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AN 904

AN 907
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AN 910

AN 911

AN 912

AN 914

The PIN Diode

The PIN diode is essentially a high-frequency resistance ele-
ment whose resistance value can be varied by a dc or low-
frequency bias signal. This Note describes the important
characteristics of the PIN diode and the relationship of these
characteristics to its use as a high-frequency switching or
attenuating element. Typical application circuits are presented.
16 pages.

The Hot Carrier Diode: Theory, Design And
Application.

The Hot Carrier or Schottky barrier diode is virtually an ideal
ultra-high-frequency switching device. This Note contains an
up-to-date discussion of the physics of its operation, and
describes its electrical and physical characteristics. Compari-
son is made to the PN-junction and point-contact diodes.
14 pages.

In the HP 4310 Photon Coupled Isolator, a gallium arsenide
electroluminescent diode is optically coupled to a silicon
photodiode but electrically decoupled. Electrical isolation
using this technique is described. The Note also gives the
equivalent circuit of the'device along with suggested applica-
tions and their typical circuits. 4 pages.

Optoelectronic Coupling For Coding, Multiplexing,
And Channel Switching

The stream of photons from a gaiiium arsenide eiectroiumi-
nescent diode carries enough energy to a silicon photodiode
to enable operation of isolated electronic switches. Isolated
switching, as with a relay, is thus possible and the Note gives
design principles and typical circuits using the HP 4310 Pho-
ton Coupled Isolator. 2 pages.

Low Level DC Operation Using HP Photo-Choppers

Threshold performance of chopper amplifiers can be extended
to lower signal levels by using photochoppers. A brief dis-
cussion is given of the photochopper amplifier technique,
showing various arrangements for applying negative feed-
back. Suggested circuits for driving the neon lamps are also
described. 5 pages.

An Attenuator Design Using PIN Diodes

This Note discusses the use of PIN diodes as variable RF
resistance elements controlled by dc bias. Through the use
of this mechanism a constant impedance R-type attenuator
network is developed. Control of attenuation from 1 to 20 db
is obtained through a variable dc bias. 4 pages.

Biasing And Driving Considerations For PIN Diode
RF Switches And Modulators

Discusses application of PIN diodes as RF switches and
modulators from the standpoint of the video driving wave-
forms required, and the means available to generate these
waveforms. Emphasis is given to methods of achieving very
fast switching speeds or high modulation frequencies.

23 pages.



AN 915

AN 916

AN 917

AN 918

AN 920

AN 922

AN 924

Threshold Detection And Demodulation Of Visible
And Infrared Radiation With Pin Photodiodes

Solid-state photodetectors, particularly PIN photodiodes, are
compared for threshold signal applications with the more
traditional multiplier phototubes. Relative functional merits
are presented, and a family of spectral sensitivity curves for
various types of photodetectors is given. Terminal circuit de-
sign principles and realizations are described. 5 pages.

HP GaAs Sources

HP Gallium Arsenide EL (electroluminescent) diodes radiate
in a narrow band at a wavelength of 9000 A° when forward
biased. When properly utilized, the radiation from the EL diode
can be switched on and off in less than 100 nanoseconds.
AN 916 discusses how the characteristics of this EL diode
may be applied to optical circuits and describes design
principles for obtaining optimum performance. 2 pages.

HP PIN Photodiode

HP silicon planar PIN photodiodes are ultrafast detectors of
visible and near infrared radiation. The low dark current of
the planar diodes enables detection of very low radiation
levels. AN 917 discusses how the characteristics of the HP
silicon planar photodiode apply in optical circuits and explains
design principles for obtaining optimum performance. 2 pages.

Pulse And Waveform Generation With
Step Recovery Diodes

One major area of Step Recovery Diode applications is in
pulse shaping and waveform generation. This note describes
in detail what characteristics of the SRD are most critical to
pulse applications, how these are controlled and specified,
and how the SRD can be used in a variety of pulse shaping
and waveform generating circuits. 26 pages.

Harmonic Generation Using Step Recovery Diodes
And SRD Modules

Harmonic frequency multiplication, and ‘“comb’” spectrum

i i i nine nf thie
generation using step recovery dicdes, are the topics of this

note. It describes the fundamental theoretical considerations
and practical design techniques which have been found use-
ful in the design of switching reactance multipliers. It also
illustrates many practical multiplier designs. Finally, the note
summarizes some important design criteria concerning multi-
plier noise, bandwidth, and stability. 32 pages.

Application Of PIN Diodes

How the PIN diode can be applied to a variety of RF control
circuits is the subject of this note. Such applications as at-
tenuating, leveling, amplitude and pulse modulating, switch-
ing, and phase shifting are discussed in detail. Also examined
are some of the important properties of the PIN diode and
how they affect its application.

Application Of The Dual Photocell

This note covers in considerable detail the application of dual
photocells in low-noise choppers and analog multipliers. It
also covers some other applications such as synchronous
modulator-demodulator choppers; light beam position sensors;
voltage tunable resistors; dual function controls in analog and
switching circuits, and in stereo volume controls.

Available at all Hewlett-Packard Sales Offices,
or 620 Page Mill Road, Palo Alto, California, (415) 321-8510.
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| STEP RECOVERY DIODES .

FOR HARMONIC GENERATION

Description

HP step recovery diodes are constructed using ad-
vanced epitaxial, passivation, gettering, and dimension
control techniques. Contact to the chip is made using
the latest methods for low thermal resistance and min-
imum package inductance. The high resistivity, di-
mensionally tailored, intrinsic layer assures minimum
transition time in conjunction with optimum reverse
bias capacitance.

Applications

HP step recovery diodes are intended for use as low
and high-order, single-stage harmonic generators requir-
ing the ultimate in performance and reliability. These
devices have the basic design capability to meet the
general requirements of MIL-S-19500, in addition to the
special reliability requirements’ of man-rated space
systems.



The step recovery diode, when driven into forward
conduction (overdrive), stores charge and appears as a
low impedance. When the reverse drive current de-
pletes the stored charge, the diode becomes a high
impedance. During this high impedance or open circuit
state, a voltage pulse is generated. This pulse occurs
once for each period of the drive frequency. When this
series of pulses is terminated in a resistive load, a comb
spectrum is generated (see Figure 1). By terminating the
pulses in a resonant load, the spectrum is optimized at
the desired output frequency for harmonic generation.

Application Note 920 and HP Special Information
Note No. 4 contain additional detailed information on
step recovery diodes and the techniques required to
design step recovery diode multipliers.

A

Figure 1. The sub-nanosecond transition of the Step Re-
covery Diode after a period of reverse conduction is seen
in (A) where a 10 MHz sine wave has been applied across
the diode and the current through the diode is monitored.

FEATURES

High order, single stage, harmonic generation for high
efficiency.

Radiation resistant for use in nuclear environments.

Easily temperature stabilized allowing operation over
broad temperature ranges.

These step recovery diodes are useful in high order
multipliers for local oscillator service.

ABSOLUTE MAXIMUM RATINGS

T.er—Operating Temperature Range..—65°C to +200°C
Tsre—Storage Temperature Range....—65°C to +200°C
6;c—Thermal Resistance (Junction to Case) .See Table I
Pyiss—DC Power Dissipation Derating

Characteristic 200°C - T,

6sc

This transition can be used to shape pulses to provide
picosecond rise and fall times (B), or as a very rich source
of high order harmonics (C).

STEP RECOVERY DIODE SPECIFICATIONS AT T, = 25°C
Characteristics GCo Max. VrMax. atIr | Vsr Min. | t. Max. at Ir 7 Min. | Iz Max. at Vz 6;c |PACKAGE
HP Type Number pF v mA \V/ ps mA ns nA v oc/w | OUTLINE
5082-0134 10.0 1.0 300 35 400 10 125 50 30 75 31
5082-0114 10.0 1.0 300 35 400 10 125 50 30 300 11
5082-0133 10.0 1.0 200 35 500 10 90 50 30 75 31
5082-0113 10.0 1.0 200 35 500 10 90 50 30 300 11
5082-0241 8.0 1.0 600 65 500 10 100 10 30 60 31
5082-0240 8.0 1.0 450 65 500 10 100 10 30 60 31
5082-0181 8.0 1.0 350 65 500 10 100 10 30 300 11
15082-0298 8.0 1.0 300 50 500 10 100 10 30 60 31
5082-0180 8.0 1.0 250 50* 500 10 100 10 30 300 11
15082-0299 6.0 1.0 300 50 400 10 125 10 30 300 11
5082-0132 3.0 1.0 150 35 300 15 50 50 30 100 31
5082-0112 3.0 1.0 150 35 300 15 50 50 30 300 11
5082-0152 21 1.0 40 15 150 15 20 10 10 600 15
+5082-0130 2.1 1.0 40 15 200 15 20 10 10 600 15
5082-0243 2.0 1.0 150 35 150 15 30 10 10 100 31
5082-0242 2.0 1.0 100 35 200 15 30 10 10 100 31
5082-0251 1.6 1.0 40 15 150 15 20 10 10 250 31
5082-0151 1.6 1.0 40 15 150 15 20 10 10 600 15
15082-0111 1.6 1.0 40 15 200 15 20 10 10 600 15
5082-0253 11 1.0 40 25 150 15 20 10 10 250 31
5082-0153 1.1 1.0 40 25 150 15 20 10 10 600 15
5082-0154 1.1 1.0 40 25 200 15 20 10 10 600 15
Test Condition |f=1.0 MHz Ir I = 10 A Fig. 3 Fig. 2 Vi Note 1| Note 2
Ve = OV
* Specification was 65 volts.

1+ New types.

NOTE 1: 6;c is an absolute maximum rating and is listed here for convenience.

NOTE 2. See mechanical specifications for details.




Design Optimized Step Recovery Diode

These devices have been design optimized for per-
formance in specific frequency ranges for both high and
low order multiplication. Double-ended lifetime, capaci-
tance and breakdown voltage specifications assure uni-
formity and reproducibility. Transition time and ther-
mal resistance are also specified to insure optimum

ELECTRICAL SPECIFICATIONS AT T, = 25°C

performance of these economical ceramic packaged
step recovery diodes.

ABSOLUTE MAXIMUM RATINGS

o—Operating Temperature Range..—65°C to +200°C
Tsre—Storage Temperature Range....—65°C to +200°C
(Topr and Ty for the HP 5082-0380 is —65°C to +175°C)

HP Type Number Reverse Effective
(Use Tested Output Bias Minority Transi-
Equivalent Character- | Frequency Output Breakdown Capaci- Carrier tion Thermal
HP Type No.) istics Range Power Voltage tance Lifetime Time | Resistance
Symbol | ¢ (GHz) | Pou Vax (volts) Cvr (pF) 7 (ns) te (ps) | 650 (°C/W)
(units) (W)
Igcﬁ.age Nominal Typical Min. Max. | Min. Max. | Min. Max. Max. Max.
5082-0360 utine
(5082-0300) 40 1.5-2.5 5.0 4 80 110 3.5 6.5 150 400 650 20
5082-0365 31 2.5-4.5 4.0 50 80 2.5 4.1 80 240 300 25
5082-0370 41 45-8.0 2.5 3 40 60 | 1.9 31 50 150 200 30
(5082-0310)
5082-0375 4 80-124 | 1.0 2 25 4 | 08 16 20 60 120 50
(5082-0320)
5082-0380* 47 12.4-180 | 05 2 18 28 | 08 1.4 20 60 120 110
(5082-0330)*
Ve =10 V,
Test Conditions Note 1 Note 2 Ir = 10 kA f = 1.0 MHz Fig. 2 Fig. 3 Note 3
Note 4

* These specifications are based on data taken on preproduction devices.

Final specifications are subject to change without prior notice.

NOTE 1.
NOTE 2.

See mechanical specifications for details.
Typical output power is at a single frequency
within the recommended output frequency range
and is for a multiplication order of X2 to X4.
Data is based on theory and laboratory work.

OUTPUT WAVE SHAPE
INPUT WAVE SHAPE Ie

.

PULSE SAMPLING
GENERATOR OSCILLOSCOPE
HP 186A HP 1858

00— o
500 9

l

l

Figure. 2. Test circuit for measurement of the effective
minority carrier lifetime. The value of the reverse current
(Iz) is approximately 6 mA and the forward current (Ir) is
1.7 Iz. The lifetime (7) is measured across the 50% points
of the observed wave shape. The input pulse is provided
by a pulse generator having a rise time of less than one
nanosecond. The output pulse is amplified and observed on
a sampling oscilloscope.

NOTE 3. Thermal resistance test procedures and condi-
tions are described in the October 1967 HP Jour-
nal, pages 2-9.

NOTE 4. These values include package capacitance.
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Figure 3. Test circuit for measurement of transition time.
The strip line is matched to the impedance necessary to
preserve the wave shape between the capacitance coupled
points. The forward current is adjusted. The input pulse is
provided by a pulse generator having a rise time of less
than one nanosecond. The output pulse is attenuated and
then observed on a,sampling scope. The transition time is
measured between the 20% and 80% points of the observed
wave shape.



Functional Use-Tested Step Recovery Diodes

In addition to the conventional DC and transient
parameters, these use-tested devices are given a final
test in an actual multiplier. This use test assures a re-
producible and uniform product and gives the designer
a guarantee of microwave performance.

ABSOLUTE MAXIMUM RATINGS

Characteristics Symbol 5082-0300 5082-0310 5082-0320 5082-0330*

Thermal Resistance 810 20°C/W 30°C/W 50°C/W 110°C/W
(Junction to Case)

DC Power Dissipation 200°C-Toase 175°C-Tcass
Derating Character- Porss e T
istic JC Je

Operating Temperature Torn —65°C to +200°C —65°C to +175°C
Range

StoRl;i;g;eTempe‘ature Tsre —65°C to +200°C —65°C to +175°C

ELECTRICAL SPECIFICATIONS AT Ts = 25°C

Funciional Use Tesi Specifications

HP Type Number Test Conditions Specification
fin fout Pin Pout
GHz GHz w w
5082-0300 0.2 2.0 15.0 2.0
5082-0310 0.6 6.0 4.0 0.400
5082-0320 2.0 10.0 2.0 0.200
5082-0330* 2.0 16.0 1.5 0.020

DC, TRANSIENT, AND MECHANICAL SPECIFICATIONS

HP Type Number 5082-0300 5082-0310 '5082-0320 5082-0330*
Characteristics Symbol Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. Units Test Conditions
Brﬁ,ilffa‘;‘g’n Vsr 75 — | 20 — | 20 — | 18 — Volts I = 10 pA
. Vn = 10 V,
Re&’erse E“‘S Cwvx 2.5 6.5 19 | 35 | 065 | 1.3 0.8 1.13 pF f = 1.0 MHz
apacitance Note 4

Effective

g;?ﬁ;‘rty T 100 | — | 50 — | 10 — | 20 — ns Fig. 2

Lifetime

PP
H Ouﬁfiﬁzge oD 40 a1 41 47 Note 1

* These specifications are based on data taken on preproduction devices.
Final specifications are subject to change without prior notice.
NOTE 1. See mechanical specifications for details.



MECHANICAL SPECIFICATIONS

Hewlett-Packard’s step recovery diodes are available
in a variety of packages. Special package configurations
are available upon request. Contact your local HP Field
Office for additional information.

Glass package marking is by digital coding with a
cathode band. Metal-ceramic package marking is by
color-coded data on ceramic; clockwise when facing
cathode, starting at open space.

2
©
=)
2

The glass packages have a hermetic seal with gold-
plated dumet leads. The metal ceramic packages are
hermetically sealed. The anode studs and flanges are
gold-plated Kovar. The cathode studs are gold-plated
copper. The maximum soldering temperature for both
the glass and metal-ceramic packages is 230°C =5°C for
5 seconds. ‘
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Reliability

HP step recovery diodes are suitable for high reliabil-
ity space applications where maximum performance
stability under the most adverse conditions is required.
Maintenance of product reliability during manufacture
has resulted in the use of HP diodes in major aerospace
and national defense programs. Reliability and compo-
nents engineers are invited to contact HPA’s Quality
and Reliability Assurance Department prior to writing
purchase specifications for Hi-Rel components. With
proper prescreening and conditioning, the step recovery
diode is capable of meeting the following environmental
conditions:

MIL-STD 750
Reference

Temperature, Storage 1031
Temperature, Operating —

Conditions
See maximum ratings
See maximum ratings

Solderability 2026 230°C as applicable
Temperature, Cycling 1051 5 cycles, see individual
specification or rating
Thermal Shock 1056 5 cycles, 0 -100°C
Moisture Resistance = 1021 10 days, 90-98% RH
Shock 2016 5 blows, X,Y,Z at 1500 G
Vibration Fatigue 2046 32 hrs, X, Y, Z at 20 G
min.
Vibration Variable 2056 Four 4-min. cycles, X, Y,
Frequency Z, at 20 G min., 100 to
2000 Hz
Constant Acceleration 2006 X, Y, Z at 20,000 G
Terminal Strength 2036 Package dependent
Salt Atmosphere 1041 35°C fog for 24 hours
7.0 A — 0180, 0181, 0240,
0241, 0298
B — 0299
6.0 I\ C —0113,0114, 0134,
0133, 0365
\\ D - 0112, 0132
BN coomon |
N o o
uQJ 4.0 ——
=N
[~ F
% 3.0
5 \
20 \D
rof = —
2 4 8 10

Vg —REVERSE VOLTAGE (VOLTS)

Figure 4. Typical Step Recovery Capacitance vs. Reverse
Voltage Characteristics at Ta = 25°C, f = 1.0 MHz.
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Figure 5. Typical Step Recovery Capacitance vs. Reverse
Voltage Characteristics at Ta = 25°C, f = 1.0 MHz.
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Ta = 25°C.
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STEP RECOVERY DIODES

PULSE SPECIFIED
SRD-2

FEATURES

Fully Time Domain
Tested

Low Package

Inductance

Surface Passivated

Radiation Resistant

Meets
MIL-S-19500

Description

HP SRD’s are epitaxial surface passivated silicon
diodes with a precisely controlled abrupt junction pro-
file. The required junction profile which determines
the switching characteristics of the diode is controlled
in manufacturing by new and advanced process tech-
niques and is verified by complete time domain testing
of the finished diode. The entire manufacturing and test-
ing sequence is monitored by established quality con-
trol procedures to assure a high degree of product re-
liability and conformance to MIL-S-19500 specifications.

Applications

When forward biased the SRD will store charge and
appear as a low impedance, typically less than 1 Q.
When the applied current is reversed, the SRD will re-
main a low impedance for a brief period of time until
all the stored charge is removed, whereupon it will
abruptly transition to a high impedance state, typically
megohms. Transition speeds are in range of 85-250 pico-
seconds depending on the diode type. The delay times
between the reversal of the drive current and transition
to a high impedance are variable in the range of zero to
250 nanoseconds by the choice of forward and reverse
drive current levels. Pulse amplitude can be as high as
50 volts.
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The characteristics of the SRD make it a very useful
component in a variety of extremely fast, high ampli-
tude pulse and digital circuits. Some typical applica-
tions are:

Sharpening a slow (nanoseconds) rise time pulse to
fast (picoseconds) rise time.

Providing a variable pulse delay up to 250 nano-
seconds.

Reshape a sinusoidal waveform in the range of 10-500
MHz to a square waveform with rise time as fast as
100 picoseconds.

Absolute Maximum Ratings

Reshape a sinusoidal waveform to a train of high
amplitude picosecond wide impulses having a pre-
cisely controlled repetition rate.

Reducing transistor logic gate delays due to base
charge storage.

Reshape variable amplitude pulses to equal area
pulses.

Very wide band (typically 100 MHz) pulse counting
FM discriminators.

These and other applications are described in detail
in HP Application Note 918.

Characteristic Symbol 5082-0200 5082-0201 5082-0202
Thermal Resistance
(Junction to Case) 610 50°C/W 100°C/W 300°C/W
DC Power Dissipation
Derating Characteristic Ppoiss 200°C - Toase
oJC
Operating Temperature
Range Torr —65°C to +200°C
Storage Temperature
Range Tsre —65°C to +200°C
. . . . o
Electrical Specifications at T,=25C
- . 5082-0200 Test 5082-0201 Test 5082-0202 Test
Characteristic Symbol | Units Min. | Max.| Conditions | Min.| Max.| Conditions | Min. | Max. Conditions
Breakdown Voltage Var Volts 35 60 Ir=—10pnA | 35 50 Ir=—10nA | 40 60 Ig = —10 pA
Capacitance G | pF |10 |20 | /AT WOV 07 | 16 | JRT M0V 25 | 60 | 2T A0V
Series Resistance Rs Ohms | — | 05 £F==14(;) (])(}I?ZA’ — | 08 £F=:14g (lldl_?zA’ — | 04 ?___2143 ?(PI?ZA'
Leakage Current Ir nA — | 10 Vr=-10V — | 10 Ve =—10V — | 50 Vr=-—30V
Transition Rise Time tr1 ps — | 125 I%sg=3500 pC — | 85 gisg:szoo pC — | 250 }(:Q‘i;=32000 pC
I . Q. = 2000 pC Q. = 1000 pC Q. = 10,000 pC
Transition Rise Time tre ps 165 Fig. 3 — | 170 Fig. 3 — | 300 Fig. 3
. o . Q. =500 pC Q. = 200 pC Q. = 2000 pC
Ramping Rai o 10 Fig. 5 — | 17 Fig. 5 — | 10 Fig. 5
Ramping Raz % | — |15 %g =200 PCl _ | 20 191:; =51°°° PCl | 13 %g:sm,ooo pC
Rounding Rt % | — |12 f};g DAkl I I%sg =z00pC NOTE 1
Rounding Roz % | — |18 %g = 20000C1 gy l?;g =, 1000 pC NOTE 1
Forward Current Irq1 mA 25 | 75 Qs=500pC | 15 | 45 Q,=200pC | 11 33 Qs = 2000 pC
Forward Current Irqe mA 20 | 60 Qs=2000pC| 14 | 42 Qs =1000pC| 110 | 330 | Qs=10,000 pC
Package Outline — 41 31 11

Note 1—Rounding is not specified for the HP 5082-0202 because of waveform overshoot due to package inductance.
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Mechanical Specifications

The HP Outline 11 package is a hermetically sealed
unit with a glass body and gold-plated dumet wire leads.
It conforms to the JEDEC DO-7 outline. Typical package
capacitance and inductance is 0.15 pF and 4 nH re-
spectively. Marking is by digital coding with a cathode
band.

The HP Outline 31 package has a metal-ceramic
hermetic seal. The cathode stud is gold-plated copper.
The anode stud is gold-plated kovar. The HP Outline 31
typical package capacitance and inductance is 0.2 pF
and 0.5 nH respectively. Marking is by color-coded dots
on ceramic; clockwise when facing cathode, starting at
open space.

All dimensions in inches

107
.085

300
.230

\. W,
.022
.01
O o 1.00
m MIN.
HP OUTLINE 11
Cp = 0.15 pF
Lp=~4nH

123
KT
. 064
060
—f 025
084 025
Loe MAX.
- —
L .|
224 .094
202 083
| T~ cATHODE
083
078 =
HP OUTLINE 31
Cp~0.2pF
Lp~05nH

The HP Outline 41 package has a metal-ceramic
hermetic seal. The cathode stud is gold-plated copper.
The anode flange is gold-plated kovar. Typical package
capacitance and inductance of the Outline 41 is 0.3 pF
and 0.4 nH, respectively. Marking is by color-coded dots
on the ceramic body; clockwise when facing cathode
starting at open space.

023
023 123
Ol 178

T

=
.

114 f
064
060 L
‘ ™ carooe
083
~— 078
064 |
=~ 060
HP OUTLINE 41
Cp = 0.3 pF
Lp = 0.4 nH
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20" EXT CHARGE LINE H-LAB 6200A HP 4124 CURRENT
EXT {RG 9A/U) 2 250 | SAMPLING
INPUT S 10w | RESISTOR
PULSE
GENERATOR
TEK109
CHASSIS ! 2K 100 uh
b
- HP 10240A él
PAD | puLs DELAY LINE | 3
)
3d8 [ sync.Tee | HP1100A | BLOCKING [siasTee |
CAPACITOR
N .
Figure 1. Test Setup Block Diagram
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Figure 2. Waveform Definitions

Transition Rise Time (t,) is defined as the time
between the 20% and 80% amplitude points of the
overall step amplitude, measured in a 25-ohm cir-
cuit.

Ramping is stated as a percent of the overall
step amplitude. The amplitude of the ramp is de-
fined as the part of the overall step amplitude that
lies before the first tangent of the waveform and
the “critical” slope line.

Rounding is also stated as a percent of the over-
all step amplitude. Its amplitude is defined as the
part of the overall step that lies after the second
tangent point of the waveform and the “critical”
slope line.

The “critical” slope in both of the above defini-
tions is defined to be the slope of a line whose
time separation between the 20% and 80% points
is 3 times the rise time specification for the par-
ticular diode at the specified test conditions.

Qg STORED CHARGE (nC)

Figure 3. Typical 20%-80% Transition Rise Times
Versus Stored Charge at T, = 25°C

P
7

L ST SR L oY UMM W —
200 300 500 1000 2000 5000 10,000 20,000 50,000

Ro,-ROUNDING (")

o

Qg STORED CHARGE (pC)

Figure 4. Typical Rounding Versus Stored Charge

at T, = 25°C. The 5082-0202 Rounding is not
measurable because of waveform overshoot due
to package inductance.

Ra RAMPING (%)

/ -0200 | —202
/————————/
'] S — Y S i
200 300 500 1000 2000 5000 10,000 20,000 50,000

C, STORE CHARGE (pC)

Figure 5. Typical Ramping Versus Stored Charge
at T, = 25°C
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hot carrier diodes

Device No. Page
5082-2301 Series 19
-2350 Series 25
-2356,-2370,-2396 19
-2400,-2500,-2600 Series 25
-2510 Series 31
-2700 Series 35
-2800 Series 39

-2900,-2912,-2970,-2996,-2997 43
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SCHeTTKY BRRRIFL D[ ODE

HOT CARRIER 2301

HEWLETT ﬁ PACKARD series
DIODES 235%926370
2

Picosecond Switching
Majority Carrier Conduction
No Charge Storage

Low Flicker (1/f) Noise
Low Leakage and High Conductance

Low Forward Threshold Voltage
High Puilse Power Capability
Low Mixer Intermodulation Products

Low Mixer Noise

016
—j— : L
T
[ 100 I —I

MIN. HPA =4 :

HPA

% 20 MAX. o 20 WA ik

—— ———
170
OUTLINE: 0
) 20 MAX. 20 MAX.
076 \ 1.00 30 30
068 7

o) T M )
LEAD LENGTH 0.75 MIN. LEAD COLOR LEAD LENGTH 0.75 MIN.
OUTLINE 15
1 BROWN
Figure 1a Figure 2a 2 RED Figure 3a
3 ORANGE
4 YELLOW
3 3
Anode 1 2 1 2
CIRCUIT:
Cathode
4 4
Figure 1b Figure 2b All dimensions in inches Figure 3b
DESCRIPTION

The HP 2300 series of Hot Carrier Diodes employ a metal-silicon Schottky barrier junction and utilize electrons
for majority carrier conduction. The Hot Carrier Diode’s performance conforms closely with theory and can be described
as closely approximating the ideal diode. HP Application Note 907 contains additional detailed information.

APPLICATIONS
The HP 2300 series of Hot Carrier Diodes is intended for use in applications requiring the ultimate in perform-

ance and reliability. Extensive testing has shown that these devices exhibit the design capability necessary to meet
the special reliability requirements of man-rated space systems in addition to the general requirements of MIL-S-19500.
In pulse operations the diode is ideal for clamping sampling gates, pulse shaping and general purpose usage

requiring fractional picosecond switching times.
In the RF area the Hot Carrier Diode makes an excellent low noise mixer, high sensitivity small signal detector,

large signal detector (power monitor) with broad dynamic range, limiter, discriminator and balanced modulator from
low frequencies well into the microwave range.

19



ELECTRICAL SPECIFICATIONS AT T. = 25°C
Single Diodes

HP 2305 HP 2301 HP 2302 HP 2303 Test
Characteristics Symbol | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Units Conditions
Breakdown Voltage Ver 30 — 30 —_ 30 — 20 — \' Ik =10 A
Reverse Current lr — 300 — 300 — 300 — 500 nA Ve =15V
Forward Current Ie, 10 | — |10 | — |10 | — 10 | — mA | Vn = ?ﬁo\{en}?x'
Forward Current o | s | — |so | — |35 | — |3 | — | ma]|Ve= 0¥ max
Capacitance o | — |10 |— |1 | = |10 |—|122]eF [V
Ef(f:zcrtrli\é? m;gm% T — | 100 [ — | 100 [ — | 100 | — | 100 | ps Figure 8

Note 1: The test condition and specification are interchanged to make the tabulation easier to read. The actual test
condition is forward current; the actual specification is forward voltage. The forward current is limited to prevent

thermal runaway.

Matched Pairs and Quads

HP Type Number HP 2306 HP 2308 HP 2370 HP 2396 HP 2356
Description Matched pair of Matched pair of Matched Quad, Matched Matched
HPA 2301, unen- HPA 2303, unen- unencapsulated Ring Quad, Bridge Quad,
capsulated and capsulated and and unconnected. | Epoxy encapsu- Epoxy encapsu-
unconnected. unconnected. lated. lated.
Outline Fig. la Fig. la Fig. 1a Fig. 2a Fig. 3a
Circuit Fig. 1b Fig. 1b Fig. 1b Fig. 2b Fig. 3b
HP 2306 | HP 2308 | HP 2370 | HP 2396 | HP 2356
Characteristics Symbol | Min.| Max. |Min.| Max.|Min.| Max. | Min.| Max. | Min.| Max. | Units Test Conditions
Breakdown Voltage Vir 0| — |20 — |20 | — * — * —_ v Ik =10 A
Reverse Current Ie — | 300 — | 500 | — | 500 | — * —_ * nA Ve =15V
Forward Current o | 10| — |0l — 10| — 10| = |10 — | ma [Vn= ‘gi\‘}o‘(e’“ﬁ"-
Ve, = 1.0 V max.
Forward Current Ir, 5 | — 3| —|35]| —|35|— ]3| — mA (Note 1)
Forward Voltage ave | — | 20| =] 20| —| 20|—|20]|—]|20| mv | =075t020mA
Capacitance Co — |10 | —]12 | =10 ] = * | -] * pF Vi =0, f=1.0MHz
Capacitance ACo | — |02 | — |02 —{(02]|—]02]|—1]02 pF Ve =0, f=1.0 MHz
Match**
Effective Minority -\, | —{100| —| 00| —| 100{ —| * | —| * | ps | Figures

Note 1: The test condition and specification are interchanged to make the tabulation easier to read. The actual test
condition is forward current; the actual specification is forward voltage. The forward current is limited to prevent

thermal runaway.

* Breakdown voltage, reverse current, capacitance, and effective minority carrier lifetime cannot be readily verified after assembly and encapsula-
tion because of the shunting effect of the other diodes. The encapsulated quads have the same parameter values as the HP 2370 unencapsulated
quad prior to assembly and encapsulation.

** Quads and pairs having additional and/or tighter matching are available upon request. Please contact the local HP field sales office.
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ABSOLUTE MAXIMUM RATINGS
Torr—Operating Temperature Range......— 60°C to + 125°C
Tsie—Storage Temperature Range.......... — 60°C to + 125°C
Poiss—DC Power Dissipation (Ta = 25°C).................. 125 mW
U—Burnout (3 pulses with a 10 ns

maximum pulse width; 20% allowable

Ve degradation; Ta = 25°C)

PACKAGE

The HP Outline 15 package has a glass hermetic seal
with dumet leads. The leads on the Outline 15 package
should be restricted so that the bend starts at least X%,
inch from the glass body. With this restriction OD-15
package will meet MIL-STD-750, Method 2036, Conditions
A and E (4 Ibs. tension for 30 minutes). The maximum
soldering temperature is 230°C = 5°C for 5 seconds.

Outline 15 package inductance and capacitance is
typically 0.2 pF and 3 nH respectively.

Marking is by digital coding with a cathode band.

100mA

L1 L1 11

%7

T T T TTTT

10mA

T 1 1T 17T7rT
L 11 11l

10mA

I — FORWARD CURRENT

L RS
L1 1 1 14l

100 A

T T TTTIT

10 2A

200 400 600 800 1000 1200
V¢ -— FORWARD VOLTAGE (mV)

Figure 5a. HP 2301 typical minimum, median, and maxi-
mum forward current vs. forward voltage at Ta = 25°C.
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Figure 4. HP 2300 series typical capacitance vs. reverse
voltage at T» = 25°C.
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Figure 5b. HP 2302 typical minimum, median, and maxi-
mum forward current vs. forward voltage at T = 25°C.
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Figure 8. Effective minority carrier lifetime measurement.
The signal generator and power amplifier are adjusted mA/cm. Under these conditions, minority carrier life-
to 54 MHz and the output level at 10 V RMS as read on time is related to the amplitude designated as “" such
the power amplifier meter. The sampling oscilloscope is that 1 cm corresponds to 500 ps. This scale will be linear

adjusted so that the peak deflection corresponding to to about 1.5 cm.
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HOT CARRIER 35, 5400

HEWLETT (hp; PACKARD
w 2500, 2600
DIODES series

Microwave Mixers and Detectors

Low and Stable Noise Figure

Uniform and Repeatable RF Characteristics
Microminiature Size

High Burnout Resistance

Large Dynamic Range at High LO Powers
Low IF and Video Impedance

Low 1/f Noise
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DESCRIPTION

Hot Carrier Diodes employ a metal-silicon Schottky barrier junction and utilize electrons for majority carrier
conduction. The Hot Carrier Diode's performance conforms closely with theory and can be described as closely
approximating the ideal diode. HP Application Note 907 contains additional detailed information.

APPLICATIONS

HP's Hot Carrier Mixer and Detector Diodes are intended for use in applications requiring the ultimate in per-
formance and reliability. Extensive testing has shown that these devices exhibit the design capability necessary to
meet the general requirements of MIL-S-19500, in addition to the special reliability requirements of man-rated space
systems.

As mixers they offer low and stable noise figure as well as high pulse burnout resistance. Their uniform and
repeatable RF characteristics allow the designer a great deal of latitude in specifying his RF circuitry.

The diodes are also intended for use as small signal square law detectors, and in large signal power monitor
applications.
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TEST CONDITIONS

HP HOT CARRIER MIXER DIODE SPECIFICATIONS AT T. = 25°C

Test Frequencyt 2.0 GHz 3.0 GHz 8.0 GHz
Package Outline 15 19 20 15 19 20 15 19 20
Singie 2400 2406 2403 2565 2561 2563 - - -
NFo =6.0dB Pair* 2401 2407 2404 2566 2562 2564 - - -
Quad* - - - - - - - - -
Single 2365 2415 2366 2550 2556 2553 2601 2611 2621
NFo = 6.5dB Pair* 2418 2416 2417 2551 2557 2554 2606 2616 2626
Quad* - - - 2552 2558 2555 - - -
Single 2350 2413 2353 2520 2526 2523 2602 2612 2622
NFo=7.0dB Pair* 2351 2414 2354 2521 2527 2524 2607 2617 2627
Quad* 2374 - - 2522 - - - - -
Single - - - - - - 2603 2613 2623
NFo=75dB Pair* - - - - - - 2608 2618 2628
Quad* - - - - - - - - -
VSWR 13 15 15
Zir (ohms) 150-250 100-250 125-250

* Noise Figure Match ANFo 0.3 dB max.
IF Impedance Match  AZ 25 ohms max.

t+ Test Conditions: The noise figure is measured at the specified test frequency and is a single sideband receiver noise figure using a 30 MHz, 1.5

dB Noise Figure IF amplifier. L.0. power is 1.0 mW.

MECHANICAL SPECIFICATIONS

The HP Outline 15 package has a glass hermetic seal
with dumet leads. The leads on the Outline 15 package
should be restricted so that the bend starts at least
1/16 inch from the glass body. With this restriction,
Outline 15 package will meet MIL-STD-750, Method
2036, Conditions A and E (4 Ibs. tension for 30 minutes).
The maximum soldering temperature is 230°C = 5°C for
5 seconds. Outline 15 package inductance and capaci-
tance is typically 2 nH and 0.07 pF, respectively.

The HP Outline 19 package is an Outline 15 package
which has gold-plated brass ferrules, soft-soldered onto

TYPICAL PERFORMANCE CHARACTERISTICS

Junction
Capacitance
CJO
HP Type pF
2400 05-09
2565 03-0.7
2601 0.2-06

ABSOLUTE MAXIMUM RATINGS

Operating Temperature Range
Storage Temperature Range
CW Power Dissipation at Ta = 25°C
Peak Power Dissipation
(1 nsec pulse, 0.001 DF at T» = 25°C)
Pulse Burnout
(3 10-nsec pulses for 1 dB increase in NFo)

RELIABILITY

Hewlett-Packard Hot Carrier Diodes are suitable for
high reliability space applications where maximum per-
formance stability under the most adverse conditions
is required. Maintenance of product reliability during
manufacture has resulted in the use of these diodes in
major aerospace and national defense programs.

the ends. This package is intended for replaceable
mounting in spring clips or in a conventional miniature
connector center conductor such as the OSM 217 adapter
or equivalent.

The HP Outline 20 package is the Outline 15 glass
package mounted such that it is a direct mechanical
replacement for the 1IN21IWE or 1N23WE-type cartridge
case.

Marking on all packages is by digital coding with a
cathode band.

Series
Resistance NF. Temperature
Rs Coefficient
ohms + dB/°C
7-11 0.004
3-6 0.004
4.7 0.004
2300
Units 2400 2500 2600
°C —60to+125 —60to + 125 —60to + 125
°C —60to+125 —60to -+ 125 —60to + 125
mwW 200 200 125
Watt 15 4 0.8
ergs 25 15 5



ENVIRONMENTAL CHARACTERISTICS
MIL-STD-750

Reference Conditions
Temperature, Storage 1031 See maximum ratings
Temperature, Operating —_ See maximum ratings
Solderability 2026 230°C as applicable
Temperature, Cycling 1051 5 cycles, — 65° to + 125°C
Thermal Shock 1056 5 cycles, 0-100°C
Moisture Resistance 1021 10 days, 90-98% RH
Shock 2016 5 blows, X, Y,, Y2, at 1500 G
Vibration Fatigue 2046 32hrs, X, Y, Zat 20 G min.
Vibration Variable Frequency 2056 4, 4-min. cycles, X, Y, Z,
at 20 G min., 100 to 2000 Hz
Constant Acceleration 2006 X, Y, Y2 at 20,000 G
Terminal Strength 2036 Package dependent
Salt Atmosphere 1041 35°C fog for 24 hours
10
HP 2300 SERIES
————— HP 2500 SERIES
B e HP 2600 SERIES
S[
0 | | L
0 5 10 15 20
Vg — REVERSE VOLTAGE (—VOLTS)
Figure 1. Typical Capacitance vs. Reverse Bias Voltage
Characteristics at Ta = 25°C.
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Figure 2. Typical HP 2300 and HP 2400 Series Reverse Figure 3. Typical HP 2500 and HP 2600 Series Reverse
Current vs. Reverse Voltage Characteristics at Ta = 25°C: Current vs. Reverse Voltage Characteristics at Ta = 25°C.
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=] HP
HEWLETT (hp; PACKARD HOT CARRIER 2510
DIODES series

S-Band Mixer and Detector Diodes
6.0 dB noise figure at 3.0 GHz

Extremely low flicker noise
Hermetically sealed metal-ceramic package

Thermo-compression bonded ribbon lead
Low package inductance and capacitance

DESCRIPTION

The construction of the HP 2510 Hot Carrier Diode Series features a metal silicon epitaxial chip mounted in a
miniature, hermetically sealed, metal-ceramic package. The anode contact is a thermocompression bonded ribbon lead,
making this device suitable for use in environments requiring reliable performance during high shock and vibration.

APPLICATIONS
The HP 2510 Series Hot Carrier Diodes are designed for use in SHF mixers and detectors. The extremely low
flicker (1/f) noise characteristic of this diode makes it particularly suitable for “Zero-IF” or Doppler mixer applications,

phase detectors, and as sensors in phase lock loops.
Low package inductance and capacitance make this device especially .useful in broadband mixer and detector
applications. The package design is ideally suited for use in stripline or coaxial mixer designs.

31




I — FORWARD CURRENT

ABSOLUTE MAXIMUM RATINGS

Poiss—CW Power Dissipation
Tsre—Storage Temperature Range ........ —60°C to + 125°C
Tor—Operating Temperature Range ....— 60°C to + 125°C

ELECTRICAL SPECIFICATIONS AT T. = 25°C

Single
Sideband HP Type
Noise Figure* Number
6.0 dB Single 2511
Pairt 2516
6.5 dB Single 2512
Pairt 2517

VSWR = 1.5 max. and Z** = 100-250 Q for all types.

*The noise figure is specified at 3.0 GHz and is a single sideband
receiver noise figure using a 1.5 dB IF amplifier. Local oscillator
power is 1.0 mW.

**The IF impedance is measured at 30 MHz with the diode mounted in
a doaxial test fixture and biased with 1.0 mW local oscillator power.

t Noise Figure Match: ANFo = 0.3 dB max.

IF Impedance Match: AZir = 25 ohms max.
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Figure 1. HP 2510 Series Typical Forward Current versus
Forward Voltage at Ta = 25°C.
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= . ] HP
HEWLETT@?PACKARD Hot Carrier Diodes 5082-2700

X-Band Mixer and Detector Diodes

6.0 dB NF, at X=-band with 1.0 mW L.O. Power

— 53 dBm T.S.S. at X=band

Low Parasitic, Symmetrical Microminiature
Package

Planar Passivated Construction with Thermo-
compression Bond

— 60°C to +150°C Storage and Operating
Temperature Range

0.13 pF Typical Zero Bias Chip Capacitance

HP 5082-2700 series hot carrier diodes are constructed
using a metal semiconductor Schottky barrier junction.
Advanced epitaxial techniques and precise process con-
trol insure uniformity and repeatability of this planar, . . .
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surface-passivated microwave semiconductor. The chip
is mounted in a symmetrical, microminiature, hermeti-
cally sealed, ceramic package. Anode contact is made by
a thermocompression bonded gold-plated ribbon. This
construction allows the device to be used in environ-
ments requiring reliable performance during high shock
and vibration.

APPLICATIONS
Low package inductance and capacitance, typically

ABSOLUTE MAXIMUM RATINGS
Poiss (1)—CW Power Dissipation
Tow (2)—Operating Temperature Range — 60°C to + 150°C
Tsie—Storage Temperature Range ... —60°C to + 150°C
(1) At a case temperature of 25°C.

(2) Derates to zero power dissipation at 150°C.

ELECTRICAL SPECIFICATIONS AT T. = 25°C

Single
Sideband HP Type
Noise Figure* Number
6.0 dB Single  5082-2701
Pairt -2706
6.5 dB Single -2702
Pairt -2707
7.0 dB Single -2703
Pairt -2708
VSWR = 1.5 max. and Z#** = 250-400 @ for all types
TEST CONDITIONSI
L.0. FREQUENCY = 9.375 GHz
14 IF FREQUENCY = 30 MHz
NFe = 15dB
13 RF & IF MATCHED AT EACH
POWER LEVEL
g1
2 X
21
TN\
= AN

-10 0 10
Pio — LOCAL OSCILLATOR POWER (dBm)

Figure 1. HP 5082-2702 typical noise figure versus local
oscillator power.
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0.3 nH and 0.1 pF respectively, make this device espe-
cially useful in broadband mixer and small signal detec-
tor applications at frequencies above and below X-band.
Typical T.S.S. at 10 GHz is — 53 dBm with a 40 uA bias
current and using an A.E.L. Model 153A Video Amplifier
with 5 MHz bandwidth. The microminiature, symmetrical
package meets the design engineer's needs for forward
or reverse pairs in balanced mixer configurations and is
ideally suited for stripline, coaxial, or waveguide mixer
designs.
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Dimensions in inches

Outline 44

* The noise figure is specified at 9.375 GHz and is a single sideband
receiver Noise Figure using a 1.5 dB IF amplifier. Local oscillator
power is 1.0 mW.

**The IF Impedance is measured at 30 MHz with the diode mounted
in a waveguide test fixture and biased with 1.0 mW local oscillator
power.

t Noise Figure Match: ANFo = 0.3 dB max.
!F !ulpcuu ice Matuh A LiF = 25 O nms max.

1200 | T

I I
TEST CONDITIONS:
L.0. FREQUENCY = 9.375 GHz
L.0. POWER = 0 dBm
IF = 30 MHz
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Figure 2. HP 5082-2700 series typical IF impedance ver-
sus local oscillator power.
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HOT CARRIER DIODES
HP 5082-2800 SERIES

HEWLETT ﬁ PACKARD
HCD-1
Features
New Low Price Subnanosecond Reverse Recovery and
70-Volt Breakdown Voltage Turn-on Time
Low Leakage Current
e :g% 410 mV Turn-on Voltage 200°C Operating and Storage Temperature
Low Stored Charge
Withstands 20,000 G Shock
—
o o | Description
The HP 5082-2800 device is the first of a series of epitaxial, planar
' passivated diodes whose construction utilizes a unique combination of
( N\ A both a conventional PN junction and a Schottky barrier. This manufactur-
ing process (patent applied for) results in a device with the high break-
down and temperature characteristics of silicon; the turn-on voltage of
germanium; and the speed of a Schottky barrier, majority carrier device.
170
.150
Applications
k Y, + The HP 5082-2800 is priced to replace conventional PN junction diodes
‘ in both RF and digital applications. It is useful in digital circuits requiring
a low turn-on voltage and subnanosecond switching times such as DTL
gates, pulse steering circuits, and other low-level applications. It is also
% ;A?IS well suited for use in very fast high-voltage sampling gates where the high
PIV capability allows wide dynamic range. The low turn-on gives low off-
sets, and the extremely low storage minimizes output offsets due to diode
stored charge flow in the storage capacitor. Its 95% rectification efficiency
= at UHF and high burnout capabilities make this device an efficient and reli-
- 4_%% able detector, especially at high RF levels. Low UHF losses and high PIV
also suggest its use as a very wide dynamic range UHF mixer and modula-
tor which can be driven at high L.O. levels. In addition to its clear technical
advantages in the above applications, the low price of the HP 5082-2800
suggests its use in many less critical applications for purely economic
reasons.
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Specification Symbol Min.
Breakdown Voltage Vir 70
Forward Voltage Vet —
Forward Voltage Ve —
Reverse Leakage Ir —
Capacitance Cro) —
Effective Minority T —

Carrier Lifetime

Unencapsulated and unconnected matched pairs and quads
are also available with AVy of 20 mV from 0.5 to 5.0 mA for-

ELECTRICAL SPECIFICATIONS AT T, = 25°C

Max. Units Test Condition
— Volts g = 10 uA
0.41 Volts l;r = 1.0 MA
1.0 Volts lpo = 15mA
200 nA Ve =50V
2.0 pF Ve =0V, f=1.0MHz
100 ps lr =50 mA

ward current and AC, match of 0.3 pF. The matched pair is
the HP 5082-2804. The matched quad is the HP 5082-2805.

ABSOLUTE MAXIMUM RATINGS

Poiss Power Dissipation @ T, = 25°C 250 mW (Note 1)
Ta Operating Temperature Range —65°C to +200°C
Storage Temperature Range —65°C to +200°C

Note 1. As measured using an infinite heat sink.

TSTG

Mechanical Specifications

The HP Outline 15 package has a glass hermetic seal
with dumet leads. The leads on the Outline 15 package
should be restricted so that the bend starts at least X inch
(1.6 mm) from the glass body. With this restriction, Outline
15 package will meet MIL-STD-750, Method 2036, Condi-

tions A and E [4 Ib (1,8 kg)] tension for 30 minutes. The
maximum soldering temperature is 230°C =5°C for five
seconds.

Outline 15 package inductance and capacitance is typi-
cally 0.2 pF and 3 nH, respectively.

Marking is by digital coding with a cathode band.

Reliability

The HP 5082-2800 diode is suitable for high reliability
space applications where maximum performance under
the most adverse conditions is required. Maintenance of
product reliability during manufacture has resulted in the
use of HP diodes in major aerospace and national de-
fense programs.

ENVIRONMENTAL CAPABILITIES

MIL-STD-750

Reference
Temperature, Storage 1031
Temperature, Operating
Solderability 2026
Temperature, Cycling 1051
Thermal Shock 1056
Moisture Resistance 1021
Shock 2016
Vibration Fatigue 2046
Vibration Variable 2056

Frequency

Constant Acceleration 2006
Terminal Strength 2036
Salt Atmosphere 1041

Conditions

—65°C to +200°C

—65°C to +200°C

230°C as applicable

5 cycles, —65°C to +200°C

5 cycles, 0-100°C

10 days, 90-98% RH

5 blows, X, Y;, Y, at 1500 G
32 hrs, X,, Y5, Z; at 20 G min.

Four 4-min. cycles, X, Y, Z at
20 G min., 100 to 2000 Hz

X], Y], Yz, at 20,000 G
See mechanical specifications
35°C fog for 24 hours

40



12 .70

/ NG Ie(mAl  =T.C. (mV/C)
.60 —

— <N, .

Qs-STORED CHARGE (pC)
3

v g

4 / § .50
2 g \

§ 40 PN N
% 5 10 20 30 g \ \

1¢-FORWARD CURRENT (mA) H \
AN NN
Figure 1. HP 5082-2800 typical stored charge (Qs) vs. for- 3 \ .
12

ward current (I) @ Ta = 25°C.

ANEERY
\\\\

Rp-DYNAMIC RESISTANCE (Q)

Ig-FORWARD CURRENT (mA)

F 10
| \ .01 1.6
- 0 L L L
-50 [} 50 100 150
100 Ta-AMBIENT TEMPERATURE (°C)
E \ . .
F Figure 4. Typical variation of forward voltage (V¢) vs. tem-
- perature (TA) at various values of forward current (l¢).
10 Lol I NS (RN
0.01 0.1 1.0 10
I¢-FORWARD CURRENT (mA)
. . . 10
Figure 2. Typical dynamic resistance (Ro) vs. forward cur- t
rent (Ir) at T, = 25°C.
® | TYPICAL 7 i
MINIMUM ///
10} ] i
E / r MAXIMUM
[ , ‘Q
z r
L £ L
/ £
g
1.0 g
E a I
r <
o =
- 0.1
L
100 |- r
u
i
010 1 L Il 1 L Il .01 . L - L - 1
.200 .400 .600 .800 1.000 1.200 1.400 08 1.0 1.2 14 16 18
Vg-FORWARD VOLTAGE (VOLTS) Tc-TEMPERATURE COEFFICIENT (mv/°C)
Figure 3. Typical variation of forward voltage (Vi) vs. for- Figure 5. Typical temperature coefficient (Tc) vs. forward
ward current (Ir) at T, = 25°C. current (lg).

41




Ta (°C)

g

C-CAPACITANCE (oF)
>

125

0.! —
5 10,000

10 20 30 40 50
Va-REVERSE VOLTAGE (VOLTS)

Figure 6. Typical capacitance (C) vs. reverse voltage (Vi)
at Ta = 25°C.

-REVERSE CURRENT (nA)

n
g

ERNERNA T W
A A

25

LT

MAXIMUM /
) /

TYPICAL 4 Va-REVERSE VOLTAGE (VOLTS)
/ Figure 8. Typical variation of reverse current (Iz) vs. re-

/ / verse voltage (Vi) at various temperatures.
// MINIMUM

\
\

1n~REVERSE CURRENT (nA)

\'"Q? T T T T T T T T TTTT

\

/
/ Va (V)
/

T T TTTIT

10,000

1 L e 1 1
10 20 30 40 50 60

T T TT7TT

Va-REVERSE VOLTAGE (VOLTS)

Figure 7. Typical variation of reverse current (Ig) vs. re- // /
1,000 //

verse voltage (Vi) at Ta = 25°C.

In- REVERSE CURRENT (nA)
T T T

LA
/

T T TTTTT

NN
AN

Figure 9. Typical variation of reverse current (Iz) vs. tem-
perature (Ta) at various values of reverse voltage (Vz).

1 s — n n 1 i i

25 50 75 100 125 150
Ta-AMBIENT TEMPERATURE (°C)

42




= HP
HEWLETT 7@—7 PACKARD HOT CARRIER 2900, 2912
DIODES *°s
Low Cost
Ultrafast Switching

No-Charge Storage

Pulse Burnout Resistant Low 1/f Noise

016
—~1 ‘——— i 2 3
I | 1
100 l
MIN. 4 " 4
HP —
20 WA o006 M 207
170 — =
OUTLINE: 0
} 20 MAX. 20 MAX.
6 . l_, 100 30 30
68 MIN. I R —— 32
QUTLINE 15 LEAD LENGTH 0.75 MIN. LEAD LENGTH 0.75 MIN.
Figure 1a Figure 2a Figure 3a
3 3
Anode ! 2 1 2
CIRCUIT:
Cathode
4 4
Figure 1b Figure 2b Figure 3b
All dimensions in inches

DESCRIPTION

The HP 2900 series of Hot Carrier Diodes employ a metal-silicon Schottky barrier junction and utilize electrons
for majority carrier conduction. The Hot Carrier Diode’s performance conforms closely with theory and can be described
as closely approximating the ideal diode. HP Application Note 907 contains additional detailed information.

APPLICATIONS
The HP 2900 series of Hot Carrier Diodes is priced for use in commercial applications.

In pulse operations the diode is ideal for clamping, sampling gates, pulse shaping, and general purpose usage
requiring fractional picosecond switching times.

In the RF area the Hot Carrier Diode makes an excellent low noise mixer, high sensitivity, small signal detector,
large signal detector (power monitor), limiter, discriminator, and balanced modulator from low frequencies through
the UHF range.

The HP 2300 series Hot Carrier Diode—rather than the 2900 series—should be considered for military and space
applications requiring high reliability performance.
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MATCHED PAIRS AND QUADS

HP Type Number HP 2900 HP 2912 HP 2970 HP 2996 HP 2997
Description Single Diode Matched pair of Matched Quad, Matched Matched
HPA 2900, unen- unencapsulated Ring Quad, Bridge Quad,
capsulated and and unconnected. | Epoxy encap- Epoxy encap-
unconnected. sulated. sulated.
Outline Fig. la Fig. la Fig. la Fig. 2a Fig. 3a
Circuit Fig. 1b Fig. 1b Fig. 1b Fig. 2b Fig. 3b
HP 2900 HP 2912 HP 2970 HP 2996 HP 2997
Characteristics Symbol | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Units| Test Conditions
Breakdown Voltage Vir 10 — 10 — 10 — * — * — V |lk=10pA
Reverse Current le — 100 — 100 — 100 — * — * nA [Ve=5.0V
Forward Voltage Ve, — 04 — 0.4 — 04.] — 0.4 — 0.4 lr, = 1.0 mA
Forward Voltage Ve, — 1.0 — 1.0 — 1.0 — 1.0 — 1.0 lr, = 20 mA
Forward Voltage
Match AVe — — — 30 —_ 30 — 30 — 30 mV |- =1.0to 10 mA
Capacitance Co — 1.2 — 1.2 —_ 1.2 — * — * pF |[Ve=0V, f=10MHz
Effective Minority
Carrier Lifetime T — 120 — 120 — 120 — * — * ps |Figure 8

* Breakdown voltage, reverse current, capacitance, and effective minority carrier lifetime cannot be readily verified after assembly and encapsu-
lation because of the shunting effect of the other diodes. The encapsulated quads have the same parameter values as the HP 2970 unencapsu-

lated quad prior to assembly and encapsulation.

Consult the HP 2300 series data sheet or contact the local HP field sales office for quads and pairs having additional and/or tighter matching.

ABSOLUTE MAXIMUM RATINGS

Tor—Operating Temperature Range.....— 60°C to + 100°C
Tsie—Storage Temperature Range.......... —60°C to + 100°C

Poiss—Power Dissipation (Ta =25°C) .o 50 mW
U—Burnout (3 pulses with a 10 ns
maximum pulse width; 20% allowable Vs
degradation; Ta = 25°C) e 5 ergs

PACKAGE

The HP Outline 15 package has a glass hermetic seal
with dumet leads. The leads on the Outline 15 package
should be restricted so that the bend starts at least X
inch from the glass body. With this restriction OD-15
package will meet MIL-STD-750, Method 2036, Conditions
A and E (4 Ibs. tension for 30 minutes). The maximum
soldering temperature is 230°C = 5°C for 5 seconds.

Outline 15 package inductance and capacitance is
typically 0.2 pF and 3 nH respectively.

Marking is by digital coding with a cathode band.
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Figure 8. Effective minority carrier lifetime measure-
ment.

The signal generator and power amplifier are adjusted
to 54 MHz and the output level at 10 V RMS as read on
the power amplifier meter. The sampling oscilloscope is
adjusted so that the peak deflection corresponding to
forward current is 5 cm or 20 mA, where 20 mV/cm = 4.0
mA/cm. Under these conditions, minority carrier life-
time is related to the amplitude designated as “+” such
that 1 cm corresponds to 500 ps. This scale will be linear
to about 1.5 cm.
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W) PIN DIODES 50823000
series

HEWLETT ﬂ PACKARD

Signal Conditioning and Control Devices

Low Reverse Bias Capacitance for High Isolation
Low Residual Series Resistance for Low Insertion Loss

123
18

1.00
MIN 064
I
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T 025 e 055 |
064 MAX. 051
CATHODE
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(Outline 15) (Outline 31) (Outline 38)

Dimensions in inches

DESCRIPTION
The HP 5082-3Q00 Series PIN Diodes are planar passivated silicon devices manufactured using modern processing
techniques to provide optimum characteristics for signal conditioning and control applications.

APPLICATIONS
HP PIN diodes are intended for use in signal conditioning and control applications at frequencies well into the

microwave region. By varying the dc bias current, the dynamic resistance may be varied from less than 1.0 ohm to
10,000 ohms. These devices provide turn-on and turn-off times of tens of nanoseconds, and are especially useful where
the lowest possible residual series resistance and junction capacitance are required for high ON to OFF switching
ratios. Additional information on PIN diodes is contained in HP Application Notes 904 and 912. Applications informa-

tion on biasing and switching PIN diodes is available in HP Application Note 914.
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ABSOLUTE MAXIMUM RATINGS
Ton—Operating Temperature Range...— 65°C to + 150°C

Tsie—Storage Temperature Range........ — 65°C to + 150°C
Poiss—DC Power Dissipation at Tc = 25°C
HP 5082-3001, 5082-3002, 5082-3039.................. 0.250 W
HP 5082-3101, 5082-3102 ..........ccooooeieeeeeeenn. 1.0 W
HP 5082-3201, 5082-3202 .. 30 W
PACKAGES

The HP Outline 15 package has a glass hermetic seal
with dumet leads. The leads on the Outline 15 package
should be restricted so that the bend starts at least 1/16
inch (1,6 mm) from the glass body. With this restriction,
Outline 15 package will meet MIL-STD-750, Method 2036,
Conditions A and E (4 Ibs. [1,8 kg.] tension for 30 min-
utes). The maximum soldering temperature is 230°C = 5°

ELECTRICAL SPECIFICATIONS AT T. = 25°C

for 5 seconds. Typical package inductance and capaci-
tance is 2 nH and 0.07 pF, respectively. Marking is by
digital coding with a cathode band.

The HP Outline 31 package has a metal-ceramic her-
metic seal. The anode stud is gold-plated copper. The
cathode stud is gold-plated Kovar. The maximum solder-
ing temperature is 230°C = 5°C for 5 seconds. Typical
package inductance and capacitance is 1.0 nH and 0.2
pF, respectively. Marking is by color-coded dots on ce-
ramic; clockwise when facing anode, starting at open
space.

The HP Outline 38 package: The anode and cathode
are gold-plated Kovar. The maximum soldering tempera-
ture is 230°C = 5°C for 5 seconds. Typical package in-
ductance and capacitance is 0.4 nH and 0.2 pF. The
package is not marked.

Effective
Total Residual Minority
Breakdown Capaci- Series Carrier
Voltage tance Resistance Lifetime
Characteristic (min.) (max.) (max.) (min.)
HP Type Package
Number Qutline Vi (volts) Cw (pF) Rs (ohms) 7 (ns)
5082-3001 15 150 0.30 1.5 100
5082-3002 15 200 0.25 15 100
5082-3039 15 100 0.40 2.0 75
5082-3101 38 150 0.32 15 100
5082-3102 38 200 0.30 15 100
5082-3201 31 150 0.35 15 100
5082-3202 31 200 0.32 15 100
Test Condition Ih =10 uA Ve =50V lr = 100 mA lr = 50 mA
ENVIRONMENTAL CHARACTERISTICS
MIL-STD-750
Reference Conditions
Temperature, Storage 1031 See Maximum Ratings
Temperature, Operating — See Maximum Ratings
Solderability 2026 230°C as applicable
Temperature, Cycling 1051 5 cycles, — 65 to + 125°C
Thermal Shock 1056 5 cycles, 0 to + 100°C
Moisture Resistance 1021 10 days, 90-98% RH
Shock 2016 5 blows, X, Y, Y: @ 1500 G
Vibration Fatigue 2046 32 hrs. X, Y, Z, @ 1500 G
Vibration Variable 2056 Four 4-min cycles, X, Y, Z,
Frequency @ 20 G Min., 100 to 2000 Hz
Constant Acceleration 2006 X, Yy, Y2 @ 20,000 G
Terminal Strength 2036 Package Dependent
Salt Atmosphere 1041 35°C fog for 24 hours
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Typical Operating Characteristics

EQUIVALENT CIRCUIT

At frequencies over 10 MHz PIN diodes may be used
as electrically controlled resistors. A plot of the typical
relationship between control current and resistance is
given in Figure 1.
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10 / / 100

7
/ :

100 /

1000 ,/ 10
B / OVI

0.001 0.01 0.1 10 10 100
FORWARD BIAS CURRENT (mA)

Rs RESISTANCE (Q)
Gs CONDUCTANCE (MILLIMHOS)

10000

Figure 1. Typical RF Conductance (Resistance) vs. For-
ward dc Current.

In the range from 10 pA to 10 mA, Ri = 261~¥. At higher
currents, the parasitic series resistance limit is reached,
and so resistance will approach some value less than 1.0
ohm. At zero and reverse bias a limit of about 10,000
ohms is asymptotically approached. Associated with this
resistance are the reactive elements of the diode. These
reactance elements exhibit significantly different char-
acteristics at low frequencies (below 1 GHz) than at mi-
crowave frequencies. The junction capacitance is bias
dependent at low frequencies. Typically at 1 MHz C;
varies from 0.7 pF at zero bias to 0.05 pF at minus 50
volts. At microwave frequencies C; is essentially inde-
pendent of bias. The microwave equivalent circuit of
Figure 2 will be valid for frequencies above 1 GHz.

Rs
AAA o
\_\M' AAAd V' abdd

Figure 2. Typical PIN Diode Microwave Equivalent

Circuit.

* Actual values for L, and C, are affected by external
mounting and connections.

ATTENUATION

_The variation of r-f resistance with bias current (as in
Figure 1) is convenient for calculating circuit perform-
ance regardless of input and/or output impedance level.
Figures 3 and 4 offer the designer of 50 Q impedance
level circuits a still more convenient design tool. Attenu-
ation « is given in dB for a single series PIN diode as
functions of frequency and bias current. Figure 3 is for
fixed frequencies. Figure 4 is for fixed dc bias current.
For power levels expressed in dBm:

Pout = Pin — & (from Figure 3 or 4)
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Figure 3. Attenuation Factor vs. Forward dc Current, 50 Q
system—Fixed Frequency.
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Figure 4. Attenuation Factor vs. Frequency, 50 Q system
—Fixed Forward dc Current.

HARMONIC DISTORTION

Harmonics are generated by the PIN diodes. Harmonic
output levels depend upon signal level, bias level, and
frequency, and can be expressed by:

ihltmonic = kh (iiundlm-nhl)z
where k» = a value obtained from Figure 5
inmonic = harmonic current in mA
innamental = fundamental current in mA |
<

This relationship .is valid so long as (iwundamentar)? <’iﬁ

where I. is the forward dc current in mA.

Values for ks are given by Figure 5 as functions of fre-
quency and dc bias current.
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Figure 5. Relationship Between Harmonic Current and
Fundamental Current as a Function of Forward dc Cur-
rent and Fundamental Frequency.



Harmonics generated by an attenuator consisting of a
single series PIN diode can also be expressed in terms of
input and output power levels, bias current, and fre-
quency. These factors are related through the attenua-
tion factor « and a harmonic generation factor 5 as for-
mulated below:

P.= 7 + 2 P: Valid for P; < 4+ 20 dBm and at fixed fre-
quency and forward dc current.
Pi=Ps—a

where P, = power available from 50 Q source (dBm)
P:; = fundamental frequency power (dBm) to 50 Q load
P» = harmonic frequency (dBm) to 50 Q load

Values of » in dB are given for a single series PIN diode
in a 50 Q system in Figures 6 and 7. Figure 6 is for fixed
frequencies, while Figure 7 is for fixed dc bias currents.

Variations of Ps, P+ and P. versus frequency and dc
bias current can be calculated from values of « and 75
shown in Figures 4, 5, 6, and 7 and inserted in the above
formulas. A 50 Q system is assumed.

For P; > 20 dBm, « changes very little, but 5 decreases
substantially so that if the values given for 5 are used
for P; > + 20 dBm, the harmonic generation computed
will be greater than would be measured at these higher
power levels.
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Figure 6. Harmonic Generation Factor vs. Forward dc
Current 50 Q system—Fixed Frequency.

Following is an example of the use of the formulas:
Suppose P; = — 10 dBm and it is desired that

P: — P» > 40 dB at 100 MHz
What range of dc current and attenuation can be used?

Pi=Py—a
Ph=9n4+2Pi=9p+2P;—2a
Pi—Pi=(—Ps+a—2n) > 40

Since Py = — 10 dBm then « — » > 30 dB at 100 MHz
for P — P. > 40 dB

At 100 MHz from curves of « and 5 vs. dc current

for = 10 100 200
a=+23 10 6
= —4 —18 —25

a—n= 27 28 31

Thus the dc current must be > 200 uA, and if the 6 dB
attenuation does not give a high enough spread, the only
alternative is to reduce P, to permit use of lower dc cur-
rent and hence higher attenuation.
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SWITCHING SPEED

Switching speed is measured in the circuit shown in
Figure 8. This circuit is not optimized for fastest possible
switching but does yield information regarding the
switching properties of the diodes. Typically, the switch-
ing times for this circuit are:

Zero Bias 20 V Rev. Bias
Ton (nsec) ~ 100 ~ 100
Torr (nsec) ~ 800 ~ 250

03 pF

——
502 POWER DIVIDER
T S
g 2 1670 DIODE UNDER TEST

GEN. H
1
! 50
|
|
|

LOAD

= Bias
A= suppLy

Figure 8. Switching Speed Test Circuit.

At intermediate values of bias, the OFF-time decreases
as the bias increases while the ON-time increases to
nearly twice its zero-bias value, then decreases until at
approximately 20 volts it is again at its zero bias value.
Faster switching can be achieved (particularly switching
from high forward current to low reverse bias voitage) by
driving the diode with a high pulse amplitude and a high
reverse bias. High pulse and bias amplitudes may not
always be available, but improved performance can be
obtained by the use of a more sophisticated drive cir-
cuit. In general, such a circuit would include a low-pass
filter for introducing the pulse and bias, and a high-pass
filter to transmit the RF envelope while preventing the
drive pulse from reaching the load. (See Figure 9.)

HIGH-PASS

FITER
FLiER

HIGH-PASS
FILTER

LOAD

RF
GEN.

LOW-PASS
FILTER

PULSE
GEN.

Figure 9. Block Diagram of Switching Circuit.

The selection of circuit element values is governed by
consideration of diode properties as well as performance
requirements. These considerations may be summarized
as follows:

1. The switching source should present a high im-
pedance to the RF signal.

By increasing the turn-on drive pulse, Ton and inser-

tion loss may be reduced at the expense of in-
creased Tor.

. Application of reverse bias improves isolation and

decreases Tor, but requires a higher drive pulse
amplitude.

2.
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4. Drive pulse amplitude may be limited by the toler-
able levels of disturbance it produces in the load.

Circuit elements for the high-pass filters are se-
lected according to filter formulas to transmit the
RF, but if the frequency is low, it may be necessary
to compromise Ton and Tor to prevent pulse edges
grozn) being coupled into the load. (See Items 2,
. The high-pass filter on the input side must block
the flow of pulse and bias currents unless a diode
pair is used, as shown by the dotted lines in Figure -
9. Use of a diode pair doubles the insertion loss,
but also doubles the isolation and provides har-
monic cancellation, which may be significant in
some applications.

5.

By applying these principles a circuit may have inser-
tion loss less than 3 dB, isolation over 40 dB, both Ton
and Tore of typically tens of nanoseconds from an 8-volt
pulse source and with only 2 volts bias.
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Figure 10. Typical Forward Conduction Characteristics.
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RELIABILITY

Hewlett-Packard PIN diodes are suitable for high
reliability space applications where maximum perform-
ance stability under the most adverse conditions is re-
quired. Maintenance of product reliability during manu-
facture has resulted in the use of HP diodes in major
aerospace and national defense programs.
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Features

.00
MIN RF resistance variation with bias specified at 500 MHz.

14

Large resistance swing (1 Q-10,000 Q typical).

' Long lifetime for low intermodulation.
( ) % Useful application down to 10 MHz.

Tight resistance tracking between units.

Low resistance-temperature coefficient at constant
current bias.

Description

The current-controlled RF resistor consists of a specially
processed and tested silicon PIN diode. The fabrication proc-
ess is tightly controlled and units are selected on the basis of
similarity of RF resistance variation with bias. RF resistance

% ll/l?l?l is measured and specified on each unit at 500 MHz and at
two bias points. The RF resistance versus bias slope is also
specified to tight limits to further assure tracking of individ-
ual devices. Long lifetime assures usefulness at operating

| ' frequencies down to 10 MHz at small signal levels.
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Applications

The current-controlled RF resistor (CCR) is a very
useful device for realizing current-controlled RF at-
tenuators, RF AGC circuits, constant impedance level-
ing circuits, electronically controlled RC circuits,
variable Q resonating networks and filters, modulating
circuits, and as an element in any circuit that requires
the use of a dc or low-frequency control of an RF
resistance.

The CCR has a resistance characteristic that is ac-
curately described by R = KI™* in the range of 0.01 mA
to 1 mA. When displayed on log-log coordinates, as
shown in Figure 1, this characteristic plots as a
straight line with a slope of —x, and at 1 mA R =K.
The equation constants for the HP 5082-3003 are typi-
cally K=13 and x=0.88.

To assure repeatability of the RF resistance charac-
teristic from unit to unit, the high and low resistance
values are specified to within =15% and *+11%, re-
spectively. To assure tight tracking between units, the
slope is also specified to be in the range of 0.9-0.86.
This is particularly useful when several CCR’s in an

920
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RF RESISTANCE (Q2)

\\\CCR,

|
|
|
|
|
| SHIFTED CCR
|
|
|
|
|
L

10 uA 100 uA 1mA
Igias — FORWARD BIAS

Figure 1. Tracking of Individual CCR's by Bias Current Offset

attenuator or modulator circuit must track each other
closely. For very close tracking, the individual CCR’s
can be biased with a slight offset with respect to a
reference CCR. This is shown in Figure 1.

The characteristic curve of CCR; is used as refer-
ence. The characteristic curve of CCR; is moved over
from A to B by a current offset until they intersect at
CCR/y's 0.1 mA position.

If Ry = Kl ™
and R; = K,l,™?
then to shift R, to any current points on R;, the follow-
ing relation would be used:

Kz X2 X2
Ki

|2:

At RF, the equivalent circuit of the CCR can be
represented as shown in Figure 2.

=L

% T

Figure 2. Equivalent RF Equivalent Circuit of CCR

L, and C, are the package inductance and capaci-
tance, respectively. The capacitance C is the capaci-

tance of tha lnfrlnc
a@nCe Cv Ine InNninsiC SHICoH ayer ¢ Ine

typically 0.06 pF. This capacitance does not change
with frequency or bias. At constant bias, the RF re-
sistance of the CCR is relatively insensitive to tem-
perature, changing only +15% for a temperature
change from 25° to 100°C.

ic cilicon laver of the Pl‘\ll’\ and is

RF Electrical Specifications (T, = 25°C)

Parameter Symbol Max. Min. Units Test Conditions
High Resistance Limit R 920 680 Ohms DC bias = 10 uA
Test Frequency = 500 MHz
Low Resistance Limit R. 15 12 Ohms DC bias = 1.0 mA
Test Frequency = 500 MHz
Resistance vs. Bias Slope X -09 |-0.86 — DC bias = 10 pA & 1.0 mA
Test Frequency = 500 MHz
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DC Electrical Specifications (Ta = 25°C)
Parameter Symbol Max. Min. Units Test Conditions
Breakdown Voltage Ve — 100 Volts Ik = 10 pA
Reverse Capacitance Cw 0.3 —_— pF Ve = 50V
Note 1 f = 1.0 MHz
Series Resistance Rs 1.5 — Ohms Ir = 100 mA
Effective Minority T — 100 ns Ir = 50 mA
Carrier Lifetime
Note 1. Typical reverse bias junction capacitance is 0.06 pF.
Absolute Maximum Ratings
Torr—Operating Temperature RaNGe . ... e —65° to +150°C
Tsre—Storage Temperature RANGE . ..o —65° to +150°C
Poiss—DC Power Dissipation (@t Ta = 25%C) oo 0.250 watts
Figure 3. RF Resistance vs. Bias Characteristic
~\ —~——SPEC LIMITS ON BIAS CURRENT
NUY
1000 | 1 -
NG tHIGH RESISTANCE SPEC LIMITS
NS 14
NN\
N
N
N
N
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NN
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Figure 4. Typical Forward Conduction Characteristics

Typical Mechanical and
Environmental
Characteristics

PACKAGES

The HP Outline 15 package has a glass hermetic
seal with dumet leads. The leads on the Outline 15
package should be restricted so that the bend starts
at least 1/16 inch (1,6 mm) from the glass body. With
this restriction, Outline 15 package will meet MIL-
STD-750, Method 2036, Conditions A and E (4 Ib [1,8 kgl
tension for 30 minutes). The maximum soldering tem-
perature is 230°C =5° for 5 seconds. Typical package
inductance and capacitance is 2.5 nH and 0.1 pF, re-
spectively. Marking is by digital coding with a cathode
band.

RELIABILITY

Hewlett-Packard PIN diodes are suitable for high
reliability space applications where maximum per-
formance stability under the most adverse conditions
is required. Maintenance of product reliability during
manufacture has resulted in the use of HP diodes
in major aerospace and national defense programs.
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Figure 5. Power Dissipation Derating Characteristics

Environmental Capabilities

MIL-STD-750

Reference Conditions
Temperature, Storage 1031 See Maximum Ratings
Temperature, Operating — See Maximum Ratings
Solderability 2026 230°C as applicable
Temperature, Cycling 1051 5 cycles, —65° to +150°C
Thermal Shock 1056 5 cycles, 0° to +100°C
Moisture Resistance 1021 10 days, 90-98% RH
Shock 2016 5 blows, at 1500 G, X, Y, Z
Vibration Fatigue 2046 32 hrs., X, Y, Z, at 20 G min.
Vibration Variable Frequency 2056 Four 4-min. cycles, X, Y, Z,

at 20 G min., 100 to 2000 Hz

Constant Acceleration 2006 20,000G, X,Y, Z
Terminal Strength 2036 Package Dependent
Salt Atmosphere 1041 35°C fog for 24 hours
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HEWLETT w PACKARD

STRIPLINE .-
PIN DIODE °°°*°°%

AN

TYPICAL
CHIP
LOCATION

CATHODE

ANODE

Cover plate for balanced
stripline applications.

Stripline PIN diode. Dimen-
sions are identical to the
cover plate.

CLEARANCE HOLE
.096 DIA (TYP 2 PLACES)

Description and Application

The HP 5082-3040 is a silicon planar passivated
PIN diode manufactured using modern processing tech-
niques to provide optimum characteristics for stripline
signal conditioning and control applications.

Microwave and UHF systems using stripline circuit
techniques have the advantages of small size, light
weight, and low cost over systems constructed with
waveguide and coaxial devices. Additional stripline
advantages are mechanical rigidity and operation over
wide frequency ranges. Unfortunately, glass packaged
devices designed for lumped circuits and double stud
ceramic packages useful for waveguide are not opti-
mally configured for use in stripline. This is especially
true when very wide bandwidths must be covered.

The HP 5082-3040 is an optimally integrated shunt

diode (see Figure 1) intended for use from HF through
18 GHz without the limitations of matching structures.
The package, when zero or reverse biased, appears as
a 50-ohm microstrip line. The leads allow good con-
tinuity of characteristic impedance when used in 50-
ohm stripline circuitry. When forward biased, the re-
sistance appearing across the line is a function of the
bias level and varies typically as shown in Figure 2.

When used in a balanced stripline application it is
important that the cover cap supplied with the diode
be used in order to have good electrical continuity
from the upper to the lower ground plane through the
package base metal (Figure 3). Higher order modes
will be excited if this cover is either left off or if poor
electrical contact is made to the ground plane. Shims,
“ripple” washers, or “fuzz buttons” can be used to
assure good contact to the ground planes.
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Absolute Maximum Rafings

Tor Operating Temperature Range..—65°C to +125°C
Tste Storage Temperature Range......—65°C to +125°C
Poiss DC Power Dissipation (Ta = 25°C)............ 2.5 watts
f#.c Thermal Resistance.............................
Ve Breakdown Voltage................_.........

Mechanical Specifications

Typical Performance Characteristics

From Is: TO Ve: tewiteh

(mA) (V) (ns)

......... 50°C/W 100 10 110
........ 150 volts 100 50 50
10 10 35

TABLE I. Typical HP 5082-3040 Switching Time

See Outline Drawing 61 at 10 GHz
(] oge (] [-)
Electrical Specifications at T, = 25°C
Symbol Characteristic Min. Max. Units Test Conditions
Isolation from _ . _
'S 0.5 to 12.4 GHZ 20 -_— dB f -_— 8‘12.4 GHZ, IBIAS — 100 mA
Insertion Loss from _ “ Ve —
I 0.5 to 12.4 GHz _— 0.5 dB f=28-124 GHZ, Ve=0
Voltage Standing
VSWR Wave Ratio from — 1.5 — f=8-124GHz; Vk =0
0.5 to 12.4 GHz
[ 3 L] L ]
Environmental Characteristics
. MIL-STD-750
Characteristic Reference Conditions
Temperature, Storage 1031 —65°C to +125°C
Temperature, Operating — —65°C to +125°C
Solderability 2026 230°C as applicable
Temperature, Cycling 1051 5 cycles, —65 to +125°C
Thermal Shock 1056 5 cycles, 0 to +-100°C
Shock 2016 5 blows, Xi, Xz, Y1, Y2, Z1, Z,,
@ 1500 G
Vibration Fatigue 2046 32 hours, X,Y,Z@ 20 G
Vibration Variable 2056 Four 4-min. cycles, X, Y, Z,
Frequency @ 20 G Min., 100 to 2000 Hz
Constant Acceleration 2006 20,000 G X, Xz, Y3, Y2, Z1, Z2
Terminal Strength 2036 Tension and lead fatigue
Salt Atmosphere 1041 35°C fog for 24 hours
Barometric Pressure 1001 150,000 feet

FORWARD BIAS EQUIVALENT CIRCUIT
Lo Lp

Y\ aaaat

le
LC

Lp~.2nH
Le ~10pH
Rs ~.72 @ 100 mA

2, = 500 %X HP 5082-3040

ZERO BIAS EQUIVALENT CIRCUIT
LUMPED APPROXIMATION TO 602 DISTRIBUTED LINE

Lp Lp
Veaaa' VYN

> P —

Sr TG
1

Lp~.075 nH

Cc ~ .06 pF

R; ~ 10,0002

Figure 1. HP 5082-3040 forward a
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Figure 2. Typical HP 5082-3040 series resistance versus
bias current at T» = 25°C.
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Figure 4. HP 5082-3040 isolation versus frequency at
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‘\

C; - JUNCTION CAPACITANCE (pF)

-
N

VSWR — VOLTAGE STANDING WAVE RATIO

| I 1 ) Y W I I |
10 . 1

f - FREQUENCY (GHz2)
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Figure 3. HP 5082-3040 suggested stripline assembly
technique. Application Note 922 contains further details.
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Figure 5. HP 5082-3040 insertion loss versus frequency
at TA =25°C and zero bias.
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Figure 7. Typical HP 5082-3040 junction capacitance ver-
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HEWLETT ﬁ PACKARD

COAXIAL
DETECTORS Ho1-8472A

models

8472A

8472A HO1-8472A

These HP detectors are designed to optimize out-
put resistance and capacitance. This feature gives
the detectors extremely good pulse detection charac-
teristics when working into low-capacitance, low-
resistance loads; when loaded with 50 ohms, pulse
rise time is in the nanosecond region. The detectors
can be used for peak power measurements, video-
modulated signals, microwave power leveling, and as
detectors in reflectometers.

Although the flat frequency response of these de-
tectors eliminates the need for matched pairs of de-
tectors in most applications, selected detector pairs
are available with extremely well-matched frequency
response characteristics for exacting measurements.
Flat response and low SWR make these detectors
valuable as detecting elements in closed-loop level-
ing systems. Variations in leveled output power are
reduced below the frequency response parameters
found in most directional couplers. As a result, the
degree of leveling in a swept system is dependent
only on coupler flatness.

In reflectometer applications, both flat frequency
response and square-law characteristics are impor-
tant. To provide optimum square-law operation over
at least a 30-dB range, these detectors can be
equipped with external load resistors.

1
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-40 =30 =20 -10 o
INPUT POWER (dBm)

Figure 1. Typical square-law response of HP Model
8472A. Loading decreases sensitivity slightly but in-
creases the square-law response power range.

* ECONOMICAL o FLAT RESPONSE e HIGH SENSITIVITY e LOW SWR

SPECIFICATIONS

8472A, HO1-8472A

FREQUENCY RANGE!'

10 MHz to 18 GHz

FREQUENCY RESPONSE?

+0.2 dB/octave
(100 MHz to 8 GHz),
=+0.5 dB to 12.4 GHz,
#+1.0 dB overall

INPUT IMPEDANCE

50 &

REFLECTION
COEFFICIENT

10 MHz to 4.5 GHz:
0.091 (1.2 SWR,

20.8 dB Return Loss)
4.5 to 7 GHz:

0.15 (1.35 SWR,

16.5 dB Return Loss)
7 to 12.4 GHz:

0.2 (1.5 SWR,

14 dB Return Loss)

12.4 to 18 GHz:

SENSITIVITY?
(Measured at 25°C)

0.26 (1.7 SWR,
11.7 dB Return Loss)
15 k€2 max;
OUTPUT IMPEDANCE 10 pF shunt
MAXIMUM INPUT
(Peak or Average) 100 mW
High Level:

(<0.35 mW produces
100 mV output)

Low Level (CW):

(>0.4 mV/EW)
SQUARE-LAW .
CHARACTERISTIC See Figure 1
<200 #V p-p with CW
power applied to
NOISE produce 100 mV
output
OUTPUT POLARITY Negative
INPUT GONNEGCTOR Type OSM Male
8472A HO01-8472A
OUTPUT CONNECTOR Type BNC Type OSSM
Female Female
DIMENSIONS: 2% in. (64 mm) | 2% in. (53 mm)
LENGTH %, in. (14 %, in. (14 mm)
DIAMETER sin. (14 mm) | % in.
WIE}EC,;I.HT‘ 1.5 oz (0,042 kg) | 1.25 oz (0,035 kg)
SHIPPING 8 oz (0,22 kg) 8 oz (0,22 kg)
PRICE $175 $190

1Below 1 GHz, RF may leak through the output connector; leakage
may be eliminated by using a low-pass filter.

2Read frequency response on a meter calibrated for square-law de-
tectors, such as the HP 415E SWR Meter.

3 Sensitivity decreases with increasing temperature, typically 0.015

dB/°C from 0°C to 4+50°C.
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HEWLETT@7 PACKARD - ATTENUATORS 8491A/B

8492A
DC-18 GHz

PRECISION ATTENUATORS-DC to 18 GHz

ACCURATE CALIBRATION - Traceable to NBS

FLAT FREQUENCY RESPONSE }S‘”ept

LOW VSWR Freduency

$50 ea.—DC to 12.4 GHz

ECONOMICAL {$65 ea.—DC to 18.0 GHz

10 dB




R DESCRIPTION

PERFORMANCE AT LOW COST

Hewlett-Packard fixed coaxial and step attenuators
provide precision attenuation, flat frequency response,
and low VSWR over a frequency range of dc to 18 GHz
at low prices. Attenuators are furnished in 3, 6, 10, 20,
and 30 dB nominal attenuations by the appropriate
option number (e.g., 8492A, Op. 10, is a 10-dB attenuator).
Other attenuation values of 40, 50, and 60 dB up to
12.4 GHz are available on request.

In addition to being used for accurate RF substitution
measurements of attenuation or return loss, their low
price makes these units useful in many other applica-
tions. Attenuators are used as isolators to reduce VSWR
in order to improve attenuation measurement accuracy,
to extend the range of sensitive power meters for higher
power measurements, and to reduce power level to sensi-
tive components and instrumentation systems.

HIGH QUALITY THIN FILM ATTENUATOR

Semi-automated thin film deposition techniques in
manufacturing result in a precisely controlled process
for depositing the resistive film on the attenuator card
base. Uniformity and repeatability of the process result
in a high volume yield that requires no hand touch-up of
the attenuator to meet specifications. Economies of large
scale production with automated equipment allow pre-
cision attenuators to be offered at a “pad” price.

Arrow points to resistive film on attenuator using thin film
deposition technique. Uniform manufacturing process results in
high quality and performance.

LOW-WEAR STAINLESS STEEL CONNECTORS

The 8491A/B attenuators are furnished with Type N
connectors whose dimensions are compatible with either
Mil-C-71 or Mil-C-39012 connector specifications. These
connectors are stainless steel for low wear and repeat-
ability. The Model 8492A is furnished with Amphenol
precision 7mm connectors (APC-7). These connectors
have a sexless mating plane that provides a clearly de-
fined reference plane for precise and unambiguous
measurements. The connector requires no adapters since
any connector will mate with any other.

SWEPT FREQUENCY TESTED

Each HP attenuator is swept frequency tested. Swept
frequency VSWR testing with an 18 GHz slotted line en-
sures that the attenuator meets specifications at all fre-
quencies in the specified range. Spot frequency testing
can easily overlook narrow “resonances” in the band.

In addition, attenuation is also swept tested to elimi-
nate the possibility of spot frequency resonances. Fre-
quency response of the HP attenuators is flat over wide
frequency ranges. A typical response curve of attenua-
tion, as shown in the accompanying figure, indicates
excellent flatness across the specified range of the
attenuator.

8.0

124

8.0

FREQ. (GHz2) 12.4 FREQ. (GHz2)

Swept SWR of 8491A—20-dB
Attenuator taken with HP 817A

Slotted Line system
from 8.0 to 12.4 GHz. Vertical
scale = 1 dB/cm where

SWR = log" (dB/20).
Maximum SWR of 1.16 is well

nnnnnnn

Center trace shows swept at-
tenuation of 8491A—6-dB At-

tanuatar fraom 20 o 12 4 GH7
wenuaillr 170 O.v 0 145 unid.

Top and bottom traces are 5.7
and 6.3 dB calibrations, respec-
tively. Attenuation response is
well within = 0.3 dB over
X-band.

below SWR specification of 1.3.

LINEAR PHASE RESPONSE

Phase linearity of the HP attenuators is excellent. For
applications requiring low distortion of pulses, not only
is wide bandwidth desirable but, also, linear phase shift
(constant group delay) is an important parameter.

The 8491A/B and 8492A Attenuators offer outstanding
phase performance as shown in the accompanying photo-
graph. The linear component of phase shift over the
frequency range due to its excess electrical length has
been compensated with a line stretcher. The vertical
scale represents the nonlinear phase shift characteris-
tics of the component.

1.0 2.0

FREQ. (GHz2)

Center trace is phase response of 8491A—6-dB Attenuator from
1.0 to 2.0 GHz taken with HP 8410 Network Analyzer. Top and
bottom traces are = 1° calibration. Linear phase component has
been equalized with line stretcher. Response, therefore, shows
nonlinear phase deviation of << = 1/2° over 1-2 GHz band.
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DESCRIPTIOIN |

ATTENUATOR SET

A set of four HP attenuators, 3, 6, 10, and 20 dB, are
furnished in a handsome walnut accessory case. In addi-
tion to protecting the units when not being used, the case
is also a convenient storage place for the attenuator cali-
bration reports provided with the set of four attenuators.
These calibration reports include the accuracy of the
measurement and are certified traceable to the National
Bureau of Standards.

Attenuation calibrations are stamped on the attenua-
tors at dc, 4, 8, and 12 GHz for the 8491A and at dc, 4,
8, 12, and 18 GHz for the 8491B and 8492A. In addition,
the calibration report includes both the attenuation and
the reflection coefficient at each port of the attenuator
at these frequencies. Calibrations at other frequencies
are available on request.

SPECIFICATIONS
ACCURACY OF INSERTION LOSS MEASUREMENTS (s, si2):
DC =+ 0.01 dB
0-20 dB
4-12 GHz + 0.062 dB
18 GHz =+ 0.097 dB

Above 20 dB

ACCURACY OF REFLECTION

4-12 GHz
12-18 GHz

=+ 1% of Attenuation

COEFFICIENT MEASUREMENTS (s, Sz2):

AT, < +(0.036+0.03 I' +0.045 "2
AT, < +(0.046 +0.03 ', + 0.055 1.2

HEWLETT ﬁ PACKARD

1501 Page Mill Road. Palo Alto, California 94304, Phone(415) 3267000

ATTENUATOR CALIBRATION REPORT
DDDDDDDD 8491B-3DB

PRICES
Attenuator Set

11581A (for 8491A)

Includes 3, 6,
11582A (for 8491B)

6, 10,2
Includes 3, 6, 10, 2
6, 10,2

, 20 dB values $225
0 dB values

285

FRequENcY]  ATTEN aTion
on o8 ™

o 3.02 < X

3.1 2020 | .035

. 3.2 .070 055

3.2 095 045

3.0 135 . 090

11583A (for 8492A) Includes 3, 6, 10,20 dB values 525 e
I SPECIFICATIONS —
8491A 8491B 8492A
Frequency Range DC to 124 GHz DC to 18.0 GHz DC to 18.0 GHz
Attenuation Accuracy DC-12.4 DC-124 | 12.4-18 DC-12.4 | 12.4-18
+0.3dB + 0.3 dB +=03dB
+0.3dB +03dB [ +04dB [+03dB | +04dB
+0.5dB +0.5dB +0.5dB
+05dB +05dB | =1dB +05dB | +1dB
+1dB +1dB +1dB
8-12.4 DC-8 | 8-12.4 | 12.4-18 |DC-8 8-12.4 | 12.4-18
1.35 125 | 1.35 15 1.2 1.3 15
1.2 13 1.35
13 } 12 | 13 15 }1.15 125 |13
Calibration Frequencies DC, 4, 8,12 GHz DC, 4, 8, 12, 18 GHz DC, 4, 8, 12, 18 GHz
Maximum Input Power 2 W avg, 100 W pk 2 W avg, 100 W pk 2 W avg, 100 W pk
Connectors (50Q) Type N* Type N* APC-7**
Dimensions: in. 2%s x ¥s diam 2% X % diam 2% x s diam
mm 62 x 21 62 x 21 70x 21
Weight: Net 3% o0z (100 g) 3% 0z (100 g) 3V 0z (90 g)
Shipping 8 0z (220 g) 8 0z (220 g) 8 0z (220 g)
Price (specify option)
Option 03—3 dB nom. attenuation
06—6 dB nom. attenuation
10—10 dB nom. attenuation $50.00 ea. $65.00 ea. $125.00 ea.
20—20 dB nom. attenuation
30—30 dB nom. attenuation
40, 50, and 60 dB attenuator values available on request.
* Mate with Mil-C-71 or Mil-C-39012 connectors. ** Amphenol RF Division, Danbury, Connecticut.
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=

® PRECISION ATTENUATORS
Dc to 12.4 and 18 GHz

® ACCURATE CALIBRATION
Traceable to NBS

® FLAT FREQUENCY RESPONSE
LOW SWR
Swept Tested

® SMALL, LIGHTWEIGHT
Miniature Connectors

® ECONOMICAL
$60 ea.—Dc to 12.4 GHz
$75 ea.—Dc to 18 GHz

8493A/B

Description Calibration graph provided

The 8493A and 8493B are the latest additions to the on each nameplate
Hewlett-Packard line of low-cost precision coaxial atten-
uators. Fitted with OSM®-type connectors, these small,

lightweight attenuators are expressly for use in miniature 84938
coaxial systems, where size and weight are often critical. 6.5
The 8493A and 8493B operate over frequency ranges of
0 to 12.4 and 18 GHz respectively, and are available with
nominal attenuation values of 3, 6, 10, and 20 dB. Actual K )
6.0 * o <

attenuation values at 0, 4, 8, 12, and 18 GHz are indicated
on a calibration chart right on the attenuator nameplate.

These attenuators also feature flat frequency response DB
and low SWR, important parameters in precision broad- 55
band measurements. .

0] 4 GHz 8 12 18

®0mni Spectra Inc.
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High Quality Thin Film Attenuator

The high quality and low cost of these attenuators
result from semi-automated thin film deposition tech-
niques used in the manufacturing process. This is a
precisely controlled process for depositing the resistive
film on the attenuator card base (see Figure 1). Uni-
formity and repeatability of the process assure a high-
volume yield requiring no hand touch-up. Thus these
precision attenuators are available at a “pad” price.

Swept-Frequency Tested

Each 8493A and 8493B is swept-frequency tested for
frequency response and swr over critical parts of the
band. These tests insure that the attenuators operate
properly at all frequencies in the specified range. In
addition to flat response and low swr, these attenuators
have excellent phase linearity (constant group delay).
This characteristic makes them extremely well suited for
pulse applications in which pulse distortion is critical.

Figure 1. Arrow points to resistive film on attenuator
using thin film deposition technique. Uniform manufac-
turing process results in high quality and performance.

SPECIFICATIONS
8493A 8493B
Frequency Range DC to 12.4 GHz DC to 18.0 GHz
Attenuation Accuracy DC-8 | 8-12.4 DC-12.4 | 12.4-18
+0.3dB +0.3dB
+0.3dB +03dB | =*04dB
+0.5dB +0.5dB
*=0.5dB +0.5dB | +1dB
DC-8 8-12.4 DC-8 8-12.4 | 12.4-18
1.25 1.35 1.25 1.35 1.5
1.2 13 1.2 13 15

Calibration Frequencies

DC, 4, 8, 12 GHz

DC, 4, 8, 12, 18 GHz

Maximum Input Power

2 W avg, 100 W pk

2 W avg, 100 W pk

Connectors (509)

OSM-type, one male,

OSM-type, one male,

one female one female
Dimensions 1%4" long, ¥-" dia. 14" long, ¥2" dia.
38 x 13 mm 38 x 13 mm
Weight Net, 0.6 oz. (20 g) Net, 0.6 oz. (20 g)

Shipping, 3 oz. (60 g)

Shipping, 3 oz. (60 g)

Price (specify option)
Option 03—3 dB nom. attenuation
06—6 dB nom. attenuation
10—10 dB nom. attenuation
20—20 dB nom. attenuation

$60.00 ea.

$75.00 ea.
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HEWLETT ETT PACKARD

PIN MODULATORS £73°

30 nsec rise time
(4 nsec/cm)

low-distortion AM

closed-loop power leveling
(leveled and unleveled
sweeps, 1-2 Gc)

SINUSOIDAL AND COVIPLEX AM
WITHOUT INCIDENTAL FM

RF PULSING, <30 NSEC RISE TIME
AND 80 db ON/OFF RATIO

CONSTANT INPUT, OUTPUT MATCH
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PIN DIODE MODULATORS

These versatile modulators permit microwave signal
sources, including klystrons, to be pulse modulated,
leveled, or amplitude modulated with sinusoidal or
complex waveforms. Incidental FM is minimized be-
cause modulation is accomplished by absorption of RF
power which results in a nearly constant impedance
match between the modulator and either the source or
the load as RF frequency is swept. The source thus
operates continuously at its optimum output level, re-
gardless of the type of amplitude modulation impressed
on the signal. The absorption type of modulation avoids
the bandwidth limitations imposed by high-Q RF output
circuits and provides extremely fast rise times. The
fast-rise capability makes the PIN modulator suitable
for use as a signal gate or as a nonreflecting RF switch.
Two or more PIN modulators can be placed in series
and operated independently to provide multiple, com-
plex modulation, and attenuation functions.

The 8730 PIN modulator series is available in coaxial
configurations covering the range from 0.8 to 12.4 GHz
in four overlapping bands. An X-band waveguide con-
figuration is also available. Two models are available
within each band: an “A” model providing at least 35
dB of attenuation, and a ‘“B” model providing at least
80 dB.*

THE PIN DIODE

The PIN modulator is a current-controlled absorp-
tion attenuator consisting of a number of PIN diodes
mounted as shunt elements across a transmission line.
At signal frequencies above 100 MHz, diode current
remains quite constant throughout the signal cycle and
the diode presents an essentially constant impedance to
the signal, even if the diode is reverse biased during an
appreciable portion of the cycle. A block diagram of a
typical modulator is shown below.

* A special configuration, H10-8731B, covers 400 to 900 MHz
and 35 dB attenuation range.

CONTROL

CURRENT

LOW PASS

FILTER
RF POWER 1 RF_POWER
INPUT OUTPUT
P e ey o

. FILTER min ,

8730A-A-3

Simplified Block Diagram of PIN Modulator

SPECIFICATIONS
Max. Typical Typical Fwd.
Residual Rise Decay SWR, SWR, Bias RF
Frequency Dynamic Attenuation Time Time Min. Max. Input Conn.
Model Range (GHz) Range (dB) (dB)! (nsec)® (nsec)® Atten. Atten. Res.(ohms) Type Price
8731A 08-24 35 1.5 40 30 1.5 1.8 300 N $300.00
8731B 08-2.4 80 2.0 30 20 1.6 2.0 100 N 525.00
8732A 1.8-4.5 35 2.0 40 30 1.5 1.8 300 N 300.00
8732B 1.8-4.5 80 3.52 30 20 1.6* 2.0 100 N 525.00
8733A 3.7-8.3 35 2.0 30 20 1.8 2.0 300 N 325.00
8733B 3.7-8.3 80 3.0 30 20 2.0 2.2 100 N 550.00
8734A 7.0-12.4 35 4.0 30 20 1.8 2.0 300 N 350.00
8734B 7.0-12.4 80 5.0 30 20 2.0 2.2 100 N 575.00
8735A 8.2-12.4 35 4.0 30 20 1.7 2.0 300 Wgs  350.00
8735B 8.2-12.4 80 5.0 30 20 2.0 2.2 100 Wgb 575.00
H10-8731B% 0.4-0.9 35 2.0 40 30 1.257 1.57 300 N 525.00

Maximum Ratings: Maximum input power, peak or
CW: 1 watt; bias limits: +20 V, —10 V.

Bias Polarity: Negative voltage increases attenuation.

RFI: Radiated leakage limits are below those speci-
fied in MIL-1-6181D at input levels less than 1 mW.
At all input levels radiated interference is suffi-
ciently low to obtain rated attenuation.

1 With 45 V bias.

2<3.5 dB, 1.8 to 4 GHz; <4 dB, 4 to 4.5 GHz.

3 Driven by HP Model 8403A Modulator.

41.6 SWR, 1.8 to 4 GHz; 2.0 SWR, 4 to 4.5 GHz.
5 Fits 1 x %2 in. (WR 90) waveguide.

6 External high-pass filters required.

" Excluding high-pass filters.
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HEWLETT ﬁ PACKARD

COAXIAL SWITCH
DC to 18 GH=z=

model

8761

® SINGLE-POLE, DOUBLE-THROW

©® BROADBAND

® LOW INSERTION LOSS

® LOW VSWR

® 12- OR 26-VOLT SWITCHING

® MAGNETIC LATCHING

@ CHOOSE FROM 7 CONNECTOR TYPES

@ AVAILABLE WITH BUILT-ON TERMINATION

©® CONVENIENT CONNECTOR CONFIGURATION

DESCRIPTION

The HP 8761 is a single-pole, double-
throw coaxial switch with excellent elec-
trical and mechanical characteristics for
500 transmission systems operating
from dc to 18 GHz. Each switch is fully
tested to ensure low standing-wave ra-
tio, low insertion loss, and good isolation
over an extremely broad frequency
range. In addition, the 8761 is small and
light, making it ideal for applications
where space is limited. It is easily panel-

mounted with a single connector avail-
able for input/output. In more complex
switching arrangements, standard con-
nector options allow one 8761 to work
directly into two others, eliminating in-
terconnecting cables and connector
pairs to minimize combined VSWR. For
systems applications, a connector com-
patible with semirigid coax is available
to provide low VSWR with little connec-
tor bulk.
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Type: Single-pole, double-throw, break-before-make.

Characteristic Impedance: 50 Q

Standing-wave Ratio: Looking into one of the connected ports with
50 € on the other; third port open.*

4761 . Connector Type
requancy 7-mm N 3-mm
DC-12.4 GHz <115 | <1.20 | <1.25
DC - 18 GHz <120 | «1.25 | <1.30

Looking into one of the connected ports with the built-on termina-
tion on the other; third port open.*

8761 with . Connector Type

wi requency

built-on 7-mm N &mm

termination DC-12.4 GHz <1.20 <1.25 <1.30
DC- 18 GHz <125 | <1.30 | <1.35

* These specifications apply when connected ports are of the same con-
nector type; for mixed connector types, the larger of the two VSWR's
applies. N-connector VSWR specifications apply to Option 4 connectors.

Specify solenoid voltage and connectors (includ-
ing built-on 50 Q termination) by the alphabetic
suffix on the switch model number and the appro-
priate three-digit option number.

Option Code Connector Type

N Jack*

N Plug

7-mm Jack

7-mm Plug

7-mm for UT-250 Coax
3-mm Jack

3-mm Plug

50 @ Termination

NOOTE WN=O

* ‘Jack’’ identifies the connector with fixed threads; ‘‘plug” identifies
the connector with the coupling nut.

Specifications

Ordering Information

Insertion Loss:

DC - 12.4 GHz: <0.5 dB
DC - 18.0 GHz: <0.8 dB

Isolation:

DC-12.4 GHz: >50 dB
DC - 18.0 GHz: >45 dB.

Power: Safely handles 10 W average, 5 kW peak without built-on

termination; built-on termination rated at 2 W average, 100 W
peak.

Switching Energy: 1.5 W for 20 ms (permanent magnet latching).
Solenoid Voltages (dc or pulsed):

8761A:12-15V
8761B: 24-30V

Switching Speed: 35 - 50 ms (includes settling time).
Life: >1,000,000 switchings.
Dimensions: 1.6 x 1.5 x 1.5 in. (41 x 38 x 38 mm), excluding con-

nectors and solenoid terminals.

Weight: Net, 5-8 0z (140-220 g). Shipping, 8-11 oz (220-300 g).
Price: Model 8761, $150 each, 1-9; $140 each, 10-24.

Model 8761 with built-on termination on any one port, add $35
each.

Prices on request for larger quantities.

8761A OPTION O

DENOTES SOLENOID VOLTAGE
A 12-15V
B: 24-30V

DENOTES CONNECTOR CONFIGURATION
(SEE TABLE )

Connectors

Type N

The precision Type N connector dimensions conform
to MIL-C-39012.

Precision 7-mm

Two versions of the precision 7-mm connectors avail-
ble on the 8761 mate with the APC-7* connector, but
differ slightly from the standard APC-7 to conserve
space. One of these versions has a fixed threaded sleeve
(7-mm jack) and the other has a coupling nut (7-mm
plug). When mated with each other, or with a standard
APC-7, these connectors preserve the low reflection co-
efficient of the basic APC-7 connector.

The third precision 7-mm connector available on the
8761 is designed to use with a 0.250-inch outer diameter,
semirigid coaxial cable. This connector is the same as
the 7-mm jack connector described above, except that
the center conductor is female and accepts the center
conductor of the semirigid coax. This assembly permits
compact connections to the 8761 and is ideal when coax
interconnections are necessary and the overall VSWR
must be kept to a minimum.

Miniature 3-mm

The 3-mm connectors mate with the popular OSM**
series.

* Registered trademark: Amphenol RF Division, Danbury, Connecticut.
** Registered trademark: Omni Spectra, Inc., Detroit, Michigan.

76




PIN Absorptive HP
i PACKARD
Modulator 330094

i

HEWLETT

S

HIGH POWER... 2 watts cw, 100 watts peak pulse
BROAD BANDWIDTH... 0.8 to 4.0 GHz ,
WIDE DYNAMIC RANGE...1.7 to 40 dB
LOW VSWR...1.9:1 at any attenuation

HYBRID INTEGRATED SOLID STATE

The HP 33000A combines hybrid integrated PIN diode
switching modules, advanced design broadband hybrid
couplers, low VSWR 50-ohm loads and broadband bias
circuitry in a small size, rugged, absorptive modulator.
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All active elements are hermetically sealed and all in-
ternal joints are welded or thermal compression bonded
to assure high reliability under environmental stress.

APPLICATION

The HP 33000A is intended for use as a modulator,
switch, or attenuator in those systems which employ
load sensitive elements, such as reflex klystrons or
backward wave oscillators, and where low standing wave
conditions are required to maintain reasonable system
accuracy. Typical applications are sweep generator lev-
eling, receiver AGC, distance measuring systems, phased
array radar systems and simulators.

ABSOLUTE MAXIMUM RATINGS
Maximum Incident RF Power
CW

................................................ 2 watts
1 ps, 0.001 du Pulse .. e 100 watts
Maximum Bias Current ... ... 200 mA
Maximum Bias Voltage ................ — 1.0 volt to + 50 volts
MECHANICAL CHARACTERISTICS
SIZ€ oo As shown in the outline drawings
Weight .o 1.12 pounds (0,51 kg)

Materials......Case, aluminum; connectors, stainless steel
Finish ... Case, gray paint—wrinkle finish. Connectors,
gold plated—50 microinches

(1,27 x 10* mm) minimum

4.556= 010 125 DIA. THRU 4 PLACES
FOR ~4-40 MACH. SCREWS

[© 745}: 005
3250+ 010
3850+ 005 4225+ 010
3105+ 005
° |
i FEMALE 3mm CONNECTOR
; ; BIAS PORT _ 7505
g e ‘L*Ef‘ g()%—L p\ FEMALE 3mm CONNECTOR
2PLACES
263+ 003 } 2450+ 0 250+ 005 260+ 007 (TYP 2 PLACES)
4900+ 005 |
5420+ 020 ‘

Dimensions in inches

ELECTRICAL SPECIFICATIONS at T. = 25°C
Usable Frequency Range 0.8 to 4.0 GHz.

ENVIRONMENTAL RATINGS

Temperature, Storage ...........ccoccooeeeee... —65°C to +95°C
Temperature, Operating ................. —55°C to +95°C
Humidity (MIL-STD-202C) Method 106, 10 days,
25°C to 65°C, 95% RH

Shock (MIL-STD-202C)................ Method 213, condition C,
100g-6 ms duration, 5 blows each

Xi, X2, Y1, Y2, Zi, Z.. Non-operating.

Vibration Fatigue................ 60 Hz, 20g for 32 hours each,
X, Y, and Z planes, 96 hours total.

Non-operating.

BANDPASS FILTER
(4 PLACES)

500

TERMINATION o0
8PF SWITCHING BPF RF OUT
MODULE
348 348
COUPLER le;As_‘ COUPLER
33600
RFIN BPF SWITCHING BPF
MODULE 500

TERMINATION

Physically the HP 33000A Absorptive Modulator com-
prises HP 33602A PIN Diode Switching Modules, broad-

" band couplers, loads, and bias circuit in a configuration

as described above. PIN diodes have appreciable storage
time and do not rectify signals above 100 MHz. However,
when bias current is applied, the diodes conduct, and
their resistance decreases. PIN diodes act as low and
constant reactance variable resistors. As described in
the data sheet for HP 33602A/33603A/33604A Switching
Modules, these PIN diodes are mounted in shunt across
the RF transmission line. Their resistance and degree of
attenuation to an RF signal are functions of the bias
current. In the HP 33000A configuration the PIN diodes
direct RF signals into either a low VSWR 50 Q load or
into an RF port. The HP 33000A is symmetrical in per-
formance and either RF port can be used for input or
output with low VSWR at any attenuation level. Thus
incidental FM and bandwidth limitations normally as-
sociated with other methods of amplitude modulation
are avoided.

TYPICAL PERFORMANCE CHARACTERISTICS
Rise Time

When driven by a 50-volt pulse from an HP 214A
Square Wave Generator from a 100 mA bias condition to
a residual attenuation condition, the time to change
from 10% of detected RF voltage to 90% of detected RF
voltage is typically 40 nanoseconds. Other drive con-
figurations are described in HP Application Note 914.

~N

r 0.8 to 2.0 GHz 2.0 to 4.0 GHz .
Characteristic Bias Condition Spec. Typical Spec. Typical Units
Residual Attenuation 0 mA 1.7 max. 1 2.3 max. 15 dB
Dynamic Range 100 mA 35 min. 40 40 min. 45 dB
VSWR 0 mA 1.5 max. 13 1.7 max. 14 —
VSWR 0-100 mA 1.7 max. 15 1.9 max. 1.6 —

_ v,




Video Leakage

In fast switching applications a portion of the high
speed bias drive signal will leak into the RF transmis-
sion line and appear at the RF ports. For example, during
rise time tests a triangular pulse of less than 5 mV
amplitude and base width of 25 nanoseconds was meas-
ured with a 15 ns rise time 50-volt drive pulse.

RF Leakage

The level of RF signal appearing at the bias port is
typically 40 dB below the level of signals applied to
either RF port.

Noise, Harmonics, and Spurious Signals

Performance of the HP 33000A is set by the perform-
ance of the HP 33602A Modules. These units behave as
thermal resistances shunted across the transmission
line, and have an excess noise temperature of less than
20° Kelvin. Noise figure will therefore exceed the resid-
ual attenuation value by less than 0.2 dB for any bias
level. Harmonic products generated internally are at
least 40 dB below fundamental signal levels.

Attenuation

T_he_ HP 33000A exhibits no fine grain attenuation.
Variation of attenuation with bias current, frequency,
and temperature is shown by Figures 1, 2, and 3. During
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Figure 2. Isolation vs. frequency for various bias currents.
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a twenty-day environmental test cycle the resettability
of attenuation vs. bias current was found to be typically
within 5% of the attenuation, measured in dB. Bias
voltage polarity for increase of attenuation is negative.
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Figure 1. Isolation vs. bias current at various frequencies.
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VSWR and Phase Shift

Figures 5 and 6 show typical variation of VSWR and
phase angle vs. frequency for various bias conditions.
Phase shift from either RF port to the other is a constant
140° plus approximately 42 cm equivalent air equivalent
length.
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== == = == 100 mA BIAS
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FREQUENCY (GHz)

Figure 5. Typical VSWR vs. frequency for various bias
conditions.
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Figure 6. Typical phase shift (port-to-port) vs. frequency
for various bias conditions.

Bias Port Impedance

Figure 7 shows the typical V-I curves measured at the
bias port for forward bias voltage polarities. Further
description of bias characteristics is available in data
sheets for HP 33600A Switching Modules. Note: RF input
ports are dc shorts with current handling capacity of
1 ampere.

200

Iyas — BIAS CURRENT (mA)

0 5 10 15
Vous — BIAS VOLTAGE (—V)

Figure 7. Bias port forward V-I characteristics.

POWER HANDLING DERATING

The derating curve of Figure 8 defines derating factors
to be applied to pulse and cw incident power handling
ratings to accommodate the effects of ambient tempera-
ture variation.

INCIDENT POWER DERATING MULTIPLYING FACTOR
T

L 1 1
-5 25 100

MODULATOR TEMPERATURE ("C)

Figure 8. Power—temperature derating.



PIN Absorptive HP
' PACKARD
Modulator 33904

l

HEWLETT

E_.‘

. 2 watts cw, 100 watts peak pulse
.8 to 18 GHz

HIGH POWER..
BROAD BANDWIDTH ..

WIDE DYNAMIC RANGE... 2.5 to 45 dB
. 2.0:1 at any attenuation

LOW VSWR..
SMALL SIZE

The HP 33001A combines hybrid integrated PIN diode
switching modules, advanced design broadband hybrid
couplers, low VSWR 50-ohm loads and broadband bias
circuitry in a small size, rugged, absorptive modulator. . . .
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All active elements are hermetically sealed and all
internal joints are welded or thermal compression
bonded to assure high reliability under environmental
stress.

APPLICATION

The HP 33001A is intended for use as a modulator,
switch, or attenuator in those systems which employ
load sensitive elements, such as reflex klystrons or
backward wave oscillators, and where low standing wave
conditions are required to maintain reasonable system
accuracy. Typical applications are sweep generator lev-
eling, receiver AGC, distance measuring systems, phased
array radar systems and simulators.

ABSOLUTE MAXIMUM RATINGS
Maximum Incident R\II:V Power

Maximum Bias Current ... ...
Maximum Bias Voltage .................

MECHANICAL CHARACTERISTICS

SiZ€ o As shown in the outline drawing
Weight . 0.25 pound (0,11 kg)
Materials......Case, aluminum; connectors, stainless steel
Finish ........ Case, gray paint—wrinkle finish. Connectors,

gold plated—50 microinches
(1,27 x 10* mm) minimum
.147 DIA. THRU

4 MOUNTING HOLES
2875 FOR ##6-32 MACH. SCREWS

+.005

5 3

]

1.000
% —Ors
0812
=+.010 2.000
'O O l £.010
5 375 NOM.
FEMALE 3MM CONNECTOR !
BIAS PORT

Dimensions in inches

[ 3.700
250 =010
NOM. 3.200 | |~— 250 NOM.
+.005 —‘
I ] T —
O s———— =
[]

FEMALE 3MM CONNECTOR 1438 b
2 PLACES =000 B

N

L

ENVIRONMENTAL RATINGS

Temperature, Storage ... —65°C to +95°C
Temperature, Operating ........................ —55°C to +95°C
Temperature Cycling ......Non-operating. MIL-T-5422E con-
dition 25 cycles—60 minutes

at extremes. No dwell.

Humidity .....cooooei Method 106, 10 days, 25°C to 65°C,
95% RF per MIL-STD-202C

Shock .......... Method 213, condition A, 100g-6 ms duration,
5 blows each Xi, X, Y\, Y2, Zi, Z:, MIL-STD-202C.
Non-operating.

Vibration Fatigue......Method 2046, 60 Hz, 20g for 96 hours,
X, Y, and Z planes per MIL-STD-750A.

Non-operating.

CIRCUIT DESCRIPTION
INTERNALLY GANGED BIAS PORTS
[t 7
! !
1 )
| HPA DC BLOCK }
smcuuec i .
(0AD oo POR I’
]
348 %0° HYBRID COUPLER — ,l
!
RF HPA !
PORT— SWITCHING
0C BLOCK MODULE N

Physically the HP 33001A Absorptive Modulator, com-
prises HP 33602A PIN Diode Switching Modules, broad-
band couplers, loads, and bias circuit in a configuration
as described above. PIN diodes have appreciable storage
time and do not rectify signals above 100 MHz. However,
when bias current is applied, the diodes conduct, and
their resistance decreases. PIN diodes act as low and
constant reactance variable resistors. As described in
the data sheet for HP 33602A/33603A/33604A Switching
Modules, these PIN diodes are mounted in shunt across
the RF transmission line. Their resistance and degree of
attenuation to an RF signal are functions of the bias
current. In the HP 33001A configuration the PIN diodes
direct RF signals into either a low VSWR 50 Q load or
into an RF port. The HP 33001A is symmetrical in per-
formance and either RF port can be used for input or
output with low VSWR at any attenuation level. Thus in-
cidental FM and bandwidth limitations normally associ-
ated with other methods of amplitude modulation are
avoided.

TYPICAL PERFORMANCE CHARACTERISTICS

Rise Time

When driven by a 10-volt pulse from an HP 214A Square
Wave Generator from a 50 mA bias condition to a resid-
ual attenuation condition, the time to change from 10%
of detected RF power to 90% of detected RF power is
typically 50 nanoseconds. Other drive configurations are
described in HP Application Note 914,

~ )
ELECTRICAL SPECIFICATIONS AT T. = 25°C
Usable Frequency Range 8.0 to 18 GHz.
Limits
Characteristic Test Condition Min. Max. Typical Units
Residual Attenuation 0 bias — 2.8 2.0 dB
Dynamic Range 100 mA 45 — 50 dB
bias current
VSWR 0 bias — 1.8:1 15:1 —
VSWR 0-100 mA — 2.0:1 1.7:1 —
bias current ‘
o J




Video Leakage

In fast switching applications a portion of the high
speed bias drive signal will leak into the RF transmission
line and appear at the RF ports. For example, during rise
time tests a triangular pulse of less than 0.2 volt ampli-
tude and base width of 50 nanoseconds was measured
with a 15 ns rise time 10-volt driving pulse.

RF Leakage

The level of RF signal appearing at the bias port is
typically 40 dB below the level of signals applied to
either RF port.

Noise, Harmonics, and Spurious Signals

Performance of the HP 33001A is set by the perform-
ance of the HP 33602A Modules. These units behave as
thermal resistances shunted across the transmission
line, and have an excess noise temperature of less than
20° Kelvin. Noise figure will therefore exceed the resid-
ual attenuation value by less than 0.2 dB for any bias
level. Harmonic products generated internally are at
least 40 dB below fundamental signal levels.

Attenuation

The HP 33001A exhibits no fine grain attenuation.
Variation of attenuation with bias current, frequency,
and temperature is shown by Figures 1, 2, 3, and 4. At

BIAS
7y - CURRENT
15mA

38

B

ISOLATION (dB)

2 \_____———-—"—___-_ Omh
(INSERTION LOSS)

FREQUENCY GHz

Figure 2. Attenuation vs. frequency for various bias
currents.

maximum bias current, isolation over operating tempera-
ture limits does not fall below 45 dB. During a twenty-
day environmental test cycle the resettability of attenu-
ation vs. bias current was found to be typically within
5% of the attenuation, measured in dB. Bias voltage
polarity for increase of attenuation is negative.

IRARL

50.0 #‘_

8.0GHz

ISOLATION (4B)
T

g

2

V

IN12.4GHz

I S Il B N ' 1 L 1l

0.1 10 100 50.0
I, BIAS CURRENT (mA)

Figure 1. Attenuation vs. bias current at various fre-
quencies.

40

N

—55°C

7

ISOLATION (dB)
3

1 2 3 4 5 6
I, BIAS CURRENT (mA)

Figure 3. Attenuation vs. bias current at various tem-
peratures at 12.4 GHz.
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Figure 4. Attenuation vs. frequency for

currents and temperatures.

various bias

VSWR and Phase Shift

Figures 5 and 6 show typical variation of VSWR and
phase angle vs. frequency for various bias conditions.
Phase shift from either RF port to the other is a constant
70° plus approximately 13.2 cm equivalent air equivalent
length.

OmA
2mA

+10f -
g
g I
g 1L
g -0

~0- 15w Sm

a0

8 FREQUENCY (GHz) 124

Figure 8. Typical phase shift (port-to-port) vs. frequency
for various bias conditions.

Bias Port Impedance

Figure 7 shows the typical V-l curves measured at the
bias port for both forward (Figure 7a) and reverse (Fig-
ure 7b) bias voltage polarities. Further description of
bias characteristics is available in data sheets for HP
33600A Switching Modules.

8

——

200

[

mA

300

/

=10

VOLTS

0

124

18

FREQUENCY (GHz)
Figure 6. Typical VSWR vs. frequency for various bias conditions.

mA

/

/

0 25

0

50 75

VOLTS

Figure 7. Typical V-1 curves showing forward and reverse bias voltage polarities.
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POWER HANDLING DERATING

The derating curve of Figure 8 defines derating factors
to be applied to pulse and cw incident power handling
ratings to accommodate the effects of ambient tempera-
ture variation.

INCIDENT POWER DERATING MULTIPLYING FACTOR
T

1 | |
—50 25 100
MODULATOR TEMPERATURE (“C)

Figure 8. Power—temperature derating.
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HEWLETT \hp; PACKARD

LS

PERFORMANGE SUNMNARY

PIN ABSORPTIVE MODULATORS

FOR: MODULATING

SWITCHING - LEVELING

« ATTENUATING

HP
33000A/B
33008A/B
33001A/B

MODEL CHARACTERISTIC TYPICAL PERFORMANCE
. 0.8-2GHz 2-4 GHz
330008 (DI Avatlable) Insertion Loss (0 mA) 1dB T5dB
R.ise 'I.'ime- 50 nsec Dynamic Range (100 mA) 40 dB 45 dB
: VSWR (0 mA) 1.3 1.4
VSWR (0 - 100 mA) 1.5 1.6
0.8-2 GHz 2-4GHz
33000B (Tent. Data) Insertion Loss (0 mA) 1.7dB 2.0dB
0.8-4.0 GHz . (200 mA) 60 dB 75 dB
Rise Time: 100 nsec Dynamic Range {507 70 dB 85 dB
VSWR (0 mA) 1.3 1.5
VSWR (0 - 400 mA) 1.5 1.7
33008A (Tent. Data) Insertion Loss (0 mA) 1.5dB
3.7-83GHz Dynamic Range (100 mA) 50 dB
Rise Time: 50 nsec VSWR (0 mA) 2.0
VSWR (0 - 100 mA) 2.0
33008B (Tent. Data) Insertion Loss (0 mA) 2.0dB
3.7-83GHz Dynamic Range (200 mA) 85 dB
Rise Time: 100 nsec VSWR (0 mA) 2.0
VSWR (0 - 200 mA) 2.0
. 8-124GHz 124-15GHz 15-18 GHz
/S Available) Insertion Loss (0 mA) 2048 20dB___ 20dB
Rise Time: 50 nsec Dynamic Range (100 mA) 50 dB 50 dB 50 dB
) VSWR (0 mA) 15 15 15
VSWR (0 - 100 mA) 1.7 1.7 1.7
33001B (Tent. Data) Insertion Loss (0 mA) 2.0dB 3.0dB 4,0dB
8-18 GHz Dynamic Range (100 mA) 85 dB 75 dB 75 dB
Rise Time: 100 nsec VSWR (0 mA) 1.5 1.7 1.7
VSWR (0 - 100 mA) 1.7 1.7 1.7

HP PIN Absorptive Modulators are compact, reliable,
rugged components that combine: (1) hybrid integrated,
50-ohm PIN diode module, (2) advanced-design broad-
band couplers, (3) low VSWR 50-ohm loads, and (4) broad-
band bias circuitry. New HP Modulators cover the spec-
trum from 0.8 GHz to 18 GHz in three frequency bands:
0.8-4.0 GHz (HP 33000A/B); 3.7 - 8.3 GHz (HP 33008A/B);
8-18 GHz (HP 33001A/B). Two maximum attenuation

87

levels are available—40 dB in “A’” versions, 80 dB in “B"
versions. All versions have low SWR (2:1 at any attenua-
tion), and are useful as modulators, switches, or attenua-
tors in systems that employ load-sensitive elements
(such as reflex klystrons or BWQ's). Typical applications
are found in sweep generator leveling, receiver AGC,
distance measuring systems, phased array radar systems,
and simulators.
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COAXIAL o
MICROWAVE STEP  33002A/B
PACKARD RECOVERY DIODE 3333348

MODULES  33005A/B

HEWLETT

=l

|5

SINE WAVE DRIVE: /2 Watt Nominal at 100, 250, and 1000 VMHz

NARROW OUTPUT PULSES: 130 Picoseconds Typical
> 10 Volt Amplitude

BROADBAND OUTPUT COMB: Frequency Spectrum Lines at
All Integral Multiples of Input

Frequency to 12 GHz and Above

HIGH POWER PER LINE: > -30 dBm Per Line to 12.4 GHz for
100 MHz, /2 Watt Input Higher Power

For Higher Input Frequencies

MATCHED INPUT: 50 ohms
SELF BIASED

MINIATURE SIZE

RUGGED, ALL SOLID STATE, HYBRID INTEGRATED CONSTRUCTION

1.423 £ .045
l\T\T\T\T T\T
33002A/3A/4A/5A .3!2
DIA
|e————— .650+.003 ,ﬁ,‘r’,ﬂ — .
015" 008
N ) — 1
T== %z (@ Sﬁft:gg:)
s T oon
DIA b.A—.OOO
33002B/3B/4B/5B

DESCRIPTION

HP33002/3/4/5A/B are integrated step recovery diode "‘impulse train’’ generating circuits matched to 5082 at four input
frequencies (100, 250, 500 and 1000 MHz). All elements necessary to produce the impulse are integrated into the hermetically
sealed cylindrical module. Modules are also available mounted in a 3 mm connector housing which contains a DC return,
self biasing the diode in comb applications. All internal joints are welded or thermal compression bonded for high reliability.

APPLICATIONS

Driven at the appropriate input frequency, the output of these devices is a train of narrow, high amplitude pulses at a
repetition rate equal to the input frequency. The resulting “‘comb’’ spectrum consists of lines at all multiples of f; up to and
beyond 12.4 GHz. The outputs are useful in many applications such as: measurements of spectral behavior of various linear
components (filter, slow wave structures); frequency and amplitude calibration of receivers, systems, antenna; frequency
marking systems; reference frequency production for phase locked systems; sampling phase-lock systems; LO drivers for
coherent receiving techniques; CW multiplier of high order and low power level; pulse circuit applications.
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Absolute Maximum Ratings

Maximum power at input

[o]

frequency,25C .................... .75 Watts
Maximum forward current. . . ... ......... .5 Ampere
Maximum reversevoltage ................. 20 volts
Maximum operating temperature .. ............ 75°C

2

<

= .8

5 6 —

o

E =

5 .4

3

g 2

: o

& -60 -50 -40 -30 -20 -10 O 10 20 30 40 50 60 70 80

T — AMBIENT TEMPERATURE (°C)
Figure 1. Power Derating Curve
Environmental Characteristics

-55°C to +100°C
............. -55°Cto +75°C
Method 1051, Test Condition A
Method 1056, Test Condition A
("’B" versions only)

Moisture Resistance .. ... MIL-STD-750A, Method 1021.1
Shock (nonoperating) . . . . MIL-STD-750A, Method 2016.1,
5 blows each X;, Y,, Y,, orientations

.5 Ms, 1500 gs
MIL-STD-750A, Method 2046

Temperaturestorage. . . . « .+« oo v v v un
Temperature operating
Temperature cycling. . . . .
Temperature shock

Vibration

Mechanical Characteristics

Size .. See outline drawing
Weight .. ... .. . 10 grams
Materials . ... Outer case, Kovar; connectors, stainless steel
Finish ........... Gold plated, 50 microinch minimum

Electrical Specifications
Input Frequency

(HP 33002A) seful at slightly reduced
MU )
r4

(HP 33003A) 50 £12.5 MHz (useful at slightly re-

duced performance 250 +25 MHz)

500 +25 MHz (useful at slightly reduced
performance 500 50 MHz)

100050 MHz (useful at slightly reduced
performance 1000 100 MHz)

(HP 33004A)

(HP 33005A)

Input VSWR .. ....... Less than 2:1 at center frequency.

Output Description

The output of these devices consists of atrain of very short
pulses periodic with the input frequency. Described by its
frequency spectrum, the output consists of power at all fre-
quencies which are integral multiples of f;, up to and beyond
12.4 GHz. All specifications are for 0.5 watt drive at 25°C
case temperature.

Time Domain

In the time domain, the output is characterized by the
pulse height, pulse width and the excess feed-through of the
fundamental frequency component to the output. See Table |.
(Fundamental feed-through < +15 dBm.)

TABLE I. Output Pulse Specifications, 0.5 Watt drive, 25°C

Parameter | Pulse Height | Pulse Width

Drlzlzvg:reeq. Typ. Min. Typ. Max.
Hro?n\(/)l?nzzA 15 10 130 140
Hgsggn(/)n%szA 15 10 130 140
“5033&?{2’* 15 10 | 130 140
1600 Mz 10 8 | 130 0

Typical pulse displays, using the test set-up described below
are shown for each of the devices in Figures 2, 3, 4, and 5.

2 VOLTS/ecm
2 ns/cm

Figure 2. Impulse Waveform 33002A/B (100 MHz)

2 VOLTS/em
1 ns/ecm

Figure 3. Impulse Waveform 33003A/B (250 MHz)

3 VOLTS/em
500 ps/cm

2 VOLTS/cm
200 ps/cm

Figure 5. Impulse Waveform 33005A/B (1000 MHz)
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Frequency Domain

In the frequency domain the output is characterized by a line spectrum. The spacing of the lines is equal to the input
frequency. Figures 6, 7, 8, and 9 show the typical line spectra of each device and the specified minimum power outputs.

£ l l Piput = .5 WATTS = 10 I MINIMUM SPECIFIED Piput = -5 WATTS
g, TYPICAL || g |/ POWER ENVELOPE |
5 SPECTRUM MINIMUM SPECIFIED = WL 3 TYPICAL
g POWER ENVELOPE 2 SPECTRUM
S -10 5 -10H
o 5]
g -20 o _20H
g S 7
S -3 8“30_
& o i g
1 2 3 4 5 6 7 8 9 10 1 12 13 1 2 3 4 5 6 7 8 9 10 11 12 13
fo — FREQUENCY OUTPUT (GHz) fo — FREQUENCY OUTPUT (GHz)
Figure 6. Spectrum Envelope of 33002A/B (100 MHz) Figure 7. Spectrum Envelope of 33003A/B (250 MHz)
20 — 20 T T T

£ MINIMUM SPECIFIED Pieut = .5 WATTS 3 MINIMUM SPECIFIED Piput = .5 WATTS
% 10 POWER ENVELOPE ] % 10 POWER ENVELOPE

- TYPICAL 5 TYPICAL

2 SPECTRUM a SPECTRUM

= 0 5 o

2 o

o o

% -10 w -10

w £

3 e

< 20 | -20

! (=}

{.LD oo

1 2 3 4 5 6 7 8 9 10 1 12 13 1 2 3 4 5 6 7 8 9 10 11 12 13
fo — FREQUENCY OUTPUT (GHz) fo — FREQUENCY OUTPUT (GHz)
Figure 8. Spectrum Envelope of 33004A/B (500 MHz) Figure 9. Spectrum Envelope of 33005A/B (1000 MHz)
Table 11 shows typical and minimum power outputs for three frequency bands.
Input VSWR

The input VSWR is a function of the input power. The devices have all been optimized for minimum VSWR at the nominal
center frequency with .5 watt drive. Below .5 watts, the VSWR begins increasing as shown in Figures 10, 11, 12 and 13. The point
of minimum VSWR may be adjusted if external bias is applied to the diode (C0O01 versions only, which have no dc return).

3.0 3.0

25W W 25W AW
o
25 25
\ 5W INPUT
aw AW INPUT
BW INPUT
% 5w\ \ 25w NPT «% AW\ \ /AW "
B . >
i 2.0 A\ A C 20 \
z 2 5w
s B \ y /.zsw |NPU|T
ANVAAN NN\ | AL / ‘
AW INPUT
1.5 \ Q 15 \: : / : /1
95 97.5 100 102.5 105 230 240 250 260 270
fn — FREQUENCY (MH2) fiw — FREQUENCY (MHz)
Figure 10. 33002A/B Figure 11. 33003A/B
30 .25W 1W\ W INPUT | W
25W INPUT
3.0
] E—— AW INPUT ]
’ \ BW INPUT
o«
ES x 25 d o AW INPUT
2 2 aw \ W INPUT
= 20 > AW INPUT
g - 5 \ !
= g A A-25W INPUT

_ TN
N2

s

420 460 500 540 580 9 1.0 1.1 1.2 1.3
fw — FREQUENCY (MHz) fin — FREQUENCY (GHz)
Figure 12. 33004A/B Figure 13. 33005A/B

VSWR Characteristics
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TABLE Il. Typical Line Spectra

0.5 watts
drive
Po (dBm) | Pg (dBm) |Pg (dBm) | feedthrough
0-4 GHz* 4-8 8-12.4 of
Min. Typ.|Min. Typ.|Min. Typ.|fundamentali
frequency
HP 33002 |-15 -25 -30 ~+15 dBm
(100 MHz)
HP 33003 |- 5 -15 -30 ~+15dBm
(250 MHz)
HP 33004 |+ 5 -5 -15 ~+15dBm
(500 MHz)
HP 33005 [+ 5 0 -10 ~+15 dBm
(1000 MHz)

* Fundamental line excluded.
Bias

The circuit diagram of a module without connectors is
shown in the drawing of Figure 14. Bias can be introduced to
the diode from either end of the module by using standard
biasing tees. The required bias for typical comb operation is
approximately zero volts. This is achieved in the modules
with connectors by placing a broadband dc return in the
output connector assembly. (Figure 15).

LM LD

_ECM =C.

Figure 14. Electrical Schematic of “B’" Versions

SRD I

AN

WIDE BAND
dc RETURN

Figure 15. Electrical Schematic of “A’’ Versions

Temperature Effects

The comb generator is designed to operate over wide am-
bient temperatures (-55°C to +75°C). The VSWR remains
within about 20% and typical line variation is about 3 dB over
this temperature range.

Stability

No spurious outputs are generated when the load VSWR
is < 3:1 (any phase angle), except for the HP 33005's
(1000 MHz) which require a load VSWR of < 2:1 for stability.

Test Set-ups

There are at least two ways to measure the comb genera-
tors; in the time domain using a very fast sampling scope; or
in the frequency domain, using several sweepers (as L.O.'s),
mixers and an |F. Measurements made using a spectrum ana-
lyzer must be interpreted very carefully because of the large
number of spurious responses when driven by the extremely
wideband comb generated by these devices.

Time Domain

The test set-up used in measuring the pulse train charac-
teristics of the comb generator is shown in Figure 16. The
dc bias, shown as optional, is used only for the testing of the
“B" versions of the module since the comb generator with
connectors contains an internal dc return which provides bias-
ing to the diode.

dc SUPPLY

T SAMPLING
' SCOPE
I BIAS HP 33002/3A 1430A|
FAIRCHILD |Tgg DIRECTIONAL  jcoms HP {1858
FA-815 COUPLERS GENERATOR 188A
BOONTON |6 dB PADy =L -4 —
P(Z)BVSEAR g T : t‘P 7740 BLOCK
HP 7740)
AMPLIFIER | S | 2, HP 34914
1 P PreFiect 40 dB PAD
478A 478A
HP 608 HP{431C HP {431<:J

Figure 16. Test Setup, Time Domain Characterization

Frequency Domain

Testing in the frequency domain can be done with the
set-up shown in Figure 17. Evaluation of the comb generator
requires appropriate equipment changes to cover the full range
(1-2 GHz, 2-4 GHz, 4-8 GHz and 8-12 GHz). The set-up
shown is specifically for 4-8 GHz. The detected IF output
will have two responses in time for each line of the comb
(since the mixer responds at both signal and image frequen-
cies as the signal sweeps by). A trace of the total 4-8 GHz
pattern is obtained on the scope and recorded. Calibration
is done by replacing the comb input to the mixer with a
known signal level at several critical frequencies across the
band.

HP KO1-344A
if AMP
HP 130C
(30 MHz) SCOPE
HP 423A
DETECTOR
C————
SAGE LAB
2541
MIXER HPES3C o oe¢
I 2 MICROLAB
2, HP 8491A A/ LABON
40 dB PAD ‘V‘& 2 LPF HP 788D
HP 8491A UEVELER
6dB PAD
coms
GENERATOR
1 OPTIONAL
--l___mBiAsTEE L _____
r 7 (MODULES ONLY) | H
1 LECETEEEE - dcSUPPLY |
[ | R -
HP 8491A
6dB PAD
BOONTON
HP 608 230A
POWER
AMPLIFIER

Figure 17. Test Setup, 4-8 GHz Frequency Domain
Characterization
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SOLID STATE SPDT 33SOPGA

HEWLETT MICROWAVE SWITCH 33007A




DESCRIPTION

The HP-33006A SPDT switch combines a hermetically
sealed diode switching module with the bias circuits nec-
essary to obtain high performance over a broad frequency
range. The unit is tightly closed and nickel coated to permit
operation in severe environments.

The HP-33007A SPDT switch is a hermetically sealed
module for use in symmetrical stripline circuits with 1/8 inch
ground plane spacing. External bias circuits are supplied by
the user.

APPLICATION

The HP SPDT switches are intended for very broad band
applications or for narrow band uses within the .1 to 18 GHz
range. They offer solid state speed and reliability for switch-
ing functions in phase shifters, phased array antennas, T-R
switches, redundant systems and antenna lobing circuits.

MECHANICAL CHARACTERISTICS

33006A 33007A
Mounting Any, two 4-40 Any
Position clearance mtg.
holes provided
Size Shown on Outline Drawing
Weight 35 grams maximum 3 grams maximum
Material Body: aluminum Leads, Cover and
body ring: kovar
RF conn.: stainless
steel
Bias conn.: brass Center: copper-
tungsten
Seals: glass
Finish Body: nickel plate Gold, 50u-inch
minimum
Conn.: nickel-rhodium
piate
Connector  Bias: Sealectro Not Applicable
Type Con-Hex Thread-on Male

RF: OSM Female

SEALECTRO “CON HEX"
MALE BIAS CONNECTORS

r—— .590+.005

OSM FEMALE
R.F. CONNECTORS

A

.325+.005
.311+.005

.520+.005

Ltslsxmo

|_.083+.001 DIA.

.0135 DIA. LEAD
.25” LONG T
‘Y ATSLOU‘I

90° TYP. I[\COMMONTERNHNAL ”
\’I J L.m:.om
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ENVIRONMENTAL CHARACTERISTICS

33006A 33007A
MIL-STD —202C  MIL-STD 750
Reference and Reference and
Conditions Conditions
Temperature -65 to +125°C -65 to +125°C
(Storage and
operating)

Temperature Method 107 B Method 1051.1
Cycling Condition B Condition B
Thermal Shock —_— Method 1056.1

Condition A
Humidity Method 106 B Method 1021.1,
Condition B Omit Initial
Conditioning
Mechanical Methoc 213 C Method 2016.1
Shock Condition C
Vibration, Method 204 A Method 2056
Variable Condition B
Frequency
Vibration —_— Method 2046
Fatigue

ABSOLUTE MAXIMUM RATINGS

33006A 33007A

Maximum Steady State

Bias Current + 100 mA dc + 100 mA dc

Maximum Reverse Bias

Voltage Not Applicable 80V

Maximum incident power
@ 25°C Ambient

(See Figure 2 for tem-
perature derating)

1 watt CW

50 watts pulse @ 1 usec
1% duty cycle
Maximum DC Voltage,
R.F. Center Conductor
to Ground

100 Volts Not Applicable

ELECTRICAL SPECIFICATIONS

All specifications are at 25°C unless noted otherwise,
and, excepting VSWR, refer to any terminal. VSWR at the
isolated terminal is high, typically 20:1. With both arms on
or off, VSWR is high at any port.

The bias required is 50 mA forward for the transmitting
arm and 50 mA reverse for the isolated arm.

BASIC OPERATION

Referring to the circuit diagram (Fig. 1), if positive bias
is applied to arm 1 and negative bias to arm 2, the series
diode of arm 1 and shunt diodes of arm 2 are forward
biased and exhibit low R.F. impedance. The series diode of
arm 2 and the shunt diodes of arm 1 are reverse biased and
appear as high impedances to R.F. Consequently, an R.F.

- signal will flow in arm 1 and be blocked from arm 2. Re-

versing the bias, switches the signal flow to the opposite
arm.



TABLE |

VSWR, INSERTION LOSS, ISOLATION AND PHASE TRACKING SPECIFICATIONS

0.1-1 GHz 1-4 GHz 4-8 GHz 8-12 GHz 12-18 GHz
Type PARAMETER Spec. Typ. | Spec. Typ. | Spec. Typ. | Spec. Typ. | Spec. Typ.
VSWR, Common and Transmitting Arm 1.4:1( 1.3:1| 1.4:1 [ 1.3;1 | 1.6:1 [ 1.5:1 | 1.8:1 | 1.6:1 | 2.0:1 | 1.8:1
' max. max. max. max. max.
. . 1 1.5 1.5 25 3
430064 Insertion Loss (dB) Transmitting Arm max. | 0-8 max. | 1.2 max. | 1 max. | 2-3 max. | 2.5
Isolation (dB) 70 1y |70 Hg5 |80 tg0 |5 leo |0 |ss
min. min. min. min. min.
Phase Tracking, Arm to Arm — Within 15° >
s 1.3:1 1.4:1 1.4:1 1.6:1 1.8:1
VSWR, Common and Transmitting Arm max. max. max. max. max.
| . L 1 1 1.5 2.0 25
nsertion Loss (dB) Transmitting Arm max. max. max max. max.
330074 70 70 60 55 50
Isolation (dB) X 75 i 75 X 70 i 60 X 55
min. min. min, min. min.
Phase Tracking, Arm to Arm — Within 15° >

Switching Speed — 200 nsec maximum when driven as described below

- - s06A 1
[~ = 7 7 Tmoma T~ 1 |
g > |
ARV | | 7 N N l | ARM 2
I l | .
F'____________jll I
[ U
I — I
b
BIAS COMMON BIAS
ARM
Figure 1. Switch Circuit Diagram

+25
SWITCH BODY SURFACE TEMPERATURE (°C)

Figure 2. Temperature Derating of Incident Power

+125

MAXIMUM INCIDENT POWER (WATTS)

HARMONICS AND NOISE

The harmonic signal generated by the 33006A/33007A
depends on input frequency and power level, increasing
with both increasing input power and decreasing frequency.
For 1 watt input, 2nd harmonic is 20 dB below the funda-
mental @ 500 Mz, 25 dB @ 1.3 GHz and 40 dB @ 6 GHz.

The switch appears as a thermal noise generator with less
than 20°K excess noise temperature. The resulting noise
figure does not exceed the insertion loss by more than .2
dB at room temperature.

SWITCHING

The switching or transfer time specified previously is
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defined as shown in Figure 3. It is the interval between the
instant the signal in one arm has dropped .5 dB below the
insertion loss level and the instant the signal in the opposite
arm rises to within .5 dB of the insertion loss value.

The switching time is dependent on storing and remov-
ing charge from the pin switching diodes. Simply switching
to the steady current values results in approximately 2 usec
switching time. For 200 nsec operation a spiked drive is
necessary to quickly redistribute the stored charge. A typi-
cal graph of current vs time is shown in Figure 4.

SWITCHING
TIME j
o
5
e MINIMUM INSERTION
%] LOSS .5dB
=}
-
b4 —
3 10
=
[+
w
w
z
&
20 » TIME
Figure 3. Definition of Switching Time
ARM 1 TRANSFER ARM 2
TRANSMITTING TRANSMITTING
+250 ~~N
/N
/ \
3 / \
£ / \
E —_\ll A
& o » TIME
= >
D J
[$) -
%]
<
@
ARM 1 BIAS
-250
= = = ARM 2 BIAS
[~—200 nsec —=—

Figure 4. Transient Current for 200 nsec Switching



During the transfer interval the bias voltage reaches +5V
peak at the bias insertion points, necessitating high pass
filtering on the R.F. circuit if video feedthrough is a con-
cern.

A representative circuit capable of supplying the neces-
sary switching spikes and holding currents is shown in
Figure 5.

For the circuit shown, all resistors are 1 watt unless
shown otherwise. Leads should be short as possible to re-
duce stray reactances. The bias supplies should be at A-C
ground.

TRIGGER

PHASE SPLITTER OUTPUT AMPLIFIERS

pF

9%k <
40082 Jew 53502 L 1000 0r 3509 Liooo
-20

Figure 5. Representative Circuit
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l Note: for V1> +3 volts, output 1 positive
V1 < -3 volts, output 2 positive

V-l CHARACTERISTICS

For aid in drive circuit design, the dc V-l curve of the)
switches is shown in Figures 6a and 6b.

4
+50

-50

A

a) 33006A

4

+50 1

-50-4

-

A

4

b) 33007A

Figure 6. DC V-1 Characteristics
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= MICROWAVE
SWITCH

HEWLETT \hp; PACKARD

S

HPA

3501/3/4/5

BNC CONNECTOR
UG-185/U

|

7

1y

1.7417 é_{
t.ozo‘]:_ﬂ—@ D— F="
1,000
—7ogNOM[ L .750N€—“L
2.206“0‘2
I BROAD BANDWIDTH—200 MHz to 12.4 GHz Switch Bias RF Bias Polarity
No. Terminal Terminal For Switch—OFF
B LOW INSERTION LOSS—0.5 to 1.5 dB 4501 BNC INC Positive
3503 BNC N Positi
B HIGH ISOLATION—25 to 50 dB 3504 BNG TNC Negative
3505 BNC N Negative

I ALL SOLID STATE

DESCRIPTION

The HPA 3501/3/4/5 are broadband solid-state switches or attenuators suitable for use from 200 MHz to 12.4 GHz.
They consist of two silicon PIN diodes which are functionally integrated into a broadband 50 Q microwave structure and

bias circuit.

APPLICATION

These versatile diode switches are ideally suited for a large variety of high frequency and microwave circuits including:
Pulse Modulators, Phase Shifters, Phased Array Antennas, T-R Switches, Limiters, Attenuators, Automatic Gain Control Cir-
cuits, Power Leveling Circuits, Redundant Microwave Systems, Signal Synthesizers, Frequency Synthesizers, Suppressed

Carrier Modulators, Pulse Shapers, Antenna Lobing Circuits.
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ABSOLUTE MAXIMUM RATINGS

Maximum Diode Junction Temperature ... 150°C
Maximum Switch Power Dissipation (Derating per Fig. 11) ... 1.25 W @ 25°C
Maximum Diode Power Dissipation (Single Diode) ... 0.7 W @ 25°C
Maximum Bias Current ... e 200 mA
Maximum Voltage (Center Conductor to Ground) ... SR 500 volts DC
at standard temperature and pressure
Minimum Diode Breakdown Voltage ... 65 volts
Thermal Resistance Junction/Case - ......oooooiiiiiiiie e 100°C/watt

Pulse Thermal Resistance Junction/Case .............oooiiiiiiiiriiiec e eeeeeee e e ecece e (as below)

For RF pulse lengths less than 30 microseconds the thermal resistance is dependent on the pulse duration. Its value
in °C/watt is equal to the numerical value of the pulse duration expressed in microseconds, i.., for a 10 psec pulse the
thermal resistance is 10°C/watt, thus the internal temperature rise is:

Trunction — Lcase = P X t(usec) for t < 30 psec

MECHANICAL CHARACTERISTICS

SHZE ettt As shown in the Outline Drawing, Figure 1
WRIGNE - With Type N connector, 6 oz.

With Type TNC connector, 5.2 oz.
Mounting POSIHON ....ooooie e Any position.

The switch may be mounted by replacing any
two of the RF or bias connector screws with
longer 4-40 screws for attaching a mounting
bracket. Do not remove connectots.

ENVIRONMENTAL CHARACTERISTICS

Temperature, StOLAZE .........oo oot — 65°Cto + 125°C

Temperature, OPerating . .....oooooooooo e — 65°C to - 125°C (Derating per Fig. 11)

Temperature Cycling ... MIL-STD 202C, Test method 102, Condi-
tion C

SROCK et ee e 75G 6 ms duration; MIL-STD 202C, Test
method 213, Condition B

VIADLAON oo 10-2000 Hz, 15G; MIL-STD 202C, Test
method 204A, Condition B

HUMUity oot MIL-STD 202C, Test method 103B, Condi-
tion B

Barometric PLESSULE ....oooiiiiiioeieeee et 50,000 ft. MIL-STD 202C, Test method

105C, Condition B
ELECTRICAL SPECIFICATIONS AT 25°C

Frequency Range ...t n e 200 MHz to 12.4 GHz. Performance above
12.4 GHz limited by connectors.
IMPedance . ..o e All specifications are for 50 Q.
SYMMELLY ..ot e et e Specifications apply to either direction of
transmission. (See Isolation at Bias Terminal
ISOLATION AND INSERTION LOSS: (See Figure 8) for an exception to symmetrical perform-
Insertion Loss Isolation ance.)
(Vbias =20 V) (Ibias =50 mA)
Frequency (GHz) Max.  Typ. Min. Typ. c 200pt " 02 200pf
0.2- 0.5 0.7dB 0.5dB 20dB 25dB TERMINAL —> < TERMINAL
0.5- 1.0 0.4 0.2 25 28 No. | D NO. 2
1.0- 2.0 0.5 03 30 35 T * ! T
2.0- 3.0 0.7 0.5 35 40
3.0- 4.0 1.0 07 40 45 Gy 201"
6.0- 8.0 1.2 0.9 45 50
8.0-12.4 1.5 1.0 45 50
Figure 2. Switch control circuit.
VSWR Fre%uzen?’z(le) Diagram shown represents Models 3504 and 3505.
Switch ON ............. Maximum 2.0 C
Typical 1.5 1
Switch OFF ............. High; dependent on bias current and ——)l
frequency. 30:1 is typical VSWR. RS
o— ——VWN—o0o
HARMONIC DISTORTION
Harmonics are generated by the PIN diodes in the HPA ‘ ‘
SPST switch. Harmonic output levels depend upon signal
level, bias level and frequenIZy. For freqtﬁencies I;boveg_‘SSO R (CONTROLLED BY BIAS CURRENT)
MHz, generated harmonics are a minimum of 40 dB below
the fundamental output level Figure 3. Typical PIN diode microwave equivalent circuit.
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SWITCHING SPEED

Maximum Typical
Switch OFF-ON 300 ns 125 ns
Switch ON-OFF 100 ns 40 ns

CIRCUIT DIAGRAM
The control circuit of the HPA SPST switch is shown in
Figure 2.

Two silicon PIN diodes shunt the RF line when forward
biased and, under zero or reverse bias, are integral parts of
a broadband RF network designed to provide a 50-ohm line
impedance through the switch in the ON condition. The
switch is ON when it is passing RF power (zero or reverse
bias) and OFF when it is reflecting RF power (forward
bias). A diode equivalent circuit showing typical values is
given in Figure 3.

215ns

w
=
=
s

S
>

=
Nt r
\
— 10
- |—Fis0ns

10%

T T T

ISOLATION (db)

~ ~
90% —H ~

-~
=S

LIMI“UT PULSE

T T T T

0.l

0 100 200 300 400 500
TIME  (NANOSECONDS)

Figure 4. Typical switching speed for full operation.
Ry frequency = 7.25 GHz.

SWITCHING SPEED

A typical RF pulse shape is shown by Figure 4. The rise
and fall times depend on the attenuation levels at which
the switch is considered to be ON or OFF..These times also
depend on the magnitude of bias current and on the bias
pulse shape.

Switching speed on production units is measured in the
circuit shown in Figure 5.

The switching speed is read as the interval between the
10% to 90% points of the detected RF signal. Note that a
high-pass filter with a DC return is provided on the input
of the switch. The high-pass filter is a desirable addition
to prevent drive pulse leakage onto the RF line. DC re-
turns on both sides of the switch are necessary to achieve
the rated switching speed, since complete depletion of diode
stored charge is dependent upon these paths to ground. A
low-pass filter for introducing the pulse and bias is also a
desirable circuit feature. Typical switching speed from 50 dB
of isolation to the full ON condition and the input driving
pulse are shown in Figure 4.

hp 6944
SWEEP
OSCILLATOR

SWITCH
| - | Lo rass|—{ no_ 423
DG RETURN =] UNDER FILTER | ] DETECTOR

86H, CW

hp T23A
POWER
SUPPLY

BIAS
CKT.

50 ma

hp 214A
PULSE AMP. =50V

hp 1T5A
— puLsE
PULSE WIDTH - 600ns | GENERATOR (PSCILLOSCOPE

Figure 5. Block diagram of circuit used for switching speed

test.
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Biasing for Fast Switching. Faster switching can be ob-
tained by operating at the lowest possible forward bias cur-
rent consistent with the necessary isolation level. Faster
switching may also be obtained by suitable shaping of the
bias current waveform as illustrated in Figure 6.

I
CONTROL
CURRENT Sk
. nwiiz ~
N\ SWITCH
) ON

Lp—

Figure 6. Control current pulse shape for fast switching.

The initially high peak turn-OFF current Igp is used to
effect a rapid decrease in diode impedance. Irp must be re-
duced to Iy to assure that the stored charge Qg, which is
approximately equal to Ir x 10-7 coulombs, is kept to a
minimum. Iy should not exceed the value necessary for the
desired isolation in the OFF condition. Similarly a high peak
turn-ON current Igrp is desirable to quickly remove the
charge stored in the diodes and return them to the high
impedance state. The values of Igp and Igp and their dura-
tion must stay within the limits of the peak bias current
and the maximum power dissipation.

Typical voltage-current performance of the diodes, look-
ing into the bias terminal 1s shown in Figure 7.

/

/

(ma)
\

0l :

BIAS TERMINAL CURRENT

S 8 7T 8 8 10 L1 L2 13 14
BIAS TERMINAL YOLTAGE (VOLTS)

Figure 7. Voltage-current characteristics looking into
port.

.00l 15 16 LT 18

bias



TYPICAL CHARACTERISTICS

Phase Shift. The phase shift characteristics. of the switch
are a function of frequency and the electrical length at a
specific bias. The air equivalent electrical lengths for the
two principal bias conditions are:
Switch ON ... 3.25 cm face to face excluding connectors
Switch OFF ...._.. 1.625 cm face to short excluding connectors

VARIABLE ATTENUATOR CHARACTERISTICS

HPA SPST switches are useful as continuously variable,
current-controlled attenuators. Although the attenuation at
any particular bias current varies with RF frequency and
temperature, the attenuation monotonically increases with
increasing bias current, making the switch usable as an
attenuator in such applications as AGC circuits, power
leveling, and dynamic range extension. A typical plot of
attenuation vs. bias current for various frequencies is given
in Figure 9. Typical variation of attenuation as a function of
bias current and frequency are shown in Figures 8 and 9.
The HPA 3501/3/4/5 switch exhibits no fine grain attenua-
tion structure.

55
r—r1rrtr1rr1r 1t 1 1T 1 [ T1"/1
50 |— —
TYPICAL ISOLATION (Ig o =50 ma)
= 45 = ~
= MIN
2
4 -
f—_’ ° MIN
< 35 —
J
o
@ 30 _
25 = —
—IMIN MAX o
20 | —
Z5 7T MAX
S35 | f=wmax
x n p—
w o MAX
29 TYPICAL INSERTION LOSS ( Vg=20V)
EPS W S  H CNN H  N Nh M
0O I 2 3 4 5 6 T 8 9 10 Il 12 13 14

FREQUENCY (GHz)

» Figure 8. Isolation and insertion loss characteristics.

)

0 V4

. /o M

. W/ A

N S A
o

N

(db)

ATTENUATION

w /
5 //
%l T ..n.0‘| L L IAIIII n PR ...“w N PR lL;J‘oo

BIAS CURRENT  (ma)

Figure 9. Typical isolation vs. bias current and frequency.

100

ISOLATION AT BIAS TERMINAL

RF leakage to the bias terminal is greater from one RF
connector than from the other. This characteristic is caused
by the non-symmetrical position of the bias lead with respect
to the diodes (see Figure 2), and is the only exception to
the symmetry of the switch. Typical isolation data is given
in the table below.

TABLE |
Minimum RF Isolation at Bias Terminal
ON OFF
Terminal No. 1 36 dB 31 dB
Terminal No. 2 33 dB 23 dB

(Terminal No. 1 is down when the label can be read.)

The values given in Table I are the minimum isolation.
Over most of the frequency range, the isolation is greater.

NOISE GENERATION
The output noise figure is less than 0.2 dB above insertion
loss at any bias level.

RF POWER HANDLING CAPABILITY

The RF power that can be safely handled by the switch
is dependent on the breakdown voltage of the diodes, the
maximum diode power dissipation, the bias state of the
switch, i.e., whether the switch is ON, OFF, or in an attenu-
ation condition, and the frequency of the RF signal.

Maximum signal power handling capability of the
switch as a function of attenuation and frequency are shown
in the Average Power curves of Figure 10. Under pulsed
signal conditions, the diode breakdown voltage limits the
peak power that can be handled in the low attenuation
range. This is shown in the top curves of Figure 10 for a
typical 2 usec pulse at 2% duty cycle. There are four operat-
ing conditions which are of interest and warrant additional
comment.

1000 ——r—rr — ——rr
C T=50°C ]
r Ps = | WATT ]
400f SEE DERATING CURVE 1

& 2001 fsiGe T

=

= ONSET OF CLIPPING

— %8y DioDE_BREAKDOWN v S

S gof (NON-DESTRIGTIVE) 2200 7

- 40 2 MICROSECOND PULSE |

= (LESS THAN 2% DUTY |

o CYCLE)

2 \ 1

= \  AVERAGE CW

= \  POMER /

= I0F .

R N\ ]

>< 6_ -

= f-12466 ¢ g, ]
4 ]
2k 4
T e T

ATTENUVATION (db)

Figure 10. Power handling capabilities.



Condition Comments Condition Comments
Switch ON For frequencies below 1 GHz and Switch ON For 0.3 dB <« < 1.0 dB diode
Frequency < 2 GHz  high power levels some modulation Frequency > 2 GHz  breakdown voltage is the limiting
Attenuation () of insertion loss may occur because a < 6dB factor under pulsed signal condi-

SWITCH AVERAGE

< 6dB of current flow during half of the
RF cycle. A reverse bias voltage >
10% of the RF voltage will mini-
mize this effect. Less power can be
handled than at higher frequencies.
The curve labeled f < 2 GHz is the
one to use for frequencies < 2 GHz.
For example, when the switch is
ON (a = 1 dB) the maximum
available power that can be handled
at 1 GHz is 7 watts.
]
1.2
R
E 1.0
- 9
.8
S 7
= 6
2 5
= 4
&3
S 2
A
0 | A 1
0 25 50 100 150

CASE TEMPERATURE (°C)

Figure 11. Temperature derating curve.
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tions. For 1.0 <a < 6 dB, the max-
imum available power for frequen-
cies between 2 and 12.4 GHz can
be found by linear interpolatibn be-
tween the curves labeled f < 2 GHz
and f = 12.4 GHz.

Switch OFF The curve labeled < 1 GHz should
Frequency < 1 GHz  be used. For example, an attenua- -
a > 10dB tion of 30 dB will permit a maxi-

mum available power of 10 watts.

Switch OFF Less maximum available power can
Frequency > 2 GHz  be used than at lower frequencies.
a > 10dB The curve labeled f > 2 GH:z

should be used for frequencies > 2
GHz. Between 1 and 2 GHz linear
interpolation should be used.

In the attenuation mode the maximum power dissipation
in the switch occurs for 6 dB attenuation. In this state the
switch dissipates 1/ of the available power. This dissipation
will be divided between the two diodes equally at low fre-
quencies, unequally at high frequencies. A conservative
rating is obtained by assuming all of the dissipation to be
in one diode. Therefore:

Maximum available RF power (25°C)  1.25 watts

(see derating curve, Figure 11)






HEWLETT {hp, PACKARD MICROWAVE SWITCH :is0

=l

&

I BROAD BANDWIDTH—DC to 12.4 GHz
I LOW INSERTION LOSS—0.5 to 1.5 dB _L

I HIGH ISOLATION—25 to 50 dB I
100 +.002

I FAST SWITCHING—50 nanoseconds typical

. .I45—| l
I B :
B MINIATURE SIZE—Weight 4.3 grams J—ﬁ%

.
I _J T _:j 250
I HERMETICALLY SEALED 170 e 500 / TYP

ALL TOLERANCES ¥ 005" EXCEPT AS NOTED

562 i l—.oms + .0005

I ALL SOLID STATE

DESCRIPTION
The HPA 3530 is a broad-band solid-state switch or attenuator suitable for use from DC to 12.4 GHz. It consists of two

oxide passivated silicon PIN diodes which are functionally integrated into a broad-band 50-ohm microwave structure. The
dimensions of the switch are optimized for use in 50 ohms stripline. The housing is hermetically sealed and all internal
joints are welded or thermal compression bonded, using proven materials to assure reliable operation under severe environ-

mental conditions.
APPLICATION

The HPA 3530 is a versatile diode switch ideally suited for a large variety of high frequency and microwave circuits in-
cluding: Pulse Modulators, Amplitude Modulators, Phase Shifters, Multiple Throw Switches, Phased Array Antennas, T-R
Switches, Limiters, Attenuators, Automatic Gain Control Circuits, Power Leveling Circuits, Redundant Microwave Systems,
Signal Synthesizers, Frequency Synthesizers, Suppressed Carrier Modulators, Pulse Shapers, Antenna Lobing Circuits.
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ABSOLUTE MAXIMUM RATINGS

Maximum Switch Power Dissipation ... see Figures 9 and 10
Maximum Forward Bias VOItage ... 1 volt
Diode Breakdown VOItage ...t 100 volts

MECHANICAL CHARACTERISTICS

G028 et e m e m s e et e s feas e ee e et e s s enteee et neeneeae s As shown in the Outline Drawing on Page 1
Weight oo e e e e e ettt e neeas 4.3 grams
Materials: CaSE .ooereoieieieeie ettt ee e eee e Kovar
OV et e e n e en st e et et eme e eneae s Nickel
LA oot Kovar
Finish: Case and Leads ...coooooooiiiiioiie e e Gold Plated, 50 pinches minimum

ENVIRONMENTAL CHARACTERISTICS

Temperature, StOLAZE «....oooioeiieeieeee — 65° to + 150°C

Temperature, Operating ... — 65° to + 150°C

Temperature Cycling ... Method 1051, Test Condition B

Thermal Shock ... Method 1056, Test Condition A

‘ Humidity oo Method 1021.1, omit initial conditioning

SROCK ettt Method 2016.1, 5 blows each X;, Y;, Y,, Z
orienta_tions, 0.5 ms pulse, 1500 G min., non-
operating

Vibration Fatigue ... Method 2046, 60 Hz, 20 G min., non-operating

Vibration Variable Frequency ... Method 2056

Constant Acceleration ... Method 2006, 2000 G

ELECTRICAL SPECIFICATIONS

All specifications are at 25°C and apply to either RF
port since the switch is electrically and mechanically sym-

metrical.
USABLE FREQUENCY RANGE.............. DCto 12.4 GHz
VSWR 55 T T T T T T T T T T T T T
Switch ON oo 2 maximum 50 TYPICAL ISOLATION (1=100 mA) |
1.5 typical =
Switch OFF ... High, dependent on bias ‘:’ HIN 1
current and frequency, 2 .
typically 50:1 o ]
VSWR is determined in a 50Q system. - .
ISOLATION AND INSERTION LOSS B L
Insertion Loss Isolation @ er . i
(Ve = 4+ 5Y) (lvias = 100 mA) 2 J————
Frequency (GHjz) Max.  Typ. Min.  Typ. 2 I MAX i
DC- 05 0.5dB 0.3dB 25dB 28dB 2 e
05- 1.0 0.7 0.3 28 40 = TYPICAL INSERTION LOSS (V=+5)
1.0- 2.0 0.7 0.3 35 43 e T T S S S TR 4
2.0- 4.0 1.0 0.7 40 48 FREQUENCY  (6H)
4.0- 8.0 1.0 0.7 45 53
8.0-12.4 1.5 1.0 45 53 Figure 1. Isolation and Insertion Loss
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SWITCHING CHARACTERISTIC

The switching characteristic is measured over a dynamic
range of approximately 10 dB of detected RF power. The
RF OFF to ON time is measured between 10 dB of isolation
and a point 0.45 dB above the insertion loss level of the
3530. The RF ON to OFF time is measured between the
insertion loss plus 0.45 dB point and 10 dB of isolation.
This is a 109%-90% measurement of the detected video pulse
when square law detection obtains in the system.

The measurement is made with the switch biased OFF
with a forward current of 100 mA and driven ON by a
voltage pulse of 50 volts having a rise and fall time of 20
nanoseconds as obtained from a pulse generator with a 50-
ohm source impedance, such as the Hewlett-Packard Model
214A.

SWITCHING SPECIFICATION
Rise Time, tors 1o on eeeoomeeoooeeoeaimeeeaeeenees 75 nsec maximum
Fall Time, ton o off --eeoreeeomeeeeemeeemmmeaneens 50 nsec maximum
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»Figure 2. Typical RF Switching Characteristics

TYPICAL CHARACTERISTICS

Attenuation. The HPA 3530 switch exhibits no fine
grain attenuation structure. Typical variation of attenuation
as a function of bias current, frequency and temperature are
shown in Figures 3, 4, and 5.

Phase Shift. The phase shift characteristics of the switch
are a function of frequency and the electrical length at a
specific bias. The air equivalent electrical lengths for the two
principal bias conditions are:

Switch ON ......... 2.5-3.0 cm between front surfaces of the
two RF ports, depending on frequency
Switch OFF.......... 1.3 c¢m between either front surface and

the internal short

APPLICATION INFORMATION

Switch Biasing. Proper biasing of the switch can be un-
derstood by reference to the internal circuit of the switch
as represented by the following schematic diagram:

£BIAS
VOLTAGE
T &
= BYPASS
J  IRFC
50 OHM
LINE * b *D \\CENTER CONDUCTOR
| 2
~—QUTER CONDUGTOR & CASE
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The internal compensated microwave structure is not
shown since it does not affect the low frequency bias cur-
rents. Bias can be applied to either center conductor. The
switch is considered to be “ON" or passing an RF signal
when the bias voltage is zero or a positive value. Under
this condition the diodes are in a high impedance state
and the current through them is typically less than one
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Figure 3. Typical Attenuation vs. Bias Current
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microampere. The switch is considered to be “"OFF” or
blocking an RF signal when the bias voltage is negative.
Under this condition the diodes are forward biased and are
in a low impedance state. The individual diodes are
matched and the total bias current is divided equally be-
tween them. The magnitude of the forward bias current
determines the degree of attenuation provided by the
switch as shown in Figure 3. Maximum attenuation, or full



isolation, is obtained for bias currents on the order of 100
mA. The forward bias current-voltage characteristic of the
switch is shown in Figure 6.
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Biasing for Fast Switching. The rise and fall times of the
RF envelope shown in Figure 2 depend on the attenuation
levels at which the switch is considered to be ON or OFF,
on the magnitude of the bias current, and on the bias pulse
shape. Faster switching can be obtained by operating at the
lowest possible forward bias current consistent with the
necessary isolation level. Faster switching may also be ob-
tained by suitable shaping of the bias current waveform as
illustrated in Figure 7.
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Figure 7. Control Current Pulse Shape for Fast Switching

The initially high peak turn-OFF current Ipp is used to
effect a rapid decrease in diode impedance. Iz, must be re-
duced to I to assure that the stored charge Qg, which is
approximately equal to I x 10-7 coulombs, is kept to a
minimum. Ir should not exceed the value necessary for the
desired isolation in the OFF condition. Similarly a high peak
turn-ON current Ipp is desirable to quickly remove the
charge stored in the diodes and return them to the high
impedance state. The values of Irp and Igp and their dura-
tion must stay within the limits by the peak bias current
and the maximum power dissipation.

An elementary transistor driver suitable for obtaining 50
nanosecond rise and fall times is shown in Figure 8. No
pulse shaping is used. The RF filter should not affect the
bias pulse but may contain an RF by-pass such as the 45 pf
capacitor used in this circuit. Fast switching silicon diodes
D; and D, serve only to offset the emitter voltage so that
the second transistor may turn off.
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Figure 8. Example of a Transistor Switch Driver

RF POWER HANDLING CHARACTERISTICS

The incident RF power that can be safely handled by the
modules is dependent on the breakdown voltage of the
diodes, the maximum diode power dissipation, the bias state
of the module (i.e., whether the unit is ON, OFF, or in an
intermediate attenuation condition), and the frequency of
the RF signals.

Maximum safe signal power handling capability of the
modules as a function of attenuation and frequency are
shown by Figure 9. Note that safe limits for both pulse and
CW conditions are given. Under full isolation conditions
the limiting factor which defines power handling capability
is energy storage capacity of the diodes. Under insertion loss
conditions the limiting factor which defines power handling
capability is diode breakdown voltage.

The limits defined for pulse power handling assumed a
one microsecond pulse at a duty factor of 1% maximum.
The table below defines correction factors.to be used for
pulse durations of 0.5 psec and 2.0 usec. These factors
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may be used directly to modify incident power limitations
read from Figure 9.

Pulse Width 3530
0.5 psec 1.55
2.0 psec 0.62
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Figure 9. Maximum Allowable Incident Power as a Function
of Attenuation
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SWITCH MOUNTING

The switch may be mounted in any position. An appro-
priate microwave structure for use with the switch is a
dielectrically loaded stripline. An example of this applica-
tion is shown in Figure 11.
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HPA

HEWLETT@?PACKARD MICROWAVE SWITCH 3531

BROAD BANDWIDTH—12.4 to 18 GHz
LOW INSERTION LOSS—1.5 dB typical
HIGH ISOLATION—45 dB

FAST SWITCHING—50 nanoseconds typical
MINIATURE SIZE—Weight 4.3 grams

HERMETICALLY SEALED

ALL SOLID STATE i
100 +.002

a5 l——~ 562 f .0145 + .0005

l —J 250
TYP
170 -~ 500

ALL TOLERANCES * 005" EXCEPT AS NOTED

DESCRIPTION
The HPA 3531 is a broad-band solid-state switch or attenuator suitable for use from 12.4 to 18 GHz. It consists of

two oxide passivated silicon PIN diodes which are functionally integrated into a broad-band 50-ohm microwave struc-
ture. The dimensions of the switch are optimized for use in 50 ohms stripline RF structures. The housing is hermeti-
cally sealed and all internal joints are welded or thermal compression bonded, using proven materials to assure re-

liable operation under severe environmental conditions.

APPLICATION
The HPA 3531 is a versatile diode switch ideally suited for a large variety of high frequency and microwave cir-

cuits including: Pulse Modulators, Amplitude Modulators, Phase Shifters, Multiple Throw Switches, Phased Array
Antennas, T-R Switches, Limiters, Attenuators, Automatic Gain Control Circuits, Power Leveling Circuits, Redundant
Microwave Systems, Signal Synthesizers, Frequency Synthesizers, Suppressed Carrier Modulators, Pulse Shapers,

Antenna Lobing Circuits.
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ABSOLUTE MAXIMUM RATINGS

Maximum Diode Junction Temperature ... 150°C
Maximum Switch Power Dissipation ..See Figures 5 and 6
Maximum Forward Bias Voltage ............cccocooooooii. 1 volt
Diode Breakdown Voltage ... 100 volts

MECHANICAL CHARACTERISTICS

Size . As shown in the Outline Drawing on Page 1
Weight o 4.3 grams
Materials: Case ... Kovar
COVEI e Nickel
Leads .o Kovar
Finish: Case and Leads Gold Plated,

50 pinches minimum

ENVIRONMENTAL CHARACTERISTICS

Temperature, Storage ... — 65°C to + 150°C

Temperature, Operating ........................ — 65°C to + 150°C

Temperature Cycling ........ Method 1051, Test Condition B

Thermal Shock .................... Method 1056, Test Condition A

Humidity 1021.1, omit initial conditioning

ShOCK ... Method 2016.1, 5 blows each

X, Yy, Ys, Z orientations, 0.5

ms pulse, 1500 G min, non-
operating

................ Method 2046, 60 Hz, 20 G min.,

non-operating

Vibration Variable Frequency ......................... Method 2056

Constant Acceleration ... Method 2006, 2000 G

Vibration Fatigue

ELECTRICAL SPECIFICATIONS

All specifications are at 25°C and apply to either RF
port since the switch is electrically and mechanically
symmetrical.

USABLE FREQUENCY RANGE ... 12.4 to 18 GHz

VSWR
Switch ON ... 2:1 maximum, 1.5:1 typical
Switch OFF ... High, dependent on bias

current and frequency
VSWR is determined in a 50Q system.

ISOLATION AND INSERTION LOSS

Insertion Loss Isolation
(lBIAS =—-5 V) (IBIAS =100 mA)
Frequency (GHz) Max. Typ. Min. Typ.
12.4-18 18dB 15dB 45dB 50dB

SWITCHING CHARACTERISTICS

The switching characteristic is measured over a dy-
namic range of approximately 10 dB of detected RF
power. The RF OFF-to-ON time is measured between 10
dB of isolation and a point 0.45 dB above the insertion
loss level of the 3531. The RF ON-to-OFF time is meas-
ured between the insertion loss plus 0.45 dB point and
10 dB of isolation. This is a 10%-90% measurement of
the detected video pulse when square law detection ob-
tains in the systems.

The measurement is made with the switch biased
OFF with a forward current of 100 mA and driven ON by
a voltage pulse of 50 volts having a rise and fall time of
20 nanoseconds as obtained from a pulse generator with
a 50Q source impedance, such as the Hewlett-Packard
Model 214A.

TYPICAL CHARACTERISTICS

ATTENUATION. The HPA 3531 switch exhibits no fine
grain attenuation structure. Typical variation of attenua-
tion as a function of bias current is shown in Figure 1.
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PHASE SHIFT. The phase shift characteristics of the
switch are a function of frequency and the electrical
length at a specific bias. The air equivalent electrical
lengths for the two principal bias conditions are:

Switch ON....cooo 2.5 cm between front surfaces
of the two RF ports.
Switch OFF............... 1.3 cm between either front surface

and the internal short.
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Figure 1. Typical Attenuation vs. Bias Current

APPLICATION INFORMATION

SWITCH BIASING. Proper biasing of the switch can be
understood by reference to the internal circuit of the
switch as represented by the following schematic dia-
gram:

2 BIAS

VOLTAGE
RF
T piass.
— RFC
50 OHM
LINE \ *o *u CENTER CONDUCTOR
| 2
~—OUTER CONDUCTOR & CASE

The internal compensated microwave structure is not
shown since it does not affect the low frequency bias
currents. Bias can be applied to either center conductor.
The switch is considered to be “ON” or passing an RF
signal when the bias voltage is zero or a positive value.
Under this condition the diodes are in a high impedance
state and the current through them is typically less than
one microampere. The switch is considered to be “OFF”
or blocking an RF signal when the bias voltage is nega-
tive. Under this condition the diodes are forward biased
and are in a low impedance state. The individual diodes
are matched and the total bias current is divided equally
between them. The magnitude of the forward bias current
determines the degree of attenuation provided by the
switch as shown in Figure 1. Maximum attenuation, or
full isolation, is obtained for the bias currents on the
order of 100 mA. The forward bias current-voltage charac-
teristic of the switch is shown in Figure 2.

BIASING FOR FAST SWITCHING. The rise and fall times
of the RF envelope depend on the attenuation levels at



which the switch is considered to be ON or OFF, on the
magnitude of the bias current, and on the bias pulse
shape. Faster switching can be obtained by operating at
the lowest possible forward bias current consistent with
the necessary isolation level. Faster switching may also
be obtained by suitable shaping of the bias current wave-
form as illustrated in Figure 3.
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Figure 2. Typical Bias Terminal Voltage vs. Current Char-
acteristic
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Figure 3. Control Current Pulse Shape for Fast Switching

The initially high peak turn-OFF current |- is used to
effect a rapid decrease in diode impedance. I» must be
reduced to Ir to assure that the stored charge Qz, which
is approximately equal to |- x 107 coulombs, is kept to a
minimum. Il should not exceed the value necessary for
the desired isolation in the OFF condition. Similarly a
high peak turn-ON current Iz is desirable to quickly re-
move the charge stored in the diodes and return them to
the high impedance state. The values of |+ and = and
their duration must stay within the limits by the peak
bias current and the maximum power dissipation.

An elementary transistor driver suitable for obtaining
50 nanosecond rise and fall times is shown in Figure 4.
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No pulse shaping is used. The RF filter should not affect
the bias pulse but may contain an RF by-pass such as the
45 pF capacitor used in this circuit. Fast switching sili-
con diodes D: and D: serve only to offset the emitter volt-
age so that the second transistor may turn off.
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Figure 4. Example of a Transistor Switch Driver

RF POWER HANDLING CHARACTERISTICS

The incident RF power that can be safely handled by
the modules is dependent on the breakdown voltage of
the diodes, the maximum diode power dissipation, the
bias state of the module (i.e., whether the unit is ON,
OFF, or in an intermediate attenuation condition), and
the frequency of the RF signals.

Maximum safe signal power handling capability of the
modules as a function of attenuation and frequency are
shown by Figure 5. Note that safe limits for both pulse
and CW conditions are given. Under full isolation con-
ditions the limiting factor which defines power handling
capability is energy storage capacity of the diodes. Under
insertion loss conditions the limiting factor which de-
fines power
voltage.

The limits defined for pulse power handling assumed a
one microsecond pulse at a duty factor of 1% maximum.
The table below defines correction factors to be used
for pulse durations of 0.5 usec and 2.0 ysec. These factors
may be used directly to modify incident power limitations
read from Figure 5.

Pulse Width 3531
0.5 usec 1.55
2.0 usec 0.62
1000 - 3
I — PULSE ONLY, 1 jsec PULSE; DUTY CYCLE < 1% =
= e (W ONLY s 4
- "" B
- 'l. -
:"
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L / ﬁ
0"
100 i
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1 1 11 L1l 1 L1 11t} 1 111111
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Figure 5. Maximum Allowable Incident Power as a Func-
tion of Attenuation
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- STRIPLINE o
HEWLETT : PACKARD
MICROWAVE SWITCH 33535A

I

=

BROAD BANDWIDTH=--dc to 18 GHz2
LOW INSERTION LOSS--0.5 to 1.5 dB
HIGH ISOLATION--25 to 50 dB

FAST SWITCHING--50 nanoseconds typical
MINIATURE SIZE--Weight 4.3 grams

HERMETICALLY SEALED
HYBRID INTEGRATED SOLID STATE

A broad-band solid-state switch or attenuator, the HP
33535A is suitable for use from dc to 18 GHz. It consists
of two oxide passivated silicon PIN diodes which are func-
tionally integrated into a broad-band 50-ohm microwave. ..
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structure. The dimensions of the switch are optimized for
use in 50-ohm stripline. The housing is hermetically sealed
and all internal joints are welded or thermal compression
bonded, using proven materials to assure reliable operation
under severe environmental conditions.

APPLICATION

The HP 33535A is a versatile diode switch ideally suited
for a large variety of high frequency and microwave circuits
including: pulse modulators, amplitude modulators, phase
shifters, multiple throw switches, phased array antennas,
T-R switches, limiters, attenuators, automatic gain control
circuits, power leveling circuits, redundant microwave sys-
tems, signal synthesizers, frequency synthesizers, suppressed
carrier modulators, pulse shapers, and antenna lobing
circuits.

ELECTRICAL SPECIFICATIONS

All specifications are at 25°C and apply to either RF
pott since the switch is electrically and mechanically sym-
metrical.

USABLE FREQUENCY RANGE.................. dc to 18 GHz
VSWR
Switch ON oo 2 maximum

1.5 typical

Switch OFF ..., High, dependent on bias

cutrent and frequency,
typically 20:1

VSWR is determined in a 50Q system.

ISOLATION AND INSERTION LOSS

" 0 Insertion Loss Isolation
D3 _ 0145 = 0003 (VR =+ SV) (Ibias = - 100mA)
I 1 zts ‘_L Frequency (GHz) Max.  Typ. Min.  Typ.
T 1 T dc - 0.5 0.5dB 0.3 dB 25dB 28dB
0.5- 1.0 0.7 0.3 28 40
—  —um — 20— 1.0- 2.0 0.7 0.3 35 43
2.0- 4.0 1.0 0.7 40 48
4.0- 8.0 1.0 0.7 45 53
8.0-12.4 1.5 1.0 45 53
All tolerances = 0.005 inch except as noted 12.4-18.0 1.8 1.5 45 55
ABSOLUTE MAXIMUM RATINGS
Maximum Switch Power Dissipation ...t see Figures 8 and 9
Maximum Forward Bias VOItage ... ..o 1 volt
Diode Breakdown VOItage ... 100 volts
MECHANICAL CHARACTERISTICS
SIZE ettt em e As shown in the Outline Drawing
(Flattened leads available at no extra cost)
Wi ght e neas 4.3 grams
Materials: CaSE oo e Kovar
Lo Nickel
Leads o Kovar
Finish: Case and Leads -.oooooooooooooooe e Gold Plated, 50 pinches minimum
ENVIRONMENTAL CHARACTERISTICS
Temperature, StOrage ..o i — 65° to 4 150°C
Temperature, OPerating ...........cocooooiioeeieeee e — 65° to 4 150°C
Temperature Cycling ... Method 1051, Test Condition B
Thermal Shock ... e Method 1056, Test Condition A
HUumidity oo Method 1021.1, omit initial conditioning
SROCK e Method 2016.1, 5 blows each X;, Yy, Yy, Z
orientations, 0.5 ms pulse, 1500 G min., non-
operating
Vibration Fatigue . ..o Method 2046, 60 Hz, 20 G min., non-operating
Vibration Variable Frequency ... Method 2056
Constant Acceleration ......ooooooooooiii e Method 2006, 2000 G
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Figure 1. Isolation and insertion loss

SWITCHING CHARACTERISTIC

The switching characteristic is measured over a dynamic
range of approximately 10 dB of detected RF power. The
RF OFF to ON time is measured between 10 dB of isolation
and a point 0.45 dB above the insertion loss level of the
33535A. The RF ON to OFF time is measured between the
insertion loss plus 0.45 dB point and 10 dB of isolation.
This is a 10%-90% measurement of the detected video pulse
when square law detection obtains in the system.

The measurement is made with the switch biased OFF
with a forward current of 100 mA and driven ON by a
voltage pulse of 50 volts having a rise and fall time of 20
nanoseconds as obtained from a pulse generator with a 50-
ohm source impedance, such as the Hewlett-Packard Model
214A.

SWITCHING SPECIFICATION
Rise Time, toet o on --
Fall Time, ton to off

75 nsec maximum
50 nsec maximum
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Figure 2. Typical RF switching characteristics

TYPICAL CHARACTERISTICS

Attenuation. The HP 33535A switch exhibits no fine
grain attenuation structure. Typical variation of attenuation
as a function of bias current, frequency and temperature are
shown in Figures 3 and 4.

Phase Shift. The phase shift characteristics of the switch
are a function of frequency and the electrical length at a

ATTENUATION (dB)

specific bias. The air equivalent electrical lengths for the two
principal bias conditions are:

Switch ON .......... 1.6-2.1 cm between front surfaces of the
two RF ports, depending on frequency
Switch OFF.......... 0.9 cm between either front surface and

the internal short

APPLICATION INFORMATION

Switch Biasing. Proper biasing of the switch can be un-
derstood by reference to the internal circuit of the switch
as represented by the following schematic diagram:

BIAS
VOLTAGE

T b

RFC

—»
50 OHM N

N
LINE
N *Dx * o,

The internal compensated microwave structure is not
shown since it does not affect the low frequency bias cur-
rents. Bias can be applied to either center conductor. The
switch is considered to be “ON" or passing an RF signal
when the bias voltage is zero or a positive value. Under
this condition the diodes are in a high impedance state
and the current through them is typically less than one
microampere. The switch is considered to be “OFF” or
blocking an RF signal when the bias voltage is negative.
Under this condition the diodes are forward biased and are
in a low impedance state. The individual diodes are
matched and the total bias current is divided equally be-
tween them. The magnitude of the forward bias current
determines the degree of attenuation provided by the
switch as shown in Figure 3. Maximum attenuation, or full
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Figure 3. Typical attenuation vs. bias current

isolation, is obtained for bias currents on the order of 100
mA. The forward bias current-voltage characteristic of the
switch is shown in Figure 5.
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characteristic

Biasing for Fast Switching. The rise and fall times of the
RF envelope shown in Figure 2 depend on the attenuation
levels at which the switch is considered to be ON or OFF,
on the magnitude of the bias current, and on the bias pulse
shape. Faster switching can be obtained by operating at the
lowest possible forward bias current consistent with the
necessary isolation level. Faster switching may also be ob-
tained by suitable shaping of the bias current waveform as
illustrated in Figure 6.

The initially high peak turn-OFF current Ipp is used to
effect a rapid decrease in diode impedance. I, must be re-
duced to Iy to assure that the stored charge Qg, which is
approximately equal to Ir x 107 coulombs, is kept to a
minimum. I should not exceed the value necessary for the
desired isolation in the OFF condition. Similarly a high peak
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Figure 6. Control current pulse shape for fast switching

turn-ON current Igp is desirable to quickly remove the
charge stored in the diodes and return them to the high
impedance state. The values of Ipp and Izp and their dura-
tion must stay within the limits by the peak bias current
and the maximum power dissipation.

An elementary transistor driver suitable for obtaining 50
nanosecond rise and fall times is shown in Figure 7. No
pulse shaping is used. The RF filter should not affect the
bias pulse but may contain an RF by-pass such as the 45 pF
capacitor used in this circuit. Fast switching silicon diodes
D, and D, serve only to offset the emitter voltage so that
the second transistor may turn off.

+24V

—24V

<” R —DEPENDS ON DESIRED
/2 "' FORWARD BIAS CURRENT

RF FILTER
———

2N3646

0V SWITCH ON
—5V SWITCH OFF

Figure 7. Example of a transistor switch driver

RF POWER HANDLING CHARACTERISTICS

The incident RF power that can be safely handled by the
modules is dependent on the breakdown voltage of the
diodes, the maximum diode power dissipation, the bias state
of the module (i.e., whether the unit is ON, OFF, or in an
intermediate attenuation condition), and the frequency of
the RF signals.

Maximum safe signal power handling capability of the
modules as a function of attenuation and frequency are
shown by Figure 8. Note that safe limits for both pulse and
CW conditions are given. Under full isolation conditions
the limiting factor which defines power handling capability
is energy storage capacity of the diodes. Under insertion loss
conditions the limiting factor which defines power handling
capability is diode breakdown voltage.

The limits defined for pulse power handling assumed a
one microsecond pulse at a duty factor of 0.1% maximum.
The table below defines correction factors to be used for
pulse durations of 0.5 usec and 2.0 psec. These factors
may be used directly to modify incident power limitations
read from Figure 8.

Pulse Width 33535A
0.5 usec 1.55
2.0 psec 0.62
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SWITCH MOUNTING

The switch may be mounted in any position.
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MICROWAVE .-
SWITCH *%

HEWLETT hp; PACKARD

=)

Il BROAD BANDWIDTH
DC to above 12.4 GHz

M LOW INSERTION LOSS
0.5 to 2.0 dB

M HIGH ISOLATION
20 to 45 dB

Bl FAST SWITCHING
10 nanoseconds maximum

B MINIATURE SIZE
Weight 4.3 grams

B HERMETICALLY SEALED

B ALL SOLID STATE

DESCRIPTION

The HPA 3540 is a broad-band solid-state switch suitable for use from DC to above 12
GHz. It consists of two oxide passivated silicon PIN diodes which are functionally integrated
into a broad-band 50-ohm microwave structure. The dimensions of the switch are optimized
for use in 50 ohms stripline. The housing is hermetically sealed and all internal joints are
welded or thermal compression bonded, using proven materials to assure reliable operation

under severe environmental conditions.
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APPLICATION

The HPA 3540 is a versatile diode switch ideally suited
for a large variety of high frequency and microwave cir-
cuits including: Pulse Modulators, Amplitude Modula-
tors, Phase Shifters, Multiple Throw Switches, Phased
Array Antennas, T-R Switches, Limiters, Attenuators,
Automatic Gain Control Circuits, Power Leveling Circuits,
Redundant Microwave Systems, Signal Synthesizers, Fre-
quency Synthesizers, Suppressed Carrier Modulators,
Pulse Shapers, Antenna Lobing Circuits.

ABSOLUTE MAXIMUM RATINGS

Maximum Diode Junction Temperature 150°C
Maximum Switch Power Dissipation 0.75W @ 25°C
Maximum Diode Power Dissipation

(Single Diode) 0.37 W @ 25°C
Peak Bias Current

(duration less than 0.1 ysec) 500 mA
Diode Breakdown Voltage 36 volts
Thermal Resistance Junction/Case 150°C/Watt
Pulse Thermal Resistance Junction/Case (as below)

For RF pulse lengths less than 30 microseconds the
thermal resistance is dependent on the pulse duration.
Its value in °C/Watt is equal to the numerical value of
the pulse duration expressed in microseconds, i.e., for a
10 usec pulse the thermal resistance is 10°C/Watt, thus
the internal temperature rise is:

T.Im\ctinn - TCase =PX t(,btsec) x factor of 1.5 for
t < 30 usec

MECHANICAL CHARACTERISTICS

Size As shown in the Outline
Drawing on Page 1
Weight 4.3 grams
Materials: Case Kovar
Cover Nickel
Leads Kovar

Finish: Case and Leads Gold Plated, 50 yinches min.

ENVIRONMENTAL CHARACTERISTICS
Temperature, Storage

and Operating —65°C to + 125°C

Shock 1,500 G, 0.5 ms duration
Vibration 20 G, 10-2000 cps
Hermeticity Each unit is subjected to

a Helium Leak Test,
sensitivity 2 x 10° cm®/ sec

ELECTRICAL SPECIFICATIONS

All specifications are at 25°C and apply to either RF
port since the switch is electrically and mechanically
symmetrical.

USABLE FREQUENCY RANGE DC to above 12.4 GHz
VSWR
Switch ON
Switch OFF

2 maximum, 1.5 typical
High, dependent on bias
current and frequency,
50:1 typical

VSWR is determined in a 50Q stripline system.

SWITCHING CHARACTERISTIC

Both t, and t; are defined as the time intervals be-
tween the 10% and 90% points of the observed voltage
amplitude pulse. The measurement is made with the
switch biased OFF by a current of 100 mA and driven
ON by a voltage pulse of 20 volts having a rise and fall
of 20 nanoseconds as obtained from a pulse generator
with a 50Q source impedance, such as the Hewlett-
Packard Model 214A.

SWITCHING SPECIFICATION
Rise Time, t,
Fall Time, t;

TYPICAL CHARACTERISTICS

Attenuation. The HPA 3540 switch exhibits some fine
grain attenuation structure at low bias levels at low
frequencies.

Phase Shift. The phase shift characteristics of the
switch are a function of frequency and the electrical

10 nsec maximum
10 nsec maximum

-

ISOLATION AND INSERTION LOSS

Insertion Loss Isolation

(Ibias = O) (Ibias = 100 mA)

Frequency (GHz) Max. Typ. Min. Typ.

DC- 0.5 0.5 dB 0.3 dB 20dB 25 dB
05- 1.0 0. 0.3 25 30
1.0- 2.0 0.7 0.3 30 35
20- 4.0 1.0 0.7 35 40
40- 8.0 15 1.0 45 49
8.0-12.4 2.0 15 45 50

~

TYPICAL ISOLATION (I-100)

MIN

ISOLATION (dB)
o
)
T

INSERTION LOSS (d8)

FREQUENCY (GHz)

Figure 1. Isolation and Insertion Loss.
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length at a specific bias. The air equivalent electrical

lengths for the two principal bias conditions are approxi-

mately:

Switch ON 25 cm between front surfaces of the two
RF ports

Switch OFF 1.3 cm between either front surface and the
internal short.

APPLICATION INFORMATION
Switch Biasing. Proper biasing of the switch can be
understood by reference to the internal circuit of the

switch as represented by the following schematic dia-
gram:

£8IAS
VOLTAGE
T &
* BIPASS
. RFC
50 0HM
LNE Yo, ¥, N.GENTER CONDUCTOR
“~—QUTER GONDUGTOR & CASE

The internal compensated microwave structure is not
shown since it does not affect the low frequency bias
currents. Bias can be applied to either center con-
ductor. The switch is considered to be “ON" or passing
as RF signal when the bias voltage is zero or a negative
value. Under this condition the diodes are in a high im-
pedance state and the current through them is typically
less than one microampere. The switch is considered to

ha HNCCY hi H H
be “OFF” or blocking an RF signa! when the bias voltage

is positive. Under this condition the diodes are forward
biased and are in a low impedance state. The individual
diodes are matched and the total bias current is divided
equadlly between them. The magnitude of the forward bias
current determines the degree of attenuation provided by
the switch. Maximum attenuation, or full isolation, is ob-
tained for bias currents on the order of 100 mA. The
forward bias current-voltage characteristics of the
switch is shown in Figure 2.

SWITCH MOUNTING

The switch may be mounted in any position. An appro-
priate microwave structure for use with the switch is a
dielectrically loaded stripline. An example of this appli-
cation is shown in Figure 4.

giagnal w

300

250 T

200 J
150

BIAS CURRENT (ma)
> <
| A

0 25 50 75 1.00 1.25

BIAS VOLTAGE (VOLTS)
CENTER CONDUCTOR NEGATIVE

Figure 2. Typical Bias Voltage vs. Current
Characteristic.
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Figure 3. Typical Pulsed RF Amplitude.
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PACKARD MICROWAVE 3550
SWITCH  ss551

=l

HEWLETT }

E

I BROAD BANDWIDTH—200 MHz to 12.4 GHz
B LOW INSERTION LOSS—0.5 to 1.5 dB
M HIGH ISOLATION—25 to 50 dB

b o, |
M ALL SOLID STATE B
i G o
E O >
| S .
Switch Bias Polarity ,; Q.s
No. For Switch—OFF < |
3550 Positive 5
3551 Negative —
+.020
fe——— 1,500 -594 3
+ r 3 - |09
375 NOM. g | | Ir.|25
+.020 }
1198 £011 ZN T
l ) ] N M J\Tem?dA,
# (2) HOLES
— aga <“150i>|
DESCRIPTION

The HPA 3550/51 are broadband solid-state switches or attenuators suitable for use from 200 MHz to 12.4 GHz. They
consist of two silicon PIN diodes which are functionally integrated into a broadband 50 Q microwave structure and bias circuit.

APPLICATION

These are versatile diode switches that are ideally suited for a large variety of high frequency and microwave circuits in-
cluding: Pulse Modulators, Phase Shifters, Phased Array Antennas, T-R Switches, Limiters, Attenuators, Automatic Gain
Control Circuits, Power Leveling Circuits, Redundant Microwave Systems, Signal Synthesizers, Frequency Synthesizers,

Suppressed Carrier Modulators, Pulse Shapers, Antenna Lobing Circuits.
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ABSOLUTE MAXIMUM RATINGS

Maximum Diode Junction Temperature ...l
Maximum Switch Power Dissipation (Derating per Fig. 11) ...
Maximum Diode Power Dissipation (Single Diode) ..................
Maximum Bias Current ...
Maximum Voltage (Center Conductor to Ground) .....................

Minimum Diode Breakdown Voltage ...
Thermal Resistance Junction/Case -............oooooooooioiiiiii
Pulse Thermal Resistance Junction/Case ........oc.ocoocoociiiinnece.

....................................... 150°C
........................................ 1.25 W @ 25°C
........................................ 0.7 W @ 25°C
_________________________________________ 200 ma

....... e .2500 volts DC

at standard temperature and pressure

...................................... .65 volts
________________________________________ 100°C/watt
........................................ (as below)

For RF pulse lengths less than 30 microseconds the thermal resistance is dependent on the pulse duration. Its value
in °C/watt is equal to the numerical value of the pulse duration expressed in microseconds, i.e., for a 10 usec pulse the
thermal resistance is 10°C/watt, thus the internal temperature rise is:

Trunction — Lcase = P X t(usec) for t < 30 usec

MECHANICAL CHARACTERISTICS

Sz e
et gt e
Mounting PoSItIOn ...

ENVIRONMENTAL CHARACTERISTICS

Temperature, Storage ... ...
Temperature, Operating ...
Temperature Cycling ...

B ) X 1 0 O R

Humidity e

Barometric Pressure ...

ELECTRICAL SPECIFICATIONS AT 25°C

Frequency Range ...
Impedance ...
Symmetry ..o

ISOLATION AND INSERTION LOSS: (See Figure 8)

Insertion Loss
(vhias =20 V)

Isolation

(loias = 50 ma)

Frequency (GHz) Max.  Typ. Min.  Typ.
0.2- 0.5 0.7dB 0.5dB 20dB 25dB
0.5- 1.0 0.4 0.2 25 28
1.0- 2.0 0.5 0.3 30 35
20- 3.0 0.7 0.5 35 40
3.0- 4.0 1.0 0.7 40 45
40- 6.0 1.0 0.8 45 50
6.0- 8.0 1.2 0.9 45 50
8.0-124 1.5 1.0 45 50

VSWR Frequency (GHz)

02-124

Switch ON............... Maximum 2.0

Typical 1.5
Switch OFF............... High; dependent on bias current and

frequency. 50:1 is typical VSWR.

HARMONIC DISTORTION

Harmonics are generated by the PIN diodes in the HPA
SPST switch. Harmonic output levels depend upon signal
level, bias level and frequency. For frequencies above 350
MHz, generated harmonics are a minimum of 40 dB below
the fundamental output level.

o——9

............................ As shown in the Outline Drawing, Figure 1
............................ 32 grams
............................ Two 4/40 clearance holes are provided for

mounting the switch. These holes may also
be tapped for screws. Stainless steel screws
should be used for mounting.

............................ — 65°C to 4 125°C
............................ — 65°C to 4 125°C (Derating per Fig. 11)
............................ MIL-STD 202C, Test method 102, Condi-

tion C

............................ 75G, 6 ms duration; MIL-STD 202C, Test

method 213, Condition B
10-2000 Hz, 15G, MIL-STD 202C, Test

method 204A, Condition B

............................ MIL-STD 202C, Test method 103B, Condi-
tion B
............................ 50,000 ft. MIL-STD 202C, Test method

105C, Condition B

............................ 200 MHz to 12.4 GHz.
____________________________ All specifications are for 50 Q.
............................ Specifications apply to either direction of

transmission. (See Isolation at Bias Terminal
for an exception to symmetrical perform-

ance.)
, 200pt C, 200pf
TERMINAL —>-E2—€ I—E< TeRmMINAL
No. | #D D T No. 2
| 2
- |l L<
C; 200pt"

* TYPICAL VALUES

Figure 2. Switch control circuit.
Diagram shown represents Model 3551

e

Rg
*— N \N—0

: R (CONTROLLED BY BIAS CURRENT)

Figure 3. Typical PIN diode microwave equivalent circuit.



SWITCHING SPEED

Maximum Typical
Switch OFF-ON 300 ns 125 ns
Switch ON-OFF 100 ns 40 ns

CIRCUIT DIAGRAM
The control circuit of the HPA SPST switch is shown in
Figure 2.

Two silicon PIN diodes shunt the RF line when forward
biased and, under zero or reverse bias, are integral parts of
a broadband RF network designed to provide a 50-ohm line
impedance through the switch in the ON condition. The
switch is ON when it is passing RF power (zero or reverse
bias) and OFF when it is reflecting RF power (forward
bias). A diode equivalent circuit showing typical values is
given in Figure 3.

cccd
~Sce

160ns
15ns
160ns

100 a

OF!
2
4
$
H
o —— | ——140ns

T T TTT

N r
\
T

SNoo | —1

S

T
-

[
10% +
\

ISOLATION (db)

=~

INPUT PULSE

T T T T
/,— M

0 100 200 300

TIME  (NANOSECONDS)

400 500

Figure 4. Typical switching speed for full operation.
Ry frequency = 7.25 GHz.

SWITCHING SPEED

A typical RF pulse shape is shown by Figure 4. The rise
and fall times depend on the attenuation levels at which
the switch is considered to be ON or OFF. These times also
depend on the magnitude of bias current and on the bias
pulse shape.

Switching speed on production units is measured in the
circuit shown in Figure 5.

The switching speed is read as the interval between the
10% to 90% points of the detected RF signal. Note that a
high-pass filter with a DC return is provided on the input
of the switch. The high-pass filter is a desirable addition
to prevent drive pulse leakage onto the RF line. DC re-
turns on both sides of the switch are necessary to achieve
the rated switching speed, since complete depletion of diode
stored charge is dependent upon these paths to ground. A
low-pass filter for introducing the pulse and bias is also a
desirable circuit feature. Typical switching speed from 50 dB
of isolation to the full ON condition and the input driving
pulse are shown in Figure 4.

hp  694A SWITCH
— DC RETURN[—] UNDER

SWEEP
OSCILLATOR TEST
hp T23A

POWER
SUPPLY

hp 423A
DETECTOR

HIGH PASS
FILTER

BGMZ cw

BIAS
CKT.

50 ma

hp 214A
PULSE
GENERATOR

PULSE AMP. =50V —
PULSE WIDTH - 600ns

hp IT5A
SCILLOSCOPE

Figure 5. Block diagram of circuit used for switching speed
test.
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Biasing for Fast Switching. Faster switching can be ob-
tained by operating at the lowest possible forward bias cut-
rent consistent with the necessary isolation level. Faster
switching may also be obtained by suitable shaping of the
bias current waveform as illustrated in Figure 6.

T lep
CONTROL
CURRENT W
0 QI:\ QT—IF—
N SWITCH
TIME — 3 0 O

Figure 6. Control current pulse shape for fast switching.

The initially high peak turn-OFF current Igp is used to
effect a rapid decrease in diode impedance. Ipp must be re-
duced to Iy to assure that the stored charge Qg, which is
approximately equal to I x 10-7 coulombs, is kept to a
minimum. I should not exceed the value necessaty for the
desired isolation in the OFF condition. Similarly a high peak
turn-ON current Izp is desirable to quickly remove the
charge stored in the diodes and return them to the high
impedance state. The values of Izp and Igp and their dura-
tion must stay within the limits of the peak bias current
and the maximum power dissipation.

Typical voltage-current performance of the diodes, look-
ing into the bias terminal is shown in Figure 7.

100
: /?
10 /’/ ]
ZunE
, /
= /
1 <
E 0.|E 3
i // .
W —5— /.7 § 9 10 1L T2 13 14 15 16 17 18

BIAS TERMINAL VOLTAGE (VOLTS)

Figure 7. Voltage-current characteristics looking into bias
port.



TYPICAL CHARACTERISTICS

Phase Shift. The phase shift characteristics of the switch
are a function of frequency and the electrical length at a
specific bias. The air equivalent electrical lengths for the
two principal bias conditions are:
Switch ON ........ 3.25 cm face to face excluding connectors
Switch OFF .._._.. 1.625 cm face to short excluding connectors

VARIABLE ATTENUATOR CHARACTERISTICS

HPA SPST switches are useful as continuously variable,
current-controlled attenuators. Although the attenuation at
any particular bias current varies with RF frequency and
temperature, the attenuation monotonically increases with
increasing bias current, making the switch usable as an
attenuator in such applications as AGC circuits, power
leveling, and dynamic range extension. A typical plot of
attenuation vs. bias current for various frequencies is given
in Figure 9. Typical variation of attenuation as a function of
bias current and frequency are shown in Figures 8 and 9.
The HPA 3550/51 switch exhibits no fine grain attenuation
structure.

55 T T T T T T T T T T T T T
Sor TYPICAL ISOLATION (Ig g =50mal]
[s2] - -
2 4s MIN
Z 40 | E
3 MIN
S35t i
a MIN
® 30 | -
/ Imin
25 | .
MIN
20 = .
za Mi MAX L
Qs
E ~
[ | —
28
e TYPICAL INSERTION LOSS (Vg=20V)
0 1 L 1 1 1 | | 1 1 ' A AL I
O I 2 3 4 5 6 7 8 9 10 Il 12 13 14
FREQUENCY (GHz)
Figure 8. Isolation and insertion loss characteristics.
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Figure 9. Typical isolation vs. bias current and frequency.
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ISOLATION AT BIAS TERMINAL

RF leakage to the bias terminal is greater from one RF
connector than from the other. This characteristic is caused
by the non-symmetrical position of the bias lead with respect
to the diodes (see Figure 2), and is the only exception to
the symmetry of the switch. Typical isolation data is given
in the table below.

TABLE |
Minimum RF Isolation at Bias Terminal
ON OFF
Terminal No. 1 36 dB 31 dB
Terminal No. 2 33 dB 23 dB

(Terminal No. 1 is down when the label can be read.)

The values given in Table I are the minimum isolation.
Over most of the frequency range, the isolation is greater.

NOISE

HPA 3550/3551 Microwave Switches behave as thermal
resistances shunted across the transmission line. Their excess
noise temperature is less than 20° Kelvin. This results in
noise figures essentially equal to the insertion loss at all bias
levels, exceeding this value by less than 0.2 dB at the worst
case, the 6-10 dB attenuation range.

RF POWER HANDLING CAPABILITY

The RF power that can be safely handled by the switch
is dependent on the breakdown voltage of the diodes, the
maximum diode power dissipation, the bias state of the
switch, i.e., whether the switch is ON, OFF, or in an attenu-

ation condition, and the frequency of the RF signal.

handline of the
“““““ f=]

switch as a function of attenuation and frequency are shown
in the Average Power curves of Figure 10. Under pulsed
signal conditions, the diode breakdown voltage limits the
peak power that can be handled in the low attenuation
range. This is shown in the top curves of Figure 10 for a
typical 2 usec pulse at 2% duty cycle. There are four operat-
ing conditions which are of interest and warrant additional
comment.

capability
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Figure 10. Power handling capabilities.



Condition

Comments

Condition

Comments

Switch ON
Frequency < 2 GHz

Attenuation (a)

For frequencies below 1 GHz and
high power levels some modulation
of insertion loss may occur because

Switch ON
Frequency > 2 GHz
a< 6dB

For 0.3 dB <a < 1.0 dB diode
breakdown voltage is the limiting
factor under pulsed signal condi-

<6dB of current flow during half of the tions. For 1.0 <a < 6 dB, the max-
RF cycle. A reverse bias voltage > imum available power for frequen-
10% of the RF voltage will mini- cies between 2 and 12.4 GHz can
mize this effect. Less power can be be found by linear interpolation be-
handled than at higher frequencies. tween the curves labeled f < 2 GHz
The curve labeled f < 2 GHz is the and f = 12.4 GHz.
one to use for frequencies < 2 GHz.
For example, when the switch is
ON (a = 1 dB) the maximum Switch OFF The curve labeled < 1 GHz should
available power that can be handled Frequency < 1 GHz  be used. For exam_fale, an attenua-
at 1 GHz is 7 watts. a > 10dB tion of 30 dB will permit a maxi-
mum available power of 10 watts.
13c
= II'2| Switch OFF Less maximum available power can
= Frequency > 2 GHz  be used than at lower frequencies.
= 1.0 « > 10dB The curve labeled f > 2 GHz
w— .9 should be used for frequencies > 2
= 8 GHz. Between 1 and 2 GHz linear
“3 interpolation should be used.
< =
== 6
=8 5
S 4 . . o
a In the attenuation mode the maximum power dissipation
= 3 in the switch occurs for 6 dB attenuation. In this state the
e 2 switch dissipates 1/, of the available power. This dissipation
A will be divided between the two diodes equally at low fre-
0 L 1 1 ‘ quencies, unequally at high frequencies. A conservative
0 25 50 100 150 rating is obtained by assuming all of the dissipation to be
CASE TEMPERATURE (°C) in one diode. Therefore:

Maximum available RF power (25°C)
(see derating curve, Figure 11)

1.25 watts
Figure 11. Temperature derating curve.
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HEWLETT —Hﬁ PACKARD 3560

SWITCH 356

BROAD BANDWIDTH - 12.4 to 18 GHz
LOW INSERTION LOSS - 1.5 dB
HIGH ISOLATION - 50 dB

ALL SOLID STATE
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Switch No. Bias Polarity for Switch—OFF :1;
3560 Positive R
3561 Negative S ;
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DESCRIPTION
The HPA 3560/61 are broadband solid-state switches or attenuators suitable for use from 12.4 to 18 GHz. They con-
sist of two silicon PIN diodes which are functionally integrated into a broadband 50-ohm microwave structure and

bias circuit.

APPLICATION

. These versatile diode switches are ideally suited for a large variety of high frequency and microwave circuits
including: Pulse Modulators, Phase Shifters, Phased Array Antennas, T-R Switches, Limiters, Attenuators, Automatic
Gain Control Circuits, Power Leveling Circuits, Redundant Microwave Systems, Signal Synthesizers, Frequency Syn-
thesizers, Suppressed Carrier Modulators, Pulse Shapers, Antenna Lobing Circuits.
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ABSOLUTE MAXIMUM RATINGS

Maximum Diode Junction Temperature ................... 150°C

Maximum Switch Power Dissipation ............ 1.25W @ 25°C
(Derating per Fig. 11)

Maximum Diode Power Dissipation ............... 0.7W @ 25°C

(Single Diode)
Maximum Bias Current
Maximum Voltage

(Center Conductor

to Ground)

Minimum Diode Breakdown Voltage ..................... 65 volts
Thermal Resistance Junction/Case .................... 100°C/watt
Pulse Thermal Resistance Junction/Case ........ (as below)

For RF pulse lengths less than 30 microseconds the
thermal resistance is dependent on the pulse duration.
Its value in °C/watt is equal to the numerical value of
the pulse duration expressed in microseconds, i.e., for
a 10 usec pulse the thermal resistance is 10°C/watt, thus
the internal temperature rise is:

Touncrion — Tease = P X t(‘useC) fort < 30 usec

MECHANICAL CHARACTERISTICS

SHZE o As shown in the Outline
Drawing, Figure 1
WeIgNT 32 grams

........ Two 4/40 clearance holes are pro-
vided for mounting the switch.
These holes may also be tapped
for 6/30 screws. Stainless steel
screws should be used for mount-
ing.

ENVIRONMENTAL CHARACTERISTICS

Temperature, Storage ......................... — 65°C to + 125°C
Temperature, Operating ........ — 65°C to + 125°C (Derating
per Fig. 11)

.............. MIL-STD 202C, Test Method
102, Condition C

Temperature Cycling

ShocK e 75G, 6 ms duration; MIL-STD 202C,
Test Method 213, Condition B

Vibration ... 10-2000 Hz, 15G, MIL-STD 202C,
Test Method 204A, Condition B

Humidity ... MIL-STD 202C, Test Method

103B, Condition B
............ 50,000 ft. MIL-STD 202C, Test
Method 105C, Condition B

Barometric Pressure

ELECTRICAL SPECIFICATIONS AT 25°C

Frequency Range .........cocooooeeioccceceencn. 12.4 GHz to 18 GHz

Impedance ... All specifications are for 50 Q

Symmetry ... Specifications apply to either
direction of transmission. (See
Isolation at Bias Terminal for
an exception to symmetrical
performance.)

ISOLATION AND INSERTION LOSS: (See Figure 9)

Insertion Loss Isolation
(Veias = 20V) (|B|AS = 50 mA)
Frequency (GH2) Max. Typ. Min. Typ.
12.4 - 18.0 20dB 15dB 45dB 50dB
VSWR Frequency 12.4-18 GHz
Switch ON .............. Maximum 2.0
Typical 1.6
Switch OFF ................ High; dependent on bias current and

frequency: 5:1 is typical VSWR
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HARMONIC DISTORTION

Harmonics are generated by the PIN diodes in the
HPA SPST switch. Harmonic output levels depend upon
signal level, bias level, and frequency. Generated har-
monics are a minimum of 40 dB below the fundamental
output level.

C 200pf 02 200pf
TERMINAL = = < TERMINAL
|+ <
C; 200pf*

* TYPICAL VALUES

Figure 2. Switch Control Circuit. Diagram Shown Repre-
sents Model 3561.

c
\
7
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Rg
o—@ ¢— A\ \—o0

: R (CONTROLLED BY BIAS CURRENT)

Figure 3. Typical PIN Diode Microwave Equivalent Cir-
cuit.

SWITCHING SPEED

Maximum Typical
Switch OFF-ON 300 ns 125 ns
Switch ON-OFF 100 ns 40 ns

CIRCUIT DIAGRAM

The control circuit of the HPA SPST switch is shown in
Figure 2.

Two silicon PIN diodes e
biased and, under zero or reverse bias, are i
of a broadband RF network designed to provide a 50-
ohm line impedance through the switch in the ON con-
dition. The switch is ON when it is passing RF power
(zero or reverse bias) and OFF when it is reflecting RF
power (forward bias). A diode equivalent circuit showing
typical values is given in Figure 3.
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SWITCHING SPEED

A typical RF pulse shape is shown by Figure 4. The rise
and fall times depend on the attenuation levels at which
the switch is considered to be ON or OFF. These times
also depend on the magnitude of bias current and on the
bias pulse shape.

Switching speed on production units is measured in
the circuit shown in Figure 5.

The switching speed is read as the interval between the
10% to 90% points of the detected RF signal. Note that a
high-pass filter with a DC return is provided on the input
of the switch. The high-pass filter is a desirable addition
to prevent drive pulse leakage onto the RF line. DC re-
turns on both sides of the switch are necessary to
achieve the rated switching speed, since complete de-
pletion of diode stored charge is dependent upon these
paths to ground. A low-pass filter for introducing the
pulse and bias is also a desirable circuit feature. Typi-
cal switching speed from 50 dB of isolation to the full
ON condition and the input driving pulse are shown in
Figure 4.

HP 695C SWITCH
- | “noer ] HoHpass || w4238
OSEEAE\%)R DC RETURN TESTR FILTER DETECTOR
12.4 GHz CW
Fowen | Bms
SUPPLY CIRCUIT
50 mA
HP 214A
HP I75A
Eﬁsj—m OSCILLOSCOPE

PULSE AMP. = 50V
PULSE WIDTH = 600ns

Figure 5. Block Diagram of Circuit Used for Switching
Speed Test.

Biasing for Fast Switching. Faster switching can be
obtained by operating at the lowest possible forward
bias current consistent with the necessary isolation level.
Faster switching may also be obtained by suitable shap-
ing gf the bias current waveform as illustrated in Fig-
ure 6.

? Lep—
CONTROL
CURRENT 5“3},9“
N
0 % NN\ ¢ m\
SWITCH
TIME —3= 0 ON

Figure 6. Control Current Pulse Shape for Fast Switching.

The initially high peak turn-OFF current Ir is used to
effect a rapid decrease in diode impedance. l» must be
reduced to I to assure that the stored charge Q, which
is approximately equal to I, should not exceed the value
necessary for the desired isolation in the OFF condition.
Similarly a high peak turn-ON current l» is desirable
to quickly remove the charge stored in the diodes and
return them to the high impedance state. The values of
I and I and their duration must stay within the limits
oftthe peak bias current and the maximum power dissi-
pation.

Typical voltage-current performance of the diodes,
looking into the bias terminal, is shown in Figure 7.
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Figure 7. Voltage-current Characteristics Looking Into
Bias Port.
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TYPICAL CHARACTERISTICS
Phase Shift. The phase shift characteristics of the

switch are a function of frequency and the electrical

length at a specific bias. The air equivalent electrical
lengths for the two principal bias conditions are:

Switch ON ........ 3.25 cm face to face excluding connectors
Switch OFF....1.625 cm face to short excluding connectors

TYPICAL ISOLATION (Igjag = 50 mA)

SPECIFIED

ISOLATION (dB)
5 8 8 8
T T T T

n
o
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INSERTION LOSS (dB)

1 L s !
12 13 14 15 16 7 18

FREQUENCY (GHz)

Figure 8. Isolation and Insertion Loss Characteristics.



VARIABLE ATTENUATOR CHARACTERISTICS

HPA SPST switches are useful as continuously varia-
ble, current-controlled attenuators. Although the attenu-
ation at any particular bias current varies with RF fre-
quency and temperature, the attenuation monotonically
increases with increasing bias current, making the switch
usable as an attenuator in such applications as AGC
circuits, power leveling, and dynamic range extension.
A typical plot of attenuation vs. bias current is given in
Figure 9. The HPA 3560/61 switch exhibits no fine grain
attenuation structure.

50 T T TTTTT

45

40

o
o

o
o
[
\
|

ATTENUATION (dB)
N
o

"
100
BIAS CURRENT (mA)

Figure 9. Typical Isolation vs. Bias Current and Fre-
quency.

ISOLATION AT BIAS TERMINAL

RF leakage to the bias terminal is greater from one RF
connector than from the other. This characteristic is
caused by the non-symmetrical position of the bias lead
with respect to the diodes (see Figure 2), and is the only
exception to the symmetry of the switch. Typical isolation
data is given in the table below.

TABLE |
Minimum RF Isolation at Bias Terminal
OFF
Terminal No. 1 36 dB 31 dB
Terminal No. 2 33 dB 23 dB

The values given in Table | are the minimum isolation.
Over most of the frequency range the isolation is greater.

NOISE GENERATION

HPA 3560/3561 Microwave Switches behave as thermal
resistances shunted across the transmission line. Their
excess noise temperature is less than 20° Kelvin. This
results in noise figures essentially equal to the insertion
loss at all bias levels, exceeding this value by less than
0.2 dB at the worst case, the 6-10 dB attenuation range.

RF POWER HANDLING CAPABILITY

The RF power that can be safely handled by the switch
is dependent on the breakdown voltage of the diodes, the
maximum diode power dissipation, the bias state of the
switch, i.e., whether the switch is ON, OFF, or in an at-
tenuation condition, and the frequency of the RF signal.

Maximum signal power handling capability of the
switch as a function of attenuation and frequency is
shown in the Average Power curves of Figure 10. Under
pulsed signal conditions, the diode breakdown voltage
limits the peak power that can be handled in the low
attenuation range. This is shown in the top curves of
Figure 10 for a typical 2 usec pulse at 2% duty cycle.
There are two operating conditions which are of interest
and warrant additional comment.
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Figure 10. Power Handling Capabilities.

Comments
For 0.3 dB < « < 1.0 dB diode
breakdown voltage is the limit-
ing factor under pulsed signal
conditions. For 1.0 < « < 6 dB,
the maximum available power
may be read from Figure 10.

Condition
SwitchON « < 6 dB

Switch OFF Refer to Figure 10 for maximum
Frequency < 2 GHz available power vs. attenuation.
«>6dB

In the attenuation mode the maximum power dissipa-
tion in the switch occurs for 6 dB attenuation. In this
state the switch dissipates %2 of the available power.
This dissipation will be divided between the two diodes
equally at low frequencies, unequally at high frequen-
cies. A conservative rating is obtained by assuming all
of the dissipation to be in one diode. Therefore:

Maximum available RF power (25°C) 1.25 watts
(see derating curve, Figure 11)
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Figure 11. Temperature Derating Curve.
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DESCRIPTION The filtering of the video pulse from the RF lines is

The HPA 3570 diode switch uses modular construction,
fast diodes, and internal filtering to obtain high perform-
ance and high speed over an extended frequency range.
The diodes are hermetically protected agairist the en-
vironment and the switch body itself is tightly closed to
permit operation in severe environments. A special
diode is used which provides a limited amount of pulse
sharpening so that rise times are not critically dependent
on pulse shape. Thus the rise times shown are compati-
ble with the 13 ns rise time of the Hewlett-Packard Model
214A Pulse Generator used to drive the switch.

Because fast diodes are used in the switch, it will
generate harmonics and mixing products if the signal
currents are comparable to the diode bias current. There-
fore the bias must overcome the signal amplitude if
such distortion is not tolerable. The bias can easily
overcome the signal effects except in the case of a vari-
able attenuator application. If an unbalanced switch like
the 3570 is to be used in a high-speed continuous control
application, these nonlinear effects must be eliminated
by filtering or must be tolerable in the application.

such that the switch provides a dc open circuit at one
RF port and a dc short or return path at the other RF
port. It may thus be used with other solid state compo-
nents requiring one or the other without the need for
an additional RF component.

RATINGS—ABSOLUTE MAXIMUM

Maximum Bias Current 100 mA DC steady state

Maximum Bias Voltage 36 volts

Maximum Voltage (DC) center conductor T end, 200 V
to ground

Maximum Current (DC) center conductor = end, 100 mA
to ground

Storage and Operating Temperatures —55°C to + 125°C
Shock 30 G, 3 ms duration
Vibration 10 G, 10-100 Hz

Mounting Position Any

Maximum Power Handling @ 25°C 1 watt CW
(for 100 mA bias OFF and 11 v bias ON)

Bias Polarity for “OFF” Positive
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MAXIMUM AND MINIMUM ELECTRICAL CHARACTERISTICS AT 25°C

Insertion Loss

Frequency @ 20V Bias
(GHz2) Typical Maximum
1-2 0.6 1.0
2-4 0.8 1.2
4-8 1.2 15
8-12.4 16 2.0
Switching speed @ 25°C*
(10%-90% RF Voltage) RF ON:
RF OFF:

* Note: Switching speed is slightly affected by ambient
temperature, nature of bias circuit, and VSWR in RF
lines. Rise and fall times of switch driver must be con-
sistent with switching time desired.

Isolation VSWR
@ + 100 mA Bias @ — 20V Bias
Typical Minimum Typical Maximum
31 27 dB 15:1 2:1
36 33dB 1.5:1 2:1
42 38dB 1.8:1 2.5:1
45 40 dB 1.8:1 2.5:1
Maximum Typical
15 9
10 6

Video leakage—with 100 mA and 11V pulse
going on < 0.4 mW for < 25 ns, < 1 volt peak
going on < 0.1 mW for < 10 ns, < 1 volt peak

» Indicates change from prior specifications

]
0 ~€— |SOLATION (dB)
30 2
VSWR —>
—1.5
/\
2 I
~€— INSERTION LOSS (dB)
3 I
1 1 1
0| 2 4 8 12
FREQUENCY (GHz)

Figure 2. Isolation, Insertion Loss and VSWR, Typical.

4
:
¢

E

Figure 3. Typical RF Waveform @ 8 GHz (25°C Ambient)
with HP 214A Pulse Generator as Switch Driver. Scale 5
ns/cm.
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Figure 4. Switch Circuit Diagram. Note external orienta-
tion of = filter on picture.
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Figure 5. V-1 Characteristic at Bias Port (Scale 0.1 V/div.
and 10 mA/div.)
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BROAD BANDWIDTH—DC to 18 GHz | LOW INSERTION LOSS—0.5 to 2.2 dB
HIGH ISOLATION—40 to 80 dB, three series | FAST SWITCHING—2 series, 10 and 50 nsec

MINIATURE SIZE J§ HERMETICALLY SEALED | ALL SOLID STATE
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W — -
MODULAR OCTAVE BANDWIDTH

SPST SWITCHES

Low Cost Modular Design
Octave Bandwidths, 1 to 18 GHz

Bias Port
DC Isolation from RF Line

Type N or 3 mm RF Connectors

i ~ Environmentally Rugged
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DESCRIPTION

HP series 33600 are broadband solid-state switches or
attenuators for use from dc to 18 GHz. They consist of
two or more oxide passivated silicon PIN or fast-switch-
ing diodes which are functionally integrated into 50-ohm
miniature coaxial transmission line. Dimensions of the
A series match both 0.141-inch 0.D. and 0.188-inch O.D.
miniature semi-rigid coaxial cable, and are readily adap-
table to 0.276-inch O.D. line. Module housings are her-
metically sealed and all internal joints are welded or
thermal compression bonded, using proven materials to
assure reliable operation under severe environmental
conditions. The B series incorporates one male and one

female 3 mm miniature RF connector with the module
to facilitate applications where connectors are desired.

APPLICATION

HP 33600 A/B series are versatile, electrically actuated
control elements that are ideally suited for a large vari-
ety of high frequency and microwave circuits including:
Pulse Modulators, Amplitude Modulators, Phase Shifters,
Multiple Throw Switches, Phased Array Antennas, T-R
Switches, Limiters, Attenuators, Automatic Gain Control
Circuits, Power Leveling Circuits, Redundant Microwave
Systems, Signal Synthesizers, Frequency Synthesizers,
Suppressed Carrier Modulators, Pulse Shapers, Antenna
Lobing Circuits.
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ABSOLUTE MAXIMUM RATINGS (All Modules & Options)
Maximum Forward Bias Voltage (all units)........... 1.0 volt

Maximum Reverse Diode Breakdown Voltage
33602/3/4 A and B
33622/3/4 A and B
Maximum Incident Power........ See power handling curves
and derating curve

MECHANICAL CHARACTERISTICS (Modules Only)

SiZ€ o As shown in the outline drawing
Weight
A Versions ... One gram maximum, all units

B Versions ..Ten grams maximum, all units
Materials ... Case, Cover, and Leads: Kovar
Finish .......... Case, Cover, and Leads or Connectors: Gold

plated, 50 p inches, minimum
ELECTRICAL SPECIFICATIONS

All specifications are at 25°C and apply to either RF
port since all units are electrically and mechanically
symmetrical.

DESIGN CHARACTERISTICS (A Modules Only)
Temperature, Storage ... —65° to +150°C
Temperature, Operating ... —65° to +150°C

MIL-STD-750 reference and conditions

Temperature Cycling ........ Method 1051, Test Condition B
Thermal Shock ................ Method 1056, Test Condition A
Humidity ............. Method 1021.1, omit initial conditioning

Shock ................ Method 2016.1, 5 blows each Xy, Yy, Yy, Z
orientations, 0.5 Ms pulse, 1500 G min.,
non-operating

Vibration Variable Frequency ............. Method 2056
Constant Acceleration ..................... Method 2006, 2000 G

VSWR o, Switch ON: Refer to Table |

USABLE FREQUENCY

RANGE ......... dc to 12.4 GHz (33604 A/B, 33624 A/B)
dc to 15 GHz (33622 A/B, 33623 A/B)
dc to 18 GHz (33602 A/B, 33603 A/B)

TABLE |

Switch OFF: High, dependent on bias and

frequency, typically 20-40:1
VSWR is determined in a 50 Q
coaxial cable system.

VSWR, ISOLATION, AND INSERTION LOSS CHARACTERISTICS

Specifications and Typical Performance (Modules Only)

Type Parameter— de-0.1 GHz 0.1-1.0 GHz 1-2 GHz 2-4 GHz 4-8 GHz 8-12 GHz 12-18 GHz
No. Test Condition Spec.  Typ. Spec.  Typ. Spec.  Typ. Spec.  Typ. Spec.  Typ. Spec.  Typ. Spec.  Typ.
VSWR (0 bias) 151 13:1 151 131 151 131 151 1.3:1 201 15:1 2.0:1 151 22:1 15:1
max. max. max. max. max. max. max.
33602 Isol. (lsias = 100mA) 30 dB 34dB | 33dB 38 dB [ 35 dB 40 dB | 40 dB 45 dB | 45 dB 50 dB | 45 dB 50 dB | 45 dB 50 dB
A/B min. min. min. min. min. min. min.
Insert. Loss (0 bias) 02dB 0.1dB)| 05dB 03dB| 05dB 0.3 dB| 0.7 dB 05dB| 1.2dB 1.0dB| 1.5dB 1.0 dB | 20 dB 1.5 dB
max. max. max. max. max. max. max.
VSWR (0 bias) 151 1.3:1 151 13:1 1.7:1 151 20:1 181 2.0.1 18:1 20:1 18:1 24:1  2.1:1
max. max. max. max. max. max. max.
33603 | Isol. (lsias = 150mA) 35d8 37dB | 38dB 40dB | 55 dB 60 dB | 60 dB 65 dB | 60 dB 70 dB | 60 dB 70 dB | 60 dB 70 dB
A/B min. min. min. min. min. min. min.
Insert. Loss (0 bias) 0.2 d8 0.1 dB|03dB 0.2dB |08 dB 06 dB| 0.8 dB 06 dB | 1.5 dB 1.0 dB| 1.5 dB 1.0 dB | 2.3 dB 1.8 dB
max. max. max. max. max. max. max.
VSWR (0 bias) 151 121 151 121 1.6:1 14:1 1.7:1 15:1 1.7:1 151 | 17:1 15:1
max. max. max. max. max. max.
33604 | Isol. (lsias = 200mA) 43 dB 45dB | 45dB 50 dB [ 65 dB 70 dB | 80 dB 87 dB | 80 dB 87 dB | 80 dB 87 dB
A/B min. min. min. min. min. min.
Insert. Loss (0 bias) 0.3dB 02dB|04dB 03dB |08 dB 0.6 dB| 1.0dB 08 dB| 1.3 dB 1.0 dB | 1.5 dB 1.3 dB
max. max. max. max. max. max.
12-15 GHz
VSWR (Bsias = — 10V) 1.5:1 1.3:1 151 131 151 1.3:1 20:1 15:1 20:1 15:1 2.0:1 15:1 221 17:1
max. max. max. max. max. max. max.
33622 | Isol. (lsias = 100mA) 25d8 28 dB [ 28 dB 30 dB [ 28 dB 31 dB | 33 dB 36 dB | 39 dB 43 dB | 45 dB 48 dB | 45 dB 48 dB
A/B min. min. min. min. min. min. min.
Insert. Loss 0.2dB 0.1dB|05dB 03dB| 05dB 03 dB| 0.7 dB 05dB|1.2dB 1.0dB| 1.5 dB 1.0 dB| 2.0 dB 1.5 dB
(Veias = — 10V) max. max. max. max. max. max. max.
VSWR (Vs = — 10V) 15:1 121 15:1 121 151 121 15:1 121 1.7:1  14:1 20:1 151 20:1 17:1
max. max. max. max. max. max. max.
33623 | Isol. (Isias = 150mA) 28 dB 31 dB [ 30dB 33dB | 35dB 40 dB | 45dB 50 dB | 55 dB 60 dB | 60 dB 65 dB | 60 dB 65 dB
A/B min. min. min. min, min. min. min.
Insert. Loss 0.2dB 0.1dB|03dB 02dB|05dB 03 dB| 0.7 dB 05dB| 09 dB 0.7 dB| 1.5 dB 1.3dB | 2.0 dB 1.6 dB
(Veias = — 10V) max. max. max. max. max. max. max.
VSWR (Veias = — 10V) 151 121 151 1.2:1 1.5:1 1.2:1 151 121 1.7:1  14:1 231 2.0:1
max. max. max. max. max. max.
33624 | Isol. (lsias = 200mA) 30dB 32dB | 32dB 35dB | 45dB 50 dB | 60 dB 65 dB | 75 dB 80 dB | 80 dB 85 dB
A/B min. min. min. min. min. min.
Insert. Loss 02dB 01dB|03dB 02dB| 05dB 0.3 dB| 0.6 dB 04 dB| 1.1 dB 0.8 dB| 2.0 dB 1.7 dB
(Vaias = — 10V) max. max. max. max. max. max.
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Figure 1. Typical Attenuation and Insertion Loss vs. Fre-
quency.

SWITCHING CHARACTERISTICS

The switching characteristic is measured over a dy-
namic range of approximately 10 dB of detected RF
power. The RF “OFF” to “ON” time is measured between
10 dB of isolation and a point 0.45 dB above thé insertion
loss of any module. The RF “ON” to “OFF"” time is meas-
ured between a point 0.45 dB above the insertion loss and
10 dB of isolation of any module. This is a 10%-90%
measurement of the detected video pulse when square
law detection obtains in the system.

The measurement is made with a module biased “OFF”
with forward current as follows:

Forward Current

33602, 33622 A/B 100 mA
33603, 33623 A/B 150 mA
33604, 33624 A/B 200 mA

The modules are driven “ON" by a voltage pulse of
40 volts for 33622/23/24, and 50 volts for 33602/03/04
having rise and fall times of 20 nanoseconds as ob-
tained from a pulse generator with a 50-ohm source
impedance, such as the Hewlett-Packard Model 214A.

TABLE 11

Switching Speed—nanoseconds
Specifications and Typical Performance

Speed “OFF” Speed “ON”
to “ON" to “OFF”

Type No. Max. Typ. Max. Typ.
33602 A/B 50 ns 45 ns 50 ns 40 ns
33603 A/B 75 ns 50 ns 50 ns 40 ns
33604 A/B 100 ns 75 ns 50 ns 40 ns
33622 A/B 10 ns 7ns 10 ns 8ns
33623 A/B 15ns 10 ns 10 ns 8 ns
33624 A/B 25 ns 20 ns 15ns 10 ns

RF POWER HANDLING CHARACTERISTICS

The incident RF power that can be safely handled by
the modules is dependent on the breakdown voltage of
the diodes, the maximum diode power dissipation, the
bias state of the module (i.e., whether the unit is ON,
OFF, or in an intermediate attenuation condition), and
the frequency of the RF signals.

Maximum safe signal power handling capability of the
modules as a function of attenuation and frequency is
shown by Figures 2, 3, and 4. Note that safe limits for
both pulse and CW conditions are given: Under full isola-
tion conditions the limiting factor which defines power
handling capability is energy storage capacity of the di-
odes. Under insertion loss conditions the limiting factor
which defines power handling capability is diode break-
down voltage.
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The limits defined for pulse power handling assumed a
one microsecond pulse at a duty factor of 0.1% maxi-
mum. Table Il defines correction factors to be used for
pulse durations of 0.5 usec and 2.0 usec. These factors
may be used directly to modify incident power limita-
tions read from Figures 2 and 4.

TABLE il
33602, 33603, 33622, 33623,
Pulse Width 33604 A/B 33624 A/B
0.5 usec 1.55 1.52
2.0 usec 0.62 0.7
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Figures 2, 3, and 4 are valid for operation at 25°C only.
The derating curve of Figure 5 defines the temperature
derating factors which apply over the operating tempera-
ture range, and which can be used with power handling
limits derived from Figures 2, 3, and 4 to completely de-
fine the power capability of any module.

MULTIPLY INCIDENT POWER BY
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Figure 5. Temperature Derating of Incident Power.

TYPICAL CHARACTERISTICS

ATTENUATION. HP Switching Modules exhibit negli-
gible fine grain attenuation characteristics. Typical vari-
ations of attenuation as a function of bias current,
frequency, and temperature are shown in Figures 6, 7,
8, 9, 10, 11, and 12.
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NOISE, HARMONICS and SPURIOUS SIGNALS. HP
Switching Modules behave as thermal resistances
shunted across the transmission line. Their excess noise
temperature is less than 20° Kelvin, resulting in noise
figures essentially equal to the insertion loss at all bias
levels, exceeding this value by less than 0.2 dB at the
worst case, the 6-10 dB attenuation range.

Harmonic distortion products; generated internally by
33602, 33603, and 33604 modules, are at least 40 dB below
fundamental output levels for signal frequencies above
350 MHz. For 33622, 33623, and 33624 modules, the 40 dB
down ratio holds for signal frequencies above 4 GHz, at
full isolation level, or at insertion loss level for power
inputs less than 1% watt. ]

Feed-through of RF signals into video control circuits
and feed-through of video control signals into RF lines
are functions of bias circuit and filter designs. Isolation
of control pulses from the RF line of = 30 dB and iso-
lation of RF signal from the control circuit of ~ 70 dB
have been achieved at HP.

PHASE SHIFT. The phase shift characteristics of the
modules are virtually identical to those of a length of
coaxial cable when zero or reverse biased ON. Typical
air equivalent electrical lengths for the two principal
bias conditions are:

33602/33622A  33603/33623A 33604/33624A
Module
ON 1.8cm 20cm 23cm
Between front surfaces of the module.
Module
OFF 0.7 cm 0.7cm 0.7 cm

Between either front surface of the module
and the internal short.

The typical transmission phase shift relative to the
ON condition vs. isolation is shown in Figure 13 for both
two-diode and both four-diode modules.
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Figure 13. Typical Relative Transmission Phase Shift vs. Attenuation for 33602 A/B, 33604 A/B, 33622 A/B, and
33624 A/B. (Negative phase shift is equivalent to longer line length.)

SWITCH BIASING APPLICATION INFORMATION

Proper biasing of the switch can be understood from

the following schematic diagrams, Figures 14 and 15.

* BIAS
VOLTAGE

;[ gsPASS

RFC

50 OHM
LINE

CENTER CONDUCTOR

EE )

| _— OUTER CONDUCTOR & CASE

Figure 14. 33602 Module Schematic Diagram.
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Figure 15. 33622 Module Schematic Diagram.
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Bias can be applied to either port center conductor.
The switch is “ON"” or passing an RF signal when the
bias voltage is zero or a positive value for 33602/3/4
modules, zero or negative for 33622/3/4 modules. Under
this condition the diodes are a high impedance and the
current through them is typically less than one micro-
ampere. The switch is “OFF” or blocking an RF signal
when the bias voltage is negative for the 33602/3/4 mod-
ules and positive for the 33622/3/4 modules. Under this
condition the diodes are forward biased to a low im-
pedance. The individual diodes are matched and the
total bias current is divided equally between them. The
magnitude of the forward bias current determines the
degree of attenuation provided by the switch.

The forward bias current-voltage characteristics of the
modules are shown in the following table:

TABLE IV
TYPICAL CURRENT @ 1 VOLT

Current @ 1 Volt

Module Forward Bias
33602 450 mA
33603 675 mA
33604 900 mA
33622 300 mA
33623 450 mA
33624 600 mA

MOUNTING AND BIASING INSTRUCTIONS

MOUNTING. Since the modular switch is a short sec-
tion of coaxial transmission line, mounting joins the
switch with other sections of transmission line so that
the whole appears as a single transmission line of uni-
form impedance.

The most critical concern in the mounting of the outer
conductor of the module is prevention of RF leakage.
Very small gaps may act as resonant sections of trans-
mission line, exhibiting path attenuation up to 20 dB
less than that of the switch. For this reason, the contact
between the switch and the outer conductor of the
transmission line must be made gap-free, either with
positive mechanical contact or through the use of con-
ductive compounds such as silver loaded epoxy.

The two basic methods of mounting the outer conduc-
tor are: (1) contact with the ends of the module; and
(2) contacting the outer diameter. For simple designs,
the end contacting method is limited to lines with an
I.D. of less than 0.187 inch, while diameter contacting
is limited to lines with an I.D. of 0.187 inch or greater.

An example of end contacting is shown in Figure 16.
Mechanical pressure maintains a zero gap at the con-
tacting surfaces.

3600 SERIES MODULE .

I e Y e, iy
l [V 7y 7y Yepill ,
| AT RTYEEINN
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Figure 16. End Contacting Modules.

Mounting the switch by contacting the outside diam-
eter is the simplest method mechanically, but is also
most prone to RF leakage. Because the dimensional tol-
erance on the module diameter is +0.001/—0.000 inch,
a coaxial line bored for a line fit with a maximum diam-
eter unit will have a 0.001 inch gap with a minimum
tolerance unit. This may result in a leakage path, par-
ticularly at frequencies where the length of the switch
is ¥2 wavelength. Also, a loose fit will not ensure a good
dc contact, a requirement for proper operation.

There are many techniques which will eliminate this
leakage problem:

(1) The switch can be sealed with a conductive epoxy.
The compound must have excellent conductivity since
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any resistance will appear in series with the diode resist-
ance and reduce the switch isolation. Several com-
pounds satisfying these requirements are commercially
available.

(2) Conductive O-rings, of rubber or soft metal, or
metal mesh may be used to seal leakage paths and en-
sure a good dc contact. If more than one of these seals
are used, best results will be obtained when they are
placed ¥4 wavelength apart. See Figure 17.
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Figure 17a. Module Mounting with “O” Rings.
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Figure 17b. Module Mounting with Metal Mesh Rings.

Mounting the center conductor of the line to the
switch consists of making an electrical/ mechanical con-
tact that is properly matched to the line impedance.
Soldering or finger contacts with tapered or “stepped”
pins will accomplish this. Two typical examples are
shown, with pertinent dimensions, in Figure 18.
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Figure 18a. Center Pin Contact.
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Figure 18b. Center Pin Contact.



In attaching connectors to the coaxial line, standard
RF design practices should be followed. Since the center
conductors of the switch are 0.014 inch in diameter,
connectors with captured center conductors should be
used if rough handling might be encountered.

BIASING. Since the diodes in the modules shunt the
transmission line, the dc bias must be applied across
the terminals of the line. This requires a shunt dc con-
nection to the center conductor that appears as a high
impedance to the RF signal. Several ways to accomplish
this are shown below.

(1) A ¥4 wavelength shunt transmission line can be
used, as shown in Figure 19. The impedance of the shunt
line should be high for maximum bandwidth. Reasonable
impedance values give a good match over greater than
one octave. The ¥ wavelength line must be terminated
by an RF short, which can be achieved by a large lumped
capacitance or a ¥ wavelength section of open circuited
low impedance line. Excessively large values of bypass
capacitance, which increase the isolation of RF from
the bias port, also may slow the switching speed.

LUMPED
CAPACITANCE

\

Hiz

|\\

BIAS IN

3
IS

Figure 19. Quarter-wave Bias Lines.

LoZ

BIAS IN

(2) A variation of the above is the use of a ¥4 wave-
length section of helical transmission line, fabricated
from a small coil spring. The impedance of such a de-
vice is generally high, while the physical length is typi-
cally several times smaller than a normal transmission
line of equivalent electrical length. See Figure 20.

(3) Lumped element high pass filters may also be
used. They have an added advantage of excellent sup-
pression of the switching pulse from the RF line.

(4) Other system components may be adapted to intro-
duce bias to the switch. One example is using accessible
center conductors on terminations of circulators; an-
other is utilizing a small wire connected to the probe of
a waveguide to coax transition. Mounted at right angles
to the electric field, such a device does not disturb the
transition.
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Figure 20. Helical Spring Bias Line Detail.

The presence of other components in the system, such
as detectors, mixers, other switches, etc., often requires
isolating the dc bias from the rest of the RF circuit.
Other components such as couplers, filters, and wave-
guide fulfill this requirement. However, in many cases a
blocking circuit must be constructed.

(1) Figure 21 shows a ¥ wavelength open line in series
with the line center conductor. High values of dielectric
constant wili decrease both the device iength and the
impedance, the latter required for wide bandwidth. If
the Y4 wavelength shunt line is used for bias insertion,
locating these two lines at the same point will further
increase the bandwidth.

M

CENTER CONDUCTOR

Figure 21. Bias Blocking Detail.

(2) Another useful blocker is a lumped capacitor. A
thin wafer of a high dielectric ceramic can be metalized
and soldered to one half of a split center conductor. The
other half of the center conductor contacts the capaci-
tor with a bellows or spring-loaded button. An example
is shown in Figure 22.

SOLDER

/ BELLOWS
l H7/
B

n

HiK METALIZED CERAMIC

CENTER CONDUCTOR

Figure 22. Bias Blocking Detail.

(3) Lumped element high pass filters can be used.
These devices also have excellent suppression of the
switching pulse from the line.

MODULE DRIVE CIRCUITS

A complete description of circuitry for switch driver
applications of the modules is given in HP Application
Note 914. This note describes required video driving
waveforms, and means of generating these waveforms.
Emphasis is given to methods of achieving very fast
switching speeds or high modulation frequencies. The



note also discusses charge storage behavior of PIN
switching diodes, drive waveform requirements, sug- ’ 2
gested forms of drive circuits, pulse leakage into the RF Sk SK [
system, test and measurement methods, and precautions ] 7R ~DEPENDS ON DESIRED
for high-speed circuits. A R; H:E“;W‘“" BIAS CURRENT
2N3642

An elementary transistor driver suitable for obtaining 1K D
50 nanosecond rise and fall times is shown below. No OV SWITCH N as 7}' u'z' L o 1 i
pulse shaping is used. The RF filter should not affect ~SV SWITCH OFF T % i 'Y
the bias pulse but may contain an RF by-pass such as 1 =
the 45 pF capacitor used in this circuit. Fast switching B

silicon diodes D, and D; serve only to offset the emitter
voltage so that the second transistor may turn off. Example of a Transistor Driver.

DESIGN CHARACTERISTICS
(Modular Octave Switches and B Version Modules)

TeMPErature, STOTAZE ... oot eee oo eeeeee —65°C to +125°C
Temperature, OPErating ...ttt —65°C to +125°C

MIL-STD-202 Reference and Conditions

Temperature Cycling—Method 102A, Condition C... ... e —65°C to +125°C
Altitude —Method 105C, Condition B ... . e 50,000 feet
Humidity —Method 103B, Condition A 40°C, 90-95% RH, 240 hours
Vibration —Method 204A, Condition B e 10-2000 Hz, =15 G
Shock —Method 213, Condition B 75 G, 6 msec pulse
Salt Atmosphere —Method 101B, Condition A............o e Fog at 35°C, 96 hr
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MODULAR OCTAVE BANDWIDTH
SPST SWITCHES

DESCRIPTION

A series of standard octave bandwidth microwave co-
axial reflective SPST switches covering the frequency
range from 1 to 18 GHz has been developed around the
33600A modules. These switches are complete with co-
axial connectors at the RF and bias ports, dc blocking
capacitors, bias choke, and bypass capacitor. Fifty-six
switches are available as options to the 33600A modules,
with Type N or 3 mm RF connectors, and BNC or 3 mm
bias connectors. A wide range of performance is avail-
able: frequency coverage from 1 GHz to 18 GHz, from
30 to 80 dB isolation, 0.7 to 2.8 dB insertion loss, and
10 nanosecond to 100 nanosecond switching speeds. Due
to the modularity of the design, this flexibility is ob-
tained at low cost to the user, while providing a rugged,
reliable product.

Other connector options and/or non-standard fre-
quency octaves are available on special order. The me-
chanical dimensions of the switches vary depending on
the module used.

APPLICATION

This line of low-cost SPST reflective coaxial PIN diode
switches is ideally suited for a wide variety of low and
medium power applications in high frequency and micro-
wave circuits. These include: Pulse Modulators, Ampli-
tude Modulators, Phase Shifters, T-R Switches, Limiters,
Attenuators, Levelers, AGC Circuits, and many others.
The low cost of these PIN diode switches permits the
replacement of electromechanical switches where the
advantages of solid-state reliability and nanosecond
switching speeds are beneficial.

MODULAR OCTAVE SPST SWITCHES

The electrical properties of each switch type are re-
lated to the specific 33600A module employed, and the
option number indicates the connector types and the
octave band covered. Table V gives the electrical per-
formance specifications of the switches employing each
module type. Table VI shows the connector and fre-
quency band for each option. Figure 23 shows the me-
chanical outline of the switch as a function of the
module length, and the general construction details. The
absolute maximum ratings are determined by the mod-
ule used (see page 1).

TABLE VI
Option Frequency RF Connectors Bias Connectors
No. (GH2) (Female) (Female)
Cc02 1-2 N BNC
Cco3 2-4 N BNC
co4 4-8 N BNC
C05 8-12 N BNC
C18 1-2 3 mm 3 mm
C19 2-4 3 mm 3 mm
C20 4-8 3 mm 3 mm
C21* 8-18 3 mm 3 mm
C65 8-12 3 mm 3 mm
C66* 12-18 3 mm 3 mm

* Available only on 33602A and 33603A, and to only 15 GHz on 33622A
and 33623A.

TABLE V

33600A Option CXX
SPST SWITCH PERFORMANCE TABLE

021
Option Number £02/C18 €03/C19 €04/C20 €05/C65 €66
Type No. Parameter—Test Condition 1-2 GHz 2-4 GHz 4-8 GHz 8-12 GHz 12-18 GHz*
VSWR (0 bias) 2 max. 2 max. 2 max. 2 max. 2.5 max.
gg?&%/\cxx Isol. (dB) (bias — 100 mA) 35 min. 20 min. 45 min. 45 min. 25 min.
Insert. Loss (dB) (0 bias) 0.7 max. 1.0 max. 1.6 max. 2.0 max. 2.5 max.
VSWR (0 bias) 2 max. 2 max. 2 max. 2 max. 2.5 max.
gi‘fg?]"cxx Isol. (dB) (bias — 150 mA) 55 min. 60 min. 60 min. 60 min. 60 min.
Insert. Loss (dB) (0 bias) 1.0 max. 1.1 max. 1.9 max. 2.0 max. 2.8 max.
VSWR (0 bias) 2 max. 2 max. 2 max. 2 max.
gﬁfg‘r‘\"cxx Isol. (dB) (bias — 200 mA) 65 min. 80 min. 80 min. 80 min.
Insert. Loss (dB) (0 bias) 1.0 max. 1.3 max. 1.7 max. 2.0 max.
12-15 GHz*
VSWR (—10 V bias) 2 max. 2 max. 2 max. 2 max. 2.5 max.
gﬁ?ﬁAcxx Tsol. (dB) (bias — 100 mA) 28 min. 33 min. 39 min. 45 min. 45 min.
Insert. Loss (dB) (—10 V bias) 0.7 max. 1.0 max. 1.6 max. 2.0 max. 2.5 max.
VSWR (—10 V bias) 2 max. 2 max. 2 max. 2 max. 2.5 max.
o Isol. (dB) (bias = 150 mA) 35 min. 45 min. 55 min. 60 min. 60 min.
Insert. Loss (dB) (—10 V bias) 0.7 max. 1.0 max. 1.3 max. 2.0 max. 2.5 max.
336244 VSWR (—10 V bias) 2 max. 2 max. 2 max. 2 max.
Option CXX Isol. (dB) (bias = 200 mA) 45 min. 60 min. 75 min. 80 min.
Insert. Loss (dB) (—10 V bias) 0.7 max. 0.9 max. 1.5 max. 2.5 max.

* 3 mm Connectors Only.
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Module Type A* Connector B* C*
Inches mm Inches mm Inches mm
33622/33602 1.2 30,5 Type “N"” Female 0.64 16,25 _ _
33623/33603 13 33,0 3 mm Female 0.31 79 0.39 9,9
33624/33604 1.4 35,6 BNC Female - _— 0.50 12,7
*Nominal dimensions.
Figure 23
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HP 3711 246 Dimensions in inches

HIGH POWER-=-75 Watts Peak Pulse
BROAD BANDWIDTH--400 VIHz to 12.94 GHz
LOW INSERTION LOSS--0.4 to 1.9 dB
NEGLIGIBLE SPIKE LEAKAGE--0.1 erg

FAST RECOVERY --20 nsec

MINIATURE SIZE

HERMETICALLY SEALED

ALL SOLID STATE--HYBRID INTEGRATED

DESCRIPTION

HP series 3700 are broadband solid-state passive limiters for use from 400 MHz to 12.4 GHz. They consist of two
oxide passivated silicon PIN diodes which are functionally integrated into 50-ohm miniature coaxial transmission
line. Dimensions of the 3700 series match both 0.141 inch 0.D. and 0.188 inch O.D. miniature semi-rigid coaxial cable,
and are readily adaptable to 0.276 inch 0.D. line. Module housings are hermetically sealed and all internal joints are
welded or thermal compression bonded, using proven materials to assure reliable operation under severe environmental

conditions.

APPLICATION

HP series 3700 are versatile, passive, protective elements that are ideally suited for high frequency and micro-
wave circuits including: T-R switches, Limiters, and Duplexers in Phased Array Radar Receivers, ECM Receivers,
Telemetry Receivers, Signal Simulators, and Redundant Microwave Systems. The 3700 series has dual usage capabil-
ity, as a switch, modulator, or attenuator. An external grounded dc return is required for limiter service. dc bias
control current applied through this return allows operation as a switch, modulator, or attenuator.
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DESIGN CHARACTERISTICS

Usable Frequency Range .................... 400 MHz to 12.4 GHz
Spike Leakage Over Usable

Frequency Range Less than 0.1 erg
(pulse rise time = 30 ns)

20 ns max.

Recovery Time

ENVIRONMENTAL RATINGS
Temperature, Storage —65° to + 150°C
Temperature, Operating ....................... — 65° to + 150°C
Solder Immersion (3701 only) Device body totally
immersed in solder, 230°C, 5 seconds
MIL-STD-750 reference and conditions
Temperature Cycling Method 1051, Test Condition B
Thermal Shock Method 1056, Test Condition A
Humidity Method 1021.1, omit initial conditioning
Shock Method 2016.1, 5 blows each X1, Y1, Y2, Z
orientations, 0.5 ms pulse, 1500 G min.,
nonoperating
Method 2056
Method 2006, 2000 G

Vibration, Variable Frequency
Constant Acceleration

Figure 1 applies at room ambient temperatures only.
The typical offset of varying ambient temperature upon
leakage power is shown in Figure 2 measured at varying
power levels at 10 GHz.

56 GHz

9.4GHz
400 MH2

/V

OUTPUT POWER (WATTS)

12GHz

INPUT POWER (WATTS)

Figure 1. Typical output power vs. input power. T = 25°C.

ABSOLUTE MAXIMUM RATINGS

Maximum Forward Bias Voltage ............cccocoooreeee. 1.0 volt
Maximum Reverse Voltage . 30 volts
Maximum Incident Power 1 watt CW
75 watt Peak Pulse for 1 us width, 0.001 Duty

(See temperature derating curves.)

MECHANICAL CHARACTERISTICS

SiZ€ . As shown in the Outline Drawings
Weight ... One gram maximum
Materials ..ol Case, Cover and Leads: Kovar

RF Connectors: Stainless Steel
Finish ................ Case, Cover, Leads, and RF Connectors:

Gold Plated, 50 x inches, minimum

NOISE. HP 3700 series limiter modules behave as
thermal resistances shunted across the transmission
line. Their excess noise temperature is less than 20°
Kelvin. This results in noise figures essentially equal to
the insertion loss at low power levels (below the limiting
threshold).

TEST FREQUENCY = 10 GHz

™

N
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~
~

OUTPUT POWER (MILLIWATTS)

S
S
~

1/

+25 +50
CASE TEMPERATURE ("C)

Figure 2. Temperature effects on leakage power.

TABLE 1
VSWR, INSERTION LOSS, LIMITING THRESHOLD, POWER LEAKAGE
Specifications and Typical Performance — 3701 and 3711

Parameter Test Condition 0.4-1GHz 1-2GHz 2-4 GHz 4-8 GHz 8-12.4 GHz
Spec. | Typ. |[.Spec. | Typ. Spec. | Typ. Spec. |Typ. Spec. |Typ.
VSWR 0 dBm Power Level—in 1.4:1 1.2:1 1.4:1 1.2:1 1.4:1 1.3:1 1.5:1 1.3:1 1.9:1 1.5:1
500 Coax. Cable System Max. Max. Max. Max. Max.
INSERTION LOSS Same as VSWR 0.4dB | 0.2dB |04dB |0.2dB | 0.8dB | 05dB | 1.2dB |1.0dB | 19dB |15dB
Max. Max. Max. Max. Max.
LIMITING Variable CW Power 15 mwW 12 mwW 10 mw 10 mW 5 mW
THRESHOLD
CW POWER 1 watt Power Input 80mMW| 70mW |70 mW [ 60 mW | 60 mW | 50 mW | 40 mW |30 mW | 30 mW |20 mW|
LEAKAGE Max. Max. Max. . Max. Max.
PULSE POWER 75 watts Peak Pulse 150 mwW 120 mW
FLAT LEAKAGE 1 us Pulse Width, Max. Max.
0.001 Duty @ 5.6 and 9.4 GHz
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Power ratings are valid for operation at 25°C only. The
derating curve of Figure 3 defines the temperature de-
rating factors which apply over the operating tempera-
ture range, and which can be used with power handling
limits to completely define the power capability of the
limiter.

MULTIPLY INCIDENT POWER BY
APPROPRIATE FACTOR WHEN
OPERATING AT TEMPERATURES
OTHER THAN ROOM AMBIENT
TEMPERATURE

INCIDENT POWER DERATING MULTIPLYING FACTOR

+25 +50 +75
CASE TEMPERATURE | C}

+100 +125 +150

Figure 3. Temperature derating of incident power.

PHASE SHIFT. For power levels below the limiting
threshold the phase shift of HP series 3700 limiters is
virtually identical to that of 1.8 cm of air transmission
line.

OUTPUT AMPLITUDE VARIATIONS

Above the limiting threshold, the output can abruptly
change level as much as 3 dB with changing input
power. This is caused by large amplitude second and
third harmonic currents circulating through the limiter
when the external circuit presents large reflections to the
limiter terminals. These currents may add to or subtract
from the self-bias current generated by the fundamental
signal, lowering or raising the diode impedance and
consequently decreasing or increasing the output level.
Providing a good match at both limiter terminals at twice
the signal frequency will eliminate the abrupt output
variations.

MOUNTING OF 3701 MODULE

Since the module is a short section of coaxial trans-
mission line, mounting joins the unit, electrically and
mechanically, with other sections of transmission line so
that the whole appears as a single transmission line of
uniform impedance, although not necessarily of uniform
dimensions.

Besides the obvious requirements of mechanical rigid-
ity and accurate location, the most critical concern in
the mounting of the outer conductor of the module is
prevention of RF leakage. Very small radial gaps, on‘the
order of a few tenths of a mil, may act as resonant sec-
tions of transmission line, exhibiting path-attenuation up
to 20 dB less than that of the limiter. For this reason,
the contact between the module and the outer conductor
of the connecting transmission line must be made to be
gap-free, either by means of a mechanical contact that
is essentially zero gap, or through the use of conductive
compounds, such as silver loaded epoxy. An alternative,
to this ideal electrical contact is the use of loss “spoil-
ers” in all possible leakage paths.
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The two basic methods of mounting the outer con-
ductor are (1) contact with the ends of the module; and
(2) contacting the outer diameter. One of the main fac-
tors affecting the choice of methods is the desired
diameter of the transmission line. For simple designs,
the end contacting method is limited to lines with an
I.D. of less than 0.187 inch, and the diameter contact
method is limited to lines with an 1.D. of 0.187 inch or
greater.

An example of the end contacting method is shown in
Figure 4. Mechanical pressure, such as that exerted by
screw threads, maintains a zero gap at the contacting
surfaces.

3701 MODULE
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Figure 4. End contacting modules.

Mounting the limiter module by contacting the outside
diameter is the simplest method mechanically, but is
also the method which is most prone to RF leakage. For
example, inserting the module into a coaxial line having
an inside diameter the same as the outside diameter of
the module. Because the dimensional tolerance on the
module diameter is 4 0.001/— 0.000 inch, a coaxial line
bored for a line fit with a maximum diameter unit could
allow a 0.001 inch loose fit with a minimum tolerance
unit. This can result in a leakage path, particularly at
frequencies where the length of the module is Y2 wave-
length. Also, a loose fit will not insure a good contact,
which is a requirement for proper operation.

There are many techniques which will satisfactorily
eliminate this leakage problem:

(1) The limiter module may be soldered into place. The
HPA 3701 will withstand temperatures up to 230°C, which
allows the use of most common soft solders.

(2) The module can be sealed by means of a con-
ductive compound, either hardening or nonhardening. It
is important that the compound have excellent con-
ductivity, since any resistance will appear in series with
the diode resistance and thereby reduce the limiter iso-
lation. Several compounds which satisfy these require-
ments are commercially available.

(3) Conductive O-rings, of the rubber or soft metal
type, or metal mesh may be used to seal leakage paths
and insure a good contact. If more than one of these
seals are used, maximum results will be obtained when
they are placed 14 wavelength apart. See Figure 5.

(4) Another method, which might be applicable to a
high-volume operation, is to centerless grind the diam-
eter of the module to a precise size. Coupled with accu-
rate honing of the coaxial line, this will allow a press fit
and simple assembly.

(5) The outside diameter of the 3701 may be given a
coating of solder, then pressed into the coaxial line.
The excess solder will shear off. With the ends of the
module properly masked with a teflon bead, the solder
may be applied by dipping in a solder pot. In this case
it is recommended that the module be preheated to
avoid thermal shock and possible damage.



CONDUCTIVE 0-RING

77 N 7777
rf(//r// ’.IMI\Y] .
H///lulff /I,\}l

I A ///ﬁZ/z/ 777

3701 MODULE

Figure 5a. Module mounting with “O" rings.

METAL MESH
3701 MODULE

L

UL /////)0////7%(//////// UL

h”wh U/Al
{/f/l';\’/l!,ﬂ]

OIPIIIIIII

VI ///////}E/////// R

GROOVED RING
PRESSED OR SOLDERED
ONTO MODULE

A/4

OUTER CONDUCTOR
GROOVED RING
MODULE

Figure 5b. Module mounting with “O” rings.

(6) The gap may be effectively eliminated by filling it
with a lossy material such as a thin compressible sleeve
or a lossy compound. With this method, a DC contact
must be made by other means.

(7) Constructing the coaxial line as a split block sim-
plifies mounting and also simplifies the use of com-
pounds, O-rings, and metal mesh gaskets. However, if
any gap remains between the two halves of the block it
must be sealed by one of the above techniques to avoid
possible RF leakage.

Mounting the center conductor of the line to the 3701
consists of making a suitable electrical/ mechanical con-
tact that is properly matched to the line impedance.
Soldenng or finger contacts with tapered or stepped
pins will accomplish this. Two typlcal examples are
shown, with pertinent dimensions, in Figure 6.

In attachmg connectors to the coaxial line, standard
RF design practices should be followed. Since the center
conductors of the module are only 0.014 inch in diameter,
connectors with captured center conductors should be
used if rough handling might be encountered.
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Figure 6a. Center pin contact.
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Figure 7. Quarter-wave dc return lines.

DC RETURN FOR 3701 and 3711

Since the diodes in the limiter modules are connected
in shunt across the transmission line, a dc return path
must be provided between center conductor and ground.
This low resistance dc path must appear as a high shunt
impedance to the RF signal. There are several ways of
constructing a dc return, for example:

(1) A Y wavelength shunt transmission line can be
used, as shown in Figure 7. The impedance of the shunt
line should be high for maximum bandwidth. Easily
obtainable impedance values give a good match over a
bandwidth greater than one octave.

(2) A variation of the above method is the line of a ¥4
wavelength section of helical transmission line, which
can be fabricated from a small coil spring. The imped-
ance of such a device is generally quite high, and the
length is typically several times smaller than a normal
transmission line of equivalent electrical length. See
Figure 8.

(3) Commercially available bias tees perform quite
well as dc returns.

(4) Lumped element filters, such as pi section filters,
may also be used as dc return devices.

(5) Other system components may be utilized for the
dc return. One example is the use of accessible center
conductors on terminations of circulators; another is the
utilization of a small wire connected to the orobe of a
waveguide to coax transition. Mounted at right angles to
the electrical field, such a device does not upset the
impedance of the transition. The input terminal of inter-
digital filters is often at dc ground, as is the loop of
many microwave antennas.
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Figure 8. Helical spring dc return detail.
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Introduction

Broadband applications of hot carrier diode mixers have
been limited by the difficulties of matching the multi-
element circuit which describes a packaged unit. Figure 1
shows the equivalent circuit of a diode with typical element
values for several standard units. Figure 2 shows the im-
pedance of a 2700 series diode with 200 or 80 ohm barrier
resistance. The lower value may be obtained by using 6
milliwatts of local oscillator power or by adding DC bias to
the more conventional 1 milliwatt level. The difficulty of
matching such an admittance function is illustrated in Fig-
ure 3, showing a waveguide mount designed to measure
noise figure. In order to achieve a moderate bandwidth of
400 MHz, four dimensions of the mount were optimized:
the two waveguide short circuit positions, the diameter of
the post, and the transverse location of the post.

Le Rs R
Y VAA- %v
Ce
W
AT
Ce
|1
1
TYPE Rg (R2) Cg (pF) C, (pF) L, (nH)
5082-2400 7-11 0.7 .07 2
5082-2565 3-6 5 .07 2

Figure 1. Equivalent Circuit of Package Diode
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Figure 2. 5082-2700 Diode Impedance
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Figure 3. Mixer Test Mount of 5082-2700 Diode

Hybrid Integration

The development of microscopic assembly techniques
makes it possible to design the semiconductor chip into a
broadband circuit and to substitute the desired circuit ele-
ments for the package elements. The resulting integrated
mixer is shown in Figure 4. The coaxial package with 3 mm
connectors is common to a series of microwave components
including limiters, switches, and impulse generators. These
units are hermetically sealed and all parts are soldered or
bonded to withstand extremes of temperature, shock, and
vibration.
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MALE 3mm CONNECTOR 86

.248
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246 Dimensions in inches

Figure 4. Mixer/Detector Module

Low Pass Filter

The equivalent circuit of the semiconductor-metal bar-
rier is the barrier resistance shunted by its capacitance. There
is an inherent bandwidth limitation related to the RC prod-
uct.! By reducing the resistance with DC bias or high level
local oscillator power, we were able to design the diode into a
low pass filter with cutoff frequency above X band. The
equivalent circuit is shown in Figure 5. The first approx-
imations to the element values were obtained from
Weinberg's tables.? Equivalent distributed elements were
calculated and the resulting admittance plotted on a Smith
Chart. The elements were then modified to center the
admittance on the Smith Chart. Experimental adjustments
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Figure 5. RF Equivalent Circuit
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completed the design. Figure 6 is a photograph of the
33802A before the module is sealed. The coaxial input is
connected to a 50 ohm section of microstrip transmission
line with a bonded strap. The diagonal wire is a DC return,
presenting a high impedance at frequencies above 2 GHz.
The diode chip is soldered to a bypass capacitor. The IF
output is taken from the semiconductor side of the diode,
so that the output polarity of a detected pulse is positive.
The series inductance in the equivalent circuit of Figure 5 is
realized by the wire bonded to the diode and to the micro-
strip center conductor. The input shunt capacitance of the
low pass filter is realized by the open line after this latter
bond. The assembly is completed by sliding a tube over this
unit and welding the edges. Compensated 3 mm connectors
are then soldered in place. The complete assembly is shown
in Figure 4. The 33801A has the opposite polarity. The
assembly is similar, but the chip is soldered to the micro-
strip center conductor so that the output is taken from the
metal side of the diode junction.

Figure 6. Internal View of Module
Noise Figure

The mixer module uses a hot carrier diode chip similar
to that used in the 2700 series of pill diodes. Losses in the
hermetic seal prevent the low noise figures of the 2700 type
from being realized in the module. Best results in the first
production units have been 7.0 dB for single side band
noise figures including a 1.5 dB |F amplifier. Both the
33801A and the 33802A are conservatively specified as 8.5
dB, measured at 10 GHz. Figure 7 shows the frequency
dependence.

NOISE FIGURE (dB)

e

7 /
___/

5 10
FREQUENCY (GHz)

Figure 7. Noise Figure vs. Frequency Performance of
Module
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DC Bias

Although the barrier resistance may be lowered with
sufficient local oscillator drive, production measurements
are made at the 1 mW level, commonly available in systems.
The data shown was taken with fixed bias voltage added to
the local oscillator drive. The results may be optimized by
adjusting the bias for specific frequency bands and local
oscillator levels.

Figure 8 shows the 10 GHz performance at different
local oscillator power levels. The typical rapid deterioration
below 1 mW is shown in the zero bias curve. However,
excellent performance at 0.1 mW may be obtained by using
DC bias. The optimum bias for impedance matching is not
the same as for noise figure, as shown by the intermediate
curves.
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Figure 8. Noise Figure vs. Oscillator Power of Module

Bypass Capacitor

The bypass capacitor presents a short circuit to the RF
input and an open circuit to the |F output. The capacitance
is chosen as a compromise between these two requirements.
Some RF voltage is developed across the capacitive reac-
tance at low RF frequencies, subtracting from the voltage
across the diode. Similarly, at high IF frequencies, the
capacitive susceptance becomes appreciable so that part of
the output current is shunted through the bypass. However,
this loss may be diminished by incorporating the bypass
capacitance into a low pass filter or by simply resonating
the capacitance with a shunt inductance. Figure 9 is a by-
pass design aid showing the IF bandpass limitation when
the latter tuning method is used and the RF loss due to
series voltage drop across the capacitive reactance. The
chart is used by drawing vertical lines at the lowest RF
frequency of interest and at the IF bandwidth. Then a
horizontal line is adjusted until the RF loss equals the IF
loss. An example is shown in the chart. The lowest RF
frequency of interest is assumed to be 3 GHz and the IF
bandwidth 100 MHz. The optimum bypass value is 3 pF.

Standard values of capacitance are 17 pF and 10 pF.
Since the DC return limits the low frequency performance
below 2 GHz, the standard bypass limits only the IF
bandwidth. In the example given, about 1.5 dB of loss is
caused by the 10 pF standard bypass, compared to about

~ 1/4 dB for the optimum value. A variety of bypass values is
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kept in stock for special orders.
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Figure 9. Bypass Capacity Design Curves

Video Detectors

Optimum bias for video detection is only a few
microamperes, so that the low pass filter elements do not
match the resulting high value of diode barrier resistance to
a 50 ohm transmission line. However, the ability of the
module to withstand extremes of shock and vibration has
made the unit popular as a video detector even though it
operates 2 or 3 dB below its capability.

Some analysis of video detection for hot carrier diodes
has been presented in HP Application Note 907 and in an
article by A. M. Cowley and H. O. Sorensen.? This analysis
is extended in the appendix and shows that the input power
required to produce an output 8dB above the noise (a power
level commonly called tangential sensitivity signal or TSS) is:

f 1/2
B8 (1,0, 2)

- 8 1/2
TSS=2X 10" I,B Ra+ I, B "%,

[1 + RSC2F2]
|0

is bias current in microamperes

B is video bandwidth in megahertz

is equivalent noise resistance of the video am-

plifier in kilohms

is the series resistance of the diode in ohms

is the diode barrier capacitance in picofarads

F is the input frequency in gigahertz

is in milliwatts

plifier in megahertz
is noise corner (see Appendix)

Figure 10 shows the predicted behavior of sensitivity
with respect to bias current for 10 GHz input frequency
and 2 MHz video bandwidth. The equivalent noise resis-
tance and lower cutoff frequency of the video amplifier are
750 ohms and 2 kilohertz, corresponding to the character-

is lower cutoff frequency of the video am-
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isticc of the AEL 153A amplifier. The optimum bias is
about 10 microamperes, but is not critical. Since the mis-
match of the 33800A diode is not corrected at low bias
levels, measured VSWR values of 4 or 5 are observed. The
sensitivity curve is corrected for this reflection loss and
compared to measured sensitivities in Figure 10. The forms
of the curves are similar, but the theory predicts 3 or 4 dB
better performance. This may be due to resistive losses in
the module and imperfect diodes.

60 T T T T T T T T T T

- COMPUTED —

CORRECTED FOR
- MISMATCH LOSS -
55 AN

MEASURED .

50 \C

TSS — TANGENTIAL SENSITIVITY (dBm)

[ L L
1 10
BIAS CURRENT (uA)

Figure 10. Detector Performance vs. Bias Current
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The variation of sensitivity with frequency is shown in
Figure 11. The mismatch loss may be overcome by using a
tuner in front of the module. This is shown in the upper
curve. Tuned sensitivity better than -52 dBm is typical over
the 2 to 12.4 GHz frequency range. Detection efficiency is
typically 3 millivolts per microwatt. This may be increased
to 5mV/uW by using a tuning device in front of the module.
The detected voltage is proportional to input power at low
power levels with the one dB compression point occurring
at about 10 microwatts. This compression level may be
raised to one milliwatt by shunting the output with about
500 ohms. At higher input levels, the detection becomes
linear.
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Figure 11. Detector Performance vs. Frequency

Temperature Sensitivity

The noise figure improves at low temperatures and in-
creases at high temperatures. The total variation in noise
figure from -60°C to +100°C is less than 1-1/2 dB. Similar
variations in detection sensitivity may be expected.



Matched Detector Sensitivity

On special order, detector modules with outputs
matched within one dB can be supplied. Another dB of
spread may be expected at extreme temperatures.

Future Products

Improved mixer diodes and improved assembly methods
will lower the noise figure specification by one or two dB.
Different diodes are being developed specifically for detec-
tor applications. These units will be used in tuned detector
mounts with tangential sensitivity of -56 dBm and detection
efficiency of 8 mV/uW over octave bandwidths.

These mixer and detector modules will be integrated
with HPA limiter diodes to provide limiter protected mixers
and detectors. These units will also be integrated with
broad band hybrids to provide broad band balanced mixers.
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APPENDIX

Tangential Sensitivity Signal

The sensitivity of a crystal-video receiver is defined by
the tangential sensitivity signal, the input power required to
raise a detected pulse on an oscilloscope out of the noise so
that the bottom of the noise on the pulse is level with the
top of the undisturbed noise. This measurement depends on
the characteristics of the pulse, the video receiver, and the
observer. Since these parameters can cause a variation of 2
or 3dB, it is customary to define tangential signal sensitivity
(TSS) as the input level required to produce a detected sig-
nal 8 dB above the rms noise levell.

The total output noise voltage, V, depends on the noise
from the amplifier, V,, as well as the noise from the diode,
V... Since the noise is uncorrelated,
Vi=v2+y2, (1)

The amplifier noise may be expressed as the thermal
noise of the “equivalent noise resistance” R

V2= 4KkTBRA (2)
where B is the amplifier bandwidth and T is the ambient
temperature. The diode noise varies with frequency so it
must be expressed as a differential:
_____2 fN

AV7 = 4kTR, ty <1 + —f-) Af, (3)
where R, is the video resistance of the diode and f is the
video frequency. The symbol ty is called the “white noise
temperature ratio”. Although this quantity is theoretically
equal to 0.5 for perfect Schottky barrier diodes, the pres-
ence of series resistance raises the value close to unity. We
will assume ty to be unity in this analysis. The parameter
fi is the “noise corner”, the video frequency for which the
diode noise power is double the noise at high frequencies.
For the diodes used in the 33800 series, fy is about 1 MHz.
Improved diodes under development will have a noise cor-
ner two or three orders of magnitude lower. The total noise
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voltage is the integral of (3) from the lower frequency Iifnit,
f_, of the video passband, to the higher, fi:

i
<B+fN Inf—H>
L

Since B = f,; - f|_and fy >> f_, we may replace fy by B.

V2 =4KkT R, (4)

— B
V2= 4KkT R, <B+fN Inr) (5)
L
Inserting (2) and (5) in (1),
VZ-akte[Ra R, (1400 B (6)
T AT Ry BT

The signal voltage, V, corresponding to the input power
level TSS is

V= (TSS) B, Ry = 2.5 V1 (7)

where (3, is the current responsivity defined in (23) of [3] as

r Qg 1
Bo= oniT - Rs 4m2C2F2RgRg (8)
[ Re 14+ Bs
Rs

where n is a number close to unity for hot carrier diodes.
For most detector application Rg/Rg << 1 so this term will
be neglected. Substituting (6) and (8) in (7),

/ f 1/2
Tss = 10OKTVKTB g 4Ry (1+ D E)
q Rv B fu

(9)
(1 + 4172C2F2RSRB>



The video resistance of the diode, Ry, is the series com- _ 81 R1/2 255 fn . B\]"?
bination of the parasitic series resistance Rg and the non- TSS=2X10-81.B Ra+ Io 1+ B In fL (1)
linear barrier resistance, Rg. Since Rg is assumed negligible,

[1 N RSC2F2]

~ _NkT lo
Rv=gm,+1s) (10)

as derived in [3]. The saturation current lg is several orders

of magnitude less than the bias current I, and will be ne- 1S.N. Van Voorhis, Microwave Receivers, Vol. 23, Radiation
glected. The equation for TSS in the text results from sub- Laboratory Series, Pg. 456, Boston Technical Publishers,

stituting (10) in (9) and letting n = 1. Inc., 1964
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DESCRIPTION

TECHNICAL DATA

HP series 33800 are broadband, hot carrier diode, mixer, or detector modules for use from 2 to 12.4 GHz. They
consist of a passivated hot carrier diode chip, dc return, and bypass capacitor, functionally integrated into
a 50-ohm miniature coaxial transmission line. Module housings are hermetically sealed and all internal joints
are welded or thermal compression bonded, using proven materials to assure reliable operation under severe
environmental conditions.

APPLICATIONS

HP series 33800 are versatile modules, designed as low pass filters, thus encompassing those portions
of mixer/detector circuitry which are difficult to construct for use with broadband microwave equipment. Typi-
cal applications of series 33800 mixer/detector modules include electronic countermeasures and reconnaissance
receivers, test equipment, signal simulators, and missile guidance systems.

ABSOLUTE MAXIMUM RATINGS (Note 1)

Maximum Incident CW Power

Maximum Incident Peak Pulse Power
(1 usec duration, 0.001 DU} oo 0.2 watt
Pulse Burnout (< 10 nsec pulse,

1 dB increase of NFo)

(Note 2) .o

MECHANICAL CHARACTERISTICS

Size As shown in the outline drawing
Weight ... One gram maximum per module
Materials ................... Case and Cover, Kovar; Connectors,

Stainless Steel
Finish oo All pieces: Gold Plated,

50 microinches minimum

ENVIRONMENTAL RATINGS

Temperature, Storage ..
Temperature, Operating

Temperature Cycling ......
Thermal Shock ................

Vibration Variable Frequency

—65° to + 125°C

.......................... —65° to + 125°C
..Method 1051, Test Condition B*
.Method 1056, Test Condition A*
Humidity ... Method 1021.1, omit initial conditioning*
Shock ... Method 2016.1, 5 blows each X, Y), Yz, Z

orientations, 0.5 ms pulse, 1500 G. min.
non-operating*

* MIL-STD-750 reference and conditions.

ELECTRICAL SPECIFICATIONS AT T. = 25°C
Usable Frequency Range 2.0 to 12.4 GHz

........................ Method 2056*

IF OR VIDEO OUTPUT
AND dc BIAS INPUT

17 pF — A VERSION
10 pF — B VERSION

44

HOT CARRIER DIODE

RF INPUT

-k

801 — REQUIRES POSITIVE dc BIAS

IF OR VIDEO OUTPUT
AND dc BIAS INPUT

dc RETURN ‘5
TYPE 3

RF INPUT

HOT CARRIER DIODE
17 pF — A VERSION

dc RETURN 10 pF — B VERSION

s

TYPE 3802 — REQUIRES NEGATIVE dc BIAS

CIRCUIT DESCRIPTION

The IF bandwidth is limited by the 17 pF bypass capac-
itor of the integrated circuit. Lower values of capacitance
are available on special order.

VIDEO DETECTOR PERFORMANCE 33801A/B, 33802A/B

Typical Tangential Sensitivity 2 to 12.4 GHz
(2 MHz video bandwidth, bias current 50 pA).....— 50 dBm

Limits
Type Number Characteristic Symbol Min. Max. Typ. Unit

33801A/B, 33802A/B | S.S.B. Noise Figure NFo — 8.5 1.5 dB
(Note 3)
Includes 1.5 dB IF N.F.

33801A/B, 33802A/B | IF Impedance Zi 80 130 — ohms
(Note 4)

33803A/B S.S.B. Noise Figure ANFo — 0.3 — dB
Match at 10 GHz

33803A/B IF Impedance Match AZr — 25 — ohms

33801A/B, 33802A/B | VSWR @ Vs = 0.4 volt — 25 2.0 —
approx. —

Notes:

Note 1: These ratings are estimates based upon limited
testings. Improved ratings may be available after
completion of further testing.

Note 2. Three pulses with a pulse width of 10 ns maxi-

mum.
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Note 3. Noise figure is measured at 10.0 GHz using an
IF amplifier with 1.5 dB noise figure at 30 MHz;
local oscillator power is 1.0 mW. DC bias is ap-
proximately 0.4 volt. For 33801 bias polarity is
positive. For 33802 bias polarity is negative.

Note 4. The IF impedance is measured at 30 MHz, bias
at 1.0 mW local oscillator power and approx. 0.4
volt dc.
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Figure 1. Typical IF Impedance vs. local oscillator power Figure 2. Typical N.F. vs. L.O. Power at 10 GHz.
far variniie hiae randitinnce
i VUIIVUOD NIdO LUVIIUILIVIIO.
2
s /
g 15 s -
L — =
\ =
=
=
14 N g
o
\ g
1.2 /
] /
2 4 6 8 10 12 14 16 18

FREQUENCY (GHz)

Figure 3. Typical VSWR (RF impedance) vs. Frequency.
The bias may be adjusted to optimize performance for
narrower frequency bands.
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HYBRID INTEGRATED 35000A
WIDEBAND AMPLIFIERS thru

35005A

SMALL SIZE

HIGH RELIABILITY

®¢ BROAD BANDWIDTHS

¢ HIGH GAIN

e WIDE DYNAMIC RANGE

Description

GENERAL

The HP 35000A-35005A Wideband Amplifiers repre-
sent a combination of Hewlett-Packard’s broad circuit
design background and an advanced hybrid integrated
circuit manufacturing process. Utilizing a tantalum-
based thin film process and unpackaged semiconductor
devices, this series of microcircuit amplifiers provides
performance, reliability, and size advantages unmatched
by conventional designs using packaged semiconductor
devices and discrete passive elements.

The tantalum thin film process provides stable
lumped- and distributed-constant passive networks
with precise geometry and high component density.
Unpackaged high-performance planar semiconductor
devices afford the highest possible performance by
eliminating the parasitic reactances and thermal re-
sistance associated with the device package. Synthetic
sapphire is used as the circuit substrate because of its
uniform dielectric properties, surface smoothness, and
thermal conductivity. The result is an optimum com-
bination of state-of-the-art materials, devices, and
techniques.

PERFORMANCE

These amplifiers are ideal for wideband 50-ohm sys-
tem applications where size and reliability are impor-

tant considerations. They are also desirable as replace-
ments for discrete component amplifiers, due to their
low price and excellent electrical performance. Band-
widths range from 0.1-100 MHz to 0.1-2.0 GHz, and
gains per package from 20 to 40 dB. Low-level stages
have output levels up to 0 dBm, power stages to +20
dBm. Harmonic content and intermodulation products
are at least 20 dB down at rated output. Due to their
well-matched port impedances, units are readily cas-
caded for flat, high gain characteristics.

RELIABILITY

The 35000A-35005A Wideband Amplifiers bring the
inherent reliability of hybrid integrated circuit proc-
essing to many systems previously requiring fragile,
short-lived high frequency or microwave devices. Her-
metically sealed, these amplifiers are immune to
environments that would severely damage their discrete
component counterparts. Microcircuit construction min-
imizes the number of wired interconnections necessary
to build and incorporate these amplifiers in a system.
These factors, coupled with the well-documented long-
term stability of thin-film passive components, make
this series of amplifiers attractive for high reliability
applications.
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HP 35000-Series Amplifiers

HP 35000A and HP 35001A 0.1-100 MHz

These amplifiers are compatible low-level and power
stages covering 0.1 to 100 MHz. The 35000A has 30 dB
gain and low distortion at output levels up to 0 dBm.
The 35001A has 20 dB gain and will supply +20 dBm
with low harmonic distortion. Although shown here in
packages designed for printed circuit board mounting,
these units are also available in packages with coaxial
input/output connectors similar to those shown for the
35002A and the 35003A.

HP 35002A and HP 35003A 0.01 - 400 MHz

These amplifiers are also compatible stages with
0.01 - 400 MHz bandwidth and 20 dB gain. The 35002A
operates at output levels up to 0 dBm and has a noise
figure less than 5 dB. The 35003A will deliver +20 dBm
with low harmonic distortion. They are available in the
packages designed for printed circuit board mounting,
as well as in the packages shown above.

HP 35004A 0.01-1.3 GHz

This amplifier provides 25 dB minimum gain from
0.01 to 1.3 GHz. It will supply an undistorted 10 mW.
Its noise figure is typically less than 10 dB across its
band.

HP 35005A 0.1-2.0 GHz

This amplifier has 40 dB gain from 0.1 to 2.0 GHz and
will deliver 20 mW with low harmonic distortion. Its
noise figure is typically less than 12 dB.



Technology

SUBSTRATE: The foundation for a microcircuit is
the insulating substrate. The resulting circuit perform-
ance, reliability, and versatility are heavily dependent
on this material. For this reason, the 35000-series uses
single-crystal sapphire oriented with the C-axis in the
plane of the substrate. This accomplishes several
things. First, the dielectric constant is the same for the
dominant TEM mode traveling in any direction on the
substrate; second, the expansion coefficient parallel to
the surface is very similar to that of the materials used
for both resistors and capacitors. For example, sapphire
substrates on which resistors and capacitors have been
fabricated were heated to 500°C, then dipped immedi-
ately in liquid nitrogen with no effect on adhesion.

The other properties of this substrate include dimen-
sional precision to a few tenths of a mil, high thermal
conductivity, good microwave properties, relatively
high dielectric constant (9.6) for fabricating small mi-
crowave structures, resistance to selective etchants re-
quired and, most important of all, a very good surface
finish. This finish permits 0.1 mil geometry, stable re-
sistors with very good uniformity for inexpensive batch
trimming, and stable, pin-hole-free capacitors.

RESISTORS: The thin-film resistors in the 35000-
series circuits have sheet resistances of 30 /00 and
50 /0 with a TCR of about —50 ppm, and 500 Q/0O]
with a TCR of —300 ppm. Geometries approaching 0.1
mil provide a wide range of resistor values.

CAPACITORS: Numerous thin-film capacitors are
used to obtain a desired circuit performance. Some of
the capacitance densities obtained with standard proc-
essing are 107%, 1073, 1072, 1071, 0.33 and 1 pF per square
mil. Breakdown voltages exceed 200 volts for all ex-
cept the 0.3 and 1 pF.per square mil capacitors. Capaci-
tors larger than a few thousand pF are applied in dis-
crete form.

CONDUCTORS: The conductors used are primarily
gold; other materials such as molybdenum are used
for adhesion and as a diffusion barrier. The deposited

P at rocictanca f n1 O/M A +4
gold has a sheet resistance of 0.1 Q/0 and patterns

approaching 0.1 mil can be obtained.

CAPACITORS
CHIPS

FILM

RESISTOR PLANAR SILICON

TRANSISTOR

HP 35000A construction is typical of 35000-series cir-
cuits. Circuit above is complete except for package lid.

The conductors used in the circuits for interconnec-
tions, bonding pads, and strip lines are electroplated
with gold and have a sheet resistance of 2 x 10® Q/0J,
a resolution of 0.1 mil, and an absolute precision of
about 0.2 mil for accurate strip line elements.

ACTIVE DEVICES: Active devices are bonded on the
circuit as discrete components. The devices are used in
chip form: first, because of the necessity of eliminating
parasitics associated with packages at high frequencies;
second to obtain maximum power- handhng capablhtles
by bonding the device directly to the substrate; and
third, to obtain better reliability by eliminating extra
connections.

Every active device is nondestructively tested in chip
form and then selected for each application by an auto-
matic system capable of measuring the devices from
0.1 to 12.4 GHz. The device is then ready to put in a
microcircuit, with full assurance not only that it will
work but that the circuit will perform as required. Cir-

vields are guite hich
uuxl _ylclua airc \iulLU lllsll,

circuit.

‘‘‘‘‘‘‘‘ ith manv devices ner
UVUAA vviiuil AIAQAA‘Y ucv viuco PL’L

Specifications
(With 50-ohm Source and Load Impedances)

HP 35000A
Frequency Range: 0.1 - 100 MHz
Gain: 30 dB minimum
Gain Flatness: =1.5 dB
Noise Figure: Typically less than 8 dB, 1-100 MHz
Output Level:
point
Distortion: Harmonics at least 50 dB down at output
levels up to 0 dBm
Impedances: 50 Q both ports, |p| <0.13 (VSWR < 1.3)
Power Requirements: +20 V at 75 mA maximum
Price: $150.00, 1-9; $134.00, 10-24

> +5 dBm at 1-dB gain compression
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HP 35001A

Frequency Range: 0.1 - 100 MHz

Gain: 20 dB minimum

Gain Flatness: =2 dB

Noise Figure: Typically less than 10 dB, 1 - 100 MHz

Output Level: > +19 dBm at 1-dB gain compression
point

Distortion: Harmonics at least 35 dB down at output
levels up to +10 dBm; at least 20 dB down at +20
dBm

Impedances: 50 Q both ports, |p| <0.13 (VSWR <1.3)

Power Requirements: +20 V at 350 mA maximum;
—10 V at 350 mA maximum

Price: $200.00, 1-9; $178.00, 10-24



Specifications (Cont'd)

HP 35002A

Frequency Range: 0.01 - 400 MHz

Gain: 20 dB

Gain Flatness: =0.5 dB

Noise Figure: <5 dB, 1 - 400 MHz

Output Level: > +7 dBm at 1-dB gain compression
point

Distortion: Harmonics at least 40 dB down at output
levels up to 0 dBm

Impedances: 50 Q both ports, |p| < 0.2 (VSWR < 1.5)
Power Requirements: +28 V at 45 mA maximum
Price: $292.00, 1-9; $248.00, 10-24

HP 35004A
Frequency Range: 0.01 - 1.3 GHz
Gain: 25 dB minimum
-Gain Flatness: =2 dB
Noise Figure: Typically less than 10 dB
Output Level: +16 dBm at 1-dB gain compression point

Distortion: Harmonics at least 30 dB down at output
levels up to +10 dBm

Impedances: 50 Q both ports, |p| < 0.25 (VSWR < 1.7)

Power Requirements: +20 V at 200 mA maximum; —10
V at 200 mA maximum

Price: $766.00, 1-9; $650.00, 10-24

HP 35003A

Frequency Range: 0.01 - 400 MHz

Gain: 20 dB

Gain Flatness: =0.5 dB

Noise Figure: Typically less than 10 dB, 1 - 400 MHz

Output Level: > +23 dBm at 1-dB gain compression
point

Distortion: Harmonics at least 40 dB down at output
levels up to +10 dBm; at least 20 dB down at +20
dBm.

Impedances: 50 Q both ports, |p| < 0.2 (VSWR < 1.5)
Power Requirements: +40 V at 200 mA maximum
Price: $360.00, 1-9; $306.00, 10-24

HP 35005A

Frequency Range: 0.1 - 2.0 GHz

Gain: 40 dB minimum

Gain Flatness: =3 dB

Noise Figure: Typically less than 12 dB

Output Level: +16 dBm at 1-dB gain compression point

Distortion: Harmonics at least 30 dB down at output
levels up to +10 dBm

Impedances: 50 Q both ports, |pi,] < 0.5 (VSWR < 3);
lpout| < 0.33 (VSWR < 2)

Power Requirements: +20 V at 300 mA maximum; —10
V at 300 mA maximum

Price: $1,500.00, 1-9; $1,275.00, 10-24

I © [Jm:

MODEL A B

35002A( 1.80 MAX| 0.75
35003A( 2.05 MAX| 0.75
35004A|2.05 MAX| 0.75
35005A( 3.55 MAX| 110

GINN —

DIMENSIONS ARE IN INCHES

} 170 180
135 TYP[ T 1 UL]]-I ot
j JL 075 DIA DIMPLE
.0I8 DIA (3 PLACES)
r—- 1.370 ——
~ © © o o o
o [ 7
a 600
° T J 870
O o o0 o© o l
.200 l—.100
200 TYP
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HEWLETT @7 PACKARD

NPN EPITAXIAL SILICON
TRANSISTOR CHIPS
fmax to 6.0 GHz

models
35800A
35801A
35802A

These gold-backed, passivated silicon chips are suitable
for miniaturized oscillator and amplifier applications up to

5 GHz.

The chips are 100% probed for the guaranteed ‘‘s”

MICROWAVE CHARACTERISTICS GUARANTEED

DESCRIPTION

parameters. Then they are packaged in individual plastic
compartments for shipment. (Note 1)

The unique moly-gold contact systems permit alloying
temperatures as high as 400°C for a maximum period of

ten minutes without degrading device characteristics.

Absolute Maximum Ratings at 25°C Free Air Temperature HP 35800A HP 35801A HP 35802A
Collector-Base Voltage, Vcso 25 volts 25 volts 25 volts
Collector-Emitter Voltage, Vcxo 15 volts 15 volts 20 volts
Emitter-Base Voltage, Viso 1.5 volts 1 volt 2 volts
Collector Current, Ic 60 mA 75 mA 200 mA
Maximum Junction Temperature (Note 2) 125°C 125°C 125°C
Storage Temperature Range —65 to 4+200°C —85 to +200°C —65 to +200°C

Electrical Characteristics at 25°C Free Air Temperature

Test HP 35800A Test HP 35801A Test HP 35802A

Parameter Conditions |Min. | Typ. |Max.|Conditions |Min. | Typ.|Max.|Conditions | Min. | Typ. | Max.|[Units
BVcso Collector-Base Ic = 10 BA Ic = 20 #A Ic = 100 A

Breakdown Voltage Ie=0 25 | — | — |[le=0 25 | — | — [le=0 25 | — | — \'%
BVeso Emitter-Base Ie =10 LA Ie = 50 A Ie =10 A

Breakdown Voltage Ic=0 15 | — | — |[le=0 1 — | — [Ie=0 2 — | — v
BVcro Collector-Emitter Ic =2mA. Ic =2 mA Ic =10 mA

Breakdown Voltage Ie=0 15 — | — |Is=0 15 — | — |[Iz=0 20 — | — v

(Note 3)
Iceo Collector Current Ves =15V cs =15V Ves =15V

Cutoff Ie=0 — — |10 {le=0 — — | 20 [Ie=0 — — 5 uA
hre Static Forward Ves =15V Vee =15V Ve =15V

Current Transfer Ratio Ic =15 mA | 20 — — |Ic = 30 mA 20 — — |Ic = 30 mA 20 — — —
[Ste]* Transducer Power Veg =15V Ves =15V Vs =15V

Gain (CE) (Note 4) Ic=15mA| 43 [ 52 | — |Ic=30mA | 2.8 | 3.3 | — |[Ic =30mA 40 | 52 | — | dB

f =2 GHz f = 2.0 GHz (70 mA) (4.0) |(52)| — | dB
(3 GHz) @.5) | 20| — f=1 GHz

[Seb|*  Three-terminal Ves =15V Ves =15V Ves =15V

Transducer Power Ic=15mA| 1.8 | 2.0 — |Ic = 30 mA 1.3 | 1.5 — |Ic = 30 mA 1.0 | 2.0 — dB

Gain (Note 4) f =2 GHz f =2.0 GHz f=1GHz
fs Frequency at which Ver =15V Veg =15V Vee =15V

|Ses] = 0 dB Ic=15mA| 38 | 40| — [Ic=30mA | 28 | 30 | — [Ic=30mA | 15 | 20 | — [|GHz

(fmax >1s) (Note 4)
fr * Frequency at which Vez =15V Vop =15V Ves =15V

|hee|=1 Io=15mA| — | 40| — [Ic=3830mA | — | 35| — [lc=30mA | — |30 | — [GHz
fmax *  Maximum Frequency Ve =15V Vo =15V Vo =15V

of Oscillation Ic=15mA| — | 60| — |Ilc=30mA | — | 43 | — |Ic =30mA — | 30 | — [|GHz

Chip Size (inches):

0.015 x 0.015 x 0.004

* Computer-calculated from s parameter measurements.
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TYPICAL CHARACTERISTICS
35800A

SMALL-SIGNAL COMMON-EMITTER S PARAMETERS SMALL-SIGNAL COMMON-BASE § PARAMETERS

Ve =416 v, I, =416 mA, Z¢ = Z, = 50 ohms + j0, T, = 25°C Vey =HM8 V, I =H15 mA, Zo = Z, = 50 ohms + [0, T, = 25°C

INPUT IMPEDANCE and INPUT REFLECTION COEFFICIENT, S, OUTPUT IMPEDANCE and OUTPUT REFLECTION COEFFICIENT, S, INPUT IMPEDANCE and INPUT REFLECTION COEFFICIENT, Sy OUTPUT IMPEDANCE and OUTPUT REFLECTION COEFFICIENT, Sae

SMALL-SIGNAL COMMON-EMITTER S PARAMETERS SMALL-SIGNAL COMMON-BASE S PARAMETERS
Ve =418 V, I, =435 mA, Zo = Z, = 50 ohms + jO, T, = 28°C Ve =H16 V, I =436 mA, Z¢ = Z, = 80 ohms + j0, T, = 25°C
INPUT IMPEDANCE and INPUT REFLECTION COEFFICIENT, S, OUTPUT IMPEDANCE and OUTPUT REFLECTION COEFFICIENT, S, INPUT IMPEDANCE and INPUT REFLECTION COEFFICIENT, Sy QUTPUT IMPEDANCE and OUTPUT REFLECTION COEFFICIENT, Sz,
50 50 i50 50
25 100 25 j100

Coordinates in ohms. Coordinates in ohms. See footnote

REVERSE TRANSFER COEFFICIENT, Sy

Notes: Data includes effects of 0.7 mil bonding wire 20 to 30 mils long.
Dotted curve represents complex conjugate of 1/S:u.

Notes: Data includes effects of 0.7 mil bonding wire 20 to 30 mils long.
Dotted curve represents complex conjugate of 1/S:.
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TYPICAL CHARACTERISTICS

35801A

SMALL-SIGNAL COMMON-EMITTER S PARAMETERS

Ve =418 V, I =+30mA, Z¢ = Z, = 80 ohms + [0, T, = 25°C

INPUT IMPEDANCE and INPUT REFLECTION COEFFICIENT, S\,

OUTPUT IMPEDANCE and OUTPUT REFLECTION COEFFICIENT, S,

Coordinates in ohms

FORWARD TRANSFER COEFFICIENT, S,

Codrdinates in ohms.

REVERSE TRANSFER COEFFICIENT, S 5,

SMALL-SIGNAL COMMON-BASE 8 PARAMETERS

Ver =416V, I =430mA, Z¢ = Z, = B0 ohms + j0, T, = 28°C

INPUT IMPEDANCE and INPUT REFLECTION COEFFICIENT, Syyy OUTPUT IMPEDANCE and OUTPUT REFLECTION COEFFICIENT, Sz,

~is0

Coordinates in ohms Coordinates in ohms

See footnote

FORWARD TRANSFER COEFFICIENT, Sy,

REVERSE TRANSFER COEFFICIENT, Sz
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NOTE 1
OPTIONAL CHARACGCTERIZATION DATA. Each 358004,
35801A, or 35802A can be supplied with its individual
microwave characteristics. Standard data packages in-
clude the scattering parameters and maximum avail-
able gains for both common emitter and common base
configurations. This data can be supplied at 5, 10, or 15
points, where the measurement frequency and operat-
ing point can be varied over wide limits. Nine standard
options define the number of data points and variable
parameters.
Data Points: Measurements can be made at the following
frequencies and bias points:
Frequency: 250, 500, 750, 1000, . . . 6,000 MHz.
Collector Current: 2, 4, 6, 8, . . . 100 mA.
Collector-Base Voltage: 3, 4,5, 6,...17 V.

Options 01-03 provide data vs. frequency for one bias
point. Options 04-06 provide data vs. collector current
for one collector-base voltage and at a single fre-
quency. Options 07-09 provide data vs. collector-base
voltage for one collector current and at a single fre-
quency. More than one optional data package can be
ordered with each device.

Option 01: Data taken at 5 frequencies. Specify start fre-
quency (MHz), frequency increment (MHz), collector
current (mA), and collector-base voltage (volts). Price:
$5.00.

Option 02: Data taken at 10 frequencies. Specify as out-
lined in Option 01. Price: $10.00.

Option 03: Data taken at 15 frequencies. Specify as out-
lined in Option 01. Price: $15.00.

Option 04: Data taken at 5 collector currents. Specify fre-
quency, start collector current, current increment, and
collector-base voltage. Price: $5.00.

Option 05: Data taken at 10 collector currents. Specify as
outlined in Option 04. Price: $10.00.
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Option 06: Data taken at 15 collector currents. Specify as
outlined in Option 04. Price: $15.00.

Option 07: Data taken at 5 collector-base voltages. Spec-
ify frequency, collector current, start collector-base
voltage, and voltage increment. Price: $5.00.

Option 08: Data taken at 10 collector-base voltages. Spec-
ify as outlined in Option 07. Price: $10.00.

Option 09: Data taken at 15 collector-base voltages. Spec-
ify as outlined in Option 07. Price: $15.00.

EXAMPLES:

Option 01, 1000, 250, 10, 15 will provide data at 1000,
1250, 1500, 1750, and 2000 MHz with I. — 10 mA and

Ve = 15 V.
Option 05, 2000, 6, 2, 10 will provide data at 2000 MHz
with I. = 6, 8, 10, . . . . 22, 24 mA and Vcz = 10 V.

NOTE 2
Thermal resistance from junction to substrate for each
device does not exceed 40°C/watt. These measurements
were taken with the transistors die attached to pure gold
pedestals. Junction and substrate temperatures were
measured with an infrared detector with a 0.003-inch di-
ameter measurement field.

NOTE 3
This parameter must be measured using pulse techniques.
PW = 300 #s, Duty Cycle < 2%.
NOTE 4
Gmax = Maximum available power gain in common emit-
ter configuration (optimum loads).

|Ste|* = Transducer power gain in common emitter con-
figuration with 50-ohm source and load imped-
ance.

fmax = Maximum frequency of oscillation.

[Ser|* = Transducer power gain with 50 € emitter resist-
ance and 50 © source and load.

f. = Frequency at which |Sc| goes through 0 dB.



HP 35802A TYPICAL DATA HP 35801A TYPICAL DATA

14.0

Vcs=15 Volts Veg=15 Volts
lc =15 mA Ic =30 mA

Gain (dB)
Gain (dB)

T T T Y T T T T Y 7 T T
1.0 1.5 2.0 3.0 40 50 6.0 1.0 1.5 2.0 3.0 40 50 6.0

Frequency (GHz) Frequency (GHz)

TYPICAL |Set|* versus COLLECTOR CURRENT T TYPICAL S|’ versus COLLECTOR CURRENT
= 2.0 GHz - f = 2.0 GHz
HP 35800A Vea=15 Voits Ves=15 Volts

+2-

HP 35801A

[scol? (dB)
Iscol? (a8)

Gain (dB)

1 1 1 1
25 50
Collector Current (mA) . Collector Current (mA)
HP 35800A TYPICAL DATA
35800 TYPICAL CHARACTERISTICS
35802A ’
Vcg= 15 Volts .
Ic =30 mA vi_’
PL
500
gson
VS
500
o P (Vs
[Seb|” =07= Boq s = 7 (55)
Frequency (GHz)
TYPICAL |S|* versus COLLECTOR CURRENT
f = 2.0 GHz
Vea= 15 Volts PRICES

+2+
1-9 10-24 25-99

~ 4l
% P 358024 35800A $ 80 $ 71 $ 68
£ o 35801A 75 67 64
Al 35802A 65 58 55
Minimum order quantity is five chips.
2 = EErrem— See page 3, Note 1, for optional char-

Collector Current (mA) acterization data.
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HPA gallium arsenide electroluminescent diodes radi-
ate in a narrow band at a wavelength of 90004 when
forward biased. This radiation may be switched on or off
in nanoseconds.

The light source may be used in conjunction with
HPA ultra-fast photodiodes as a fast infrared photon-
coupled circuit, or as an optical transducer. Other appli-
cations include tape or card readers and optical shaft
encoders.

The 5082-4104 has a hermetically sealed, glass fiber-
optic light guide which effectively places the 0.020 inch
diameter round emitting source at the end surface of the
device. By this means the available radiation is in-
creased by a factor of twenty.

The 5082-4120 is packaged on a TO-46 header with a
plane glass window cap. The 0.024 inch square radiation
source is located 0.100 inch behind the 0.155 inch diam-
eter window. The anode is grounded to the case.

The 5082-4107 has a low capacitance Kovar and ceramic
package of very small dimensions with a hemispherical
lens. The diode chip is located 0.060 inch behind the

front surface of the lens.

NOTES:
1. Maximum Peak Pulse Current:
lvg. max. = mMaximum allowed average current at a speci-
fied temperature. (l.vg. ne. = 100 mA for the 5082-4120
and 5082-4107 at 25°C.)
loesx = maximum peak (rectangular pulse) current.

peak
N =

Iavg max.

2. Irradiance Calculation:

Js is the radiation vector along the axis of the infrared
source. Using J. the irradiance H, at any distance d
from the source is obtained from:

Where J. is in ewatt/steradian
d is distance in centimeters
and H is in uwatts/cm?

To calculate the irradiance at a point not on the axis,
the radiation vector J. must be multiplied by a reduc-
tion factor obtained from the radiation pattern at the
particular angle in question.

For example, the pwatts/steradian at an angle of 30°
from the normal, Pse, for the 4120 would be 0.82 x J..
The irradiance at a distance, d, can now be found by

usingH = %1:—

3. 5082-4107 Mounting Recommendations (see Figure 7):

a. The 5082-4107 device is intended to be soldered to a
printed circuit board having a thickness of from
0.020 to 0.060 inch (0.051 to 0.152 cm).

b. Soldering temperature should be controlled so that
at no time does the case temperature approach
280°C. The lowest solder melting-point in the device
is 280°C (gold-tin eutectic). If this temperature is
approached, the solder will soften, and the lens
may fall off. Lead-tin solder is recommended for
mounting the package, and should be applied with
a smaII solderlng iron, for the shortest p055|ble

N must meet all the following conditions time, to avoid the temperatiire approacning 280°C.
(A) Ni <20 c. Contact to the lens end should be made by solder-
(B) N < 1 ing to one or both of the tabs provided. Care should

50t be exercised to prevent solder from coming in con-
©) N 1 tact with the lens.
1< ft d. If printed circuit board mounting is not convenient,

where t = pulse duration in seconds
and f = pulse repetition frequency (Hz)

wire leads may be soldered or welded to the device
using the precautions noted above.

LIGHT EMISSION
CHARACTERISTICS @ 25°C
Axial Radi
Total Power tion Intens
Characteristic Output (See Note
Symbol P P Jo
Units W uW uW/ Steradi
Test
Conditions I =70 mA|I =100 mA| | =50m/
5082-4104
Min.
Typ. 120 50
Max.
5082-4120
Min. 150
Typ. 200 100
Max.
5082-4107
Min. 75
Typ. 150 200
Max.

* Not isolated from header.
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Figure 1. Emission spectrum.
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Figure 2. Temperature dependence of radiant power out-

put.

L
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ENVIRONMENTAL TEMPERATURE (°C)

100

ABSOLUTE MAX.

ELECTRICAL CHARACTERISTICS @ 25°C RATINGS
Diode to Diode to
Breakdown | Zero Bias Rise Header Header Maximum
Forward Voltage Voltage |Capacitance Time |Resistance | Capacitance Current
VF VF VBR CO
Volts Volts Volts pF nsec ohms pF mA
=70mA|1:=100mA | k=100 xA| f=1MHz |I-=30mA 25°C
5
120 70 10° 2
1.3 70
3
250 100 * *
1.4 100
5
250 100 * *
1.3 100
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Figure 3. Radiation pattern.
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Figure 6. Recommended maximum steady current.

Figure 5. Typical V-l characteristics.
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Figure 7. Recommended mounting of HP 5082-4107.
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The HP silieon planar PIN photodiodes are ultrafast
light detectors for visible and near infrared radiation.
Their response to blue and violet is unusually good for
low dark current silicon photodiodes.

The speed of response of these detectors is less than
one nanosecond. Laser pulses shorter than 0.1 nanosec-
ond may be observed. The frequency response extends
from dc to 1 GHz.

The low dark current of these planar diodes enables
detection of very low light levels. The quantum detec-
tion efficiency is constant over six decades of light in-
tensity, providing an excellent dynamic range.

The 5082-4201 has an integral glass fiber-optic light
guide which places the 0.020 inch diameter sensitive
zone optically on the end surface of the device. Both
photodiode terminals are electrically insulated from the
header.

The 5082-4203, -4204, and -4207 are packaged on a
standard TO-18 header with a plane glass window cap.
For versatility of circuit connection, they are electrically

insulated from the header. The light sensitive area of the
5082-4203 and -4204 is 0.020 inch (0,508 mm) in diame-
ter and is located 0.075 inch (1,905 mm) behind the win-
dow. The light sensitive area of the 5082-4207 is 0.040
inch (1,016 mm) in diameter and is also located 0.075
inch (1,905 mm) behind the window.

The 5082-4205 is in a low capacitance Kovar and
ceramic package of very small dimensions, with a hemi-
spherical lens.

The 5082-4220 is pdckaged on a TO-46 header with
the 0.020 inch (0,508 mm) diameter sensitive area lo-
cated 0.100 inch (2,540 mm) behind a flat glass window.

NOISE FREE PROPERTIES

The noise current of the PIN diodes is negligible.
This is a direct result of the exceptionally low leakage
current, in accordance with the shot noise formula Iy =
(2qIrAf)1/2, Since the leakage current does not exceed
400 picoamps for the 5082-4204 at a reverse bias of 10
volts, shot noise current is less than 1.2 X 107'* amp
Hz1/? at this voltage.
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Excess noise is also very low, appearing only at fre-
quencies below 100 Hz, and varying approximately as
1/f. When the output of the diode is observed in a load,
thermal noise of the load resistance (Ry) is 1.28 X 1071°
(Ru)172 X (Af)}/2 at 25°C, and far exceeds the diode
shot noise for load resistances less than 100 megohms
(see Figure 6). Thus in high frequency operation where
low values of load resistance are required for high cut-
off frequency, all PIN photodiodes contribute virtually
no noise to the system (see Figures 6 and 7).

Ultra-fast operation is possible because the HP PIN
photodiodes are capable of a response time less than
one nanosecond. A significant advantage of the device
is that this great speed of response is exhibited at rela-
tively low reverse bias (—10 to —20 volts).

Because of its high sensitivity over a wide spectral
range, unprecedented speed of response, unrivaled low-
noise performance, and low capacitance, the HP PIN
photodiodes are the most useful and versatile silicon
photodiodes available.

NOTES:

1. Peak Pulse Power
When exposing the diode to high level irradiance the
following photocurrent limits must be observed:

0.1
Ip (avg) < En

and

Ip (peak) < 500 mA or
1000 Amps

t(usec)
<L (avg)

ft

whichever of the above three conditions is least.
Ir—photocurrent

Ep—supply voltage

t—pulse duration
f—pulse repetition rate

2. Current Responsivity

Response of the photodiode to a uniform field of
irradiance H, parallel to the polar axis is given by

OPTICAL CHARACTERISTICS AT 25°C
Response at
7700 A (1) Sensitive Speed of Noise Equiva-
Characteristics Bu Area Diameter Response D* lent Power
Units nA/mW/cm® cm® Inches mm nsec cm Hz'/*/watt NEP
Test Conditions V=-20 V=-20 (0.8, 100, 6) Watts
R =1 MQ R. = 50Q
Min. 0.9 X 10"
5082-4201 Typ. 1.0 2 X 107 0.020 0,508 <1
Max. 51 x 107"
Min. 0.9 X 10*
5082-4203 Typ. 1.0 2 X 107 0.020 0,508 <1
Max. 5.1 X 107
Min. 4.1 X 10"
5082-4204 Typ. 1.0 2 X 107 0.020 0,508. <1
Max. 1.2 X 107
Min. 3.95 X 10 (2)
5082-4205 Typ. 1.5 (2) 3x10°(2) | 0010 0,254 <1
Max. 1.4 X 107
Min. 2.5 X 10"
5082-4207 Typ. 4.0 8 X 107 0.040 1,016 <1
Max. 3.6 X 107
Min. 0.57 X 10"
5082-4220 Typ. 1.0 2 X 107 0.020 0,508 <1
Max. 8 x 107™
NOTES:
(1) Response at 7700 A can be specified as 0.75 electrons/photon and 0.5 uA/uW for all devices.
(2) Specification includes lens effect.
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I = By X H for 7700 A. The response from a field not
parallel to the axis can be found by multiplying Bu
by a normalizing factor obtained from the radiation
pattern at the angle in question. For example, the
multiplying factor for the 5082-4207 with irradiance
H, at an angle of 40° from the polar axis is 0.8. If H
=1mW/cm? then I =k X Bg X H; I = 0.8 X 4.0 X
1 = 3.2 pamps.

To obtain the response at a wavelength other than
7700 A, the relative spectral response must be con-
sidered. Referring to the spectral response curve,
Figure 1, obtain response, X, at the wavelength de-
sired. Then the ratio of the response at the desired
wavelength to response at 7700 A is given by:

o= X
Ratio = 05

Multiplying this ratio by the current response at 7700
A will give the current response at the desired wave-
length.

3. 5082-4205 Mounting Recommendations
a. The 5082-4205 is intended to be soldered to a

printed circuit board having a thickness of from
0.020 to 0.060 inch (0,051 to 0,152 cm).

. Soldering temperature should be controlled so

that at no time does the case temperature ap-
proach 280°C. The lowest solder melting point in
the device is 280°C (gold-tin eutectic). If this tem-
perature is approached, the solder will soften, and
the lens may fall off. Lead-tin solder is recom-
mended for mounting the package, and should be
applied with a small soldering iron, for the short-
est possible time, to avoid the temperature ap-
proaching 280°C.

. Contact to the lens end should be made by solder-

ing to one or both of the tabs provided. Care
should be exercised to prevent solder from com-
ing in contact with the lens.

. If printed circuit board mounting is not conven-

ient, wire leads may be soldered or welded to the
devices using the precautions noted above.

ELECTRICAL CHARACGTERISTICS AT 25°C MAXIMUM RATINGS
Series | Steady Peak Power
Capacitance Resist- | Reverse | Inverse | Dissi-
Junction Capacitance to Shield Dark Current ance | Voltage | Voltage | pation
pF pF pF pF pPA PA Q Volts Volts mW
Ve=—10V | Vp = =25V | Vxy = —10V | Vo= =25V | Vr=—10V | Vi = —25V 25°C
1.5 2
2000 50 50 200 100
1.5 2
2000 50 50 200 100
2.0 2
400 50 20 200 100
0.7 *
150 50 50 200 50
5.5 2
2000 50 20 ' 200 100
2.0 *
5000 50 50 200 100
* Not isolated from header. Exceeding the peak inverse voltage may cause permanent damage to the diode.
Forward current is harmless to the diode, within the power dissipation limit. For
optimum performance, the diode should be reverse.biased at between 5 and 20 volts.
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10 109 10° 108 108 0% 10° 10 10" < 2000 X 107" amps at —10 V dc [5082-4207]
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HP 5082-4310

CASE
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CATHODE
BLACK

HP 5082-4309

Dimensions in inches

The HP Photon Coupled Isolators are wide bandwidth
signal coupling elements each comprised of a gallium
arsenide electroluminescent diode infrared source and a
silicon PIN photodetector. Electrical input signals are
applied to the GaAs diode, which emits infrared radia-
tion in proportion to the instantaneous forward current.
The radiation from the GaAs diode is guided via a light
pipe into the PIN photodiode in the 4303 and 4309. In
the 4310 and 4320 the source and detector are separated
by a thin optically transparent insulator. The electrical
signals resulting at the photodiode can thereby be con-
trolled from an input which may be in a separate and
electrically isolated circuit.

The insulation resistance between input and output

for the 4303 and 4309 exceeds 10" ohms, shunted by less
than 0.01 pF. The 4303 can withstand 20,000 volts between
input and output, and the 4309 50,000 volts. Separate
headers and shields on the input and output sections
permit a high degree of circuit isolation. Applications
include replacing video pulse transformers, RF signal
couplers and switches.

The insulation resistance between input and output
for the 4310 and 4320 is typically 101" ohms shunted by
2 pF. The 4310 and 4320 can withstand 200 volts between
input and output. The isolator is packaged on a TO-18
header with four leads, and the anode of the input diode
is electrically connected to the case.
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INPUT CHARACTERISTICS (GaAs Diode) at 25°C

5082-4303 5082-4309 5082-4310/4320
Min. | Typ. | Max. | Min. | Typ. | Max. | Min. | Typ. | Max.| Units | Test Conditions
Forward Voltage 13 13 Volts | I = 50 mA
1.4 | Volts | I =100 mA
Series Resistance 2 2 2 Ohms | I¢ = 50 mA
Breakdown Voltage 5 5 3 Volts | | = - 100 pA
Capacitance Zero
Bias 120 120 250 pF
Modulation Rise 70 70 100 nsec | | =30 mA
Diode to Header
Resistance 10° 10° Ohms
MAXIMUM RATINGS
Maximum DC
Forward Current 70 70 100 mA
@ 25°C
Maximum Operating o o o
Temperature 125°C 125°C 125°C
OUTPUT CHARACTERISTICS (Silicon PIN Photodiode) at 25°C
5082-4303 5082-4309 5082-4310 5082-4320
Typ. | Max. Typ. Max. Typ. Max. Typ. Max. | Units |Test Conditions
Dark Current 2 2 10 50 nA V=—-25V
Series Resistance 50 50 50 50 ohms V=+1V
Junction Cap 2 2 25 25 pF V=—-20V
Capacitance to
Shield 2 2 pF
MAXIMUM RATINGS
Steady Reverse
Voltage 50 50 50 50 Volts
Peak Inverse
Voltage* 200 200 100 100 Volts
Steady State Power

* Note: Exceeding the peak inverse voltage may cause permanent damage to the diode. Forward current is harmless
to the diode within the power dissipation limit. For optimum performance the diode should be reverse biased at be-

tween 5 and 20 volts.
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TRANSFER CHARACTERISTICS at 25°C

5082-4303 5082-4309 5082-4310/4320
Typ. Min. Typ. Min. Typ. Min. Units | Test Conditions
DC Current Transfer Ratio
L/ 0.0002 0.0002 L =2mA
V=-25V
I/ 1 0.0004 0.0004 I =30 mA
V=—-25V
I/ 1 0.002 0.0015 I =100 mA
V=—-25V
Cutoff Frequency
of Current Transfer 7.0 7.0 35 MHz
Capacitance Coupling, *
Shield Grounded 0.01 0.01 2 PF
B to Case & 20,000 20,000 Yolts
Breakdown Voltage
Emitter to Detector 200 Volts
* Case grounded.
u 100 2310, 4320 MAXIMUM l
1 RATING
90
12 25°C
" \ 80
10 TOfr = o o e o o o o o b e e e e
& o\ . i /]
& ’ \ & RATING
2 :
5 5 \\ 2 50
S % 40
5 \\ -
\ \ 2
4
. ! 4310,4320 2
4303
2 — 4309 10
1
007 o1 w5 05 1o 1z 1t

—15 -20 =25 =30 —35 —40

REVERSE BIAS (VOLTS) ON OUTPUT DIODE

-5 -10

Figure 1. Typical capacitance variation with reverse bias
(t=1ms, f=1MH2z).

g

ROOM TEMPERATURE
S

Figure 2. Derating curve.

PERCENTAGE OF MAXIMUM
GaAs STEADY CURRENT OF

—45
FORWARD VOLTAGE

Figure 3. Typical input diode V-I charac-
teristics.

| 1 |

50 75 100 125
CASE TEMPERATURE (°C)
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Figure 4. Typical output characteristics 4303 and 4309
Isolators.
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Figure 6. Temperature variation of current transfer
for the 4303 and 4309.

(Note: The 4310 and 4320 have temperature depen-
dence curves similar to the 4303 and 4309.)

>
=3

m /

RELATIVE DARK CURRENT
1
\\.
1

1
- I B
- -
0.1
0 20 40 60 80 100

TEMPERATURE (°C)

Figure 7. Typical dark current of PIN vs.
temperature normalized.

180




photoconductor devices

Device No. . Page
5082-4507,-4508 e 185
-4509 - : 85
-4510 189
-4511,-4512,-4513,-4514 ' 191
-4521 105
~4530 197
-4600 Series o
-4610 203

-4620 Series o 205

181






= PHOTO CONTROLLED HP
HEWLETT ﬁ PACKARD RESISTOR ggggjggg

Low Generated Noise and Offset

Large Dynamic Range of Signal

Handling Capability
High Isolation Between Drive and

Signal Circuits

Temperature Stable

Fast Switching

HP 5082-4507 and 4508 are Fhoto Controlled Resistors
(PCR) utilizing a neon glow lamp and a high speed hermeti-

cally sealed photoconductive cell in a single package.
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A high degree of electrical isolation between the photo-
conductor and lamp is provided (coupling capacitance is GROUND
typically <10 femtofarads) by internal electrostatic

shielding and the configuration of the leads. @

The photoconductor of the HP 5082-4507 and 4508 NEON END

PCR’s is designed for operation over a wide dynamic
range. Low level signals may be switched, chopped, or 1

modulated without introduction of excess noise or off- | 3 LEADS .017 DIA

sets. To minimize the possibility of unwanted thermo- 150
couple emf's, the photoconductor leads are OFHC 375
copper. —’1 r_

PCR’s may be used in a wide variety of configurations
to provide single and multi-pole switching of signals. 100
On/off ratios of 10" or higher can be achieved by using
more than one PCR per signal path.

Price: Quantity, 1-9, $8.00; 10-99, $6.80

200
2 LEADS .020 DIA

ABSOLUTE MAXIMUM RATINGS (25°C) -
Voltage, cell leads and neon leads to ——l L—.zoo
case (case grounded) .........coooooiniinnniicennnn. +300V
Voltage across cell('.:5 .................................. - 1%100 v
Power Dissipation (Photoconductor only) ......... 0 mw
Derate at 1.25 mW/ °C above 25°C PHOTOCELL END
Note: Caution must be taken when operating at high alti- *
tudes not to exceed the corona discharge voltage be- I
tween the photoconductor eell or lamp leads and the 0
case. o @ (A
Y —
I I
PATENT RELEASE STATEMENT V)i \ﬁ/
Purchasers of HP PCR’s will receive a royalty-free =4
license to use HP PCR's in circuits covered by United -
States Patent Number 3,014,135. Figure 1. PCR Schematic Diagram (both types).
CHARACTERISTICS (25°C unless noted)
( Photoconductor 5082-4507 5082-4508 A
R, illuminated resistance (0.8 mA neon current) ...................... 220 K © max. 10 K Q max.
150 K Q typ. 6.8 K Q typ.
Ro, dark resistanCe . ... 100 M Q min. 100 M Q min.
Tr,  tUrN-0ON time™® e 1 ms max. 1 ms max.
To,  tUrN-Off time™ ™ e 2 ms max. 2 ms max.
KA R. with temperature change from 10°C to 55°C ... 2.5 X max. 2.5 X max. J

from OFF condition.

*Timeto 2X R,
10 X R from ON condition.

**Time to

Maximum DC to 1 Hz voltage appearing at the photocell terminals due to internal generation under isothermal
conditions: =2 rV over the temperature range + 10°C to + 55°C.

NEON LAMP DRIVE REQUIREMENTS (Lamp is GE A1C or equivalent)

Firing Voltage =+ 150 V DC max. =+ 135V DC nominal 95V AC RMS
“nominal
Maintaining Voltage =+ 70 V nominal
» Operating Current + 1.5 mA max. =+ 1.2 mA nominal

(for 25,000-hour life)

Note: A current limiting resistor (normally 47 K Q) must be placed in series with the neon lamp so that after firing it
draws approximately 1.2 mA but not more than 1.5 mA. See GE Glow Lamp Bulletin 3-1504R for information concern-
ing lamp life. There are no polarity restrictions on the lamp drive.
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DUAL

= CELL PHOTO
HEWLETT hp; PACKARD HP
[ CONTROLLED 50824509
RESISTOR

Low Excess Noise
Large Dynamic Range

High Isolation Between Drive
and Signal Circuits

Temperature Stable
Voltage Controlled Resistor

A Dual Photo Controlled Resistor (PCR), the HP 5082-4509 combines in a
single package a 12-volt incandescent lamp and a hermetically sealed dual pho-
toconductive cell manufactured by HP.

The 5082-4509 is designed for use in control circuits and very low fre-
quency switching (less than 10 Hz) applications. The voltage controlled resist-
ance has a dynamic range in excess of five decades. Electrical isolation between
lamp and photoconductive cell is greater than 10"0 with coupling capacitance

less than 0.05 pF.
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ELECTRICAL SPECIFICATIONS AT 25°C

Test
Min. Typ. Max. Conditions
R—Illuminated cell resistance (steady state) 3.9 KQ 6.8 KQ 10 V drive
Ro—Dark resistance 100 MQ 500 MQ 0V drive
Resistance balance (Note 2) 90%
Tracking (Note 3) 10% 3Vtol0oV
Coupling capacitance lamp to cell 0.03 pF 0.05 pF
Capacitance (Note 4)
cell to cell 1.2 pF 2.5 pF
cell to case 2.5 pF 5.0 pF
cell shunt 1.5 pF 3.0 pF
ABSOLUTE MAXIMUM RATINGS (25°C unless otherwise noted)
LamP VOIAZE (INOTE 6) ..o et e et eee e et e e ee e ee e eee e e e e e s e e eeeeeesenmseeeseaseeaemeen 12 Vdc
' (at approx. 45 mA)
Operating teMPErature TANEE ... oo ee e e eeeee e eeeee e oo 0 to 65°C
Breakdown voltage cell to case, lamp to case, with case grounded ... 200 V
Voltage, €ase t0 CeII ... e 200 V
CRI B0 COI et ee et e e e e e e e e e e e e e e e e me e en e neeen 200 V
across each cell e eeemeateiemesetseseseiesessesesssessssaesesesssesesesesseseoseseestaseseseesesesemessosetoseseseseseteseemeoemeessassaenen 100 V
eIl AISSIPALION ...t e e oo ee e s e e e eeeee e s eeeeeemeeee s eeee e e s e eeeememeeme 125 mW/cell
(See figure 2)
WETT T T T TTTTH
NOTES: — —
1. Conditions prior to test—2 hours minimum of room -
light (approximately 80 fc) storage at 25°C. - =
2. Resistance balance = - -
Rur of lower resistance cell 100% — N
Rur of higher resistance cell * o B B
3. Tracking is the percent error between cell A and cell
B in each package. R/ e —
o oPy +/Rsat H _ g — E
% error (at 25°C) = [—_—_RA TRy atH 1} x 100. = =
4. Capacitance measurements made while cell is in the § — —
dark. 2 | ]
5. At 65°C cells should be stored under light with a =
minimum duty cycle of 20% to maintain the listed 100K | =
electrical specifications. — =
6. At 10 V maximum lamp drive, life expectancy of the L -
lamp is in excess of 40,000 hours. — —
10K |— p—
= \ =
1% 1 1% | — -
| - \ .
A
L, , L _
AL LEADS OF 200" e | K L LI L L LI
% DIA. 1 10 10 100
LAMP VOLTAGE (V) LAMP CURRENT (mA)
J_ @ c 3 Figure 1. Lamp current and lamp voltage vs. photocell
L lit resistance.
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PHOTO

CONTROLLED 50552510
RESISTOR

|

HEWLETT @7 PACKARD

LOW EXCESS NOISE

LARGE DYNAMIC RANGE
HIGH ISOLATION BETWEEN DRIVE

AND SIGNAL CIRCUITS

TEMPERATURE STABLE
VOLTAGE CONTROLLED RESISTOR

Y

1v%

1% =i

I
5

T Dimensions in inches

ALL LEADS ON .200” CIRCLE
% DIA.

||}—-

The HP 5082-4510 is a Photo Controlled Resistor (PCR) which combines in a single package a 12-volt incandescent
lamp and a hermetically sealed photoconductive cell manufactured by HP.

The 5082-4510 is designed for use in control circuits and very low frequency switching (less than 10 Hz) applications.
The voltage controlled resistance has a dynamic range in excess of five decades. Electrical isolation between lamp

and photoconductive cell is greater than 10”Q with coupling capacitance less than 0.01 pF.
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ELECTRICAL SPECIFICATIONS AT 25°C

Min. Typ. Max. Test Conditions
R—Illuminated Cell Resistance 1 KQ 2 KQ 10V drive
(Steady State)

Ro—Dark Resistance 100 M@ 500 MQ 0V drive

Cell Shunt Capacitance 3.0 pF 5.0 pF

Coupling Capacitance Lamp to Cell 0.005 pF 0.01 pF
Absolute Maximum Ratings (25°C unless otherwise noted)
Lamp Voltage (NOte 1) ..o 12 Vdc (at approximately 45 mA)
Operating Temperature RANEE ... ...ttt oo e et ees e s e e s e eeeeeneeeeeeseesnesmennees 0-65°C
Breakdown Voltage Cell to Case,

Lamp to Case, With Case GIOUNAEA ... e eae et et eeee e s eseeeeeeeeeseneemeeeeeeeeeeeeeeeeen 200V
CEII VOIRAZE ...t e et e et e e ma e e e e e e e e ees e e aseeaeee et eeseeeeeeeeeeseeee s eeseseeeeaeeeeeaememeseeesesseeseneen 100V
Cell DISSIPALION .o ee e eeeeeeen 125 mW (See Figure 2)

NOTE 1: At 10 V maximum lamp drive, life expectancy of lamp is in excess of 40,000 hours.

1 kM

T TTT

100M

[ TTTT

10M

T TTTT
"]

] 140
" z
= § ; 120 \ \ \ \
g I 3 g \ \ \
2 E . ]
o= '5 \ \
— — 10V 8V 6V N4V \IV
\ £ o\
100 k b= = =z \ \ \ \
— i =
— — o
= \ - I N \NEA\\
&
10k — e
= 3 i) A
— = z \
— \ ] a
wl
- QERERET ANNY
- ] 3
= e 3 \
— - =2 N \ \
- _ =
2 ANANNY
100 =
0 1 2 3 4 5 6 7 8 9 10 1 12 0 10 20 30 40 50 60 70
LAMP VOLTAGE (VOLTS) AMBIENT TEMPERATURE (°C)
Figure 1. Lamp voltage vs. photocell lit resistance. Figure 2. Maximum allowable power dissipation in photo-

cell vs. ambient temperature for various incandescent
lamp voltages.
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=~ HP
HEWLETT@? PACTARD PHOTOCHOPPER ;77514

Long Life

Low Driving Powenr

Consumption O\
Low Noise and Offset \\\\ N\
High Stability \\\

High Efficiency

Large Dynamic Range

The HP 5082-4511 and 4512 are four-cell, double-pole double-throw photochoppers, while the 5082-4513 and 4514 are
two-cell, single-pole double-throw photochoppers. The photochoppers utilize specially designed hermetically sealed
photoconductive cells optimized for speed and stability, illuminated by neon glow lamps which may be excited by a
variety of external circuits.

The mechanical design insures the efficient. coupling of light from the self-contained neon glow lamps to the
photocells. Particular attention has been paid to the electrostatic shielding of the photoconductive cells from the
potential on the neon glow lamp electrodes. To provide the maximum circuit flexibility, all cell leads and lamp leads
are brought out individually.

The HP 5082-4511 features a high input impedance modulator for use with high impedance signal sources; the HP
5082-4512, a low impedance modulator for low impedance signal sources. The demodulator of both types provides an
effective low output impedance.

The HP 5082-4513 features a high input impedance modulator for use with high impedance signal sources; the

HP 5082-4514, a low input impedance modulator for low impedance sources.
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ELECTRICAL SPECIFICATIONS @ 25°C

Chopping frequency 100 Hz; neon current 2.25 mA square wave drive

In the circuit
of Figure 1,
Notes 1-6 5082-4511 5082-4512 5082-4513 5082-4514
Modulator Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Min. Typ. Max.
Rs 360K | 1.8M — 15K 75K — 360K | 1.8M —_ 15K 75K —
Re — 72K 290K — 3K 12K — 72K 290K — 3K 12K
o= % 15 25 — 15 25 — 15 25 — 15 25 —_
Offset 1uVv 1uV 1uv 1V
Demodulator 5082-4511 5082-4512
Rs 15K 75K — 15K 75K —
Re — 3K 12K — 3K 12K
o= 15 25 — 15 25 —
Re
Notes: obtain optimum performance in a series-shunt chop-

1. All specifications will be met within one hour of turn-

on.

2. All resistance measurements made with a capacitor

damped ohmmeter.

3. R—the time average resistance of two alternately

illuminated cells connected in series.

4, R—the time average resistance of two alternately
illuminated cells connected in parallel.

5. a—the ratio of Rs to Re. (By normalizing Rs to Re a
figure of merit related to the decay time or speed of
the cell is obtained. The relationship of « vs. fre-
quency is shown in Figure 2.)

. Offset—the dc voltage required at the modulator in-
put under isothermal conditions to produce zero volt-
age at the modulator output.

MAXIMUM RATINGS
All types @ 25°C (unless otherwise noted)

P.—Photocell Power Dissipation (per cell) _.....125 mW*
Vc—Photocell Voltage ... 100 volts
Vi—Breakdown Voltage Cell to Case ......c.............. 200 volts
le—Glow Lamp Peak Current ... 3.50 mA**
l...—Glow Lamp Average Current during

Conduction ... 2.75 mA**

TA—Operating Ambient Temperature Range....0 to + 65°C
* Derate linearly to zero at 65°C.
** Operation of neons with reverse polarity may cause degraded per-
formance.

RECOMMENDED DRIVE REQUIREMENTS (all types):

E.—Neon Glow Lamp Supply Voltage....+ 170 V peak min.
l—Neon Glow Lamp Current ..........cocoooviieene. 2.25 mA
(Current limiting resistors must be provided externally
to produce the rated neon current with the supply volt-
age used.)

OPERATING NOTES

1. Although these components are used primarily as
series-shunt photochoppers, it is important to realize
that these devices are combinations of photoconduc-
tors (photocells) and lamps without constraints im-
posed by any internal interconnections. The parame-
ters specified (Rs, Re, and @) were chosen to give the
maximum design flexibility.

The performance of these components is a function
of the circuit in which they are used. Although the
rest of this data sheet is devoted to showing how to
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per configuration, there are many other types of ap-

plications, a few of which are:

(1) Dual single or double pole relays. )

(2) Two- and four-channel modulators, either series or
shunt.

(3) One- and two-channel series-shunt type or center-

tap type.

2. Drive Circuits
A variety of circuits can be used to drive the neon
glow lamps in the 5082-4511 through 4514. Two of the
circuits are shown at the end of this section. Informa-
tion on neon glow lamps may be obtained from lamp
manufacturers’ publications. Several publications of
this type are:
“Glow Lamp Manual,” General Electric Co., 1963, ed-
ited by S. W. Tuttle and C. R. Dougherty.
“Evaluating and Applying Neon Glow Lamps,” by E. E.
Bauman, Signalite Application News, Vol. 2, No. 6.

Also recommended are:

“Photoresistive Choppers, An Engineer's View,” by
R. Y. Moss, Electronic Design News, Dec. 1964.

HP Application Note 911, “Low Level DC Operation
Using HP Photochoppers.”

Both of these discuss neon lamp characteristics and
photochopper considerations in general.

Two Lamp Relaxation Oscillator

~ 1 (El2)
RC \"200

L 2(E-T0)
ons  —— R

We recommend that for good stable operation E be
at least 250 volts. The above equations give approxi-
mate values, due to the great variation in the neon
firing and maintaining voltage. A frequency adjust is
recommended to achieve a desired chopping fre-
quency. The change in frequency for a change in volt-
age E is given by

AF __4E
F ~ EI120

for E = 250 V, 1% change voltage gives approximately
a 2% change in frequency.



Direct Power Line

A simple neon drive circuit which can be used to
drive the chopper is shown below. The electrical spec-
ifications given in this data sheet, however, do not
apply when this type of drive circuit is used. Further
information on this type of drive can be obtained from
HP Application Note 911.

The neons used in HP photochoppers would have an
average life of 10,000 hours with 2.25 mA square wave
drive based on the manufacturer’'s data and failure
criteria. At the recommended drive voltage, lifetimes
well in excess of 10,000 hours can be expected.

. Modulation Efficiency

Figure 3 gives the intrinsic modulating efficiency
(n) of the modulator which is for a zero source im-
pedance and an infinite load. Non-zero source imped-
ances and finite load impedances, however, affect the
conversion of dc to ac. Using the circuit in Figure 10,
the effective modulation efficiency can be calculated
from the equation below.

Modulation Efficiency = Epp x 100% =

ESOURCE

~ 7 100% « Rawe
1 1 [RP + Rawe + 1/4] Rsource
+ —_—
Rsource Rs

Where Rsouwrce is the signal source impedance, Raw is
the amplifier input impedance.

The capacitors in Figure 10 must be large enough so
that no significant chopping frequency voltages ap-
pear across them.

7 is taken from Figure 3, and is close to unity for fre-

quencies beiow 200 Hz.

Effective modulating efficiencies below 200 Hz ap-
proach unity under the following conditions,

Rsouree < lioi)— and Raw > 100 Re.

. Effective Input and Output Modulator Impedances
The effects of source impedance, Rsouce, and load
impedance, Raw, on the modulator input and output
impedances can be given by the following expressions.
Rin ~ 4Rs (Rr + Raw)
" Rs+ 4 (Re + Raw)
RS RSOURCE
Rowra Re + 4 (Rs 4 Rsousce)
. Series-Shunt Demodulator Configuration
A series-shunt demodulator circuit is shown in Fig-
ure 10. The capacitors must be large enough that no
significant chopping frequency voltages appear across
them. Formulas for the output impedance and demod-
ulation efficiency are given below.
4 (Ro 4+ Re) 2 Re
4 (Ro+ Rs) + 2R
which simplifies to:
AR for Ro << Re
a4 4
where Ro is amplifier output impedance.

ROUT =

ROUT =

a Re n
4(Ro+ Re) +aRe
Ruoso

Roro 4+ Rour

Demodulator Efficiency =

which simplifies to:

Demodulator Efficiency = a:_"4 X Ra ?Lo—};DRom
LOAI
for Ro << Re
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6. Chopping Frequency Effects

Effective modulating efficiency is a function of
chopping frequency and follows the curve in Figure 3
(» vs. frequency). The expression for modulating effi-
ciency discussed in Section 3 is usable for all frequen-
cies providing the proper 5 is used.

Re can be considered independent of frequency. Rs
at any frequency can be obtained from the equation
Rs = a Ry (where « is selected from the « vs. frequency
curve, Figure 2). Riv and Rour can then be calculated at
any frequency from the expression given in Section 4.

. Overall System Efficiency

The overall efficiency of a series-shunt modulator-
demodulator circuit is the product of the modulator
efficiency given in Section 3 and demodulator effi-
ciency given in Section 5.

. Circuit Effects

The performance of the HP photochoppers is
largely dependent on the external environment and
the circuit in which the chopper is employed. Every
care has been taken in the design and manufacture of
the photochoppers to minimize thermoelectric, photo-
voltaic, chemically generated, and synchronously in-
duced emf's which can appear as noise in many chop-
per applications. Comparable precautions and care
must be taken in the surrounding circuitry and en-
vironment if the maximum built-in capability of the
photochopper is to be realized.

Being solid state devices, photoconductors, like
transistors, vary from unit to unit and also with tem-
perature, as indicated in Figure 4. Just as the effects
of transistor parameter variations can be stabilized by
negative feedback, the effects of photoconductor pa-
rameter variations can also be stabilized by including
the modulator and demodulator in the amplifier feed-
back loop. See Application Note 911 for a further dis-
cussion of this subject.

. High Temperature Effects

The photoconductor used in the HP 5082-4511
through 4514 photochoppers can be damaged by ex-
tended exposure to high temperatures when not op-
erating. Storage for periods in excess of two hours at
65°C should be avoided.

MODULATOR DEMODULATOR
e > o) —ee
R, R 3 R, $ 1
—> C +— —> D <+ 3I=F
——— ¢ o0 o0 DY

Figure 1. Schematic representation of a series-shunt
chopper amplifier circuit.
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CHOPPING FREQUENCY (Hz)

Figure 2. Typical « vs. frequency.
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Figure 3. Typical » vs. frequency. ‘ ) 437 Dimensions In Inches
TOP VIEW
2 Figure 7. Mechanical outline and mounting information.
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- 4 " FREQUENCY ADJUST
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® G
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TEMPERATURE (°C) Figure 8. Two neon lamp relaxation oscillator drive.

Figure 4. Typical variations of « and Rr (normalized to 1
at 25°C) vs. temperature.

TOP VIEW 451114 30K
MODULATOR * WA
) R SIDE
VWA L)
115 VOLTS
————————————— 60 Hz
TN Y~ i N
N\ - Figure 9. 60 Hz line drive.
o ' DEMODULATOR
I -z SIDE
/ | + |
o w = + x
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E £ 8 & = IN 4511 AND 4512
Figure 5. Schematic representation of photochoppers.
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Dimensions in Inches  MOUNTING HOLE DETAIL ) Figure 10. Schematic representation of modulator por-
Figure 6. Mounting hole detail. tion of chopper.
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4
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Figure 11. Schematic representation of demodulator por-
tion of chopper.
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T0-5

HEWLETT @%%; PACKARD 508.‘?—_2521
PHOTOCELL/LAMP ==
LOW COST: $5.25 Each (In 1000 Quantity)
SMALL SIZE: Hermetic T0-5 Case
ok | Contains Lamp and Cell
T ' MAXIMUM POWER: 100 mW at 25°C
oz TEMPERATURE RANGE: —50°C to +65°C
* | — r ical Ce Mini aximum i
1A5 U U U Re'srizt,;nc:a gt l5l vV, lgrflfmm MLamp I;’q:a,;(mé‘:lrll
MIN. 0.017 HP Type | 60 mA Lamp Drive | Resistance Voltage Voltage
__L____.U ﬂ u 5082-4521 1 kQ 1000 MQ 5V 300 V
Ft%)/?gSL'E 5082-4522 150 Q 100 MQ 5V 250 V
5082-4523 100 Q 10 MQ 5V 200 V

TERMINAL CONNECTIONS

LEADS 2AND 4 LAMP
LEADS 1 AND3 PHOTOCELL

&
<031
l‘— 0.370 —»

MAX. DIA.

The HP 5082-4521, 4522, and 4523 each contains a photocell and a
5-volt lamp in a single TO-5 package. At 5 V maximum lamp drive, life
expectancy is in excess of 100,000 hours.

10M

4521 \

100K
4522

10K

CELL RESISTANCE (£2)

4523 \

1K

N

100
1

3

5

LAMP VOLTAGE (VOLTS)

25

45

60

LAMP CURRENT (mA)
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- AXIAL

HEWLETT ﬁ PACKARD 5082-4530

PHOTOCELL/LAMP ==

e i LOW COST: $3.75 Each (In 1000 Quantity)
(| HERMETICALLY SEALED PHOTOCELL
AXIAL LEAD PACKAGE

- L ) MAVIMIINM DNWED. 19E mW ~+ 9C°P
-1 T 1.0 MIRANIYIUIME T VWL, 14J THY Al 4Jd L
o (]
TEMPERATURE RANGE: —50°C to +65°C
Y
' N\ | Typical Cell Minimum Maximum | Maximum
Resistance at 10 V, Off Lamp Peak Cell
HP Type | 35 mA Lamp Drive | Resistance Voltage Voltage
5082-4530 1 kQ 1000 MQ 10V 300 V
5082-4531 150 Q 100 MQ 10V 250 V
5082-4532 100 Q 10 MQ 10V 200 V

The HP 5082-4530, 4531, and 4532 each contains a photocell and a
11 10-volt lamp in a single axial lead package. At 10 V maximum lamp
drive, life expectancy of the lamp is in excess of 40,000 hours.

)\ T

™

J 4531
\_ r \

100K

4532

10K
1 1 1.4 \

CELL RESISTANCE (£2)

\

1K \
100
U L______"_ 2 4 6 8 10
LAMP VOLTAGE (VOLTS)
2 — ] v 15 20 25 30 35

LAMP CURRENT (mA)
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HEWLETT (hp; PACKARD PHOTOCELL 5082-4600

series




ELECTRICAL SPECIFICATIONS at 25°C (Note 1)

Rur Electrostatic
Type KQ = 50% Shield Roarx Decay Time (Note 2)
5082-4601 100
-4602 4
-4603 120 Contains Shield 100 MQ Min. 1.2 msec typical
-4604 5 Contains Shield 500 M@ Typical 2.0 msec maximum
-4606 10
-4608 12 Contains Shield
ELECTRICAL SPECIFICATIONS—AIl Types e 38—
Power Rating ... 125 mW at 25°C T 7 7
(derated to 0 at 65°C) 180 043
Maximum Voltage ........ccccooeoerececnes Case to leads =+ 200 V k3
Temperature Coefficient........ 1.5 typical, 2.0 max. (Note 3) T
Maximum Operating Temp. Range................... 0-65°C — e 360 DIA
Peak Spectral Response ..., 6550 A
150
- -
x U U
|+ 200—]
DIMENSIONS IN INCHES
10,000 = 10,000,
]
o - 8
ERT S 1 ,@
2 ain WS~
% 500 % 50 /I %“3
- = 7 7 =
: E /V/ ~
g
§ 100 7w ,/, A /
s % —
E E » 7 /1;1,
17/
V 8/ 4
“4“/4muwlcm 0
R 5
NS
AN \\
[ 600 uW/cm K\\
e r— ]
0 025 0.50 0.75 10 1.25 1.50 175 0 20 40 60 80 100 120
TIME (ms) TIME (ms)
Figure 1. Typical cell turn-on characteristics at 25°C. Figure 2. Typical cell turn-off characteristics at 25°C.
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TABLE |—Typical Parameter Values in Figure 3
117V 60 Hz LINE DRIVE
5082-4601 5082-4602 5082-4606 60 Hz
Type -4603 -4604 -4608
R 10M 500 K 1M 30 K
R 00K 5K 0K J‘/ A3C(NE2U) A3C(NE2U)
Eff.* 95% 97% 95%
Conditions: S f—e o—
Riono 1 MQ 100 KO 100 KQ ¢
Rsource 0 0 0 ‘b
R - DC INPUT 2 Ruowo
~ = time average modulator input impedance with a
given load impedance Riv—> ¢ Rour
Rour = time average modulator output impedance with a
given source impedance (g 0 &

* Efficiency =

Vp-p across Ruoro
dc Input Voltage

NOTES
1. Conditions prior to test: 2 hours minimum storage at
25°C in room light (approximately 80 fc).

Rur measured at an irradiance of 600 pwatts/cm?, A ~
6500 A.

600 pwatts/cm? can be obtained by using a high
brightness neon glow lamp, Type NE2U or equiva-
lent, with approximately 1.5 mA of current. Cell-
neon spacing, approximately %, inch.

2. Decay time: time required for cell resistance to in-
crease from Rur to 10 times Run.

Rur @ 65°C

3. Temperature Coefficient = Rr@25°C"

201

Figure 3. Typical 60 Hz line drive.
in excess of 600 uwatts/cm?

Note light intensity is






DUAL PHOTOCELL 50552610

HEWLETT Eﬁ? PACKARD

CADMIUM SULFO-SELENIDE DUAL PHOTOCELLS
Two completely independent and isolated photocells

Hermetically sealed TO-5 package

Integral electrostatic shield

OFFER WIDE RANGE OF APPLICATIONS
Full wave photochoppers where offset, drift, and small

size are important

Control areas where tracking of two independent photocells
with time, temperature, and light level are important
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ELECTRICAL SPECIFICATIONS at 25°C (each cell)

Rur e 15 K = 50% (Note 1)
Resistance Balance ............cccooeo........ 90% typical (Note 2)
ROARK <o 100 MQ minimum, 500 MQ typical
Decay Time ......ccccc........... 0.7 msec typical, 1.5 msec max.
(Notes 1 and 3)
Temperature coefficient ..................... 1.5 typical, 2.0 max.
(Note 4)
Peak Spectral Response ..o 6550 A
Tracking (10 uW/cm? < H < 10,000 uW/cm?)...5% typical
(Note 5)
Capacitance (Note 6) Typical Maximum
Cell to Cell 1.2 pF 2.5 pF
Cell to Case 25 pF 5.0 pF
Cell Shunt 1.5 pF 3.0 pF
ABSOLUTE MAXIMUM RATINGS at 25°C (unless other-
wise noted)
Power Dissipation ... 125 mW each cell
(derate to 0 at 65°C)
250 mW total
Voltage, Case to Cell ... 200 volts
Cell 1o Cell e 200 volts
Operating and Storage
Temperature Range ..., 0-65°C
NOTES

1. Conditions prior to test—2 hours minimum of room
light (approximately 80 fc) storage at 25°C. Rur and
decay time measured at an irradiance of 600 uwatts/
cm? from neon source.

2. Resistance balance =
Rur of lower resistance cell o
Rur of higher resistance cell X 100%.

3. Decay time—time required for cell resistance to in-
crease from Rur to 10 Rur.
Rur at 65°C

Rurat 25°C
5. Tracking is the percent error between Cell A and Cell
B in each package.
R./R-atH

% Error (at 25°C) = {|:R/m—a't7-i-:|_ 1})( 100

6. Capacitance measurements made in the dark.

4. Temperature coefficient =

fe— 328 ——{

\

= I ERET IR | Ill\ll

s

TYPICAL

¥

y/SR

T TTTTT

TTTTI

t (ms)

Figure 1. Response decay R:/Rur vs. time.
Rur = lit resistance at H = 600 uW/cm?
A = 0.65 um A
R: = celi resistance at a time t after removal
of illumination
R/ Rur of Cell A in the package is typically within 15% of
R:/Rur of Cell B throughout the decay transient

m] / "
100 5 10-4
3 10-5
- =
06 4 10-§
10 ,/ 10-7
100 lo-3
1 0 I3 0] o

H (uwatts/cm?)

Figure 2. Resistance (R) and conductance (G) vs. irradi-
ance (H) at » = 0.65 um.
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HEWLETT iﬁ:? PACKARD

TO-5 PHOTOCELL

HP
5082-4620

series

—
o
[ D
w

'vid 09¢’ J -

LOW COST: $.89 Each (In 1000 Quantity)
HERMETICALLY SEALED TO-5 CASE
MAXIMUM POWER: 125 mW at 25°C

TEMPERATURE RA

HP Type

5082-4620
5082-4621
5082-4622
5082-4623
5082-4624

A4

[N} Al

Resistance
At 2 FC| At 100 FC'
10 MQ | 100 kQ
1 MQ 10 kQ
300 kQ 4 kQ
25 kQ 225 Q
4 kQ 150 Q

' Typical Resistance *50%.
All measurements at 2854°K after 16 hours storage at 30 FC.

Vol ol Ao N ro
GE: —50°C to +65
Minimum Dark
Resistance Maximum
5 sec Peak
After 2 FC Voltage
1000 MQ 300 V 1
1000 MQ 300 V
1000 MQ 300 V
100 MQ 250 V
10 MQ 200 V

1x108\

A

INRY

Z
fa

10K

CELL RESISTANCE (Q)
8
A
v
7

4620

1K

\ 4621
4622

100

2 5 1 2 5 70 20 50 100 '\4624

200 300

ILLUMINATION (FOOT CANDLES)

C

Peak
Spectral
Response

6550 A
6550 A
6550 A
7250 A
7250 A
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numeric displays

Device No. Page
5082-7000 209
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SOLID STATE
HEWLETT \hg, PACKARD NUMERIC 50557000

INDICATOR

g

&

The Hewlett-Packard Solid State Numeric Indicator is a rugged numeric display module providing solid state
reliability for information presentation. Four input connections provide selection of the character set 0 through 9,
using standard 8421 four-line negative logic BCD. A separate connection is provided to permit decimal point dis-
play from an external range switch. Character brightness is variable as a function of LED voltage over the range of
5 to > 50 footlamberts. Display power requirement is about %2 watt per character at the 50 fL brightness level.

The small size of the module, with its self-contained switching logic, permits use where space is at a premium.
The 0.25-inch high character is easily read at 8 feet and the Lambertian light-emitting surface provides extremely
wide viewing angles (> 60° from the normal) with constant brightness independent of viewing angle.

TYPICAL CHARACTERISTICS

DESCRIPTION
Power Supply: All power and logic inputs referred to Peak Wavelength ... ..l 655 nm
common (ground). Spectral Line Half Width ... ... 30 nm
IC Logic (Specified Voltage) ....... 5V dc at 25 mA (typical) Character Response Time (“on” or “off"”) .......... <1 psec

LED (Light Emitting Diodes)

Specified Voltage .7......cccocoeeee. 16to 4V at 0 to 250 mA
(typical)

Power Dissipation at 50 fL .............cccoooieiie 500 mW
Storage Temperature .............ccccocoeeeieneee. —55° to +85°C
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PERCENT RELATIVE LIGHT OQUTPUT

100

90

80

70

60

50

40

30

20

L

|

1.0

1.5 2.0
+LED, IN VOLTS

2.5

3.0

35

r%—r — _
\ PIN
e 1 LOGIC1
_) 2 DECIMAL POINT
3 LED+
] 4 LOGICS
! ] 5 LOGIC4
' 6 GROUND
| 7 LOGIC + (5VDC)
| EIIII : 1.048 770 890 8 LOGIC2
! [ R R 1
|
T I
| ass ]
. |
434 L _]
18 R
“-D—U'—D—U'—J——]L -
1 2 3 4
150 —= ~e—, 190 =
f——— 570 ———— =] .060 —» |[———
100
-
[«
5 L
4
I
z
o 50
>
%
d -
o«
0 1 L 1 1
-50 0 +50
NANOMETERS

Figure 2. Light emitting diode brightness vs. header
temperature at fixed current level.
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Figure 1. Brightness vs. LED voltage.
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Figure 3. Spectral bandwidth of electroluminescent emis-
sion.
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HEWLETT - PACKARD

UNITED STATES

ALABAMA

P.0. Box 4207

2003 Byrd Spring Road S.W.
Huntsville 35802

Tel: (205) 881-4591

TWX: 810-726-2204

ARIZONA

3009 North Scottsdale Road
Scottsdale 85251

Tel: (602) 945-7601

TWX: 910-950-1282

5737 East Broadway
Tucson 85716

Tel: (602) 298-2313
TWX: 910-952-1162

CALIFORNIA

3939 Lankershim Boulevard
North Hollywood 91604
Tel: (213) 877-1282

TWX: 910-499-2170

1101 Embarcadero Road
Palo Alte 94303

Tel: (415) 327-6500
TWX: 910-373-1280

2591 Carlsbad Avenue
Sacramento 95821
Tel: (916) 482-1463
TWX: 910-367-2092

1055 Shafter Street
San Diego 92106

Tel: (714) 223-8103
TWX: 910-335-2000

COLORADO

7965 East Prentice
Englewood 80110
Tel: (303) 771-3455
TWX: 910-935-0705

CONNECTICUT
508 Tolland Street
East Hartford 06108
Tel: (203) 289-9394
TWX: 710-425-3416

111 East Avenue
Norwalk 06851

Tel: (203) 853-1251
TWX: 710-468-3750

DELAWARE

3941 Kennett Pike

Wilmington 19807

Tel: (302) 655-6161
TWX: 510-666-2214

FLORIDA

P.0. Box 545

Suite 106

9999 N.E. 2nd Avenue
Miami Shores 33153
Tel: (305) 754-4565
TWX: 810-848-7262

P.0. Box 20007

Herndon Station 32814
621 Commonwealth Avenue
Orlando

Tel: (305) 841-3070

{305) 841-3970

TWX: 810-850-0113

P.0. Box 8128
Madeira Beach 33708
410 150th Avenue

St. Petersbhurg

Tel: (813) 391-0211
TWX: 810-863-0366

GEORGIA

P.0. Box 28234

450 Interstate North
Atlanta 30328

Tel: (404) 436-6181
TWX: 810-766-4890

ILLINOIS

5500 Howard Street
Skokie 60076

Tel: (312) 677-0400
TWX: 910-223-3613

INDIANA

4002 Meadows Orive
Indianapolis 46205
Tel: (317) 546-4891
TWX: 810-341-3263

LOUISIANA

P.0. Box 856

1942 Williams Boulevard
Kenner 70062

Tel: (504) 721-6201
TWX: 810-955-5524

MARYLAND

6707 Whitestone Road
Baltimore 21207

Tel: (301) 944-5400
TWX: 710-862-0850

P.0. Box 1648

2 Choke Cherry Road
Rockville 20850
Tel: (301) 948-6370
TWX: 710-828-9684
MASSACHUSETTS
32 Hartwell Ave.
Lexington 02173
Tel: (617) 861-8960
TWX: 710-326-6904

MICHIGAN

24315 Northwestern Highway
Southfield 48075

Tel: (313) 353-9100

TWX: 810-232-1532

MINNESOTA

2459 University Avenue
St. Paul 55114

Tel: (612) 645-9461
TWX: 910-563-3734

MISSOURI

9208 Wyoming Place
Kansas City 64114
Tel: (816) 333-2445
TWX: 910-771-2087

g

2812 South Brentwood Blvd.
St. Louis 63144

Tel: (314) 962-5000

TWX: 910-760-1670

NEW JERSEY

W. 120 Century Road
Paramus 07652

Tel: (201) 265-5000
TWX: 710-990-4951

1060 N. Kings Highway
Cherry Hill 08034

Tel: (609) 667-4000
TWX: 710-892-4945

NEW MEXICO

P.0. Box 8366

Station C

6501 Lomas Boulevard N.E.
Albuquerque 87108

Tel: (505) 255-5586

TWX: 910-989-1665

156 Wyatt Drive
Las Cruces 88001
Tel: (505) 526-2485
TWX: 910-983-0550

NEW YORK

1702 Central Avenue
Albany 12205

Tel: (518) 869-8462
TWX: 710-441-8270

1219 Campville Road
Endicott 13764

Tel: (607) 754-0050
TWX: 510-252-0890

82 Washington Street
Poughkeepsie 12601
Tel: (914) 454-7330
TWX: 510-248-0012

39 Saginaw Drive
Rochester 14623
Tel: (716) 473-9500
TWX: 510-253-5981

SALES AND SERVICE

1025 Northern Boulevard
Roslyn, Long Island 11576
Tel: (516) 869-8400

TWX: 510-223-0811

5858 East Molloy Road
Syracuse 13211

Tel: (315) 454-2486
TWX: 710-541-0482

NORTH CAROLINA
P.0. Box 5188

1923 North Main Street
High Point 27262

Tel: (919) 882-6873
TWX: 510-926-1516

OHIO

25575 Center Ridge Road
Cleveland 44145

Tel: (216) 835-0300
TWX: 810-421-8500

3460 South Dixie Drive
Dayton 45439

Tel: (513) 298-0351
TWX: 810-459-1925

OKLAHOMA

2919 United Founders Boulevard
Oklahoma City 73112

Tel: (405) 848-2801

TWX: 910-830-6862

OREGON

Westhills Mall, Suite 158
4475 S.W. Scholls Ferry Road
Portland 97225

Tel: (503) 292-9171

TWX: 910-464-6103

PENNSYLVANIA
2500 Moss Side Boulevard
Monroeville 15146
Tel: (412) 271-0724
TWX: 710-797-3650

144 Elizabeth Street

West Conshohocken 19428
Tel: (215) 248-1600, 828-6200
TWX: 510-660-8715

TEXAS

P.0. Box 1270

201 E. Arapahoe Rd.
Richardson 75080
Tel: (214) 231-6101
TWX: 910-867-4723

P.0. Box 22813

4242 Richmond Avenue
Houston 77027

Tel: (713) 667-2407
TWX: 910-881-2645

GOVERNMENT CONTRACT OFFICE
225 Billy Mitchell Road

San Antonio 78226

Tel: (512) 434-4171

TWX: 910-871-1170

UTAH

2890 South Main Street
Salt Lake City 84115
Tei: (801) 486-8166
TWX: 910-925-5681

VIRGINIA

P.0. Box 6514
2111 Spencer Road
Richmond 23230
Tel: (703) 282-5451
TWX: 710-956-0157

WASHINGTON
433-108th N.E.
Bellevue 98004
Tel: (206) 454-3971
TWX: 910-443-2303

FOR U.S. AREAS NOT
LISTED:

Contact the regional office near-
est you: Atlanta, Georgia...
North Hollywood, California. ..
Paramus, New Jersey . .. Skokie,
Illinois. Their complete ad-
dresses are listed above.

CANADA

ALBERTA

Hewlett-Packard (Canada) Ltd.
11745 Jasper Ave.

Edmonton

Tel: (403) 482-5561

TWX: 610-831-2431

BRITISH COLUMBIA
Hewlett-Packard (Canada) Ltd.
304-1037 West Broadway
Vancouver 9

Tel: (604) 738-5301

TWX: 610-922-5059

MANITOBA

Hewlett-Packard (Canada) Ltd.
511 Bradford Ct.

St. James

Tel: (204) 786-7581

NOVA SCOTIA
Hewlett-Packard (Canada) Ltd.
7001 Mumford Road

Suite 356

Halifax

Tel: (902) 455-0511

TWX: 610-271-4482

ONTARIO

Hewlett-Packard (Canada) Ltd.
880 Lady Ellen Place

Ottawa 3

Tel: (613) 722-4223

TWX: 610-562-1952

Hewlett-Packard (Canada) Ltd.
1415 Lawrence Avenue West
Toronto

Tel: (416) 249-9196

TWX: 610-492-2382

QUEBEC

Hewlett-Packard (Canada) Ltd.
275 Hymus Boulevard

Pointe Claire

Tel: (514) 697-4232

TWX: 610-422-3022

Telex: 01-20607

FOR CANADIAN AREAS NOT
LISTED:

Contact Hewlett-Packard (Can-
ada) Ltd. in Pointe Claire, at
the complete address listed
above.

CENTRAL AND

ARGENTINA

Hewlett-Packard Argentina
S.A.C.e.l

Lavalle 1171 -3

Buenos Aires

Tel: 35-0436, 35-0627, 35-0431
Telex: 012-1009

Cable: HEWPACKARG

BRAZIL

Hewlett-Packard Do Brasil
l.e.C Ltda.

Rua Coronel: Oscar Porto, 691
Sao Paulo - 8, SP

Tel: 71-1503

Cable: HEWPACK Sao Paulo

Hewlett-Packard Do Brasil
l.e.C. Ltda.

Avenida Franklin Roosevelt 84-
grupo 203

Rio de Janeiro, ZC-39, GB

Tel: 32-9733

Cable: HEWPACK Rio de Janeiro

SOUTH AMERICA

CHILE

Hector Calcagni P.
Casilla 13942

Estado 215 - Oficina 1016
Santiago

Tel: 31-890, 490-505

COLOMBIA

Instrumentacion

Henrik A. Langebaek & Kier
Ltda.

Carrera 7 =48-59

Apartado Aereo 6287

Bogota, 1 D.E.

Tel: 45-78-06, 45-55-46

Cable: AARIS Bogota

COSTA RICA

Lic. Alfredo Gallegos Gurdién
Apartado 3243

San José

Tel: 21-86-13

Cable: GALGUR San José

ECUADOR

Laboratorios de Radio-Ingenieria
Calle Guayaquil 1246

Post Office Box 3199

Quito

Tel: 12496

Cable: HORVATH Quito

EL SALVADOR

Electrénica

Apartado Postal 1589

27 Avenida Norte 1133

San Salvador

Tel: 25-74-50

Cable: ELECTRONICA
San Salvador

GUATEMALA

Olander Associates Latin America
Apartado 1226

7a. Calle, 0-22, Zona 1
Guatemala City

Tel: 22812

Cable: OLALA Guatemala City
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MEXICO

Hewlett-Packard Mexicana, S.A.
de C.V.

Apartado Postal 12-832
Eugenia 408, Dept. 1

Mexico 12, D.F.

Tel: 43-03-79, 36-08-78

NICARAGUA

Roberto Terén G.
Apartado Postal 689
Edificio Terén

Managua

Tel: 3451, 3452

Cable: ROTERAN Managua

PANAMA

Electrénica Balboa, S.A.

P.0. Box 4929

Ave. Manuel Espinosa No. 13-50
Bldg. Alina

Panama City

Tel: 30833

Cable: ELECTRON Panama City

PERU

Fernando Ezeta B.

Avenida Petit Thouars 4719
Miraflores

Casilla 3061

Lima

Tel: 50346

Cable: FEPERU Lima

PUERTO RICO

San Juan Electronics, Inc.
P.0. Box 5167

Ponce de Leon 154

Pda. 3-Pta. de Tierra

San Juan, P.R. 00906

Tel: (174) 725-3342

Cable: SATRONICS San Juan
Telex: SATRON 3450 332

URUGUAY

Pablo Ferrando S.A.
Comercial e Industrial
Avenida ltalia 2877
Casilla de Correo 370
Montevideo

Tel: 40-3102

Cable: RADIUM Montevideo

VENEZUELA

Hewlett-Packard De Venezuela
C.A.

Edificio Arisén Office No. 6
Avda. Francisco de Miranda
Apartado del Este 50933
Chacaito

Caracas

Tel: 71.88.05, 71.88.69, 71.88.76
Cable: HEWPAK Caracas

FOR AREAS NOT LISTED,
CONTACT:

Hewlett-Packard Inter-Americas
3200 Hillview Ave.

Palo Alto, California 94304

Tel: (415) 326-7000

TWX: 910-373-1267

Cable: HEWPACK Palo Alto
Telex: 034-8461



EUROPE

AUSTRIA

Unilabor GmbH

Wissenschaftliche Instrumente

Rummelhardtgasse 6/3

P.0. Box 33

Vienna A-1095

Tel: 42 61 81

Cable: LABORINSTRUMENT
Vienna

Telex: 75 762

BELGIUM

Hewlett-Packard Benelux S.A.
348 Boulevard du Souverain
Brussels 16

Tel: 72 22 40

Cable: PALOBEN Brussels
Telex: 23 494

DENMARK
Hewlett-Packard A/S
Langebjerg 6

2850 Naerum

Tel: (01) 80 40 40
Cable: HEWPACK AS
Telex: 66 40

FINLAND

Hewlett-Packard 0/Y
Gyldenintie 3

Helsinki 20

Tel: 67 35 38

Cable: HEWPACKOY-Helsinki

HEWLETT - PACKARD

FRANCE

Hewlett-Packard France

Box No. 6

Quartiere de Courtabouef
Boite Postale No. 6

91 Orsay

Tel: 920 88 01

Cable: HEWPACK Paris

Telex: 60048 HEWPACK ORSAY

Hewlett-Packard France
4 Qua des Etroits

69 Lyon 5e

Tel: 42 63 45

GERMANY

Hewlett-Packard Vertriebs-GmbH
Lietzenburgerstrasse 30

1 Berlin W 30

Tel: 24 86 36

Telex: 18 34 05

Hewlett-Packard Vertriebs-GmbH
Herrenbergerstrasse 110

703 Bablingen, Wiirttemberg
Tel: 07031-6971

Cable: HEPAG Boblingen

Telex: 72 65 739

Hewlett-Packard Vertriebs-GmbH
Achenbachstrasse 15

4 Diisseldorf 1

Tel: 68 52 58/59

Hewlett-Packard Vertriebs-GmbH
Beim Strohhause 26

2 Hamburg 1

Tel: 24 05 51/52

Cable: HEWPACKSA Hamburg
Telex: 21 53 32

Hewlett-Packard Vertriebs-GmbH
Reginfriedstrasse 13

8 Miinchen 90

Tel: 0811 69 51 21/22

Cable: HEWPACKSA Munich
Telex: 52 49 85

GREECE

Kostos Karayannis
18, Ermou Street
Athens 126

Tel: 230 301

Cable: RAKAR Athens
Telex: 5962

IRELAND
Hewlett-Packard Ltd.
224 Bath Road

Slough, Bucks, England
Tel: Slough 753-33341
Cable: HEWPIE Slough
Telex: 84413

ITALY
Hewlett-Packard Italiana S.p.A.
Viale Lunigiana 46

g

Hewlett-Packard Italiana S.p.A.
Palazzo ltalia

Piazza Marconi 25

00144 Rome - Eur

Tel: 591 2544

Cable: HEWPACKIT Rome
Telex: 61514

NETHERLANDS
Hewlett-Packard Benelux, N.V.
de Boelelaan 1043
Amsterdam, Z ||

Tel: 42 77 77

Cable: PALOBEN Amsterdam
Telex: 13 216

NORWAY
Hewlett-Packard Norge A/A
Nesveien 13

Haslum

Tel: 53 83 60

Cable: HEWPACK Oslo
Telex: 6621

PORTUGAL

Telectra

Rua Rodrigo da Fonseca 103
P.0. Box 2531

Lishon 1

Tel: 68 60 72

Cable: TELECTRA Lisbon
Telex: 1598

SALES AND SERVICE

SPAIN

Ataio Ingenieros
Urgel, 259
Barcelona, 11

Tel: 230-69-88
Ataio Ingenieros
Enrique Larreta 12
Madrid, 16

Tel: 235 43 44
Cable: TELEATAIO Madrid
Telex: 2 72 49

SWEDEN

Hewlett-Packard (Sverige) AB
Hagakersgatan 7

431 04 Mdlndal 4

Tel: 031 - 27 68 00

Hewlett-Packard (Sverige) AB

Svetsarvagen 7

S171 20 Solna 1

Tel: (08) 98 12 50

Cable: MEASUREMENTS
Stockholm

Telex: 10721

SWITZERLAND

Hewlett Packard (Schweitz) AG
Zurcherstrasse 20

8952 Schlieren

Zurich

Tel: (051) 98 18 21,24

Cable: HEWPACKAG Zurich

Hewlett Packard (Schweitz) A.G.
Rue du Bois-du-Lan 7

1217 Meyrin-Geneva

Tel: (022) 41 54 00

Telex: 2 24 86

TURKEY

Telekom Engineering Bureau
P.0. Box 376 - Galata
Istanbul

Tel: 49 40 40

Cable: TELEMATION Istanbul

UNITED KINGDOM
Hewlett-Packard Ltd.
224 Bath Road
Slough, Bucks

Tel: Slough 753-33341
Cable: HEWPIE Slough
Telex: 84413

YUGOSLAVIA

Belram S.A.

83 avenue des Mimosas
Brussels 15, Belgium

Tel: 34 33 32, 34 26 19
Cable: BELRAMEL Brussels
Telex: 21790

FOR AREAS NOT LISTED,
CONTACT:

Hewlett-Packard A.G.

Rue du Bois-du-Lan 7

Telex: 12-1563 Telex: 85 86 533 20125 Milan Telex: 53933 1217 Meyrin-Geneva
: Tel: 69 15 84 Tel: (022) 41 54 00
Hewlett-Packard Vertriebs-GmbH  capje, HEWPACKIT Milan Cable: HEWPACKSA Geneva
Kurhessenstrasse 95 Telex: 32046 Telex: 2.24.86
6 Frankfurt 50
Tel: 52 00 36
Cable: HEWPACKSA Frankfurt
Telex: 41 32 49
AFRICA, ASIA, AUSTRALIA
ANGOLA CYPRUS The Scientific Instrument Co., Ld. KENYA PAKISTAN (WEST) TANZANIA
Telectra Empresa Técnica Kypronics B-7, Ajmeri Gate Extn. R. J. Tilbury Ltd. Mushko & Company, Ltd. R. J. Tilbury Ltd.
de Equipamentos Eléctricos  19-19D Hommer Avenue New Delhi 1 P. 0. Box 2754 Oosman Chambers P.0. Box 2754
SAR P.0. Box 752 Tel: 27-1053 Suite 517/518 Victoria Road Suite 517/518
Rua de Barbosa Rodrigues Nicosia Cable: SICO New Delhi Hotel Ambassadeur Karachi 3 Hotel Ambassadeur
42-1° Tel: 6282-75628 Nairobi Tel: 51027, 52927 Nairobi
Box 6487 Cable: HE-I-NAMI INDONESIA Tel: 25670, 26803, 68206, 58196 Cable: COOPERATOR Karachi Tel: 25670, 26803, 68206, 58196
Luanda Bah Bolon Trading Co. N.Y. Cable: ARJAYTEE Nairobi Cable: ARJAYTEE Nairobi
Cable: TELECTRA Luanda ETHIOPIA Djalah Merdeka 29 PHILIPPINES

AUSTRALIA

Hewlett-Packard Australia
Pty. Ltd.

22-26 Weir Street

Glen Iris, 3146

Victoria

Tel: 20.1371 (4 lines)

Cable: HEWPARD Melbourne

Telex: 31024

Hewlett-Packard Australia
Pty. Ltd.

61 Alexander Street

Crows Nest 2065

New South Wales

Tel: 43.7866

Cable: HEWPARD Sydney

Hewlett-Packard Australia
Pty. Ltd.

97 Churchill Road

Prospect 5082

South Australia

Tel: 65.2366

Cable: HEWPARD Adelaide

Hewlett Packard Australia
Pty. Ltd.
2nd Floor, Suite 13
Casablanca Buildings
. 196 Adelaide Terrace
Perth, W.A.

CEYLON

United Electricals Ltd.
P.0. Box 681

Yahala Building

Staples Street

Colombo 2

Tel: 5496

Cable: HOTPOINT Colombo

African Salespower & Agency
Private Ltd., Co.

P. 0. Box 718

58/59 Cunningham St.

Addis Ababa

Tel: 12285

Cable: ASACO Addisababa

HONG KONG

Schmidt & Co. (Hong Kong) Ltd.
P.0. Box 297

1511, Prince’s Building

10, Chater Road

Hong Kong

Tel: 240168, 232735

Cable: SCHMIDTCO Hong Kong

INDIA

The Scientific Instrument
Co., Ld.

6, Tej Bahadur Sapru Road

Allahabad 1

Tel: 2451

Cable: SICO Allahbad

The Scientific Instrument
Co., Ld.

240, Dr. Dadabhai Naoroji Road

Bombay 1

Tel: 26-2642

Cable: SICO Bombay

The Scientific Instrument
Co., Ld

11, Esplanade East

Calcutta 1

Tel: 23-4129

Cable: SICO Calcutta

The Scientific Instrument Co., Ld.
30, Mount Road

Madras 2

Tel: 86339

Cable: SICO Madras

Bandung

IRAN

Telecom, Ltd.

P. 0. Box 1812

240 Kh. Saba Shomali
Teheran

Tel: 43850, 48111
Cable: BASCOM Teheran

ISRAEL

Electronics & Engineering
Div. of Motorola Israel Ltd.

16, Kremenetski Street

Tel-Aviv

Tel: 35021 (4 lines)

Cable: BASTEL Tel-Aviv

Telex: Bastel Tv 033-569

JAPAN
Yokogawa-Hewlett-Packard Ltd.
Nisei Ibaragi Bldg.

2-2-8 Kasuga

Ibaragi-Shi

Osaka

Tel: 23-1641

Yokogawa-Hewlett-Packard Ltd.
Ito Building

No. 59, Kotori-cho
Nakamura-ku, Nagoya City
Tel: 551-0215

Yokogawa-Hewlett-Packard Ltd.
Ohashi Building

59 Yoyogi 1-chrome
Shibuya-ku, Tokyo

Tel: 370-2281

Telex: 232-2024YHP

Cable: YHPMARKET TOK 23-724

KOREA

American Trading Co., Korea, Ltd.

P.0. Box 1103

Dae Kyung Bldg.

170 Sejong Ro
Chongro Ku

Seoul (4 lines)

Tel: 75-5841

Cable: AMTRACO Seoul

LEBANON

Constantin E. Macridis
Clemenceau Street

Clemenceau Center

Beirut

Tel: 220846

Cable: ELECTRONUCLEAR Beirut

MALAYSIA

MECOMB Malaysia Ltd.

2 Lorong 13/6A

Section 13

Petaling Jaya, Selangor
Cable: MECOMB Kuala Lumpur

NEW ZEALAND
Hewlett-Packard (N.Z.) Ltd.
32-34 Kent Terrace

P.0. Box 9443

Wellington, N.Z.

Tel: 56-409

Cable: HEWPACK Wellington

PAKISTAN (EAST)
Mushko & Company, Ltd.
31, Jinnah Avenue

Dacca

Tel: 80058

Cable: NEWDEAL Dacca
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Electromex Inc.
2129 Pasong Tamo

Makati, Rizal
P.0. Box 3419
Manila

Cable: ELEMEX

SINGAPORE

Mechanical and Combustion
Engineering Company Ltd.

9, Jalan Kilang

Singapore, 3

Tel: 642361-3

Cable: MECOMB ‘Singapore

SOUTH AFRICA

Hewlett Packard (Pty.), Ltd.
Hill House

43 Somerset Rd.

Cape Town

Tel: 2-9711

Cable: AUTOPHONE Cape Town
Telex: 7038CT

Hewlett Packard (Pty.), Ltd.
607 Pharmacy House

80 Jorissen Street
Braamfontein, Johannesburg
Tel: 724-4172

Telex: 0026 JHB

TAIWAN
Hwa Sheng Electronic Co., Ltd.
P. 0. Box 1558
Room 404
Chia Hsin Building
No. 96 Chung Shan
North Road, Sec: 2
Taipei
Tel: 555211
Cable: VICTRONIX Taipei

THAILAND

The International
Engineering Co., Ltd.

P. 0. Box 39

614 Sukhumvit Road

Bangkok

Cable: GYSOM Bangkok

UGANDA

R. J. Tilbury Ltd.

P.0. Box 2754

Suite 517/518

Hotel Ambassadeur

Nairobi

Tel: 25670, 26803, 68206, 58196
Cable: ARJAYTEE Nairobi

VIETNAM

Landis Brothers and Company,
Inc.

P.0. Box H-3

216 Hien-Vuong

Saigon

Tel: 20.805

Cable: LANBROCOMP Saigon

ZAMBIA

R. J. Tilbury (Zambia) Ltd.
P.0. Box 2792

Lusaka

Zambia, Central Africa

FOR AREAS NOT LISTED,

CONTACT:

Hewlett-Packard Export
Marketing

3200 Hillview Ave.

Palo Alto, California 94304

Tel: (415) 326-7000

TWX: 910-373-1267

Cable: HEWPACK Palo Alto

Telex: 034-8461

Printed in U.S.A. 30M-11/68
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