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Figure 1. LED Pulse Current
Amplitude vs. LEDA Voltage.
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Figure 4. Transmitted Intensity vs.
LED Pulse Amplitude.
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Temperature.
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Figure 8. Transmitted Intensity vs.
Vertical Viewing Angle.
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Temperature.
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Rx TH+ (Receiver On-
Threshold)

The maximum receiver on-
threshold is equivalent to the
minimum receiver sensitivity.
Both are terms for the amount of
light signal which must be present
at the HSDL-1000 detector in
order to trigger a low pulse on the
receiver output (RXD). The IrDA
Physical Layer Specification
requires a minimum receiver
sensitivity of 4.0 uW/cm?, at a Bit
Error Rate of 109, and in the
presence of the 10 klux of
sunlight, 0-1000 lux of fluorescent

HSDL-1000 Reliability

light, or 0-1000 lux of incandes-
cent light. The fluorescent and
incandescent specifications
require minimum receiver
sensitivity with 1000 lux incident
onto the horizontal surface of the
IR link. The resulting amount of
fluorescent or incandescent light
actually reaching the detector
surface may vary between 0 and
500 lux depending upon the
design of the housing around the
HSDL-1000 module.

The HSDL-1000 Vg1,(RXD)
specification guarantees a
maximum receiver on-threshold
of EI = 3.6 uW/cm?, at a

BER < 109, and T, = 0-70°C. The
EI = 3.6 pW/cm? threshold
guarantees the IrDA minimum
receiver sensitivity of 4.0 uW/cm2,
while allowing for 10% light loss
through a cosmetic window
placed in front of the HSDL-1000.
The EI = 3.6 yW/cm? threshold
also guarantees receiver sensitivity
with 10 klux of sunlight,

0-500 lux fluorescent light, or
0-500 lux of incandescent light
incident on the HSDL-1000
detector surface.

Test Results
MIL-STD-883 Units Total
Test Name Reference Test Conditions Tested | Failed
Solder Heat (IR Profile) See absolute profile 60 0
Solder Heat Resistance 3 times thru IR Profile + 20 Temp. Cycles 60 0
Solder Rework Cycle Solder iron tip temp. 370°C/700°F 17 0
Time per lead 1 second
# of rework cycles = 4
Temperature Cycle 1010 -40°C to +100°C, Dwell = 15 Minutes
Transfer = 5 Minutes .
20 Cycles 120 0
100 Cycles 120 0
Power Temp. Cycle -40°C/+100°C, Dwell = 15 minutes, 60 0
Transfer = 5 Minutes, Voc = 5 Vdc,
If = 100 mAdc, LED On/Off = 1 Second
Total Cycles = 35
Mechanical Shock 2002 2 Blows each X1, X2, Y1, Y2, Z1, Z2 10 0
Condition B 1500 G’s, 0.5 msec Pulse
Vibration Variable 2007 (4) 4 Minute Cycles, X, Y, Z 10 0
Frequency Condition A at 50 G’s Min., 20 to 2,000 Hz
Resistance to Solvents 2015 3 one minute immersion 20 0
Brush after solvent
High Temp. Operating Ty= 70°C, If = 100 mAdc, Vg = 5 Vdc, 60 0
Life Time = 500 hours
Low Temp. Opearting Life T, = 0°C, If = 100 mAdc, Voc = b Vde 60 0
Time = 500 hours
Wet Operating Life Ty, = 35°C, R.H., = 85% If = 100 mAdc 60 0
Voe = 5 Ve, Time = 500 hours
ESD - Human Body Model 3015 RI = 1500 Ohms, C = 100 puF 10 0
Level = 4000V
ESD - Machine Model EIAJ Rload = 0 Ohms, C = 200 uF 10 0
Level = 300 V

Note: At the time of this publication, Light Emitting Diodes (LEDs) that are contained in this product are regulated for eye safety in
Europe by the Commission for European Electrotechnical Standardization (CENELEC) EN60825-1. Please refer to Application Briefs

1-008, 1-009, 1-015 for more information.
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IR 3/16 Encode/Decode IC

Technical Data

Features

¢ Compliant with IrDA
Physical Layer Specs

¢ Interfaces with IrDA
Compliant HSDL-1000 IR
Transceiver

¢ 1 Micron CMOS Gate Array

* Used in Conjunction with
Standard 16550 UART

¢ Pin Compatible with
PLX-1000

Applications
Interfaces with
HSDL-1000 to perform:
* Serial Half-Duplex Data
Transfer Between:
Notebook Computers
Subnotebooks
Desktops PCs
PDAs
Printers
Other Peripheral Devices
¢ Telecom Applications in:
Modems
Fax Machines
Pagers
Phones
* Industrial Applications in:
Data Collection Devices
* Medical Applications in:
Patient and Pharmaceutical
Data Collection

5964-9278E

HSDL-7000
Description Schematic
The HSDL-7000 performs the
HSDL-7000

modulation/demodulation
function used to both encode and
decode the electrical pulses from
the IR transceiver. These pulses
are then sent to a standard UART
which has a BAUDOUT signal
available externally. This signal is
16 times the selected baud rate.
In applications where the
16XCLK is not available, an
external means of generating the
16XCLK must be designed.

The HSDL-7000 is comprised of
two state machines — the serial IR Pin Out
encode and the serial IR decode

blocks. Each of these blocks 16XCLK 1
derives their timing from the
16XCLK input signal from the HP 7000
UART. The Encode block is RCV 3| Yvww
driven by the negative edge

triggered TXD signal from the

TXD

GND 4

L

6

5

UART. This initiates the modula-
tion state machine resulting in
the 3/16 modulated IR_TXD
signal which drives the IR trans-
ceiver module, HSDL-1000. The
IR Decode block is driven by the
negative edge triggered IR_RCV
signal from the HSDL-1000. After
this signal is demodulated and
stretched, it drives the RCV signal
to the UART.

»
o=
wo
£S5
o
L2
=

Vee

IR_TXD

IR_RCV

NRST
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Pin Description

16XCLK - Positive edge
triggered input clock that is set to
16 times the data transmission
baud rate. The encode and
decode schemes require this
signal. The signal is usually tied
to a UART’s BAUDOUT signal.

RCV - Output signal which is
usually tied to a UART’s SIN
signal (received serial data).

GND - Chip ground.

NRST - Active low signal used to
reset the decode state machine.
This signal can be tied to POR

TXD - Negative edge triggered (Power on reset) or Vgc. This

IR_RCYV - A 3/16th pulse width
input signal from the HSDL-1000.
The signal is a demodulated
(pulse stretched) to generate the
RCV output signal.

IR_TXD - This signal is the
modulated 3/16ths TXD signal
which is input to the HSDL-1000.

input signal; usually tied to a signal can also be used to disable = Vgg - Power.
UART’s SOUT signal (serial data any data reception.
to be transmitted).
Package Dimensions
< 105
[<+——6.65 (0.26)—=] (0.0a1)
MAX.
8 5
0000 010
(0.004)
-
o
} 0.15 + o.w.ogo )
0.006 + 0. -0. e | 06x02

O ' (0.024 £ 0.008)

LI I_I U I_I DETAIL A, SCALE 20

1 4

‘_-“2 l=—5.60 (0.22) —»
1
1.55 \
(0.06)
T SEE DETAIL A
0.40+0.10/-0.00——I L 7703
(0.016 + 0.004/-0.000) . ; 05020.012) |

(0.05)

NOTE: DIMENSIONS IN MILLIMETERS (INCHES).



Encoding Scheme

16 CLOCK CYCLES

—_— -

16 X CLOCK <

—{7cs
IRTXD

=

i 1

1 1

| |
—=3CS e

| |

The encoder sends a pulse for
every space or “0” that is sent on
the TXD line. On a high to low
transition of the TXD line, the
generation of the pulse is delayed

Decoding Scheme

16 CLOCK CYCLES

e —

for 7 clock cycles of the 16XCLK
before the pulse is set high for 3
clock cycles (or 3/16th of a bit
time) and then subsequently
pulled low.

16 X CLOCK <

IR_RXD

RXD

A high to low transition of the
IR_RXD line from the HSDL-1000
signifies a 3/16th pulse. This
pulse is stretched to accommo-
date 1 bit time (16 clock cycles).
Every pulse that is received is

translated into a “0” or space on
the RXD line equal to 1 bit time.

Note: The stretched pulse must
be at least 3/4 of a bit time in
duration to be correctly
interpreted by a UART.
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Absolute Maximum Ratings

Parameter Symbol Min. Max Units Conditions
Storage Temperature Ts -65 +150 °C
Operating Temperature Ty -40 +85 °C
Output Current Io 10 mA
Power Dissipation Pmax 0.22 w
Input/Output Voltage Vi'Vo -0.5 Ve + 0.5 \%
Power Supply Voltage Vee -0.5 +6.5 A%
Switching Specifications
(Vec = 5 Volts + 10%, Ty= -40 to +85°C)
Parameter Symbol | Min. | Typ. Max. | Units Conditions
Toggle Frequency fiog 120 Mhz
Propagation Delay Time tpd 0.5 ns Internal Gate
1.0 ns Input Buffer
2.0 ns Output Buffer
Output Fall Time te 1.42 ns Output Buffer (C, = 15 pF)
Output Rise Time ty 1.54 ns Output Buffer (C, = 15 pF)
Note: fioq represents the maximum internal D-Type Flip Flop toggle rate
Capacitance
(Vo = 0 Volts, Ty= -40 to +85°C)
Parameter Symbol Min. | Typ. Max. | Units Conditions
Input Capacitance Civ 10 20 pF f = 1 MHz - Unmeasured Pins
Output Capacitance Cour 10 20 pF Returned to 0 Volts
Output Fall Time 10 20 pF
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Recommended Operating Conditions

(Ty= -40 to +85°C)

Parameter Symbol Min. Typ. Max. | Units Conditions

Supply Voltage Vee 2.7 5.0 5.5 v CMOS level
Input Voltage Vi 0.0 Vee \% CMOS level
Ambient Temperature Ty -40 +85 °C CMOS level
High Level Input Voltage Vi 0.7 Ve Ve v CMOS level

Low Level Input Voltage ViL 0.0 0.3 Ve A% CMOS level
Positive Trigger Voltage Vp 1.61 4.00 A% CMOS level
Negative Trigger Voltage Wn 0.565 3.10 \% CMOS level
Hysteresis Voltage Vi 0.50 2.00 \% CMOS level
Power Dissipation Ppiss 4.9 220 mW fi6xcLk = 2 MHz
Input Rise Time tyi 200 ns flGXCLK = 2 MHz
Input Fall Time tea 200 ns fléXCLK = 2 MHz
Max Clk Frequency (16XCLK) f16x0LK 2 MHz

Minimum Pulse Width (IR_TXD)* tmpx 250 ns fiexcLx = 2 MHz

*IrDA Parameters. The Max Clk Frequency represents the maximum clock frequency to drive the HSDL-7000’s internal state machine.
Under normal circumstances, this clock input should not exceed 16 * 115.2 Kbp/s or 1.8432 MHz. This product can operate at higher
clock rates, but the above is the recommended rate.
The Minimum Pulse Width represents the minimum pulse width of the encoded IR_TXD pulse (and the IR_RCV pulse). As per the IrDA
specifications, the minimum pulse width of the IR_TXD and IR_RCV pulses should be 3 * (1/1.8432 MHz) or 1.63 us. The minimum

pulse width specified for the HSDL-7000 is 250 ns, which is within IrDA specification. Under normal circumstances, the pulse width

should not be less than 1.63 ps.

Application Circuits
HSDL-7000 Connection to UART

HSDL-7000

HSDL-1000
TXD IR_TXD
RCV IR_RCV

UART 16550

SouT

TXD

SIN

RCV

16XCLK

BAUDOUT

»
aF
we
<D
- y=]
w2
Za

Note: At the time of this publication, Light Emitting Diodes (LEDs) that are contained in this product are regulated for eye safety in
Europe by the Commission for European Electrotechnical Standardization (CENELEC) EN60825-1. Please refer to Application Briefs

1-008, I-009, I-015 for more information.

4-47



HEWLETT®
PACKARD

K

High-Performance T-13/4 (56 mm)
TS AlGaAs Infrared (875 nm)

Lamp

Technical Data

Features

* Very High Power TS AlGaAs
Technology

* 875 nm Wavelength

-« T-13/s Package

* Low Cost

¢ Very High Intensity:
HSDL-4220 - 38 mW/sr
HSDL-4230 - 75 mW/sr

¢ Choice of Viewing Angle:
HSDL-4220 - 30°
HSDL-4230 - 17°

* Low Forward Voltage for
Series Operation

* High Speed: 40 ns Rise Times

Package Dimensions

* Copper Leadframe for
Improved Thermal and
Optical Characteristics

Applications

¢ Compatible with IrDA SIR
Standard

* IR Audio

¢ IR Telephones

* High Speed IR
Communications
IR LANs
IR Modems
IR Dongles

¢ Industrial IR Equipment

5.00:+020
4‘:_" (0.197 £ 0.008)
114020
870020 |(0.045 £ 0.008)
(0.343 + 0.008)
1 235 o
1 ‘Tﬁ (0.093)
0.70
" " @.028) A%
314 L, CATHODE
(1.23)MN
0.50+0.10
(6.020 = 0.004) CUARE
127
o Now. ;
5.80.£020
(0.228+ 0.008) @ ~— CATHODE
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HSDL-4200 Series
HSDL-4220 30°
HSDL-4230 17°

* IR Portable Instruments

* Interfaces with Crystal
Semiconductor CS8130
Infrared Transceiver

Description

The HSDL-4200 series of emitters
are the first in a sequence of
emitters that are aimed at high
power, low forward voltage, and
high speed. These emitters utilize
the Transparent Substrate, double
heterojunction, Aluminum Gal-
lium Arsenide (TS AlGaAs) LED
technology. These devices are
optimized for speed and efficiency
at emission wavelengths of 875
nm. This material produces high
radiant efficiency over a wide
range of currents up to 500 mA
peak current. The HSDL-4200
series of emitters are available in
a choice of viewing angles, the
HSDL-4230 at 17° and the
HSDL-4220 at 30°. Both lamps
are packaged in clear T-13/s

(5 mm) packages.

5964-9642E



The package design of these The wide angle emitter, HSDL-
emitters is optimized for efficient 4220, is compatible with the IrDA
power dissipation. Copper SIR standard and can be used
leadframes are used to obtain with the HSDL-1000 integrated
better thermal performance than SIR transceiver.

the traditional steel leadframes.

Absolute Maximum Ratings

Parameter Symbol | Min Max Unit Reference
Peak Forward Current Ippk 500 mA [2], Fig. 2b
Duty Factor = 20%
Pulse Width = 100 us
Average Forward Current Irave 100 mA [2]
DC Forward Current Irpc 100 mA [1], Fig. 2a
Power Dissipation Ppiss 260 mwW
Reverse Voltage (Iz = 100 pA) Ve 5 \
Transient Forward Current (10 us Pulse) Irtr 1.0 A [3]
Operating Temperature To 0 70 °C
Storage Temperature Tg -20 85 °C
LED Junction Temperature Ty 110 °C
Lead Soldering Temperature 260 for °C
[1.6 mm (0.063 in.) from body] 5 seconds
Notes:

1. Derate linearly as shown in Figure 4.

2. Any pulsed operation cannot exceed the Absolute Max Peak Forward Current as specified in Figure 5.

3. The transient peak current is the maximum non-recurring peak current the device can withstand without damaging the LED die and
the wire bonds.

»
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Wwo
>
<
Za
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Za

Electrical Characteristics at 25°C

Parameter Symbol | Min Typ Max Unit . Condition Reference
Forward Voltage % 1.30 1.560 1.70 \% Igpc = 50 mA Fig. 2a
1.40 1.67 1.85 Igpc = 100 mA
2.15 Ippk = 250 mA Fig. 2b
Forward Voltage AV/AT -2.1 mV/°C Irpc = 50 mA Fig. 2¢
Temperature Coefficient -2.1 Irpc = 100 mA
Series Resistance Rs 2.8 ohms Irpc = 100 mA
Diode Capacitance Co 40 pF 0V, 1MHz
Reverse Voltage Vi 5 20 \% Iz = 100 pA
Thermal Resistance, ROjIJ 110 °C/W
Junction to Pin
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Optical Characteristics at 25°C

Parameter Symbol | Min Typ | Max | Unit Condition Reference
Radiant Optical Power .
HSDL-4220 Py 19 mW Irpc = 50 mA
38 IFDC = 100 mA
HSDL-4230 Py 16 mwW Irpc = 50 mA
32 Irpc = 100 mA
Radiant On-Axis Intensity
HSDL-4220 IE 22 38 60 mW/Sr IFDC = 50 mA Flg 3a
76 Igpc = 100 mA
190 Ippg = 250 mA Fig. 3b
HSDL-4230 Ig 39 75 131 | mW/sr | Igpc = 50 mA Fig. 3a
375 Ippg = 250 mA Fig. 3b
Radiant On-Axis Intensity Alg/AT -0.35 %/°C Irpc = 50 mA
Temperature Coefficient -0.35 Ippc = 100 mA
Viewing Angle
HSDL-4220 20,5 30 deg Irpc = 50 mA Fig. 6
HSDL-4230 2012 17 deg Irpc = 50 mA Fig. 7
Peak Wavelength Apk 860 875 895 nm Irpc = 50 mA Fig. 1
Peak Wavelength AMAT 0.25 nm/°C | Igpc = 50 mA
Temperature Coefficient
Spectral Width—-at FWHM AL 37 nm Irpc = 50 mA Fig. 1
Optical Rise and Fall B 40 ns Irpc = 50 mA
Times, 10%-90%
Bandwidth f. 9 MHz Ir = 50 mA Fig. 8
+ 10 mA
Ordering Information
Part Number Lead Form Shipping Option
HSDL-4220 Straight Bulk
HSDL-4230 Straight Bulk
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Current vs. Ambient Temperature.
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Figure 2a. DC Forward Current vs.
Forward Voltage.
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Figure 8. Relative Radiant Intensity
vs. Frequency.

Note: At the time of this publication, Light Emitting Diodes (LEDs) that are contained in this product are regulated for eye safety in
Europe by the Commission for European Electrotechnical Standardization (CENELEC) EN60825-1. Please refer to Application Briefs
1-008, 1-009, I-015 for more information.
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(D Pty

Infrared IrDA® Compliant

Transceiver

Preliminary Technical Data’

Features
* Low Cost Infrared Data Link
¢ Guaranteed to Meet IrDA
Physical Layer
Specifications
1 cm - 1 M Operating
Distance
30° Viewing Angle
2.4 Kbd - 115.2 Kbd Data
Rate
* Low Latency
¢ Shutdown Feature
* 3 Volt Operation
¢ Very Low Static I¢¢
¢ Daylight Cancellation
¢ Direct Interface to I/O Chips
and Glue Logic

Schematic

BUTTRESS
LEAD*

Applications
* Serial Half-Duplex Data
Transfer Between:
Notebook Computers
Subnotebooks
Desktop PCs
PDAs
Printers
Other Peripheral Devices
* Telecom
Modem
Fax
Pager
Phones
¢ Industrial
Data Collection Devices
* Medical

Patient and Pharmaceutical

Data Collection

(OPTIONAL)

|
RXD RXD | < i
o

HSDL-1001

Description

The HSDL-1001 serial infrared
module is a low cost, low power
solution to cableless IR com-
munication. The link is a point-to-
point, through the air serial, half
duplex data transfer medium.

The module has been designed to
the Infrared Data Association
(IrDA) Physical Layer Specifica-
tions. It is designed to operate
from 1 cm to 1 meter at a maxi-
mum data rate of 115.2 Kbd at a
30° viewing angle.

1
VpIN }
PHOTODIODE ‘{

! COMPARATOR |

»n
S
Weo
5
Za
L2
=

!
SHUTDOWN . i
1
HP 1001 Vs Vecy i
yyww - L2 i
[
o cxa| cxs| : i
Ll |..| Ll Ll Ll u LI u\m'[‘)lz)ATOR GND i T i
PIN1 GND 1 !
vV !

* SIDE BUTTRESS LEADS ARE FOR MECHANICAL STABILITY AND
SHOULD NOT BE CONNECTED TO ANY ELECTRICAL POTENTIAL.

*This data sheet represents the latest available information at the time of publication (10/1/95).
For more current information, please consult with your HP Field Sales Office.
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circuit. The IC contains an LED
driver, amplifiers and a quantizer.

The HSDL-1001 contains a high
speed, high efficiency TS AlGaAs
875 nm emitter, a PIN Silicon

photodiode and an integrated The shutdown feature allows

designers to turn off the receiver

by pulsing the shutdown pin. The
device draws less than 10 pA
when in shutdown mode.
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Truth Table

Inputs Shutdown Outputs
TXD E, 1] LED SD LEDA RXD
Vi X ON High Low Lowl2]
ViL Emn OFF High High Low(2]
Vi Ey OFF High High High
X X OFF Low High High

X = Don’t care.

Notes:

1. Ej - received in band light intensity present at detector surface.

2. Logic Low is a pulsed response. A receiver output low state Vor, (RXD) is not indefinitely
maintained, but is instead a pulsed response. The output low state is maintained for a
duration dependent on the incident bit pattern and the incident intensity (Ep).

Pinout
Pin Description Symbol
1 Shutdown SD
2 Open
3 Supply Voltage Vee
4 Receiver Data Output RXD
5 Ground Gnd
6 Transmitter Data Input TXD
7 LED Cathode LEDC
8 LED Anode LEDA

Absolute Maximum Ratings

Parameter Symbol Min. Max. Units Conditions

Storage Temperature Ts -20 85 C

Operating Temperature Ty 0 55 C

Lead Solder Temperature 260 C For 10 s (1.6 mm below
seating plane)

Average LED Current Iep (DC) 100 mA

Repetitive Pulsed LED Current Lgp (PK) 500 mA < 90 ps Pulse Width,
< 20% Duty Cycle

Peak LED Current Iiep (RP) 1.0 A < 2 ps Pulse Width,
< 10% Duty Cycle

LED Anode Voltage VLEDA -0.5 7.0 \'%

LED Cathode Voltage ViEDC -0.5 VLEDA v

Supply Voltage Vee 0 7.0 v

Transmitter Data Input Voltage Vrxp -0.5 5.5 v

Receiver Data Output Voltage Vexp -0.5 Voo + 0.5 A%
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Recommended Operating Conditions

Parameter Symbol | Min. Max. Units Conditions
Operating Temperature Ty 0 70 °C
Supply Voltage Vee 2.7 5.5 \%
Logic High Transmitter Input Voltage |Vig (TXD) | 2.5 5.5 A%
Logic Low Transmitter Input Voltage |V, (TXD) | 0.0 0.3 A%

Logic High Receiver Input Irradiance En 0.0036 | 500 | mW/cm? | For in-band signals*
(870 nm)

Logic High Receiver Input Irradiance En 0.005 mW/cm?2 | For in-band signals*

(950 nm)

Logic Low Receiver Input Irradiance Ep, 0.3 | uW/ecm2 | For in-band signals*

Transmitter Viewing Angle 201/2 30 deg

Receiver Viewing Angle 201/2 30 deg

LED (Logic High) Current Pulse I eDA 250 mA For one metre links with

Amplitude daylight filters

Receiver Setup Time 100 p 500 usec For full sensitivity after
transmitting

Signal Rate RXD 2.4 116 Kbps

Ambient Light See IrDA Serial Infrared
Physical Layer Link Speci-

fication, Appendix A for
ambient levels. See Rx
TH+ section at the end
of this data sheet also.

*Note: An in-band optical signal is a pulse/sequence where the peak wavelength, kp, is defined as 850 nm < Ap < 900 nm, the pulse
repetition rate, PRR, is defined as 2.4 Kp/s < PRR < 115.2 Kp/s and the pulse width, PW, is defined as 1.6 s < PW < (3/16)/PRR.

w
aE
xcQ
<:)
2
L2
Za

Shutdown Parameters

Parameter Symbol Min. Typ. Max. Units Conditions
Icc Shutdown Ioc sp 8 20 A Voo = b Volts
I¢c Shutdown Ioc sp 5 14 UA Vee = 3 Volts
Shutdown Input Current 5 10 LA Vee = b Volts
Shutdown Input Current 4 8 HA Vee = 3 Volts
‘Wake Up Time 40 100 us
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Electrical & Optical Specifications

Specifications hold over the Recommended Operating Conditions unless otherwise noted. Test Conditions
represent worse case values for the parameters under test. Unspecified test conditions can be anywhere in
their operating range. All typicals are at 25°C and 5 V unless otherwise noted.

Parameter Symbol Min. | Typ. |[Max. | Unit Conditions
Receiver Data | Logic Lowl2l |V, (RXD)[23] 0.4 v Io = 0.3 mA, For In-Band
Output Voltage E; > 3.6 yW/em2, 6 < 15°
Logic High Vou (RXD) |Vgc-0.5 \% Io = -20 pA, For In-Band
E; < 0.3 yW/cm?
Effective 0.2 cm?2
Detector Area
Transmitter Logic Low IgL 0.3 |uW/SR | Vi< 0.3V
Radiant Logic High Igy 44 250 [mWI/SR | Iigpa = 250 mA,
Intensity Intensity Vi=25V,0< 30°
Peak Ap 875 nm
‘Wavelength
Spectral Line AN 35 nm
Half Width
Transmitter Viewing Angle 0 30 60 deg
Receiver Viewing Angle (4] 30 deg
Transmitter Logic Low I;,(TXD) -1.0 1.0 MA [Gnd< Vi< 0.3V
Data Input A = = 4
Current Logic High I;jx(TXD) 100 | 200 HA [ Vi =25V, R = 10 kQl4l
LED Anode On | Voy (LEDA) 2.50 \% I gpa = 2560 mA,
State Voltage T; = 25°C
LED Anode Off ILK (LEDA) 100 },LA VLEDA = VCC =5.5 V,
State Leakage Vi=03V
Supply Current | Igc; 4.5 mA [Vgc=556Y,
TXD High Vi (TXD) = Vi,
ILED = 250 mA, E] =0
Supply Current | Igco 130 | mA |Vgc=5.5Y,
RXD Lowl(2] Vi (TXD) = Vy,,
E; = 500 mW/cm?2
Supply Current | Iggs 185 HA | Vec =55V,
(Enabled but Vi (TXD) = Vy,,
Idle) E[ = 0, ILED =0
Receiver Peak | A, 880 nm
Sensitivity
Wavelength
Notes:

1. E; - received in band light intensity present at detector surface.

2. Pulsed Response - Logic Low is a pulsed response. A receiver output low state Vo, (RXD) is not indefinitely maintained but is instead a
pulsed response. The output low state is maintained for a duration dependent on the incident bit pattern and incident intensity (Ej).

3. The E; > 3.6 pyW/cm?2 condition guarantees the IrDA minimum receiver sensitivity of 4.0 uW/cm? while allowing for 10% light loss
through a cosmetic window placed in front of the HSDL-1001.

4. For Iy (TXD) = 350 pA maximum, Ve = 5.0 volts, Ry = 0. If 350 pA can be accommodated, R; can be removed.
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Switching Specifications

Specifications hold over the Recommended Operating Conditions unless otherwise noted. Test Conditions
represent worst case values for the parameters under test. Unspecified test conditions can be anywhere in
their operating range. All typicals are at 25°C and 5 V unless otherwise noted.

Parameter Symbol | Min. | Typ. | Max. | Units Conditions
Transmitter Turn On Time 0.1 us Iigp = 250 mA, 1.6 us PW
Transmitter Turn Off Time 0.4 1.0 us
Transmitter Rise Time 0.6 us
Transmitter Fall Time 0.6
Receiver Turn On Time 0.4 us E; = 3.6 uyW/em2, 1.6 us PW
Receiver Turn Off Time 5.4 us E; = 500 mW/cm2, 1.6 us PW
Receiver Rise Time 1.0 us
Receiver Fall Time 0.02 E; = 3.6 uyW/em2, 1.6 us PW
Receiver Recovery Time 100 us

Application Circuit

Component Recommended Value
R, 0 kQ Vg = 5.0 volts*
Rigp 8.0 Q maximum
CX3 0.10 puF £ 22%. Low inductance is critical
CX4 4.7 pF minimum. Larger values recommended for noisy supplies or environments.

*For Vg = 3.0 volts, R; = 0.

»
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=
<
=a
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=a
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Appendix A. Test
Methods

A.1. Background Light and
Electromagnetic Field

There are four ambient interfer-
ence conditions in which the
receiver is to operate correctly.
The conditions are to be applied
separately:

1. Electromagnetic field: 3 V/m

maximum (refer to IEC 801-3.

severity level 3 for details)

2. Sunlight: 10 kilolux maximum

at the optical port

This is simulated with an IR
source having a peak wave-
length within the range 850
nm to 900 nm and a spectral
width less than 50 nm biased
to provide 490 uW/cm? (with
no modulation) at the optical

port. The light source faces the

optical port.

This simulates sunlight within
the IrDA spectral range. The
effect of longer wavelength
radiation is covered by the
incandescent condition.

3. Incandescent Lighting: 1000
lux maximum
This is produced with general

service, tungsten-filament, gas-

filled, inside-frosted lamps in
the 60 Watt to 150 Watt range
to generate 1000 lux over the
horizontal surface on which

the equipment under test rests.
The light sources are above the

test area. The source is
expected to have a filament
temperature in the 2700 to

3050 degrees Kelvin range and

a spectral peak in the 850 nm
to 1050 nm range.

4. Fluorescent Lighting: 1000 lux

maximum
This is simulated with an IR

source having a peak wave-
length within the range 850
nm to 900 nm and a spectral
width of less than 50 nm
biased and modulated to
provide an optical square wave
signal (0 puW/cm?2 minimum
and 0.8 uW/cm?2 peak ampli-
tude with 10% to 90% rise and
fall times less than or equal to
100 ns) over the horizontal
surface on which the equip- .
ment under test rests. The
light sources are above the test
area. The frequency of the
optical signal is swept over the
frequency range from 20 kHz
to 200 kHz.

Due to the variety of fluores-
cent lamps and the range of IR
emissions, this condition is not
expected to cover all circum-
stances. It will provide a
common floor for IrDA
operation.

Note: At the time of this publication, Light Emitting Diodes (LEDs) that are contained in this product are regulated for eye safety in
Europe by the Commission for European Electrotechnical Standardization (CENELEC) EN60825-1. Please refer to Application Briefs

1-008, 1-009, I-015 for more information.
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HEWLETT®
PACKARD

(D

Infrared Transceiver

Preliminary Technical Data

Features
* Fast Low Cost Infrared Data
Link
* Backward Compatible to
Slower Speeds
¢ Guaranteed to Meet IrDA
Physical Layer Specifications .
1 cm to 1 Meter Operating
Distance
30° Viewing Angle
2 Channels —
2.4 Kb/s to 115.2 Kb/s
1.15 Mb/s — 4.0 Mb/s
¢ ASK, HP-SIR and TV Remote
Compatible
* Designed to Accommodate
Light Loss with Cosmetic
Windows

* No Mode Programming
Required

Applications
* Data Communication: Serial
Data Transfer Between:
Notebook Computers
Subnotebook Computers
Desktop PCs
Printers
Other Peripheral Devices
* Telecom
Telephones
* IR LANs

Block Diagram

HSDL-1100

TXD

1
|
R3 4!
Vee WA #
Loexs]
cX67 T r I
2
cx1] i 47
= T 4

LEDA

HSDL-1100

o
i o
RXD-B | [
ADAPTIVE e pg=]
THRESHOLD| i &o
& SQUELCH i Sa
i =
|
CX4 CX3 |
3% "%
cxa] cx3

HSDL-1100 BLOCK DIAGRAM AND APPLICATION CIRCUIT

The HSDL-1100 infrared trans-
ceiver provides the interface
between logic and IR signals for
through-air, serial, half-duplex IR
data links and is designed to satisfy
the IrDA Physical Layer
Specification.

The HSDL-1100 contains a high
speed, high efficiency, TS
AlGaAs, 870 nm LED, a silicon
PIN photodiode and a bipolar,
silicon integrated circuit. The IC
contains an LED driver and a
receiver providing two output

Preliminary Product Disclaimer

volumes.

These products are under development. Until Hewlett-Packard releases these products for general sales, HP reserves the right at any
time to alter prices, specifications, features, capabilities, functions, manufacturing release dates, and even general availability of the
product. It is advisable to consult your local HP field sales engineer when considering these products for design-ins and production
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signals, RXD-A for signal rates
from 2.4 to 115.2 Kb/s and RXD-
B for signal rates of 1.152 and 4.0
Mby/s.

The receiver is designed for maxi-
mum sensitivity to IrDA signals
and minimum sensitivity to
signals outside the IrDA optical
wavelength and frequency modu-
lation of interest. A receiver lens
magnifies the effective area of the
PIN diode to enhance sensitivity.
The lens is integral with the
molded package and contains a
dye which adsorbs visible light.
Receiver outputs pulse low when
the IR signal is present.

Table 1. Recommended Application Circuit Components

To minimize the amplifier noise
figure, bandwidth is constrained
to that necessary for IrDA opera-
tion. Bias and compliance levels
are selected to ensure a smooth
change in response to signal
power variation over a 54 dB
dynamic range (54 dB between
close high power signals and far
away low power signals). Interfer-
ing electrical signals can be
capacitively coupled into sensitive
areas at the input of the preamp
or injected via the power supply.
The HSDL-1100 minimizes the
exposure to these interfering
signals by combining the PIN
diode detector and the preampli-

Component Recommended Value
R1 560 Q, + 5%, 0.125 Watt
R2 . 4.7 Q, £ 5%, 0.5 Watt
R3] 10 Q, £ 5%, 0.125 Watt
CXx112l 0.47 pF, £ 10%, X7R Ceramic
CX2 220 pF, + 10%, X7R Ceramic
CX3 4700 pF, + 10%, X7R. Ceramic
CX4 0.010 pF, = 10%, X7R Ceramic
CX5l12] 0.47 pF, = 20%, X7R Ceramic < 5 mm lead length
CX6 6.8 uF Tantalum. Larger value recommended for
noisy supplies or environments
CX7181 0.47 uF, + 20%, X7R Ceramic
Notes:

1. In environments with noisy power supplies, supply rejection can be enhanced by
including R3 as shown in application circuit on previous page.

2. CX1 and CX5 must be placed within 0.7 cm of the HSDL-1100 to obtain optimum noise

immunity.

3. Only necessary in applications where transmitter switching causes more than a 50 mV

ripple on V.
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fier within a hybrid module and
integrating the preamplifier. The
power supply for the PIN and
preamplifier are filtered to )
attenuate noise conducted from
external sources as well as noise
generated by internal sources.

The transceiver is designed to
interface directly with selected I/O
chips that incorporate the
modulation/demodulation
function.



Truth Table

Inputs Outputs
TXD E; IE (LED) RXD-A RXD-B
Vi X High (On) NV NV
ViL Eyl!] Low (Off) Lowl(31 NV
Vi Epgl2] Low (Off) NV Lowl3]
Vi Ey Low (Off) High High
X = Don’t care
NV = Not Valid
Notes:

1. In-Band EI < 116 Kb/s

2. In-Band EI 2 1.15 Mb/s

3. Logic Low is a pulsed response. The condition is maintained for a duration dependent
on pattern and strength of the incident intensity.

Pinout

Pin Description Symbol
1 PIN Bypass Capacitor CX1
2 Ground (Analog) Gnd
3 Averaging Capacitor CX4
4 Supply Voltage Vee
5 Receiver Data Output — Channel B RXD-B
6 Ground Gnd QP
7 Transmitter Data Input TXD < ‘g’
8 Receiver Data Output — Channel A RXD-A g g
9 Threshold Capacitor CX3

10 LED Anode LEDA
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Absolute Maximum Ratingsl!!

Parameter Symbol Min. Max. Units Conditions

Storage Temperature Tg -20 85 °C

Operating Temperature Ty 0 70 °C

Lead Solder Temperature 260 °C For 10 s (1.6 mm below
seating plane)

Average LED Current I;gp (DC1) 100 mA

Average LED Current Iigp (DC2) 165 mA < 90 ps Pulse Width,
< 25% Duty Cycle

Repetitive Pulsed LED Iiep (RP) 660 mA < 90 ps Pulse Width,

Current < 25% Duty Cycle

Peak LED Current Iigp (PK) 1.0 A < 2 us Pulse Width,
< 10% Duty Cycle

LED Anode Voltage VLEDA -0.5 7.0 A%

Supply Voltage Vee 0 7.0 \%

Transmitter Data Irxp (DC) -12 12 mA

Input Voltage

Receiver Data Vrxp.a -0.5 Vee + 0.5 v

Output Voltage Vrxp.B -0.5 Vee + 0.5 \%

Note:
1. For implementations where case to ambient thermal resistance < 50°C/W.

Recommended Operating Conditions

Parameter Symbol Min. | Max. Units Conditions an
—
Operating Temperature Ty 0 70 °C lic" §
Supply Voltage Vec 4.75 | 5.25 A g o
Logic High Transmitter Vi (TXD) | 4.25 | 5.25 A% [2] e
Input Voltage
Logic Low Transmitter Vi, (TXD) 0.0 0.3 v [2]
Input Voltage ‘
Logic High Receiver Input Ey 0.0036( 500 | mW/cm?2 | For in-band signals < 116 Kb/sl!!
Irradiance 0.0090 [ 500 For in-band signals < 1.16 M
Logic Low Receiver Input Ep, 0.3 | pW/cm2 | For in-band signals(!]
Irradiance
LED (Logic High) I eDA 450 660 mA For one metre links with daylight
Current Pulse Amplitude filters
Receiver Setup Time 1.0 ms For full sensitivity after
transmitting
Receiver Signal Rate RXD-A 2.4 116 Kb/s
Receiver Signal Rate RXD-B 1 4 Mb/s
Ambient Light See IrDA Serial Infrared Physical
Layer Link Specification,
Appendix A for ambient levels.

Notes:

1. An in-band optical signal is a pulse/sequence where the peak wavelength, Ap, is defined as 850 nm < Ap < 900 nm, and the pulse
characteristics are compliant with the IrDA Serial Infrared Physical Layer Link Specification.

2. With RI, CXI Input network and where t. (V}) and t; (V;) < 5 ns. See Application Circuit (Table 1) for component values. The driver
gate for this input should be able to source and sink £ 6 mA (DC) and £ 50 mA (pk). TXD refers to the node on the driver gate side of
R1, CX2 on application circuit. 4-65



Electrical and Optical Specifications
Specifications hold over the Recommended Operating Conditions unless otherwise noted. Test Conditions
represent worse case values for the parameters under test. Unspecified test conditions can be anywhere in
their operating range. All typicals are at 25°C and 5 V unless otherwise noted.

Parameter Symbol Min. | Typ.| Max.| Unit Conditions
Receiver Logic Low!2! VoL 0.5 \% Io = 1.0 mA, For in-band
Data Output (RXD-A)(2] E;> 3.6 uyW/cm?2
Voltage Logic Lowl?! Vo 0.5 V| Ip = 1.0 mA, For in-band

(RXD-B)!2] E; > 9.0 pyW/cm?
Logic High Vou Vec-0.5 V - | Ip = -20 yA, For in-band
(RXD-A) E; < 0.3 pW/cm?
Logic High Vou Voc-1.0 \% Ip = -20 pA, For in-band
(RXD-B) E;< 0.3 pW/cm?
Viewing Angle 201/2 30 degree
Effective 0.2 cm?
Detector
Area
Transmitter Logic Low Igy, 0.3 | UWW/SR | i< 0.3V
Radiant Logic High Igu(?! 100 | 180 | 400 [mW/SR | Vi = 2.5V, Igps = 450 mA
Intensity Intensity Ty = 25°C
Peak Ap 875 nm
‘Wavelength
Spectral Line AN1/2 35 nm
Half Width
Viewing Angle 201/2 30 degree
Transmitter Logic Low I;,(TXD) -1.0 1.0 HA Gnd< Vi< 0.3V
Data Input
Current Logic High Ix(TXD) 54 6.6 mA Vi = 4.25 VIl
LED Anode VON(LEDA 2.54 v ILEDA = 450 mA, 25°C
On State Vi = 4.25 Vil
Voltage
LED Anode ILK(LEDA) 100 LLA VLEDA = VCC =5.25 ‘],
Off State Vi = 0.3Vl
Leakage
Supply Icct 3 4.5 mA Vee = 5.25V,
Current Vi (TXD) = Vi, E; =0
Receiver Peak | Ap 880 nm
Sensitivity
‘Wavelength
Notes:

1. With R1, CX2 input network. See Application Circuit (Table 1) for component values. TXD refers to driver gate of R1, CX2 on

application circuit.

2. Logic Low is a pulsed response. The condition is maintained for a duration dependent on pattern and strength of the incident

intensity.

3. Min and Typ include a 20% lifetime allowance for degradation in light output of LED. Transmitter intensity decreases with
temperature by 0.6% per degree C.
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Switching Specifications

Specifications hold over the Recommended Operating Conditions unless otherwise noted. Test Conditions
represent worst case values for the parametrs under test. Unspecified test conditions can be anywhere in their

operating range. All typicals are at 25°C and 5 V unless otherwise noted.

Parameter Symbol | Min. | Typ. | Max. | Unit Conditions
Transmitter Radiant Intensity 1.5 1.6 1.8 us 1.6 us PW, 115.2 Kb/s PRR
Pulse Width 115 | 125 | 135 | ns | 125 ns PW, 4 Mb/s PRR
Transmitter Radiant Intensity t.(IE), 40 ns 125 ns PW, 4 Mb/s, PPM
Rise and Fall Times t(IE)

RXD-A Pulse Width 1.0 7.5 us [1]

RXD-B Pulse Width 85 165 ns [2]

Receiver Recovery Time 0.50 1.0 ms
Notes:
1. For In-Band signals < 115.2 Kb/s where 3.6 pyW/cm? < EIL < 500 mW/cm?2.
2. For In-Band signals, 125 ns PW, 4 Mb/s, 4 PPM where 9.0 pgW/em? < E; < 500 mW/em?.
Appendix A. Test Methods This simulates sunlight within length within the range 850 nm
A.1. Background Light and the IrDA spectral range. The to 900 nm and a spectral width
Electromagnetic Field effect of longer wavelength of less than 50 nm biased and

There are four ambient inter-

ference conditions in which the

receiver is to operate correctly. The

conditions are to be applied

separately:

1. Electromagnetic field: 3 V/m
maximum (refer to IEC 801-3.
severity level 3 for details)

2. Sunlight: 10 kilolux maximum at
the optical port

This is simulated with an IR
source having a peak wave-
length within the range 850 nm
to 900 nm and a spectral width
less than 50 nm biased to
provide 490 UW/cm? (with no
modulation) at the optical port.
The light source faces the
optical port.

3.

radiation is covered by the
incandescent condition.
Incandescent Lighting: 1000 lux
maximum

This is produced with general
service, tungsten-filament, gas-
filled, inside-frosted lamps in the
60 Watt to 1560 Watt range to
generate 1000 lux over the
horizontal surface on which the
equipment under test rests. The
light sources are above the test
area. The source is expected to
have a filament temperature in
the 2700 to 3050 degrees Kelvin
range and a spectral peak in the
850 nm to 1050 nm range.

. Fluorescent Lighting: 1000 lux

maximum
This is simulated with an IR
source having a peak wave-

modulated to provide an optical
square wave signal (0 UW/cm?2
minimum and 0.3 uW/cm? peak
amplitude with 10% to 90% rise
and fall times less than or equal
to 100 ns) over the horizontal
surface on which the equipment
under test rests. The light
sources are above the test area.
The frequency of the optical
signal is swept over the fre-
quency range from 20 kHz to
200 kHz.

Due to the variety of fluorescent
lamps and the range of IR
emissions, this condition is not
expected to cover all circum-
stances. It will provide a
common floor for IrDA
operation.

Note: At the time of this publication, Light Emitting Diodes (LEDs) that are contained in this product are regulated for eye safety in
Europe by the Commission for European Electrotechnical Standardization (CENELEC) EN60825-1. Please refer to Application Briefs

1-008, 1-009, I-015 for more information.
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HEWLETT®

K

High-Performance IR Emitter
and IR PIN Photodiode in
Subminiature SMT Package

Technical Data

Features

* Subminiature Flat Top and
Dome Package
Size — 2x2 mm

¢ IR Emitter
875 nm TS AlGaAs
Intensity — 17 mW/sr
Speed - 40 ns

* Wide Range of Drive
Currents
500 pA to 500 mA

¢ IR Detector
PIN Photodiode
High Sensitivity

" Speed - 7.5 ns

* Flexible Lead
Configurations
Surface Mount or
Through Hole

Applications
¢ Short Distance IR Links
¢ IrDA Compatible

¢ Small Handheld Devices
Pagers
Industrial Handhelds

¢ Diffuse LANs
* Wireless Audio
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Description

Flat Top Package

The HSDL-4400 Series of flat top
IR emitters use an untinted,
nondiffused, truncated lens to
provide a wide radiation pattern
that is useful for short distance
communication where alignment
of the emitter and detector is not
critical. The HSDL-5400 Series of
flat top IR detectors uses the
same truncated lens design as the
HSDL-4400 Series of IR emitters
with the added feature of a black
tint that acts as an optical filter to
reduce the effects of ambient
light, such as sun, incandescent
and fluorescent light from
interfering with the IR signal.

Dome Package

The HSDL-4420 Series of dome
IR emitters uses an untinted,
nondiffused lens to provide a 24
degree viewing angle with high
on-axis intensity. The HSDL-5420
Series of IR detectors uses the
same lens design as the HSDL-
4420 IR emitter and optical filter
used in the HSDL-5400 IR
detector.

PACKARD
HSDL-44XX IR Emitter
Series

HSDL-54XX IR Detector
Series

Lead Configuration

All of these devices are made by
encapsulating LED and PIN
photodiode chips on axial lead
frames to form molded epoxy
subminiature packages. A variety
of lead configurations is available
and includes: surface mount gull
wing, yoke lead, or Z-bend and
through hole lead bends at 2.54
mm (0.100 inch) center spacing.

Technology

The subminiature solid state
emitters utilize a highly optimized
LED material, transparent sub-
strate aluminum gallium arsenide,
TS AlGaAs. This material has a
very high radiant efficiency,
capable of producing high light
output over a wide range of drive
currents and temperature.
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Device Selection Guide

IR Emitters
Part Number Device Description!!] Device Outline Drawing
HSDL-4400 LED, Flat Top, 110 deg A
HSDL-4420 LED, Dome, 24 deg B
IR Detectors
Part Number Device Description!!] Device Outline Drawing
HSDL-5400 PIN Photodiode, Flat Top, 110 deg C
HSDL-5420 PIN Photodiode, Dome, 28 deg D

Package Configuration Options

Package Outline
Option Code Package Configuration Description Drawing
011 Gull Wing Lead, Tape and Reel!2] E,J,M
021 Yoke Lead, Tape and Reel!2] Surface F,K,M
031 Z-Bend, Tape and Reel(2! Mount Lead G,L,M
1L1 2.54 mm (0.100 in) Long Leads; Thru Hole H
Center Lead Spacing 10.4 mm (0.410 in) Lead
1S1 Short Leads; I
3.7 mm (0.145 in)
No Option Straight Leads!3! Prototyping A B,C,D
Notes:

n
a~
wo
5
Za
L2
Z5

1. IR Emitters have untinted, nondiffused lenses and IR Detectors have black tinted, nondiffused lenses.

2. Emitters and detectors are supplied in 12 mm embossed tape on 178 mm (7 inch) diameter reels, with 1500 units
per reel. Minimum order quantity and order increment are in quantity of reels only.

3. Emitters and detectors are supplied in bulk form in bags of 50 units.
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Package Dimensions

140 (0.055)
(A) Flat Top Emitters 0.50 (0.020) REF. 1.65 (0.065) NOTE 3
ANODE
114 (0.045) o5 0029 ‘—M {0450
— 4 o | 043 I‘“m © 1067 (0:420)
[ , \ BOTH SIDES
191 (0.075) |
24T 00%) Y 3
y 0.76 (0.030) MAX. 046 (0.018)
—F ] CATHODE 056 (0.022)
ATHODE 165 (0.065)
STRIPE 191 (0.075) l&— 0.25 (0.010) MAX.*
208 (0.082) 0.18 (0.007) (©.075) NOTE 2
234 (0.092) 023 (0.009) % (_0.085) 0.20 (0.008) MAX.
(B) Dome Emitters
076 (0.030), 018 (0.007)
0.89 (0.035) 0.4 (0.037) 0.23 (0.009)
—» Hm (0.029)
A
2.03(0.080) m l
2.92 (0.115) 1.78 (0.070) |
MAX.
TI= ?‘ | ——
B 063 (0.025
079 (0.031) pae
553 0.021) 038 (0.015)
208 (0.082) NOTE 3
234 (0.092) "—z—g:°75;
0.50 (0.020) REF. NOTE3
ANODE
‘—w {0.460)
10.67 (0.420)
BOTH SIDES
g =
CATHODE % E_:'g;:;
165 (0.065) )
191 (0.075) l€—— 0.25 (0.010) MAX.*
0.20 (0.008) MAX. NoTE2
NOTES:

1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES).

2. PROTRUDING SUPPORT TAB IS CONNECTED TO ANODE LEAD.

3. LEAD POLARITY FOR THESE TS AlGaAs SUBMINIATURE LAMPS IS OPPOSITE TO THE
LEAD POLARITY OF SUBMINIATURE LAMPS USING OTHER LED TECHNOLOGIES.
CATHODE STRIPE MARKING IS BLACK.
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1.40_(0.055)
65

(C) Flat Top Detectors 0.50 (0.020) REF. 1.65 (0.065)
e (0045) 058 (0.023) CATHODE
— @ 0.055) | 043 Imn) * :%%;3 ig-m) >
Y 67 (0-420)
191 (0.075) l | \ BOTH SIDES
21 (0.095) i ] ?
eewmomax || !
y 0.76 (0.030) MAX. 0t6 [0.018)
ATHODE } ANODE 056 (0.022)
STRIPE 165 (0.065)
—> 191 (0.075) l— 0.25 (0.010) MAX.*
2.08 (0.082) 0.18 (0.007)
234 (0052 halid 1.91 (0.075) NOTE 2
023 {0.009) 2.16 (0.085) 0.20 (0.008) MAX.
(D) Dome Detectors
076 (0.030) 0.18 (0.007)
0.89 (0.035) 084 (0.037) 0.23 (0.009)
—»] |<.m (0.049)
A
2.03 (0.080)
2.92 (0.115) 1.78 (0.070) |
MAX.
_f= | T
063 (0.025)
079 (0.031) T
CATHODE 0.53 (0.021) 038 (0.015)
STRIPE
.08 (0.082
22 e P 5
2.16 (0.085) o g
=0
L 2
Za
0.50 (0.020) REF.
CATHODE
10.67 (0.420)
BOTH SIDES
O
ANODE 046 (0.018)
056 (0.022)
1.65 (0.065)
191 (0.075) l€—— 0.25 (0.010) MAX.*
NOTE 2
0.20 (0.008) MAX.

NOTES:

1. ALL DIMENSICNS ARE IN MILLIMETERS (INCHES).

2. PROTRUDING SUPPORT TAB IS CONNECTED TO CATHODE LEAD.
3. CATHODE STRIPE MARKING IS SILVER.
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Package Dimensions IR emitters where the pro-

The following notes affect the truding support tab is closest

package outline drawings E to the cathode lead.

through I. 2. The protruding support tab of

1. The pinout represents the the HSDL-54XX is connected
HSDL-54XX IR detectors to the cathode lead. While the
where the protruding support protruding support tab of the
tab is closest to the anode HSDL-44XX is connected to
lead. While the pinout is the anode lead. »

reversed for the HSDL-44XX

(E) Gull Wing Lead, Option 011

CATHODE
)
.13 (0.005) R TYP.
0.76 (0.030) MAX. d
) ANODE
CATHODE [——3.81 (0.150) MAX. —>|
STRIPE 0.13 (0.005)
MAX.

ALL DIMENSIONS ARE IN MILLIMETRES (INCHES)

(F) “Yoke” Lead, Options 021

0.33 (0.013) R. TYP.

3.45
THODE (0.136)
c;rnge 0.13 (0.005) TYP. NOM.
: l \. 1.07 (0.042) TYP. CATHODE
T I [—I—TJ ’Ll—l
] + |
0.76 (0.030) MAX. =
ANODE
> (0.013) R. TYP.
™ 7.62 (0.300) MAX. |

ALL DIMENSIONS ARE IN MILLIMETRES (INCHES)
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(G) Z-Bend Lead, Options 031

CATHODE
STRIPE
0.76 (0.030) MAX.
1 l
‘ 076 (0030)
1

»
&
B8
g
H

a
2
B
8

g
9
g

3.05 (0.120)
NOM.

]
A

559 (0220)
610 (0.240)

ALL DIMENSIONS ARE IN MILLIMETRES (INCHES)

(H) Thru Hole Lead Option 1L1

10.16/(0.400)
10.67|(0.420)
CATHODE STRIPE 254(0.100) '
0 tm o —

ELD

ALL DIMENSIONS ARE IN MILLIMETRES (INCHES)

(I) Thru Hole Lead Option 1S1

CATHODE STRIPE

EE
8

2.54(0.100) |
NOM.

5

ALL DIMENSIONS ARE IN MILLIMETRES (INCHES)

CATHODE

ANODE

jmBm|
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Package Dimensions: Surface Mount Tape and Reel Options
(J) 12 mm Tape and Reel, Gull Wing Lead, Option 011

el W ) T
l é : .
';r @ :,L]L/‘jJ

TOP TAPE

I
1

PUSH PIN
THROUGH
HOLE

A

]
[ ———
\//.Fll
oo

\
/

+
-
le———m

b3

!
i\
L

|}

[l
7
\

s
N\

TN

I

J
1

I FEED DIRECTION >
NOTES:

EMPTY COMPONENT POCKETS SEALED WITH TOP COVER TAPE.

7 INCH REEL - 1500 PIECES PER REEL.

MINIMUM LEADER LENGTH AT EITHER END OF THE TAPE IS 500 mm.
THE MAXIMUM NUMBER OF CONSECUTIVE MISSING DEVICES IS TWO.
IN ACCORDANCE WITH ANSI/EIA RS-481 SPECIFICATIONS, THE
CATHODE IS ORIENTED TOWARDS THE TAPE SPROCKETS HOLE.

GULL WING LEAD
SUBMINIATURE PACKAGE

bl ok o h i d

At the time of this publication XX/96, Light Emitting Diodes (LEDs) that are contained in this product are regulated for
eye safety in Europe by the Commission for European Electrotechnical Standardization (CENELEC) EN60825-1. Please
refer to Application Brief I-008 for more information.
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(K) 12 mm Tape and Reel, “Yoke” Lead, Option 021

CATHODE LEAD

<= | [HE

&I’n re BB
Ll =l|: H TOP TAPE
R 1!
4 L J L
riiciy r2achs w \
e L
: ,:l. il + +
I.-i'r;'_, L‘ivllr‘r'.}
| 1
TN
L Lidy i L]

| FEED DIRECTION > ! |
|

| NOTES:
“YOKE” LEAD 1. EMPTY COMPONENT POCKETS SEALED WITH TOP COVER TAPE.
SUBMINIATURE PACKAGE 2. 7 INCH REEL-1500 PIECES PER REEL.

3. MINIMUM LEADER LENGTH AT EITHER END OF THE TAPE IS 500 mm.

4. THE MAXIMUM NUMBER OF CONSECUTIVE MISSING LAMPS IS TWO.

5. IN ACCORDANCE WITH ANSVEIA RS-481 SPECIFICATIONS, THE
CATHODE IS ORIENTED TOWARDS THE TAPE SPROCKET HOLE.

aw
w
[aed
e }
=a
L2
Zq
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(L) 12 mm Tape and Reel, Z-Bend Lead, Option 031

CATHODE LEAD

o

Po
—

FEED DIRECTION
——

Z-BEND LEAD
SUBMINIATURE PACKAGE

\
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(M) 12 mm Tape and Reel

| USER DIRECTION OF FEED 3

END TAPE — = START
) off o © c/o ¢/o ¢
r =2 r)Far =g r-N\Y1r-1

H "n o % % | [} N
.l oo d L. Ju_J
i
NO NO
COMPONENTS | COMPONENTS | COMPONENTS
TRAILER LEADER

40 mm (1.57 in.) MIN

600 mm (19.7 in.) MIN

TOLERANCES (UNLESS OTHERWISE SPECIFIED):
Xs 1. XX ¢ .05 (XXX ¢+ .004)

REEL

USER DIRECTION
OF FEED

L

' LABEL

THIS SIDE
OF REEL

DIMENSIONS PER ANSVEIA
STANDARD RS-481.

ALL DIMENSIONS ARE IN
MILLIMETRES (INCHES).

A | 178.0£2.0 (7.0 +0.08) DIA.

c [ 13.0(0512) DIA. TYP.

D | 1.55(0.061 £ 0.002) DIA.

D, | 1.0(0.039) DIA. MIN.

D, | 20,2(0.795) DIA. MIN.

E |1.75£0.1 (0.069)

F | 5.50(0.127 £ 0.002)

K, | 305 0.1 (0.120) TYP.

N | 50.0 (1.970) MIN.

P |4.0(0.157) TYP,

P, | 4.0(0.167) TYP.

P, | 2.0(0.079 2 0,002) TYP.

t ]03(0.012) TYP.

T | 18.4 (0.72) MAX.

W [120:03(0472%0.012) |
THICKNESS OF TOP COVER TAPE
0.10 (0.004) MAX.

€ ——en]

) HEvET
"B pACKARD
OPERATOR

HP PARY NUMBER
DATE CODE

TAPING DATE

ELEC. VALUE
TOLERANCE
QUANTITY.

CUSTOMER PART NUMBER ..

»
Qe
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5
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HSDL-44XX Absolute Maximum Ratings

Parameter Symbol Min. Max. Unit Ref.

Peak Forward Current (Duty Factor = 20%, Irpx 500 mA Fig. 7,8
Pulse Width = 100 ps)
DC Forward Current Irpc 100 mA Fig. 6
Power Dissipation Ppiss 180 mW
Reverse Voltage (I = 100 pA) Vr 5 v
Transient Forward Current (10 us Pulse) Irrr 1.0 A [1]
Operating Temperature To -40 85 °C
Storage Temperature Ty -55 100 °C
Junction Temperature Ty 110 °C
Lead Solder Temperature 260/5 s °C
[1.6 mm (0.063 in.) from body]
Reflow Soldering Temperatures

Convection IR 235/90 s °C

Vapor Phase 215/180 s °C

Notes:

1. The transient peak current in the maximum nonrecurring peak current the device can withstand without damaging the LED die and
the wire bonds.

HSDL-44XX Electrical Characteristics at T, = 25°C

Parameter Symbol Min. Typ. Max. | Unit Condition Ref.
Forward Voltage . Vr 1.30 1.50 1.70 A% Ippc = 50 mA Fig. 2
1.40 1.67 1.85 Igpc = 100 mA
Forward Voltage AVE/AT -2.1 mV/°C | Igpc = 50 mA Fig. 3
Temperature Coefficient 2.1 Trpc = 100 mA
Series Resistance Rg 2.8 Q Irpc = 100 mA
Diode Capacitance Co 40 pF 0V, 1MHz
Reverse Voltage Vr 5 20 v Izr = 100 pA
Thermal Resistance, RO, 170 °C/W
Junction to Pin

4-78




HSDL-44XX Optical Characteristics at Ty = 25°C

Parameter Symbol | Min. Typ. Max. Unit Condition Ref.
Radiant Optical Power
HSDL-4400 Po 16 mW Irpc = 50 mA
30 IFDC = 100 mA
HSDL-4420 PO 16 mW IFDC = 50 mA
30 IFDC = 100 mA
Radiant On-Axis Intensity
HSDL-4400 Ig 1 3 8 mW/sr | Ippc = 50 mA Fig. 4,5
6 IFDC = 100 mA
15 IFPK = 250 mA
HSDL-4420 Ig 9 17 30 mW/sr | Igpc = 50 mA Fig. 4,5
32 IFDC = 100 mA
85 IFPK = 250 mA
Radiant On-Axis Intensity Alg/AT -0.35 %/°C Irpc = 50 mA
Temperature Coefficient -0.35 Irpc = 100 mA
Viewing Angle
HSDL-4400 291/2 110 deg Igpc = 50 mA Fig. 9
HSDL-4420 201/ 24 deg Irpc = 50 mA Fig. 10
Peak Wavelength Apk 860 875 895 nm Irpc = 50 mA Fig. 1
Peak Wavelength AMAT 0.25 nm/°C | Ippc = 50 mA
Temperature Coefficient
Spectral Width at FWHM AL 37 nm Irpc = 50 mA Fig. 1
Optical Rise and Fall to/te 40 ns Irpg = 50 mA
Times, 10%-90%
Bandwidth f. 9 MHz Irpc = 50 mA Fig. 11
+ 10mA
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HSDL-54XX Absolute Maximum Ratings

Parameter Symbol Min. Max. Unit

Power Dissipation Ppiss 150 mW
Reverse Voltage (Iz = 100 pA) Vr 40 v
Operating Temperature To -40 85 °C
Storage Temperature Ts -565 100 °C
Junction Temperature Ty 110 °C
Lead Solder Temperature [1.6 mm (0.063 in.) from body] 260/5 s °C
Reflow Soldering Temperatures

Convection IR 235/90 s °C

Vapor Phase 215/180 s °C

HSDL-54XX Electrical Characteristics at T, = 25°C

Parameter Symbol | Min. | Typ. | Max. | Unit Condition Ref.

Forward Voltage Vg 1.80 v Irpc = 50 mA

Breakdown Voltage Ver 40 v Iz = 100 pA,

E, = 0 mW/cm2

Reverse Dark Current Ip 1 5 nA Vr=5Y, Fig. 12
E. = 0 mW/cm2

Series Resistance Rg 2000 Q V=5V,

E. = 0 mW/cm?

Diode Capacitance Co 5 pF V=0V, Fig. 16
E, = 0 mW/cm2
f=1MHz

Open Circuit Voltage Voc 375 mV E. = 1 mW/cm?2
7»1)1( = 875 nm

Temperature Coefficient of Vo¢ | AVoc/AT -2.2 mV/K | E, = 1 mW/cm2
}\.pK = 875 nm

Short Circuit Current Isc E. = 1 mW/cm2

HSDL-5400 1.6 pA | Apg = 875nm
HSDL-5420 4.3 A

Temperature Coefficient of Isc | Alsc/AT 0.16 %K | E,=1mW/cm2
A.pK = 875 nm

Thermal Resistance, RO, 170 °C/W

Junction to Pin
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HSDL-54XX Optical Characteristics at Ty, = 25°C

Parameter Symbol | Min. | Typ. | Max. Unit Condition Ref.
Photocurrent E. = 1 mW/cm2 | Fig. 14,
HSDL-5400 by | 08 | 16 WA | Apg = 875nm 15
HSDL-5420 3.0 | 6.0 VR=56V
Temperature Coefficient Alpy/AT 0.1 %/K | Ee =1 mW/cm? Fig. 13
of Ipg A.pK = 875 nm
VR = 5 V
Radiant Sensitive Area A 0.15 mm?
Absolute Spectral Sensitivity S 0.5 AW | E. = 1 mW/cm2
;"PK = 875 nm
Vg=5V
Viewing Angle
HSDL-5400 201 110 deg Fig. 18
HSDL-5420 28 Fig. 19
Wavelength of Peak APk 875 nm E. = 1 mW/cm? Fig. 17
Sensitivity V=5V
Spectral Bandwidth AM 770- nm Ee = 1 mW/cm? Fig. 17
1000 Ve=5V
Quantum Efficiency n 70 % E. = 1 mW/cm?
;\'PK = 875 nm,
Vg=5V
Noise Equivalent Power NEP 6.2 x W/Hz2 | gy =5V
10-15 A,pK = 875 nm
Detectivity D 6.3 x cm* V=5V
1012 Hzl2/W | Apg = 875 nm
Optical Rise and Fall Times, t/te 7.5 ns V=5V
10%-90% R, = 1kQ
}\.pK = 875 nm
Bandwidth f. 50 MHz V=56V
R, = 1kQ
kPK = 875 nm

4-81

»
Qe
Ho
S5
Za
£S
Za




15 I
TA=25°C
[ IFpc = 50 mA
(3
4
w
E 10
P
4
<
[=]
<
£ / \
g
g
w
4
0
800 850 300 950

A~ WAVELENGTH ~ nm
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vs. Wavelength.
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Figure 10. Relative Radiant Intensity vs. Angular Displacement
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Figure 19. Relative Radiant Intensity vs. Angular Displacement.
HSDL-5420. 7

Note: At the time of this publication, Light Emitting Diodes (LEDs) that are contained in this product are regulated for eye safety in
Europe by the Commission for European Electrotechnical Standardization (CENELEC) EN60825-1. Please refer to Application Briefs
1-008, 1-009, I-015 for more information.
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Applications

All of the application information listed here is available from your
local Hewlett-Packard sales office or nearest Hewlett-Packard
authorized distributor or representative (see listing in section 6).

In the US/Canada, technical literature is available from the
Hewlett-Packard Components Group fax-back service at:
1-800-450-9455, or from the Components Sales Response Center at:

1-800-235-0312 or 408-654-8675.

LED Lamps/
Indicators

AN 1005

Operational Considerations
for LED Lamps and Display
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
performance 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 Characteristics that list
the performance of the device and
Absolute Maximum Ratings in
conjunction 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

5-2

and use of the electrical and
optical information contained
within a data sheet. Two designs
using this information in the
form of numerical examples are
presented, one for dc operation
and one for pulsed (strobed)
operation.

Publication No. 5091-9704E

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
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 parameters affecting
useful life, failure rates, and
mechanical test performance.

Publication No. 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 alignment
during soldering, and lamp stand-
off height information.

Publication No. 5964-3921E



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 assembly 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.

Publication 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 information for SMT
LED indicators. Recommended pc
board pad layout designs are
given for each type of SMT LED
component. Automatic placement
considerations, solder paste, and
Type 2 pc board processing
issues are discussed.
Recommended temperature
profiles are presented for both

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.

Publication 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 IIV materials. Differences
include larger standard deviation
withini a s ample and suggestions
of varied performance from lot-to-
lot. This application note reports
the observed differences between
Standard Green LEDs and
Emerald Green LEDs on liught
output degradation vs. Time.
Design Engineers could tuilize
this information in their
applications.

Publication No. 5091-7778E

AB 74
Auto-Insertion of Option 002
Tape and Reel LED Lamps

Publication No. 5964-3924E

AB 1-004

Reliability of TS AlInGaP LED
Lamps in Traffic Signals and
Variable Message Signs

Publication No. 5964-6223E

AB 1-006

TS AlInGaP LED Amber Lamps
for In-Roadway Pedestrian
Crosswalk Strobe Lighting

Publication No. 5964-3904E

AB 1-007

Projection of Long Term Light
Output Performance for AS
AlInGaP LED Technology

Publication No. 5964-6228E

AB 1-008

IEC 825-1 and CENELEC
EN60825, EN60825-1,
Standards for Products with
LED Devices

Publication No. 5963-6974E

AB 1-009

Visible LED Devices and Eye
Safety with Respect to MPE
Values Defined in the IEC 825-
1 and CENELEC EN60825-1
Standards

Publication No. 5964-3805E

AB 1-010

Packaging and Intensity and
Color Binning Options for
Precision Optical Performance
AlInGaP T-1 3/4 LED Lamps

Publication No. 5965-0986E

AB 1-011
Full Color LCD Backlighting
with LEDs

Publication No. 5963-7545E

AB 1-012

Temperature Compensation
Circuit for Constant LED
Intensity

Publication No. 5963-7544E
AB 1-014

LED Technology in Roadway
Work Zone Light Emitting
Safety Devices

Publication No. 5964-9176E
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AB 1-015

Visible LED Device
Classifications with Respect to
AEL Values as Defined in the
European CENELEC EN60825-
I Standard

Publication No. 5964-9499E
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Automotive Applications:

AB A02 ;
Benefits of LEDs for
Instrument Cluster Lighting

Publication No. 5964-8918E

AB A03
LED Compatibility with
Automaotive EMC Transients

Publication No. 5964-8919E

AB A04
LED Lamp Thermal Properties

Publication No. 5964-8921E

LED 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
microprocessor 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
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basic theory is discussed and
recommendations 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.

Publication 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 technology
for both indoor and outdoor
ambients, the theory of
Discrimination Index and
provides a list of tested contrast
enhancement filters and filter
manufacturers. i

Publication No. 5964-6129E

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.

Publication No. 5953-7787

AN 1026

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

The trend in LED Alphanumeric
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, interfacing to
micro-processors, pre-
programmed message systems,
mechanical and electrical
handling, and contrast
enhancement.

Publication 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 electronics that
require readability in sunlight use
specific definitions for luminous
contrast. The concept of
chrominance contrast and the
theory of Discrimination Index
(see Hewlett-Packard Application
Note 1015) are not used by the
military as a means of
determining readability 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
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.

Publication No. 5963-7154E

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 discussed. It
illustrates the use of NVG filters
with high performance 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/DV:
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.

Publication No. 5964-3923E

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. SO2 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
brightness of LED displays and
lamps on a front panel. The
procedure shown in the
application note will enable the
designer to calculate 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.

Publication 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 5 x 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 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.

Publication 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 application note
describes a circuit that will dim
HDSP-213X displays to luminance
levels sufficient to meet NVIS
lighting requirements.
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Publication No. 5952-0708
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AB D-001

Design-in Tips for Use with
Smart 8-Character
Alphanumeric LED Displays

Publication No. 56963-7070E

AB D-002

Interfacing the HCMS-29XX
LED Alphanumeric Displays
with the Intel 8751H
Microcontroller

Publication No. 5963-7071E

AB D-003

HCMS-29XX LED Display
Character Set (ASCII and
Katakana)

Publication No. 5964-2385E

AB D-004

A Guide to Human Visual
Perception and the Optical
Characteristics of LED
Displays

Publication No. 56963-7073E

AB D-005

Interfacing the HDSP-2XXX
LED Alphanumeric Displays
with the Intel 8751H
Microcontroller

Publication No. 5963-7074E
AB D-006
Determination of Ics Used in

the HDSP-211X Displays

Publication No. 56963-7225E
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AB D-007 :
Solutions for Common LED
Design Errors in Segmented
Display and Multi-Indicator
Applications

Publication No. 5963-7069E

AB D-010

Improving Thermal
Performance of LED Tiles in
Outdoor Large Area Displays

Publication No. 5964-9602E

AB 1-008

IEC 825-1 and CENELEC
EN60825, EN60825-1,
Standards for Products with
LED Devices

Publication No. 5963-6974E

AB 1-009

Visible LED Devices and Eye
Safety with Respect to MPE
Values Defined in the IEC 825-
I and CENELC EN60825-1
Standards

Publication No. 5964-3805E

AB1-015

Visible LED Device
Classifications with Respect to
AEL Values as Definedin the
European CENELEC EN60825-
I Standard

Publication No. 56964-9499E

Infrared Products

AB 1-008

IEC 825-1 and CENELEC
EN60825, EN60825-1,
Standards for Products with
LED Devices

Publication No. 5963-6974E

AB 1I-009

Visible LED Devices and Eye
Safety with Respect to MPE
Values Defined in the IEC 825-
1 and CENELEC EN60825-1
Standards

Publication No. 5964-3805E

AB1-015

Visible LED Device
Classifications with Respect to
AEL Values as Defined in the
European CENELEC EN60825-
I Standard

Publication No. 5964-9499E
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Ordering Information,
After-Sales Service

How to Order

To order any component in this
catalog, call your nearest HP
authorized distributor or HP sales
office.

A complete listing of HP
authorized distributors is located
on page 6-3. These distributors
can offer off-the-shelf delivery for
most HP components.

Service and Support

For technical assistance or to find
out the location of your nearest
HP sales office, distributor or
representative call (US and
Canada only): 1-800-235-0312 or
408-654-8675. Elsewhere in the
world, call your local sales office
located in your telephone
directory. Ask for a Components
representative.

For Additional
Information

For additional technical literature
not available in this catalog, try
our fax-back service (US and
Canada only) at: 1-800-450-9455.

Information regarding Hewlett-
Packard Components Group
products is available on the
‘World Wide Web via the Hewlett-
Packard home page at: http://
www.hp.com/ or directly via the
Components Group home page
at: http://www.hp.com/go/
components/

6-2

Warranty

a) HP warrants hardware
Products against defects in
materials and workmanship (in
relation to HP’s published
minimum/maximum specifica-
tions or Customer’s specifications
expressly accepted in writing by
HP) for one year from shipment.
This warranty extends only to
Customer and not to indirect
purchasers or users. If HP
receives notice of such defects
during the warranty period, HP
will, at its option, either repair or
replace Products which prove to
be defective. If HP is unable,
within a reasonable time, to
repair or replace any Product to a
condition as warranted, Customer
will be entitled to a refund of the
purchase price upon prompt
authorized return of the Product
to HP.

b) Customer will prepay
shipping charges (and will pay all
duties and taxes) for Products
returned to HP for warranty
service. For valid warranty
claims, HP will reimburse
Customer for prepaid freight
charges and return Products to
Customer at HP’s expense.

c) Unless HP agrees in writing
that Customer has configuration
control, HP may make process or
materials changes affecting the
performance or other characteris-
tics of Products. Products
supplied after such a change will
continue to meet HP’s published
minimum/maximum specifica-
tions, but may not be identical to
Products supplied as samples or
under prior orders.

d) The foregoing warranty will
not apply to defects resulting
from: improper or inadequate
maintenance; non-HP software or
interfacing; unauthorized
modification or misuse; or,
operation outside HP’s published
specifications for the Product.

e) THE ABOVE WARRANTIES
ARE EXCLUSIVE AND NO
OTHER WARRANTY, WHETHER
WRITTEN OR ORAL, IS
EXPRESSED OR IMPLIED. HP
SPECIFICALLY DISCLAIMS THE
IMPLIED WARRANTIES OF
MERCHANTABILITY AND
FITNESS FOR A PARTICULAR
PURPOSE.
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HP Components
Authorized Distributor

and Representative Directory

Alabama

Allied Electronics
1-800-433-5700

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

Future Electronics
4825 University Ave.
Suite 12

Huntsville 356816
(205) 830-2322

Hamilton Hallmark
4890 University Square
Suite 1

Huntsville 35816
(205) 837-8700

Newark Electronics
1-800-367-3573

Penstock, Inc.
1-800-PENSTOC

Arizona

Allied Electronics
1-800-433-5700

Arrow Electronics
2415 W. Erie Dr.
Tempe 85282
(602) 431-0030

Future Electronics
4636 E. University Dr.
Suite 245

Phoenix 85034

(602) 968-7140

Hamilton Hallmark
4637 S. 36th Place
Phoenix 85040
(602) 437-1200

Newark Electronics
1-800-367-3573

Penstock, Inc.

8260 E. Raintree Dr.
Suite 206

Scottsdale 85260
(602) 998-4442

Penstock-Sertek

2111 East Broadway Rd.
Suite 5

Tempe 85282

(602) 894-9405

California

Allied Electronics
1-800-433-5700

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

Arrow Electronics
6 Cromwell St.
Suite 100

Irvine 92718
(714) 454-4300

Arrow Electronics
167 W. Poplar
Porterville 93257
(209) 781-4335

Arrow Electronics

2999 Pacific Commerce Dr.

Rancho Dominguez 90221
(310) 639-5393

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

Arrow Electronics
1180 Murphy Ave.
San Jose 95131
(408) 441-9700

Future Electronics
27489 West Agoura Rd.
Suite 300

Agoura Hills 91301
(818) 865-0040

Future Electronics
25B Technology
Suite 200

Irvine 92718
(714) 453-1515

Future Electronics
755 Sunrise Ave.
Suite 105
Roseville 95661
(916) 783-7877

Future Electronics
5151 Shoreham Place
Suite 220

San Diego 92122
(619) 625-2800

Future Electronics
2220 O’Toole Ave.
San Jose 95131
(408) 434-1122

Hamilton Hallmark
(Corporate Office)

10950 W. Washington Blvd.

Culver City 90230
(310) 558-2000

Hamilton Hallmark
140 Technology Drive
Suite 400

Irvine 92718

(714) 641-4100

Hamilton Hallmark
580 Menlo Dr.

" Suite 2

Rocklin 95765
(916) 624-9781

Hamilton Hallmark
4545 Viewridge Ave.
San Diego 92123
(619) 571-7540

Hamilton Hallmark
2105 Lundy Ave.
San Jose 95131
(408) 435-3500

Hamilton Hallmark
21150 Califa St.
Woodland Hills 91327
(818) 594-0404

Newark Electronics
1-800-367-3573

Penstock, Inc.

1401 Highland Ave.
Suite 200

Manhattan Beach 90266
(310) 546-8953

Penstock-Sertek, Inc.
(Corporate Office)

3481 0l1d Conejo Rd.
Newbury Park, CA 91320
(805) 375-6680

Penstock, Inc.
5850 Oberlin Dr.
Suite 208

San Diego 92121
(619) 5635-3015

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

Zeus Electronics
6 Cromwell St.
Suite 100

Irvine 92718
(714) 581-4622

Zeus Electronics
6276 San Ignacio Ave.
San Jose 95119

(408) 629-4789

Colorado

Allied Electronics
1-800-433-5700

Arrow Electronics

101 Invernes Dr. East
Englewood 80112
(303) 799-0258

Future Electronics
12600 West Colfax Ave.
Suite B110

Lakewood 80215

(303) 232-2008

Hamilton Hallmark
12503 East Euclid Dr.
Suite 20

Englewood 80111
(303) 790-1662

SERVICE
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Newark Electronics
1-800-367-3573

Penstock-Sertek, Inc.
12503 E. Euclid Ave.
Suite 20

Englewood 80111
(303) 421-7161

Connecticut
Arrow Electronics
860 N. Main St.
Wallingford 06492
(203) 265-7741

Future Electronics
Westgate Office Center
700 West Johnson Ave.
Cheshire 06410

(203) 250-0083

Hamilton Hallmark
1157 Highland Ave.
Suite 207

Cheshire 06410
(203) 271-5700

Newark Electronics
1-800-367-3573

Penstock, Inc.
1-800-PENSTOC

Florida

Allied Electronics
1-800-433-5700

Arrow Electronics
Summit Executive Suites
13575 58th St.

Suite 145

Clearwater 34620

(407) 333-9300

Arrow Electronics

400 Fairway Dr. Suite 201
Deerfield Beach 33441
(305) 429-8200

Arrow Electronics
37 Skyline Dr.
Suite 3101

Lake Mary 32746
(407) 333-9300

Future Electronics

237 S. Westmonte Dr.
Suite 307

Altamonte Springs 32714
(407) 865-7900 '

Future Electronics

1400 E. Newport Center Dr.

Suite 200
Deerfield Beach 33442
(305) 426-4043

Future Electronics
2200 Tall Pines Dr.
Suite 108

Largo 34641

(813) 530-1222

Future Electronics
1435 Market St.
Tallahassee 32312
1-800-288-1019

Hamilton Hallmark
3350 NW. 53rd St.
Suite 105-107

Ft. Lauderdale 33309
(305) 484-5482

Hamilton Hallmark
10491 72nd St. North
Largo 34647

(813) 541-7440

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

Newark Electronics
1-800-367-3573

Penstock, Inc.
1726 E. Tth Ave.
Suite 8

Tampa 33605
(813) 247-7556

Zeus Electronics
37 Skyline Dr.
Suite 3101

Lake Mary 32746
(407) 333-3055

Georgia
Allied Electronics
1-800-433-5700

Arrow Electronics

4250 E. River Green Pkwy.
Duluth 30136

(404) 497-1300

Future Electronics

3150 Holcomb Bridge Rd.
Suite 130

Norcross 30071

(404) 441-7676

Hamilton Hallmark
3425 Corporate Way
Suite A

Duluth 30136

(404) 623-4400

Newark Electronics
1-800-367-3573

Penstock, Inc.

6825 Jimmy Carter Blvd.
Suite 1590

Norcross 30071

(404) 951-0300

Illinois
Allied Electronics
1-800-433-5700

Arrow Electronics

1140 West Thorndale Ave.
Itasca 60143

(708) 250-0500

Future Electronics
3150 W. Higgins Rd.
Suite 160

Hoffman Estates 60195
(708) 882-1255

Hamilton Hallmark

3030 Salt Creek Lane
Suite 300

Arlington Heights, 60005
(708) 797-7300

Hamilton Hallmark
1130 Thorndale Ave.
Bensenville 60106
(708) 860-7780

Newark Electronics
(Corporate Office)

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

Penstock, Inc.

1250 West Northwest Hwy
Suite 509

Palatine 60067

(708) 934-3700

Indiana

Allied Electronics
1-800-433-5700

Arrow Electronics

7108 Lake View Pkwy W. Dr.

Indianapolis 46268
(317) 299-2071

Future Electronics

8425 Woodfield Crossing
Suite 175

Indianapolis 46240
(317) 469-0447

Hamilton Hallmark
655 W. Carmel Dr.
Suite 160

Carmel 46032
(317) 575-3535

Newark Electronics
1-800-367-3573

Penstock, Inc.
1-800-PENSTOC

Iowa

Allied Electronics
1-800-433-5700

Hamilton Hallmark
1-800-254-2847

Newark Electronics
1-800-367-3573

Penstock, Inc.
1-800-PENSTOC

Kansas

Allied Electronics
1-800-433-5700

Arrow Electronics
9801 Legler Rd.
Lenexa 66219
(913) 451-9542

Future Electronics
8826 Santa Fe Dr.
Suite 150

Overland Park 66212
(913) 649-1531

Hamilton Hallmark
9200 Indian Cr. Pkwy.
Overland Park 66204
(913) 663-7900

Newark Electronics
1-800-367-3573

Penstock, Inc.

300 S. Clairborne, Suite #A2

Olathe 66062
(913) 829-9330

Kentucky

Allied Electronics
1-800-433-5700

Hamilton Hallmark
1847 Mercer Rd.
Suite G

Lexington 40511
1-800-235-6039

Newark Electronics
1-800-367-3573

Penstock, Inc.
1-800-PENSTOC

Maryland
Allied Electronics
1-800-433-5700

Arrow Electronics

9800 Patuxent Woods Dr.
Suite J

Columbia 21046

(301) 596-7800



Future Electronics
6716 Alexander Bell Dr.
Suite 101

Columbia 21046

(410) 290-0600

Hamilton Hallmark

7134 Columbia Gateway Dr.
Columbia 21046

(410) 720-3400

Newark Electronics
1-800-367-3573

Penstock, Inc.

9881 Broken Land Pkwy.
Suite 105

Columbia 21046

(410) 290-3746

Massachusetts

Allied Electronics
1-800-433-5700

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

Future Electronics
41 Main St.
Bolton 01740
(508) 779-3000

Hamilton Hallmark
10D Centennial Dr.
Peabody 01960
(508) 532-9893

Newark Electronics
1-800-367-3573

Penstock

60 Burlington Mall Rd.
Suite 310

(617) 229-9100

Zeus Electronics
25 Upton Dr.
‘Wilmington 01876
(508) 658-4776

Michigan
Allied Electronics
1-800-433-5700

Arrow Electronics
44720 Helm St.
Plymouth 48170
(313) 455-0850

Future Electronics
4505 Broadmoor SE
Grand Rapids 49512
(616) 698-6800

Future Electronics
35200 Schoolcraft Rd.
Suite 106

Livonia 48150

(313) 261-5270

Hamilton Hallmark

44191 Plymouth Oaks Blvd.

Plymouth 48170
(313) 416-5800

Newark Electronics
1-800-367-3573

Penstock, Inc.
1-800-PENSTOC

Minnesota

Allied Electronics
1-800-433-5700

Arrow Advantage
10120A West 76th
Eden Prairie, MN 55344
(612) 946-4820

Arrow Electronics
10100 Viking Dr.
Suite 100

Eden Prairie 55344
(612) 828-7140

Future Electronics
10025 Valley View Rd.
Suite 196

Eden Prairie 55344
(612) 944-2200

Hamilton Hallmark
9401 James Ave., South
Suite 140

Bloomington 55431
(612) 881-2600

Newark Electronics
1-800-367-3573

Penstock, Inc.
1-800-PENSTOC

Missouri

Allied Electronics
1-800-433-5700

Future Electronics
12125 Woodcrest
Executive Dr.
Suite 220

St. Louis 63141
(314) 469-6805

Hamilton Hallmark
3783 Rider Trail South
Earth City 63045
(314) 291-5350

Newark Electronics
1-800-367-3573

Penstock, Inc.
1-800-PENSTOC

New Jersey

Allied Electronics
1-800-433-5700

Arrow Electronics
4 East Stow Rd.
Unit 11

Marlton 08053
(609) 596-8000

Arrow Electronics
43 Route 46 East

Pine Brook 07058
(201) 227-7880

Future Electronics
1259 Route 46 East
Parsippany 07054
(201) 299-0400

Hamilton Hallmark
One Keystone Ave.
Bldg. 36

Cherry Hill 08003
(609) 424-0110

Hamilton Hallmark
10 Lanidex Plaza West

Parisippany 07054-2715

(201) 515-5370

Newark Electronics
1-800-367-3573

Penstock, Inc.
160 Littleton Rd.
Suite 201
Parsippany 07054
(201) 299-0323

New Mexico

Allied Electronics
1-800-433-5700

Newark Electronics
1-800-367-3573

Penstock-Sertek, Inc.
(602) 894-9405

Hamilton Hallmark

2601 Wyoming Blvd. NE

Albuquerque 87109
(505) 293-5119

New York

Allied Electronics
1-800-433-5700

Arrow Electronics
(Corporate Office)
25 Hub Dr.
Melville 11747
(516) 391-1300
(Military)

Arrow Electronics

3375 Brighton-Henrietta
Townline Rd.

Rochester 14609

(716) 427-0300

Future Electronics
801 Motor Pkwy.
Hauppauge 11788
(516) 234-4000

Future Electronics
300 Linden Oaks
Rochester 14625
(716) 387-9550

Future Electronics

200 Salina Meadows Pkwy.
Suite 130

Syracuse 13212

(315) 451-2371

Hamilton Hallmark
390 Rabro Dr.
Hauppaugue 11788
(516) 434-7400

Hamilton Hallmark
1057 East Henrietta Rd.
Rochester 14623

(716) 475-9130

Newark Electronics
1-800-367-3573

Penstock, Inc.
527 Townline Rd.
Suite 200
Hauppage, 07054
(516) 724-9580

Zeus Electronics
100 Midland Ave.
Port Chester 10573
(914) 937-7400

North Carolina

Allied Electronics
1-800-433-5700

Arrow Electronics
5240 Green Dairy Rd.
Raleigh 27604

(919) 876-3132

Future Electronics

5225 Capital Blvd.

1 North Commerce Center
Raleigh 27604

(919) 790-7111

[=]
=33
Hamilton Hallmark a2
5234 Greens Dairy Rd. w E:J
Raleigh 27604 4

(919) 872-0712

Newark Electronics
1-800-367-3573
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Penstock, Inc.
1-800-PENSTOC

Ohio

Allied Electronics
1-800-433-5700

Arrow Electronics

8200 Washington Village Dr.

Suite A
Centerville 45458
(513) 435-5563

Arrow Electronics
6573E Cochran Rd.
Solon 44139

(216) 248-3990

Future Electronics
1430 Oak Court
Suite 203
Beavercreek 45430
(513) 426-0090

Future Electronics

6009 E Landerhaven Dr.
Mayfield Heights 44124
(216) 449-6996

Hamilton Hallmark
30775 Bainbridge Rd.
Solon 44139

(216) 498-1100

Hamilton Hallmark

777 Dearborn Park Lane
Suite L

‘Worthington 43085
(614) 888-3313

Newark Electronics
1-800-367-3573

Penstock, Inc.
1-800-PENSTOC

Oklahoma

Allied Electronics
1-800-433-5700

Arrow Electronics
12111 E. 51st St.
Suite 101

Tulsa 74146
(918) 252-7537

Hamilton Hallmark
12206 E. 51st St.
Suite 103

Tulsa 74146

(918) 459-6000

Newark Electronics
1-800-367-3573

Penstock, Inc.
1-800-PENSTOC
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Oregon

Allied Electronics
1-800-433-5700

Almac/Arrow Electronics
9500 SW Nimbus Ave.
Bldg. E

Beaverton 97008

(503) 629-8090

Future Electronics
Cornell Oaks Corp. Center

15236 NW Greenbrier Pkwy.

Beaverton 97006
(503) 645-9454

Hamilton Hallmark

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

(503) 526-6200

Newark Electronics
1-800-367-3573

Penstock, Inc.
1-800-PENSTOC

Pennsylvania

Allied Electronics
1-800-433-5700

Hamilton Hallmark
1-800-254-2847

Newark Electronics
1-800-367-3573

Penstock, Inc.

40 Croce Lane
Coatesville 19320
(215) 383-9536

Texas

Allied Electronics
1-800-433-5700

Allied Electronics
7410 Pebble Dr.
Fort Worth 76118
(817) 595-6487

Arrow Electronics
11500 Metric Blvd.
Suite 160

Austin 78758
(512) 835-4180

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

Arrow Electronics
19416 Park Row
Suite 190
Houston 77084
(713) 647-6868

Future Electronics
9020 II Capital of Texas
Highway North

Suite 610

Austin 78759

(512) 502-0991

Future Electronics
10333 Richmond Ave.
Suite 970

Houston 77042

(713) 785-1155

Future Electronics
800 E. Campbell
Suite 130
Richardson 75081
(214) 437-2437

Hamilton Hallmark
12211 Technology Blvd.
Austin 78727

(512) 258-8848

Hamilton Hallmark
11420 Pagemill Rd.
Dallas 75243
(214) 553-4300

Hamilton Hallmark
1406 North 28th
Suite 105
Harlington 78550
(210) 412-2047

Hamilton Hallmark
10500 Richmond Ave.
Suite 112

Houston 77042

(713) 781-6100

Newark Electronics
1-800-367-3573

Penstock, Inc.

1411 E. Campbell Rd.
Suite 400

Dallas, 75081

(214) 479-9215

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

Utah

Allied Electronics
1-800-433-5700

Arrow Electronics
1946 W. Parkway Blvd.
Salt Lake City 84119
(801) 973-6913

Future Electronics
3450 So. Highland Dr.
Suite 301

Salt Lake City 84106
(801) 467-4448

Hamilton Hallmark
1100 East 6600 South
Suite 120

Salt Lake City 84121
(801) 266-2022

Newark Electronics
1-800-367-3573

Penstock-Sertek, Inc.
1-800-PENSTOC

‘Washington
Allied Electronics
1-800-433-5700

Almac/Arrow Electronics
14360 S.E. Eastgate Way
Bellevue 98007-6458
(206) 643-9992

Future Electronics

19102 North Creek Pkwy.
Suite 118

Bothell 98011

(206) 489-3400

Hamilton Hallmark
8214 154th Ave.
Redmond 98052
(206) 882-7000

Newark Electronics
1-800-367-3573

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

‘Wisconsin

Allied Electronics
1-800-433-5700

Arrow Electronics

200 North Patrick Blvd.
Suite 100

Brookfield 53045
(414) 792-0150

Future Electronics
250 N. Patrick Blvd.
Suite 170
Brookfield 53045
(414) 879-0244

Hamilton Hallmark
2440 South 179th St.
New Berlin 53146
(414) 797-7844

Newark Electronics
1-800-367-3573

Penstock, Inc.
1-800-PENSTOC



International
Australia

Avnet VSI Electronics Pty
Ltd(1:2,:3,4]

Unit 8, 27 College Road
Kent Town

SA 5067

(61) 8-3620944

Avnet VSI Electronics Pty
Ltdli1.2:3:41

Unit C, 6-8 Lyon Park Road
PO Box 888

North Ryde NSW 2113
(61) 2-98781299

Avnet VSI Electronics Pty
Ltdl1,2,3:4]

Unit 12 Business Park Drive
Monash Business Park
Notting Hill

Vic 3168

(61) 3-5589333

Avnet VSI Electronics Pty
Ltd!1,2,3:4]

Suite 9, Argyle Place

Cnr. Sandgate Road & Argyle
Street

Breakfast Creek

QLD 4010

(61) 7-2625200

Avnet VSI Electronics Pty
Ltd1,23.4]

69 Walters Drive
Osborne Park

WA 6017

(61) 9-2424266

Austria

BFI IBEXSA Elektronik
GmbHI2:3]

Korbinianstr. 6

85386 Eching (Miinchen)
(49) 89 3195135

EBV Elektronik!!:2]
Diefenbachgasse 35/6
1150 Vienna

(43) 1 894 1774

ELBATEX GmbH!!2]
Eitnergasse 6

1231 Vienna

(43) 1 86642-0

EURODIS Electronics!!2]
Lamezanstrasse 10

1232 Vienna

(43) 1 61062

Notes:

1. Optoelectronics

2. RF Diodes/Transistors

3. Microwave and Avantek
Products

4. Fiberoptics Components

Belarus

BelHard

Melnicayte str. 2-709
220004 Minsk

+7 172 239 010

Belgium

BFI IBEXSA BVI23]
PO Box 3019

2130 KA Hoofddorp
Netherlands

(31) 020 65 31 350

EBV Elektronik! 12!
Excelsiorlaan 35
Avenue Excelsior 35
1930 Zaventem

(32) 02 716 00 10

SEI Rodelco N.V./S.A.11.2]
Limburg Strium 243
1780 Wemmel

(32) 02 460 05 60

Brazil

Intertek Electronica Ltd.!1:2]
Rua Miguel Casagrande, 200
02714-000, Sao Paulo, SP
(011) 266-2922

Bulgaria

MACRO Sofiall2]
116 Geo Millev Str.
BL 57 AP70

1574 SOFIA

(359) 2 708140

Canada
Arrowl1.21

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

(604) 421-2333

Arrow

1000 St. Regis

Dorval, Quebec H9P 2T5
(514) 421-7411

Arrowl! 12

1093 Meyerside Drive
Mississauga, Ontario
L5T 1M4

(905) 670-7769

Arrowl1:2]

36 Antares Drive
Unit 100
Nepean, Ontario
K2E TW5

(613) 226-6903

Future Electronics!!?2]
2015 32nd N.E., Unit #1
Calgary, Alberta

T2E 6Z3

(403) 250 5551

Future Electronics!!2]

5935 Airport Road, Suite 200
Mississauga, Ontario

L4V 1W5

(905) 612 9200

Future Electronics!!:2]
1050 Baxter Road
Ottawa, Ontario

K2C 3P2

(613) 820 8313

Future Electronies!!2]
237 Hymus Blvd.
Pointe Claire, Quebec
HIR 5C7

(514) 694-7710

Future Electronique Inc

1000 Avenue St. Jean Baptiste
Suite 100

Quebec, Quebec G2E 5G5
(418) 877-6671

Future Electronics!!:2]
1695 Boundary Road
Vancouver, B.C.

V5K 4X7

(604) 294-1166

Hamilton/Hallmark! 12!
8610 Commerce Court
Burnaby, BC V5A 4N6
(604) 420-4101

Hamilton/Hallmark!!2!
151 Superior Blvd.
Unit 1-6

Mississauga,

Ontario L5T 2L1
(905) 564-6060

Hamilton/Hallmark!!12]
190 Colonnade Road
Nepean, Ontario K2E 7J5
(613) 226-1700

Hamilton/Hallmark!!,2!

7575 Trans Canada Highway
Suite 600

Ville St. Laurent, Quebec
HAT 1V6

(514) 335-1000

Penstock

RF/Microwave Distribution
10800 N.E. 8th St.

Suite 805

Bellevue, WA 98004

Penstock

RF/Microwave Distribution
313 - 260 Hearst Way
Kanata, Ont. K2L 3H1
(613) 592-6088

Penstock Inc.[2:3]
1296 Ludbrook Court
Mississauga, Ontario
L5J 3N9

(905) 403-0724

Penstock

RF/Microwave Distribution
500 - 7575 Transcanada Hwy
St. Laurent, Quebec H4T 1V6
(514) 333-8837

Czech Republic
GM Electronicl!2:3]
Evropska 73
160-00 Praha 6
(42) 2 316 7202

MACRO Weil s.r.o.[1:2]
Bechynova 3

160-00 Praha 6

(42) 2 3112 182

SEI elbatex!1:21
Prechodni 11
140 00 Praha 4
(42) 2 692 8087

Denmark
Arrow-Exatec A/Sl1:2:4]
Mileparken 20E
DK-2740 Skovlunde
+45 (44) 92 70 00

Avnet Nortec A/St1:2)
Transformervej 17
DK-2730 Herlev
+45 (44) 88 08 00

BFI-IBEXSA Denmark A/S[2:31
Langebjergsvenget 8A, 1.TH
DK-4000 Roskilde

+45 (46) 75 31 31

Estonia

Arrow-Field Eesti AS[1:2
(tuba 301)
Akadeemiatee 19

ee 0026 Tallinn
372-2-588288

Finland
Arrow-Field Oy!1,2]
Niittylintie 5
00620 Helsinki
(358) 0 777571

Avnet Nortec Oy!!:2!
Itdlahdenkatu 18 A
00210 Helsinki
(358) 0613181
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France

Arrow Electronique SA!1:2
73/79 rue des Solets

Silic 585

94668 Rungis Cedex
(33)149 784978

Avnet-Composants!1:2]

79, rue Pierre Semard

BP 90

92150 CHANTILLON CEDEX
(1) 49 65 25 00

BFI-IBEXSA Electronique
SA[23! Division Scie-Dimes
1, rue Lavoisier ZI

91430 Igny

(33) 169 33 74 00

EBV Elektronik(2!

Parc Club de la Haute Maison
16, rue Gallilée

Cité Descartes

77436 Champs sur Marne
(33) 1 64 68 86 00

Elexiencel231

9, rue des Petits Ruisseaux
91370 Verriere le Buisson
(33)1601194 71

RADIO SPARES
Composants!!:2]

Rue Norman King

BP 453

60031 Beauvais Cedex
(33) 16 4484 72 72

SEI S.C.A.LB. S.A.I121
6 rue Ambroise Croisat
ZI des Glaises

BP58

91127 Palaiseau Cedex
(33) 169 19 89 00

Germany

AVNET E2000!1:2]
Stahlgruberring 12
81829 Miinchen
89 45 110-01

BFI IBEXSA Elektronik
GmbHI[2:3:4]
Korbinianstr. 6

85386 Eching

89 319 76 70

EBV-Electronik GmbH!1:2:3]
Hans-Pinsel-Strasse 4
85540 Haar bei Miinchen
89 456 10 0

Notes:

1. Optoelectronics

2. RF Diodes/Transistors

3. Microwave and Avantek
Products

4. Fiberoptics Components
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Farnell GmbHI1:21
Griinwalderweg 30
82041 Deisenhofen
896133911

Ing.-Biiro K.-H. Dreyer!1:2
Albert-Schweitzer-Ring 36
22045 Hamburg

40 66 952 27-28

SEI Jermyn!1-2]
Im Dachsstiick 9
65549 Limburg
64 31 508-0

SASCO GmbHI!:2]
Hermann-Oberth-Str. 16
85640 Putzbrunn bei
Miinchen

8946 11-0

Greece

Micronics Ltd.[1:2:3]
46, Kritis Street
16451 Argyroupolis
Athens

(30) 1 9914 786

Hong Kong

CET Litd.[1:23:4]
1108-1112
Metroplaza Tower 2
223 Hing Fong Road
Kwai Fong

(852) 2485-3899

Hungary

EURODIS Electronics!!:2
Lamezanstrasse 10

1232 Vienna

Austria

(43) 161062 115

MACRO Budapest Kft.[12]
Etele ut 68

1115 Budapest

(36) 1203 0277

SEI elbatex!!:2]
Vaci ut 202

1138 Budapest
(36) 1140 91 94

India

Hinditron Services Pte Ltd[2:3]
33/44A 8th Main Road
Rajmahal Vilas Extension
Bangalore 560 080

(91) 80-340068/348266

Hinditron Services Pte Ltd2:3]
Industry House 23-B

Mabhal Industrial Estate
Mahakali Caves Road
Andheri (East)

Bombay 400093

(91) 22-8364560

Skag Indiall:4]

22 Richmond Road
Bangalore 560025
(91) 80-2270497

Skag Indiall4]

125 Antriksh Bhawan
Kasturba Ghandhi Marg
New Delhi 110001

(91) 11-6989118

Israel

CMSI2:3]

Computation &
Measurement Systems Ltd.

11, Hashlosha Street

P.O. Box 25089

IL-Tel-Aviv, 67060

(972) 3 537 5055

Gallium!14]

11 Hasadna St.
43650 Ra'anana
+972 9 982 182

Opcom!2:3!

PO Box 3352
49130 Petach-Tikva
+972 3 921 1730

Telsys Ltd.[1:2]

Atidim, Industrial Park,
Bldg 3

Dvora Hanevia Street, Neve
Sharet

61431 Tel-Aviv

(972) 3492001

Italy

Avnet EMG Divisione
Adelsy!!:2

Via Novara 570
20153 Milano

(02) 38 10 31 00

Avnet EMG Divisione De
Micol1:2]

Viale Vittorio Veneto 8
20060 Cassina de’ Pecchi MI
(02) 95 34 36 00

BFI IBEXSA SPA[2:341
Via Massena 18
20145 Milano

(02) 33 10 05 35

LASI Elettronica S.p.A.[1:2]
Viale Fulvio Test 280
20126 Milano

(02) 66 10 1370

Silverstar Ltd.!12]
Viale Fulvio Testi 280
20126 Milano

(02) 66 12 51

Japan

Ryoyo Electro
Corporation!1:23:4]

Konwa Bldg.

1-12-22, Tsukiji

Chuo-ku, Tokyo 104

(81) 3-3546-5011

Ryoyo Electro
Corporation!1,23:4]

Nagoya AT Bldg.

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

Nagoya-shi, Aichi 460

(81) 52-203-0277

Ryoden Trading Co.,

Limited!:2:3:4]
Shin-Osaka Center Bldg.
4-1-4 Miyahara
Yodogawa-Ku
Osaka-shi, Osaka 532
(81) 6-399-3436

Ryoden Trading Co.,
Limited!!,2:3:41

3-15-15, Higashi Ikebukuro,

Toshima-ku, Tokyo 170

(81) 3-5396-6206

Ryoyo Electro

Corporation!1:2:3:41
Nisshin Shokuhin Bldg.
4-1-1, Nishi-Nakajima
Yodogawa-ku, Osaka 532
(81) 6-302-5371

Tokyo Electron Limited!!:23:4]
TBS Broadcasting Center,
5-3-6, Akasaka, _

Minato-Ku, Tokyo 107

(81) 3-5561-7229

Tokyo Electron Limited!!,2:3:4]
Sumitomoseimei Shin-Osaka-
Kita Bldg.

4-1-14, Miyahara,
Yodogawa-ku,

Osaka-shi, Osaka 532

(81) 6-399-0260

Yamada Corporation!!:2,3:41
Shin-Aoyama Bldg. East
1-1-1 Minami-Aoyama
Minato-Ku, Tokyo 107
(81) 3-3475-1121

Yamada Corporation!1:23,4]

Nagoya Kokusai-Center
Bldg.

1-47-1, Nakono,
Nakamura-Ku

Nagoya-shi, Aichi 450

(81) 52-563-6661

Yamada Corporation!2-3]
Higobashi Shimizu Bldg.
1-3-7 Tosabori, Nishi-Ku
Osaka-shi, Osaka 550
(81) 6-449-1101



Korea

Panwest Co. (REP)[1,2]
Songnam Building
Room 213
Seocho-dong-Seocho-ku
1358-6 Seoul

(82) 2-5547176

SANGSOO Electronics Co.231
Suite 303 Kyungho Building
25-2 Yeo euido-Dong
Youngdeungpo-ku, Seoul
(82) 2-7805360

Malaysia

DCP (M) SDN BHD!1:2:3:4]
6th Floor Wisma Denko
41 Aboo Sittee Lane
10400 Penang

(60) 2281860

ER (Malaysia) Sdn Bhd!1:2:34]
6 Jalan SS 26/6 Taman
Mayang Jaya

47301 Petaling Jaya
Selangor Darul Ehsan
Malaysia

(603) 703 8498

ER (Malaysia) Sdn Bhd!2:3:4]
17L 2nd Floor

Lebuhraya Batu Lanchang
Taman Seri Damai

11600 Penang

(604) 6562895

Netherlands

BFI IBEXSA BV(23]
PO Box 3019

2130 KA Hoofddorp
(31) 020 65 31 350

EBV ELEKTRONIK!:2]
Planetenbaan 2

3606 AK Maarssenbroek
(31) 3465 623 53

SEI Rodelco B.V.[1.2]
Takkebijsters 2
4817 BL Breda

(31) 076 78 4911

New Zealand

Avnet VSI (NZ) Ltd(1:23:4]
295 Cashel Street
Christchurch

(64) 3-3660191

Notes:

1. Optoelectronics

2. RF Diodes/Transistors

3. Microwave and Avantek
Products

4. Fiberoptics Components

Avnet VSI (NZ) Ltd(1,23:4]
1st Floor, Unit 1
Birchwood Park

477 Hutt Road

Lower Hutt

(64) 4-5273023

Avnet VSI (NZ) Ltd!1,23:4]
274 Church Street
Penrose, Auckland

(64) 9-6367801

VSI Electronics (NZ)
Ltd.[1:2:31

274 Church Street

Penrose

Auckland

(64) 9 636 7801

VSI Electronics (NZ) Ltd.!12!
295 Cashel Street
Christchurch

(64) 3 660-928

VSI Electronics (NZ) Ltd. (1.2
Flanders Arcade

71 High Street

Lower Hutt

(64) 4 694-560

Norway
Arrow-Tahonic as!!2
Box 4554, Toshow
0404 Oslo

+47 2237 8440

Avnet Nortec A/S!1:21
P.0. Box 123
N-1364 Hvalstad
+47 (66) 84 62 10

BFI-IBEXSA Nordic ABI2:3]
Box 7093

S-191 07 Sollentuna
Sweden

+46 (8) 626 99 00

Farnell Electronic Services!!2!
P.O. Box 120

N-1001 Oslo

+47 (22) 32 12 70

Poland

SEI elbatex!1:2]

Ul. Wilcza 50/52
00-697 Warszawa
(48) 2 623 06 02-609

Macropol Ltd.[1:2!

Ul. Bitwy Warszawskej 11
02-366 Warszawa

(48) 22 224 337

Meditronik!!:2:3]
4, Dzika Street
00-194 Warsaw
(48) 2 635 2263

Semicond!!2]

35, Podchorazych Str.
0071 Warszawa

+48 224 145 85

Puerto Rico

Hamilton Hallmark

El Senorail M/S Box 862
San Juan 00926

(809) 760-1158

Russia
DESAGENTI(!.21
Bodepa Square 2
19000 St. Petersburg
(7) 812 196 143

NEKLUSOVAL!:2]
ul Zamshina 15
St. Petersburg
(7) 812 545 0723

OPTONIKA!1:23]
PO Box 69
109542 Moscow
(7) 095 305 7738

RADIS/MTUCI!2:3]
Aviamotornaya 8a
105855 Moscow

(7) 095 273 8879

Singapore

Dynamar Spore Computer
Products Pte Ltd!1:23:4]

5 Loyang Drive
Singapore 508936

(65) 5421878

Hi-Tech Business
Associates!1:2:3:4]

48 Hillview Terrace
#05-05 Hillview Building
Singapore 669269

(65) 7661995

Ryosho Techno (S) Pte
Ltd(1:2,341

396 Alexandra Road
#14-02 BP Tower
Singapore 119954
(65) 4737118

Ryoyo Electro Spore Pte
Ltd(1:2:3.4]

396 Alexandra Road
#14-02 BP Tower
Singapore 119954
2769636

Slovak Republic
SEI elbatex!!:2]
Svrcia ul. 3
83259 Bratislava
(42) 7722 137

MACRO Components s.r.o0.[1:2]
Vysokoskolakov 6

010-01 Zilina

(42) 89 45041/34181

Slovenia

EBvVi12]
Diefenbachgasse 35/6
1150 Vienna

Austria

(43) 1894 1774

IR Electronic!!:2!
Ziherlova ulica 2
61000 Ljubjana
(386) 61 222 007

SEI elbatex!!:2]
Stegne 25

61000 Ljubljana
(386) 61 195 23 98

So. Africa

Advanced Semiconductor
Devices (PTY) Ltd.[1:2:3:4]
P.O. Box 3853

SA-2128 Rivonia

(27) 011 444 23 33

Spain
ATD-ARROW

C/ ALBASANZ 75
Madrid, 28037
(34) 13041534

BFI IBEXSAI3I

Isabel Colbrand S/N

Edificio Alpha II Nave 85
Poligono Industrial Fuencarral
28049 Madrid

(34) 1 358 8516

Diodel!2]

C/ Orense 34
28020 Madrid
(34) 1 555 3686

SELCO!12]

Sociedad de Electronica y
Componentes S.A.

Crts. N-VI, KM 18.2

Via Servicio, direcc. Villalba
Las Rozas

Madrid 28030

(34) 1637 1011

SERVICE
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Sweden
Arrow-TH:s ABIL2!
Datavagen 12A
43632 Askim

+46 316 83 800

Avnet Nortec ABI!:2
Box 1830

S-171 27 Solna
+46 (8) 629 14 00

BFI-IBEXSA Nordic ABI2:31-

Box 7093
S-191 07 Sollentuna
+46 (8) 626 99 00

Farnell Electronics
Services!!,2]

Box 1330

S-171 26 Solna
+46 (8) 83 00 20

Switzerland
Basix AGI!:2
Hardturmstr. 181
Postfach

8010 Ziirich
(41)01 276 11 11

6-10

BFI IBEXSA Elektronik
GmbHI23!

Korbinianstr. 6

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

EBV Elektronik AGI1:2!
Vorstadtstrasse 37
8958 Dietikon

(41) 1 745 61 61

SEI elbatex!1:2]
Hardstrasse 72
5430 Wettingen
(41) 56 275 111

Taiwan (Republic of China)
Morrihan International
Inc.[1:2]
No. 57, 8th Floor
Yang Shen Shan Yet
Building
337 Fu Hsing North Road
Taipei, Taiwan
(886) 2 7522200

TECO Enterprise Co., Ltd.
10F, No. 292, Min-Sheng
West Road

Taipei, Taiwan, Republic of
China

(886) 2-555976

Thailand

DCP Thailand!1:2:3:4]
2991/19 Visuthanee,

6th Floor Ladprao Road,
SOI 101-103 Klongchan,
Bangkapi

Bangkok 10240

(66) 2-3760312

ER Thailandl!23:4]

32 Grand Village
Lardprao Road

Bangkapi, Bangkok 10310
(66) 2-9337565

Turkey

EMPA ASI1:231
Elektronik Mamulleri
Pazarlama A.S.

Florya Is Merkezi

Besyol Londra Asfalti
34630 Sefakoy - Istanbul
(90) 212 599 30 50

United Kingdom
Arrow-Jermyn

St. Martins Business Centre
Cambridge Road

Bedford MK42 OLF

(44) 01234 270 777

Avnet Access Ltd.[1:2]
Jubilee House
Jubilee Road
Letchworth

Herts SG6 1QH

(44) 01462 48 08 88

BFI IBEXSA Electronics
Ltd.[2:3:4]

Burnt Ash Road

Quarry Wood Industrial Estate
Aylesford

Kent

ME20 7NA

(44) 01622 88 24 67

Farnell Electronic Services!12]
Edinburg Way

Harlow,

Essex CM20 2DF

(44) 01279 44 11 44

Farnell Electronic
Components!!:2]

Canal Road

Leeds

West Yorkshire LS12 2TU
(44) 01132 63 63 11

MACRO Group
Brunham Lane
Slough SL1 6LN
(44) 01628 604 383



