate Way
Bellevue 98007-6458

(206) 643-9992

Hamilton Hallmark{12}
8630 154th Ave.
Redmond 98052

(206) 881-6697

Newark Electronicst%:2]
1-800-367-3573

APPENDIX




Penstock, Inc.[23]
10800 N.E. 8th St.
Suite 805
Bellevue 98004
(206) 454-2371

Penstock, Inc.(23]
1-800-PENSTOC

Wisconsin
Arrow/Schweber
Electronics!1:2!

200 North Patrick Blvd.
Brookfield 53045

(414) 792-0150

Hamilton Hallmark(2.3]
2440 South 179th St.
New Berlin 53146

(414) 797-7844

Newark Electronics(1:2!
1-800-367-3573

Penstock, Inc.[23]
1-800-PENSTOC
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International
Australia

VSI Electronics (AUST) Pty.
Ltd.[123]

16 Dickson Avenue
Artarmon, N.S.W. 2064

(61) 2439 4655

Austria

BFI IBEXSA Elektronik
GmbH!

Korbinianstr. 6

85386 Eching (Miinchen)
Tel: (49) 89 319 51 35 -

EBVI12
Diefenbachgasse 35/6
1150 Vienna

Tel: (43) 1 894 1774

EURODIS Electronics®2
Lamezanstrasse 10

1232 Vienna

Tel: (43) 161062 115

Belgium

BFI IBEXSA BV23]
PO Box 3019

2130 KA Hoofddorp
Netherlands

Tel: (31) 20 65 31 350

EBV ELEKTRONIK(1.2]
Excelsiorlaan 35
Avenue Excelsior 35
1930 Zaventem '
Tel: (32) 02 720 99 36

Brazil

Intertek Electronica Ltd.[12
Rua Miguel Casagrande, 200
02714-000, Sao Paulo, SP
(011) 266-2922

Bulgaria

MACRO Sofial1-2]

116 Geo Millev Str.
BL 57 AP70

1574 SOFIA
Tel/Fax:(359) 2 708140

Canada

Arrow

1093 Meyerside Dr.
Mississauga, Ontario
L5T 1M4

(416) 670-7769

Notes:

1. Optoelectronics

2. RF Diodes/Transistors

3. Microwave and Avantek
Products

Arrow

8544 Baxter PL.
Burnaby, B.C.
V5A 4T4

(604) 421-2333

Arrow

1100 St. Regis
Dorval, Quebec
H9P 2T5

(514) 421-7411

Arrow

36 Antares Dr.
Unit 100
Nepean, Ontario
K7E TW5

(613) 226-6903

Hamilton/Hallmark{1:2!
8610 Commerce Court
Burnaby, BC V5A 4N6
(604) 4204101

Hamilton/Hallmark{%.2
151 Superior Blvd.
Units 1-6
Mississauga,

Ontario L5T 2L1

(416) 564-6060

Hamilton/Hallmark(1:2!
190 Colonnade Road
Nepean, Ontario K7E 7J5
(613) 226-1700

Hamilton/Hallmark%:2!

7575 Trans Canada Highway
Suite 600

Ville St. Laurent, Quebec
HA4T 1Ve

(514) 335-1000

Penstock Inc.

260 Hearst Way, #313
Kanata, Ontario K2L 3H1
(613) 592-6088

Czech Republic
GM Electronictt:23]
Evropska 73

160-00 Praha 6

Tel: (42) 2 316 7202

MACRO Weil s.r.0.[12
Bechynova 3

160-00 Praha 6

Tel: (42) 2 3112 182

Denmark

Avnet Nortec ASIL2]
Transformervej 17
DK-2730 Herlev

Tel: +45 (42) 84 20 00

BFI-IBEXSA Denmark
AS23]
Langebjergsvenget 8A, 1.TH

DK-4000 Roskilde
Tel: +45 (46) 75 31 31

Finland
Arrow-Field Oy(12]
Niittylantie 5
00620 Helsinki
Tel: 358-0-777571

Arrow-Field Oy
Ravi 18

EE0002 Tallinn
Estonia

Tel: 358-49-215172

Avnet Nortec Oy!12
Itélahdenkatu 22
00210 Helsinki

Tel: 358-0-670277

BFI-IBEXSA Nordic AB23!
Box 7093

(Kung Hans vig 12)

S-191 07 Sollentuna
Sweden

Tel: +46 (8) 626 99 00

France

Arrow Electronics!12!
73/79 rue des Solets
Silic 585

94668 Rungis Cedex
Tel: (1) 49 78 49 78

EBV Elektronik{1:2!

16, rue Gallilée

Cité Descartes

77436 Champs sur Marne
Tel: (1) 64 68 86 00

Elexience!?3]

9, rue des Petits Ruisseaux
91370 Verriere le Buisson
Tel: (1)60 1194 71

RADIOSPARES Ci t

Farnell GmbH!12]
Griinwalderweg 30
82041 Deisenhofen
Tel: 089/6 1339 11

Ing.-Biiro K.-H. Dreyer{1:2]

Albert-Schweitzer-Ring 36

22045 Hamburg |
Tel: 040 /66 90 27-28

Jermyn GmbHI1.2]
Im Dachsstiick 9
65549 Limburg
Tel: 06431/ 508-0

SASCO GmbHI12]
Hermann-Oberth-Str. 16
85640 Putzbrunn b.
Miinchen

Tel: 089 /46 11-0

Greece

Micronics Ltd.[1:23]
46, Kritis Street
16451 Argyroupolis
Athens

Tel: (30) 1 9914 786

Hong Kong

CET Ltd. (REP)123

22/F Chuang’s Finance
Centre

81-85, Lockhart Road

(852) 5200922

Semicon Products and
Systems Co. Ltd.[3]

11/F Evernew House,

485 Lockhart Road

Causeway Bay

(852) 5729183

Rue Norman King

BP 453

60031 Beauvais Cedex
Tel: (16) 44 84 72 72

Scie-Dimes Ibexsa SA[23]
1, rue Lavoisier ZI-BP 25
91430 Igny

Tel: (1) 69 33 74 00

S.C.ALB. SAL2
80, rue d’Arcueil
Silic 137

94523 Rungis Cedex
Tel: (1) 46 87 23 13

Germany

BFI IBEXSA Elektronik
GmbH!23]
Korbinianstrasse 6
85386 Eching

Tel: 089/3 1951 35

EBV-Elektronik GmbH!1.2]
Hans-Pinsel-Strasse 4
85540 Haar b. Minchen
Tel: 089 /4 56 10-0
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Hungary

EURODIS Electronics(1.2
Lamezanstrasse 10

1232 Vienna

Tel: (43) 161062 115

MACRO Budapest Kft{1.2]
Etele ut 68

1115 Budapest

Tel:(36) 1 269 8110

India

Hinditron Services Pvt.
Ltd.[23]

Industry House, 23-B

Mahal Industrial Estate

Mahakali Caves Road,

Andheri East,

Bombay 400093

(91) 22 8634035
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SKAG INDIA PVT. Ltd.lU
22 Richmond Rd.
Bangalore 560025

(91) 80 224057/2240497

Israel

CMSI23]

Computation &
Measurement Systems

Ltd.

11, Hashlosha Street

P.O. Box 25089

67060 Tel-Aviv

(03) 538 03 18

Telsys Ltd.[1.2]

Atidim, Industrial Park,
Bldg 3

Dvora Hanevia Street, Neva
Sharet

61431 Tel-Aviv

(03) 4920 01

Italy

BFI IBEXSA SPA[23]
Via Masscna 18
20145 Milano

Tel: (02) 33 10 05 35

Dott. Ing.[1.2]

Giuseppe de Mico S.p.A.
V. le Vittorio Veneto 8
20060 Cassina de Pecchi
Tel: (02) 95 34 36 00

LASI Elettronica S.p.A.[12]
Viale Fulvio Test. 280
20126 Milano

Tel: (02) 66 10 1370

Silverstar Ltd [12
Viale Fulvio Testi 280
20126 Milano

Tel: (02) 66 12 51

Japan

Ryoden Trading Co.,
Limited!123]

3-15-15 , Higashi Ikebukuro,

Toshima-ku, Tokyo 170

(81) 3-5396-6206

Ryoden Trading Co.,
Limited(1:2:3]
Shin-Osaka Center Bldg.
4-1-4 Miyahara
Yodogawa-Ku
Osaka-shi, Osaka 532

(81) 6-399-3409

Notes:

1. Optoelectronics

2. RF Diodes/Transistors

3. Microwave and Avantek
Products

Ryoyo Electro
Corporation!123!
Konwa Bldg.
1-12-22, Tsukiji
Chuo-ku, Tokyo 104
(81) 3-3546-5011

Ryoyo Electro

Corporation{1:23]
Nisshin Shokuhin Bldg.
4-1-1, Nishi-Nakajima
Yodogawa-ku, Osaka 532
(81) 6-302-5371

Ryoyo Electro
Corporation!1:2:3!

Nagoya AT Bldg.

1-18-22, Nishiki, Naka-ku,

Nagoya-shi, Aichi 460

(81) 52-203-0277

Tokyo Electron Limited(%,23!
Shinjuku Monolith Bldg.
2-3-1 Nishi Shinjuku
Shinjyuku-Ku, Tokyo 163
(81) 3-3340-8252

Tokyo Electron Limited!(12:3]
Sumitomoseimei
Shin-Osaka-Kita Bldg:
4-1-14, Miyahara,
Yodogawa-ku,

Osaka-shi, Osaka 532

(81) 6-399-0261

Yamada Corporation!23]
Shin-Aoyama Bldg. East
1-1-1 Minami-Aoyama
Minato-Ku, Tokyo 107
(81) 3-3475-1121

Yamada Corporation!3

Nagoya Kokusai-Center
Bldg.

1-47-1, Nakono,
Nakamura-Ku

Nagoya-shi, Aichi 450

(81) 52-563-6661

Yamada Corporation!23!
Higobashi Shimizu Bldg.
1-3-7 Tosabori, Nishi-Ku
Osaka-shi, Osaka 550
(81) 6-449-1101

Korea

Panwest Co. (REP)Y12
Songnam Building
Room 213
Seocho-dong-Seocho-ku
1358-6 Seoul

(82) 2-5547176

SANGSOO Electronics
Co.[23]

Suite 303 Kyungho Building
25-2 Yeo euido-Dong
Youngdeungpo-ku, Seoul
(82) 2-7805360

Malaysia

DCP (M) SDN BHD{L2
6th Floor Wisma Denko
41 Aboo Sittee Lane
10400 Penang

(604) 281860

Netherlands

EBV ELEKTRONIKI:2]
Planetenbaan 2

3606 AK Maarssenbroek
Tel: (31) 03465 623 53

Diode Components%:2!
Coltbaan 17

3439 NG Nieuwegein
Tel: (31) 03402 912 34

BFI IBEXSA BV(23]
PO Box 3019

2130 KA Hoofddorp
Tel: (31) 020 65 31 350

New Zealand

VSI Electronics (NZ)
Ltd. (1,231

7 Beasley Ave.

Penrose

Auckland

(64) 9579 6603

VSI Electronics (NZ) Ltd.[1:2
295 Cashel Street
Christchurch

(64) 3 660-928

VSI Electronics (NZ) Ltd.[12
Flanders Arcade

71 High Street

Lower Hutt

(64) 4 694-560

Norway

Avnet Nortec ASI12
P.0. Box 123
(Smedsvingen 4B)
N-1364 Hvalstad

Tel: +47 (66) 84 62 10

Farnell Electronic
Services(1:2]

Nedre Kaldbakkvei 88
N-1081 Oslo 10

Tel: +47 (22) 32 12 70

BFI-IBEXSA Nordic AB[23]
Box 7093

(Kung Hans vig 12)

S-191 07 Sollentuna
Sweden

Tel: +46 (8) 626 99 00

Poland

Macropol Co. Ltd.

02-366 Warszawa

Ul. Bitwy Warszawskej 11
Tel: (48) 22 224 337
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Meditronik{1,2:3!
4, Dzika Street
00-194 Warsaw
Tel: (48) 2 635 2263

Portugal

Corsisa Electronica
LIMITADAILZI

C/ Estrada Nacional 107,
No. 743

Ardegas, Aguasantos
Tel: (351) 2 973 69 57

ATD - ARROWI1.2,3]
Quinta Grande, Lote 20
r/c DTO. Alfragide

2700 Amadora, LISBOA
Tel: (351) 147 14 182

Russia

Arrow-Field
DESAGENT SPp

2. Bodepa Square
196143 St. Petersburg
Tel: see directory

NEKLUSOVA[L2

ul Zamshina 15

St. Petersburg

Tel: (7) 812 545 0723

OPTONIKA!1:2,3]

PO Box 69

109542 Moscow

Tel: (7) 095 305 7738

RADIS/MTUCI23]
Aviamotornaya 8a
105855 MOSCOW
Tel: (7) 095 273 8879

Singapore

Dynamar Computer
Products(1-2!

PTE Ltd. (REP)

109 Defu Lane 10

Off Hougang Avenue 3

Singapore 1953

(65) 2813388

Hi-Tech Business

Associatel23]

230, Upper Bukit Timah
Road

Bukit Timah Industrial
Complex #04-10

Singapore 2158

(65) 4620668

Slovak Republic
MACRO Components
s.r.0.[12
Vysokoskolakov 6
010-01 Zilina

Tel: (42) 89 45041/34181



Slovenia

EBVIL2
Diefenbachgasse 35/6
1150 Vienna

Austria

Tel: (43) 1894 1774

IR Electronicll:2]
Ziherlova ulica 2
Ljubjana

Tel: (386) 61 222 007

So. Africa

Advanced Semiconductor
Devices (PTY) Ltd.[1.2:3]
P.O. Box 3853

SA-2128 Rivonia

Tel: (27) 011 444 23 33

Spain

BFI IBEXSAP!

Isabel Colbrand S/N
Edificio alpha III Nave 85
Poligono Industrial
Fuencarral

28049 MADRID

Tel: (34) 1 358 8516

Diodel1:2

C/ Orense 34

28020 Madrid
Tel:(34) 1 555 3686

Sociedad De Electronica Y
Componentes SA

Selcol1.2!

Paseo De La Habana 190
28036 Madrid

Notes:
1. Optoelectronics
2. RF Diodes/Transistors

3. Microwave and Avantek

Products

Sweden

Avnet Nortec AB(1.2]
Box 1830
(Englundaviigen 7)
S-171 27 Solna

Tel: +46 (8) 629 14 00

BFI-IBEXSA Nordic AB(23]
Box 7093

(Kung Hans vig 12)
S-191 07 Sollentuna
Tel: +46 (8) 626 99 00
Farnell Electronic
Services(1.2]

Box 1330
(Ankdammsgatan 32)
S-171 26 Solna

Tel: +46 (8) 83 00 20

Switzerland

Basix AGI1.2
Hardturmstr. 181
Postfach

8010 Zirich

Tel: (41) 01 276 11 11

BFI IBEXSA Elektronik
GmbH(23

Korbinianstr. 6

85386 Eching (Miinchen)
Tel: (49) 89 319 51 35

EBV Elektronik AG!!2
Vorstadtstrasse 37
8958 Dietikon

Tel: (41) 01 740 1090

Taiwan (Republic of

China)

Morrihan International
Inc.[12]

No. 57, 8th Floor -

Yang Shen Shan Yet
Building

337 Fu Hsing North Road

Taipei, Taiwan

(886) 2 7522200

Thailand

Dynamar Computer
Products!:2

2991/19 Visuthanee,

1st Floor

Ladprao Road SOI 101-103
Klongchan, Bangkapi
Bangkok 10220

(66) 2-3760132

Turkey

EMPA AS11.2.3]
Elektronik Mamulleri
Pazarlama A.S.
Florya Is Merkezi
Besyol Londra Asfalti
34630 SEFAKOY -
ISTANBUL

Tel: (90) 212 599 30 50

United Kingdom
Avnet Access Ltd.[12
Jubilee House

Jubilee Road
Letchworth

Herts SG6 1QH

Tel: (44) 046248 08 88

BFI IBEXSA Electronics
Ltd.[231

Burnt Ash Road

Quarry Wood Industrial
Estate

Aylesford

Kent

ME20 7NA

Tel: (44) 0622 88 24 67

Farnell Celdis12!

300 Kings Road,
Reading

Berkshire RG1 4GA
Tel: (44) 0734 66 66 76

Farnell Electronic
Services!12]

Edinburg Way
Harlow,

Essex CM20 2DF

Tel: (44) 0279 44 11 44

Farnell Electronic
Components(1:2]

Canal Road

Leeds

West Yorkshire LS12 2TU
Tel: (44) 0532 63 63 11

Jermyn Distribution(12]
Vestry Estate
Sevenoaks,

Kent TN14 5SEU

Tel: (44) 0732 74 01 00
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HP Components

US Sales & Support

Alabama

620 Discovery Dr.
Huntsville 35806
Tel: 205-971-2000

Arizona

8080 Pointe Parkway
West

Phoenix 85044

Tel: 800-235-0312

3400 E. Britannia Dr.
Bldg. C, Suite 124
Tucson 85706

Tel: 800-235-0312

California

1421 S. Manhattan Ave.
Fullerton 92631

Tel: 800-235-0312

5245 Pacific Concourse
Dr.

Suite 100

Los Angeles 90045
Tel: 800-235-0312

351 E. Evelyn Ave.
Mountain View 94041
Tel: 800-235-0312

3831 N. Freeway Blvd.
Bldg. C, Suite 100
Sacramento 95834
Tel: 916-567-8500

9606 Aero Dr.
San Diego 92123
Tel: 800-235-0312

5805 Sepulveda Blvd.
Suite 800

Van Nuys 91411

Tel: 800-235-0312

Colorado

24 Inverness Place East
Englewood 80112

Tel: 800-235-0312

Connecticut

115 Glastonbury Blvd.
Glastonbury 06033
Tel: 203-633-8100

One Stamford Plaza
9th Floor

Stamford 06901
Tel: 203-324-1003

Florida

5900 N. Andrews Ave.
Suite 100

Ft. Lauderdale 33309
Tel: 305-938-9800

6177 Lake Ellenor Dr.
Orlando 32809
Tel: 407-859-2900

5550 W. Idlewild Ave.,
Suite 150

Tampa 33634

Tel: 813-884-3282

Georgia

1995 North Park Place
Atlanta 30339

Tel: 404-955-1500

Illinois
5201 Tollview Dr.

Rolling Meadows 60008
Tel: 708-342-2000

Indiana

201 W. 103rd St.

Suite 100
Indianapolis, IN 46290
Tel: 317-844-4100

HEWLETT

PACKARD
Maryland North Carolina
3701 Koppers St. 2000 Regency Pkwy.
Baltimore 21227 Suite 600

Tel: 410-362-7572

Massachusetts

29 Burlington Mall Rd.
Burlington 01803

Tel: 617-270-7000

Michigan

39550 Orchard Hill Place
Novi 48376

Tel: 313-380-2100

Minnesota

2025 W. Larpenteur
Avenue

St. Paul 55113

Tel: 612-644-1100

Missouri

6601 Winchester Ave.
Kansas City 64133
Tel: 816-737-0071

New Jersey

W. 120 Century Rd.
Paramus 07653
Tel: 201-599-5000

New York

290 Woodcliff Dr.
Fairport 14450
Tel: 716-264-4000

7 Old Sod Farm Rd.
Melville 11747
Tel: 516-753-0555

Cary, NC 27511
Tel: 919-467-6600

Ohio

7887 Washington Village
Dr.

Dayton 45459

Tel: 5613-433-2223

15885 Sprague Rd.
Strongsville 44136
Tel: 216-243-7300

Oregon

15115 SW Sequoia
Parkway, Suite 100
Portland 97224
Tel: 800-235-0312

Pennsylvania
2750 Monroe Blvd.
Valley Forge 19482
Tel: 215-666-2434

Texas

930 E. Campbell Rd.
Richardson 75081
Tel: 214-231-6101

Utah

3530 West 2100 South
Salt Lake 84119

Tel: 800-235-0312

Washington
15815 SE 37th St.
Bellevue 98006
Tel: 800-235-0312
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International
Sales & Support

Austria and Eastern Region
Hewlett-Packard

Lieblgasse 1

P.O. Box 72

A-1222 Vienna

Tel: (43) 1 2500 461

Belgium/Luxemburg

Hewlett-Packard Nederland B.V.
Boschdijk 137

PO Box 2342

5600 CH Eindhoven
Netherlands

Tel: (31)40/3242 18

Brazil

Edisa Hewlett-Packard S.A.
Alameda Rio Negro 750

06454 - Alphaville - Barueri - SP
Brazil

Tel: (+55 11) 725-1444

Canada

5150 Spectrum Way
Mississauga, Ontario
Canada L4W 5G1
Tel: 416-206-4725

China

Hewlett-Packard Co., Ltd.
5-6/F West Wing Office
China World Trade Center
No. 1 Jian Guo Men Wai Ave.
Beijing, 100004, PRC

Tel: 86-1-505-3888

Finland
Hewlett-Packard Oy
Piispankalliontie 17
SF-02200 Espoo

Tel: 358/0/8 87 21

France
Hewlett-Packard

Z.A. de Courtaboeuf

1, Avenue du Canada
F-91947 Les Ulis Cedex
Tel: 33/1/69 82 60 60

Germany
Hewlett-Packard GmbH
Unternehmensbereich
Elektronische Bauelemente
Hewlett-Packard-Str. 1
61352 Bad Homburg

Tel: (49) 6172 - 16-0

Greece/Turkey
Hewlett-Packard S.A.
P.0.Box

150 Route du Nant-d’Avril
CH-1217 Meyrin 2

Tel: 41/22/780 81 11

Israel

Computation & Measurement
Systems Ltd.

11 Hashlosha Street

P.O.Box 25089

IL-Tel Aviv 67060

Tel: 972/3/538 03 18

Italy

Hewlett-Packard Italiana S.p.A.
Via G. Di Vittorio 9

1-20063 Cernusco S/N (MI)

Tel: 39/2/92 121

Japan

Yokogawa Hewlett-Packard
29-21 Takaido-Higashi 3 Chome
Sugimani-Ku, Tokyo 168

Japan

Tel: 81-3-3331-8153
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Korea

Samsung Hewlett-Packard
Samsung Life Bldg.

36-1 Yeoeui Do-Dong
Youngdeungpo-Ku

Seoul, 150-010, Korea

Tel: 82-2-769-0114

Mexico

Hewlett-Packard de México
S.A.de C.V.

Monte Pelvoux No. 111
Fracc. Lomas de Virreyes
11000 Mexico D.F.

Mexico

(+52 5) 326-4000

Netherlands

Hewlett-Packard Nederland B.V.
Boschdijk 137

PO Box 2342

5600 CH Eindhoven
Netherlands

Tel: (31)40/3242 18

Singapore

Hewlett-Packard Singapore
150 Beach Rd. #29-00
Gateway West Singapore 0718
Tel: 65-291-9088

Spain/Portugal
Hewlett-Packard Espanola S.A.
Corta de la Coruna km 16 500
Madrid

E-28230 Las Rozas

Tel: 34/1/626 16 00

Sweden, Denmark, Norway

Hewlett-Packard AB
Skalholtsgatan 9, Kista
Box 19

S-164 93 Kista

Tel: 46/8/7 50 20 00
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Switzerland/South Africa

Hewlett-Packard (Schweiz) AG
In der Luberzen 29

CH-8902 Urdorf/Ziirich

Tel: (41) 01 735 71 11

Taiwan

Hewlett-Packard Taiwan Ltd.
20, Kao Shuang Rd, Ping Chen
Tao-Yuan, Taiwan, R.O.C.

Tel: 886-3-492-9666

United/Kingdom/Ireland
Hewlett-Packard Ltd.
Amen Corner

Cain Road

Bracknell

UK-Berkshire RG12 1THN
Tel: 44/344/ 36 00 00
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