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Brief
of written objectives. One of
e c these is “to provide products and

Hewlett-Packard is one of the world’s
leading designers and manufacturers
of electronic, medical, analytical,
and computing instruments and
systems, diodes, transistors, integrated
products, and optoelectronic products. Since
its founding in Palo Alto, California, in 1939,
HP has done its best to offer only products
that represent significant technological
advancements.

To maintain its leadership in instrument and
component technology, Hewlett-Packard
invests heavily in new product development.
Research and development expenditures
fraditionally average about 10 percent of
sales revenue, and 1,500 engineers and
scientists are assigned the responsibilities of
carrying out the company’s various R and D
projects.

HP produces more than 3,500 products at 30
domestic divisions in California, Colorado,
Oregon, Idaho, Massachusetts, New Jersey
and Pennsylvania and at overseas plants
located in the German Federal Republic,
Scotland, France, Japan, Singapore. Malaysia
and Brazil.

However, for the customer, Hewlett-Packard is
no further away than the nearest telephone.
Hewlett-Packard currently has sales and
service offices located around the world.

These field offices are staffed by trained
engineers, each of whom has the primary
responsibility of providing technical assis-
tance and data to customers.

A vast communications network has been
established to link each field office with the
factories and with corporate offices. No
matter what the product or the request, a
customer can be accommodated by a

single contact with the company.
Hewlett-Packard is guided by a set

services of the greatest possible value to our
customers”. Through application of advanced
technology, efficient manufacturing, and
imaginative marketing, it is the customer that
the more than 40,000 Hewlett-Packard
people strive 1o serve. Every effort is made to
anticipate the customer’s needs, to provide
the customer with products that will enable
more efficient operation, to offer the kind of
service and reliability that will merit the
customer’s highest confidence, and to
provide all of this at a reasonable price.

To better serve its many customers broad
spectrum of technological needs, Hewlett-
Packard publishes several catalogs. Among
these are:

® Eiectronic Instruments and Systems for
Measurement/Computation (General
Catalog)

e DC Power Supply Catalog
® Medical instrumentation Catalog

Analytical Instruments for Chemistry
Catalog

Coax, and W/G Measurement Accessories
Catalog

Optoelectronics Designer's Catalog
Integrated Products Catalog

All catalogs are available at no charge from
your local HP sales office, or write: Inquiries
Mgr., Hewlett-Packard, 1507 Page Mill Road,
Palo Alto, CA 94304.
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manufacturing systems, and
plant in San Jose, California. It houses modern scanning electron microscopy provide the
equipment such as a computer controlled basis for quality and dependability for the
wafer fabrication facility which includes entire product line.

projection mask aligning and automation
handling systemes.




This Diode and Transistor Designer's
Catalog contains detailed and

About
®
'hls How To Use This Catalog

Three methods are incorporated for

up-to-date specifications of our ‘at a l° locating components:
complete line of RF and

microwave products. The catalog is

divided into 8 product sections: Silicon Bipolar

Transistors, Gailium Arsenide Field Effect
Transistors, Schottky Barrier and High
Conductance Diodes, PIN Diodes, IMPATTS
and Step Recovery Diodes, Devices for Hybrid
Integrated Circuits and High Reliability
Devices. At the end of each section, a
selection of application notes pertaining to
the use of those products is included.

Also included in each section where possible
are the equivalent circuits of each product.
These will be of use in the computer-aided
design circuits.

All chip, beam lead, LID and ministrip
products are in the section Devices for Hybrid
Integrated Circuits, and in general, contain
references to equivalent packaged parts.

In all of the transistor product data sheets,
two tables for maximum ratings are shown.
Recommended Maximum Continuous Oper-
ating Conditions indicate the conditions
within which the device should be operated
in order to meet the MTBF design goals for
the device. The Absolute Maximum Ratings
table indicates the limits of the device.
Operation in excess of any of these
conditions may result in permanent damage
to the device. Package outlines are included
in the Appendix. Also included are some
commonly used Engineering tables.

The catalog also provides a complete index
of microwave semiconductor application
notes on page 250 which are available from
any of the Franchised Distributors listed on
page 255.

e A table of contents that allows
you fo locate devices by their general
description.

® An alphanumeric index that lists all devices
by part number plus generic chip part
numbers.

® Selection guides at the beginning of each
product section generally grouping
products by magjor specification, fre-
quency, eic,

Although product information and illustrations
in these catalogs were current at the time it
was approved for printing, Hewlett-Packard,
in a continuing effort to offer excellent
products at a fair value, reserves the right to
change specifications, designs, and models
without notice.

Other Literature Available

Each HP product is completely described on
a Technical Data Sheet. Technical
measurement information is contained in a
comprehensive series of Application Notes.
Various Application Notes of interest to those
working in the RF and Microwave field are
referenced on page 250.

The HP Journal is a monthiy journal of
technical information from the laboratories of
HP, and is available upon request.
Measurement/Computation News, published
six times per year, may be requested if you
want announcements of new products.



Ordering informadion,

How To Order

Hewlett-Packard people at the field
office will be pleased to provide
assistance in selecting the HP

After
Sale

arranged. Terms of orders placed
with authorized Hewlett-Packard
representatives or distributors

equipment most appropriate s are mutually determined
to your needs, and help you e rv .ces between the customer and

prepare your order.

The information in this catalog will, in many
cases, be sufficient for you to purchase a
particular HP product. In those instances, a
telephone call to the HP office will provide
you with (1) information on product
availability, and (2) the product’s price,
delivered to your location.

We want to be sure the product delivered is
the one you want. Therefore, when placing
your order, please specify the product’s
catalog part number, as well as the product’s
name. Be as complete as possible when
ordering.

NOTE: Minimum order in USA $20, except where cash is received
with order.

Terms of Sale

Inside the USA: Terms are net 30 days from
invoice date. Unless credit with Hewlett-
Packard has already been established,
shipments will be made COD or on receipt of
cash in advance.

Outside the USA: Terms of orders from
customers outside the United States of
America which are placed with Hewlett-
Packard Company, Hewlett-Packard S.A, or
Hewlett-Packard Inter-Americas, are irrevoc-
able letters of credit or cash in advance —
unless other terms have been previously

the representative or distributor
organization.
Warranty

As an expression of confidence in our
products fo continue meeting the high
standards of reliability and performance that
customers have come to expect, Hewlett-
Packard Microwave Semiconductor Products
carry the following warranty contained in the
operating and service manual provided with
the product:

HP’s Components are warranted against
defects in material and workmanship for a
period of one year from the date of shipment.
HP will repair or, at its option, replace
Components that prove to be defective in
material or workmanship under proper use
during the warranty period. This warranty
extends only to HP customers.

No other warranties are expressed or implied.
HP specifically disclaims the implied
warranties of merchantability and fitness for a
particular purpose.

EXCLUSIVE REMEDIES

The remedies provided herein are buyer's sole
and exclusive remedies. HP shall not be liable
for any direct, indirect, special, incidental, or
consequential damages, whether based on
contract tort or any other legal theory.
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Certification

Some customers are especially interested in
the test and quality assurance programs that
HP applies to its products. These Hewlett-
Packard programs are documented in a
Certificate of Conformance which is
available upon request at the time of
purchase. This certification states:

We certify that the Microwave Semiconductor
Division devices listed below were duly tested
and inspected prior to shipment and that
they met all of the published specifications
for these devices.

Hewlett-Packard’s calibration measurements
are fraceable to the National Bureau of
Standards to the extent allowed by the
Bureau’s calibration facilities.

The Hewlett-Packard Quality Program satisfies
the requirements of MIL-Q-9858A, MIL-I-

45208A, MIL-C-45662A, and NASA 5300.4 (1.C.).

Service

We firmly believe that our obligation to you
as a customer goes much beyond just the
delivery of your new HP product. This
philosophy is implemented by Hewlett-
Packard in two basic ways: (1) by designing
and building excellent products with good
serviceability, and (2) by backing up those
products with a customer service program
which can respond to your needs with speed
and completeness. '

The HP customer service program is one of
the most important facets of our worldwide
operations, providing a local service
capability in many of our field offices (listed
on page 257). Indeed, this customer service
program is one of the major factors in
Hewlett-Packard’s reputation for integrity and
responsibility towards its customers.
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GaAs Field Effect Transistor Selection Guide

LOW NOISE FETS

Chip
Part Number Equivatent Typical Typical Frequency Package Page
HFET- HFET- Noise Figure Associated Gain HPAC- Number
2201 2001 2.4 dB 9.2 dB 10 GHz 170 6
2202 2001 1.1 dB 13.6 dB 4 GHz 100A 9
1102 1001 1.4 dB 12 dB 4 GHz 100A 3
(2!;1?3:30) 1001 1.6 dB 11 dB 4 GHz 100A 3
GENERAL PURPOSE FETS
Chip
Part Number Equivalent Typical Gain Typical Pigs Frequency Package Page
HFET- HPAC- Number
2N6680 1001 16 dB 15.5 dBm 4 GHz 100A 3

(HFET-1101)
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= | 2NG680
HEWLETT ) PACKARD MICROWAVE GaAs FETS | (HFET-1101)
COMPONENTS HFET-1102
Features

LOW NOISE FIGURE
1.6 dB Typical at 4 GHz (2N6680)
1.7 dB Maximum at 4 GHz (HFET-1102)
1.5 dB Typical

HIGH GAIN
16 dB Typical at 4 GHz

HIGH OUTPUT POWER
15.5 dBm Typical Linear Power Output at 4 GHz

USABLE TO 12 GHz
RUGGED HERMETIC PACKAGE

Description/Applications

The 2N6680 (HFET-1101) and the HFET-1102 are gallium
arsenide Schottky gate field effect transistors in a package
suitable for narrow band operations to 12 GHz. Their
superior microwave performance in noise figure and gain
make them useful for applications such as land and satellite
communications, and radar.

2N6680 (HFET-1101) and HFET-1102 are supplied in the
HPAC-100A, a rugged metal/ceramic hermetic package,
and are capable of meeting the requirements of MIL-S-
18500.

The HFET-1102 is a low noise and gain selection of the
2N6680.

Electrical Specifications at Tcasg=25°C

4.4
68.31




Recommended Maximum
continuous Operating
conditions(]

. Operation of this device in excess of any one of these conditions is likely
to result in a reduction in device mean time between failure:(MTBF) to
below the design goal of 1 x 107 hours at TcH = 150°C (assumed
Activation Energy = 1.6 eV). Corresponds to Maximum Ratings for
2N6680.

. Maximum Continuous Forward Gate Current should not exceed 2.5 mA.
. ®jc — Thermal resistance, channel to case = 200°C/W.

. Operation in excess of any one of these conditions may result in

permanent damage to this device.

. Maximum forward Gate Current should not exceed 3 mA.
. See Handling and Use Precautions. (page 13}.

Figure 1. Typical Mason’s Gain (U), Ga (max),
and |S21]2 vs. Frequency at Vps = 4.0V,
Ips = 100% lpss.

Figure 3. Typical Noise Figure and Associated
Gain vs. Drain Current (Ips) at 4 GHz, Vps = 3.5V.

Figure 2. Typical Noise Figure (FmiN) and
Associated Gain vs. Frequency. Vps = 3.5V,
Ips = 15% Ipss.

Figure 4. Typical OQutput Power at 1 dB Compression
vs. Frequency. Vps = 4.0V, Ips = 50% Ipss. Tuned for
Maximum Output Power at +5 dBm Input.



Typical S-Parameters
High Gain Bias: VDS = 4.0V, VGS =0V

Linear Power Bias: Vpg = 4.0V, Ipg = 50% Ipgg

Minimum Noise Figure Bias: Vpg = 3.5V, Ips = 15% Ipss

Typical Noise Parameters!"
2N6680 (HFET-1101) and HFET-1102

Note:

1. Optimum Input Reflection Coefficient (T'o) Output Match for Minimum
Noise (I'L), Associated Noise Figure (Fmin) and Noise Resistance (RN) at
Vps = 3.5V, Ips = 15% lpss.

Figure 5. Ppiss vs. Temperature, Power Derating Curve
at Vps = 5V. Maximum power dissipation is a function
of device Ipss. Begin derating at Ppiss corresponding to
individual device Ipss, following a horizontal line until it
intersects with solid diagonal line.
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HEWLETT fPACKARD

COMPONENTS

MICROWAVE GaAs FET

HFET-2201

£

LOW NOISE
BROADBAND

Features

LOW NOISE FIGURE
2.4 dB Typical NF at 10 GHz
3.1 dB Typical NF at 14 GHz

HIGH MAXIMUM AVAILABLE GAIN
14.5 dB Typical Gaimax) at 10 GHz

HIGH OUTPUT POWER
12 dBm Linear Power at 10 GHz

CHARACTERIZED TO 18 GHz

HERMETIC MICROSTRIP WIDEBAND PACKAGE

HIGH TRANSDUCER GAIN TO 18 GHz

0.5 MICROMETER GATE

Description /Applications

The HFET-2201 is a gallium arsenide Schottky gate field
effect transistor. It features a rugged, hermetic, microstrip
compatible package that is designed for consistent
broadband or narrow-band operation over the frequency
range of 2 GHz to 18 GHz. The device’s superior noise and
gain performance, coupled with its wide dynamic range
capability make it ideally suited for such applications as
ECM, wideband surveillance, and warning systems.

In addition, its characteristics lend themselves to ease of
circuit design in applications such as radar and com-
munications equipment.

The HFET-2201 is packaged in the HPAC-170. The part is
capable of meeting the environmental requirements of
MIL-S-19500 and the test requirements of MIL-STD-750/
883.

Electrical Specifications at Tcage=25°C




Recommended Maximum
Continuous Operating
Conditions!

1. Operation of this device in excess of any one of these conditions is likely
to result in a reduction in device mean time between failure (MTBF) to
below the design goal of 1 x 107 hours at TcH = 125°C (assumed
Activation Energy = 1.6 eV).

. Maximum Continuous Forward Gate Current should not exceed 1.5 mA.

. ®jc — Thermal resistance, channel to case = 230°C/W.

w N

Absolute Maximum Ratings(!

1. Operation in excess of any one of these conditions may result in
permanent damage to this device.

2. Maximum forward Gate Current should not exceed 2 mA.

3. See Handling and Use Precautions. (page 13).

Figure 1. Typical Associated Gain
and Noise Figure (Fmin) vs. lps as a
percentage of Ipss when tuned for
minimum noise figure. Frequency
from 4 GHz to 18 GHz, Vps = 3.5V.

Figure 2. Typical Noise Figure (Fmin)
and Associated Gain vs. Frequency,
Vps = S.SV, lps = 15% Ipss.

Figure 3. Typical Gamax) vs. lps as a
percentage of Ipss. Frequency = 8,
10, and 12 GHz, Vps = 3.5V.

Figure 4. Mason’s Gain (U), Ga(max) and {S21(2 vs.
Frequency. Vps = 3.5V, Vgs = 0.0V.

Figure 5. Ppiss vs. Temperature, Power Derating Curve
at Vps = 4V, Maximum power dissipation is a function
of device Ipss. Begin derating at Ppiss corresponding to
individual device Ipss, following a horizontal line until it
intersects with the solid diagonal line.




Typical S-Parameters winimum Noise Figure Bias Vos = 3.5V, 1os = 15% Ioss

Typical S-Parameters wmaximum cain sias Vos = 3.5V, ios = 100% Ioss

Typical Noise Parameters'"

Note:

1. Optimum Input Reflection Coefficient (I'gj, Output Match for Minimum
Noise (I'L), Associated Noise Figure (FmiN) and Noise Resistance (Rn: at
Vps = 3.5V, Ips = 15% Ipss.

Mounting Instructions

THE USE OF CONVENTIONAL LEAD-TIN SOLDER 1S RECOMMENDED
FOR PACKAGE MOUNTING. CARE SHOULD BE TAKEN TO INSURE
GOOD SOLDER WETTING TO MINIMIZE SOURCE INDUCTANCE AND
THERMAL RESISTANCE.

TOP VIEW

L/

MICROSTRIP LINE

SIDE VIEW SOLDER

X
N .

GROUND PLANE
// /s 77 //

For more information on mounting the HPAC-170
see Application Bulletin 24, pg. 16.




LOW NOISE
HEWLETT W PACKARD MICROWAVE HFET-2202
COMPONENTS GaAS FET

Features

LOW NOISE FIGURE
1.1 dB Typical NF at 4 GHz, 1.4 dB Maximum

1.9 dB Typical NF at 8 GHz

HIGH ASSOCIATED GAIN
13.6 dB Typical G, at 4 GHz, 12.0 dB Minimum

9.6 dB Typical at 8 GHz

HIGH OUTPUT POWER
14.5 dBm Linear Power at 4 GHz

CHARACTERIZED TO 12 GHz
RUGGED HERMETIC PACKAGE

0.5 MICROMETER GATE

Description/Applications

The HFET-2202 is a gallium arsenide Schottky gate field
effect transistor. It features arugged, hermetic package that
is designed for consistent operation over the frequency
range of 2 GHz to 12 GHz. The device’s superior noise and
gain performance, coupled with its wide dynamic range
capability, make it ideally suited for such applications as
land and satellite communications and radar.

The HFET-2202 is packaged in the HPAC-100A. The partis
capable of meeting the environmental requirements of MIL-
S-19500 and the test requirements of MIL-STD-750/883.

Electrical Specifications at Teace =25°C
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Recommended Maximum
continuous Operating
conditions'

Notes:

1. Operation of this device in excess of any one of these conditions
is likely to result in a reduction in device mean time between
failure (MTBF) to below the design goal of 1 x 107 hours at
TcH = 125°C (assumed Activation Energy = 1.6 eV).

2. Maximum continuous forward gate current should not exceed
1.5 mA. :

3. Bjc — Thermal resistance, channel to case = 260° G/W.

Absolute Maximum Ratings'"

Notes:

1. Operation in excess of any one of these conditions may resultin
permanent damage to this device.

2. Maximum forward gate current should not exceed 2 mA.

3. See Handling and Use Precautions (page 13).

Figure 1. Typical Associated Gain and Noise Figure
(FMIN) vs. IDs as a percentage of Ipss when tuned for
minimum noise figure. Frequericy from 4 GHz to 8 GHz,
Vps = 3.5V.

Figure 3. Typical I'o in the 4 to 10 GHz range for
Vps = 3.5V, Ips = 15% Ipss. (I'o = Input Match for
Minimum Noise).

Figure 2. Typical Noise Figure (Fmin) and Associated
Gain vs. Frequency. Vps = 3.5V, Ips = 15% Ipss.

TABLE . HFET-2202 Typical Noise Parameters!'!

Note:

1. Optimum Input Reflection Coefficient (I'o),Output Match for
Minimum Noise (I'L), Associated Noise Figure (Fmin) and
Noise Resistance (Rn) at Vps = 3.5V, Ips = 15% Ipss.



Figure 4. Typical P1gg Linear Power and Associated
1dB Compressed Gain vs. Frequency at Vps = 4.0V, Ips
= 50% Ipss.

Figure 6. Typical Gaimax) vs. lDs as a percentage of
Ipss. Frequency = 8 GHz. Vps = 3.5V.

Figure 5. Mason’s Gain (U), Ga(max) and |S21|2 vs.
Frequency, Vps = 3.5V, Vgs = 0.0V.

Figure 7. Ppiss vs. Temperature, Power Derating Curve
at Vps = 4V. Maximum power dissipation is a function
of device Ipss. Begin derating at Ppiss corresponding to
individua! device Ipss, following a horizontal line until it
intersects with the solid diagonat line.

11



Typical S- Parameters

MINIMUM NOISE FIGURE BIAS Vps = 3.5V, Ips = 15% Ipss

HIGH GAIN BIAS Vps = 3.5V, Vgs = 0V

LINEAR POWER BIAS Vps = 4.0V, Ips = 50% Ipss




Handling And Use Precautions

The GaAs FETs are subject to damage caused by switch-
ing transients and static discharge, and must be handled
with caution. Hewlett-Packard recommends the following
precautions.

1. Assembly and test personnel, as well as tweezers or any
other pick-up tool, should be grounded to the test or
assembly station, preventing the build-up of static
charge which can damage the gate area if the chargeis
allowed to pass through it. During the package
mounting procedure, insure assembly equipment is
adequately grounded. )

Static discharge during handling, testing, and
assembly can induce increased reverse gate leakage of
a resistive nature.

To prevent the buildup of static charge on the package
during storage, the device should be held in a

conductive medium (e.g., metal container, conductive
foam).

. Spurious pulses generated by test equipment (i.e.

contact bounce during switching, induced voltage in
the leads, etc.) must be eliminated. Avoid turning
instrument power on and off, or switching between
instrument ranges when bias is applied to the device.

. Inductive pickup from large transformers, switching

power supplies, inductive ovens, etc., must also be
eliminated. Use shielded signal and power cabies.

. Assembly equipment (i.e., soldering irons) must be

adequately grounded.

. Application of bias. When applying bias to the FET, fifst

apply the gate voltage, then the drain voltage. When
removing bias, remove the gate voltage last.

o
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INTRODUCTION

The Hewlett-Packard HFET-2201 is a low noise,
broadband Gallium Arsenide Field Effect Transistor. The
package, HPAC-170 (Fig. 1), was designed to enhance the
RF characteristics of the chip and thereby offers
broadband capability in the 2 to 18 GHz range. This is
accomplished by lowering the parasitic capacitance along
with the source inductance within the package. (Parasitic
capacitance and source inductance both tend to degrade
performance).

This bulletin reports the results of mounting the HFET-
2201 in two different microstrip environments: RT/
Duroid!'l and Alumina. In both cases the HFET-2201
was first measured for S-Parameters, using a specially
designed test fixture which is constructed for minimum
loss. Then the device was mounted on a 500 microstrip
line, and again measured for S-Parameters. All the S-
Parameter measurements were made on the Hewlett-
Packard 8542B Automatic Network Analyzer.

« 4.51(0.18}
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0.180)
0.165)

INEN
N
o~

GATE

2.74 {0.108)
2.46 (0.097)

T__\Shf' f

6 TYP,
(.024) DRAIN /
SOURCE
.1(.004 \ Al
TYP. \
1.27 (0.050}
1.0270.040)
< b

-T—-' —35 ﬁ=_T

DIMENSIONS IN MILLIMETERS (INCHES)

Figure 1. HPAC-170 Package Outline.
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A Comparison of the S-Parameters of the HFET-2201 Mounted
In a Fixture and on Duroid Circuit

INPUT REFLECTION COEFFICIENT |S;,|
FORWARD TRANSMISSION COEFFICIENT |S,|

18

2 4 6 8 10 12 14 16 18 4 6 8 10 12 14 16
FREQUENCY (GHz) FREQUENCY {GHz)
Figure 4. Input Reflection Coefficient, |S11| vs. Frequency. Figure 5. Forward Transmission Coefficient, {S21| vs. Frequency.

QUTPUT REFLECTION COEFFICIENT Sy,

REVERSE TRANSMISSION COEFFICIENT |S,,|

4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16

18
FREQUENCY (GHz) FREQUENCY {GHz)
Figure 6. Reverse Transmission Coefficient, |S21| vs. Frequency. Figure 7. Output Reflection Coefficient, |S22| vs. Frequency.



DUROID

Fifty ohm lines were etched on 0.031” RT/Duroid board (er
= 2.25). The board was mounted in a “Modpak”[2] box
#7011, 34.13mm (1.344 inches) x 34.13mm (1.344 inches)
(See Figure 2a and photo 2b). A hole, 4.57mm (.180
inches) x 3.05mm (.120 inches), was cut in the electrical
center of the 500} line, for device placement. Solder used
was lead/tin (36% Pb, 60% Sn, 4% Ag). SMA connectors
were OSM #220.

To dampen moding effects, “Poly-iron” strips were placed
parallel to the device on each side, and on the inside top
cover.

S-Parameters for the device, measured in the test fixture
and mounted on Duroid are shown in Figures 4,5,6,and 7.

LEAD 0.10 (.004)
ST T T
CERAMICRING  0.38(.015)
4
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Figure 3a. Cross-Sectional Drawing of Alumina Mounting.
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Figure 2a. Cross Sectional Drawing of Duroid Mounting.

Figure 2b. Duroid Test Circuit and Housing.

ALUMINA

The alumina substrates were 2.54mm (.100 inches) x
5.97mm (.235 inches) x .64mm (.025 inches) with a 500
line on each. Substrates and device were mounted on a
carrier (see Figures 3a and 3b) The substrates were die
attached to the carrier while the device was silver
(conductive) epoxy bonded. Ribbon bonding was used to
attach the device leads to the 500} lines. The carrier, with
device and substrates, was placed inside an amplifier
housing (photo Figure 3¢). The SMA connectors used
were the flange type from Sealectrol3] (#50-645-4545-31).

Results of the S-Parameter measurements on the device
are shown in Figures 8, 9, 10, and 11.

Figure 3b. Kovar Circuit Carrier.

Figure 3c. Alumina Test Circuit and Housing.

CONCLUSION

Mounting the HFET-2201 on alumina will resultin less loss
(S21 and S12) atfrequencies greater than 8 GHz. The use of
Duroid, especially above 8 GHz, results in greater losses.

REFERENCES
1. RT/Duroid manufactured by Rogers Corp., Chandler,
Arizona.

2. Modpak manufactured by Adams-Russell Co., Wal-
tham, Massachusetts.

3. Sealectro Corp., Mamaroneck, New York.
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A Comparison of the S-Parameters of the HFET-2201 Mounted
In a Fixture and on Alumina Circuit

INPUT REFLECTION COEFFICIENT |Sy,|
FORWARD TRANSMISSION COEFFICIENT |S|

2 4 6 8 10 12 14 16 18 8 10

FREQUENCY (GHz} FREQUENCY (GHz)

Figure 8. Input Reflection Coefficient, |S11| vs. Frequency. Figure 9. Forward Transmission Coefficient, |S21] vs. Frequency.

OUTPUT REFLECTION COEFFICIENT [y, |

REVERSE TRANSMISSION COEFFICIENT S, |

2 a 6 8 10 12 14 16 18 2 a4 6 8 10 12 14 16 18
FREQUENCY (GHz) FREQUENCY (GHz)
Figure 10. Reverse Transmission Coefficient, |S12| vs. Figure 11. Output Reflection Coefticient, |S22| vs. Frequency.
Frequency.
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APPLICATIONS FOR
MICROWAVE GaAs FETS

A 6 GHz Amplifier Using the 2N6680 HFET-1101 GaAs FET

(Portion of Application Note 970)

INTRODUCTION

The Hewlett-Packard 2N6680 (HFET-1101) is a device
designed for good noise, gain and power output
characteristics when used as an amplifier. The purpose of
this application note is to highlight some of the design
tradeoffs when using a GaAs FET. The example is an
amplifier for use in the 5.9 to 6.4 GHz telecommunications
band. The amplifier's performance over this band is
excellent, with a maximum noise figure of 3.3 dB, a
minimum associated gain of 10.9 dB, a flatness of £0.4 dB
and a 9.5 dBm minimum power output at 1 dB gain
compression. The maximum input and output SWR are
2.67:1 and 1.90:1 respectively.

DESIGN TRADE-OFFS

The first choice facing a designer is biasing. In
comparison to silicon bipolars, GaAs FETs require more
current at a lower voltage, with the net result being about
the same power dissipation. Power supply requirements
should reflect this characteristic.

With any single stage amplifier design, there are three
performance parameters that require different optimum
bias settings.

They are:

1. Minimum noise figure

Vps = 3.5 Volts, Ips = 15% lpss
2. Linear power output

Vps = 4.0 Volts, Ips = 50% Ipss
3. Maximum Gain

Vbps = 4.0 Volts, Ips = 100% Ipss

For the three critical bias settings above, the input and
output matching data are available from the scattering'"’,
noise?, powert? and gain 3 parameters. The linear power
bias point of Vps = 4.0 Volts and Ips = 50% Ipss provides a
good compromise between minimum noise figure and
maximum gain. At this bias point the scattering, noise,
power and gain parameters can be measured by various
known techniques. Typical parameters at 6 GHz for the
2N6680 are:

Scattering Parameters

S11=0.641/-171.3°
S12 = 0.057/16.3°

S21 = 2.058/28.5°
S22 = 0.572/-95.7°

Gain Parameters

K = 1.504
Ga (max.) = 11.38 dB

I'ms = 0.762/177.3°
I'me = 0.718/103.9°

Power Parameters @
PTUNE =5dBm

P1dB = 15.5 dBm
Gp =8.2dB

I'rs = 0.729/166°
I'eL = 0.489/101°

Noise Parameters

Fmin = 2.9 dB

Rn = 9.42 ohms
I'o = 0.542/141°
I'L = 0.575/104.5°

Even at this compromise bias point, the input matching
network has four performance trade-offs that can be
juggled. They are: noise figure; available power gain;
power output; and input SWR.

Since most low noise receivers work in a small signal
environment, the design engineer is typically concerned
with compromising gain and input SWR for noise figure.
Moving from I'o toward I'ms along a straight line, input
SWR improves to 1.0:1 at I'ms, assuming the output to be
conjugately matched. At the same time, noise figure and
available gain are increasing. Table | shows correspond-
ing values for noise, gain and input SWR.

TABLE |

From Tabie |, a very good compromise input match
condition is I's = 0.614/160° and the corresponding
output conjugate match condition is I''=0.627.106°. in
comparison to the minimum noise match conditions the
noise figure is increased by 0.24 dB but the associated
gain is increased by 1.22 dB and the input, SWR is
improved by 40% to 2.28:1.

With the choice of I's and I'L discussed above, it is now
possible to synthesize the input and output matching
networks.

INPUT MATCHING NETWORK
1. The impedance Zs, corresponding to I's = 0.614/160°

18:
100 JI‘SJS\'n i l‘s

1+1gl2-21i'glCos / I'g

(1-1's?) 50
Zg = +j

1+ “S [2-2 “‘5’COS f I's

Zg =12.31 +j8.30

1
2. Yg=——=0.056 - j0.038
Zs
3. An open circuited stub looks like a shunt admittance
Y =jYo tan 8. Therefore, an open circuited stub that is
three-eights wavelength long looks like a shunt
inductor of admittance -jY,. Hence:
1 1

*‘Y—D = m = 26.55£2




4. Since the driving source impedance is 50(}, a quarter-
wave transformer of characteristic impedance

[
7. [v3

completes the input matching network.

Z' = } 29.920)

7= 29.92¢

¢ =125cm

Z, = 26.550
- 1.875cm

¢

OUTPUT MATCHING NETWORK
1. The impedance Z., corresponding to I'L = 0.627/106°

IS
-y, 2 A N
B (1- 1,2} 50 . 100 17 ISin/ '
T+ 2 -200 "Cos /17, 1+ 2-21'_ Cos /1

Z, = 17.45 +(34.66

1 .

2. Y_=—-0012-j0.023

ZL

3. The output matching network is similar to the input
matching network. An open circuited stub thatis three-
eighths wavelength tong looks like a shunt inductor of
admittance -jYo. Hence:

1

s = 43450
YO Im [YL]

Zy ™

4. Since the load impedance is 50(), a quarter-wave
transformer of characteristic impedance:

Z'o=\/ 50 ! = 65.690
Re YL

completes the output matching network.

€ -1 65.69¢)

50:

PERFORMANCE

An amplifier was constructed using the design derived
above. A comparison of the computer simulation with
measured amplifier performance at6 GHz is shown below.

The performance of the amplifier was measured over the

5.9t0 6.4 GHz band. Figures 1, 2, 3, 4 and 5show the room
temperature performance.

13

GAIN (dB)

5.9 6.0 6.1 6.2 6.3
FREQUENCY (GHz2)

Figure 1. Gain Performance.

35 ——

3.4 |-

NOISE FIGURE (dB)

3.3

3.2

5.9 6.0 6.1 6.2 6.3 6.4

FREQUENCY (GHz)

Figure 2. Noise Performance.

SWR

5.9 6.0 6.1 6.2 6.3 6.4
FREQUENCY (GHz)

Figure 3. Input-Output SWR Performance.
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POWER QUTPUT AT 1 dB COMPRESSION (dBm)

5.9 6.0 6.1 6.2 6.3 6.4

FREQUENCY (GHz)

Figure 4. Power Output Performance.

20

10

GAIN {dB)
-]

FREQUENCY (GHz!}

Figure 5. Wideband Gain Performance.

CONSTRUCTION

The board material is 0.031” RT/Duroid 120-061 (D5880)
(Manufactured by Roger Corp. in Chandler, AZ), with 10z.
copper clad on two sides. The relative dielectric constant
{€/)is 2.23. Duroid was chosen because of its low loss
tangent. The thickness of 0.031” was chosen so the source
top cap could be soldered to the RF ground, thereby
taking advantage of the low source inductance.

To minimize transition interactions the shunt stubs were
balanced along the series transmission lines. The bias
network is fed at the quarter-wavelength point of a half-
wavelength open circuited stub.

Two different types of biasing networks were used with
the same result. A schematic of the complete amplifier and
biasing circuitcan be seen in the diagram that follows. The
differences between the biasing networks are:

1. Schematic | is an active network which requires a dual
polarity supply with an active pulse recovery loop.

2. Schematic |l is a self-biasing network which requires a
very good source by-passing capacitor. It has a lower
component count with a single supply requirement. It
is, however, more subject to oscillations.

Q4 = HFET-1101

Ca = 1.000 pF, HIGH Q
JOHANSON
505410102MB
Ca Ca
—H a
INPUT ! ‘_l ouUTPUT
L4 .

+10 VOLTS DC

R;=38.3K 2, 1/4 WATT
Ry = 100K €2, TW, POTENTIOMETER
C R3=5K 2, 1W, POTENTIOMETER

Ra Ra Rg= 1K Q, 1/4 WATT
Rg Rg= 10K (2, 1/4 WATT
Rg= 1 MEG §2, 1/ WATT
Rs Cy = 0.005 »F, 250V, DISC
Q, = 2N2904
-5 VOLTS DC

The quiescent point is controlled by Ro and R3. Ry is ad-
justed to provide the proper Vpg and R3 is adjusted to
supply the correct drain current (Ipsg).

Schematic] Complete Amplifier

Qq = HFET-1101

Ca = 1,000 pF, HIGH Q
JOHANSON
50841Q102MB

Ca | Ca

! o =
I/

OUTPUT
c
v S

+10 VOLTS DC

Ry =Ry =5K €2, 1 WATT POTENTIOMETER

The quiescent point is controlled by R and Rp. Rq is ad-
justed to provide the proper Vpg and Rp is adjusted to
supply the correct drain current {Ipg).

Schematic I Complete Amplifier
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Silicon Bipolar Transistor Selection Guide
LOW NOISE TRANSISTORS

Part Number Typical } Typical Frequency Package eqﬁ:‘:l’ent Page
HXTR- Noise Figure Associated Gain HPAC- HXTR- Number
6101 (2N6617) 2.8dB 9.0 dB 4 GHz 70 GT 6001 45
6102 25dB 9.0dB 4 GHz 70 GT 6001 45
6103 (2N6618) 1.8 dB 12.0 dB 2 GHz 100 6001 48
6104 1.4 dB 14.0dB 1.5 GHz 100 6001 51
6105 3.8dB 9.0 dB 4 GHz 100 2001 54
6106 25dB 11.5 dB 2 GHz 70 GT 2001 57
GENERAL PURPOSE TRANSISTORS
Chip
Part Number Typical Gain Typical Py Frequency Package Equivalent Page
HXTR- HPAC- HXTR- Number
2101 (2N6679) 10.5 dB 18.5 dBm 4 GHz 100 2001 25
2102 15.0 dB 20.0 dBm 2 GHz 70 GT 2001 27
5101 (2N6701) 7.5 dB 22.0 dBm 4 GHz 100 5001 29
5103 11.0 dB 23.0 dBm 2 GHz 200 5001 37
LINEAR POWER TRANSISTORS
Chip
Part Number Typical P, 5 Typical Gain Frequency Package Equivalent Page
HXTR- HPAC- HXTR- Number
5101 (2N6701) 22.0 dBm 7.5dB 4 GHz 100 5001 29
5102 27.5 dBm 7.0dB 4 GHz 200 GB/GT 5002 33
5103 23.0 dBm 11.0dB 2 GHz 200 5001 37
5104 29.0 dBm 9.0 dB 2 GHz 200 5002 41

Hewlett-Packard also supplies microwave bipolar transistors from the 35800 series for use in existing systems. Designers
selecting transistors for use in new designs are encouraged to consider the superior performance of the HXTR series of
devices available from Hewlett-Packard.
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HEWLETT ,hp; PACKARD GENERAL PURPOSE
TRANSISTOR

COMPONENTS

G

2N6679
(HXTR-2101)

218

Features

HIGH GAIN
10.5 dB Typical at 4 GHz

WIDE DYNAMIC RANGE

RUGGED HERMETIC PACKAGE

Description

The 2N6679 (HXTR-2101) is an NPN bipolar transistor
designed for high gain and output power at 4 GHz. The
device utilizes ion implantation techniques and Ti/Pt/Au
metallization in its manufacture. The chip is provided with a
dielectric scratch protection over its active area.

The 2N6679 is supplied in the HPAC-100, a rugged
metal/ceramic hermetic package, and is capable of meeting
the environmental requirements of MIL-S-19500 and the
test requirements of MIL-STD-750/883.

Electrical Specifications at Teage=25°C

*300 us wide pulse measurement <2% duty cycle.

@) BIPOLAR TRANSISTORS
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Recommended Maximum
continuous Operating
Conditions 1] Absolute Maximum Ratings”

Notes:
1. Operation of this device in excess of any one of these conditions is *Operation in excess of any one of these conditions may resuit in
likely to result in a reduction in device mean time between failure permanent damage to this device.

(MTBF) to below the design goal of 1 x 107 hours at Ty = 175°C
(assumed Activation Energy = 1.5 eV|. Corresponds to maximum rating
for 2N6679.

2. Tcase = 25°C.

3. Derate at 4.8 mW/°C, T¢c = 106°C.

Figure 1. Typical Gamax) and Tuned Figure 2. Typical Power Output at Figure 3. Typical |Sz1g|2 vs. Bias at

Gain vs. Frequency at Vce=15V, 1 dB Compression and Small Signal 4 GHz.
Ic=25 mA Gain vs. Collector Current at 4 GHz for
VcE = 15V.

Typical S-Parameters v - 1sv, ic = 2sma




G

HXTR -2102

i

HEWLETTHF PACKARD GENERAL PURPOSE
COMPONENTS TRANSISTOR

Features

HIGH GAIN
15 dB Typical at 2 GHz
11 dB Typical at 4 GHz

WIDE DYNAMIC RANGE

RUGGED HERMETIC PACKAGE
Co-fired Metal/Ceramic Construction

@) BIPOLAR TRANSISTORS

Description

The HXTR-2102 is an NPN bipolar transistor designed for
high gain and wide dynamic range up to 6 GHz. The device
utilizes ion implantation techniques and Ti/Pt/Au
metallization in its manufacture. The chip is provided with
a dielectric scratch protection over its active area.

The HXTR-2102 is supplied in the HPAC-70GT, a rugged
metal/ceramic hermetic package, and is capable of
meeting the environmental requirements of MIL-S-19500
and the test requirements of MIL-STD-750/883.

Electrical Specifications at Tcasg=25°C

*300us wide pulse measurement <2% duty cycle.

27
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Recommended Maximum
continuous Operating
Conditions[1] Absolute Maximum Ratings*

Notes:
1. Operation of this device in excess of any one of these conditions is *Operation in excess of any one of these conditions may result in
likely to result in a reduction in device mean time between failure permanent damage to this device.

(MTBF) to below the design goal of 1 x 107 hours at Ty = 175°C
(assumed Activation Energy = 1.5 eV).

2. Tcase = 25°C.

3. Derate at 5.4 mW/°C, Tc = 117°C.

Figure 1. Typical Ga(max) and Sz1g vs. Figure 2. Typical Power Qutput at 1dB Figure 3. Typical S21e vs. Current at 2
Frequency at Vce=15V, Ic=25 mA. Compression and Small Signal Gain 2 GHz.
vs. Current for Vcg=15V

Typical S-Parameters vee - 1sv, ic = 25ma




]

HEWLETT T%PACKARD

COMPONENTS

LINEAR POWER |  2N6701
TRANSISTOR | (HXTR-5101)

£16.15

Features

HIGH P45 LINEAR POWER
23 dBm Typical at 2 GHz
22 dBm Typical at 4 GHz

HIGH Py4g GAIN
13 dB Typical at 2 GHz
7.5 dB Typical at 4 GHz

LOW DISTORTION
HIGH POWER-ADDED EFFICIENCY

MATCHING CONDITIONS INDEPENDENT
OF OUTPUT POWER

INFINITE SWR TOLERANCE ABOVE 2 GHz

RUGGED HERMETIC PACKAGE

Description/Applications

The 2N6701 (HXTR-5101) is an NPN bipolar transistor de-
signed for high output power and gain up to 5 GHz. To
achieve excellent uniformity and reliability, the manufac-
turing process utilizes ion implantation, seif-alignment
techniques and Ti/Pt/Au metallization. The chip has a
dielectric scratch protection over its active area and Ta2N
ballast resistors for ruggedness.

The superior gain, power, and distortion performance of the
2N6701 commend it for applications in radar, ECM, space,
and commercial and military telecommunications. The
2N6701 features both guaranteed power output and
associated gain at 1 dB gain compression.

The 2N6701 is supplied in the HPAC-100, a metai/ceramic
hermetic package, and is capable of meeting the
environmental requirements of MIL-S-19500 and the test
requirements of MIL-STD-750/883.

m BIPOLAR TRANSISTORS
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Electrical Specifications at Teacg =25°C

*300us wide pulse measurement at <2% duty cycle.

Recommended Maximum
continuous Operating
Cconditions 1] Absolute Maximum Ratings *

Notes:
1. Operation of this device in excess of any one of these conditions is "Operation in excess of any one of these conditions may resulit in
likely to result in a reduction in device mean time between failure permanent damage to this device.

(MTBF) to below the design goal of 1 x 107 hours at Ty = 175°C
(assumed Activation Energy = 1.5 eV). Corresponds to maximum rating
for 2N6701.

. Tcase = 25°C.

. See Figure 7 for derating conditions.

w N
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Figure 1. Typical Ga(max), Maximum
Stable Gain (Gms), and S21e vs. Frequency
at Vce = 18V, Ic = 30mA.

Figure 3. Typical P1gB Linear Power and
Associated 1dB Compressed Gain vs.
Frequency at Vce = 18V, Ic = 30mA.

Figure 2. Typical S21e vs. Current at 2 and
4GHz.

TRANSISTORS

m BIPOLAR

Figure 4. Typical P1gs Linear Power and

Associated 1dB Compressed Gain vs.
Current at Vgg = 12 and 18V at 4GHz.

) Figure 5. Typical Noise Figure (Fmin) and
Associated Gain (Ga) when tuned for
Minimum Noise vs. Frequency at Vce =
18V, Ic = 10mA. Typical Noise Figure (Fp)

| when tuned for Max P1dB at Vce = 18V, Ic
= 30mA.

Figure 6. Typical Two Tone 3rd Order
Intermodulation Distortion at 4GHz for a
frequency separation of 5SMHz at Vce =
18V, Ic = 30mA.

31



Figure 7. Maximum Power Dissipation Figure 8. Typical I'ms, I'mL, (calculated

Curve for 8jc = 210° C/W, Tjmax = 200°C. from the average S-parameters) in the 2 to
6GHz frequency range, at Vce =18V, Ic =
30mA.

Typical S-Parameters vce = 1sv, ic = 3oma

Typical S-Parameters vce - 1sv, ic = 15ma
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NEW g1

LINEAR POWER

HEWLETT ﬂ PACKARD HXTR-5102
COMPONENTS TRANSISTOR
leb- 48
Features

HIGH P,45 LINEAR POWER
29 dBm Typical at 2 GHz
27.5 dBm Typical at 4 GHz

HIGH P48 GAIN
11.5 dB Typical at 2 GHz
7 dB Typical at 4 GHz

PARTIAL MATCHING FOR
BROADBAND OPERATION

LOW DISTORTION
HIGH POWER-ADDED EFFICIENCY

MATCHING CONDITIONS INDEPENDENT
OF OUTPUT POWER

INFINITE SWR TOLERANCE ABOVE 2 GHz

RUGGED HERMETIC PACKAGE

Description/Applications

The HXTR-5102 is an NPN bipolar transistor designed for
high output power and gain up to 5 GHz. To achieve
excellent uniformity and reliability, the manufacturing
process utilizes ion implantation, self-alignment techni-
ques and Ti/Pt/Au metallization. The chip has dielectric
scratch protection over its active area and TasN ballast
resistors for ruggedness. A silicone conformal coating
protects the chip and matching network.

The superior power, gain and distortion performance of

) the HXTR-5102 commend it for use in broad and

!

narrowband commercial and military telecommunica-
tions, radar and ECM applications. Additionally, its
partial internal matching makes it ideal for broad
bandwidth designs in the 2 to 5 GHz frequency range with
minimal sacrifice of output power and gain.

The HXTR-5102 is supplied in the HPAC-200GB/GT, a
metal/ceramic hermetic package with a BeO heat
conductor, and is capable of meeting the environmental
requirements of MIL-S-19500 and the test requirements of
MIL-STD-750/883.

STORS

m BIPOLAR TRANSI
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Electrical Specifications at Tcac =25°C

*300 us wide pulse measurement at <2% duty cycle.

Recommended Maximum
continuous Operating . _
conditions(] Absolute Maximum Ratings*

Notes:
1. Operation of this device in excess of any one of these conditions is *Operation in excess of any one of these conditions may result in
likely to result in a reduction in device mean time between failure permanent damage to this device.

(MTBF) to below the design goal of 1 x 107 hours at Ty = 175°C
(assumed Activation Energy = 1.5 eV).

2. Tcase = 25°C.

3. See Figure 7 for derating conditions.



Figure 1. yp|cél almax), Maximum Sta ‘Ie Gam
(Gms), and S21g vs. Frequency at Vce = 18V,
Ilc = 110mA.

1

Figure 3. Typical P1dB Linear Power and Associated
1dB Compressed Gain vs. Frequency at Vcg = 18V,
Ilc = 110mA.

Figure 5. Typical Noise Figure (Fmin) and Associated
Gain (Ga) when tuned for Minimum Noise vs. Frequency
at Vce = 18V, Ic = 25mA. Typical Noise Figure (Fp)
when tuned for Max Pigg at Vce = 18V, Ic = 110mA.

Figure 2. Typical S21e vs. Current at 2 and 4GHz.

Figure 4. Typical P1ds Linear Power and Associated
1dB Compressed Gain vs. Current at Vce = 12 and
18V at 4GHz.

Figure 6. Typical Two Tone 3rd Order Intermodulation
Distortion at 4GHz for a frequency separation of 5SMHz
at Vce = 18V, Ic = 110mA.

m BIPOLAR TRANSISTORS
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Figure 7. Maximum Power Dissipation Curve for 8jc =

Figure 8. Typical I’'ms, I'mL (calculated from the average
55°C/W, Tjmax = 200°C.

S-parameters) in the 2 to 5.5GHz frequency range, for
Vce = 18V, Ic = 110mA.

Typical S-Parameters vce =1sv, ic = 110 ma
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HEWLETT ﬁ PACKARD

COMPONENTS

LINEAR POWER

@1

HXTR-5103

&4 17-08

TRANSISTOR

Features

HIGH P14 LINEAR POWER
23 dBm Typical at 2 GHz

HIGH P1gs GAIN
11 dB Typical at 2 GHz

LOW DISTORTION
HIGH POWER-ADDED EFFICIENCY

MATCHING CONDITIONS INDEPENDENT OF
OUTPUT POWER

RUGGED HERMETIC PACKAGE

Description/Applications

The HXTR-5103 is an NPN bipolar transistor designed for
high gain and linear output power up to 5 GHz. To achieve
excellent uniformity and reliability, the manufacturing
process utilizes ion implantation, self-alignment techni-
gues, and Ti/Pt/Au metallization. The chip has dielectric
scratch protection over its active area and TazN ballast
resistors for ruggedness.

The superior power, gain and distortion performance of

the HXTR-5103 commend it for use in RF and IF
applications in radar, ECM, space, and other commercial
and military communications.

The HXTR-5103 utilizes the HPAC-200, a metal/ceramic
hermetic package with a Be0O heat conductor, and is
capable of meeting the environmental requirements of
MIL-S-19500 and the test requirements of MIL-STD-
750/883.

m BIPOLAR TRANSISTORS
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Electrical Specifications at Teage=25°C

*300us wide pulse measurement at <2% duty cycle.

Recommended Maximum
continuous Operating
conditions 1] Absolute Maximum Ratings™

Notes:

1. Operation of this device in excess of any one of these conditions is *Operation in excess of any one of these conditions may result in
likely to result in a reduction in device mean time between failure permanent damage to this device.
(MTBF) to below the design goal of 1 x 107 hours at Ty = 175°C
rassumed Activation Energy = 1.5 eV).
. Tcase = 25°C.
. See Figure 7 for derating conditions.

w N




Figure 1. Typical Ga(max), Maximum Stable Gain Figure 2. Typical S21e vs. Current at 1 and 2GHz.
(Gms), and S21 vs. Frequency at Vcg = 18V,
Ic = 30mA.

m BIPOLAR TRANSISTORS

Figure 3. Typical P1ds Linear Power and Associated Figure 4. Typical P14 Linear Output Power and
1dB Compressed Gain vs. Frequency at Vce = 18V, Associated 1dB Compressed Gain vs. Current at 2 GHz.
lc = 30mA.

Figure 5. Typical Noise Figure (Fmin) and Associated Figure 6. Typical Two Tone 3rd Order Intermodulation
Gain (Ga) vs. Frequency when tuned for Minimum Distortion at 2GHz for a frequency separation of 5SMHz
Noise at Vce = 18V, Ic = 10mA. Typical Noise Figure at Vce = 18V, Ic = 30mA.

(Fp) when tuned for Max P1gg at Vce = 18V, ic = 30mA.
39
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Figure 7. Power Dissipation Curve for 8jc = 125°C/W, Figure 8. Typical I'ms, I'mL (Calculated from the
Timax = 200°C. Average S-Parameters) in the 2 to 4GHz Frequency
Range for Vg = 18V, Ic = 30mA.

Typical S-Parameters vce = 18v, ic = 30mA

Typical S-Parameters vee = 15v, ic = 15mA
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HEWLETT .hp; PACKARD

COMPONENTS

LINEAR POWER

HXTR-5104

22670

TRANSISTOR

Features

HIGH P44 LINEAR POWER
29 dBm Typical at 2 GHz

HIGH P44 GAIN
9 dB Typical at 2 GHz

LOW DISTORTION
HIGH POWER-ADDED EFFICIENCY

MATCHING CONDITIONS INDEPENDENT
OF OUTPUT POWER

RUGGED HERMETIC PACKAGE

Description/Applications

The HXTR-5104 is an NPN bipolar transistor designed for
high gain and linear output power up to4 GHz. To achieve
excellent uniformity and reliability, the manufacturing
process utilizes ion implantation, self-alignment techni-
ques, and Ti/Pt/Au metallization. The chip has dielectric
scratch protection over its active area and Ta2N ballast
resistors for ruggedness.

The superior power, gain and distortion performance of

the HXTR-5104 commend it for use in RF and IF
applications in radar, ECM, space, and other commercial
and military communications.

The HXTR-5104 utilizes the HPAC-200, a metal/ceramic
hermetic package with a Be0 heat conductor, and is
capable of meeting the environmental requirements of
MIL-S-19500 and the test requirements of MIL-STD-
750/883.

m BIPOLAR TRANSISTORS
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Electrical Specifications at Teage=25°C

*300us wide pulse measurement at <2% duty cycle.

Recommended Maximum
continuous Operating _ o
conditionsi1] Absolute Maximum Ratings

Notes:
1. Operation of this device in excess of any one of these conditions is *Operation in excess of any one of these conditions may result in
likely to result in a reduction in device mean time between failure permanent damage to this device.

(MTBF) to below the design goal of 1 x 107 hours at Ty = 175°C
{assumed Activation Energy = 1.5 eV).

2. Tcase = 25°C.

3. See Figure 7 for derating conditions.
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Figure 1. Typical Ga(max), Maximum Stable Gain (Gms), Figure 2. Typical S21€ vs. Current at 1 and 2GHz.
and S21e vs. Frequency at Vce = 18V, Ic = T10mA.

Figure 3. Typical P1gs Linear Power and Associated Figure 4. Typical P1gs Linear Power and Associated
1dB Compressed Gain vs. Frequency at Vce = 18V, 1dB Compressed Gain vs. Current at Vce = 12 and
Ilc =110mA. 18V at 2 GHz.

Figure 5. Typical Noise Figure (Fmin) and Associated Figure 6. Typical Two Tone 3rd Order Intermodulation
Gain (Ga) vs. Frequency when tuned for Minimum Noise Distortion at 2GHz for a frequency separation of SMHz
at Vo = 18V, Ic = 25mA. Typical Noise Figure (Fp) at Vce = 18V, Ic = 110mA.

when tuned for Max P1ds at Vce = 18V, Ic = 110mA.

m BIPOLAR TRANSISTORS
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Figure 7. Maximum Power Dissipation Curve for 8jc =
55°C/W, Timax = 200°C.

Typical S-Parameters vce = 18v, 1c = 110maA

Figure 8. Typical I'ms, ’'mL (calculated from the average
S-parameters) in the 1.5 to 3.5GHz frequency range,
at Vce = 18V, Ic = 110mA.




wewserr B packamo LOW NOISE | (eonsed
COMPONENTS TRANSISTOR HXTR_B"]Z 43147

Features

LOW NOISE FIGURE
2.8dB at 4GHz, Typical (2N6617)
2.5dB at 4GHz, Typical (HXTR-6102)

HIGH GAIN
9.0dB Typical Gain at NF Bias Conditions

RUGGED HERMETIC PACKAGE
Co-fired Metal/Ceramic Construction

Description

The 2N6617 (HXTR-6101) is an NPN bipolar transistor
designed for minimum noise figure at 4 GHz. The device
utilizes ion implantation techniques in its manufacture
and the chip is also provided with scratch protection over
its active area. The device is supplied inthe HPAC-70GT, a
rugged metal/ceramic hermetic package, and is capable
of meeting the environmental requirements of MIL-S-
19500 and the test requirements of MIL-STD-750/883.

The HXTR-6102 is a lower noise selection of the 2N6617.

Electrical Specifications at Tecage=25°C

*300us wide pulse measurement at <2% duty cycle.

Fmin —1 . . L o . . . .
**Mmin = 10 Log |1+ TG Noise measure (Myin) is the system noise figure of an infinite cascaded chain of identical amplifier stages.
* | Fmin and G, specified as power ratios.
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Recommended Maximum

Continuous Operating .
Conditions[ Absolute Maximum Ratings”

Notes:
1. Operation of this device in excess of any one of these conditions is *Operation in excess of any one of these conditions may resutt in
likely to result in a reduction in device mean time between failure permanent damage to this device.
(MTBF) to below the design goal of 1 x 107 hours at Ty = 175°C
(assumed Activation Energy = 1.5 eV). Corresponds to maximum rating
for 2N6617.
2. Tcase = 25°C.
3. Derate at 4 mW/°C, T¢ = 163°C.

Figure 1. Typical Gamax), FMIN and Figure 2. Typical FmMIN and Associated Figure 3. Typical |S21E|2 vs. Bias at 4
Associated Gain vs. Frequency at Vce Gain vs. I¢ at 4 GHz for Vce = 10V GHz, for the HXTR-6101/6102.
=10V, ic = 4 mA. {Tuned for FMmIN).

Typical S-Parameters v = 1ov, 1c = 4ma




Typical Noise Parameters

Figure 4. Typical Noise Parameters for the 2N6617/HXTR-6102 at
Vce =10V, Ic = 4 mA.

Low Power Bias Performance

m BIPOLAR TRANSISTORS

Figure 5. Noise Parameters at 1 GHz for the 2N6617 (HXTR-6101)

Figure 6. Noise Performance vs. Frequency and Bias for the 2N6617 (HXTR-6101)

TYPICAL S-PARAMETERS vce =3V, Ic = 0.25mA

Vce = 3V, Ic = 0.50mA

Vce = 3V, Ic = 1.0mA
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HEWLETTﬁ PACKARD

i

COMPONENTS

LOW NOISE
TRANSISTOR

2N6G18 &=
(HXTR- 6103)

F29-9

Features

GUARANTEED LOW NOISE FIGURE
2.2 dB Max. at 2 GHz, 1.8 dB Typical

HIGH GAIN
12.0 dB Typical Gain at NF Bias Conditions

RUGGED HERMETIC PACKAGE
Co-fired Metal/Ceramic Construction

Description

The 2N6618 (HXTR-6103) is an NPN bipolar transistor
designed for minimum noise figure at 2 GHz. The device
utilizes ion implantation techniques and Ti/Pt/Au
metallization in its manufacture. The chip is provided with
scratch protection over its active area.

These devices are supplied in the HPAC-100, a rugged
metal/ceramic hermetic package, and are capable of
meeting the environmental requirements of MIL-S-19500
and the test requirements of MIL-STD-750/883.

Electrical Specifications at Toage =25°C

*300 us wide pulse measurement at < 2% duty cycle.

1 - 1/Ga

Fmin —1
** Myin = 10 Log <1 + Noise measure (MmN} is the system noise figure of an infinite cascaded chain of identical amplifier stages.

Fmin and G, specified as power ratios.




Recommended Maximum
continuous Operating
Conditions['] Absolute Maximum Ratings*

ORS

Notes:

1. Operation of this device in excess of any one of these conditions is . L - .
likely to result in a reduction in device mean time between failure Operation in excess of any one of these conditions may result in
(MTBF} to below the design goal of 1 x 107 hours at Ty = 175°C permanent damage to this device.

(assumed Activation Energy = 1.5 eV). Corresponds to maximum rating
for 2N6618.

2. Tcase = 25°C.

3. Derate at 3.3 mW/°C, T¢ = 155°C.

m BIPOLAR TRANSIST

Figure 1. Typical Gaimax), FMIN and Associated Gain vs. Figure 2. Typical FMIN and Associated Gain vs.
Frequency at Vce = 10V, Ic = 3 mA. Collector Current at 2 GHz for Vce = 10V (Tuned
for FMIN).

) Figure 3. Typical S21e vs. Bias at 2 GHz.
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Typical Noise Parameters

Figure 4. Typical Noise Parameters at Vce = 10V, Ic = 3 mA.

Typical S- Parameters v, - 1ov, Ic = 3mA




Il

HEWLETT hp; PACKARD

COMPONENTS

LOW NOISE
TRANSISTOR

HXTR-6104

43-47

Features

GUARANTEED LOW NOISE FIGURE
1.6 dB Max. at 1.5 GHz

HIGH GAIN
14.0 dB Typical Gain at NF Bias Conditions

RUGGED HERMETIC PACKAGE
Co-fired Metal/Ceramic Construction

Description

The HXTR-6104 is an NPN bipolar transistor designed for
minimum noise figure at 1.5 GHz. The device utilizes ion
implantation techniques and Ti/Pt/Au metallization in its
manufacture. The chip is provided with scratch protection
over its active area.

The HXTR-6104 is supplied in the HPAC-100, a rugged
metal/ceramic hermetic package, and is capable of meeting
the environmental requirements of MIL-S-19500 and the
test requirements of MIL-STD-750/883.

Electrical Specifications at Teagg=25°C

*300 us wide pulse measurement at < 2% duty cycle.

1 - 1/Gy

Fyin —1 o ) ) ) -
“*MmiN = 10 Log (1 + —) Noise measure (Myiix) is the system noise figure of an infinite cascaded chain of identical amplifier stages.

FMin and G, specified as power ratios.

m BIPOLAR TRANSISTORS
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Recommended Maximum
continuous Operating .
Conditions[1] Absolute Maximum Ratings”

Notes:

1. Operation of this device in excess of any one of these conditions is
likely to resuit in a reduction in device mean time between failure
(MTBF) to below the design goal of 1 x 107 hours at Ty =175°C
(assumed Activation Energy = 1.5 eV).

2. Tcase = 25°C.

3. Derate at 3.3 mW/°C, Tc = 185°C.

*Operation in excess of any one of these conditions may result in
permanent damage to this device.

Figure 1. Typical Ga(max), FMIN and Associated Gain vs. Figure 2. Typical Fmin and Associated Gain vs. Ic at 1.5 GHz
Frequency at Vce = 10V, Ic = 3 mA. for Vce = 10V (Tuned for FMIN).

Figure 3. Typical S21g vs. Bias at 1.5 GHz.
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HEWLETT |Iﬁ_7 PACKARD

ll

COMPONENTS

LOW NOISE

TRANSISTOR

HXTR-6105
X17-34

Features

LOW NOISE FIGURE
4.2 dB Maximum at 4 GHz Guaranteed
HIGH GAIN
9 dB Typ. at NF Bias Conditions
WIDE DYNAMIC RANGE
RUGGED HERMETIC PACKAGE
Co-fired Metal/Ceramic Construction

Description

The HXTR-6105 is an NPN bipolar transistor designed for low
noise at 4 GHz with high output dynamic range. This
transistor also features high output power and high gain at
the NF bias and tuning conditions.

The device utilizes ion implantation techniques and Ti/Pt/Au
metallization in its manufacture,and the chip is provided with
a dielectric scratch protection over its active area.

The HXTR-6105 is supplied in the HPAC-100, a rugged
metal/ceramic hermetic package, and is capable of meeting
the environmental requirements of MIL-S-19500 and the
test requirements of MIL-STD-750/883.

Electrical Specifications at Tease=25°C

*300 us wide pulse measurement at < 2% duty cycle.

1= 1/Gy

Famin —1
**MmMmin = 10 Log (1 + Noise measure (Mmin) is the system noise figure of an infinite cascaded chain of identical amplifier stages.

Fmin and G; specified as power ratios.




Typical Noise Parameters

Figure 4. Typical Noise Parameters at Vce = 10V, Ic = 3 mA.

Typical S-Parameters v - 1ov, ic = 3ma

AR TRANSISTORS

m BIPOL

53



Recommended Maximum
continuous Operating
Conditionst' Absolute Maximum Ratings *

Notes:
1. Operation of this device in excess of any one of these conditions is *Operation in excess of any one of these conditions may result in
likely to result in a reduction in device mean time between failure permanent damage to this device.

(MTBF) to below the design goal of 1 x 107 hours at Ty = 175°C
(assumed Activation Energy = 1.5 eV).

2. Tcase = 25°C.

3. Derate at 4.8 mW/°C, T¢c = 106°C.

m BIPOLAR TRANSISTORS

Figure 1. Typical Fmin and Figure 2. Typical FmiN and
Associated Gain vs. Frequency. Associated Gain vs. I¢ at 4 GHz for
Vce=15V (Tuned for FmiN).

Figure 3. Typical S21e vs. Current
at 4 GHz.
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Typical Noise Parameters

Figure 4. Typical Noise Parameters at Vce=15V, Ic=15mA.

Typical S-Parameters v, - 1sv, i = 15ma




HEWLETT N PACKARD LOW NOISE
HXTR -6106
COM,,*ENTS TRANSISTOR |, ..
Features

GUARANTEED LOW NOISE FIGURE
2.7 dB at 2 GHz Max., 2.5 dB Typical
3.8 dB at 4 GHz Typical

HIGH ASSOCIATED GAIN
11.5 dB Typical at 2 GHz

WIDE DYNAMIC RANGE

RUGGED HERMETIC PACKAGE
Co-fired Metal/Ceramic Construction

Description

The HXTR-6106 is an NPN bipolar transistor designed for
low noise up to 6 GHz with wide dynamic range. This
transistor also features high output power and high gain at
the NF bias and tuning conditions.

The device utilizes ion implantation techniques and
Ti/Pt/Au metallization in its manufacture, and the chip is
provided with a dielectric scratch protection over its active
area.

The HXTR-6106 is supplied in the HPAC-70GT, a rugged
metal/ceramic hermetic package, and is capable of
meeting the environmental requirements of MIL-S-19500
and the test requirements of MIL-STD-750/883.

Electrical Specifications at Teasg=25°C

*300us wide pulse measurement <2% duty cycle.

TRANSISTORS

m BIPOLAR
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Recommended Maximum
continuous Operating .
Conditions(1] Absolute Maximum Ratings”

Notes:
1. Operation of this device in excess of any one of these conditions is *Operation in excess of any one of these conditions may result in
likely to result in a reduction in device mean time between failure permanent damage to this device.

(MTBF) to below the design goal of 1 x 107 hours at Ty = 175°C
(assumed Activation Energy = 1.5 eV).

2. Tcase = 25°C.

3. Derate at 5.4 mW/°C, Tc = 117°C.

Figure 1. Typical Noise Figure (FMmin) and Associated Figure 2. Typical Noise Figure (FMIN) and Associated
Gain vs. Frequency. Gain vs. Current at 2 GHz and 4 GHz at Vce = 15V
(Tuned for FMIN).

Figure 3. Typical S21e vs. Current at 2 GHz.




Typical S-Parameters vce = 1sv, ic = 10ma

@) BIPOLAR TRANSISTORS
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Applications

Transistors

Two Telecommunications Power
Amplifiersfor2and4GHz ....................

A Low Noise 4 GHz Transistor Amplifier
‘ Using the 2N6617 (HXTR-6101) . oveeeeeeen. ..

——for Silicon Bipolar-

61
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HEWLETT |ﬁﬁ, PACKARD

il

COMPONENTS

APPLICATIONS FOR
SILICON BIPOLAR
TRANSISTORS

Two Telecommunications Power Amplifiers for 2 and 4 GHz Using the
HXTR-5102 Silicon Bipolar Power Transistor (Portion of Application Note 972)

POWER AMPLIFIERS FOR THE
TELECOMMUNICATION BANDS

The HXTR-5102 is a good candidate for power amplifiers in
the 1.7 to 2.3 GHz and 3.7 to 4.2 GHz telecommunications
bands. Based on the data sheet specifications, the following
performance goals are realizable for such ampilifiers:

Power at 1 dB Gain Compression = 0.5 Watt

Gain at 1 dB Gain Compression = 10 dB (2 GHz)
= 6dB (4 GHz)

Gain Flatness = 2dB

Input and output SWR's should be reasonable but they need
not be perfect, since the use of circulators or the balanced
amplifier configuration is assumed.

POWER CONTOURS

Figure 1 is the output power contour graph for the HXTR-5102
transistor at 2 GHz. The output loading was changed and the
loci of points of equal P,4s were plotted. The input was matched
conjugately at all times. Note that the points of best P,y and
output conjugate match were close.

Figure 2 is the input power contour at 2 GHz. For this measure-
ment, the output was conjugately matched at all times. The
input tolerance to mismatch was much less severe than the
output tolerance. The points of input conjugate match and
best P,4s were close.

S-PARAMETERS—SMALL OR LARGE SIGNAL?

Gain performance is indicated by the S-parameters. Whether
small or large signal S-parameters are to be used depends
on the linearity of the transistor,

A simple linearity test was performed with the HXTR-5102
transistor Using the P45 test as shown in Figure 2, the tran-
sistor was simultaneously conjugately matched for small
signal. The transistor was then driven into gain compression
of 1, 2 and 3.3 dB. In each case the input and output were
retuned from the small signal match for better gain. For the 1
and 2 dB gain compression cases, less than 0.2 dB gain
improvement was observed. For the 3.3 dB gain compression
case, an increase of 0.2 dB of gain was noted. This was a
good indication of the lack of change of input and output
impedances of the transistor under gain compression.

It was therefore decided that the amplifier circuit designs
would use small signal S-parameters.

CIRCUIT DESIGN OF THE 2 GHz AMPLIFIER
The sequence of circuit design is as follows:

Design of output circuit for power

Design of input circuit for gain and gain flatness.
Computer circuit analysis and optimization.
Conversion to microstrip on Duroid.

Output and input circuit loading check.

A

-90° @ Conjugate Match

Figure 1. Output Power Contour at 2 GHz, Vce = 18V,
Ilc =110 mA.

90°

+180°

) -90° @ Conjugate Match

Figure 2. Input Power Contour at 2 GHz, Vce = 18V,
Ilc =110 mA.



The output circuit was designed at band center, 2 GHz, ac-
cording to Figure 3. The 50-ohm output load was transformed
to a resistance of 13.5 ohms by a quarter wave transformer.

Figure 3. Output Matching on Smith Chart at 2 GHz.

The characteristic impedance, Z,, of the quarter wave line
was given by:

Z, = V50 x 13.5 = 26 ohms

A rotation by a 50-ohm transmission line of 32° electrical
length completed the impedance transformation. The output
circuit schematic is shown in Figure 4.

1359 500

Zpo =26, N4

Figure 4. Output Circuit for 2 GHz Amplifier.

The input circuit was designed at the upper band edge,
2.3 GHz. The gain of the transistor was lowest at 2.3 GHz so
conjugate match was used at this frequency at the input. The
progressive input mismatch from 2.3 down to 1.7 GHz should
help to level the gain.

To calculate the input conjugate point at 2.3 GHz the reflec-
tion coefficient of the output circuit was noted. This output
loading was mapped by the S-parameters of the transistor at
2.3 GHz to an input impedance, the conjugate of which was
the required input circuit loading.

Reflection coefficient of output circuit, I',, at
2.3 GHz : 0.56 / 95°

Transistor S-parameters at 2.3 GHz :
S,y = 0.58/ 146°
S, = 216 4 —5.6°
Sy, = 0.076 y —15.0°
S, = 057/ —127°

Load to source mapping formula (from HP-67 E.E. Pac 1)?:
S12 S21 *
1

2 -8
rL 22

s =Sy +

where

T'ws is the input conjugate match
and

* represents the conjugate.

The input conjugate match, I'ys, at 2.3 GHz, was calculated
to be:

0.60/ —134° (42 Q in shunt with —j 31 Q).

Figure 5 shows the input conjugate match point in admittance
Smith Chart coordinates. A shunt capacitive element brought
the 50-ohm input load very closely to the conjugate point.
The required shunt capacitance at 2.3 GHz was 31 ohms. An
open stub transmission line of characteristic impedance Z,
and electrical length 45° (A/8) has a reactance equal to
—j Z, tan 45°. In other words, it has a capacitance equal to
Z,. So a shunt stub with Z, equal to 31 ohms was chosen
for input matching. The resistive component was close enough
to 50 ohms and was not matched. Figure 6 is the schematic of
the input circuit.

@ Conjugate Match

Figure 5. Input Matching on Smith Chart at 2.3 GHz.

Figure 6. Input Circuit for 2 GHz Amplifier.

@) BIPOLAR TRANSISTORS
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The circuit was analyzed on the computer-aided design
program COMPACT?

The amplifier performance was as follows:

Input stub  : Z, =31Q,45°at2.3 GHz
Output lines : Z, = 50Q, 32° at 2.0 GHz
Z, = 261}, 90° at 2.0 GHz

Table 1. Initial Amplifier Performance at 2 GHz.

Keeping in mind the main amplifier performance criteria were
power output and gain; and that the best P, 45 point at the out-
put was very close to the conjugate match point, the circuit
was then optimized using COMPACT with equal weighting
factors for output reflection coefficient and gain. The variables
of optimization were the characteristic impedances of the
three transmission line sections.

The optimized amplifier performance was as follows:

Input stub  : Z, = 30.4Q), 45° at 2.3 GHz
Output lines : Z, = 45.2Q), 32° at 2.0 GHz
o = 27.4Q, 90° at 2.0 GHz

Table 2. Optimized Amplifier Performance at 2 GHz.

The amplifier performance on paper was observed to be satis-
factory. The next step was to convert the transmission lines
to microstrip lines on Duroid, the circuit board material used
for this amplifier Card 14A from EE Pac 1 for the HP-67
calculator was used for the conversion. Figure 7 shows the
dimensions of the various circuit elements.

TRANSISTOR
2.79
{0.110) OuTPUT 1
INPUT l
| 46

5.
(0.215}
11.35
{0.447)
9.55 26.37
{0.376) (1.038)
470
(0.185) ALL DIMENSIONS IN MILLIMETERS {INCHES)

Figure 7. 2 GHz Amplifier Circuit Dimensions on Duroid.
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AMPLIFIER PERFORMANCE

The amplifier was fabricated and the measured performance
in gain, power output, input and output return loss and reverse
isolation, all at 1 dB gain compression, was indicated in
Figures 8, 9 and 10. Tuning of the amplifier did not improve the
overall performance.

GAIN (db)

71.7 1.8 1.9 2.0 2.1 22 23

FREQUENCY (GHz)

Figure 8. Gain at 1 dB Gain Compression vs. Frequency at
2 GHz, Vce = 18V, Ic = 110 mA.

Pigg (dBm)

17 1.8 1.9 2.0 2.1 2.2 23

FREQUENCY (GHz)

Figure 9. Power Output at 1 dB Gain Compression vs.
Frequency at 2 GHz, Vce = 18V, Ic = 110 mA.

RETURN LOSS/REVERSE ISOLATION (dB)

17 1.8 1.9 2.0 2.1 2.2 2.3

FREQUENCY (GHz}

Figure 10. Input and Output Return Loss; Reverse
Isolation, at 1 dB Gain Compression vs. Frequency at
2 GHz, Vg = 18V, Ic = 110 mA.



Two tone intermodulation distortion was also measured
and piotted in Figure 11.

OUTPUT POWER OF EACH TONE (dBm)

-5 0 5 10 15 20 25

INPUT POWER EACH TONE {dBm)

Figure 11. Two Tone Intermodulation Distortion
Performance at 2 GHz, Vce = 18V, Ic = 110 mA.

BIAS AND DISTORTION

The dc bias condition of 18V and 110 mA was chosen for best
gain and Pg4e performance. It was, however, felt that the
110 mA collector current might be too high for symmetrical
current clipping.

A linearity test was performed. The collector-emitter voltage
was set to 18 volts. The transistor was subjected to a small
signal input and kept simultaneously conjugately tuned, while
the collector current was varied. The gain was recorded. The
collector currents at 1 dB gain fall off points were noted,
Table 3.

Table 3. Small Signal Gain vs. Collector Current at 2 GHz,
VCE = 18V

It appeared that for symmetrical clipping a current of about
90 mA, half-way between 20 and 162 mA, would be ideal.

The transistor was biased to 18V and 90 mA, but the gain
was slightly lower The collector-emitter voltage was raised to
22V to restore the gain. The same linearity test was per-
formed at 22 voits. The result is indicated in Table 4. A mid-
point current of 85 mA was arrived at.

Table 4. Small Signal Gain vs. Collector Current at 2 GHz,
Vee = 22V.

AMPLIFIER PERFORMANCE WITH LOW
DISTORTION BIAS

Two tone measurements were made with the bias of 22V and
85 mA, Figure 12. Significant improvement of third order dis-
tortion was observed at high output levels. The third order
intercept, which was obtained from low level signal extrapola-
tion, remained the same.

The AM to PM conversion of the amplifier is plotted in Figure 13.

OUTPUT POWER OF EACH TONE (dBm)

INPUT POWER OF EACH TONE {dBm)

Figure 12. Two Tone Intermodulation Distortion
Performance at 2 GHz, Vce = 22V, Ic = 85 mA.

PHASE CHANGE IN DEGREES

] 5 10 15 20 25 30

INPUT POWER (dBm)

Figure 13. AM to PM Conversion vs. Input Power at2 GHz,
Vce =18V, Ic = 110 mA.

ANSISTORS
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CIRCUIT DESIGN OF THE 4 GHz AMPLIFIER

The design of the 3.7 to 4.2 GHz amplifier was made easier
due to the internal input matching in the transistor around
4 GHz. Figures 14 and 15 are the output and input power
contours.

® CONJUGATE MATCH

Figure 14. Output Power Contour at 4 GHz, Vce = 18V,
lc =110 mA:

@ CONJUGATE MATCH

Figure 15. Input Power Contour at 4 GHz, Vce = 18V,
Ilc =110 mA.

Output matching is shown in Figure 16. The 50-ohm impe-
dance was matched to the output resistance of 5 ohms. The
small output reactance was ignored and not matched. The
output circuit schematic is shown in Figure 17.

The input power contours were large circles, indicating the
relative insensitivity of power output performance to input
tuning, a desirable feature. Together with the internal input
matching, it was felt that external input matching was un-
necessary for this amplifier.

The circuit was converted to microstrip dimensions. Due to
the simplicity of the circuit, computer analysis and optimiza-
tion was not performed. Figure 18 is the initial amplifier
circuit.

Figure 16. Output Matching on Smith Chart at 4 GHz.

Figure 17. OQutput Circuit for 4 GHz Amplifier.

12.90
{0.508)

TRANSISTOR

10.67
INPUT (0.420) OUTPUT

ALL DIMENSIONS IN MILLIMETERS (INCHES}

Figure 18. 4 GHz Amplifier Initial Circuit Dimensions
on Duroid.

Tuning and Amplifier Performance

Tuning was performed on the amplifier The criteria for tuning
were: first, P,s performance; then, gain and gain flatness.
Figure 19 is the amplifier in its final form.

11.68
{0.460}
TRANSISTOR
OUTPUT I4.19 (0.165)
5082 LINE J

INPUT

3.30 11.68
(0.130)1' 5 500 LINE § OUTPUT g 250,

MATCHING 31.19 {0.165)

DC BLOCKING
CHIP CAPACITOR

DC BLOCKING
CHIP CAPACITOR

ALL DIMENSIONS IN MILLIMETERS {INCHES}

Figure 19. 4 GHz Amplifier Final Circuit Dimensions
on Duroid.

Gain and gain flatness at 1 dB gain compression are shown
in Figure 20. The gain flatness is good, even in the absence
of external input matching.



GAIN (dB)

37 4.0 4.2

FREQUENCY (GHz)

Figure 20. Gain at 1 dB Gain Compression vs. Frequency at
4 GHz, Vce = 18V, Ic = 110 mA.

The power at 1 dB gain compression is shown in Figure 21
input and output return loss, and reverse isolation are shown
in Figure 22. The output was tuned to 4.1 GHz to obtain equal
power output performance at both band edges.

POWER OUTPUT (dBm)

3.7 4.0 4.2

FREQUENCY (GHz)

Figure 21. Power Output at 1 dB Gain Compression vs.
Frequency at 4 GHz, Vcg = 18V, Ic = 110 mA.

RETURN LOSS/REVERSE ISOLATION (dB)

37 38 39 40 41 42

FREQUENCY (GHz)

Figure 22. Input and Output Return Loss, Reverse
Isolation, at 1 dB Gain Compression, vs Frequency at
4 GHz, Vce =18V, Ic = 110 mA.

Bias and Distortion

Two tone intermodulation distortion is presented in Figures
23 and 24. The best power output bias is 18V and 110 mA. The
best distortion bias is 22V and 85 mA. As in the case of the 2
GHz amplifier the intercept point is unchanged while inter-
modulation distortion at high output levels is significantly im-
proved.

OUTPUT POWER OF EACH TONE (dBm)

- 0 5 15 20 25 30 35 40

INPUT POWER OF EACH TONE (4Bm)

Figure 23. Two Tone Intermodulation Distortion
Performance at 4 GHz, Vce = 18V, Ic = 110 mA.

OUTPUT POWER OF EACH TONE {dBM)

-10 0 5 10 15 20 25 30 35 40

INPUT POWER OF EACH TONE (dBM)

Figure 24. Two Tone Intermodulation Distortion
Performance at 4 GHz, Vce = 22V, Ic = 85 mA.

m BIPOLAR TRANSISTORS
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The AM to PM conversion performance of the amplifier is
shown in Figure 25.

10

-]

PHASE CHANGE IN DEGREES
IS

0 10 20 30
INPUT POWER (dBm)

Figure 25. AM to PM Conversion vs. input Power at4 GHz,
Vce = 18V, Ic = 110 mA.

Bias Circuit

The same bias circuit was used for both amplifiers. The
schematic is in Figure 26. Care should be taken in the circuit
layout to avoid oscillations in the bias circuit.

+24V de

Rg
FEEDTHROUGH
CAPACITORS RF CHOKES
~— ¥ e
— e J RF
I ]\]T_RANSISTOR

Rz Rq

R, 6800 %W
R, 17800 %W
Ry a0 w
Ry 10092 %W
Rg » %W
Q; 2N3251

* FORCOLLECTOR CURRENT TRIMMING

Figure 26. Active Bias Circuit for both the 2 GHz and the
4 GHz Amplifier.

Bias Insertion

The bias insertion points are points of low impedance. If
such a point is electrically disturbed (for example, by a pair
of hand-held tweezers) little or no change of amplifier
performance is detected. These points were found and used
for the 2 GHz amplifier. Due to the compact size of the 4 GHz
amplifier completely “null” points were not found and phy-
sically convenient points were used instead. The RF chokes
were made of 5 to 10 turns of # 32 gauge magnet wire, wound
to a 0.1 inch coil diameter Quarter wave line lengths were
not used.

AMPLIFIER CONSTRUCTION

The amplifier was constructed of RT/Duroid, 1/32 inch thick,
with one ounce copper clad on both sides. The circuit was
hand cut and etched in ferric chloride. All dc blocking capac-
itors used were 1000 pF chip capacitors made by Dielectric

Laboratories, Inc.*, part number Di 6B 102 K 300 L. The two
amplifiers, minus the bias supplies, are shown in Figure 27.

CHIP CAPACITORS

Figure 27. Top View of the 2 and 4 GHz Amplifiers.
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A Low Noise 4 GHz Transistor Amplifier Using the 2N6617 (HXTR-6101)
Silicon Bipolar Transistor (Portion of Application Note 967)

DESIGN DATA

Plotted in Figure 1is the typical noise figure, noise measure®
and associated gain of the 2N6617 (HXTR-6101) product as
a function of collector current at 4 GHz.

From Figure 1, it can be seen that the minimum noise mea-
sure of the device is obtained at a collector current of 3 to

ASSOCIATED GAIN (dB)

Fun AND My, (dB)

1 2 3 4 5 6 7 8 9 10

COLLECTOR CURRENT (mA)

Figure 1. Typical Noise Measure (M n), Noise Measure (Fpy )
and Associated Gain vs. Collector Current.

4 mA. However, the associated gain at noise figure is higher
at 4 mA, therefore a bias point of Vcg = 10 volts and I =
4 mA is chosen for low noise measure operation. At these
bias conditions, the scattering, gain{1 and noisef2) param-
eters for the particular device used in this amplifier are:

Gain Parameters
k=1.012
Ga{max) = 14.7dB
I'ms = .941/-154°
Iwe =.979/70°

Scattering Parameters
S11 = 0.552/169°
S12 = 0.049/23°
Sy = 1.681/26°
Sy5 = 0.839/-67°

Noise Parameters

Fmin = 2.5dB
I'o =.475/166°
Rn = 3.5 ohms

Using the Gain and Noise Parameters above, the avail-
able power gain and noise contours are plotted in Figure 2.
The contours are mapped onto the source impedance plane(2).

*The system noise figure of an infinite cascaded chain of identical
amplifier stages. For further explanation, see Hewlett-Packard Ap-
plication Bulletin #9.

FMIN -1
Mmin = 10 logqp E M
Ga

Figure 2. Noise and Gain Contours

Taking a closer look at the Noise Contours, it is seen that the
optimum source reflection coefficient (I'g) for minimum
noise figure (Fpn) is not very sensitive to matching error.
The diameter of the first noise contour corresponds to a
change in reflection coefficient magnitude of .37 with a noise
figure increase of 0.1dB. This characteristic of the 2N6617

is very advantageous to circuit designers trying to match

for minimum noise figure. From the two sets of contours, it
appears that the associated gain at minimum noise figure will
be approximately 11 dB with the output seeing a conjugate
match.

Since the design goal is to construct a low noise amplifier, the
optimum noise measure bias condition is selected. There is
also an optimum bias condition for maximum gain and an-
other for output power. Even at the optimum noise mea-
sure bias there are trade-offs between noise figure, gain and
power output due to source and load impedance.

At the optimum noise measure bias of Vcg = 10 volts and I¢
= 4mA, the source and load reflection coefficients for low-
est noise figure, maximum gain and greatest power are tabu-
lated and plotted in Figure 3. Figure 3 is plotted for the
particular device used in this amplifier design. The source and
load reflection coefficients are mapped onto the source or
load impedance plane.

m BIPOLAR TRANSISTORS
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Figure 3. Matching Tradeoffs

INPUT MATCHING NETWORK

The main purpose of the input matching network is to pro-
vide the optimum source impedance for minimum noise fig-
ure. The basic design philosophy in realizing this network is:

1) Convert the optimum source reflection coefficient (I'g)
to impedance.

2) From this impedance determine the equivalent admit-
tance.

3) The susceptance component is realized with a short cir-
cuited eighth-wave (%) length stub.

4) The conductance component is realized with a quarter-
wave (%) length impedance transformer.

The realization and Smith Chart mapping for this input
matching network is described below and shown in Figure 4.
1} The impedance Zyg, corresponding to Iy =.475/1 66° is:

, 1{21lolSIN [Tg) 50
1+|[512 -2 TolCos [Ty

(1-1I'nl2) 50
1+ |[pl2-2|pl Cos &)

Znf =

Znr = 18.0 +)5.35

1

2) YnF = 7= = 0.0510-j0.0152

Z

3) A short circuited stub less than a quarter-wave length long
looks like a shunt inductor of impedance Z = jZg tan 4.
Hence a short circuited stub that is an eighth-wave length
long looks like a shunt inductor of impedance jZ2o where
Zop is the characteristic impedance of the stub. Hence

=1 .
Zo = 0157 65.8 ohms.

4) Since the driving source impedance is 50€2, a quarter-wave
transformer of characteristic impedance:

Z'o =+/(50) (19.6) =31.31Q

completes the input matching network,

+180°

¢ =.94cm
Z, = 65.80

Figure 4. Input Matching Network

OUTPUT MATCHING NETWORK

With one of the design goals being an output VSWR of less
than 1.5:1, the output matching network is designed to pro-
vide a conjugate match with the source impedance, Zyg. The
basic design procedure is:

1) Calculate S'yp, the output reflection coefficient with the
source reflection coefficient being I'g.

2) Provide a conjugate match for the output with a load re-
flection coefficient equal to S'o5™. (I = S50 ™)

3) The matching section could be realized with a shunt stub
and a series transformer similar to the input network.
However, in order to increase the tuning capabilities of
the network, an extra section of matching is used.



The realization and Smith Chart mapping of this output net- 6) Anopen stub is chosen to provide some tuning capability.

R TRANSISTORS

work is described below and shown in Figure 5. An open circuited stub less than a quarter-wave length
1) From the S-Parameters on the device, S5 can be calcu- long looks like a shunt admittance Y =) Yq tan B2 An
lated as follows: open circuited stub of characteristic admittance Yg =
St =S + 521 S12 10 .039 5 and length 0.4 cm (e, = 1) (B2 = 19.2°) is added.
22 ~ 922 1-S1; Io , o
Its susceptance is .039 tan 19.2° = .0136
S84y =.846 [-72° Y4 =.02-j.0107 +].0136 = .02 +j .0029
Now, providing a conjugate match to Soo’ for a good out- Z4= 1 _ 50 j 7.1
put VSWR, the load reflection coefficient (I'_) should be: Ya )
L= .846@_" 7) Now Z, is matched with a transformer with a character-
istic impedance of 80 (2 and length of .19 cm (¢ = 1)
2) A problem with the output is the relatively high Q. This (B = 9.12°)
can cause problems in supplying a conjugate load match
to obtain a good output VSWR because of sensitivity to Zg (Zg +ijZgtanBR)
small dimensional changes. Calculating tihis output Q 57 (ZO + ] 24 tan L) =508
gives us,
Q (S53) =5.65

With this dominant Q, the calculated 3 dB bandwidth

(B.W.) is:
100 x BW. _ 100
fo  Q(S2)

=18%

m BIPOLA

This bandwidth equals 720 MHz with a center frequency
(fo) of 4 GHz.

3) A 0.61 cm {282 = 59°) equivalent air length of Zg=5052
transmission line was added to the output to provide an
output soldering area. The rotated output reflection co-

efficient is: o
I'y = .846/-131

The corresponding impedance, Z1, is
_ (1-1I2) 50 L {211 Sin /Th) 50
' 1+Iy[2-20y/Cos [Ty 1+I1y12-2iTy) Cos [Ty

7, =503-j226

Y; =3 = 9.35x 102 +j.0422

A
Z4

4) A short circuited stub an eighth-wave length long looks
like a shunt inductor of admittance, -j Yg. The purpose
of this shunt stub is to tune out most of the susceptance
component in the admittance Y4. A tuning section will
be added to further match the output.

WITHe =1 ¢ = .61cm ¢ = 1.35¢m 2 =.19cm

Z, = 809

WITHe, =1

A convenient characteristic admittance, Yo = 0.0345 © § 5002
is used for the shunt stub. A‘ "
Yo =9.35x 103 +j.0422 -j.0345=9.35x 10-3 +j .0077

22 L T L 4 24 s =

Z,= & =63.7-j52.5

Y2
5) The next element is a transformer to obtain an admit- Figure 5. Output Matching Network
tance with real part matched to the 50 ohm load. This is
accomplished with an 80 ohm line 1.35 cm long. (e/=1) The output tuning section as described has the flexibility
(B0 = 64.8°) for tuning in four areas:
® Adjusting the length of the series line
24 = Zp (Z? +j Zp tan 52) ® Changing the width or characteristic impedance
(Zo +1i Zo tan B9) of the open circuited shunt stub
Z3= 39.12+j21.1 ® Modifying the length of the shunt stub
® Varying the length of the final series line
Y3= 5 = .02-j.0107 . . .
3 This completes the design of the output matching network.
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Figures 6, 7 and 8 show the room temperature performance

of the amplifier.

Phase Linearity - Phase linearity is £5° over the entire 500
MHz band width.

Isolation - Isolation is better than -24 dB over the entire 3.7
to 4.2 GHz band.

AM to PM Conversion - With an output power level of - 13
dBm, the input power level is referenced. At this input
reference level, the input power is varied £ 10dBm. Over
the 3.7 to 4.2 GHz band, the AM to PM conversion is less
than 0.13°/dB.

Third Order Intercepts - With two fundamental signals in-
jected into the input at 3.95 and 4.05 GHz, the output
power level for each fundamental signal is set at 0 dBm.
The third order intermodulation products are both -34
dB below the two fundamentais at the output. Therefore,
the third order intercept point is + 17 dBm.

GAIN (dB)

NOISE FIGURE (dB)

4.0 4.1 4.2 4.3

FREQUENCY (GHz)

Figure 6. Noise and Gain Perfor mance.

5.0

4.0

VSWR

3.0

20

3.6 3.7 38 39 4. 4.1

FREQUENCY (GHz)

Figure 7. Input — Output VSWR Performance.

POWER OUTPUT (dBm) AT 1dB GAIN COMPRESSION

3.6 37 38 39 4.0 4.1 42 43

FREQUENCY (GHz}

Figure 8. Power Output Performance.

Spurious Qutputs - With a 4 GHz, 0 dBm input signal in-
jected into the ampilifier, no spurious signals were detect-
ed above -60 dBm over the 2 to 6 GHz band.

Group Delay - The group delay over the entire 500 MHz
bandwidth is less than .53 n sec.

CONSTRUCTION

The board material is .031” RT/Duroid 120-061, with
1 oz copper clad on two sides. The relative dielectric
constant (€.} is 2.23. Duroid was chosen because of its low
loss tangent. The thickness of .031” was chosen so the emit-
ter top cap could be soldered to the RF ground, thereby
taking advantage of the low emitter inductance.

To minimize transition interactions between the series trans-
mission lines and shunt stubs, the shunt stubs were balanced
along the series transmission lines.

Some tuning on the output matching network was required.
The final realization of this circuit on Duroid is shown in
Figure 9. The RF board size is 2 inches by 0.9 inches.

A schematic of the complete amplifier and biasing circuit
can be seen in Figure 10.

DIMENSIONS IN MILLIMETERS (INCHES).

Figure 9. R.F. Board Layout.



A picture of the assembled amplifier can be seen in Figure
1 L '3A‘£—]__ 11.  The amplifier draws 4.4 mA from a 15 volt DC
= power supply.

1l
=

The quiescent point is adjusted by Ry and R3. R is adjusted

INPUT Ca < Ca — ouTeuT to provide the proper Vgog voltage and R3 is adjusted to
ke l '“ 1 ! ‘ l' I > supply the correct collector current (I¢).

+15 POINT A = POINT B
VOLTS D.C. —1
[}
I~
4
L‘I
Qy = 2N6617 !
C, = 1000 pF, HIGH "Q” INPUT
JOHANSON

50841Q102MB

Cg =270 pF, HIGH "Q”
JOHANSON

50R15Q271KB

Im

Figure 10. Complete Amplifier Schematic, with Bias

Circuit Elements. Figure 11. Amplifier — Top View.
Element Value
Ry 100 KQ, %W
Ro 200 K&, 1W, potentiometer
Rs 5 K, 1W, potentiometer
REFERENCES
Ra 2.61 KQ, %W
. -P: Applicati Not -1, 'SP t
c O14F, 100v, disc. 1 Hewle'tt ackard Application Note 95-1, 'S aran.1e f:'r
] Techniques for faster, more accurate Network Design”,
C .002uF, 250v, disc. September 1968, Page 12,
.01uF, 100v, disc. s e "
Cs O1LF, V. dise ) 2. Hewlett-Packard Application Note 154, ‘‘S-Parameter
Ly 2 turns #36 enameled wire on .1 Design”’, April 1972, Pages 26 and 27.
core (air)
Ly 2 turns #36 enameled wire on .1"
core (air)
Qy hge >75, fr > 150 MHz, BVcego >

30V, I¢ max SB0mMA, Pp <300 mW,
PNP Silicon, Plastic.

ISTORS
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SUPPLEMENTARY READINGS FOR

BIPOLAR TRANSISTORS

A. Bipolar Transistor Theory

1.

Streetman, Solid State Electronic De-
vices, Prentice-Hall, Inc.

H. F. Cooke, “Microwave Transistors —
Theory and Design,” Proc. IEEE, vol. 59,
No. 8, pp. 1163-1181, August 1971.

E.O. Johnson, “Physical Limitations on
Frequency and Power Parameters of
Transistors,” RCA Review, vol. 26, No. 2,
pp. 163-177, June 1965.

. N.J. Gri, “Microwave Transistors — From

The
12,

Small Signal to High Power,”
Microwave Journal, Vol. 14, No.
pp. 45-50, February 1971.

B. Bipolar Transistor Design

*5.

J.A. Archer, “Design and Performance of
Small-Signal Microwave Transistors,”
Solid State Electronics, Vol. 15 pp. 249-
258, 1972.

*6. J.A. Benjamin, “New Design Concepts

for Microwave Power Transistors,” The
Microwave Journal, Vol. 16, No. 10, pp.
10-14, October 1973.

T.H. Hsu and C.P. Snapp, “Low-Noise
Microwave Bipolar Transistor with Sub-
half-micron Emitter Width,” IEEE Trans-
action on Electron Devices, June 1978.

C. Circuit Design

8.

10.

11.

*12.

Hewlett-Packard Application Note 95-1,
“S-Parameter Techniques for Faster,
More Accurate Network Design.”

Hewlett-Packard Components Applica-
tion Note 967, “A Low Noise 4 GHz
Transistor Amplifier Using the HXTR-
6101 Silicon Bipolar Transistor.”

Hewlett-Packard Components, Applica-
tion Note 972, “Two Telecommunica-
tions Power Amplifiers for 2 and 4 GHz
using the HXTR-5102 Silicon Bipolar
Power Transistor.”

O. Pitzalis, Jr., “Broad-Band Microwave
Class-C Transistor Amplifiers,” [IEEE
Transactions on Microwave Theory and
Technigques, MTT-21, No. 11, pp. 660-
668, November 1973.

D. Computer Aided Design

13.

COMPACT Manual, AMPSYN Manual,
Available from Les Besser, Compact
Engineering, Inc. 1651 Jolly Court, Los
Altos, CA 94022.

* These papers are found in a collection of transistor papers in

Microwave Transistors, by Dr. E.D. Graham, Jr., and Dr. C.W.
Gwyn, Artech House, Inc.
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Schottky Diodes Selection Guide

:

i

Application Zero Bias General
) Mixer Detector Detector Purpose
Package Outline (Pg. No.) (Pg. No.) (Pg. No.) (Pg. No.)
u:’:ﬂ C2
88 — — —
e:%:a C4
[l
[
r— ) H4 96 s - -
= = E1
Il 44
@ 49 98 110 105 —
i
@ 15 79
i
0
12 - — - 80

Detailed specifications are given on the pages listed. The primary applications are shownin this guide.

Otherapplications are discussed in the text.




HEWLETT @ PACKARD

COMPONENTS

= SCHOTTKY BARRIER DIODES
FOR GENERAL PURPOSE

APPLICATIONS

b082-2301/02/03/05
5082-2800(IN5711)
5082- 2810(IN5712)
5082- 2811(IN6713) G
5082-2835

5082-2800
HSCH-1001(1N6263)

Features
LOW TURN-ON VOLTAGE: .34V AT 1mA
PICO-SECOND SWITCHING SPEED
HIGH BREAKDOWN VOLTAGE: UP TO 70V
UNIFORM FORWARD TRACKING

Description/Applications

The 5082-2800, 2810, 2811 are passivated Schottky barrier
diodes which use a patented “guard ring” design to
achieve a high breakdown voltage. They are packagedin a
low cost glass package. They are well suited for high level
detecting, mixing, switching, gating, log or A-D convert-
ing, video detecting, frequency discriminating, sampling
and wave shaping.

The 5082-2835 is a passivated Schottky diode in a low cost
glass package. It is optimized for low turn-on voltage. The
5082-2835 is particularly well suited for UHF mixing.

The 5082-2300 and 2900 Series devices are unpassivated
Schottky diodes in a glass package. These diodes have
extremely low 1/f noise and are ideal for low noise mixing,
and high sensitivity detecting. They are particularly well
suited for use in Doppler or narrow band video receivers.

The HSCH-1001 is a Hybrid Schottky diode sealed in a
rugged double stud Outline 12 glass package suitable for
automatic insertion. The low turn-on voltage, fast
switching speed, and low cost of these diodes make them
ideal for general purpose switching.

Application Bulletins 13, 14, 15, and 16 describe
applications in which these diodes are used for speed up
of a transistor, clipping, clamping, and sampling,
respectively.

Maximum Ratings at TCASE=25°C

Junction Operating and Storage Temperature Range
5082-2305, 2301, 2302, 2303, 2900 . -60°C to +125°C
5082-2800, 2810, 2811, HSCH-1001  -65°C to +200°C
5082-2835 ...... ... i, -60°C to +150°C

Operation of these devices within the above
temperature ratings will assure a device
Mean Time Between Failure (MTBF) of
approximately 1 x 107 hours.

DC Power Dissipation (Measured in an infinite heat sink)
Derate linearly to zero at maximum rated temperature

5082-2305, 2301, 2302, 2303, 2800 .......... 125 mW
5082-2800, 2810, 2811 ............ccenunn.. 250 mwW
5082-2835 ... 150 mW
HSCH-1001 ... .. i 400 mW
Peak Inverse Voltage ........................... VBR

Package Dimensions

HIGH CONDUCTANCE DIODES

m SCHOTTKY BARRIER DIODES &
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Electrical Specifications at T,=25°C

Notes:
1. Effective Minority Carrier Lifetime (7) for all these diodes is 100 ps maximum measured with Krakauer method at 20 mA except for

HSCH-1001 (1N6263), 1N5711, 1N5712, and 1N5713 which are measured at 5 mA.
2. 5082-2301 = 1N5165, 5082-2302 = 1N5166, 5082-2303 = 1N5167.

Matched Pairs and Quads

80



LEAD COLOR

1 BROWN

2 RED

3 ORANGE
4 YELLOW

Figure 1. I-V Curve Showing Figure 2. 5082-2300 and 5082-2900 Figufe 3.1V Curvey howing
Typical Temperature Variation for Series Typical Reverse Current vs. Typical Temperature Variation for
5082-2300 Series Schottky Diodes. Reverse Voltage at Ta = 25°C. 5082-2800 or 1N5711 Schottky

. Diodes.

Figure 4. (5082-2800 or 1N5711) Figure 5. I-V Curve Showing Figure 6. (5082-2810 or 1N5712)
Typical Variation of Reverse Typical Temperature Variation for Typical Variation of Reverse
Current (Ig) vs. Reverse Voltage the 5082-2810 or 1N5712 Schottky Current (Ir) vs. Reverse Voltage
(VR) at Various Temperatures. Diode. (VR) at Various Temperatures.

SCHOTTKY BARRIER DIODES &

m HIGH CONDUCTANCE DIODES
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Figure 7. I-V Curve Showing Figure 8. (56082-2811) Typical Figure 9. |-V Curve Showing

Typical Temperature Variation for Variation of Reverse Current (IR) vs. Typical Temperature Variations for
5082-2811 Schottky Diode. Reverse Voltage (VR) at Various 5082-2835 Schottky Diode.
Temperatures.

Figure 10. (5082-2835) Typical Figure 11. 5082-2300 and -2900 Figure 12. (5082-2800 or 1N5711)
Variation of Reverse Current (IR} vs. Series Typical Capacitance vs. Typical Capacitance (C) vs
Reverse Voltage (VR) at Various Reverse Voltage. Reverse Voltage (VR).
Temperatures.

Figure 13. Typical Capacitance Figure 14. Typical Dynamic
vs. Reverse Volitage (VR). Resistance (Rp) vs. Forward
Current (1g).



Figure 15. Typical Variation of Forward Current (IF) vs.
Forward Voltage (VF) at Various Temperatures for the
HSCH-1001.

Figure 17. Typical Capacitance (C) vs. Reverse Voltage
(VR) for the HSCH-1001.

Mechanical Specifications

Outline 15
Lead Material: Dumet
Lead Finish: 2800 Series: Tin

2300, 2900 Series: Gold
Maximum Soldering Temperature: 230°C for 5 sec.

Minimum Lead Strength: 4 1b. Puli

Typical Package Inductance: 2800 Series: 2.0 nH
2300, 2900 Series: 3.0 nH

Typical Package Capacitance: 2800 Series: 0.2 pF

2300, 2900 Series: 0.07 pF

The leads on the Outline 15
package should be restricted
so that the bend starts at
least 1/16 inch from the glass
body.

Figure 18. Typical Variation of Reverse Current (IR) vs.
Reverse Voltage (VR) at Various Temperatures for the
HSCH-1001.

Figure 18. Typical Dynamic Resistance (Rp) vs. Forward
Current (If) at Ta = 25°C for the HSCH-1001.

Outline 12 (DO-35)

Dumet
Tin

260° C for 10 sec.
10 Ib. Pull
1.8 nH

0.25 pF

HIGH CONDUCTANCE DIODES
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HEWLETT @ PACKARD

COMPONENTS

5082-1001 (1N 4456
HIGH | o o' 4.,_}%
CONDUCTANCE | 50821003 3-8

50821004 -7

DIODES | sis21008 -9~

Features

FAST SWITCHING
LOW CAPACITANCE
HIGH CURRENT CAPABILITY

Description/Applications

The 5082-1000 series of diodes feature planar silicon
epitaxial construction to provide high conductance, low
capacitance, and nanosecond turn-on and turn-off.
Process control of the diode manufacturing enables
specification of effective minority carrier lifetime. Turn-on
time and voltage overshoot are minimized in these diodes
of low conductivity modulation.

These diodes are ideally suited for applications such as

core drivers, pulse generators, input gates or wherever
high conductance without loss of speed is required.

Maximum Ratings at Teage=25°C

WIV — Working inverse Voltage

1006 . e 40 Volts
100171002 ... o e 30 Volts
1003/1004 ... 20 Volts
IF (Surge) — Forward Current Surge,

1.0 Second Duration ..................... 0.75 Amp
IF (Surge) — Forward Current Surge,

1.0 Microsecond Duration ................ 7.50 Amp
Ppiss — Power Dissipation!'] ................ 500 mW

Ta — Operating Temperature Range -65°C to +175°C
Tstc — Storage Temperature Range -65°C to +200°C

Operation of these devices within the above
temperature ratings will assure a device Mean
Time Between Failure (MTBF) of approximately
1 x 107 hours.

Mechanical Specifications

The HP Outline 11 package has a glass hermetic seal with
dumet leads. The package will meet MIL-STD-750, Method
2036, Condition A (2 Ibs. tension for 15 sec.) and E. The
maximum soldering temperature is 230°C for 5 seconds.
Outline 11 package capacitance and inductance are
typically 0.15 pF and 4 nH respectively.

Electrical Specifications at T, =25°C

NOTES: 1. Mounted on a printed circuit board in still air.

4. Inductance measured at the edge of the glass package seal is

2. Measured at a repetition rate not to exceed the power typically 4.0 nH for all devices.

dissipation. 5. Rectification Efficiency is typically 65% for all devices
3. VR=35V for 1006; VRr=30V for 1001, 1002; VR=20V for (Figure 8).

1003, 1004.



Figure 1. Typical Forward Conduction Characteristics, Figure 2. Typical Forward Conduction Characteristics,
5082-1001, 1003, and 1006. 5082-1002 and 1004.

Figure 3. Typical Forward Current Temperature Figure 4. Typical Reverse Current at Specified VR vs.
Coefficient. Increasing Temperature.

Figure 5. Typical Reverse Current vs. Reverse Voltage. Figure 6. Power Dissipation Derating Characteristics.
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Figure 7. Typical Capacitance vs. Reverse Voltage
Characteristics.

Figure 8. Test Circuit for Measuring the Rectification Efficiency. Signal source is adjusted to 100 MHz and 2V RMS as read
on the 411A. The rectification efficiency calculated from the DC output voltage by RE = Vpc/2.83 is typically 65% for all
devices.

Figure 9. Test Circuit for Measuring Reverse Recovery Time. If is set equal to Ir (anywhere from 10 to 400 mA). trr is
measured as the time required to recover to 0.1 Ir as timed from the zero crossover. The observed waveform will be
determined more by diode capacitance than by minority carrier storage.

STEP VOLTAGE SUPPLY

fal
<1.0ns Ig SUPPLY Y‘
RISE TIME
Fa\
T 398 500¢2 390

F »l
Pt

DIODE UNDER %
l %10!1 TEST 108

Figure 10. Test Circuit for Measuring Turn-On Time. ir is adjusted for 10 mA after applying the step voltage. ton is measured

as the time required to reach 0.9 Ir from initial apptication of the step voltage. For high excitation levels the ton value is
significantly lower than the value specified, i.e., at 100 mA ton is typically less than 1.0 ns.



_ SCHOTTKY BARRIER | 5082-2200/01/02/03
HEWLETT hp, PACKARD DI(RA?CEE(;:%I?Q"SDT&IS(LEIEE' Eﬁ%%fg?%%gﬁ/ﬂg/m
COMPONENTS AND DETECTORS | ez 2158/
Features

LOW NOISE FIGURE
6 dB Typical at 9 GHz

RUGGED DESIGN
HIGH UNIFORMITY

HIGH BURNOUT RATING
1 W RF Pulse Power Incident

BOTH MEDIUM AND LOW BARRIER
AVAILABLE

Description/Applications

This family consists of medium barrier and low barrier
beam lead diodes mounted in easily handled carrier
packages. Low barrier diodes provide optimum noise
figure at low local oscillator drive levels. Medium barrier
diodes provide a wider dynamic range for lower distortion
mixer designs. The family provides a range of both dc and
rf specified diodes. Application Note 940 gives recom-
mended handling and bonding techniques. Application
Note 963 presents impedance matching techniques for
mixer and detector circuits.

Package Dimensions

Mechanical Specifications

The HP outlines C2 and H2 are designed for microstrip
and stripline use. The leads provide good continuity of
transmission line impedance to the diode. Outline C2isa
plastic on ceramic package. Outline H2 has a metal
ceramic hermetic seal. The ceramic is alumina. Metal
parts are gold plated kovar.

The hermetic package, outline H2, is capable of passing
many of the environmental tests of MIL-STD-750. The
applicable solderability test is reference 2031.1: 260°C, 10
seconds.

SCHOTTKY BARRIER DIODES &

m HIGH CONDUCTANCE DIODES
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RF Electrical Specifications at T,=25°C

Typical Detector Parameters

Figure 1. Typical Forward Characteristics, 5082-2200,
-2207.

Figure 2. Typical Forward Characteristics, 5082-2202,
-2209.



Figure 3. Typical Forward Characteristics, 5082-2765,
-2774 at Ta = 25°C.

Figure 4. Typical Forward Characteristics, 5082-2785
-2794 at Ta = 25°C.

Figure 5. Typical Admittance Characteristics, 5082-2200
with self bias.

Figure 6. Typical Admittance Characteristics, 5082-2200
with external bias.

SCHOTTKY BARRIER DIODES &

m HIGH CONDUCTANCE DIODES
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Figure 7. Typical Admittance Characteristics, 5082-2202
with self bias.

Figure 9. Typical Admittance Characteristics, 5082-2765
with self bias.

Figure 8. Typical Admittance Characteristics, 5082-2202
with external bias.

Figure 10. Typical Admittance Characteristics, 5082-2765
with external bias.



SCHOTTKY BARRIER DIODES &

m HIGH CONDUCTANCE DIODES

Figure 11. Typical Admittance Characteristics, 5082-2785 Figure 12. Typical Admittance Characteristics, 5082-2785
with self bias. with external bias.

Figure 13. Typical Admittance Characteristics, 5082-2207 Figure 14. Typical Admittance Characteristics, 5082-2207
with self bias. with external bias.
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Figure 15. Typical Admittance Characteristics, 5082-2209 Figure 16. Typical Admittance Characteristics, 5082-2209
with self bias. with external bias.

Figure 17. Typical Admittance Characteristics, 5082-2774 Figure 18. Typical Admittance Characteristics, 5082-2774
with self bias. with external bias.

92



Figure 19. Typical Admittance Characteristics, 5082-2794
with self bias.

Maximum Ratings at Tcage=25°C

Pulse PowerlIncident .............. . vivunn.. 1w
(1 us pulse, Du = .001 for 1 minute)
CW Power Dissipation
(Mounted in infinite Heat Sink) .............. 1256 mwW
(Derate linearly to Zero at Maximum Operating
Temperature)

Junction Operating and Storage Temperature Range
C-2 PackagedDiodes .............. -65°Cto+1256°C
H-2 Packaged Diodes .............. -65°Cto +160°C

Operation of these devices within the above
temperature ratings will assure a device
Mean Time Between Failure (MTBF) of
approximately 1 x 107 hours.

Diode Mounting Temperature
C-2 and H-2 Packaged
Diodes ................... 235°Cfor 10 sec. max.
PeakinverseVoltage ............................... 3v

These diodes are pulse sensitive. Handle with care to avoid
static discharge through the diode.

Figure 21. Typical Noise Figure vs. Frequency for
5082-2202, -2209, -2785, -2794

Figure 20. Typical Admittance Characteristics, 5082-2794
with external bias.
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Figure 22. Admittance Test Circuit for C2 and H2 Diodes.
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6082-2231/33
= SCHOTTKY BARRIER DIODE | &7
HEWLETT g PACKARD QUADS FOR DOUBLE | 57w
COMPONENTS BALANCED MIXERS | 877
5082-2830/31

Features

Eases Broad Band Designs

TIGHT MATCH
Improves Mixer Balance

IMPROVED BALANCE OVER TEMPERATURE
RUGGED DESIGN

BOTH MEDIUM AND LOW BARRIER
DIODES AVAILABLE

Description /Applications

These matched diode quads use a monolithic array of
Schottky diodes interconnected in ring configuration. The
relative proximity of the diode junction on the wafer assures
uniform electrical characteristics and temperature tracking.

These diodes are designed for use in double balanced mixers,
phase detectors, AM modulators, and pulse modulators
requiring wideband operation and small size. The low barrier
diodes allow for optimum mixer noise figure at lower than
conventional local oscillator levels. The wider dynamic range
of the medium barrier diodes allows for better distortion
performance.

Package Dimensions

Maximum Ratings at Tcage=25°C

Junction Operating and Storage Temperature Range:
H-4 PackagedDiodes .............. -65°Cto+150°C
E-1and C-4 Packaged Diodes ....... -65°Cto+125°C

Operation of these devices within the above
temperature ratings will assure a device
Mean Time Between Failure (MTBF) of
approximately 1 x 107 hours.

DC Power Dissipation .............. 75 mW per Junction
Derate linearly to zero at maximum rated temperature.
{(Measured in infinite heat sink.)

Soldering Temperature 220°Cfor10s.

SCHOTTKY BARRIER DIODES &

m HIGH CONDUCTANCE DIODES
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Selection Guide

Electrical Characteristics at T,=25°C

Notes: 1. Measured between diagonal leads.
2. Maximum AVE = 20 mV at | = 5mA measured between adjacent leads.

Dynamic and Series Resistance

Schottky diode resistance may be expressed as series
resistance, Rs, or as dynamic resistance, Rp. The two terms are
related by the equation

Rp = Rs + Rj

where R jis the resistance of the junction. Junction resistance of
a diode with DC bias is quite accurately calculated by

Rj=26/lg where

Typical Parameters

Ig is the bias current in milliamperes. The series resistance is
independent of current.

The dynamic resistance is more easily measured. If series
resistance is specified it is usually obtained by subtracting the
calculated junction resistance from the measured dynamic
resistance.
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HEWLETT hp; PACKARD

COMPONENTS

SCHOTTKY
BARRIER DIODES
FOR MIXERS

AND DETECTORS

5082-2213/14
5082-2285-88/95-98
5082-2350/51
5082-2400/01
5082-2520/21/65/66
5082-2701/02/06/01
5082-211-14/21-24
5082-2811/18

Features
LOW AND STABLE NOISE FIGURE

HIGH BURNOUT RATING
15 W RF Pulse Power Incident

RUGGED DESIGN
HIGH UNIFORMITY

BOTH MEDIUM AND LOW BARRIER
DIODES AVAILABLE

Description /Applications

These Schottky diodes are optimized for use in broad
band and narrow band microstrip, coaxial, or waveguide
mixer assemblies operating to 18 GHz. The low barrier
diodes give optimum noise figure performance at low
local oscillator drive levels. Medium barrier diodes provide
a wider dynamic range for lower distortion mixer designs.
The 5082-2350, -2400, -2520 and -2565 have extremely low
1/f noise, making them ideal for use as Doppler mixers.

Maximum Ratings at Tcasg=25°C

Junction Operating and Storage Temperature Range

5082-2400, 2401, 2565, 2566, 2350, 2351, 2520,

2521 -60°C to +125°C

Al other diodes .................. -60°C to +150°C
Operation of these devices within the above
temperature ratings will assure a device
Mean Time Between Failure (MTBF) of
approximately 1 x 107 hours.

CW Power Dissipation ...................... 200 mW
Derate linearly to 0 W at max. rated temperature
(Measured in an infinite heat sink).

Pulse Power Dissipation

Peak power absorbed by the diode.
1 us pulse, Du = .001

5082-2400, 2350 ... ..t 15W
5082-2565, 2520 ... ... e 4W
All otherdiodes ......... ... ... i, 1w
Soldering Temperature ............ 230°C for 5 sec.

Note: The 5082-2200 and -2700 series are pulse sensitive. Handle
with care to avoid static discharge through the diode.

Package Dimensions

SCHOTTKY BARRIER DIODES &
HIGH CONDUCTANCE DIODES
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Electrical Specifications
at T,=25°C

Typical Parameters

Typical
Parameters

Figure 1. Typical Forward Characteristics at
Ta=25°C.

Figure 2. Typical Diode Noise Ratio vs. Frequency
at 1 mA Current.



Figure 3. Typical Noise Figure and IF Impedance vs. Figure 4. Typical Noise Figure and IF Impedance vs.
Local Oscillator Power, 5082-2285 through -2288. Local Oscillator Power, 5082-2295 through -2298.
Diode unmatched in 500} line. Diode unmatched in 500 line.

.

Figure 5. Typical Noise Figure and IF Impedance vs. Figure 6. Typical HP 5082-2400 Noise Figure vs.

Local Oscillator Power. Diode matched at each tocal Frequency with PLo = 1.0 mW, fir = 30 MHz, and
oscitlator power level (5082-2285, 2295). NFiF = 1.5 dB. Mount tuned at each frequency.

Figure 7. Typical Noise Figure vs. Frequency. IF = Figure 8. Typical Noise Figure vs. Frequency. The
30 MHz, NFir = 1.5 dB, PLo = 1 mW. Diode matched at mount is tuned for minimum noise figure at each
each frequency (5082-2200, 2700 series). frequency.

SCHOTTKY BARRIER DIODES &
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Figure 9. Typical Noise Figure and IF Impedance for Figure 10. Single Sideband Noise Figure (including an IF-

5082-2711 vs. Local Osciltator Power. Note the improved amplifier noise figure of 1.5 dB) vs. Incident LO Power for
Various dc-load Resistances Ri. (The mount is tuned for

minimum noise figure at each LO power level).

performance at low levels of LO power when dc¢ bias is
superimposed (dashed curves).

Figure 11. Typical 5082-2350 Noise Figure vs. Local Figure 12. Typical 5082-2300 and 2400 Series IF
Oscillator Power at 1.0, 2.0 and 3.0 GHz with IF = 30 Impedance vs. Local Oscillator Power with fLo = 2.0
MHz and NFif = 1.5 dB. GHz and IF = 30 MHz.

Figure 13. Typical Admittance Characteristics, 5082-2817 Figure 14. Typical Admittance Characteristics, 5082-2400

with self bias. with self bias.
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Figure 15. Typical Admittance Characteristics, 5082-2400
with external bias.

Figure 17. Typical Admittance Characteristics, 5082-2350
with external bias.

Figure 16. Typical Admittance Characteristics, 5082-2350
with self bias.

Figure 18. Typical Admittance Characteristics, 5082-2565
with self bias.

SCHOTTKY BARRIER DIODES &
HIGH CONDUCTANCE DIODES
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Figure 19. Typical Admittance Characteristics, 5082-2565 Figure 20. Typical Admittance Characteristics, 5082-2520
with external bias. with self bias.

Figure 21. Typical Admittance Characteristics, 5082-2520 Figure 22. Typical Admittance Characteristics, 5082-2713
with external bias. with self bias.
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Figure 23. Typical Admittance Characteristics, 5082-2711
with self bias.

Figure 25. Typical Admittance Characteristics, 5082-2287
with self bias.

Figure 24. Typical Admittance Characteristics, 5082-2285
with self bias.

Figure 26. Typical Admittance Characteristics, 5082-2701
with self bias.

SCHOTTKY BARRIER DIODES &
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Figure 27. Typical Admittance Characteristics, 5082-2702 Figure 28. Typical Admittance Characteristics, 5082-2295
with self bias. with self bias.

0.36 nH 4Q
o . 1YY ,m AAN
0.09 pF 0.357 pF 26652

Figure 31. Model for 5082-2701 Mixer Diodes —
Rectified Current 1.5 mA.
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HEWLETTW PACKARD ZERO BIAS SCHOTTKY
COMPONENTS DETECTOR DIODES

HSCH-3111

HSCH - 3206/07
HSCH- 3486
HSCH-SUIB/IQ{J{!})

Features

HIGH VOLTAGE SENSITIVITY

NO BIAS REQUIRED

CHOICE OF HIGH OR LOW VIDEO IMPEDANCE

Description/Applications

The high zero bias voltage sensitivity of these Schottky
Barrier diodes makes them ideally suitable for narrow
bandwidth video detectors, ECM receivers, and measure-
ment equipment. These diodes also make excellent mixers
for use with low power LO.

Maximum Ratings at T,=25°C

Operating Temperature ............. -65°C to +150°C
Storage Temperature ............... -65°C to +150°C

Operation of these devices within the above
temperature ratings will assure a device
Mean Time Between Failure (MTBF) of
approximately 1 x 107 hours.

Notes:
1. Derate linearly to zero at 150°C.

SCHOTTKY BARRIER DIODES &

m HIGH CONDUCTANCE DIODES

2. Pulse width = 1 microsecond. Duty cycle = 0.001.

Electrical Specifications at T,=25°C

Note: For HSCH-3171, -3207, -3206, Ir = 10 uA {max)
-5018, -5019 see Figure 3.

at VR = 3V at Ta = 25°C. For reverse characteristics of HSCH-3486.
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Figure 1. Typical Dynamic Transfer Characteristics. Figure 2. Typical Forward Characteristics at Ta = 25°C.

Figure 3. Typical Reverse Characteristics at Ta = 25°C. Figure 4. Typical Voltage Sensitivity vs. Frequency.

Figure 5. Typical Tangential Sensitivity vs. Frequency. Figure 6. Typical Voltage Sensitivity vs. Bias Current.
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Figure 7. Typical Tangential Sensitivity vs. Bias Current. Figure 8. Effect of Temperature.

SCHOTTKY BARRIER DIODES &

m HIGH CONDUCTANCE DIODES

Figure 9. Mixer Performance.

Figure 10. Typical Admittance Characteristics. HSCH-3171.

Figure 11. Typical Admittance Characteristics, HSCH-3206. Figure 12. Typical Admittance Characteristics, HSCH-3207.
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Figure 13. Typical Admittance Characteristics, HSCH-3486.

Package Characteristics

The HP Outline 15 package has a glass hermetic seal with
Dumet leads which should be retricted so thatthe bend starts at
least 1/16” (1.6 mm ) from the glass body. With this restriction, it
will meet MIL-STD-750, Method 2036, Conditions A and E (4
Ib. [1.8 kg] tension for 30 minutes). The maximum soldering
temperature is 230°C for 5 seconds. Marking is by digital
coding with a cathode band.

Package Dimensions

s Ry

O MA— A ©

Cy

]

DIODE MODEL

The HP Outline 49 package has a metal-ceramic hermetic seal.
The anode and cathode studs are gold-plated Kovar. The
maximum soldering temperature is 230°C for 5 seconds.
Stud-stud T/R is 0.010” max.

The HP Outline 44 package is a hermetically sealed ceramic
package. The anode and cathode are gold-plated Kovar. The
maximum soldering temperature is 230°C for 5 seconds.
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HEWLETT lhﬂ; PACKARD

COMPONENTS

SCHOTTKY
BARRIER DIODES
FOR DETECTORS

h082-2150/51

b082-2755 'o-%
b082-2187 3-%!
h082-2824 4!

Features

IMPROVED DETECTION SENSITIVITY
TSS OF -55 dBm at 10 GHz

LOW 1/f NOISE
Typical Noise-Temperature
Ratio = 4 dB at 1 kHz

HIGH PEAK POWER DISSIPATION
4.5 W RF Peak Pulse Power

Description /Applications

The low 1/f noise and high voltage sensitivity make these
Schottky barrier diodes ideally suitable for narrow
bandwidth video detectors, and Doppler mixers asrequiredin
Doppler radar equipment, ECM receivers, and measurement
equipment.

Maximum Ratings at Tease=25°C

Junction Operating and Storage Temperature Range
5082-2824 ... . ...l -65°C to+200°C
AllOthers ......... ... ..., -60°Cto+150°C

Operation of these devices within the above
temperature ratings will assure a device
Mean Time Between Failure (MTBF) of
approximately 1 x 107 hours.

DC Power Dissipation — Power Absorbed by Diode
Derate Linearly to zero at Maximum Temperature

5082-2824 (Appliedfor 1 minute) ............ 1TW
5082-2824 (Continuous) ................ 250 mW
All Others{Continuous) ................. 100 mW
Soldering Temperature ................ 230°Cfor 5 sec.

RF Peak Pulse Power
Pulse Width = 1 ps, Du = .001, R = 38KQ
{Applied for 1 minute)

5082-2824 (Power Absorbed by Diode) ..... 45W
All Others(PowerlIncident) ................ 20W
Maximum Peak Inverse Voltage (PIV) ............... Vgr

Note: The 2700 series diodes are pulse sensitive. Handle with care
to avoid static discharge through the diode.

Package Dimensions

o~
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Electrical Specifications at T,=25°C Typical Parameters

*RF Parameters for the 5082-2787 are sample tested conly.

Figure 1. Typical Flicker (1/f) Noise vs. Frequency. Figure 2. Typical Dynamic Transfer Characteristic.
(5082-2750 Series).

Figure 3. Typical TSS vs. Frequency. Figure 4. Typical TSS vs. Bias.



Figure 5. Typical Forward Characteristics at Ta = 25°C.

Figure 7. Typical Admittance Characteristics, 5082-2755
with external bias.

Figure 6. Typical Admittance Characteristics, 5082-2824
with external bias.

Figure 8. Typical Admittance Characteristics, 5082-2755
with self bias.

SCHOTTKY BARRIER DIODES &
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Figure 9. Typical Admittance Characteristics, 5082-2751 Figure 10. Typical Admittance Characteristics, 5082-2751
with self bias. with external bias.

Figure 11. Typical Admittance Characteristics, 5082-2750 Figure 12. Typical Admittance Characteristics, 5082-2750
with self bias. with external bias.
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APPLICATIONS FOR
SCHOTTKY DIODES

The Criterion for the Tangential Sensitivity Measurement

(Application Note 956-1)

A tangential signal is defined on a CRT display
as a pulse whose bottom level coincides with the
top level of the noise on either side of the pulse
(Figure 1). Although the corresponding signal-to-
noise ratio depends on many system factors, the
generally accepted ratio of 8dB at the output corre-
lates well with the tangential appearance on the
oscilloscope for practical systems.

PULSED SIGNAL AT
RECEIVER QUTPUT

NOISE (Somewhat ldealized}
— TANGENTIAL SIGNAL

Figure 1.

The often asked question concerning whether 8dB
refers to voltage or power is not a valid one. The
number of decibels is defined as 10 logyg (P + P5)
where P; and P, are power levels to be compared.
If output voltages are to be compared, the ratio
(V; + V,)? may be substituted for (P; = P5). In
this case the number of decibels is 20 log g
(Vi + Vy). The number of decibels determines
both (V; +V,)and (P; + Py). The terms “voltage
dB” and ‘“‘power dB’’ are not significant. For
example, the 8dB output ratio corresponds to a

power ratio of 6.3 and a voltage ratio of 2.5.

Another source of confusion is the relationship
between input ratios and output ratios. Because
the detector is a square law device, the output
voltage is proportional to the square of the input
voltage, or to the input power. A signal-to-noise
voltage ratio of 2.5 at the output thus corresponds
to aninput power ratio of 2.5. Since 10 log 2.6 = 4,
the equivalent input signal-to-noise ratio for tan-
gential sensitivity is 4dB.

A useful production test system (Figure 2) uses an
RMS voltmeter to compare signal output to noise
output. The noise level is observed on the meter
with RF signal off, but with d.c. bias applied to
the Device Under Test. Then the specified tangen-
tial signal level is applied and the increase in RMS
voltmeter reading must correspond to 8dB or more.

The use of square wave modulation and AC coup-
ling introduce another source of confusion to this
measurement. The increase in reading on the RMS
voltmeter corresponding to the 8dB criterion is
4.1dB. The 8dB criterion means that the peak
signal voltage is 2.5 times the RMS noise voltage
Vm . Because the RMS meter uses AC coupling,
the square wave is symmetrical with amplitude
1.26 V,,. The square of this voltage combines
with the square of the noise voltage to give the
total voltage on the RMS meter.

V2 = VN2 +(1.25 W)? =266 W2

This ratio corresponds to 4.1dB,

Figure 2. TSS Test System



Flicker Noise in Schottky Diodes (Portion of Application Note 956-3)

INTRODUCTION

At frequencies above a few megahertz, Schottky
barriers emit noise at a power level which is half
as much!!l as the familiar Johnson noise of a re-
sistor. The presence of series resistance in the
diode substrate and contacts makes the effective
noise output comparable to resistor noise. The
ratio of diode noise power to resistor noise power,
the noise temperature ratio, is close to unity.

At lower frequencies, diode noise gradually in-
creases and soon reaches an inverse frequency 2!
behavior. This excess noise contribution is called
flicker noise. The frequency at which the extended
inverse frequency line crosses unity noise tempera-
ture ratio is called the noise corner frequency. All
Schottky diodes have lower corner frequencies than
those of either pn junctions or point contact diodes.

SCHOTTKY DIODE TYPES

There are four types of Schottky barrier diodes,
each with different noise corner frequencies. Fig-
ures 1 & 2 show typical characteristics of these
diodes.

Silicon dioxide passivated diodes with n-doped epi-
taxial layers have the highest corner frequencies
among Schottky diodes. This type of diode is used
primarily for X and P Band mixers. For most ap-
plications the intermediate frequency is well above
the corner frequency and the flicker noise does not
degrade the performance. The HP 5082-2701 diode
is an example of this type.

Improved flicker noise performance in passivated
diodes is obtained by substituting p-type doping
for n-type. The Hewlett-Packard X-band 5082-
2750 detector diode is an example. The improve-
ment in detection sensitivity over that of an n-type
diode is noticed when a significant portion of the
video bandwidth extends below the corner fre-
qguency.

Even lower flicker noise is obtained with the hy-
brid {guard ring) diodel3], such as the 5082-2824.
These diodes are optimized for performance up to
2 GHz.

The lowest flicker noise in Schottky diodes, or for
that matter any type of diode, is found in the mesh
diode, such as the HP 5082-2565. These diodes will

give the best performance in applications requiring
low fiicker noise at frequencies below 3 GHz.

DOPPLER MIXERS

Doppler system intermediate frequencies usually
extend into the flicker noise region, so a diode
with low flicker noise is often the optimum Doppler
mixer diode. However, conversion loss, L, will be
higher when S band diodes are used in X band mix-
ers, so the trade-off between flicker noise and con-
version loss must be considered. The choice may
be made by comparing the overall noise figure of
the mixer diode, L (Fjp -1+ tm), with the cor-
responding expression for the detector or mesh
diode, Lq (F|g -1+ tg). Fig is the IF noise figure.
The detector or mesh diode will provide better
Doppler mixing when

Lp < Fip -1+t

Lwm FiF -1+ 14

When the Doppler frequency is so low that
tg > FIg -1, the criterion may be considered as

Lp < Im
Lm g

in other words, the diode noise figure Lt is the
proper criterion.

This criterion makes it possible to consider the low
flicker noise mesh diode at frequencies above its
normal operating range. For example, at an op-
erating frequency of 8 GHz and a Doppler freq-
uency of 100 Hz, the 5082-2701, the usual mixer
diode for this frequency, has a diode noise figure
of 9 dB, the 5082-2750, the detector diode for this
frequency, has a diode noise figure of 8 dB, and the
5082-2565, the 3 GHz mesh diode, has a diode
noise figure of 7.5 dB. In this case, the detector
diode would be better than the mixer diode and the
S band mesh diode would be best of all.

Another technigue for optimizing Doppler mixer
performance is the adjustment of local oscillator
level to trade off flicker noise for conversion effi-
ciency. Figure 2 compared to Figure 1 shows how
the flicker noise level drops with decreasing diode
current. Unfortunately, conversion efficiency de-
grades as L.O. power drops. The optimum level is
best found empirically. By optimizing the bias
load linel4!, further reductions in L.O. level are
possible.

SCHOTTKY BARRIER DIODES &
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NOISE TEMPERATURE RATIO (dB}

0.1 1 10 100 1000

FREQUENCY (kHz)

NOISE TEMPERATURE RATIO (dB)

0.1 1 10 100 1000

FREQUENCY {kHz}

Figure 1. Typical Mixer Noise
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Figure 2. Typical Detector Noise
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Dynamic Range Extension of Schottky Detectors (Application Note 956-5)

Detectors are essentially low sensitivity receivers which
function on the basis of direct rectification of the RF signal
through the use of a non-linear resistive element — a diode.
Generally detectars can be classified into two distinct types:
the small-signal type, also known as square-law detectors;
and the large-signal type, also known as linear or peak de-
tectors.

The small-signal detector operation is dependent on the slope
and curvature of the V1 characteristic of the diode in the
neighborhood of the bias point. The output of the detector
is proportional to the power input to the diode, that is, the
output voltage (or current) is proportional to the square of
the input voltage (or current), hence the term “square law’’
(see Figure 1).

The large-signal detector operation is dependent on the
slope of the VI characteristic in the linear portion, conse-
quently the diode functions essentially as a switch. In large-
signal detection, the diode conducts over a portion of the
input cycle and the output current of the diode follows the
peaks of the input signal waveform with a linear relation-
ship between the output current and the input voltage.

The square law dynamic range may be defined as the dif-
ference between the power input for 1dB deviation from
the ideal square law response (compression point) and the
power input corresponding to the tangential signal sensi-
tivity (TSS).

1ov

v

100 mV

10 mv

Egyu7 VOLTAGE OUT

100 uV E

M0 uvt

Py POWER INPUT (dBm)

Figure 1. Typical Detector Output Voltage vs. Input Power.



Normal operating conditions for the Schottky detector call
for a large load resistance {(100K$2) and a small bias current
(20uA). These normal conditions assure the minimum value
of TTS input level, but not the maximum value of com-
pression level.

The compression level can be raised by reducing the value
of R, the load resistance. However, the sensitivity degrades
by the factor
Ry
RL + RV !

where Ry is the diode’s video resistance. This degradation
in TSS exceeds the improvement in compression, so there
is no improvement in square law dynamic range.

Another technique for raising the compression level is to
increase the bias current. This also degrades the sensitivity,
but the improvement in compression exceeds this degrada-
tion so square law dynamic range is increased.

Figure 2 illustrates the effect of bias current level on a
Hewlett-Packard 5082-2751 detector, measured at 10 GHz.
The diode impedance was matched to the 50 ohm system
at each bias level. The tuner was adjusted at an input level
of -30dBm.

The improvement in dynamic range is evident by the in-
creased spacing between the TSS and compression curves.

TSS (dBm)
1 dB COMPRESSION POINT (dBm)

DYNAMIC RANGE (dB)

BIAS (uA)

Figure 2. Dynamic Range Improvement with Bias.

Temperature Dependence of Schottky Detector Voltage Sensitivity

(Application Note 956-6)

Although Schottky barrier diodes are less sensitive to tem-
perature changes than are point-contact diodes!, the effect
on detector voltage sensitivity may be significant. Perform-
ance improves at lower temperatures in a predictable man-
ner. In fact, a second diode can be used in a compensating
circuit2 to cancel out the temperature effects.

Typical behavior of voltage sensitivity vs. temperature is
shown in Figure 1. This spread of values {approximately
1dB) was obtained from 10 Hewlett-Packard 5082-2750
Schottky detector diodes chosen at random from 2 different
lots.

The temperature dependence of current sensitivity was
studied by Cowley and Sorensen3, but the analysis was not
extended to voltage sensitivity. For the ideal diode with in-

finite cutoff frequency (zero series resistance and/or zero
junction capacitance) there is no temperature effect on volt-
age sensitivity. The inverse temperature behavior of current
sensitivity is balanced by the direct temperature variation
of the diode barrier resistance. That is, for current sensi-
tivity:
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VOLTAGE SENSITIVITY (mV/uW)

y=

-40 o] 40 80 120 160
TEMPERATURE (°C)

Figure 1. Typical Voltage Sensitivity vs. Temperature.

In these equations, T is temperature in degrees Kelvin, I is
bias current in milliamperes and n, q, and k are constants3.
When the load resistance is much greater than diode resis-
tance, the voltage sensitivity, vo, is the product of current
sensitivity and junction resistance and is independent of
temperature:

Yo =6 Rj= 2 (3)
In practical cases, however, the voltage sensitivity is reduced
by the presence of both junction capacitance and series re-
sistance, i.e.:

- Yo
’y_.
1+4n2 f2 Cj2 Rg R;j

(4)

The temperature dependence shows up in the Rj term {equa-
tion 2). Using typical values of I = .02mA, Rg = 25 ohms,
Cj = 0.1pF, and f = 10 GHz, the effect of temperature on
voltage sensitivity is:

Yo

= S 5
1+.0046T (8)

Y
For a typical voltage sensitivity of 6.5mV/uW at T=293°K,
Yo = 15.1mV/uW. Figure 2 shows this theoretical curve in
excellent agreement with experimental data from a typical
diode,

However, when f = 1 GHz, equation (4) predicts a response
nearly independent of temperature:

Yo

Y (6)
1+4.5T x 10-5

Measurements at this frequency are not in good agreement
with this prediction. Figure 3 shows considerable improve-
ment in performance over temperature, but there is still a
25% variation.

A theoretical model of the temperature behavior of a Schot-
tky detector is in excellent agreement with T0GHz measure-
ments. Further refinement of the theory is necessary to ex-
tend the model to lower frequencies.

VOLTAGE SENSITIVITY (mV/uW)

y =

-40 0 40 80 120 160
TEMPERATURE (°C)

Figure 2. Voltage Sensitivity vs. Temperature at 10 GHz.
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VOLTAGE SENSITIVITY {mV/uW)

v =

13

-40 [¢] 40 80 120 160
TEMPERATURE (°C)

Figure 3. Voltage Sensitivity vs. Temperature at 1 GHz,

REFERENCES

1. R. Bayliss, et.al., “Why a Schottky-Barrier? Why a Point-
Contact?”, Microwaves, pp. 34-45, March 1968.

2. R.J. Turner, “Schottky Diode Pair Makes an rf Detector
Stable”, Electronics, pp. 94-95, May 2, 1974.

3. A.M. Cowley and H.O. Sorensen, ‘““Quantitative Com-
parison of Solid-State Microwave Detectors”, | EEE Trans.
on MTT, Vol. MTT-14, No. 12, pp. 588-602, December
1966.



An Optimum Zero Bias Schottky Detector Diode (Portion of Application Note 969)

INTRODUCTION

A conventional Schottky diode detector such as the
Hewlett-Packard 5082-2750 0r 5082-2824 requires no bias
for high level input power — above one milliwatt. However,
at low levels, a small amount of dc bias is required for
detection to take place. Even though this bias current is at
the microampere level, this requirement is often difficult to
supply. A new Schottky diode has been developed to
eliminate this need for dc bias. This new diode is also 2 or
3 times more efficient as a detector compared to
conventional biased detectors.

FORWARD VOLTAGE CHARACTERISTIC

Since all diodes in this discussion are Schottky diodes, the
forward current obeys the equation:

q
L (v-IRg)
1= lg <e nkT -1)

The ideality factor, n, is close to unity for these diodes, so
the equation may be written:

V-IRg
I - IS e .026 -1

where the values for the constants q, electron charge, T,
room temperature, and k, Boltzmann's constant, have
been inserted. The main difference in the behavior of the
different types of diodes is embodied in |g, the saturation
current. There may also be minor differences in Rg, the
series resistance.

Figure 1 shows the forward current characteristics of the
5082-2750 detector diode and two versions of zero bias
diodes, HSCH-3171 and HSCH-3486. These curves are
close to the curves predicted by the diode equation with
the constants shown in Table 1.

Table 1

100

FORWARD CURRENT ~ mA

0.1

0.
010 01 0.2 0.3 0.4 05 0.6

FORWARD VOLTAGE -V

Figure 1. Forward Characteristics of Detector Diodes.

VOLTAGE SENSITIVITY

A detector diode may be treated as a current generator
across the diode video resistance.(1) The voltage sensitivity,
v,is the product of the current sensitivity, 8, and the video
resistance, the inverse of the derivative of current with
respect to voltage.

The Perfect Detector
Neglecting parasitic and reflection losses:
_ al
Yy=8/ v

For small values of current:

\%
=15 \e0% -1

ol 1+ 1
and — = S

oV .026

The theoretical current sensitivity is 20 amperes per
watt(2) so:

_0.62
LA
or,for zero bias current:
0.52
y= ==
Is

This anatysis indicates no improvement in using the new
diodes because sensitivity varies inversely as saturation
current and the standard 5082-2750 diode has the lowest
saturation current. In fact, no improvement is needed
since the sensitivity is:

0.52

YT 7x10-10

750 x 108 volts per watt

or 750,000 millivolts per microwatt.

Since the actual sensitivity of the 5082-2750 detector with
zero bias is close to zero, some major corrections in the
analysis are needed. Consideration of the effects of
junction capacitance, load resistance, and reflection loss
will bring this analysis close to reality.

The Real Detector

The application note considers these effects in some
detail. They modify the value of sensitivity to the more
reasonable levels shown in Figure 2.

The package parasitics of outlines 44, 49 and 15 were
considered at 1, 3 and 10 GHz. The results were all quite
close to Curve A in Figure 2 with the exception of outline
15 at 10 GHz. At this frequency the high package
inductance of outline 15 nearly resonates the circuit
capacitance so that the reflection losses are not so severe.

With the addition of tuning to overcome some of the
reflection losses, the measured sensitivity of the Hewlett-
Packard zero bias detectors usually exceeds the values of
Figure 2. However, the reflection losses for the 5082-2750
detector are so great that tuners do not help much. These

SCHOTTKY BARRIER DIODES &
HIGH CONDUCTANCE DIODES
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diodes are not useful without bias. The measured
sensitivity of the HSCH-3486 is less than the value
predicted by Figure 2. Apparently a more complete
analysis would shift the curve to the left.

mV
-

73 — VOLTAGE SENSITIVITY

0
10-10 10-9 108 10-7 106 105

SATURATION CURRENT — A

Figure 2. Effect of Mismatch, Load Resistance and Capacitance
on Sensitivity.
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TEMPERATURE EFFECT

Conventional Schottky diode detectors improve at colder
temperatures. This behavioris similar to that of the HSCH-
3486 diode. The sensitivity varies inversely as saturation
current, improving at low temperatures. However, the
HSCH-3171 diode has maximum sensitivity just above
room temperature, degrading at cold as well as at hot
temperatures. The high temperature behavior is expected
from the higher value of saturation current. The low
temperature behaviorindicates that the room temperature
value of saturation current is nearly optimum for this
diode. At lower temperatures the reduced value of
saturation current is not able to improve sensitivity
because the corresponding large diode resistance causes
a large mismatch loss which cannot be tuned out. At low
temperatures, diode HSCH-3171 approaches the behavior
of diode 5082-2750, the standard biased detector.

SUMMARY

Detector diodes are most sensitive at zero bias when the
saturation current is small, corresponding to large video
resistance. However, there is a limit to sensitivity when the
resistance is so large that it cannot be matched. An
optimum diode is designed to have the proper saturation
current. Choice of saturation current involves a com-
promise between sensitivity due to large resistance and
loss due to matching.

1. Torrey, H. C. and Whitmer, C. A., “Crystal Rectifiers”, MIT
Radiation Laboratory Series, Vol. 15, McGraw-Hill (New York)

1948.

2. Watson, H. A., “Microwave Semiconductor Devices and Their
Circuit Applications”, p. 379, McGraw-Hill, 1969.

Transistor Speed Up Using Schottky Diodes (Portion of Application Bulletin 13)

NONSATURATING TRANSISTOR SWITCHES

The operation of a transistor switching circuit in the
saturation region produces fast turn-on times, but slow
turn-off times as a result of storage delay. Excess base
current needed to drive the transistor into saturation
causes an accumulation of stored charge in the base
region, which must be removed before the transistor
switch can turn off. Various schemes have been devised to
overcome the storage delay and speed up switching time
by not allowing the transistor to saturate and minimizing
turn-off delay.

A very effective way of preventing saturation, using
Hewlett-Packard diodes, is illustrated in the circuit in
Figure 1.

Significant reduction in transistor switching delay time
can be achieved by adding a Schottky diode (5082-2811),
(or HSCH-1001) and a PIN diode (5082-3077) to the
transistor switch.

+Vee

R,

e

5082-2811 9

—Pp—

——
OQUTPUT

NP I i
INPUT 5082-3077 I

II}—-O

Figure 1. The Use of Diodes as Feedback Elements to Avoid
Saturation in a Transistor Switch.
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Waveform Clipping with Schottky Diodes (Portion of Application Bulletin 14)

CLIPPING CIRCUITS

Clipping circuits are used to restrict the transmission of a
voltage waveform to that portion which lies above or
below a specified reference voltage level. Because of their
functions, they are sometimes referred to as voltage
limiters or amplitude selectors.

Design requirements of clipping circuits and charac-
teristics of diodes needed to achieve the required
performance in these circuits are discussed in this
application bulletin.

Vg +V,

Figure 1. Shunt Connected Diode Clipping Circuit for Clipping

Top of Waveform.

Waveform Clamping with Schottky Diodes (Portion of Application Bulletin 15)

CLAMPING CIRCUIT '

In general, when apointin acircuitis connected through a
low impedance path (such as through a forward biased
diode) to a reference voltage VR, that point is said to be
clamped to VR, since the voltage at that point cannot
deviate very much from Vg, except perhaps for a small
voltage drop across the diode. In this sense, diode
clipping circuits are also clamping circuits.

A basic clamping circuit together with its input and output

waveforms is illustrated in Figure 1. If the diode were
removed, the output waveform would have both positive
and negative swings from the dc level at zero regardless of
the dc level of the input, because of the capacitor. The
presence of the diode in the polarity shown permits only
negative excursions of the output waveform with the
positive peaks clamped at zero (or more precisely Vi volts
above zero, if the diode drop is taken into account).

o—od}
F
Vi n
Oo—

Vin
Ve
Va

0 t

out

Ve

Figure 1. Basic Clamping Circuit with Input and Output Waveforms,

SCHOTTKY BARRIER DIODES &
HIGH CONDUCTANCE DIODES
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Waveform Sampling with Schottky Diodes (Portion of Application Bulletin 16)

SAMPLING GATE

This four diode sampling gate, shown in Figure 1 is the
most commonly used. In a sampling system, it would be
situated between the input source and the input capacitor
of an amplifier. The diodes are normally reverse biased, so
that the input signal does not cause them to conduct.
Sampling is initiated with very narrow pulses, which
overcome the reverse bias and switch the diodes into
conduction. The low impedance paths allow the amplifier
input capacitor to be charged to a voltage proportional to
the input voltage.

Both dc and ac balance of the sampling gate bridge are
essential in achieving the symmeztry required for optimum
performance of the sampler. The conditions of balance
require that the four sampling diodes be matched, thetwo
reverse bias voltages be equal and opposite, and the
sampling gate control voltage be identical in waveshape
except for polarity.

—VeuLse O'—I
Vo

INPUT O

A
+VhuLse O—-—'

O QUTPUT

Figure 1. Four Diode Sampling Gate.



123



PIN Diodes Selection Guide

(Devices listed in the order of increasing junction capacitance)
All part numbers, 5082- (except HPND- as noted)

Typical Typical Packaged Devices Containing Similar Chips
Junction RF (Package Outline)
Capacitance | Resistance| Chip Beam Mini
Cjvr (pF) Rs (1) Lead LID Strip Post Glass Ceramic Stripline
(Note 1) (Note 3) (05) (50) (72) (74) (15) (31) (38) (60) (61)
0.02*** 607 3900
0.07 0.8 0012 3005 3000 3259 3001 3201 3101 3140 3040
3002 3202 | 3102
3039
3077
1N5719
HPND-
4165
HPND-
4166
0.07 0.8 0030 3309 3303 3301 3170 3340
3304 3302
0.07" 18111 HPND-
4001
0.09 0.6 0047
0.09 0.6 9882
0.10 1.5 0025 3085 3086 3080
1N5767
| 0.10 2.0 0039 3081
0.12* o.stt 0001 3045 | 3010 3258 3042 3306 | 3305 | 3141 | 3041
3043 3071
0.12 0.6 0049 3046
0.12* 131t HPND-
4050
0.8 0.4 71t 0034 3168
3188
‘ Package
| Capacitance (Note 2)| .18 13 13 A3 2 2 .03 03
| (PF)
‘ Pages 189 183 189 189 189 125 129 129 134 134
Notes:
1. All capacitance measured with VR = 50 volts, except:
*VR = 30 volts

**VR = 20 volts
***VR = 0 volt

2. Capacitance of beam lead devices includes package capacitance.
3. RF resistance measured with Ir = 100 mA, except:

tlr = 50 mA
t1lF =20 mA
TtlF = 10 mA
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5082-3001/02

= PIN DIODES FOR | iutiia

HEWLETT g PAoKARD || RF SWITCHING AND | ™
ATTENUATING | & e

5082-3168/88

I
!

Features

LOW HARMONIC DISTORTION
LARGE DYNAMIC RANGE
LOW SERIES RESISTANCE
LOW CAPACITANCE

LOW TEMPERATURE
COEFFICIENT
Typically Less Than 20%
Resistance Change from
25°C to 100°C

Description / Applications _ ,
These general purpose switching diodes are intended for PaCkage DImenSIOnS

jow power switching applications such as RF duplexers,
antenna switching matrices, digital phase shifters, and time
multiplex filters. The 5082-3168/3188 are optimized for
VHF/UHF bandswitching.

The RF resistance of a PIN diode is a function of the current
flowing in the diode. These current controlled resistors are
specified for use in control applications such as variable RF
attenuators, automatic gain control circuits, RF modula-
tors, electrically tuned filters, analog phase shifters, and RF
limiters.

Mechanical Specifications

The HP Qutline 15 package has a glass hermetic seal with

Maximum Ratings at Teasg=25°C

dumet leads. The leads on the Outline 15 package should be Junction Operating and Storage

restricted so that the bend starts at least 1/16 inch (1.6mm) TemperatureRange ................. -65°Cto+150°C

from the glass body. With this restriction, Outline 15 Operation of these devices within the above

package will meet MIL-STD-750, Method 2036, Conditions temperature ratings will assure a device }
A (4 Ibs., |1.8 kg.|, tension for 30 minutes) and E. The Mean Time Betweer7r Failure (MTBF) of |
maximum soldering temperature is 230° C for five seconds. approximately 1 x 10" hours. :
Typical package inductance and capacitance are 2.5 nH Power Dissipation ..........c.iiiiiiiiiiiia.. 250mwW

and 0.13pF, respectively. Marking is by digital coding with a (Derate linearly to zero at 1560°C)

cathode band. PeakinverseVoltage(PIV) ......... ... .. .. .. ... ViR
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General Purpose Diodes
Electrical Specifications at T,=25°C
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Note: Typical CW power switching capability for a shunt switch in a 50Q system is 2.5W.

RF Current Controlled Resistor Diodes
Electrical Specifications at T,=25°C

*The 1N6767 has the additional specifications: T 1.0 usec minimum
IR = 1 pA maximum at VR = 50V
VE= 1V maximum at Ig = 100mA.



Typical Parameters

Figure 1. Typical Forward Current vs. Forward Voltage. Figure 2. Typical RF Resistance vs. Forward Bias Current.

Figure 3. Typical RF Resistance vs. Bias for HPND-4165. Figure 4. Typical RF Resistance vs. Bias for HPND-4166.

Figure 5. Typical RF Resistance vs. Forward Bias Current. Figure 6. Typical Capacitance vs. Reverse Voltage.

127



Typical Parameters (continued)

Figure 7. Typical Capacitance vs. Reverse Voltage 5082-3080, Figure 8. Typical Reverse Recovery Time vs. Forward Current for
3081, 3168, 3188. Various Reverse Driving Voltages, 5082-3042, 3043.

Figure 9. Typical Reverse Recovery Time vs. Forward Current Figure 10. Typical Second Order Intermodulation Distortion.
for Various Reverse Driving Voitages.

Figure 11. Typical Cross Moduilation Distortion.
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HEWLETT Ihﬁ' PACKARD

COMPONENTS RF POWER SWITCHING | 5082-3303/04
AND AT TENUATION! 5082-3305/06

PIN DIODES FOR| 5082-3101/02

FAST SWITCHING 2tz 12

RF POWER SWITCHING/ATTENUATING

Features

HIGH ISOLATION
Greater Than 25 dB

LOW INSERTION LOSS

HIGH CONTROL SIGNAL DYNAMIC RANGE
10,000: 1 RF Resistance Change

LOW HARMONIC DISTORTION LIFETIME
Greater Than 100 ns

BOTH ANODE AND CATHODE HEAT SINK
MODELS AVAILABLE

Description/Applications

HP 5082-3101/02, 5082-3201/02, 5082-3301/02/03/04 PIN
diodes are silicon devices manufactured using modern pro-
cessing techniqgues to provide optimum characteristics for RF
switching, signal conditioning and control. These devices are
of planar passivated design. Both anode and cathode heat
sink models are available.

PIN diodes provide a variable RF resistance with DC bias
current. The main advantages of a PIN diode over PN
switching diodes are the low forward resistance and the low
device capacitance.

These HP PIN Diodes are intended for use in RF switching,
multiplexing, modulating, phase shifting, and attenuating
applications from approximately 10 MHz to frequencies well
into the microwave region. Due to their low parasitic
capacitance and inductance, both HPPackage Cutline 31 and
38 are well suited for broadband circuits up to 1 GHz and for
resonated circuits up to 8 GHz. Broad band designs above 1
GHz are usually more economical using stripline PIN diodes
(HP Package Outlines 60 and 61) or devices for microstrip
circuits (HP Package Qutlines 72 and 74).

These devices are especially useful where the lowest
residual series resistance and junction capacitance are
required for high on-to-off switching ratios. At constant bias
the RF resistance is relatively insensitive to temperature,
increasing only 20% for a temperature changefrom +25°Cto
+100°C.

FAST SWITCHING/ATTENUATING
Features

NANOSECOND SWITCHING TIME
Typically Less Than 5 ns

LOW RESIDUAL SERIES RESISTANCE
Less Than 1Q

LOW DRIVE CURRENT REQUIRED
Less Than 20 mA for 1Q Rg

CATHODE HEAT SINK

Description/Applications

The HP 5082-3305 and 5082-3306 are passivated silicon
PIN diodes of mesa construction. Precisely controlled
processing provides an exceptional combination of fast RF
switching and low residual series resistance.

These HP PIN diodes provide unique benefits in the high
isolation to insertion loss ratio afforded by the low residual
resistance at low bias currents and the ultra-fast recovery
realized through lower stored charge. Where low drive power
is desired these diodes provide excellent performance atvery
low bias currents.

The HP 5082-3305 and 5082-3306 ceramic package PIN
diodes are intended for controlling and processing
microwave signals up to Ku band. Typical applications
include single and multi-throw switches, pulse modulators,
amplitude modulators, phase shifters, duplexers, diplexers
and TR switches.
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Maximum Ratings at TCASE:ZSOC

Junction Operating and Storage Temperature Range
..................................... -65°Cto+150°C

Operation of these devices within the above
temperature ratings will assure a device
Mean Time Between Failure (MTBF) of
approximately 1 x 107 hours.

DC Power Dissipation (Derate linearly to zero at 150°C)

HP5082-3305 ............cciiiiiiiiiint, 0.7wW
HPB082-3306 ............c.vvvvviiinn... 1.256wW
HP5082-3101,3102,3301,3302 ............ 1.0W
HP5082-3201,3202,3303,3304 ............ 3.0wW

Package Dimensions

Mechanical Specifications

The HP Package Outline 31 has a metal ceramic hermetic
seal. The heat sink stud is gold-plated copper. The opposite
stud is gold-plated kovar. Typical package inductance is 1.0
nH and typical package capacitance is 0.2 pF.

The HP Package Outline 38 also has a metal ceramic
hermetic seal. The heat sink contact is gold plated copper.
The opposite contact is gold-plated kovar. Typical package
inductance is 0.4 nH and typical package capacitance is 0.2
pF.

The maximum soldering temperature for diodes in either
package is 230°C for 5 seconds.




RF POWER SWITCHING/ATTENUATING
Electrical Specifications at T,=25°C

*Divide by four for a shunt switch.

FAST SWITCHING /ATTENUATING
Electrical Specifications at T,=25°C
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FAST SWITCHING/ATTENUATING
Typical Parameters (s082-3305 and -3306)

| Figure 1. Typical Junction Capacitance vs. Reverse Voltage. Figure 2. Typical Reverse Recovery Time vs. Forward Current for
Various Reverse Driving Voltages. For further discussion of
switching characteristics, see 5082-3041 data sheet.

Figure 3. Typical RF Resistance vs. Forward Bias Current. Figure 4. Typical Forward Current vs. Forward Voltage.
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RF POWER SWITCHING /AT TENUATING
Typical Parameters (s0s2-3101,-3102, -3201, -3202, -3301, -3302, -3303, -3304)

Figure 5. Typical RF Resistance vs. Forward Bias Current. Figure 6. Typical RF Resistance vs. Forward Bias Current.

Figure 7. Typical Forward Characteristics. Figure 8. Typical Chip Capacitance vs. Reverse Voltage.

Cp = Package Capacitance

Lp = Package Inductance

Rg = Residual Series Resistance
Ry = I-Layer Resistance

[g]

C = I-Layer Capacitance

P
-
r

TYPICAL VALUES FOR Cp AND Lp ARE GIVEN UNDER “MECHANICAL
SPECIFICATIONS”. WITH REVERSE BIAS, R| = 10k 2. TOTAL
CAPACITANCE 1S Cr AND IS GIVEN IN “ELECTRICAL SPECIFICATIONS".
WITH FORWARD BIAS C( IS NO LONGER PRESENT. R DECREASES
WITH INCREASING FORWARD BIAS TO APPROXIMATELY ZERO AT

100 mA.

Figure 9. Device Equivalent Circuit.
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HEWLETT @ PACKARD

COMPONENTS

5087-3040/41
PIN DIODES FOR STRIPLINE | 2823018
AND MICROSTRIP SWITCHES |  25o7 St
ATTENUATORS AND LIMITERS | 53873170
50823340

Features

HERMETIC

(5082-3140, 3141, 3170)
BROADBAND OPERATION

HF through X-band
LOW INSERTION LOSS

Less than 0.5 dB to 10 GHz (5082-3140, 3170)
HIGH ISOLATION

Greater than 20 dB to 10 GHz (5082-3140, 3170)
FAST SWITCHING/MODULATING

5 ns typical (5082-3141)
LESS DRIVE CURRENT REQUIRED

Less than 20 mA for 20 dB isolation (5082-3141)

Description

When forward biased these PIN diodes will appear as current
variable resistors in shunt with a 50 ohm transmission line.
The resistance varies between less than 1 ohm at high
forward bias to greater than 10,000 ohms at zero or reverse
bias.

The HP 5082-3040, -3046, -3340, -3140 and -3170 are
passivated planar devices. The HP 5082-3041, -3071 and

-3141 are passivated mesa devices. All of the devicesareina -

shunt configuration in stripline packages. These diodes are
optimized for good continuity of characteristic impedance
which allows a continuous transition when used in 50 ohm
microstrip or stripline circuits.

Of these devices, the HP 5082-3040, -3041, -3046, -3071
and -3340 are in HP Package OQutline 61.

Features

LOW COST TO USE

Designed for easy mounting
BROADBAND OPERATION

HF through Ku-band
LOW INSERTION LOSS

Less than 0.5 dB to 10 GHz (5082-3040, 3340)
LOW DRIVE CURRENT REQUIRED

Less than 20 mA for 20 dB isolation (5082-3041)
FAST SWITCHING MODULATION

5 ns typical (5082-3041)
HIGH POWER LIMITING

50 W peak pulse power (5082-3071)

The HP 5082-3140, -3141 and -3170 are in HP Package
Outline 60. This package is hermetic and can be used for Hi-
Rel applications. The HP 5082-3140, -3141 and -3170 are
direct mechanical replacements for Outline 61 (with top cap
in place) diodes HP 5082-3040, -3041, and -3340
respectively. The only electrical difference is the location of
the chip in each package. Except in those few applications
where the difference in phase relationship is important, the
Outline 60 devices can be used as replacements.

The HP 5082-3071 passive limiter chip is functionally
integrated into a 50 ohm transmission line to provide a
broadband, linear, low insertion loss transfer characteristic
for small signal levels. At higher signal levels self-
rectification reduces the diode resistance to provide limiting
as shown in Figure 6. Limiter performance is practically
independent of temperature over the rated temperature
range.



Applications

SWITCHES/ATTENUATORS

These diodes are designed for applications in microwave and
HF-UHF systems using stripline, or microstrip transmission
line techniques.

Typical circuit functions performed consist of switching,
duplexing, multiplexing, leveling, modulating, limiting, or
gain control functions as required in TR switches, pulse
modulators, phase shifters, and amplitude modulators
operating in the frequency range from HF through Ku-Band.

These diodes provide nearly ideal transmission characteris-
tics from HF through Ku-Band.

The 5082-3340 and 4082-3170 are reverse polarity devices
with characteristics similar to the 5082-3040 and 5082-
3140 respectively.

The 5082-3041 and 5082-3141 are recommended for
applications requiring fast switching or high frequency
modulation of microwave signals, or where the lowest bias
current for maximum attenuation is required.

The 5082-3046 has been developed for high peak pulse
power handling as required in TR switches for distance
measurement and TACAN equipment. The long effective
minority carrier lifetime provides for low intermodulation
products down to 10 MHz.

More information is available in HP Application Note 922
(Applications of PIN Diodes) and 929 (Fast Switching PIN
Diodes).

Maximum Ratings at Teage=25°C

LIMITER

The 56082-3071 limiter module is designed for applications in
telecommunication equipment, ECM receivers, distance
measuring equipment, radar receivers, telemetry equip-
ment, and transponders operating anywhere in the
frequency range from 500 MHz through 10 GHz. An external
dc return is required for self bias operation. This dc return is
often present in the existing circuit, i.e. inductively coupled
antennas, or it can be provided by a A /4 resonant shunt
transmission line. Selection of a high characteristic
impedance for the shunttransmission line affords broadband
operation. Another easy to realize dc return consists of a
small diameter wire connected at a right angle to the electric
field in a microstrip or stripline circuit. A 10 mA forward
current will actuate the PIN diode as a shunt switch providing
approximately 20 dB of isolation.

HP Package Outline 61
Cover Channel

The cover channel supplied with each diode should be used
in balanced stripline circuits in order to provide good
electrical continuity from the upper to the lower ground plane
through the package base metal. Higher order modes will be
excited if this cover is left off or if poor electrical contact is
made to the ground plane.

The package transmission channel is filled with epoxy resin
which combines a low expansion coefficient with high
chemical stability.

0
L]
)]
o
O
Z
o

Notes

1. Device properly mounted in sufficent heat sink, derate linearly to zero at maximum operating temperature.
2. p= 1 us, f = 10 GHz, Du - .001, Z, = 50§2. (Exception: -3071 is tested at 9.4 GHz.)
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Electrical Specifications at T,=25°C - Attenuator Diodes

Note 3:

z 5082-3041, -3046 and -3141. 10 GHz 5082-3040, -3140, 3170 and -3340.

Electrical Specifications at T,=25°C - Limiter Diode

A
AR
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Equivalent Circuits

Forward Bias (Isolation State) Zero Bias (Insertion Loss State)

Typical Equivalent Circuit Parameters - Forward Bias

Typical Equivalent Circuit Parameters - Zero Bias

Typical Parameters

Figure 1. Typical Forward Characteristics.
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Figure 2. Typical Insertion Loss vs.
Frequency.

Figure 5. Typical Attenuation Above Zero
Bias Insertion Loss vs. Bias Current

atf =8 GHz.
a9
203TYP. a.19
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Figure 3. Typical SWR vs. Frequency.

Figure 6. Typical Pulse Limiting
Characteristics.
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Figure 4. Typical Isolation vs. Frequency.
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Typical Switching Parameters

RF SWITCHING SPEED
HP 5082-3141 and HP 5082-3041

The RF switching speed of the HP 5082-3141 and HP 5082-
3041 may be considered in terms of the change in RF
isolation at 2 GHz. This switching speed is dependent upon
the forward bias current, reverse bias drive pulse, and
characteristics of the pulse source. The RF switching speed
for the shunt-mounted stripline diode in a 50§} system is
considered for two cases: one driving the diode from the
forward bias state to the reverse bias state (isolation to
insertion loss), second, driving the diode from the reverse
bias state to the forward bias state (insertion loss to
isolation).

The total time it takes to switch the shunt diode from the
isolation state (forward bias) to the insertion loss state
(reverse bias) is shown in Figure 10. These curves are for
three forward bias conditions with the diode driven in each
case with three different reverse voltage pulses (Vpgr). The
total switching time for each case includes the delay time
(pulse initiation to 20 dB isolation) and transition time (20 dB
isolation to 0.9 dB isolation). Slightly faster switching times
may be realized by spiking the leading edge of the pulse or
using a lower impedance pulse driver.

Figure 10. Isolation vs. Time (Turn-on) for HP 5082-3141 and
HP 5082-3041. Frequency, 2 GHz.

The time it takes to switch the diode from zero or reverse bias
to a given isolation is less than the time from isolation to the
insertion loss case. For all cases of forward bias generated by
the pulse generator (positive pulse), the RF switching time
from the insertion loss state to the isolation state was less
than 2 nanoseconds. A more detailed treatise on switching
speed is published in AN929; Fast Switching PIN Diodes.

REVERSE RECOVERY TIME

Shown below is reverse recovery time, (t;) vs. forward
current,(lg)for various reverse pulse voltages Vpg. The circuit
used to measure t,, is shown in Figure 11.

500 1.04F O.u.T.

TO SCOPE

E—

Vg 1.0uF 1.0k$2 5082

Figure 11. Basic t,, Test Setup.

Figure 12. Typical Reverse Recovery Time vs. Forward Current

for Various Reverse Driving Voltages, 5082-3141, -3041

Figure 13. Typical Reverse Recovery Time vs. Forward Current

for Various R

e Drivi

Voltages, 5082-3140, -3040.

Figure 14. Typical Reverse Recovery Time vs. Forward Current
for Various Reverse Driving Voltages, 5082-3170, -3340.
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HEWLETT ﬁ PACKARD

COMPONENTS

APPLICATIONS FOR
PIN DIODES

Applications of PIN Diodes (Portion of Application Note 922)

The most important property of the PIN diode is the fact that
it appears as an almost pure resistance at RF whose resis-
tance value can be varied over a range of approximately
1 to 10,000 ohms by a direct or low frequency control
current.

When the control current is varied continuously, the PIN diode
is useful for attenuating, leveling and amplitude modulating
an RF signal. When the control current is switched “on” and
“off” or in discrete steps, the device is useful for switching,
pulse modulating, and phase shifting of an RF signal.

In addition, the PIN's small size, weight, high switching
speed, and freedom from parasitic elements make it ideally
suited for use in miniature, broadband RF signal control
components.

This application note describes the important properties of

the PIN diode and illustrates how it can be applied in a variety
of RF control circuits. Topics discussed include the following:

Characteristics of the PIN Diode
(a) Low and High Frequency Equivalent Circuits
(b) The RF Resistance Characteristic
(c) Effects of Package Parasitics
PIN Diode Applications
(a) Design of Broadband Reflective Switches and Attenu-
ators
(b) Design of Resonant Switches
(c) Design of Multiple Diode and Multi-throw Switches and

Attenuators
(d) Design of Constant Impedance Switches and Attenu-

ators
(e) PIN Diode Phase Shifters

PIN Diode Power Handling

Fast Switching PIN Diodes (Portion of Application Note 929)

SWITCHING SPEED

The switching speed of a PIN diode may be defined and
measured in a number of ways. Ideally, we would like to think
of it as the time it takes the device to make the transition
from the minimum insertion loss case to the maximum isola-
tion case or vice versa. Because of the charge nonlinearities
during switching of the device and the need for reasonable
measurement techniques, we often settle for some definitions
less than ideal.

A figure of switching capability commonly used by industry
is the reverse recovery time (t,.). Figure 1a shows the diode
in the RF test circuit. Figure 1b shows the monitored cur-
rent through the diode used to determine the reverse re-
covery time.

R 5062
I

B — 1
Vi
LOW PASS 2
FILTER
R
vg out ¥ 5082 {VRe

(a)

i = FORWARD BIAS CURRENT

ln = PEAK REVERSE CURRENT

ViL = RF VOLTAGE AT INSERTION LOSS
Viso = RF VOLTAGE AT ISOLATION

v

Figure 1. Switching Time Test Circuit with Drive Current Waveform and Switched RF Voltage
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Following a general discussion of the switching speed of a
PIN diode and the considerations which affect switching
capability, this application note outlines basic drive require-
ments (Figure 2) and comments on a few practical switching
circuits for the HP 5082-3041/3042 fast switching PIN diodes.
Considerations involved in the design of filters required for
use with the diodes are also discussed.

If — FORWARD BIAS (mA)

SWITCHING TIME {ns)

Figure 2. Switching Time vs. Forward Bias for Peak Reverse Voltage
as a Parameter

High Performance PIN Attenuator for Low Cost AGC Applications

(Portion of Application Note 936)

PIN diodes offer an economic way of achieving excellent per-
formance in AGC circuits. Significant improvements in cross-
modulation and intermodulation distortion performance
compared to transistors are obtained. (Table 1).

Automatic gain control in a transistorized circuit requires that
the optimum operating point of the AGC transistor be shifted.
This produces a drastic change in the impedance level, which
severely affects the adjoining tuned circuit.

The use of a PIN diode attenuator as the AGC control
element as shown in Figure 1 will provide the required gain

Table 1. Distortion Performance Comparison of AGC Circuits

PIN Diode Transistor
5082-3080 | 5082-3081
Power Consumption, mW 35 35 120
2nd Order Intermod, dB —-59 ~64 -55
(—20 dBm output)
Crossmodulation -68 -59 —-37
(—20 dBm output)

control without the attendant problems of large imped-
ance shift. The result is minimum distortion in the output.
Other advantages of PIN diodes, such as good low frequency
operation, constant impedance levels, and low power con-
sumption are discussed in this application note.

Figure 1. The Use of a PIN Attenuator for AGC.

Broadbanding the Shunt PIN Diode SPDT Switch (Portion of Application Note 957-1)

The bandwidth of the shunt diode SPDT switch can be
improved by the simple impedance matching technique
shown in Figure 1. A third transmission line, a quarter
wavelength long at fo, is placed between the common
junction and R.F. Port 3. In addition, the impedance of all
three lines is set to some value, Z, below 50 ohms. The
specific value of impedance that is chosen will determine
the SWR and bandwidth of the switch. Figure 2 gives the
SWR vs. bandwidth for five values of Z. For example,

setting the impedance of the three transmission lines to 35
ohms results in a 1.43:1 SWR bandwidth of 100%. The data
shown on Figure 2 was computed assuming a resistance
of 0.5 ohms for D1 and 1000 ohms for D2.

By selecting the impedance for the transmission line of Port 3
to be slightly different from the other two, smail additional
improvements in SWR can be made. This variation of the
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broadbanding technique is beyond the scope of this note, but
it can be easily and quickly evaluated by means of one of the
many microwave circuit analysis programs available on time-
shared computers.

BIAS 2

Figure 1. Broadband Shunt SPDT Switch.

VSWR

FREQUENCY, BROADBAND SWITCH

A
fo

Figure 2. VSWR vs. Frequency Ratio, Broadband Switch.

Reducing the Insertion Loss of a Shunt PIN Diode (Application Note 957-2)

A shunt PIN diode is often used as a switch or attenuator.
The upper frequency limitation is determined by the increase
in insertion loss as the diode capacitance starts to short out
the load. Figure 1 shows a symmetrical matching circuit that
extends this frequency limitation by incorporating the diode
capacitance, C, into a low pass filter. Figure 2 shows the
filter response when the inductance value, L, is chosen to
form a Chebyshev equal ripple filter.

L-Rrc 2

g

The constants g(1) and g(2) are low pass prototype element
values, available in the literature? as a function of the ripple
value shown in Figure 2. This filter is designed to operate
between equal generator and load resistances, R.

The cutoff frequency, f., shown in Figure 2, is determined
by the diode capacitance, the ripple value, and R.

9(2)

k. 27RC

For convenience in design, inductance and cutoff frequency
are plotted in Figure 3 in terms of VSWR and in Figure 4 in
terms of insertion loss. For example, the HP 5082-0001 PIN
diode has a zero bias capacitance of 0.18 pF. If a cutoff fre-
quency of 16 GHz is desired, the insertion loss ripple will be
-007 dB and the VSWR ripple wili be 1.072, corresponding
to f.C = 2.88. The value of L is .28 nH corresponding to

L s
C

Higher cutoff frequencies or lower ripple may be obtained by
lowering the diode capacitance with reverse bias. The capaci-
tance of the 5082-0001 PIN diode is reduced to 0.12 pF with a
reverse bias of 20 volts. This increases the cutoff frequency
for the same ripple to 24 GHz.

Figure 1. Low pass matching circuit.

RIPPLE

INSERTION LOSS

VALUE fremememmem ey {

FREQUENCY

Figure 2. Chebyshev Response
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Figure 3. Filter design curves. Figure 4. Filter design curves.
REFERENCES
1. L. Weinberg, “Network Analysis and Synthesis”, McGraw- 2. N. Chitre and M. O’Donovan, “A Unified Design Chart for
Hill, 1962. Small VSWR Filters”, Microwave Journal, April 1967, pp 79-84.

Rectification Effects In PIN Attenuators (Portion of Application Note 957-3)

Attenuation values of PIN diodes are changed by high inci- are more serious at low frequencies because the period is
dent power levels. The effect is most noticeable at intermedi- closer to the lifetime of the charge carriers in the diode in-
ate attenuation levels in fast switching diodes. The variation trinsic layer. There is sufficient time for these charges to be
in attenuation may be minimized by proper choice of bias influenced by the changing rf voltage.

resistance.

An ideal PIN diode acts as a variable resistor controlled by
dc current. In attenuation applications, the performance is
independent of carrier power level or frequency. The perfor-
mance of a real PIN diode, however, is limited by both carrier

level and frequency because of rectification effects. The effects 0-100K

0-100 _ =
1K-100K a g
z 0 <
=} 100 [
- b 10K-100K &
[o4 W
—_ & =} x
g w S w
2 0 = = <
P E = 1] %]
=] 100 5 < 100
E 1K-100K 2 1K
1]
g l&-‘ " 100K
E 1]
< 0-
< 1K z oo
100K
0 0 4 8 12 16 20 24 28 30
10K
- 4 100K INPUT POWER (dBm)
0 4 8 12 16 20 24 28 32
INPUT POWER (dBm)
Figure 1. Attenuation at 2 GHz vs. Input Power with Bias Resistance Figure 2. Attenuation at 10 GHz vs. Input Power with Bias Resistance
as a Parameter. 5082-3140 as a Parameter. 5082-3140
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ATTENUATION (dB)
BIAS RESISTANCE ()

4 8 12 16 20 24 28 32

INPUT POWER (dBm)

Figure 3. Attenuation at 2GHz vs Input Power with Bias Resistance
as a Parameter. 5082-3141

ATTENUATION (dB})
BIAS RESISTANCE ()

0 4 8 12 16 20 24 28 30
INPUT POWER (dBm)

Figure 4. Attenuation at 10 GHz vs. input Power with Bias Resistance
as a Parameter. 5082-3141

PIN Diode RF Resistance Measurement (Portion of Application Bulletin 6)

INTRODUCTION

In order to correctly determine the resistance characteristic
of a PIN diode, several test methods have been suggested
and devised by various sources. Many of these methods are
inaccurate or time-consuming. This Application Bulletin de-
scribes how the RF resistance of a PIN diode can be mea-
sured reliably and efficiently with the use of the HP 4815
Vector Impedance Meter.

RF RESISTANCE MEASUREMENT

The resistance measurement method to be described utilizes
atunable fixture to tune out the reactive part of the impedance,
leaving the real part to be measured by the Vector Impedance
Meter. A block diagram of the test equipment is shown in
Fig. 1. The diode under test (D.U.T.) in the test fixture receives
the proper bias from the current source. The fixture is tuned
for a zero phase indication on the Vector Impedance Meter.
The resistance is then read on the Vector Impedance Meter
or (for better resolution at low resistance levels) on a Digital
Voltmeter which is connected to the recorder output of the
Vector Impedance Meter. Use of the Precision Power Source
to provide a stabie low voltage for offsetting the short circuit
resistance is described in the Appendix of this Appiication
Bulletin.

With some diodes a single tunable test fixture will tune out
the diode reactance for all forward currents. For other diodes
more than one test fixture may be necessary.

Figure 1. Block Diagram of Test Equipment for RF Resistance
Measurement of a PIN Diode.

With the reactive part of the impedance tuned out, the Vector
Impedance Meter will essentially see the measured resistance,
Rm, as the series combination of the diode resistance, R,
and the short circuit resistance, R, in parallel with the open
circuit resistance, R, as illustrated in Fig. 2. In other words,
the measured resistance,

ROC RS + RSC
R, = ( )

= = 1
R.. + Rs + Rq, ™)

The diode resistance is then
Rﬂ'\ (Rac + Hsc) -

ROC RSC
R, =
ROC RI'|‘\

= @)




or since R;. << R
Roc (Rm - Rsc)

R, = e im o) 3
Roc—_Rm ()

If the measured resistance is low (R, << R,.), then the
diode resistance

Rs = Rm - Rsc (4)

For high resistance (R, >> R,.)
Roc Rm

Ry= ——— 5
I:{oc_Rm ()

The resistance vs. bias slope on a log-log plot is
X = log R;, — log R,
log I, — log |,

(6)

where |, and |, are respectively specified low and high current
levels, and R, and R;,, the diode resistances corresponding
to those bias levels.

The slopes of the HPND-4165 and HPND-4166 PIN diodes
are batch matched between 10 uA and 1 mA. In this case
equation (6) reduces to

1 Rioua

X= ——log —— 7

2 9 Rioma %

Details of the test procedure are contained in the Appendix
of this Application Bulletin.

Roc

Figure 2. The Measured Resistance R, as Seen by the Vector
Impedance Meter When the Reactive Part of the Diode
Impedance is Tuned Out.

TEST FIXTURE

The test fixture contains a circuit (Fig. 3) which tunes out the
diode reactance. The essential components are a tunable
inductor and tunable capacitor in the tuning section and an
RF choke and bypass capacitor in the bias section. Detailed
drawings of this test fixture are available upon request from
Hewlett-Packard, Applications Department, San Jose, CA
95131.

1.2uH

CURRENT P HP4815 VECTOR
SOURCE ©) IMPEDANCE METER
V4

OWF 1.5-20 pF
\ i / 7F\ i
el
® ® ®m  ®
: —0
(18)  PKG.15 -30pF (8) SEE DRAWING

PKG. 31, 38,39, 44 -20pF

Figure 3. Schematic of Test Circuit for RF Resistance Measurement
of a PIN Diode.

Switching Performance Parameters

For a good approximation, the PIN diode in a switch is essen-
tially a resistor in the forward biased state and a capacitor in
the reverse biased state.

Insertion Loss

The loss of signal attributed to the diode when the switch
is ON (transmission state) is insertion loss. The insertion
loss is primarily determined in a series switch by the for-
ward biased resistance of the diode (Figure 1) and in a
shunt switch both by the diode capacitance and signal
frequency (Figure 2). In either case it is the diode im-
pedance in relation to the source and load impedance,
(generally 50 Ohms). For low insertion loss, low resistance
is needed in a series switch. Low capacitance (particularly
at high frequencies) is needed in a shunt switch.

Isolation
Isolation is the measure of RF leakage between the input
and output when the switch is OFF. For high isolation, low
capacitance (especially at high frequencies) is required in
a series switch (Figure 3). Low resistance is required in a
shunt switch (Figure 4).

Switching Speed
Reverse recovery time (Figure 5) is a measure of switching
time, and is dependent on the forward and reverse bias
applied. With forward bias current, |, charge is stored in
the I-layer. When reverse biased, reverse current, g, will

flow for a short period of time, known as delay time, tq.
When a sufficient number of carriers have been removed,
the current begins to decrease. The time required for the
reverse current to decrease from 90% to 10% is called the
transition time, t;. The sum, t4 + t;, is the reverse recovery
time, which is a good indication of the time it takes to switch
the diode from ON to OFF (A more detailed discussion on
switching speed is available in AN 929 and the data sheet
on the 5082-3040 Series of Stripline PIN Diodes.)

INSERTION LOSS (dBj

2 4 6 8 10

DIODE RESISTANCE — R {Q)

Figure 1. Insertion Loss of Series Diode Switch.
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INSERTION LOSS (dB)

FREQUENCY (GHz)

1000

Fi

gure 2. Insertion Loss of Shunt Diode Switch.

ISOLATION (dB)

FREQUENCY (GHz)

Figure 3. Isolation of Series Diode Switch.

H

(2]

ISOLATION (dB)

20

1

DIODE RESISTANCE — R {Q2)
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Figure 4. Isolation of Shunt Diode Switch.

R

tq e —b‘

-t ———————|

Figure 5. Reverse Recovery Time.

Standing Wave Ratio
Standing Wave Ratio (SWR) which is a measure of the
RF impedance match, is particularly important in high fre-
quency applications. Since the SWR of most package styles
depends on the mounting arrangement, it is only specified
for diodes in 50 Ohm stripline packages.

Voltage Rating
The maximum signal voltage the switch can handle without
damage is determined by the breakdown voltage of the
diode.

Power Handling Capability

The RF power (CW or pulse), that can be handled safely
by a diode switch is limited by two factors—the breakdown
voltage of the diode, and thermal considerations, which
involve maximum diode junction temperature and the ther-
mal resistance of the diode and packaging. Other factors
affecting power handling capability are ambient temper-
ature, frequency, attenuation level (diode resistance)
pulse width, and pulse duty cycle. A first order approxi-
mation of the power handling capability of a PIN diode
switch can be determined by using the procedure outlined
below.

Caiculation of Power Handling Capability of PIN Diode
Attenuators and Switches: This summary of equations for
power handling calculations is intended to provide the tools
for a first order analysis of the RF power handling capability
of TR switches, phase shifters, or attenuators. It is assumed
that parasitic circuit elements are negligible or tuned out.

Summary of Symbols:

Po — Power in transmission line (maximum available
power to load).

Pr  — Power dissipated in PIN diode, may be as high as
Ppiss max specified for the device under con-
sideration.

R — Resistance of PIN diode in “on” or "off”’ condition,
whichever creates higher Pg.

Ver — Breakdown voltage of PIN diode.

A — Attenuation ratio of series or parallel diode inserted

into transmission line.



CALCULATION SEQUENCE:

1. Read Ppigg max from the absolute maximum ratings.

2. Determine the CW Power Muitiplier from Equation (1) for
a shunt circuit, or Equation (4) for a series circuit.
Alternatively, Figure 8 can be used if diode resistance is
known, or Figure 9 can be used if circuit attenuation is
known.

3. Multiply Ppigg max by the CW Power Multiplier to
determine CW power handling capability.

4. Determine the Pulse Power Muitiplier, if applicable, from
Figure 10.

5. Muitiply the CW power handling capability by the Pulse
Power Multiplier to determine pulse power handling
capability.

6. Check for power handling limit due to Vgg by using
Equation (3) for shunt circuits and Equation (6) for series
circuits.

Shunt Circuit

5052

>
g R 500

AA

SOURCE PIN DIODE LOAD

Figure 6. Shunt Attenuator/Switch Circuit.

Pa (26 + R)2
P Multiplier: 22 = 12T 727 (n
ower Multiplier P EOR
. . 25
Attenuation: A 20 logqg (1 + R ), dB (2)
2
(VBR _VR)
Breakdown Voltage Limit: P, (max) = W (3)
100
Series Circuit YA v
504
SOURCE PIN DIODE LOAD

Figure 7. Series Attenuator/Switch Circuit.

. Pa (100 + R)?
Power Multiplier: '?F—i— = 500R — (4)
. R
Attenuation: A 20 logqg (1 + W), dB (5)
2
(VBR 'VR)
Breakdown Voltage Limit: P, {max) = T W (6)

CW POWER MULTIPLIER

1 10 100 1000 10,000

DIODE RESISTANCE ($2)

Figure 8. CW Power Multiplier vs. Diode Resistance.

CW POWER MULTIPLIER

i} 10 100

ATTENUATION, SHUNT OR SERIES

Figure 9. CW Power Multiplier vs. Series or Shunt Attenuation.

PULSE POWER MULTIPLIER

1 10 100 1000 10,000

PULSE WIDTH {us)

Figure 10.

Pulse Power Multiplier vs. Pulse Width.
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Microwave Source Diodes Selection Guide
DOUBLE DRIFT PULSED

IMPATT DIODES

Peak Power Out/ Part Number Page
Center Frequency 5082- Number
12W 150
10 GHz -0710 S
166
9W e n
16.5 GHz -0716 oy
DOUBLE DRIFT CW
IMPATT DIODES
Power Out/ Part Number Page
Center Frequency 5082- Number
1.75W 24,20
7 GHz -0607
157
3.00 W
8 GHz -0608 192.5'¢
15 W 10865
10 GHz -0610
o e W 161
11 GHz -0611 67,47

STEP RECOVERY DIODES

(PAGE 153)
High Efficiency
Typical Output Multiplier RF Tested | DC Tested
Frequency Versions Versions | Versions
Range, GHz 5082- 5082- 5082-
4-15 0803 T4 0180
0815 7.7 0112
0825 .47 0114
0833 ° 0151
0840
0800 ™ 0300 0241
1-3 0801 " 0303
0802
0805 " 0310 0132
3-5 0806 a
0807
0810 0310 0132
5-8 0811
0812
0820 0243
7-10 0821
0822
8-12 0830 v 0320 0253
0831 ¢
0835 | 0335
10-20 0836 N
0885 ".o.T

Chips and other devices for MIC shown on page 171.
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HEWLETT hp: PACKARD

COMPONENTS

5082-0100 SERIES
b082-0200 SERIES
b082-0300 SERIES
b082-0800 SERIES

STEP RECOVERY
DIODES

Features

OPTIMIZED FOR BOTH LOW AND HIGH ORDER
MULTIPLIER DESIGNS FROM UHF
THROUGH Ku BAND

PASSIVATED CHIP FOR MAXIMUM STABILITY
AND RELIABILITY

AVAILABLE IN A VARIETY OF PACKAGES

SPECIAL ELECTRICAL SELECTIONS AVAILABLE
UPON REQUEST

Description /Applications

These diodes are manufactured using modern epitaxial
growth techniques. The diodes are passivated with a thermal
oxide for maximum stability. The result is a family of devices
offering highly repeatable, efficient and reliable perform-
ance. These diodes are designed to meet the general
requirements of MIL-S-19500.

The 5082-0800 Series diode is designed to maximize cut-off
frequency while maintaining a fast transition time. This
characteristic leads to excellent performance in either low or
high order multipliers and in comb generators. All ceramic
package diodes in the 5082-0800 Series are supplied with
measured data.

Package Dimensions

Maximum Ratings at TCASE=250C

Junction Operating and
Storage Temperature . ............ -65°C to 200°C
Operation of these devices within the above
temperature ratings will assure a device
Mean Time Between Failure (MTBF) of
approximately 1 x 107 hours. o
200 C — Tcage
ejc
230°C for 5 sec.

DC Power Dissipation

Soldering Temperature ................

m IMPATT AND STEP RECOVERY DIODES
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Mechanical Specifications

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

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 is 230°C for 5 seconds.

The HP outline 15 and 11 packages have glass hermetic seals
with dumet leads. The maximum soldering temperature is
230°C for 5 seconds. The leads on outline 15 should be
restricted so that any bend starts at least 1.6 mm (.063 in.}
from the glass body.

Diodes for ngh EffICIenCV MultIDIIeI'S (All Specifications at T, = 25°C)

Ceramic Packaged Diodes
ELECTRICAL SPECIFICATIONS

*Data supplied with each diode includes measured Vg and CT(-g)

Glass Packaged Diodes (outline 15)
ELECTRICAL SPECIFICATIONS

TYPICAL PARAMETERS

TYPICAL PARAMETERS

*The transition times shown for the package 15 devices are limited by the package inductance to a minimum of 100 ps.
The lower transition times shown for the -0825, -0833 and -0840 are based on the performance of the chip.

4



RF Tested DIiOdes (an specifications at Ta = 25°C)
ELECTRICAL SPECIFICATIONS TYPICAL PARAMETERS

DC Tested Diodes (an specifications at T4 = 25°C)
ELECTRICAL SPECIFICATIONS TYPICAL PARAMETERS

Suggested output frequency, fo(max) < 1/t¢

NOTES: 1. Capacitance selection is available upon request. Contact 5. Guaranteed multiplier tested results.
your local sales office. Input power is: 5082-0300 15W 5082-0320 2w
2. fo= 1 5082-0310 4W 5082-0335 0.65W

6. Package 65 is a modified version of the package 40. it features a
6-tooth, 1.21mm (.048 in) Bristol socket rather than a screw driver
slot. A Bristol socket wrench is shipped with each order for 5082-
0303.

7. The 5082-0113, -0114 and -0253 are also available by EIA
registration numbers TN5163, 1N5164 and 1N4547 respectively.

POWER SUPPL
HP 721A

2n R Cj(-g)
3. Asa doubler at midband.
4. For package outline 15 typical thermal resistance is
600° C/W with adequate heat sink.

PULSE

GENERATOR
TEK 109

SAMPLING
SCOPE
) 1814/1811A

Figure 1. Testcircuitfortransition time. The pulse generator circuitis adjusted fora 0.5 A pulse when testing 5082-0151, 0253,
0335, 0835, 0836, 0885 and 0840. A pulse of 1.0 A is used for all other diodes. The bias current is adjusted for the specified
stored charge level. The transition time is read between the 20% and the 80% points on the oscilloscope.

m IMPATT AND STEP RECOVERY DIODES
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HP 4815A
VECTOR IMP
METER

CURRENT
SOURCE

PD 2005
PRECISION
POWER SUPPLY

HP 3430A
D.V.M.

Figure 2. Test set-up for measurement of series resistance. The
D.U.T. is forward biased (lg) and the real part of the diode
impedance is measured at 100 MHz. The D.V.M. is set up to read
the real part on the Vector Voltmeter. The precision power supply
is used to offset the test circuit resistance. Rg is measured at Ig =
100mA except 0800, 0801, 0802, 0803 where I = 500mA.

Eiin mmm
ﬁ&égmm@ﬁ&%ﬁé

ssrz&ﬁiggﬁ F
an

SAMPLING
OSCILLOSCOPE
HP 185B

PULSE
GENERATOR
HP 186A

Figure 3. The Circuit for Measurement of the Effective Minority
Carrier Lifetime. The value of the reverse current (Ig) is
approximately 6 mA and the forward current (Ig} is 1.71 Ig. The
lifetime () is measured across the 50% points of the observed
wave shape. The input pulse is provided by a pulse generator
having arise time of less than one nanosecond. The output pulse is
amplified and observed on a sampling oscilloscope.

Figure 4. Typical Output Powers vs. Input
Power at Ty = 26°C. The 5082-0300 is
measured in a x 10 multiplier with Py at
0.2 GHz and Pg at 2.0 GHz. The 5082-
0310 is measured in a x 10 multiplier with
Py at 0.6 GHz and Pg at 6.0 GHz.

Figure 5. Typical Output Power vs. Input
Power at T, = 256°C. The 5082-0335 is
measured in a x 8 multiplier with Py at 2
GHz and P at 16 GHz. The 6082-0320 is
measured in a x 5 multiplier with P|\ at 2.0
GHz and Pg at 10 GHz.

Figure 6. Predicted power output curves
for 03XX step recovery diodes in X3, X4,
and X5 multiplier applications. These
results were obtained using computer
organization programs.



SILICON DOUBLE DRIFT
HEWLETT i PACKARD IMPATT DIODES FOR
CW POWER SOURCES

I

.ll'

COMPONENTS (5.9-8.4 GHz)

b082- 0607
b082-0608

Features

HIGH POWER OUTPUT
Typically: 3W from 5.9 to 8.4 GHz

HIGH EFFICIENCY
LOW NOISE

HIGH AMBIENT OPERATION
Specified Output Power Available
at 50°C Ambients

HIGH RELIABILITY
Designed to Exceed the Requirements
of MIL-S-19500

Description/Applications

Double drift silicon IMPATT (IMPact lonization Avalanche . .
Transit Time) diodes are junction devices operated with PaCkage DlmenS|0nS
reverse bias sufficient to cause avalanche breakdown.
Holes and electrons generated in the avalanche region
travel across their respective drift regions and are collected
at the contacts. The phase delay between voltage and
current resulting from the avalanche process in combina-
tion with the drift time produces negative resistance at
microwave frequencies.

Double drift IMPATT diodes offer advantages of higher
power and efficiency, lower junction capacitance per unit
area, and lower fm noise, as compared to single drift silicon
IMPATT diodes.

Because of their high output power, efficiency and
reliability, these devices are ideally suited for use as the
active element in oscillators and amplifiers in point-to-point
telecommunications links and CW Doppler radar. For more
information see HP AN 962 Silicon Double Drift IMPATT
Diodes for high power CW microwave applications and
HP AN 968 IMPATT Amplifier.

Maximum Ratings at Tcage=25°C

Junction Operating Temperature .. ... -65°C to +250°C
Junction Temperature Rise, ATj. .. .......... 200°C
Storage Temperature . . . . ... ... ... -65°C to +150°C

Operation of these devices within the above
temperature ratings will assure a device
Mean Time Between Failure (MTBF) of
approximately 1 x 107 hours.

Power Dissipation . ..................... 200 C
Or
Soldering Temperature . .............. 220°C for 5 sec.

m IMPATT AND STEP RECOVERY DIODES
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Mechanical Specifications

Hewlett-Packard’'s IMPATT diodes are available in a
variety of packages. Special package configuration is
available upon request. Contact your local HP Field Office
for additional information.

These metal-ceramic packages are hermetically sealed.
The cathode studs and flanges are gold-plated Kovar. The
anode studs are gold-plated copper. The maximum
soldering temperature is 230°C for 5 seconds.

Electrical Specifications at T,=25°C

Typical Parameters

Notes: 1. Output power measured as an oscillator. Junction temperature is less than 225°C with an ambient temperature of 26°C. Typical diodes
satisfy the minimum specification throughout the operating frequency range. Special models tested at other frequencies are available
upon special request.
2. The mount for an IMPATT diode must provide an adequate heat flow path away from the diode stud. The junction temperature rise
will be: ATj = 0T (P|N-PO).
3. OT is measured with the diode mounted in a copper heatsink using the dc avalanche resistance method (see HP AN 935, page 6}.
Bj¢, use Ojc = OT - 1.5°C/W (1.5°C/W has been found to be a nominal value for a good heat flow path in the diode mount).

Figure 1. Typical Output Power vs. Frequency, 5082-0607. Figure 2. Typical Output Power vs. Frequency, 5082-0608.
Output power maximized at each frequency. Output power maximized at each frequency.

CAUTION: Performance in shaded region may be characterized by power saturation and noisy output spectrum.
Operation under these conditions can result in diode failure (See HP AN 959-1).
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Typical Par ameters, 5082-0607

Figure 3. Typical Output Power vs. Operating Current at 7.2
GHz, 5082-0607. Output power maximized at each current
level.

Figure 4. Typical Junction Operating Temperature Rise (ATj) vs
Operating Current at 7.2 GHz, 5082-0607. Output power
maximized at each current level.

Figure 5. Typical Efficiency vs. Operating Current at 7.2 GHz,
5082-0607. Output power maximized at each current level.

Typical Parameters, 5082-0608

Figure 6. Typical Output Power vs. Operating Current at 7.2
GHz, 5082-0608. Output power maximized at each current
level.

Figure 7. Typical Junction Operating Temperature Rise (ATj) vs.
Operating Current at 7.2 GHz, 5082-0608. Output power
maximized at each current level.

Figure 8. Typical Efficiency vs. Operating Current at 7.2 GHz,
5082-0608. Output pover maximized at each current level.

m IMPATT AND STEP RECOVERY DIODES
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Figure 9. Simplified Drawing of Coaxial Cavity. Detailed mechanical drawings are available on request. A tuning screw should
be used with this cavity. The use of fixed tuned cavities is not recommended for IMPATT Diodes. Minor variations of diode
impedance among production units require some tuning capability.
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HEWLETT fPACKARD

COMPONENTS

HIGH POWER, HIGH EFFICIENCY,
SILICON DOUBLE DRIFT

CW POWER SOURCES

b082-0610

IMPATT DIODES FOR 5082-0611

(10-14 GHz)

Features

HIGH POWER OUTPUT
Typically. 2.5W from 10 to 14 GHz

HIGH EFFICIENCY
LOW NOISE

HIGH AMBIENT OPERATION
Specified Output Power Available
at 50°C Ambients

HIGH RELIABILITY
Designed to Exceed the Requirements
of MIL-S-19500

Description/Applications

Double drift silicon IMPATT (IMPact lonization Avalanche
Transit Time) diodes are junction devices operated with
reverse bias sufficient to cause avalanche breakdown.
Holes and electrons generated in the avalanche region
travel across their respective drift regions and are collected
at the contacts. The phase delay between voltage and
current resulting from the avalanche process in combina-
tion with the drift time produces negative resistance at
microwave frequencies.

Double drift IMPATT diodes offer advantages of higher
power and efficiency, lower junction capacitance per unit
area, and lower fm noise, as compared to single drift silicon
IMPATT diodes.

Because of their high output power, efficiency and
reliability, these devices are ideally suited for use as the
active elementin oscillators and amplifiers in point-to-point
telecommunications links and CW Doppler radar. For more
information see HP AN 962 Silicon Double Drift IMPATT
Diodes for high power CW microwave applications and
HP AN 968 IMPATT Amplifier.

Maximum Ratings at Tcasg=25°C

Junction Operating Temperature . . ... -65°C to +250°C
Junction Temperature Rise, ATj. ............ 200°C
Storage Temperature . . ........... -65°C to +150°C

Operation of these devices within the above
temperature ratings will assure a device
Mean Time Between Failure (MTBF) of
approximately 1 x 107 hours.

O

Power Dissipation .. ........ .0 v 200 ¢
O

Soldering Temperature . .............. 220°C for 5 sec.

Package Dimensions

Mechanical Specifications

Hewlett-Packard’'s IMPATT diodes are available in a
variety of packages. Special package configuration is
available upon request. Contact your local HP Field Office
for additional information.

These metal-ceramic packages are hermetically sealed.
The cathode studs and flanges are gold-plated Kovar. The
anode studs are gold-plated copper. The maximum
soldering temperature is 230°C for 5 seconds.

m IMPATT AND STEP RECOVERY DIODES
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Electrical Specifications at T,=25°C

Typical Parameters

Notes: 1. Output power measured as an oscillator. Junction temperature is less than 225°C with an ambient temperature of 25°C. Typical diodes
satisfy the minimum specification throughout the operating frequency range. Special models tested at other frequencies are available
upon special request.
2. The mount for an IMPATT diode must provide an adequate heat flow path away from the diode stud. The junction temperature rise
will be: ATj = @1 (P|N-PQ).
3. OT is measured with the diode mounted in a copper heatsink using the dc avalanche resistance method {see HP AN 935, page 6).
Bj¢, use Ojc = OT - 1.6°C/W (1.5°C/W has been found to be a nominal value for a good heat flow path in the diode mount),

Figure 1. Typical Output Power vs. Frequency, 5082-0610. Figure 2. Typical Output Power vs. Frequency, 5082-0611.
Output power maximized at each frequency. Output power maximized at each frequency.
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Typical Parameters, 5082-0610

Figure 3. Typical Output Power vs. Operating Currentat11.5
GHz, 5082-0610. OQutput power maximized at each current
level.

Figure 5. Typicai Efficiency and Junction Operating Tempera-
ture Rise (ATj) vs. Operating Current at 11.5 GHz, 5082-0610.
Output power maximized at each current level.

Figure 7. Typical Load Resistance vs. Operating Current at
11.5 GHz, 5082-0610. Output power maximized at each
current level.

Figure 4. Typical Diode Negative Resistance vs. Frequency,
5082-0610. Large signal values derived with output power
maximized at each frequency.

Figure 6. Typical Diode Reactance vs. Frequency, 5082-0610.

Figure 8. Typical Load Resistance vs. QOutput Power at 11.5
GHz with ATj as a parameter, 5082-0610.

m IMPATT AND STEP RECOVERY DIODES
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Typical Parameters, 5082-061

Figure 9. Typical Output Power vs. Operating Currentat 11.5 Figure 10. Typical Diode Negative Resistance vs. Frequency,
GHz, 56082-0611. Output power maximized at each current 5082-0611. Large signal values derived with output power
level. maximized at each frequency.

Figure 11. Typical Efficiency and Junction Operating Tempera- Figure 12. Typical Diode Reactance vs. Frequency, 5082-0611.
ture Rise (ATj) vs. Operating Current at 11.5 GHz, 5082-0611.
Output power maximized at each current level.

Figure 13. Typical Load Resistance vs. Operating Current at Figure 14. Typical Load Resistance vs. Output Power at 11.5
11.5 GHz, 5082-0611. Output power maximized at each GHz with ATj as a parameter, 5082-0611.
current level.
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Figure 15. Simplified Drawing of Coaxial Cavity. Detailed mechanical drawings are available on request. A tuning screw should
be used with this cavity. The use of fixed tuned cavities is not recommended for IMPATT Diodes. Minor variations of diode
impedance among production units require some tuning capability.

m IMPATT AND STEP RECOVERY DIODES

Figure 16. Waveguide Cavity.
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HEWLETT .hg; PACKARD

COMPONENTS

SILICON DOUBLE DRIFT
IMPATT DIODES FOR
PULSED POWER SOURCES

b082-0710
X-BAND

5082-0716
Ku-BAND

Features

HIGH PEAK POWER
Typically Greater Than 14W Peak at
10 GHz, and 11W Peak at 16 GHz

HIGH AVERAGE POWER
25% Duty Cycle at Peak Power Rating

HIGH EFFICIENCY
Typically 11%

S'—':-’i SPECTRUM

HIGH SELIABILITY
Designed to Meet the Requirements
of MIL-S-19500

Description/Applications

Silicon double drift IMPATT (IMPact lonization Avalanche
Transit Time) diodes are junction devices operated with
reverse bias sufficient to cause avalanche breakdown.
Holes and electrons generated in the avalanche region
travel across their respective drift regions and are collected
at the contacts. The phase delay between voltage and
current resulting from the avalanche process in combina-
tion with the" drift time produces negative resistance at
microwave frequencies.

Double drift IMPATTs offer advantages of higher power and
efficiency, lower junction capacitance per unit area, and
lower fm noise as compared to single drift silicon IMPATTs.

Stable operation at high peak power levels make these
devices ideally suited for X and Ku-band pulsed radar
applications such as missile guidance systems, lightweight
man-pack radar, and active phased array radar. For more
information, see AN961, Silicon Double-Drift IMPATT
Diodes for Pulse Applications.

Maximum Ratings at TCASEZZSOC

Average Junction Operating

Temperature . ... .......ou... -65°C to +225°C
Average Junction Temperature

Rise, ATj ...ttt e 200°C
Storage Temperature . ............ -65°C to +150°C

Operation of these devices within the above
temperature ratings will assure a device
Mean Time Between Failure (MTBF) of
approximately 1 x 107 hours.

Power Dissipation . ..................... 200°C
o7
Soldering Temperature . .............. 220°G for b sec.

Package Dimensions

Mechanical Specifications

Hewlett-Packard’'s IMPATT diodes are available in a
variety of packages. Special package configuration is
available upon request. Contact your local HP Fieid Office
for additional information.

This metal-ceramic package is hermetically sealed. The
cathode flange is gold-plated Kovar. The anode stud is
gold-plated copper. The maximum soldering temperature
is 230°C for 5 seconds.




Electrical Specifications at T,=25°C

Typical Parameters at T,=25°C

NOTES: 1. Average output power is measured as an oscillator at approximately fo. Average junction temperature is less than 225°C
with an ambient temperature of 25°C. Peak power is calculated using the relationship:

_ _Pavag
P duty cycle
2. Measured at a pulse width of 800 ns and a duty cycle of 25%.
3. O is measured with the diode mounted in a copper heatsink
Note 935, page 6).

Figure 1. Typical Peak Power Output vs. Frequency, 5082-
0710. 800 ns pulse width, 25% duty cycle, ATj (avg) = 175°C.
Output power maximized at each frequency.

using the dc avalanche resistance method (see HP Application

n IMPATT AND STEP RECOVERY DIODES

Figure 2. Typical Peak Power Qutput vs. Frequency, 5082-
0716. 800 ns pulse width, 25% duty cycle, ATj (avg) = 175°C.
Output power maximized at each frequency.
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Typical Parameters, 5082-0710

Figure 3. Typical Peak Power Output vs. Pulse Width at 10.6 Figure 4. Typical Peak Power Output vs. Pulsed Operating
GHz with duty cycle as a parameter, 5082-0710. ATj less than Current, 5082-0710. 800 ns pulse width, 25% dutycycle, 10.5
200°C. GHz. Output power maximized at each current level.

Figure 5. Typical Diode Reactance vs. Frequency, 5082-0710. Figure 6. Typical Efficiency and ATj (avg) vs. Pulsed Operating
Current, 5082-0710. 800 ns pulse width, 25% duty cycle, 10.5
GHz. Output power maximized for each current level.

Figure 7. Typical Large Signal Diode Negative Resistance vs. Figure 8. Typical Load Resistance vs. Pulsed Operating
Frequency, 5082-0710. Current, 5082-0710. 800 ns pulse width, 25% duty cycle, 10.5
GHz. Output power maximized for each current level.

168



Typical Parameters, 5082-0716

Figure 9. Typical Peak Power Output vs. Pulse Width at 16.5 Figure 10. Typical Peak Power Output vs. Pulsed Operating
GHz with duty cycle as a parameter, 5082-0716. Tj less than Current, 5082-0716. 800 ns pulse width, 25% dutycycle, 16.5
200°C. GHz. Output power maximized at each current level.

m IMPATT AND STEP RECOVERY DIODES

Figure 11. Typica! Diode Reactance vs. Frequency, 5082- Figure 12. Typical Efficiency and ATj (avg) vs. Pulsed Operating
0716. Current, 5082-0716. 800 ns pulse width, 25% duty cycle, 16.5
GHz. Output power maximized for each current level.

Figure 13. Typical Large Signal Diode Negative Resistance vs. Figure 14. Typical Load Resistance vs. Pulsed Operating
Frequency, 5082-0716. Current, 5082-0716. 800 ns pulse width, 25% dutycycle, 16.5
GHz. Output power maximized for each current level.
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Devices for Hybrid
Iintegrated Circuits

@*)} DEVICES FOR HYBRID INTEGRATED CIRCUITS

ewlett-Packard offers a complete line of RF, microwave and switching
emiconductor diodes and fransistors in forms especially designed for hybrid
ntegrated circuits.

Diodes included are Schottky barrier diodes for RF and microwave switches, mixers

nd detectors; PIN diodes for RF and microwave switches and AGC attenuators, step
ecovery diodes for comb generators and frequency multipliers. Bipolar transistors for
ow noise and linear power, GaAs FETs for low noise and medium power.

n addition to chips, package forms include the LID (Leadiess Inverted Device),
Ministrip, Microstrip Post and Beam Lead.

Although all devices offered are passivated, it isrecommended that the end item be
ermetically sealed for maximum stability and reliability.

Most DC and RF parameters can be specially tested and guaranteed. Contact your
ocal HP sales office for assistance if special specification is required.

Although not all are listed, most Hewlett-Packard diodes are available in chip form.
Any available chip can be supplied in any of the carriers listed. Contact your local
HP sales office for price, availability, and specifications of any special device.
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Beam Lead Selection Guide
SINGLE MICROWAVE SCHOTTKY DIODES (PAGE 176)

Recommended D.C. Specified R.F. Specified
Freq. Limit Barrier 5082- 5082-
Low 2229 —
12.4 GHz
Medium 2709 2768
Low 2299 —
18 GHz
Medium 2716 2769
Low 2264 —
100 GHz
Medium 2767 —
MICROWAVE SCHOTTKY QUADS (PAGE 181)
Recommended
Frequency To 2 GHz 2-4 GHz 4-8 GHz 8-12 GHz 12-18 GHz
Low
Part Barrier 9697 9697 9395 9397 9399
No.
5082- Medium
Barrier 9696 9696 9394 9396 9398

MICROWAVE PIN DIODES

Series Resistance

Capacitance

Part Number

Page Number

1.30 at 10 mA 0.12 pF at 20V HPND-4050 8
185

1.80 at 10 mA 0.07 pF at 30V HPND-4001

6Q1 at 50 mA 0.02 pF at OV 5082-3900 183

Q DEVICES FOR HYBRID INTEGRATED CIRCUITS
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HEWLETT @ PACKARD

COMPONENTS

SCHOTTKY DIODE

BEAMLEAD | .., .

Features

LOW COST
FAST SWITCHING
HIGH BREAKDOWN

Description

The HP 5082-2837 is an epitaxial planar passivated Beam
Lead Diode whose construction utilizes a unique combina-
tion of both a conventional PN junction and a Schottky
barrier. This manufacturing process results in a device
which has the high breakdown and temperature character-
istics of silicon, the turn-on voltage of germanium and the
speed of a Schottky diode majority carrier device.

This device is intended for high volume, low cost
applications, and is the beam lead equivalent of the HP
5082-2800 glass packaged diode.

Applications

High level detection, switching, or gating; logarithmic or A-
D converting; sampling or wave shaping are jobs the 5082-
2837 will do better than conventional PN junction diodes.
The low turn-on voltage and subnanosecond switching
makes it extremely attractive in digital circuits for DTL
gates, pulse shaping circuits or other low level applications.
its high PIV allows wide dynamic range for fast high voltage
sampling gates.

The 5082-2837 low turn-on voltage gives low offsets. The
extremely low stored charge minimizes output offsets
caused by the charge flow in the storage capacitor. At UHF,

Electrical Specifications at T,=25°C

* Typical

the diodes exhibit 95% rectification efficiencies. Both their
low loss and their high PIV allow the diodes to be used in
mixer and modulator applications which require wide
dynamic ranges.

The combination of these technical features with the low
price make these devices the prime consideration for any
hybrid dc or RF circuit requiring nonlinear elements.

Absolute Maximum Ratings
at TA=250C

Operating Temperature Range
Storage Temperature Range
Maximum Lead Pull

-60°C to +150°C
-60°C to +150°C
2 Gms

Operation of these devices within the above
temperature ratings will assure a device
Mean Time Between Failure (MTBF) of
approximately 1 x 107 hours.

4



Bonding Recommendations

Beam lead devices are silicon chips with coplanar plated
gold tabs that extend parallel to the top surface of the chip
approximately 8 mils beyond the edge. The leads are
approximately 4 mils wide by 1/2 mil thick and are mounted
by thermocompression bonding to the substrate metalli-
zation. The bonding is accomplished by placing the device
face down with the tabs resting flat on the pad area and
using heated wedge (and/or substrate), or parallel-gap
(spot-welding) techniques.

The heated wedge may be continuously heated, as in most
standard equipment, or it may be pulse resistance heated
where a high current, short duration pulse is used to raise
the wedge to the required temperature. In the spot-welding
operation, current is passed through the substrate
metallization and the device lead. Most of the heat is
generated at the interface between the two, where the bond
is formed.

The major advantage of pulse heating techniques is that a
cold ambient may be used, generating only localized
heating in the vicinity of the bond itself. The electrodes (or
wedge) can be placed on the device lead while the bond
area is cold, and maintain a constant force through the
heating and cooling cycle.

Handling Instructions

The mechanical and electrical performance characteristics
of beam lead diodes require careful and considerate
handling during inspection, testing, and assembly. The
handling techniques described here are necessary so that
the diodes will not be mechanically or electrically damaged,
particularly where reverse voltages approach the diode
breakdown rating.

Visual Inspection

The enclosed beam lead diodes may be viewed through the
transparent underside of the shipping tray withoutits being
opened.

Unloading

1. Open the lid, remove the foam pad, and carefully lift off
the antistatic fabric liner.

2. A vacuum pickup with a #27 tip is recommended for
picking up single beam lead devices.Thisshould be done
under 20X magnification for accurate positioning of the
tip on the die.

3. Replace the fabric and pad for storage of unused
devices.

@) DEVICES FOR HYBRID INTEGRATED CIRCUITS
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COMPONENTS

_ BEAM LEAD SCHOTTKY
HEWLETT J PACKARD DIODES FOR MIXERS
AND DETECTORS

5082-2229 5082-2716
5082-2264 5082-2767
5082-2299 5082-2768
5082-2509 5082-2769
5082-2510 5082-2778
5082-2709 5082-2779

(1-18 GH2z)

Features

PLANAR SURFACE
Easier Bonding, Stronger Leads

PASSIVATED
Stable, Reliable Performance

LOW NOISE FIGURE
6 dB Typical at 9 GHz

HIGH UNIFORMITY
Tightly Controlled Process Insures Uniform
RF Characteristics

Description

These beam lead diodes are constructed using a metal-
semiconductor Schottky barrier junction. Advanced epitaxial
techniques and precise process control insure uniformity and
repeatability of this planar passivated microwave semicon-
ductor.

During manufacturing, gold leads are deposited onto a glass
passivation layer before the wafer is separated into dice. This
provides exceptional lead strength.

Applicatioris

The beam lead diode is ideally suited for use in stripline or
microstrip circuits. Its small physical size and uniform
dimensions give it low parasitics and repeatable RF char-
acteristics through Ku-band.

The basic medium barrier devices in this family are DC tested
5082-2709, -2716, and -2767. Batch matched versions are
available as the 5082-2509 and -2510. Equivalent low barrier
devices are 5082-2229, -2299 and -2264.

For applications requiring guaranteed RF performance, the
5082-2768 is selected for 6.5 dB maximum noise figure at
9.375 GHz, with RF matched pairs available as the 5082-2778.
The 5082-2769 is rated at 7.5 dB maximum noise figure at 16
GHz with RF matched pairs available as the 5082-2779.

Application Note 963 is a treatise on impedance matching for
mixer and detector circuits using the -2709 as an example.

Maximum Ratings

Pulse Power Incident at Ta = 25°C
CW Power Dissipation at Ta = 25°C

............ 300mwW
Toprr — Operating Temperature Range -60°C to +150°C

Ts1G — Storage Temperature Range ... -60°C to +150°C

Maximum Pull On Any Lead ................. 2 grams

Diode Mounting Temperature ... 220°C for 10 sec. max.
Operation of these devices within the above
temperature ratings will assure a device

Mean Time Between Failure (MTBF) of
approximately 1 x 107 hours.




DC Electrical Specifications at T,=25°C

MEDIUM BARRIER

TIg = 30mA

LOW BARRIER

RF Electrical Specifications at T,=25°C

MEDIUM BARRIER

@) DEVICES FOR HYBRID INTEGRATED CIRCUITS

*Minimum batch size 20 units.

Typical Detector Characteristics at T,=25°C

MEDIUM BARRIER

LOW BARRIER
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Figure 1. Typical Forward Characteristics, 5082-2709, Figure 2. Typical Forward Characteristics, 5082-2716,
-2509, -2768 and -2778. -2510, -2767, -2769 and -2779.

Figure 3. Typical Forward Characteristics, 5082-2229, Figure 4. Typical Forward Characteristics, 5082-2299,
at 25°C. -2264 at 25°C.
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Figure 5. Typical Admittance Characteristics, 5082-2709, Figure 6. Typical Admittance Characteristics, 5082-2709,
-2509, -2768 and -2778 with Self Bias. -2509, -2768 and -2778 with External Bias.

ﬂ DEVICES FOR HYBRID INTEGRATED CIRCUITS

Figure 7. Typical Admittance Characteristics, 5082-2716, Figure 8. Typical Admittance Characteristics, 5082-2716,
-2510, -2767, -2769 and -2779 with Self Bias. -2510, -2767, -2769 and -2779 with External Bias.

Figure 9. Typical Admittance Characteristics, 5082-2229 Figure 10. Typical Admittance Characteristics, 5082-2229
with Self Bias. with External Bias.
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Figure 11. Typical Admittance Characteristics, 5082-2299, Figure 12. Typical Admittance Characteristics, 5082-2299,
-2264, with Self Bias. -2264, with External Bias.

PPO MICROSTRIP

0.26 (.01}

Figure 13. Typical Noise Figure vs. Frequency. Figure 14. Admittance Test Circuit.

Notes: 1.1 us pulse, Du = .001.
2. Power absorbed by the diode. DC load resistance <1£2.

MODELS FOR BEAM LEAD SCHOTTKY DIODES
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Medium Barrier Diodes

SEE PAGE 182 FOR HANDLING AND
BONDING RECOMMENDATIONS.

Low Barrier Diodes
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HEWLETT hp, PACKARD

COMPONENTS

BEAM LEAD SCHOTTKY
DIODE QUADS FOR
DOUBLE BALANCED
MIXERS (1-18 GHz)

h082-9394-9399
h082-9696-9697

Features

PLANAR SURFACE
Easier Bonding, Stronger Leads

PASSIVATED
Stable, Reliable Performance

HIGH UNIFORMITY
Tightly Controlled Process Insures Uniform
RF Characteristics

Description

These beam lead diodes are constructed using a metal-
semiconductor Schottky barrier junction. Advanced epi-
taxial techniques and precise process control insure
uniformity and repeatability of this planar passivated
microwave semiconductor.

During manufacturing, gold leads are deposited onto a
glass passivation layer before the wafer is separated. This
provides exceptional lead strength.

These monolithic arrays of Schottky diodes are inter-
connected in ring configuration. The relative proximity of
the diode junctions on the wafer assures uniform electrical
characteristics among the four diodes which constitute a
matched quad. They are designed for microstrip or stripline
use. The leads provide a good continuity of transmission
line impedance to the diode.

Applications

These diodes are designed for use in double balanced
mixers, phase detectors, AM modulators, and pulse
modulators requiring wideband operation and small size.

Maximum Ratings

Junction Operating and Storage
Temperature Range ............... -65°C to +150°C
DC Power Dissipation at 25°C ....... 75 mW/Junction
Derate linearly to zero at Tjop) max.
(Measured in infinite heat sink)
Operation of these devices within the above
temperature ratings will assure a device
Mean Time Between Failure (MTBF) of
approximately 1 x 107 hours.

Selection Guide

Q DEVICES FOR HYBRID INTEGRATED CIRCUITS
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Electrical Characteristics at T,=25°C

Typical Parameters

Notes:
1. Measured between diagonal leads.

2. Maximum AVE = 20mV at Ir = 5 mA measured between adjacent leads.

Handling Instructions

The mechanical and electrical performance characteristics
of beam lead diodes require careful and considerate
handling during inspection, testing, and assembly. The
handling techniques described here are necessary so that
the diodes wiil not be mechanically or electrically damaged.
The diodes are very small and magnification may be
necessary to see them inside the shipping container.

Hewlett-Packard beam lead diodes are shipped in a flat,
plastic container. The inside bottom surface of the
container is coated with a thin layer of silicone to which the
diodes adhere. They are covered with anti-static silk. A
vacuum pickup with a #27 tip is recommended for picking
up single beam lead devices. This should be done under 20x
magnification for accurate positioning of the tip on the die.

A beam lead diode can be destroyed electrically by a static
discharge through the diode. Hence, they must be handled
so static discharges cannot occur.

if a vacuum pickup is not used, it is recommended that a
wooden toothpick or sharpened Q-tip dipped in alcohol be
used as a handling probe. A diode will adhere to the end of
the wooden probe without danger of mechanically or
electrically damaging the diode. It can then be placed
where needed.

If tweezers are used, they must be electrically grounded to
the surface upon which the device is being placed. The
tweezer part should be dulled and used as a probe to lift the
diodes and should not be used to grasp the diode. If used as
tweezers to hold the diode, the gold tabs can be deformed.

Bonding Recommendations

Beam lead devices are silicon chips with coplanar plated
gold tabs that extend parallel to the top surface of the chip
approximately 8 mils beyond the edge. The leads are
approximately 4 mils wide by 1/2 mil thick and are mounted
by thermocompression bonding to the substrate metal-
lization. The bonding is accomplished by placing the device
face down with the tabs resting flat on the pad area and
using heated wedge (and/or substrate)* or parallel-gap
(spot-welding) technigues.

The heated wedge may be continuously heated, as in most
standard equipment, or it may be pulse resistance heated
where a high current, short duration pulse is used to raise
the wedge to the required temperature. In the spot-welding
operation, current is passed through the substrate
metallization and the device lead. Most of the heat is
generated at the interface between the two, where the bond
is formed.

The major advantage of pulse heating techniques is that a
cold ambient may be used, generating only localized
heating in the vicinity of the bond itself. The electrodes (or
wedge) can be placed on the device lead while the bond
area is cold, and maintain a constant force through the
heating and cooling cycle.

*Typical conditions for thermal compression bonding are:
Stage Temperature: 130°C-190°C
Wedge Temperature: 300°C
Pressure: 125 Grams
Time: 3 seconds maximum



HEWLETT lhﬁ; PACKARD

COMPONENTS

BEAMLEAD

PINDIODE | ¥

Features

HIGH BREAKDOWN VOLTAGE
200 V

LOW CAPACITANCE
0.02 pF

RUGGED CONSTRUCTION
2 Grams Minimum Lead Pull

NITRIDE PASSIVATED

Description /Applications

The HP 5082-3900 Beam Lead PIN diodes are constructed
to offer exceptional lead strength while achieving excellent
electrical performance at microwave frequencies.

The HP 5082-3900 Beam Lead PIN diode is designed for use
in stripline or microstrip circuits using welding or
thermocompression bonding techniques. PIN applications
include switching, attenuating, phase shifting, limiting and
modulating at microwave frequencies.

Electrical Specifications at T,=25°C

Maximum Ratings at TCASEZZSOC

Junction Operating Temperature -65°C to +150°C
Storage Temperature ................ -65°C to +150°C

Operation of these devices within the above
temperature ratings will assure a device
Mean Time Between Failure (MTBF) of
approximately 1 x 107 hours.

Diode Mounting Temperature ... 220°C for 10 sec. max.
Power Dissipation ........................... 250 mW
(Derate linearly to zero at 150°C)

Minimum Lead Strength ... 2 Grams Pull on Either Lead

Note 1: Higher VgR or Lower Rs units available for special requirements.

m DEVICES FOR HYBRID INTEGRATED CIRCUITS
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Typical Parameters

Figure 1. Typical Forward Conduction Characteristics. Figure 2. Typical RF Resistance vs. DC Bias Current.

184



HEWLETT |ﬁﬁ; PACKARD

COMPONENTS

)

HPND - 4001
HPND - 4050

LOW LOSS
BEAM LEAD
PIN DIODES

Features

LOW SERIES RESISTANCE
1.3() Typical

LOW CAPACITANCE
0.07 pF Typical

FAST SWITCHING
2 ns Typical

RUGGED CONSTRUCTION
4 Grams Minimum Lead Pull

Description /Applications

The HPND-4001 and -4050 are beam lead PIN diodes designed
specifically for low capacitance, low series resistance and rugged
construction. The new HP mesa process allows the fabrication of
beam lead PINs with a very low RC product. A nitride
passivation layer provides immunity from contaminants which
would otherwise lead to Ir drift. A deposited glass layer
(glassivated) provides scratch protection.

The HPND-4001 and -4050 beam lead PIN diodes are designed
for use in stripline or microstrip circuits. Applications include
switching, attenuating, phase shifting and modulating at
microwave frequencies. The low capacitance and low series
resistance at low current make these devices ideal for
applications in the shunt configuration.

Electrical Specifications at T,=25°C

Bonding Techniques

Thermocompression bonding is recommended. The stage
should be heated to 220°C and the bonding tool to 300°C
maximum. Bonding time should not exceed 10 seconds. Either
welding or ultrasonic bonding could also be used. For additional
information, see Application Note 871, “The HPND-4050 Beam
Lead Mesa PIN in Shunt Applications.”

Q DEVICES FOR HYBRID INTEGRATED CIRCUITS
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Maximum Ratings at Teasg=25°C

Operating Temperature ............... -65°C to +175°C
Storage Temperature ...... ciiies.... -85°C to +200°C
Operation of these devices within the above
temperature ratings will assure a device

Mean Time Between Failure (MTBF) of
approximately 1 x 107 hours.

Power Dissipation ......... e S 250 MW
(Derate linearly to zero at 175°C)
Minimum Lead Strength ....... 4 grams pull on either lead

Typical Parameters

Figure 1. Typical Forward Characteristics. Figure 2. Typical RF Resistance vs. Forward
Bias Current.

Figure 3. Typical Capacitance vs. Reverse Voltage. Figure 4. Typical Reverse Recovery Time vs. Forward
Current (Shunt Configuration)
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Diode €hips,

Ministrips,
and LIDs

Schofttky Barrier Diodes ...........coviiiin...
PIN Diodes ............. e e,

m DEVICES FOR HYBRID INTEGRATED CIRCUITS
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Schottky Barrier Diodes

SCHOTTKY BARRIER DIODES FOR GENERAL PURPOSE APPLICATIONS
ELECTRICAL SPECIFICATIONS AT T, = 25°C

Note: Total Capacitance: Cto = Cjo + Cp.

SCHOTTKY BARRIER DIODES FOR MIXING AND DETECTING
ELECTRICAL SPECIFICATIONS AT T, = 25°C TYPICAL PARAMETERS

Notes: A. Low VE Schottky Barrier Diodes. B. NF includes 1.5 dB for the IF Amplifier. C. Zero bias.

Outline Drawings

ALL DIMENSIONS IN
mm AND {1/1000 inch}

For LID and Ministrip drawings see page 191.
The 5082 prefix does not apply to part numbers DIMENSIONS IN MILLIMETERS (1/1000 inch)
containing HSCH. *9 contact versions are available as 5082-0041 (5082-0023) and 5082-9891 (5082-0009).
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PIN Diodes

ELECTRICAL SPECIFICATIONS AT Tjp

Note: Total capacitance Cto = Cjvr + Cp.

Outline Drawings

5082-0001

25°C TYPICAL PARAMETERS

DIMENSIONS IN MiL
Operating and Storage Temperature Range ~60°C to +150°C

@Y DEVICES FOR HYBRID INTEGRATED CIRCUITS
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Step Recovery Diodes
ELECTRICAL SPECIFICATIONS AT Ta = 25°C

TYPICAL PARAMETERS

Top Contact: Ag, Anode
Bottom Contact: Au, Cathode

Operating and Storage Temperature Range
-60°C to +200°C :
DIMENSIONS IN MILLIMETERS {1/1000 inch} LID and Ministrip see page 191.
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Notes:

1.

Handle with grounded tweezers and grounded bonding
equipment. These diodes are pulse sensitive and may be
damaged by electrostatic charges.

Use standard thermocompression bonding techniques.
Ultrasonic bonding is not recommended.

Either ultrasonic or thermocompression bondingtech-
niques can be employed.

Ministrip Handling and Mounting Techniques. The
Ministrips may be mounted by using conductive epoxy
such as Hysol K20 or Dupont 5504. Conventional
soldering techniques may also be used.

Direct heating or resistive heating of the substrate using
a parallel gap welder are acceptable methods. High

SUBSTRATE

Figure 1. Resistance Heating the Ministrip

ALL DIMENSIONS IN MILLIMETERS AND (INCHES).

temperature solder preforms such as gold-tin (280°
Eutectic) may be used for the Step Recovery and PIN
diodes. Low temperature solder preforms such as tin-
lead should be used with the Schottky barrier diodes.
The composition of the solder preform should be
compatible with the techniques and materials used in the
substrate and conductive land patterns.

The leads may be attached by using ultrasonic or
thermocompression bonding methods. A parallel gap
welder may also be used (Figure 1). Conventional
soldering techniques are not recommended for the
gold leads.

Reverse Polarity. Anode is the bottom contact and the
Cathode is the top contact.

m DEVICES FOR HYBRID INTEGRATED CIRCUITS
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6. Polarity Designation on LID’s. See Outline 50 (LID

Package).

. Leadless Inverted Device (LID). Mounting recommend-

ations: the LID may be mounted by individually
soldering each device or batch flow soldered as
illustrated below:

SUBSTRATE

Prior to soldering it is advisable to tin each device. Scrub
the pads of the LID with a Pink Pearl eraser to remove any
dirt or other foreign matter. Then rinse the LID in TCE
(Trinchloroethylene).

Dip the LID in Aipha 711 Flux using titanium tweezers.
With those tweezers. With those tweezers, place the unit
in a solder bath of 62% Sn, 36% Pb, and 2% Ag, for 30
seconds and remove. Note, the solder bath must be
maintained at a temperature of 220° C plus or minus 5°C
through the process.

Dip the LID in the solder bath again for 3 seconds. When
removing the LID, hold it 1/8 inch above the solder pot
for 5 seconds to obtain thermal equilibrium. Wait 10
seconds before rinsing in TCE. Brush off the TCE with an
artist’s brush.

Now inspect each LID under a microscope to see if the
tin covers over 90% of the contact pad area and if this
area appears to have a shiny, bright, continuous
homogeneous solder casting. If the LID appearance fails
to meet the inspection criteria, repeat the tinning
process, starting with the flux dip.

. The HP package outline 74 consists of a gold plated

copper pedestal. The top contact wire exhibits an
inductance (Lp) of approximately .5 nH for a typical
connecting wire length of approximately 20 mitls.

The polarity of the 5082-3258 is cathode on heat sink.
The polarity of the 5082-3259 is anode on heat sink.

After attachment of a gold wire, the chip is covered with a
thin layer of silicone junction coating for protection
against mechanical damage. The connecting wires are
bent upwards for transportation and easy circuit
insertion.

SUBSTRATE

9. Thermal compression bonding is recommended for
attaching wires or mesh to Schottky barrier diode chips.
The carrier should be placed on a stage heated to
220°C-240°C. Heat and pressure may be applied to the
wire by the edge of a capillary such as Tempress 5102-20
heated to 280° C-300°C. A force of 25-30 grams should
be applied for 5 seconds.

10. Eutectic bonding or die attaching may damage the chip.

A preform must be used.
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Silicon Bipolar Transistor Chip Selection Guide

The line of four silicon bipolar transistor chips covers the majority of bipolar amplifier applications.
The following table lists the transistor part numbers with their performance features.

Typical Performance

Part Number

Features at 4 GHz HXTR- Page Number
Low Noise Figure 2.7 dB

. . . 6001 201
High Associated Gain 9.0 dB
High Maximum Available Gain 11.56 dB
High Output Power (P14B) 18.5 dBm 2001 195
Low Noise Figure 3.8 dB
High Output Power (P 22 dBm

'gn Putp (P1a8) 5001 197
High Gain (at P14B) 8.0 dB
High Output Power (P 27.5dB

'9 p (P1dB) m 5002 199
High Gain (at P1gB) 7.5 dB

These transistors are available in a variety of package styles, as indicated in the following table.

Chip Part Number Packaged Part Number Package Style
HXTR- HXTR- HPAC-
2001 2101 (2N6679) 100
2102 70 GT
6105 100
6106 70 GT
5001 5101 (2N6701) 100
5103 200
5002 5102 200 GB/GT
5104 200
6001 6101 (2N6617) 70 GT
6102 70 GT
6103 (2N6618) 100
6104 100




HEWLETT ﬁw PACKARD GENERAL PURPOSE HXTR-2001

COMPONENTS TRANSISTOR CHIP

wn
=
2
O
o
Features @)
HIGH GAIN LIDJ
17.5 dB Typical at 2 GHz —
<€
HIGH OUTPUT POWER o
20.0 dBm P14s Typical at 2 GHz 0N
L
LOW NOISE FIGURE E ‘
3.8 dB Typical at 4 GHz —
Al
WIDE DYNAMIC RANGE E
m
>_
I
Description/Applications %
The HXTR-2001is an NPN bipolar transistor chip intended w
for use in hybrid applications requiring superior UHF and
microwave performance. Use of ionimplantation and self- (Lﬁ
alignment techniques in its manufacture produce uniform O
devices requiring little or no individual circuit adjustment. -
The HXTR-2001 features a Ti/Pt/Au metallization system >
and a dielectric scratch protection over its active area to Ll
insure reliable operation. ()]

Electrical Specifications at T,=25°C

*300us wide pulse measurement <2% duty cycle.
**Measured under low ambient light conditions.
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Recommended Maximum
Continuous Operating .
Conditions (1] Absolute Maximum Ratings*

“Operation in excess of any one of these conditions may result in
Notes: permanent damage to this device.

1. Operation of this device in excess of any one of these conditions is
likely to result in a reduction in device mean time between failure
(MTBF) to below the design goal of 1 x 107 hours at T = 175°C
(assumed Activation Energy = 1.5 eV).

2. Power dissipation derating should include a ®Jg (Junction-to-Back
contact thermal resistance) of 125° C/W.

Total @sa (Junction-to-Ambient) will be dependent upon the heat
sinking provided in the individual application.

Figure 1. Typical Ga(max), S21E, and Noise Figure Figure 2. Typical S21e vs. Current at 2GHz.
(FMIN) vs. Frequency at Vcg = 15V, Ig = 25mA.

Typical S-Parameters*vce = 1sv, ic = 25ma

*Values do not include any parasitic bonding inductances and were generated by use of a computer model.




HEWLETT hp; PACKARD

LINEAR POWER

COMPONENTS TRANSISTOR CHIP

HXTR-5001

Features

HIGH P44 LINEAR POWER
23 dBm Typical at 2 GHz
22 dBm Typical at 4 GHz

HIGH P45 GAIN
13.5 dB Typical at 2 GHz
8.0 dB Typical at 4 GHz

LOW DISTORTION
HIGH POWER-ADDED EFFICIENCY

Description/Applications

The HXTR-5001 is an NPN bipolar transistor chip designed
for high output power and gain to 5§ GHz. To achieve
excellent uniformity and reliability, the manufacturing
process utilizes ion implantation, self-alignment techni-
ques and Ti/Pt/Au metallization. The chip has a dielectric
scratch protection over its active area and TapN ballast
resistors for ruggedness.

The superior power, gain and distortion performance of the
HXTR-5001 commend it for use in broad and narrow band
commercial and military communications, radar, and ECM
hybrid applications. Programs requiring hermetically
packaged devices with similar performance should employ
the HXTR-5101 and the HXTR-5103 which utilize this chip.

Electrical Specifications at T,=25°C

i s

*300 us wide pulse measurement at <2% duty cycle.
**Measured under low ambient light conditions.

TED CIRCUITS
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Recommended Maximum
continuous Operating o
Conditions[] Absolute Maximum Ratings

Notes:
1. Operation of this device in excess of any one of these conditions is “Operation in excess of any one of these conditions may resultin permanent
likely to result in a reduction in device mean time between failure damage to this device.

(MTBF) to below the design goal of 1 x 107 hours at Ty = 175°C .
assumed Activation Energy = 1.5 eV).
2. Power dissipation derating- should include a @48 (Junction-to-Back
contact thermal resistance) of 150°C/W.
Total @A (Junction-to-Ambient) will be dependent upon the heat sinking
provided in the individual application.

Figure 1. Typical Ga(max), Maximum Stable Gain Figure 2. Typical P1gg Linear Power and Associated
(Gms), S21g, and P1gs Linear Power vs. Frequency at 1 dB Compressed Gain vs. Current at Vgg = 12V and
Vce =18V, Ig = 30 mA. 18V at 4 GHz.

Typical S-Parameters’ VCE = 18V, Ic = 30 mA




HEWLETT @ PACKARD LINEAR POWER HXTR-5002

GOMPONENTS TRANSISTOR CHIP

Features

HIGH P14 LINEAR POWER
29 dBm Typical at 2GHz
27.5 dBm Typical at 4GHz

HIGH ASSOCIATED GAIN
12.5 dB Typical at 2GHz
- 7.5 dB Typical at 4GHz

LOW DISTORTION
HIGH POWER-ADDED EFFICIENCY

GRATED CIRCUITS

Description/Applications

The HXTR-5002 is an NPN bipolar transistor chip designed
for high output power and gain to 5GHz. To achieve
excellent uniformity and reliability, the manufacturing
process utilizes ion implantation, self-alignment techni-
ques and Ti/Pt/Au metallization. The chip has a dielectric
scratch protection over its active area and TapN ballast
resistors for ruggedness.

The superior power, gain and distortion performance of the
HXTR-5002 commend it for use in broad and narrow band
commercial and military communications, radar, and ECM
hybrid applications. Programs requiring hermetically ; : .
packaged devices with similar performance should employ Gold Bonding Pad Dimensions: ~ 38 (.0015) x 20 (.0008) Typical
the HXTR-5102 and the HXTR-5104, which utilize this chip. Chip Thickness: 90 (.0035) Typical

Electrical Specifications at T,=25°C

m DEVICES FOR HYBRID INTE

*300usec wide puise measurement at <2% duty cycle.
**Measured under low ambient light conditions.
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Recommended Maximum
Continuous Operating
Conditionst | Absolute Maximum Ratings®

i *Operation in excess of any one of these conditions may resultin permanent
Notes: damage to this device.
1. Operation of this device in excess of any one of these conditions is
likely to result in a reduction in device mean time between failure
(MTBF) to below the design goal of 1 x 107 hours at Ty = 175°C
(assumed Activation Energy = 1.5 eV).
2. Power dissipation derating should include a ©ys (Junction-to-Back
contact thermal resistance) of 45°C/W.
Total @ya (Junction-to-Ambient) will be dependent upon the heat
sinking provided in the individual application.

Figure 1. Typical S21e, Ga(max) and P14 Linear Power vs. Figure 2. Typical P1dg Linear Power and Associated 1dB
Frequency at Vce = 18V, Ic = 110mA. Compressed Gain vs. Current at Vcg = 12 and 18V at 4GHz.

Typical S-Parameters’ vce = 18v. 1c = 110ma

gy

* (Values do not include any parasitic bonding inductances and were generatea by use of a computer model.)
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HEWLETT w PACKARD LOW NOISE HXTR-6001

COMPONENTS TRANSISTOR CHIP

Features

LOW NOISE FIGURE
1.7 dB Typical at 2 GHz
2.7 dB Typical at 4 GHz

GRATED CIRCUITS

HIGH GAIN AT NOISE FIGURE BIAS
13.0 dB Typical at 2 GHz
9.0 dB Typical at 4 GHz

Description/Applications

The HXTR-6001is an NPN bipolar transistor chip intended
for use in hybrid applications requiring superior UHF and
microwave low noise performance. Use of ion implanta-
tion and self-alignment techniques in its manufacture
produce uniform devices requiring little or no individual
circuit adjustments. The HXTR-6001 features a Ti/Pt/Au
metallization system and a dielectric scratch protection
over its active area to insure reliable operation.

m DEVICES FOR HYBRID INTE

Electrical Specifications at T,=25°C

*300us wide pulse measurement <2% duty cycle.
**Measured under low ambient light conditions.
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Recommended Maximum
continuous Operating . _
Conditions(1] Absolute Maximum Ratings*

*Operation in excess of any one of these conditions may result in
Notes: permanent damage to this device.
1. Operation of this device in excess of any one of these conditions is
likely to result in a reduction in device mean time between failure
(MTBF) to below the design goal of 1 x 107 hours at Ty = 175°C
(assumed Activation Energy = 1.5 eV).
2. Power dissipation derating should include a @y (Junction-to-Back
contact thermal resistance) of 150°C/W.

Total @ya (Junction-to-Ambient) will be dependent upon the heat
sinking provided in the individual application.

Figure 1. Typical Ga(max), Noise Figure (FmIN), and Figure 2. Typical S21e vs. Current at 4 GHz.
Associated Gain vs. Frequency at Vce = 10V, Ic = 4mA.

Typical S-Parameters vee = 1ov, ic = 4ma

“Values do not include any parasitic bonding inductances and were generated by use of a computer model.



BIPOLAR CHIP EQUIVALENT CIRcUIT (]

EMITTER

m DEVICES FOR HYBRID INTEGRATED CIRCUITS

RE = Cre
|El BASE
Rea Ree Rai Rac
A AAA— AAA—
:‘: Cep - ole T Csa —[ Cge T Cgi T Cap
Rc
COLLECTOR
CURRENT DEPENDENT CURRENT SOURCE
0o . NOTE: 1. This equivalent circuit is for the transistor chip only. 1t does
= - exp (-j2nf71) not include parasitic bonding reactances. For additional infor-
1+]f/fp mation, please refer to “Low-Noise Microwave Bipolar Tran-
sistor with Sub-Half-Micrometer Emitter Width” by Tzu-Hwa
Hfe Hsu and Craig P. Snapp, IEEE Transactions on Electron
ao = Devices, Vol. ED-25, No. 6, June 1978.
1+ H¢e
o
Re a = ————— [cos (2nfr) - sin (2nfr)]
1+ (/)2 fp
—0o
Ima= ———— [sin {2nfr) +_sin (27f7)]
1+ (f/fp)2 fb
BIPOLAR CHIP EQUIVALENT CIRCUIT ELEMENTS
DEVICE Cge |Cep | CBi | CBe | Cea | CTe | Rec |Rei& Rec{Ree| Rea | Rc Rg %o f T
F F
®F) | (pF) | ®F1] BF) | (R | BR | () | @  [@] @ @y @ GHz | psec.
HXTR-6001
10V, 4 mA 0.053 | 0.05|0.019| 0.016 | 0.0055 1.03| 0.7 0.4 7.8 6.1 7 8.6 |0.990| 22.7| 121
HXTR-2001
15V, 25 mA | 0.066 | 0.06]0.07 | 0.0560.032 | 4.8 0.2 0.2 3.5 44 5 1.0 |0.990| 22.7| 108
HXTR-2001
15V, 15mA | 0.066 | 0.06{0.07 | 0.056|0.032 | 4.8 0.2 0.2 35 4.4 5 1.7 10990 22.7 106
HXTR-5001
18V, 30 mA | 0.065 | 0.060.07 | 0.053 1.034 | 5.1 7.2 2 5.6 4.7 5 0.86 |0976| 22.7| 108
HXTR-5002
18V, 110 mA | 0.105 | 0.15|0.22 | 0.18 [0.11 [17.3 31 0.2 1.7 14 3 0.24 {0976 22.7 | 109
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Recommended Die Attach and
Bonding Procedures

Eutectic Die Attach ata stage temperature of410
*+ 10°C under an N2 ambient. Chip should be
lightly scrubbed using a tweezer and eutectic
should flow within five seconds.

Thermocompression Wire Bond at a stage
temperature of 310 = 10° C, using a tip force of 30
* 5 grams with 0.7 mil gold wire. A one mil
minimum wire clearance at the passivation edge
is recommended. (Ultrasonic bonding is not
recommended.)

Packaging — The chip should be packaged into
a clean, dry, hermetic environment.
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GaAs Field Effect Transistor Chip Selection Guide

Typical Performance

Part Number

Features at 10 GHz HFET- Page Number
Low Noise Figure 3.2dB
High Associated Gain 6.9 dB 1001 207
High Output Power (P1gB) 15.4 dBm
High Linear P r 19.5 dB

1gn near Fowe o m 5001 210
High Associated 1 dB Compression Gain 6.5 dB
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HEWLETT hp; PACKARD

COMPONENTS

GENERAL PURPOSE
MICROWAVE | HFET -1001
GaAs FET CHIP

Features

HIGH GAIN
13.3 dB Typical Gain at 8 GHz
11.5 dB Typical at 10 GHz

LOW NOISE FIGURE
1.5 dB Typical at 4 GHz
3.2 dB Typical at 10 GHz

HIGH P1ds LINEAR POWER
17.1 dBm Typical at 4 GHz
15.4 dBm Typical at 10 GHz

RUGGED CHIP

INTEGRAL CHANNEL PARTICLE AND

SCRATCH PROTECTION

Chip Dimensions in mm (in.)
0.69 (0.027) x 0.31 (0.012) x 0.13 (0.005)

SUITABLE FOR BROADBAND APPLICATIONS (See page 212 for bonding pad dimensions)

LARGE GOLD BONDING PADS

Description/Applications

The HFET-1001 is a gallium arsenide Schottky barrier field The chip is provided with a dielectric particle and scratch
effect transistor chip designed for use in broadband and protection layer over the active area. The gate width is 500
narrow-band applications to 12 GHz. its rugged construc- micrometers, which results in a typical linear output power
tion and excellent microwave performance in gain, noise of greater than 25 mW at 10 GHz and facilities matching as

figure and output power commend it for use in demanding low as 1.5 GHz.
applications such as ECM, radar and land and satellite

communications.

Electrical Specifications at T,=25°C

@) DEVICES FOR HYBRID INTEGRATED CIRCUITS
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Recommended Maximum
Continuous Operating
conditions(1]

Notes:

1. Operation of this device in excess of any one of these conditions is likely Notes;
to result in a reduction in device mean time between failure (MTBF) to 1. Operation in excess of any one of these conditions may result in
below the design goal of 1 x 107 hours at Tgy = 150°C (assumed permanent damage to this device.
Activation Energy = 1.6 eV). 2. Maximum Forward Gate Current should not exceed 3 mA.

2. Maximum Continuous Forward Gate Current should not exceed 2.5 mA.
3. ®ce — Thermal resistance, channel to back of chip = 100°C/W.

Figure 1. Typical Noise Figure and Associated Gain vs. Figure 2. Typical Noise Figure and Associated Gain vs.
Ips as a percentage of Ipss at 4 GHz and 10 GHz, Vps = 3.5 V. Frequency. Vps = 3.5 V, Ips = 15% Ipss.

Figure 3. Typical Ga(max) and |S21|2 vs. Ips as a ' ‘ Figure 4. Typical P1gg Linear Power and Associated 1 dB

percentage of Ipss. Frequency = 10 GHz, Vps = 4.0 V. Compressed Gain vs. Frequency at Vps = 5.0V, Ips =
50% Ipss.

Figure 5. Mason’s Gain (U), Gaimax) and |S21(2 vs.
Frequency, Vps =4.0V, Vgs = 0.0 V.



Typical S- Parameters

HIGH GAIN BIAS vps = 4.0V, Vgs = 0V.

LINEAR POWER BIAS Vps = 5.0V, Ips = 50% lpss

@) DEVICES FOR HYBRID INTEGRATED CIRCUITS

MINIMUM NOISE FIGURE BIAS Vps = 3.5V, lps = 15% Ipss
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MICROWAVE

GaAs FET CHIp | HFET-500

Features

HIGH P1dB LINEAR POWER
18.5 dBm Typical at 12 GHz
19.5 dBm Typical at 10 GHz

21.0 dBm Typical at 4 GHz with
11.0 dB Associated Gain

SUITABLE FOR BROADBAND APPLICATIONS
RUGGED CHIP

INTEGRAL CHANNEL PARTICLE AND
SCRATCH PROTECTION

LARGE GOLD BONDING PADS

Description

The HFET-5001 is a gallium arsenide Schottky barrier field effect
transistor chip designed for high gain and linear power from 2 to
14 GHz.. The chip is provided with a dielectric particle and

Electrical Specifications at T,=25°C

Chip Dimensions in mm (in.)
0.69 (0.027) x 0.31 (0.012) x 0.13 (0.005)
(See page 212 for bonding pad dimensions.)

scratch protection layer over the active area. The gate width is
500 micrometers resulting in a typical linear output power of
greater than 100 mW at 8 GHz.




Recommended Maximum
continuous Operating
Conditions ] Absolute Maximum Ratings!]

Notes: Notes:

1. Operation of this device in excess of any one of these conditions is 1. Operation in excess of any one of these conditions may result in
likely to result in a reduction in device mean time between failure permanent damage to this device.
(MTBF) to below the design goal of 1 x 107 hours at Tch = 150°C 2. Maximum Forward Gate Current should not exceed 3 mA.

(assumed Activation Energy = 1.6 eV).
. Maximum Continuous Forward Gate Current should not exceed 2.5 mA.
. ®ce — Thermal resistance, channel to back of chip = 100°C/W.

w N

m DEVICES FOR HYBRID INTEGRATED CIRCUITS

Figure 1. Typical P14ds Linear Power Figure 2. Typical Output Power at Figure 3. Typical Source (I'IN)
and Associated 1 dB Compressed Gain 3 dB Gain vs. Frequency, Vps = 5.0V, and Load (I'out) Impedance tor
vs. Frequency at Vps = 5.0V, Ips = 50% lps = 50% Ipss. Maximum P1gs Output Power
Ipss. (tuned with PIN = +12 dBm)

in the 4 to 14 GHz frequency range,
Vps =5.0V, Ips = 50% Ipss.

Typical Small Signal S-Parameters vos =s.ov, ios = 50% loss
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Handling And Use Precautions

1. Device voltage breakdown and permanent damage can be
caused by the following:

a. Inductive pickup from large transformers, switching power
supplies, induction ovens, etc. Use shielded signal and
power cables.

b. Transients from voltmeters, multimeters, signal gener-
ators, curve tracers, etc. Avoid turning instrument power
on and off, or switching between instrument ranges when
bias is applied to the device.

For thermal compression and pulse bonders, insure that
bonders are adequately grounded.

c. Static Discharge—Assembly and test personnel, as well
as tweezers or any other pick-up tool, should be grounded
to the test or assembly station, preventing the build-up
of static charge which can damage the gate area if the
charge is allowed to pass through it. During the mounting

Die Attach And Wire Bonding

Recommended Die Attach Coliet for
HFET-1001, HFET-5001.

Die Attaching

The FET chip can be die attached manually using a pair of
tweezers, or automatically using a collet. In either case, povide
a flow of nitrogen over the stage area. Start with a stage
temperature of 300°C and raise as required. The chip should
not be exposed, however, to greater than 320° C for more than 30
seconds. A 80/20 gold/tin preform of 625 x 250 x 25 micro-
meters (.025 x .010 x .001 in.) or standard round preform of
equivalent volume is recommended. When using tweezers make
sure that the chip is level to facilitate subsequent capitlary wire
bonding. The requirement is less critical for wedge bonding.

Gallium arsenide material is more brittle than silicon and should
be handled with care. When using a collet, it is important to have
a flat die attach surface. By using a minimum of downward force,
the chance of breaking the chip is reduced.

procedure, insure assembly equipment is adequately
grounded.

Static discharge during handling, testing, assembly, and
final seal can induce increased reverse gate leakage of a
resistive nature.

2. Light Sensitivity — GaAs FETs characteristically are light
sensitive and this should be borne in mind when making DC
and RF measurements. Ensure that the measurement
environment is the same as the use environment.

3. Moisture—The presence of excessive moisture on a FET
chip surface under normal operating voltages may cause
irreversible damage.

4. Application of Bias—When applying bias to the FET, first
apply the gate voltage, then the drain voltage. When removing
bias, remove the gate voltage last.

Bonding Diagram and Pad Dimensions for
HFET-1001, HFET-5001.

Wire Bonding

Either thermal-compression or ultrasonic wire bonding of 18/25
micrometer (.0007"/.001”) diameter, pure gold, stress relieved
wire can be used.

For thermal-compression bonding, start with a stage tempera-
ture of 225°C and a tip temperature of 150°C. The typical bonding
force should be approximately 30 grams and should not exceed
40 grams.

For ultrasonic bonding, the stage can be heated to 150°C with a
bonding force of approximately 25 grams. Scrubbing frequency,
amplitude and time is bonder dependent and is determined
empirically.

The wire bond on the gate pad should remain well inside the pad
boundaries. Additionally, mechanical contact with the trans-
parent channel areas must be avoided to prevent gate damage.



Applications

for
Hybrid Devices

Impedance Matching Techniques

for Mixers and Detectors  ......oo i iiiiit. 214
The Beam Lead Mesa PIN in Shunt
Applications ... e 216

213

@) DEVICES FOR HYBRID INTEGRATED CIRCUITS



HEWLETT 'hﬁ, PACKARD

COMPONENTS

214

APPLICATIONS FOR
HYBRID DEVICES

Impedance Matching Techniques for Mixers and Detectors (Portion of
Application Note 963)

INTRODUCTION

The use of tables for designing impedance matching filters
for real loads is well known[1] . Simple complex loads can
often be matched by this technique by incorporating the
imaginary portion of the load into the first filter element[2} .
This technique is rarely useful for matching diodes because
the equivalent circuit for the diode must include several
real and imaginary elements. A methodical technique for
matching such complex loads to a transmission line will be
described. Previous references!3] to similar procedures
were empirical in nature. No tables are used, but it is nec-
essary to know the admittance of the diode in the fre-
quency band of interest.

This application note is applicable to both mixers and
detectors. As an example, a section of the detector portion
is presented here.

DETECTOR DIODE

With a small amount of dc bias, the 5082-2709 beam lead
diode makes an excellent detector diode. The matching
procedure will not be so successful in this application, be-
cause the admittance is farther from the center of the Smith
Chart and is more dispersive. Figure 1 shows the measured
admittance of the diode with 50 microamperes bias current
and the equivalent circuit obtained with the computer opti-
mization program. The circuit elements representing pack-
age parasitics were assumed to be the same for this applica-
tion as for the mixer application.

Figure 2 shows the three steps in the matching procedure
for the detector diode. The 8.2 ohm characteristic im-
pedance required for the shunt resonant transmission line
would be difficult to realize. By using two lines in shunt,
the characteristic impedance of each is doubled to a more
practicle value of 16.4 ohms. This technique also reduces
parasitics by maintaining symmetry.

0.9nH 3Q

.02 pF

T 2 pFT 760¢
o

Figure 1. 5082-2709 Beam Lead Diode Admittance, 50 uA Bias.

Although the maximum VSWR of 3.6 obtained in this ex-
ample is adequate for many detector applications, a smaller
reflection coefficient is required in some cases in order to
avoid deterioration of performance of adjacent circuits. It
is possible to improve the design by using both series and
shunt resonant circuits to make a double loop on the Smith
Chart. However, such a complicated circuit would be dif-
ficult to realize. It is often permissible to sacrifice some
sensitivity in order to improve the VSWR. In this case the
technique shown in Figure 3 is suggested. Here the maxi-
mum VSWR is reduced below 1.7 by first moving the diode
admittance closer to the center of the Smith Chart by add-
ing a 300 ohm shunt resistor across the diode. The three
matching elements are then added.



-90°

5082-
N 2709

Figure 2, Matching the Detector Diode, 50 1A Bias, Admittance
Coordinates.

Sensitivity may be traded for VSWR by adjusting the value
of the shunt resistor. Figure 4 illustrates this tradeoff. An
unmatched detector diode has a sensitivity of 1.5 millivolts
per microwatt. A broadband reactive matching circuit
(Figure 2) causes about 1 dB loss due to reflection. Im-
proving the match with a shunt resistor of 1000 and 300
ohms causes more loss due to power absorbed by the re-
sistors. However, sensitivity loss due to reflections from an
unmatched diode is one or two dB worse than that due to
the matching network using a 300 ohm resistor.

GAIN (dB}
(M7/AW) ALIATLISNIS NOILD3L3Q

8 9 10 1" 12

FREQUENCY (GHz)

Figure 4. Gain of Detector Matching Networks.

<~ 5082-
2709

Olﬁ L L

Figure 3. Resistive Matching of Detector Diode, 50 uA Bias,
Admittance Coordinates.
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The Beam Lead Mesa PIN in Shunt Applications (Portion of AN 971)

INTRODUCTION

The low RC product, fast switching time, and other unique
features of the HPND-4050 beam lead PIN diode make it
well suited for switching applications in the shunt configura-
tion. Proper choice and optimum design of circuit to minimize
parasitics and loss will allow these inherent characteristics
of the HPND-4050 to be exploited to the fullest and achieve
maximum performance.

SWITCHING PERFORMANCE

The actual performance of the HPND-4050 as a shunt switch
is illustrated in Figures 1 and 2. The points denoted by A are
results of a computer analysis yielding the equivalent circuit
shown in Figure 3. It can be observed that isolation actually
increases with frequency up to X-band due to shunt capaci-
tance before it rolls off as lead inductance dominates. Inser-
tion loss increases steadily with frequency as a result of shunt
capacitance. This data confirms the importance of low para-
sitics and a low RC product.

The fast switching time observed is shown in Figure 4. To
switch from an isolation state with forward bias of 10 mA to
a transmission (insertion loss) state with reverse bias of —10
volts, less than 1 nanosecond is required. Much less than
1 nanosecond is needed to switch from a transmission to an
isolation state.

OTHER TOPICS

Practical circuits, handling, and bonding suggestions are also
discussed in this application note.

INSERTION LOSS (dB)

FREQUENCY (GHz}

50

40

30

20

ISOLATION (dB)

2 6 10

FREQUENCY (GHz)

Figure 1. Insertion Loss of HPND-4050 as Shunt Switch.

Figure 2. Isolation of HPND-4050 as Shunt Switch.

lo ~0
Rc
_________ -
U HPND-4050 |
I I
I I
i
Cc o | I
B | |
l !
l |
| e |
l |
I R I
| |
L e -
[o, O
SWITCH | SWITCH
SYMBOL PARAMETER “ON" "OFF” | UNITS
R. Circuit Resistance 5 5 Q
C. Circuit Capacitance 12 A2 pF
Lo Package Inductance .02 .02 nH
C, Package Capacitance .02 .02 pF
R. Series Resistance 5 5 Q
R; Junction Resistance 20K 8 Q
C, Junction Capacitance A 20 pF

Figure 3. Equivalent Circuit of HPND-4050 in Microstrip Circuit.

24 dB

ATTENUATION (dB}

0.5d8

TIME (ns)

Figure 4. Beam Lead Mesa PIN Switching Time. For the beam lead
mesa PIN in shunt to switch from an isolation state with
forward bias of 10 mA to an insertion loss state with reverse
bias of —10V less than 1 ns is required.
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High Reliability

PIN and Schottky Diodes Selection Guide

Commercial Part Number

Military Approved

5082- JAN/JANTX/JANTXV* Page Number
2800 TN5711 219
2810 1N5712 221
3039 1N5719 223

*JANTXV approvat does not apply to the 1N5719.
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COMPONENTS

= SCHOTTKY SWITCHING DIODE
MILITARY APPROVED

JAN INb711
JANTX IN5/11

MIL-S-19500/444 | JANTXV IN5711

Features

HIGH BREAKDOWN VOLTAGE
PICO-SECOND SWITCHING SPEED
LOW TURN-ON

Description/Applications

The JAN Series TN5711 is an epitaxial, planar passivated
Schottky Barrier Diode designed tc have pico-second
switching speed. These devices are well suited for high
level detecting, mixing, switching, gating and converting,
video detecting, frequency discriminating, sampling, and
wave shaping applications that require the high reliability
of a JAN/JANTX device.

Electrical Specifications at T,=25°C

{Per Table |, Group A Testing of MIL-5-19500/444)

Note 1: Per DESC drawing C-68001

Maximum Ratings at Tcage=25°C

Operating and Storage Temperature

Range ......oviiiiiiiiin i -65°C 10 200°C
Operation of these devices within the
recommended temperature limits will as-
sure a device Mean Time to Failure (MTTF)
of approximately 1 x 107 hours.

Reverse Voltage (Working) .........coo.nn 50V (peak)
Power Dissipation 250 mw

Derate at 1.43 mW/°C for Tcase = 25°C to 200°C;
assumes an infinite heat sink.

(Unless Otherwise Specified)

HIGH RELIABILITY TESTED PRODUCTS

|
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JAN 1N5711: Samples of each lot are subjected to Group A inspection for parameters listed in Table |, and to Group B and Group
C tests listed below. All tests are to the conditions and limits specified by MIL-S-19500/444.

JANTX 1N5711: Devices undergo 100% screening tests as listed below to the conditions and limits specified by MIL-S-
19500/444. A sample of the JANTX lot is then subjected to Group A, Group B, and Group C tests as for the JAN 1N5711 above.

JANTXV 1N5711: Devices are subject to 100% visual inspection in accordance with M!L-S-19500/444 prior to being subjected
to TX screening.

*MIL-STD-202, Method 2156
**Endpoint measurements and examinations per MIL-$-19500/444.

Typical Parameters
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SCHOTTKY SWITCHING DIODE
MILITARY APPROVED

JAN 1N6712
JANTX IN6/12

MIL-S-19500/445 | JANTXV IN5712

Features

PICO-SECOND SWITCHING SPEED
LOW TURN-ON VOLTAGE

Description/Applications

The JAN Series TN5712 is an epitaxial, planar passivated
Schottky Barrier Diode designed to have pico-second
switching speed. These devices are well suited for high
level detecting, mixing, switching, gating, A-D converting,
video detecting, frequency discriminating sampling and
wave shaping applications that require the high reliability
of a JAN/JANTX device.

Electrical Specifications at T,=25°C

(Per Table |, Group A Testing of MIL-S-19500/445)

Note 1: Per DESC drawing C-68001

Maximum Ratings at Tease=25°C

Operating and Storage Temperature
Range .......covviviiineneneennennas -65°C1t0200°C
Operation of these devices within the
recommended temperature limits will as-
sure a device Mean Time to Failure (MTTF)
of approximately 1 x 107 hours.
Reverse Voltage (Working) ................. 16V (peak)
PowerDissipation ...........ccciiiiiiiniinnn 250 mW
Derate at 1.43 mW/°C for Tcase = 25°C to 200°C;
assumes an infinite heat sink.

ﬂ HIGH RELIABILITY TESTED PRODUCTS
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JAN 1N5712: Samples of each lot are subjected to Group A inspection for parameters listed in Table |, and to Group B and
Group C tests listed below. All tests are to the conditions and limits specified by MIL-$-19500/445.

JANTX 1N5712: Devices undergo 100% screening tests as listed below to the conditions and limits specified by MIL-S-
19500/445. A sample of the JANTX lot is then subjected to Group A, Group B, and Group C tests as for the JAN 1N5712 above.

JANTXV IN5712: Devices are subject to 100% visual inspection in accordance with MIL-S-19500/445 prior to being subjected
to TX screening.

*MIL-STD-202, Method 215

**Subgroup endpoint measurements and examinations per MiL-S-19500/445.

Typical Parameters
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PIN SWITCHING DIODE
MILITARY APPROVED

JAN IN6719

MIL-5-19500/443 | JANTX INGT®

Features

LARGE DYNAMIC RANGE
LOW HARMONIC DISTORTION
HIGH SERIES ISOLATION

Description/Applications

The JAN Series 1N5719 is a planar passivated silicon PIN
diode designed for use in RF switching circuits. These
devices are well suited for variable attenuator, AGC,
modulator, limiter, and phase shifter applications that
require the high reliability of a JAN/JANTX device.

Electrical Specifications at T,=25°C

(Per Table |, Group A Testing of MIL-S-19500/443)

Maximum Ratings at TCASE:25°C

Operating and Storage Temperature
RANGE .\ ieeriiiiiiie i -65°Cto+150°C

Operation of these devices within the
recommended temperature limits will as-
sure a device Mean Time to Failure (MTTF)
of approximately 1 x 107 hours.

Reverse Voltage (Working) ....... ... ... ... ... 100V dc
ReverseVoltage(non-rep) ...........ovevenn 150V pk
Power Dissipation[At25°C] ................... 250 mW

Derate at 2.0 mW/°C above Tcase = 25°C;
assumes an infinite heat sink.

@) HIGH RELIABILITY TESTED PRODUCTS
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JAN 1N5719: Sampieg of each lot are subjected to Group A inspection for parameters listed in Table I, and to Group B and
Group C tests listed below. All tests are to the conditions and limits specified by MIL-S-19500/443.

JANTX 1N5719: Devices undergo 100%
19500/443. A sample of the JANTX lot is th

screening tests as listed below to the conditions and limits specified by MIL-S-
en subjected to Group A, Group B, and Group C tests as for the JAN TN5719 above.

*MiL-STD-202, Method 215
**Subgroup endpoints and measurements per MIL-5-19500/443.

Typical Parameters

Typical RF Resistance vs. Forward Bias Current.

Typical Forward Current vs. Forward Voltage.
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STANDARD HIGH RELIABILITY
TEST PROGRAMS

Description

In addition to military qualified (JAN/JANTX) Schottky
barrier and PIN diodes, Hewlett-Packard offers a line of
standard high reliability test programs for most of our
commercial devices. These programs are patterned after
MIL-$-19500 and are designed to:

1. Eliminate the costly requirement of generating High-Re!
specifications, and

. 2. Offer off-the-shelf delivery for many High-Rel devices.
3. Aid in writing High-Rel specifications, if required.

Three basic levels of High-Rel testing are offered on our
diodes, bipolar transistors, and GaAs FETs.

1. The TX prefix indicates a part that is preconditioned and
screened to a program similar to that shown in Table II.
(Table V for chips and beam leads)

2. The TXB prefix identifies a part that is preconditioned
and screened to TX level with a Group B quality
conformance test as shown in Table IV. (Table VI for
chips and beam leads)

3. The TXV and TXVB prefixindicates thatan internal visual
is included as part of the preconditioning and screening.

From these three basic levels, severali combinations are
available. Please refer to Table | as a guide.

Detailed Specification Sheets are available for all devicesin
the program. Standard high reliability GaAs FET products
are represented following Table VI of this section. Please
contact your local HP sales office for additional
information.

Table I. Hi-Rel Test Levels. RFQ Information, Examples:

@) HIGH RELIABILITY TESTED PRODUCTS
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Table 1l. Typical 100% Screening Program for Packaged Devices!')

Table lil. Typical Group A Inspection for Packaged Devices''!. Each Lot is Submitted to Group A Inspection.
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Table IV. Typical Group B Quality Conformance Inspection for Packaged Devices!']

ﬂ HIGH RELIABILITY TESTED PRODUCTS

Table V. Typical 100% Screening Program for Chips and Beam Leads
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Table VI. Typical Group B Lot Acceptance Test for Chips and Beam Leads

228

Glass Body — 11, 15, 12 (delete steps 1, 5, 6 for outline 12).

Other Coaxial Leaded Bodies — 31, 38, 40, 41, 44, 46, 49, 56, 62,
64, 65

Stripline/Microstrip Body — C2, C4, E1, H2, H4, 60 (Delete
Steps 4-6 for outlines C2, C4, E1)

. For detailed information on test conditions please request a

Hi-Rel specification sheet for the specific product required.

NOTES:
1. Recommended for devices in the following HP package 3. Delta Parameters. V¢ and Ct are normally chosen for pulse
outlines: sensitive microwave Schottky diodes. VF and |g are normally

chosen for PIN, SRD, IMPATT and other Schottky diodes. A
limits will depend on device type and characteristics.

. PDA = 15% for pulse sensitive microwave Schottky diodes.

PDA = 10% for PIN, SRD and other Schottky diodes.

. Only applicable for glass body devices.
. Chips: Outlines 15 (glass body) or 31 (ceramic coaxial lead)

Beam Leads: Outline H2 or H4 (stripline).
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HIGH RELIABILITY
MICROWAVE GaAs FETS

2NGG8D TXV
2NGG8D TXVB
TXVE-102
TXVBF-1102

Description

Hewlett-Packard has developed a cost-effective standard
test program designed to provide stabilized Gallium
Arsenide FETs for applications requiring high-reliability
performance. These products are based upon the
standard 2N6680 (HFET-1101) and HFET-1102. The
preconditioning and screening program for the 2N6680
TXV and the TXVF-1102 is shown in Table |. The 2N6680
TXVB and the TXVBF-1102 are parts which have been
preconditioned and screened per Table fand come froma
lot which has passed the Group Btests detailedin Table |l.

Hewlett-Packard is capable of executing alternative
programs based upon individual customer’'s specifi-
cations.

PRECONDITIONING AND SCREENING (100%)

TABLE |

HIGH RELIABILITY TESTED PRODUCTS

£
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TABLE 1
2N6680 TXV AND TXVBF-1102 GROUP B TESTING PER MIL-S-19500

*Electrical specifications per HFET-1101/1102 data sheets (Publication numbers 5952-9836 and 5952-9857).
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HIGH RELIABILITY

MICROWAVE GaAs FETS

TXVF-2201
TXVBF-2201

Description

Hewlett-Packard has developed a cost-effective standard
test program designed to provide stabilized Gallium
Arsenide FETs for applications requiring high-reliability
performance. These products are based upon the
standard HFET-2201. The preconditioning and screening
program for the TXVF-2201 is shown in Table I. The
TXVBF-2201 represents parts which have been pre-
conditioned and screened per Table | and come from alot
which has passed the Group B tests detailed in Table 1.

Hewlett-Packard is capable of executing alternative
programs based upon individual customer’s specifi-
cations.

TABLE |

PRECONDITIONING AND SCREENING (100%)

*Electrical specifications per HFET-2201 data sheet (Publication number 5952-9866).

HIGH RELIABILITY TESTED PRODUCTS

[ )



TABLE Il
TXVBF-2201 GROUP B TESTING PER MIL-S-19500

s n 5%%1

“Electrical specifications per HFET-2201 data sheet (Publication number 5952-9866).
**Non-destructive
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COMPONENTS

SWITCHES
MODULATORS
LIMITERS
MIXERS

COMB
GENERATORS

INTEGRATED
PRODUCTS

PIN DIODE SWITCHES
¢ Broadband, .1-18 GHz

* 33140 Series Optimized
for Fast Switching, 5 ns

e Add-On Driver Available
for 33140 Series

® 33130 Series Optimized for Low Insertion Loss

® Medium and High Isolation Units Available
in Each Series

¢ Hermetic PIN Diode Modules

DOUBLE BALANCED MIXERS

¢ Broadband
10534 Series: .05-150 MHz
10514 Series: .2-500 MHz

¢ Low Conversion Loss

* Low 1/t Noise, Typically
Less than 100 nV per
Root Hz

* High Isolation Between
Ports

* Wide Range of Package Styles
“A” Versions: BNC Jacks (Options Available)
“B” Versions: Pins for PC Mounting
“C” Versions: Miniature, Pins for PC Mounting

® Hermetically Sealed Schottky Diodes

PIN ABSORPTIVE MODULATORS

50() Match at all
Attenuation Levels

Greater than Octave
Band Coverage

50ns Switching (10ns
Available on Special
Request)

Hermetic PIN Diode Modules

PIN DIODE LIMITERS

Broadband, .4-12 GHz

Low Limiting Threshold, 5SmW Typical, 8-12 GHz
Low Insertion Loss, 1.5dB Typical, 8-12 GHz
Low Leakage, 20mW Typical, 8-12 GHz

Hermetic PIN Diode Module
33701A — Module
33711A — Module with SMA Connectors

COMB GENERATORS

¢ 100, 250, 500 and 1000 MHz

Drive Frequencies (Drive
Frequencies in 50-1500 MHz Range
Available on Special Request)

input Matched to 500)
Self-biased, no External Bias Required

Narrow Output Pulses:
130ps Pulse Width with 10V Amplitude

Broadband Output Comb
Hermetic Step Recovery Diode Modules




HEWLETT hp: PACKARD

COMPONENTS

MIXER

BIAS
NETWORK

CATALOG

INTEGRATED
PRODUCTS

HMXR-5001 WIDEBAND DOUBLE BALANCED
MIXER

e Wideband — 2 to 12.4 GHz
Usable to 18 GHz

¢ Wide IF Bandwidth
0.01 to 1.0 GHz

¢ Good Conversion Loss
7.5 dB Typical to 8 GHz
8.5 dB Typical to 12.4 GHz

o Excellent Isolation
LO-RF: 30 dB Typical

¢ Rugged Construction

¢ Hermetically Packaged Diodes

HEWLETT J. PACKARD

COMBRNENTS

33150A MICROWAVE BIAS NETWORK
0.1-18 GHz

e Wideband
¢ Low Insertion Loss
e High RF to DC

Isolation

Parameter Frequency Range (GHz)

0.1-3.5 3.5-12 12-18

Maximum Insertion
Loss (dB) 0.4 0.6 1.1
Maximum SWR 1.5:1 1.5:1 1.8:1
Maximum DC Bias
Resistance (1) 4.0

Electrical Specifications at Tcase = 25°C

Hewlett-Packard manufactures a broad line of compon-
ents for the control, conversion, generation and amplifi-
cation of RF and microwave signals. This designer’s catalog
describes our standard products and contains detailed, up-
to-date specifications on our complete product lines.
Special testing, screening, and electrical or mechanical
modifications are available.

Integrated Production Process: Hewlett-Packard’s design,
manufacturing and marketing team ensures that all aspects
of our production and procedures work together to bring
you reliable products with known performance. They are
backed by an in-house manufacturing capability that
includes component fabrication, thin film circuit capa-
bilities, MIC assembly processes, advanced assembly and
test methods, and computer assisted order processing,
production and shipping procedures.

For a copy of the new Microwave Integrated Products
Catalog (5952-9871D) write: Inquiries Mgr., Hewlett-
Packard, 1507 Page Mill Road, Palo Alto, CA 94304.
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PACKAGE OUTLINES

Ali dimensions in millimeters (inches), except where noted.
For complete package specifications refer to individual product specification sheets.
Drawings are not to scale.
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All dimensions in millimeters (inches), except where noted.
For complete package specifications refer to individual product specification sheets.
Drawings are not to scale.
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All dimensions in millimeters (inches), except where noted.
For complete package specifications refer to individual product specification sheets.
Drawings are not to scale.
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All dimensions in millimeters (inches), except where noted.
For complete package specifications refer to individual product specification sheets.

Drawings are not to scale.
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DESIGN AIDS

TRANSMISSION LINE EQUATIONS

Quantity

General Line Expression

Ideal Line Expression

Propagation

y=a+i=V(R +jwl) (G +jwC)

Y=jw\{ LC

constant «

constant
Phase constant 8 Imaginary part of y B=wVLc=2"
A
Attenuation
Real part of v 0

Characteristic
impedance

7 - R+ jwlL
° " VG +joC

Input impedance

Z, + Zytanh y8

20=
0= 2o Zo +Z, tanh &

Z, +jZ, tan 8
z.0=2, Zr*iZo tan pU
8= % 7 7 e

Impedance of short-
circuited line.
Zr =0

Zs.c.= Zo tanhyf

Zsc.=jZo tanfil

Impedance of
open-circuited
line. Zr =

Zy.c. = Zocothy®

Zoc. =~-jZocot

Impedance
transformation by

) 2
a line an odd num- Z=ZOM z=2%°
ber of quarter Zo * Zrcothal Zr
wavelengths long
Impedance
transformation by
a line an integral Z=2, Zr* Zotanhat Z=2,
number of half Zo * Ztanhat
wavelengths long
Voltage reflection o= 2, — 2o o= Zr—2Z4
coefficient Z, + 2, Z,+Z,
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SOME MISCELLANEOUS RELATIONS IN LOW-LOSS TRANSMISSION LINES

Equation Explanation

= M r = SWR

1—1pl
Ip 1=t :11 |pl = magnitude of reflection coefficient
r
p= %—I—ZZJL p = reflection coefficient (real) at a point in a line
o where impedance is real(R)

_ R
r= Z)‘ R > Z, (at voltage maximum)
r =ERQ R < Z, (at voltage minimum)

Pr = reflected power
Pi = incident power

Pt = transmitted power

am = attenuation constant where r = 1, matched line.

ar = attenuation constant allowing for increased
ohmic loss caused by standing waves.

"min = — ;o > 14
1

rmax = maximum SWR when rq1 and r2 combine in
worst phase.

rmin = minimum SWR when ri1 and r2 are in best
phase.

L Ix
PI=IxZ+4
VXZrarix|
X2+ X |

Relations for a normalized reactance X in series
with resistance Zo.

| 81
VB2 +4
VB2+4+ 18|
T VB2+a_iBI

lp 1=

Relations for a normalized susceptance B in shunt
with admittance Yo
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VOLTAGE (dB)

CONVERSION OF VOLTAGE OR POWER RATIO TO DECIBELS

VOLTAGE OR POWER RATIO (USE WITH MINUS VALUES OF dB)
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RETURN LOSS VS. STANDING WAVE RATIO

(0.0 TO 14.3 dB)

Return Loss SWR Return Loss SWR Return Loss SWR
(dB) (dB) (dB)
0.0 © 4.8 3.710 9.6 1.990
0.1 174.4 4.9 3.639 9.7 1.973
0.2 86.72 5.0 3.569 9.8 1.957
0.3 58.00 5.1 3.503 9.9 1.941
0.4 43.44 52 3.440 10.0 1.925
0.5 34.78 5.3 3.379 10.1 1.910
0.6 28.98 5.4 3.320 10.2 1.894
0.7 24.84 55 3.263 10.3 1.880
0.8 21.73 56 3.209 10.4 1.865
0.9 19.32 57 3.156 10.5 1.851
1.0 17.40 5.8 3.106 10.6 1.837
1.1 15.81 59 3.057 10.7 1.824
1.2 14 .50 6.0 3.010 10.8 1.810
1.3 13.39 6.1 2.964 10.9 1.798
1.4 12.43 6.2 2.920 11.0 1.785
1.5 11.61 6.3 2.877 11.1 1.772
1.6 10.89 6.4 2.836 11.2 1.760
1.7 10.25 6.5 2.796 11.3 1.748
1.8 9.684 6.6 2.757 114 1.737
1.9 9.178 6.7 2.720 11.5 1.725
2.0 8.723 6.8 2.684 11.6 1.714
2.1 8.311 6.9 2.649 11.7 1.703
2.2 7.936 7.0 2.615 11.8 1.692
2.3 7.598 71 2.582 11.9 1.681
2.4 7.285 7.2 2.549 12.0 1.671
2.5 6.997 7.3 2.518 12.1 1.661
2.6 6.731 7.4 2.488 12.2 1.651
27 6.485 7.5 2.458 12.3 1.641
2.8 6.257 7.6 2.430 12.4 1.631
2.9 6.045 7.7 2.402 12.5 1.622
3.0 5.847 7.8 2.375 12.6 1.612
3.1 5.662 7.9 2.348 12.7 1.603
3.2 5.489 8.0 2.3283 12.8 1.594
3.3 5.327 8.1 2.298 12.9 1.586
3.4 5.175 8.2 2.273 13.0 1.577
3.5 5.030 8.3 2.250 13.1 1.568
3.6 4.894 8.4 2.227 13.2 1.560
3.7 4.765 8.5 2.204 13.3 1.552
3.8 4.645 8.6 2.182 13.4 1.544
3.9 4.529 8.7 2.161 13.5 1.536
4.0 4.420 8.8 2.140 13.6 1.528
4.1 4315 8.9 2.120 13.7 1.520
4.2 4.216 9.0 2.100 13.8 1.513
4.3 4.122 9.1 2.081 13.9 1.506
4.4 4.033 9.2 2.061 14.0 1.498
4.5 3.947 9.3 2.043 141 1.491
4.6 3.864 9.4 2.025 14.2 1.484
4.7 3.786 9.5 2.008 14.3 1.478
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RETURN LOSS VS. STANDING WAVE RATIO
(14.4 TO 60 dB)

Return Loss SWR Return Loss SWR Return Loss SWR
(dB) (dB) (dB)
14.4 1.471 18.3 1.277 31.0 1.058
14.5 1.464 18.4 1.273 31.5 1.055
14.6 1.458 18.5 1.270 32.0 1.051
14.7 1.451 18.6 1.266 32.5 1.048
14.8 1.445 18.7 1.263 33.0 1.046
14.9 1.439 18.8 1.259 33.5 1.043
15.0 1.432 18.9 1.256 34.0 1.041
15.1 1.426 19.0 1.253 34.5 1.038
15.2 1.421 19.1 1.249 35.0 1.036
15.3 1.415 19.2 1.246 35.5 1.034
15.4 1.409 19.3 1.243 36.0 1.032
15.5 1.404 19.4 1.240 36.5 1.030
15.6 1.398 19.5 1.237 37.0 1.029
15.7 1.393 19.6 1.234 37.5 1.027
15.8 1.387 19.7 1.231 38.0 1.026
15.9 1.382 19.8 1.228 38.5 1.024
16.0 1.377 19.9 1.225 39.0 1.023
16.1 1.372 20.0 1.222 39.5 1.021
16.2 1.366 20.5 1.208 40.0 1.020
16.3 1.362 21.0 1.196 41.0 1.018
16.4 1.357 21.5 1.184 42.0 1.016
16.5 1.352 22.0 1.172 43.0 1.014
16.6 1.347 22.5 1.162 44.0 1.013
16.7 1.342 23.0 1.152 45.0 1.011
16.8 1.338 23.5 1.143 46.0 1.010
16.9 1.333 24.0 1.135 47.0 1.009
17.0 1.329 245 1.127 48.0 1.008
17.1 1.324 25.0 1.119 49.0 1.007
17.2 1.320 25.5 1.112 50.0 1.006
17.3 1.316 26.0 1.105 51.0 1.0056
17.4 1.312 26.5 1.099 52.0 1.0050
17.5 1.308 27.0 1.094 53.0 1.0044
17.6 1.304 27.5 1.088 54.0 1.0040
17.7 1.300 28.0 1.083 55.0 1.0036
17.8 1.296 28.5 1.078 56.0 1.0032
17.9 1.292 29.0 1.074 57.0 1.0028
18.0 1.288 29.5 1.069 58.0 1.0026
18.1 1.284 30.0 1.065 59.0 1.0022
18.2 1.280 30.5 1.061 60.0 1.0020
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USEFUL FORMULAS FOR MICROWAVE TRANSISTOR DESIGNS

Ga1 Gasg Ga3

Total Noise Figure of Cascaded Stage ‘.D—D—D—__-

Fo -1 Fs -1
Fs=Fq¢ + + + .
Gy Gy G2

Constant Noise Circles

Fi - Fmin Fi = the value of the noise circle
First define  N;= —4—— C 1+ T R Fmin = minimum noise figure
¢
" I'o = optimum source impedance for
low noise
o rn = normalized noise resistance
The Center Cgi =
1+ N
1
The Radius  Rp; = VNiZ + N; (1 - 1T, 12)
1 + Ni
Constant Gain Circles
g |Siil di = the distance from the center
d; = of the Smith chart to the
1 -1Si k2 (1-g;) center of the constant gain
circle along the vector S11*
R, = V1 -g (1-1siil2) Ri = the radius of the circle
gi = the normalized gain value for
1-1Sil2 (1 -g) the gain circle Gi
Gi = gain represented by the circle
gi=Gi(1-|Siil2)= Gi
G

Imax

Source Transformation

S21 812 'L
Ty = S11 +
1-8SplL

Load Transformation

S21 S12Ts
Fout = S22 +
1-811Ts
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ABSTRACTS OF
APPLICATION NOTES

corresponding page number.

Distributor or Representative.

Below is a brief summary of Application Notes for diodes and transistors. Portions of many of these have been
included in this catalog. Those that are included in this catalog in their entirety are also listed with the

All of the Application Notes are available from your local HP Sales Office or nearest HP Components Franchised

922 Application of PIN Diodes

Discusses how the PIN diode can be applied to a variety of
RF control circuits. Such applications as attenuating,
leveling, amplitude and pulse modulating, switching, and
phase shifting are discussed in detail. Also examines
some of theimportant properties of the PIN diode and how
they affect its application. See page 142.

923 Hot Carrier Diode Video Detectors

Describes the characteristics of HP Schottky barrier
diodes intended for use in video detector or video receiver
circuits, and discusses some design features of such
circuits.

Though less sensitive than the heterodyne receiver, the
many advantages of the video receiver make it extremely
useful. The Schottky diode can be used to advantage in
applications such as beacon, missile-guidance, fuse-
activating, and counter-measure receivers, and as power-
leveling and signal-monitoring detectors.

Among the subjects discussed are the performance
characteristics of video detector diodes—tangential
sensitivity, video resistance, voltage sensitivity and figure
of merit; how these characteristics affect the bandwidth of
a video detector; video detector design considerations;
considerations that affect dynamic range; and consid-
erations that vary the level at which burnout can occur.

928 Ku-Band Step Recovery Muitipliers
Discusses the use of step-recovery diodes in a times-

- eight, single-stage frequency multiplier which, at 16 GHz,

has a typical maximum output of 75 mW. The note also
provides design modifications, together with references,
for meeting other performance requirements.

929 Fast-Switching PIN Diodes

Discusses the switching speed of the PIN diodes and the
considerations which affect switching capability. For HP’s
5082-3041/3042 fast-switching PIN diodes, AN 929
outlines basic drive requirements and comments on a few
practical switching circuits. Considerations involved in
the design of the filters required for use with the diodes are
also discussed. For the 5082-3041, AN 928 provides two
curves: 1) typical isolation vs. forward bias and 2)
switching time vs. forward bias for peak reverse current as
a parameter. See page 142.

932 Selection and Use of Microwave Diode
Switches and Limiters

Helps the systems designer select the proper switching or
limiting component and assists him in integrating this
component into the overall design of the system. This note
is a practical, user-oriented approach to probiems
encountered with switching and limiting microwave
signals. .

936 High Performance PIN Attenuator for Low-Cost
AGC Applications

PIN diodes offer an economical way of achieving excellent
performance in AGC circuits. Significantimprovementsin
crossmodulation and intermodulation distortion perfor-
manace are obtained, compared to transistors. This note
discusses other advantages of PIN diodes, such as low
frequency operation, constant impedance levels, and low
power consumption. See page 143,

942 Schottky Diodes for High Volume Low-Cost
Applications

Discusses switching, sampling, mixing and other appli-
cations where the substitution of Schottky diodes will
provide significant improvement over PN junction
devices.

944-1 Microwave Transistor Bias Considerations

A practical discussion of the temperature dependent
variables in a microwave transistor that cause RF
performance degradation due to changes in quiescent
point. Passive circuit networks that minimize quiescent
point drift with temperature are analyzed, and the general
equations for dc stability factors are given. Emphasis on
practical circuit design is highlighted by typical circuit
examples.

956-1 The Criterion for the Tangential
Sensitivity Measurement

Discusses the meaning of Tangential Sensitivity and a
recommended measurement technique. See page 114.



956-3 Flicker Noise in Schottky Diodes

Treats the subject of flicker (1/f) noise in Schottky diodes,
comparing 4 different types. See page 115.

956-4 Schottky Diode Voltage Doubler

Explains how Schottky detectors can be combined to
achieve higher output voltages than would be produced
by a single diode.

956-5 Dynamic Range Extension of Schottky Detectors

Discusses operation of two types of detectors: the small
signal type, also known as square-law detectors; and the
large signal type, also known as linear or peak detectors.

Techniques for raising the compression level are
presented. An example is given illustrating the effect of
bias current level on an HP 5082-2751 detector. See page

118,

956-6 Temperature Dependence of Schottky Detector
Voltage Sensitivity

A discussion of the effects that temperature changes have
on Schottky barrier diodes. Performance improves at
lower temperatures in a predictable manner. Data
presented were obtained using HP 5082-2750 detector
diodes. See page 117.

957-1 Broadbanding the Shunt PIN Diode SPDT Switch

Covers an impedance matching technique which im-
proves the bandwidth of shunt PIN diode switches. See
page 143.

957-2 Reducing the Insertion Loss of a Shunt PIN Diode

Examines a simple filter design which includes the shunt
PIN diode capacitance into a low pass filter, thereby
extending the upper frequency limit. See page 144.

957-3 Rectification Effects in PIN Attenuators

Attenuation levels of PIN diodes are changed by high
incident power. Variation in attenuation may be minimized
by proper choice of bias resistance. Performance of a PIN
diode is limited by both carrier level and frequency
pecause of rectification effects. This note presents the
effects of frequency, power level, and bias supply forthree
types of HP diodes: 5082-3170, 3140 and 3141. See page
146.

959-1 Factors Affecting Silicon IMPATT Diode Reliability
and Safe Operation

Treats silicon IMPATT diode reliability with heavy

emphasis on how to avoid bias circuit related and tuning

induced burnout.

959-2 Reliability of Silicon IMPATT Diodes

Covers the major failure mechanism in silicon IMPATT
diodes with a summary of life test results on both single
and double drift silicon IMPATT diodes.

961 Silicon Double-Drift
Applications

IMPATT Diodes for Pulse

Offers an in-depth look at the theory and applications of
silicon double drift IMPATTS designed for use in pulsed
oscillators and amplifiers. Major sections include device
theory, circuits, performance and injection locking
techniques. An appendix on pulse bias circuits is
included.

962 Silicon Double-Drift IMPATT Diodes for High-Power
CW Microwave Applications

Provides a thorough treatment of the theory and
application of silicon double-drift IMPATTS designed for
use in CW oscillators and amplifiers. Major sections
include device theory, circuits, performance andinjection
locking techniques.

963 Impedance Matching Techniques for Mixers and
Detectors

Presents a methodical technique for matching complex
loads, such as Schottky diodes, to a transmission line.
Direct application to broadband mixers and detectors is
illustrated. See page 214.

967 A Low Noise 4 GHz Amplifier Using the HXTR-6101
Silicon Bipolar Transistor

Describes in detail the design of a single-stage, state-of-
the-art low noise amplifier at 4 GHz using the HXTR-6101
silicon bipolar transistor. Both the input and output
matching networks are described. See page 70.

968 IMPATT Amplifier

Discusses IMPATT amplifier design. A waveguide
amplifier produced 2 watts of power with 10 dBgainat11.2
GHz. Using a coaxial structure, similar performance was
obtained at 8.4 GHz.

969 An Optimum Zero Bias Schottky Detector Diode

Describes the use of the HSCH-3171 and HSCH-3486 zero
bias detector diodes. Their forward voltage character-
istics are detailed, as well as discussion of voltage
sensitivity including effects of junction capacitance, load
resistance and reflection loss on sensitivity. Temperature
characteristic curves for both devices are also included.
See page 119.

@970 A 6 GHz Amplifier Using the HFET-1101 GaAs FET

This application note highlights some of the design
tradeoffs when using a GaAs FET. The example is an
amplifier foruseinthe 5.9t06.4 GHz telecommunications
band. The amplifier's performance over this band is
excellent, with a minimum noise figure of 3.3 dB, a
minimum associated gain of 10.9 dB, a flatness of +0.4 dB
and a 9.5 dBm minimum power output at 1 dB gain
compression. The maximum input and output SWR are
2.67:1 and 1.90:1 respectively. See page 20.
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@971 The Beam Lead Mesa PIN in Shunt Applications

252

The low RC product, fast switching time, and other unique
features of the HPND-4050 beam iead PIN diode make it
well suited for switching applications in the shunt
configuration. Switching performance, practical circuits,
handling, and bonding instructions are included in the
discussions in this application note. See page§§.

@972 Two Telecommunications Power Amplifiers for 2 and
4 GHz Using the HXTR-5102 Silicon Bipolar Power
Transistor

Describes in detail the design of two linear power
amptifiers using the HXTR-5102. In each case, smali signal
S-parameters, and power contours are used in the
characterization. See page 62.
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ABSTRACTS OF
APPLICATION BULLETINS

Brief summaries of Application Bulletins for diodes and transistors are given here. Those that are included in this
catalog in their entirety are also listed with the corresponding page number. All of the Application Notes are
available from your local HP Sales Office or nearest HP Components Franchised Distributor or Representative.

AB 5 Current Source for Diode Testing

This application bulletin describes a constant current
source designed primarily for the ease of use in laboratory
measurements. Easily programmable by thumb wheel
switches in 10 A steps from 10 uA to 700 mA, its accuracy
exceeds most commercially available current sources.

AB 6 PIN Diode RF Resistance Measurement

The use of the HP 4815 Vector Impedance Meter, in
conjunction with a tunable test fixture, provides an
efficient and reliable means for measuring the RF
resistance of a PIN diode.

AB 7 Mixer Distortion Measurements

Describes the measurement of distortion in a balanced
mixer by the two tone method.

AB 9 Derivation, Definition and Application of
Noise Measure

The associated gain at optimum noise figure bias
becomes an important parameter at microwave fre-
quencies. The noise measure of a device is a term
including both noise figure and associated gain.

AB 10 Transistor Noise Measurements

The increasing acceptance of GaAs field effectand silicon
bipolar transistors in low noise pre-amp applications has
stressed the inportance of the techniques used in
measuring noise figure. This application bulletin dis-
cusses the various techniques and possible sources of
error in making a transistor noise figure measurement.

AB 13 Transistor Speed Up Using Schottky Diodes

Significant reduction in transistor switching delay time
can be achieved by adding a Schottky diode and a PIN
diode to the transistor switching circuit. This improve-
ment in switching performance also extends the oscillator
capability of the transistor to higher frequencies. See page
120.

AB 14 Wavetorm Clipping with Schottky Diodes

Consideration is given in this application bulletin to the
design requirements of clipping circuits which are used to
limit the transmission of signals above or below specified
levels. The characteristics of Schottky diodes needed to
achieve the required performance in these circuits are
discussed and recommendations made. See page 121.

AB 15 Waveform Clamping with Schottky Diodes

Discussed in this application bulletin are the circuitdesign
and diode performance requirements for a clamping
circuit, which is used as a DC restorer or level shifter.
Schottky diodes having the required characteristics for
this type of circuit are recommended. See page 121.

AB 16 Waveform Sampling with Schottky Diodes

This application bulletin discusses the design consid-
erations for a sampling circuit used to sample high
frequency repetitive signals and reproduce them at lower
frequencies for ease of monitoring. Schottky diode
performance requirements important in the realization of
a sampling circuit are considered. See page 122.

AB 17 Noise Parameters and Noise Circles for the
HXTR-6101, -6102, -6103, -6104 and -6105
Low Noise Transistors

Noise figures as a function of source reflection coefficient
(rs) can be expressed using three parameters, Fmin, Rnto
ro known as noise parameters. Three parameters are
presented for five microwave transistors. The method of
generating noise circles is givenina step-by-step fashion.

AB 18 The Performance of the HXTR-6101 at
Submilliampere Bias Levels

Describes the performance of a low noise microwave
transistor at bias conditions of Vce + 3V and Ic + 1.0 mA,
0.5 mA, 0.25 mA and frequencies 1.0,1.5,2.0and 3.0 GHz.

AB 19 Noise and Power Parameters for the HFET-1101

The noise parameters Fmin, Rn to ro are given for the
HFET-1101, a general purpose microwave GaAsFET.The
source and load reflection coefficients are given for
maximum output power at an input power level of 5dBm.
The gain, power at 1 dB compression, and power at 3 dB
compression are given for frequencies of 4, 6, 8, 10 and
12 GHz.

253
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AB 20 Amplitude to Phase Conversion in
IMPATT Amplifiers

Curves show the amplitude to phase conversion of a 5082-
0610 IMPATT diode in an 11 GHz amplifier using a cavity
similar to that described in AN 962.

@AB 22 Equivalent Circuits for Double Drift CW

254

IMPATT Diodes

Small signal equivalent circuits were derived for 5082-
0610 and 5082-0611 IMPATT diodes in AN 962. This
bulletin extends the analysis to provide both small and
large signal equivalent circuits for 5082-0607, 0608, 0610,
and 0611 diodes.

@AB 23 Models for Double Drift CW IMPATT Diodes in a
50 Ohm Coaxial Mount

Small and large signal equivalent circuits for 5082-0607, -
0608, -0610 and -0611 diodes were derived in AN 22. This
bulletin provides improved models which separate the
mount and package from the diode.

€'EEV:QAB 24 Selecting a Design Medium for the HFET-2201
GaAs Field Effect Transistor

This application bulletin shows measured S-parameters
on the HFET-2201 in RT/Duroid and Alumina up to 18
GHz. See page 16.
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Arizona

Hamilton/Avnet
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Liberty Electronics
9525 Chesapeake Drive
San Diego 92123

(714) 565-9171

Schweber Electronics
17811 Gillette Avenue
Irvine 92714

(714) 556-3880

Wyle/Elmar

3000 Bowers Avenue
Santa Clara 95052
(408) 727-2500

Colorado

Elmar Electronics
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Hall-Mark Electronics
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Schweber Electronics
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Hall-Mark Electronics
11870 West 91st Street
Shawnee Mission 66214
(913) 888-4747

Hamilton/Avnet

9219 Quivira Road
Overland Park 66215
(913) 888-8900

Maryland
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7402 Washington Avenue, So.
Eden Prairie 55343

(612) 941-5280
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Hall-Mark Electronics
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Hazelwood 63042
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Schweber Electronics
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Wilshire Electronics
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Wilshire Electronics
921 Bergen Avenue
Suite 1125
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(201) 653-4939
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Hamilton/Avnet
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16 Corporate Circle

East Syracuse 13057
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Pioneer-Standard
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(216) 587-3600

Pioneer-Standard
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Dayton 45404
(513) 236-9900

Schweber Electronics
23880 Commerce Park Road
Beachwood 44112

(216) 464-2970

Oklahoma

Hall-Mark Electronics
4846 So. 83rd E. Avenue
Tulsa 74145

(918) 835-8458

QOregon

Liberty Electronics*

2035 S.W. 58th, Room 111B
Portland 97221

(503) 292-9234

Representative

Northwest Marketing
Associates, Inc.

9999 S.W. Wilshire Street
Suite 211

Portland 97225

(503) 297-2581

(206) 455-5846
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Pennsylvania

Hall-Mark Electronics
458 Pike Road
Huntingdon Valley 19001
(215) 355-7300

Pioneer-Standard
560 Alpha Drive

'Pittsburgh 15238

(412) 782-2300

Schweber Electronics
101 Rock Road
Horsham 19044
(609) 964-4496
(215) 441-0600
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Hall-Mark Electronics
10109 McKalla Road
Suite F

Austin 78758

(512) 837-2814

Hall-Mark Electronics
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Dallas 75222

(214) 234-7400

Hall-Mark Electronics
8000 Westglen
P.O. Box 42190
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(713) 781-6100

Schweber Electronics
14177 Proton Road
Dallas 75240

'(214) 661-5010

Schweber Electronics
7420 Harwin Drive
Houston 77036

(713) 784-3600

Utah

Hamilton/Avnet

1585 West 2100 South
Salt Lake City 84119
(801) 972-2800

Washington
Hamilton/Avnet

14212 N.E. 21st Street
Bellevue 98005

(206) 746-8750

Liberty Electronics

1750 132nd Avenue, N.E.
Bellevue 98005

(206) 453-8300

Representative

Northwest Marketing
Associates, Inc.

12835 Bellevue-Redmond Road

Suite 203E
Bellevue 98005
(206) 455-5846

Wisconsin

Hall-Mark Electronics
237 South Curtis
West Allis 53214
(414) 476-1270

Hamilton/Avnet
2975 Moorland Road
New Berlin 53161
(414) 784-4510

*Sales Office only.
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International

Australia

CEMA ELECTRONICS PTY. LTD.

170 Sturt Street
Adelaide, S.A.
(61) 8 516483

CEMA ELECTRONICS PTY, LTD.

208 Whitehorse Road
Blackburn, Victoria
(61) 38775311

CEMA ELECTRONICS PTY. LTD.

22 Ross Street
Newstead, Queensland
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CEMA ELECTRONICS PTY. LTD.
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Belgium
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1020 Bruxelles
(32) 2 4285105

Brazil

Datatronix Electronica LTDA
Av. Pacaembu, 746-C11
Sao Paulo, Brazil

(55) 11 667929

(55) 11 678725

Canada

Hamilton/Avnet

3688 Nashua Drive

Units G & H

Mississauga, Ontario L4VIM5
(416) 677-7432

(416) 745-1908

Hamilton/Avnet
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Zentronics, Ltd.
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(514) 735-5361
Zentronics, Ltd.

141 Catherine Street
Ottawa, Ontario K2P1C3
(613) 238-6411

Representatives

Cantec Reps., Inc.

17 Bentley Avenue
Ottawa, Ontario K2E6T7
(613) 225-0363

Cantec Reps., Inc.
15737 Pierrefonds Road

Ste-Genevieve, Quebec HOH1G3

(514) 626-3856
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(416) 675-2460
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Interelko A.P.S.
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4622 Havdrup
(45) 3 385716

Finland

Field OY
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00210 Helsinki 21
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France

Almex

Zone Industrielle d’ Antony
48, rue de I'Aubepiné
92160 Antony

(33) 16662112

ETS. F. Feutrier

rue des trois Glorieuses
42270 St-Priest-en-Jarez
St. Etienne

(33) 77 746733

F. Feutrier

29 rue Ledru Rollin
92150 Suresnes
(33) 17724646

S.C.A.lB.

80 rue d’Arcueil
Zone-Silic
94150 Rungis
(33) 16872313

Germany

EBV Elektronik
Gabriel-Max-Strasse 72
8000 Muenchen 90

(49) 89 644055

Ingenieurbuero Dreyer
Flensburger Strasse 3
2380 Schieswig
(49) 4621 23121

RTG E. Springorum Kg
Bronnerstrasse 7
4600 Dortmund

(49) 231-54951

RTG Distron
Behaimstr. 3
Postfach 100208
1000 Berlin 10

(49) 30 3421041/45

Israel

Electronics and Engineering
Div. of Motorola Israel Ltd.
16, Kremenetski Street

P.O. Box 25016

Tel Aviv 67899

(972) 36 941/2/3

Italy

Celdis ltatiana S.p.A.
Via F. Ili Gracchi, 36
20092 Cinisello B.
(39) 2 6120041

Eledra S.p.A.

Viale Elvezia 18

20125 Milano

(39) 2334887

Japan

Ryoyo Electric Corporation
Meishin Building

1-20-19 Nishiki

Naka-Ku, Nagoya, 460
(81) 52 2030277

Ryoyo Electric Corporation
Taiyo Shoji Building

4-6 Nakanoshima

Kita-Ku, Osaka, 530

(81) 6 4481631

Ryoyo Electric Corporation
Konwa Buiiding

12-22 Tsukiji, 1-Chome
Chuo-Ku, Tokyo

(81) 3 5437711

Netherlands
Diode B.V.
Hollantlaan 22
Utrecht

(31) 30 884214

New Zealand

CEMA ELEKON LTD.
7-9 Kirk Street

Grey Lynn, Auckland
(64) 4 761169

Norway

Ola Tandberg Elektro A/S
Skedsmogt. 25
Oslo 6

(47) 2197030
Spain
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Avda de Brasil 7
Edif. Iberia Mart
Madrid 20

(34) 14553718

So. Africa

Fairmont Electronics (Pty.) Ltd.

P.O. Box 41102
Craighall 2024
Transvaal

(27) 48 6421

Sweden

Interelko A.B.
Sandsborgsvagen 50
122 33 Enskede

(46) 8 492505

Switzerland
Baerlocher AG
Forrlibuckstrasse 110
8021 Zurich

(41) 1429900

United Kingdom

Celdis Ltd.

37-39 Loverock Road
Reading, Berks RG31ED
(44) 734 582211

Jermyn-Modul Limited
Sevenoaks
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(44) 732 50144

Macro Marketing Ltd.
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Slough, Berks SL16JE
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INDIANA

7301 North Shadeland Ave.
Indianapoligd6250

Tel: 017 842-1000
TWX: 810-260-1797
IOWA

2415 Heinz Road

lowa City 5224C

Tei: (319) 338-9466

KENTUCKY

Medical Only

3901 Atklnson Or.

Suite 407 Atkinson Square
Louisville 40218

Tel: (502)456-1573

LOUVISIANA

P.0. Box 1449

3229-39 Williams Boulevard
Kenner 70063

Tel: (504) 443-6201

MARYLAND

7121 Standard Drive
Parkway Industrial Center
Hanover 21076

Tel: (301) 796-7700
TWX: 710-862-1943

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

HIGAN
23855 Research Drive
Farmington Hills 48024
Tel: (313) 476-6400
724 West Centre Ave.
Kalamazoo 49002
Tel: (606) 323-8362

MINNESOTA
2400 N. Prior Ave.
St. Paul 55113
Tel: 612) 636-0700

MISSISSIPPI

322 N. Mart Plaza
Jackson 39208
Tel: (601)982-9363

MISSOURI

11131 Colorado Ave.
Kansas City 64137
Tel: (816) 763-8000
TWX: 910-771-2087
1024 Executive Parkway
St. Louis 63141

Tel: (314)878-0200

NEBRASKA

Medical Onl.

7101 Mercy Road

Suite 101

Omaha 68106

Tel: {402) 392-0948

NEVADA

*Las Vegas

Tel: (702)736-6610

NEW JERSEY

W. 120 Century Rd.

Paramus 07652

Tel: 201) 265-5000

TWX: 710-990-4951

Crystal Brook Professional
Building, Route 35

Eatontown 07724
Tel:(201) 542-1384

NEW MEXICO

P.0. Box 11634
Station E

11300 Lomas Bivd., N.E.
A|buqouerqul 87123
Tel: (505) 292-1330
TWX: 910-989-1185
156 Wyatt Drive

Las Cruces 88001
Tel: (505) 526-2484
TWX: 910-9983-0550

NEW YORK
6 Automation Lane
Computer Park
¥ 12205
Tel (518) 458-1550
TWX: 710-444-4961
650 Perinton Hill Office Park
Fairport 14450
Tel: (716)223-8950
TWX: 510-253-0092

No.1 Pennsylvania Plaza
55th tloor

34th street & 8th Avenue
New York 10001

Tel: (212) 971-0800
5858 East Molloy Road
Syracuse 13211

Tel: @15) 455-2486

1 Crossways Park West
Woodbury 11797
Tel: (516) 21-0300
NORTH CAROLINA
§605 Roanne Way
Greensboro 27405
Tel: (919)852 -1800

Medicalﬂomputer Only
300

Bldg.

1313 E. Kemper Rd.
Cincinnati 45426

Tel: (513) 671-7400
16500 Sprague Road

eSS a0
elx%? -423-9430
330 Progress Rd.
Dayton 45449

Tel: (513) 859-8202
1041 Kingsmill Parkway
Columbus 4322

Tol: §14) 436-1041

OKLAHOMA

P.0. Box 32008

6301 N. Meridan Avenus

Oklahoma City 73112

Tel: 405) 721-0;

9920 E. 42nd Street

Suite 121

Tulsa 74145

OREGON

17890 SW Lower Boanes
Ferry road

Tualatin 97062

Tel: (503) 620-3350

PENNSYLVANIA

111 Zeta Drive

Pittsburgh 15238

Tel: @412) 782-0400

1021 8th Avenue

Kma of Prussia Industrial Park

of Prussia 19406

Tcl: 15) 265-7000

TWX: 510-660-2670

PUERTO RICO

Hewlett-Packard Inter-Americas

Puerto Rico Branch Office

Calle 272,
Edif. 203 Urg. Country Club

Carolina 00924

Tel: (809) 762-7255
Telex: 345 0514

SOUTH CAROLINA

P. 0. Box 6442

6941-0 N. Trenholm Road
Columbia 29260

Tel: (803) 782-6493

TENNESSEE
8914 Kingston Pike
Knoxville 37922
Tel: (615) 523-0522

3027 Vanguard Dr.
Director's Plaza
Memphis 38131
Tel: (901) 346-8370

*Nashville
Medical Service onlg'
Tel: 615) 244-544

TEXAS

4171 North Mesa
Suite C110

£l Paso 79902

Tel: (915) 533-3555
P.0. Box 1270

201 E. Arapaho Rd.
Richardson 75080
Tel: (214) 231-6101

P.0. Box 42816
10535 Harwin Dr.

on 77036
Tol (713) 776-6400
“Lubbock
Medical Service onl!
Tel: {806) 799-447.
205 Billy Mitchell Road
San Antonio 78226
Tel: (512) 434-8241

UTAH

2160 South 3270 West Street
Sait Lake City 84119

Tel: (801) 972-4711

VIRGINA

P.0. Box 12778

Norfolk 23502

Tel: (804) 460-2671

£.0. Box 9669

2914 Hungar% Springs Road
Richmond

Tel: {804) 285- 3431

WASHINGTON
Bellefield Office PK.
1203-114th Ave. S.E.
Bellevue 98004
Tel: (206) 454-3971
TWX: 910-443-2446
P.0. Box 4010
Spokane 99202
Tel: (509) 535-0864

*WEST VIRGINIA
MedicalAnalytical Only
Charleston

Tel: (304) 345-1640

WISCONSIN

9004 West Lincoln Ave.
Waest Allis 53227

Tel: (414) 541-0550

FOR U.S. AREAS NOT LISTED:

Hiinois. Thelr complm
addresses are listed above.

*Service Only

CANADA

ALBERTA

Hewlett-Packard {Canada) Ltd.

11620A - 168th Street
Edmonton T5M 3T9
Tel: (403) 452-3670
TWX: 610-831-2431

Hewlett-Packard (Canadd) Ltd.

210,7220 Fisher St. S.E.
Calg: arx T2H 2H8

Tel: 403) 253-2713
Twx: 610-821-64]

BRITISH COLUMBIA

Hewlett-Packard (Canada) Ltd.

10691 Shellbridge Way
Richmond V6X 2W7
Tel: (604) 270-2277
TWX: 610-925-5059

MANITOBA

Hewlett-Packard (Canada) Ltd.

380-550 Centual St.
Winnipeg R3 oY1
Tel: (204)786-6701
TWX: 610-671-3531

NOVA SCOTIA

Hewlett-Packard (Canada) Ltd.

800 Windmill Road
Dartmouth B3B L1
Tel: (902) 469-7820
TWX: 610-271-4482

ONTARIO

Hewlett-Packard {Canada) Ltd.
1020 Morrison Dr.

Ottawa K2H 8K7

Tel: (613) 820-6483

TWX: 610-563-1636

Hewlett-Packard (Canada) Ltd.
6877 Goreway Drive
Mississauga L4V 1M8

Tel: (416) 678-9430

TWX: 610-492-4246
Hewlett-Packard {Canada) Ltd.
552 Newbold Street

London N6E 285

Tel: (519) 686-9181

QUEBEC

Hewlett-Packard (Canada) Ltd.
275 Hymus Blvd.

Pointe Claire HIR 167

Tel: (514) 697-4232

TWX: 610-422-3022

TLX: 05-821-521 HPCL

Ty APPENDIX

FOR CANADIAN AREAS NOT LISTED:
Contact Hewlett-Packard {Canada)
Ltd. in Mississauga.
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CENTRAL AND SOUTH AMERICA

ARGENTINA
IélexllemPackard Argentina

Av. Leandro N. Alem 822 - 12°

1001 Buenos Aires

Tel: 31-6063,4,5,6

Telex: 122443 AR CIGY

Cable: HEWPACKARG

Biotron S.A.C.L.y M.

Bolivar 177

1066 Buenos Aires

Tel: 30-4846, 34-9356, 34-0460,
33-2863

Telex: 011-7595

Cable: Biotron Baries

BOLIVIA

Casa Kavlin S.A.

Calle Potosi’ 1130

P.0. Box 500

La Paz

Tel: 41530,53221

Telex: CWC BX 5298,/TT 3560082

Cable: KAVLIN

BRAZIL

Hewlett-Packard do Brasil

1.e.C. Ltda.

Alameda Rio Negro, 750

Alphaviile

06400 Barueri SP

Tel: 429-3222

Cable: HEWPACK Sao Paulo

Hewlett-Packard do Brasil
I.e.C. Ltda.

Rua Padre Chagas, 32
90000-Pérto Alegre-RS
Tel: (0512) 22-2998, 22-5621
Cable: HEWPACK Potto Alegre

Hewlett-Packard do Brasil

l.e.C. Ltda.

Av. Epitacio Pessoa, 4664

Lagoa

%0800-Rio de Janeiro-RJ
)

el:
Telex: 021-21905 HPBR-BR
Cable: HEWPACK

Rio de Janeiro

CHILE

Jorge Calcagni y Gia. Ltda.
Arturo Burhle 065

Casilla 16475

Correo 8, Santiago, Chile
Tel: 220222

Telex: JCALCAGN!

COLOMBIA

Instrumentacidn

Henrik A. Langebaek & Kier 5.A.
Carrera 7 No. 48-75

Apartado Aéreo 6287

Bogotd, | D.E.

Tel: 269-8877

Telex: 44400

Cable: AARIS Bogotd

Instrumentacion

H.A. Langebaek & Kier S.A.
Carrera 63 No. 49-A-31
Apartado 54098

Medellin

Tel: 304475

COSTA RICA

Cientifica Costarricense S.A.
Avenida 2, Calle 5

San Pedro de Montes de Oca
Apartado 10159

San Jose

Tel: 24-38-20, 24-08-19

ECUADOR

CYEDE Cia. Ltda.

P.0. Box 6423 CC!

Av. Eloy Alfaro 1749
Quito. Ecuador

Tel: 450-975, 243-052
Telex: 2548 CYEDE ED
Cable: CYEDE Quito
Medical Only
Hospitalar S$.A.
Casilla 3590

Robles 625

Quito

Tel: 545-250

Cable: HOSPITALAR-Quito

EL SALVADOR
IPESA
Bulevar de los Heroes 11-48

San Salvador
Tel: 252787

GUATEMALA
IPESA
Aveniga Reforma 3-48,

Zona
Guatemala Cii

Tel: 316627,314786,66471-5,ext.9

Telex: 4192 Telstro Gu

MEXICO

Hewlett-Packard Mexicana,
S.A deC.V.

Av. Periférico Sur No. 6501
Tepepan, Xochimilco
Mexico 23, D.F.

Tel: 805-676-4600

Telex: 017-74-507
Hewlett-Packard Mexicana,
SA deCV

NICARAGUA

Roberto Terdn G.

Apartado Postal 689

Edificio Terdn

Managua

Tel: 25114, 23412,23454,22400
Cable: ROTERAN Managua

PANAMA

Electrdnico Balboa, $.A.

Aparatado 4929

Panama 5

Calle Samuel Lewis

Edificio ““Alfa”’, No.2

Cuidad de Panama

Tel: 64-2700

Telex: 3483103 Curundu,
Canal Zone

Cable: ELECTRON Panama

PERU

Compaiila Electro Médica S.A.

Los Flamencos 145

San Isidro Casilla 1030

Lima1

Tel: 41-4325

Telex: Pub. Booth 25424 SISIDRO

Cable: ELMED Lima

SURINAME

Surtel Radio Holland N.V.
Grote Hofstr. 3-5

P.0. Box 155
Paramaribo

Tel: 72118, 77880
Cable: Surtel

TRINIDAD & TOBAGO
CARTEL

Caribbean Telecoms Ltd.
P.0. Box 732

URUGUAY

Pablo Ferrando S.A.C.el.

Avenida Italia 2877

Casilla de Correo 370

Montevideo

Tei: 40-3102

Telex: 702 Public Booth Para
Pablo Ferrando

Cable: RADIUM Montevideo

VENEZUELA
Hewlett-Packard de Venezuela
C

P.0. Box 50933

Caracas 105

Los Ruices Norte

3a Transversal

Edificio Segre

Caracas 107

Tel: 239-4133 (20 lines)
Telex: 25146 HEWPACK
Cable: HEWPACK Caracas

FOR AREAS NOT LISTED, CONTACT:
Hewlett-Packard

Inter-Americas

3200 Hiliview Ave.

Palo Alto, California 94304

Tel: (415) 856-1501

TWX: 910-373-1260

Cable: HEWPACK Palo Alto

Telex: 034-8300, 034-8493

. Ave. Constitucién No. 2184 69 Frederick Street
R AL G FortorSpan
i Tel: 48-71-32, 48-71-84 el: 62-5306
Telex: 038-410
AFRICA, ASIA, AUSTRALIA
ANGOLA BANGLADESH Blue Star Ltd. ISRAEL ) Medical Only .
Telectra The General Electric Co. 7 Hare Street Electronics Engineering Div. International Aeradio (E.A. )Ltd.
Empresa Técnica de of Bangladesh Ltd. P.0. Box 506 of Motorola Israel Ltd. P.0. Box 19012
Equipamentos Magnet House 72 Calcutta 700 001 16, Kremenetski Street Nairobi Airport
Eléctricos, S.A.R.L. Dilkusha Commercial Area Tel: 23-0131 P.0.Box 25016 Nairobi

R. Barbosa Rodrigues, 42-1°DT.°
Caixa Postal, 6487

Luanda

Tel: 35515/6

Cable: TELECTRA Luanda

AUSTRALIA
Hewlett-Packard Australia
Pty. Ltd

y. Ltd.
31-41 Joseph Street
Blackburn, Victoria 3130

P.0. Box 36

Doncaster East, Victoria 3109
Tel: 896351

Telex: 31-024

Cable: HEWPARD Melbourne

Hewlen-LPackard Australia
31 Bridge Street
Pymble

New South Wales, 2073
Tel: 4496566

Telex: 21561
Cable: HEWPARD Sydney

Hewlett-Packard Australia
Pty. Ltd.
153 Greenhill Road

Telex: 82536
Cable: HEWPARD Adelaide

Hewlett-Packard Australia
Pty.Ltd.

141 Stirting Highway

Nedlands, W.A. 6009

Tel: 3865455
Telex: 93859

- Cable: HEWPARD Perth

Hewiett-Packard Austraiia
Pty. Ltd

121 Wollongong Street
Fyshwick, A.C.T. 2609
Tel: 804244

Telex: 62650

Cable: HEWPARD Canberra

Hewlett Packard Australia
Pty. Ltd

Sth Floor

Teachers Union Building
495-499 Boundary Street
Spring Hill, Queensland 4000
Tel: 2291544

Cabte: HEWPARD Brisbane

Motijheil, Dacca 2
Tel: 252415, 252419

Telex: 734

Cabte: GECDAC Dacca
ETHIOPIA

Abdeila Abdulmalik
P.0. Box 2635

Addis Ababa
Tel: 11 93 40

GUAM

Medical Only

Guam Medical Supply, inc.
Suite C, Airport Plaza

P.0. Box 8947

Tamuning 96911

Tel: 646-4513

Cable: EARMED Guam

HONG KONG
Hewlett-Packard Hong Kong Ltd.
P.0. Box 98524

Room 105, Austin Centre

1st Floor

21 Austin Avenue

Kowloon, Hong Kong

Tel: 3-697446 (5 lines)

Telex: 36678 HX

Cabie: HEWPACK Hong Kong

IND{A

Blue Star Ltd.
Kasturi Buildings
Jamshedji Tata Rd
Bombay 400 020
Tel: 29 50 21
Telex: 011-2156
Cable: BLUEFROST

Blue Star Ltd.
Sah

ahas
41472 Vir Savarkar Marg
Prabhadevi
Bombay 400 025
Tei: 45 78 87
Telex: 011-4093
Cable: FROSTBLUE

Blue Star Ltd.
Band Box House
Prabhadevi
Bombay 400 025
Tel: 45 73 01
Telex: 011-3751
Cable: BLUESTAR
Blue Star Ltd.
Bhavdeep

Stadium Road
Ahmedabad 380 014
Tel: 42880

Telex: 234

Cable: BLUEFROST

Telex: 021-7655
Cable: BLUESTAR

Blue Star Ltd.
Bhandari House

7th & 8th Floor

91 Nehru Place

New Delhi 110 024
Tel: 634770 & 635166
Telex: 031-2463
Cable: BLUESTAR

Blue Star Ltd.

Blue Star House
11/11A Magarath Road
Ban?alore 560 025
Tel: 55668

Telex: 043-430

Cable: BLUESTAR

Biue Star Ltd.

Meeakshi Mandiram

Xxx/1678 Mahatma Gandhi Rd.
Cochin 682 01

Tel: 32069,32161,32282
Telex: 0885-514

Cable: BLUESTAR

Blue Star Ltd.

1-1-117.

Sarojini Devi Road
Secunderabad 500 003
Tel: 70126, 70127

Telex: 015-459

Cable: BLUEFROST

Blue Star Ltd.

2/34 Kodambakkam High Road
Madras 600 034

Tel: 82056

Telex: 041-379

Cable: BLUESTAR

INDONESIA

BERCA Indonesia P.T.
P.0. Box 496.Jkt.
Jin. Abdul Muis 62
Jakarta

Tel: 349255, 349886
Telex: 46748 BERSIL 1A
Cable: BERSAL
BERCA Indonesia P.T.
P.0. Box 174/Sby.

23 Jin. Jimerto
Surabaya

Tel: 42027

Cable: BErcacon

Tel-Aviv

Tel: 38973

Telex: 33569, 34164

Cable: BASTEL Tel-Aviv
JAPAN
Yokogawa-Hewlett-Packard Ld.
Chuo Bldg., 4th Floor

4-20, Nishinakajima 5-chome
Yodogawa-ku, Osaka-shi
Osaka,532

Tel: 06-304-6021

Telex: 523-3624
Yokogawa-Hewlett-Packard Ltd.
29-21, Takaido-Higashi 3-chome
Suginami-ku, Tokyo 168

Tel: 03-331-6111

Telex: 232-2024 YHP-Tokyo
Cable: YHPMARKET TOK 23 724

Yokogawa-Hewlett-Packard Ltd.
Sumitomo Seimei Nagaya Bidg.
11-2 Shimosasajima-cho

Nakamura-ku, Nagoya 450, Japan

Tel: 052 571-5171

Yokogawa-Hewlett-Packard Ltd.
Tanigawa Building

2-24-1 Tsuruya-cho
Kanagawa-ku

Yokohama, 221

Tel: 045-312-1252

Telex: 382-3204 YHP YOK

Yokogawa-Hewlett-Packard Ltd.
Mito Mitsui Building

105, 1-chome, San-no-maruy
Mito, Ibaragi 310

Tel: 0292-25-7470
Yokogawa-Hewlett-Packard Ltd.
Inoue Buildin,

1348-3, Asahi-cho, 1-chome
Atsugl, Kanagawa 243

Tel: 0462-24-0452

Yokogawa-Hewiett-Packard Ltd.
Kumagaya Asahi

Hachijuni Building

4th Floor

3-4, Tsukuba
Kumagaya, Saitama 360
Tel: 0485-24-6563

KENYA

Advanced Communications Ltd.
P.0. Box 30070

Nairobi

Tel: 331955

Telex: 22639

Tel: 336055/56

Telex: 2220122301

Cable: INTAERIO Nairobi
Medical Onlr

International Aeradio €.A.) Ltd.
P.0. Box 95221

Mombasa

KOREA

Samsung Electronics Co., Ltd.
15th Floor, Daeyongak Bldg.,
25-5, 1-KA

Choong Moo-Ro, Chung-Ku,
Seoul

Tel: (23) 6811, 778-3401/2/3/4
Telex: 22578

MALAYSIA

Hewilett-Packard Sales SON BHD
Suite 2.212.22

Bangunan Angkasa Raya

Jalan Ampang

Kuala Lumpar

Tel: 23320,27491

Protel En%ineering
P.0. Box 1917

Lot 259, Satok Road
Kuching, Sarawak
Tel: 53544

Cable: PROTELENG
MOZAMBIQUE

A.N. Goncalves, Ltd,

162, 1° Apt. 14 Av, D. Luis
Caixa Postal 107

Maputo

Tel: 27091, 27114

Telex: 6-203 NEGON Mo
Cable: NEGON

NEW GUINEA
Hewlett-Packard Australia
Pty. Ltd

Development Bank Building
Ground Floor

Ward Strip

Port Moresby, Paupua
Tel: 258933



NEW ZEALAND
Hewlett-Packard (N.Z.) Ltd.
4-12 Cruickshank Street
Kilbirnie, Wellington 3

P.0. Box

Courtney Place
Wellington

Tel: 877-199

Cable: HEWPACK Wellington

Hewlett-Packard N.Z.) Ltd.
Pakuranga Professional Centre
267 Pakuranga Highway

Box 51092

Pakuranga

Tel: 569-651

Cable: HEWPACK Auckland

Analytical /Medical Only
Medical Supplies N.Z. Ltd.
Scientific Division

79 Carlton Gore Road, Newmarket
P.0. Box 1234

Auckland

Tel: 75-289

Cable: DENTAL Auckland
Analytical/Medical Only
Medical Supplies N.Z. Ltd.
Norrie and Parumoana Streets
Porirua

Tel: 75-098

Telex: 3858

Analytical Medical Only
Medicai Supplies N.Z. Lid.
P.0. Box 309

239 Stanmore Road
Chns(church

Tel: 892-019

Cable: DENTAL Christchurch

Analytical/Medical Only

Medical Supplies N.Z. Ltd.

303 Great King Street

P.0. Box 233

Dunedin

Tel: 88-817

Cable: DENTAL Dunedin

NIGERIA

The Electronics
Instrumentations Ltd.

N6B/770 Oyo Road

Oluseun House

P.M.B. 5402

Ibadan

Tel: 461577

Telex: 31231 TEIL NG

Cable: THETIEL Ibadan

The Electronics Instrumentations Ltd.

144 Agege Motor Road, Mushin
P.0. Box 481

Mushin, Lagos, Nigeria
Cable: THETEIL Lagos

PAKISTAN

Mushko & Company Ltd.
Qosman Chambers
Abdullah Haroon Road
Karachi-3

Tel: 511027, 512927
Telex: 2894

Cable: COOPERATOR Karachi
Mushko & Company, Ltd.
38B, Satellite Town
Rawalpindi

Tel: 41924

Cable: FEMUS Rawalpindi

PHILIPPINES
The Online Advanced
Systems Corporation
Rico House
Amorsolo cor. Herrera Str.
Legasgl Vllla?e Makati
0X

Metro Man
Tel: 85-35- 81 85-34-91,85-32-21
Telex: 3274 ONLINE

RHODESIA

Field Technical Sales

45 Keivin Road North

P.0. Box 3458

Sallsburay

Tel: 705231 (5 lines)

Telex: RH 4122

SINGAPORE

Hewlett-Packard Singapore
(Pte. ) Ltd.

1150 Depot Road

Alexandra P.0. Box 58

Sin apore 4

Tel:

Telex: HPSG RS 21486

Cable: HEWPACK, Singapore

SOUTH AFRICA
Hewlett-Packard South Africa

Ltd.
Private Bag Wendywood,
Sandton, Transvaal, 2144
Hewlett-Packard Centre
Daphne Street, Wendywood,
Sandton, 2144
Tel: 802- 1040/8
Telex: 8-4
Cable: HEWPACK Johannesburg

Hewlett-Packard South Africa

(Pty. ). Ltd.
P.0. Box 120

Howard Place, Cape Province, 7450

Pine Park Centre, Forest Drive,
Pinelands, Cape Province, 7405
Tel: 53-7955 thu 8

Telex: 57-0006

SAI LANKA
Metropolitan Agencies Ltd.
2099 Union Place
Colombo 2

Tel: 35947

Telex: 1377METROLTD CE
Cable: METROLTD

SUDAN
Radison Trade
P.0. Box 921
Khartoum
Tel: 44048
Telex: 375

TAIWAN

Hewlett-Packard Far East Ltd.
Taiwan Branch

39 Chung Hsiao West Road
Section 1, 7th Floor

Taipei

Tel: 3819160-9,3141010
Cable: HEWPACK TAIPEI
Hewlett-Packard Far East Ltd.
Taiwan Branch

68 2, Chung Cheng 3rd. Road

a0

tel (07)24?318 -Kaohsiung
Analytical Only

San Kwang Instruments Co., Ltd.
20 Yung Sui Road

Taipei

Tel: 3615446-9 @ lines)
Telex: 22894 SANKWANG
Cable: SANKWANG Taipei

TANZANIA

Medical Onlr

International Aeradio E.A.), Ltd.
P.0. Box 861

Dar es Salaam

Tel: 21251 Ext. 265

Telex: 41030

THAILAND

UNIMESA Co. Ltd.

Elcom Research Building
2538 Sukumvit Ave.
Bangchak,Bangkok
Tel: 3932387, 3930338
Cable: UNIMESA Bangkok

UGANDA

Medical Onl

Internatmnal Aeradio (E.A.), Ltd.
P.0. Box 2577

Kampala

Tel: 54388

Cable: INTAERIO Kampala
ZAMBIA

R.J. Tllburzy {Zambia} Ltd.

P.0. B
Lusaka

Tel: 73793
Cable: ARJAYTEE, Lusaka

OTHER AREAS NOTLISTED, CONTACT:

Hewlett-Packard Intercontinental
3200 Hillview Ave.

Palo Alto, Cahfomla 94304

Tel: (415) 1

TWX: 910- 373 1267

Cabie: HEWPACK Palo Alto
Telex: 034-8300, 034-8493

EUROPE, NORTH AFRICA AND MIDDLE EAST

AUSTRIA

Hewlett-Packard Ges.m.b.H.
Handelskai 52

P.0. Box 7

A-1205 Vienna

Tel: 351621-27

Cable: HEWPAK Vienna
Telex: 75923 hewpak a

BAHRAIN

Medical Only

Wael Pharmacy

P.0. Box 648
Bahrain

Tel: 54886, 56123
Tetex: 8550 WAEL GJ
Cable: WAELPHARM

Analytical Only

Al Hamidiya Trading
and Contracting
P.G. Box 20074

Manama
Tel: 259978, 259958
Telex: 8895 KALDIA GJ

BELGIUM
Hewlett-Packard Benelux

SAMNV.

Avenue du Col-Vert, 1,
(Groenkraaglaan)

B-1170 Brussels

Tel: (02) 660 50 50
Cable: PALOBEN Brussels
Telex: 23-494 paloben bru

CYPRUS
Kg pronics
Gregonos Xenopoulos Street
P.0. Box 1
Nicosia
Tel: 45628129
Cable: Kypronics Pandehis
Telex: 3018

CZECHOSLOVAKIA

Vyvojova a Provozni Zakladna
Vyzkumnych Ustavu v Bechovicich
CSSR-25097 Bechovice u Prahy
Tel: 89 93 41

Telex: 12133

Institute of Medical Bionics
Vyskumny Ustav Lekarskej Bioniky
Jediova 6

C5-88346

Bratislava-Kramare

Tel: 4251

Telex: 93229

DDR

Entwickiungslabor der TU Dresden
Forschungsmstitut Meinsberg
DDR-730
Waldheim/Meinsberg

Tel: 37 667

Telex: 518741

Export Contact AG Zuerich
Guenther Forgber
Schiegelstrasse 15

1040 Berlin

Tei: 42-74-12

Telex: 111889

DENMARK
Hewlett-Packard A/S
Datavej 52

DK- 3460 Birkerod
Tel: (02) 81 66 40
Cable: HEWPACK AS
Telex: 37409 hpas dk
Hewlett-Packard AS
Navervej 1

DK-8600 Siikeborg
Tel: (06)82 71 66
Telex: 37409 hpas dk
Cable: HEWPACK AS

EGYPT

1LEA.

International Engineering Associates
24 Hussein Hegazi Street

Kasr el Aini

Tel 23 829

Telex: 93830

Cable: INTENGASSO
SAMITRO

Sami Amin Trading Office
18 Abdel Aziz Gawish
Abdine-Cairo

Tei: 24932

Cable: SAMITRO CAIRO
FINLAND
Hewlett-Packard OY
Nahkahousunti 5

P.0. Box 6

SF-00211 Helsinki 21
Tel: (90) 6923031
FRANCE
Hewlett-Packard France
Avenue des Tropigues
Les Ulis

Boite Postale No. 6
91401 Orsay-Cedex
Tel: (1 }907 78 25

TWX: 600048F
Hewtett-Packard France
Chemin des Mouilles
B.P. 16

69130 Eculk

Te): (78) 33 81 25,

TWX: 310617F
Hewlett-Packard France
Péricentre de la Cépiére
31081 Toulouse-Le Mirail
Tel:(61) 40 11 12

TWX: 510957F
Hewlett-Packard France
Le Ligoures

Bureau de vente de Marseilles
Place Rouge de Villenueve
13100 Aix-en-Provence
Tel: 42) 59 41 02
Hewlett-Packard France
2, Allee de la Bourgnette
35160 Rennes

Tel: (99)51 42 44
TWX: 740912F

Hewiett-Packard France

18, rue du Canal de la Marne
67300 Schiltigheim

Tel: (88) 83 08 10

TWX: 890141F

Hewlett-Packard France
immeuble péricentre

Rue van Gogh

59650 Villeneuve D Ascg
Tet: (20)91 4125

TWX: 160124F
Hewilett-Packard France
Bureau de Vente

Centre d' affaires Paris-Nord
Batiment Ampére

Rue de la Commune de Paris

B.P

93153 Le Blanc Mesnit Cédex
Tet: (01)931 88 50
Hewlett-Packard France

Av. du Pdt. Kennedy

33700 Meriguac

Tel: (56)97 22 69
Hewlett-Packard France
“France-Evry’’ immeuble Lorraine
Boilevard de France

91035 Evry-Cedex

Tel: 077 96 60

Hewlett-Packard France

60, Rue de Metz

57130 Jouy aux Arches

Tel: (87)69 45 32

GERMAN FEDERAL REPUBLIC
Hewlett-Packard GmbH
Vertriebszentrale Franifurt

Berner Strasse 117

Tel 0611) 50-04

Cable: HE PACKSA Frankfurt
Telex: 04 13249 hpffm d
Hewlett-Packard GmbH
Technisches Biro Bdblingen
Herrenberger Strasse 110
D-7030 BOblingen Wiirttemberg
Tel: (070 \)I 7-1

Cable: HEWPACK Boblingen
Telex: 07265739 bbn
Hewlett-Packard GmbH
Technisches Buro Dilsseldorf
Emanuel-Leutze-Str. 1 Seestern}
D-4000 Dusseldort

Tel: (0211) 59711

Telex: 085/86 533 hpdd d
Hewlett-Packard GmbH
Technisches Biro Hamburg
Wendenstrasse 23

D-2000 Hamburg 1

Tel: (040)24 13 83

Cable: HEWPACKSA Hamburg
Telex: 21 63 032 hphh d
Hewlett-Packard GmbH
Technisches Bdro Hannover
Am Grossmarkt 6

D-3000 Hannover 91

Tel: (0511) 46 60 01

Telex: 092 3259

Hewlett-Packard GmbH
Technisches Buro Nirnberg
Neumeyerstrasse 90
D-8500Nurnberg

Tel: (0911) 56 30 83
Telex: 0623 860
Hewlett-Packard GmbH
Technisches Biro Mdnchen
Eschenstrasse 5

D-8021 Taufkirchen

Tel: (089) 6117-1

Hewlett-Packard GmbH
Technisches Buro Berlin
Kaithstrasse 2-4
D-1000 Beriin 30

Tel: (030) 24 90 86
Telex:018 3405 hpbin d

GREECE
Kostas Karayannis
8 Omirou Street

Athens 133

Tel: 32 30 303/32/37 731
Analytical Only

INTECH

G. Papathanassiou & Co.
17 Marni Street
Athens 103

Tel: 56522 915/5221 989
Telex: 21 5329 INTE GR
Cable: INTEKNIKA

Medical Only
Technomed Hellas Ltd.
52 Skoufa Street
Athens 135

Tel: 3626 972

HUNGARY
MTA

Miiszerigy és Méréstechnikai
Szolgalata

Hewlett-Packard Service

Lenin Krt. 67, P.0.Box 241

1391Budapest VI

Tel: 42 03 38

Telex: 22 51 14

ICELAND

Medical Only

Elding Trading Company inc.
Hatnarnvoli - Tryggvagtty
P.0.Box 895

IS-Reykjavik

Tel: 158 20/1 63 03

Cable: ELDING Reykjavik

IRAN

Hewlett-Packard iran Lid.
No. 13, Fourteenth St.
Mir Emad Avenue

P.0. Box 412419
Tehran

Tel: 851082-5

Telex: 213405 hewp ir

IRELAI

Hewiett-| Packard ttd.
King Street Lane
Winnersh, Wokmgham
Berks, RG

GB-En q’

Tel: (0734) 78 47 74
Tejex: 847178

Cable: Hewpie London

Hewilett-Packard Ltd.

2C Avonbe: Industrial Estate
Long Mile

Dublin 12, Elre

Tei: (01) 514322

Telex: 30438

Medical Only

Cardiac Semces (reland}) Ltd.
Kilmore Road

Artane

Dublin 5, Eire

Tel: {01) 315820

Medical Only

Cardiac Services Co.

954 FinaoB 1y Ad. South
Belfast BT10

GB-Northern Ireland

ITALY
Hewlett-Packard taliana S.p.A.
Via G,Di Vittorio , 9
20063 Cernusco
Sul Navu |l0 M)
Tel: (2) 90
Telex: 311046 HEWPACKIT
Hewlett-Packard ltaliana S.p.A.
Via Turazza , 14
35100 Padova
Tel: {49) 664888
Telex: 41612 HEWPACKI

Hewlett-Packard italiana S.p.A.

Via G. Armellini 10

1-00143 Roma

Tel: (06) 54 69 61

Telex:

Cable: HEWPAGKIT Roma

Hewlett-Packard Htaliana S.p.A.

Corso Glovanm Lanza 94

-10133 T

Tel:011) 682245/659308

Medical/Calculators Only

Hewlett-Packard Italiana S.p.A.

Via Principe Nicola 43 GC

1-95126 Catania

Tel:(095) 37 05 04

Hewiett-Packard Italiana S.p.A.

Via Nuova San Rocco A.
Capodimonte, 62A

1-80131 Napoli

Tel: (081) 7913544

Hewlett Packard ltaliana S.p.A.

Via E asn B

1-401 og

Tel: (OSI) 307887/300040
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JORDAN
Mouasher Cuusins Co.
P.0. Box

mman
Tel: 24907/39907
Telex: SABCO JO 1456
Cable: MOUASHERCO

KUWAIT
AI-KhaIdiya. Trading &

ontracnng

P.0. Box 830-Safat
Kuwait

Tet:42 491041 1726

LUXEMBURG
Hewiett-Packard Benelux
SANMNV

Avenue du Col-Ven, 1
(Groenkraagiaan)

B-1170 Brussels

Tel: (02) 672 22 40
Cable: PALOBEN Brussels
Telex: 23 494

MOROCCO

Dolbeau

81 rue Karatchi
Casablanca

Tel: 3041 82

Telex: 2305122822
Cable: MATERIO

Gerep

3, rue d'Agadir
Casablanca

Tei: 27209355

Telex: 23739

Cabie: GEREP-CASA
Cogedir

31 rue Omar Staoui
Casablanca

Tei: 27 65 40

Telex: 2173723003
Cable: COGEDIR
NETHERLANDS
Hewiett-Packard Benelux N.V.
Van Heuven Goedhartiaan 121
P.0. Box 667
NL-Amstelveen 1134
Tel: 020) 47 20 21

NORWAY

Hewlett-Packard Norge A/S
Osterdaien 18

P.0. Box 34

1345 Osterass

Tel: (02) 1711 80

Telex: 16621 hpnas n

Hewlett-Packard Norge A/S

Nygaardsgaten 114
5380 Bergen

POLAND

Biuro tnformacji Technicznej
Hewlett-Packard

Ui Stawki 2, 6P

00-850 Warszawa

Tei: 33.25.88/39.67.43
Telex: 81 24 53 hepa pi

UNIPAN

Biuro Obslugi Techricznej
01-447 Warszawa

ul Newelska 6

Poland

Zaklady Naprawcze Sprzetu
lycznego

Plac Komuny Paryskiej 6

90-007 LodZ

Tel: 334-41, 337-83

Telex: 886981

PORTUGAL
Tetectra-Empresa Técnica de
Equipamentos Eléctricos S.a.r.l.
Rua Rodrigo da Fonseca 103
P.0. Box 2531

P-tisbon 1

Tel: (19) 68 60 72

Cable: TELECTRA Lisbon

Telex: 12598

Medical oniy

Mundinter

Intercambic Mundial de Comércio

ard.
P.0. Box 2761
Avenida Antonio Augusto

de Aguiar 138

P - Lisbon
Tel: (19)53 21 317
Telex: 16691 munter p
Cable: INTERCAMBIO Lisbon

QATAR
Nasser Tradl 6g & Contracting
P.0. B

Doh

Tel: 221 70

Teiex: 4439 NASSER
Cable: NASSER

AUMANIA

Hewlett-Packard Reprezentanta

Bd.n. Balcescu 16

Bucur

Tel: 15 80 23/13 88 85

Telex: 10440

LLR.U.C.

Intreprinderea Pentru
Intretinerea

Si Repararea Utilajelor de Calcul

B-dut Prof. Dimitrie Pompm 6

Bucuresti-Sectoruy

Tel: 88-20-70, 88-. 24 40 88-67-95

Telex: 118

SAUDI ARABIA
Modern Eiectronic
Establishment (Head Office)
P.0. Box 1228, Baghdadiah Street
Jeddah
Tel: 27 798
Telex: 40035
Cable: ELECTA JEDDAH
Modern Electronic
Establishment Branch)

.0. Box 2728
Riyadh
Tel: 62596 /66232
Cabie: RAOUFCO
Modern Electronic
Establishment Branch)
P.0. Box 193

Al-Khobar
Tel: 44678-44813

SPAIN
Hewilett-Packard Espafiola, S.A.
CaIIe Jerez 3

Tel (1;458 26 00 (10 lines)
Telex: 23515

Hewlett- Packard Espadfiola S.A.
Colonia Mirasierra

Edificio Juban

% Costa Brava, 13

Madrid 34

Hewlett-Packard Espafiola, S.A.
Milanesade 21-23
E-Barcelona 17

Tel: (3) 203 6200 (5 fines)

Hewtett-Packard Espafiola, S.A.
Av Ramdn y Cajal, 1

Edificio Sevilla, planta 9°
-Seville 5

Tei: 64 44 54/58

Hewlett-Packard Espafiola S.A.
Edificio Albia (] 7°
E-Bilbao 1
Tel: 23 83 06/23 82 06
Hewlett-Packard Espafiola S.A.
€Ramon Gordillo

{Entio. )

E-Valencia-10
Tel: 86-361.13.54/361.13.58

SWEDEN

Hewlett-Packard Sverige AB

Enighetsvagen 3, Fack
-161 Bromma 20

Tel: (08) 730 05 50

Telex: 10721

Cable: MEASUREMENTS
Stockhoim

Hewlett-Packard Sverige AB
Frétallsgatan 30

$-421 32 Véstra Frdlunda
Tel: 031)49 09 50

Tetex: 10721 via Bromma office

SWITZERLAND
Hewlett-Packard {Schweiz) AG
Ziircherstrasse 20

P.0. Box 307

CH-8952 Schlloren-Zurlch
Tei: (01%7305

Telex: 53933 hpag ch

Cabie: HPAG CH

Hewlett- Packard (Schweiz) AG
Chateau Bloc 1

CH-1219 Le Ll non-Geneva
Tel: 0222’96 0; 2

Telex: 27333 hpa

Cable: HEWPA GGeneva

SYRIA

General Electronic inc.

Nuri Basha-Ahnat Ebn Kays Street
P.0. Box 5781

Damascus

Tel: 33 24 87

Telex: 11215 ITIKAL

Cable: ELECTROBOR DAMASCUS
Medical /Personal Calculator only
Sawah & Co.

Place Azmé

B.P. 2308

Damascus

Tel: 16 367-19 697-14 268
Suleiman Hilal EI Mlawi
P.0. Box 2528

Mamoun Bitar Street, 56-58
DamascusTel: 11 46 63

TUNISIA
Tunisie Electronique
31 Avenue de la Liberte

Tunis

Tel: 280 144

Corema

1 ter. Av. de Carthage
Tunis

Tel: 253 821
Telex: 12319 CABAM TN

TURKEY

TEKNIM Company Ltd.
Riza Sah Pehlevi
Caddesi No. 7
Kavaklidere, Ankara
Tel: 275800

Telex: 42155

Teknim Com., Ltd.
Barbaros Bulvari 55112
BeS|kyas Istanbul
Tel: 613 546

Telex 23540

Medical only
EMA.

Muhendislik Kollektif Sirketi
Medina Eidem Sokak 416
Yiksel Caddesi

Ankara

Tel: 17 56 22

Cable: EMATRADE /Ankara
Analytical only

Yilmaz Qzyurek

Milli Mudafaa Cad 166
Kizilay

Ankara

Tel: 2503 09 - 17 80 26
Telex: 42576 QZEK TR
Cable: OZYUREK ANKARA

UNITED ARAB EMIRATES
Emitac Ltd. (Head Office)
P.0. Box 164

Sharjah

Tel: 3541213

Telex: 8136

Emitac Ltd (Branch Office)
P.0. Box

Ahu Dhal bl

Tel: 3313701

UNITED KINGDOM
Hewlett-Packard Ltd.
King Street Lane
Winnersh, Wokmgham
Berks. RG11 5AR

Tel: (0734) 784774
Telex 8471784
Hewlett-Packard Ltd.
Tratalgar House
Navigation Road
Altrincham

Cheshire WA14 1NU

Tel: (061) 928 6422
Telex: 668068

Hewlett-Packard Ltd.
Lygon Court

Hereward Rise

Dudley Road
Halesowen

West Midlands B62 8SD
Tel: (©21) 550 9911
Telex: 339105

Hewlett-Packard Ltd.
Wedge House

799, London Road
Thornton Heath
Surrey CR4 6XL
Tel: 01) 6840103
Telex: 946825
Hewiett-Packard Ltd
10, Wesley St.
Castieford

Yorks WF10 1AE
Tel: (0977) 550016
Telex: 557355
Hewlett-Packard Ltd
1, Wailace Way
Hitchin
Hertfordshire, SG4 0SE
Tel: (0462) 311
Telex: 82. 981

USSR

Hewilett-Packard

Representative Office USSR
Pokrovsky Boulevard 4/17-kw 12
Moscow 101000

Tel: 294.20.24

Telex: 7825 hewpak su

YUGOSLAVIA
Iskra-Standard Hewleft-Packard
Miklosiceva 38 VI

61000 leubgana

Tel: 31 58 7932 16 74

SOCIALIST COUNTRIES
NOT SHOWN PLEASE
CONTACT:
Hewilett-Packard Ges.m.b.H
Handelskai 52

P.0. Box 7

A-1205 Vienna, Austria
Tet: (0222) 35 16 21 to 27

MEDITERRANEAN AND
MIDDLE EAST COUNTRIES

NOT SHOWN PLEASE CONTACT:

Hewilett-Packard S.A.
Mediterranean and Middle
East Operations

35, Kolokotroni Street
Piatia Kefallariou
GR-Kifissia-Athens, Greece
Tel: 8080337/259/429

FOR OTHER AREAS
NOT LISTED CONTACT
Hewlett-Packard S.A.

7, rue du Bois-du-Lan

.0. Box
CH-1217 Meyrin 2 - Geneva
Switzertand
Tel: (022)82 70 00



HEWLETT E PACKARD

COMPONENTS

For more information call your local HP Sales Office or East (301) 948-6370 — Midwest (312) 255-9800 —
South (404) 955-1500 —West (213) 970-7500. Or write: Hewlett-Packard Components, 350 West Trimble
Road, San Jose, California 95131. In Europe, Hewlett-Packard GmbH, P.O. Box 250, Herrenberger Str.
110, D-7030 Boeblingen, West Germany. In Japan,YHP, 3-29-21, Takaido-Higashi, Suginami Ku, Tokyo 168.
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