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A
Hewlett-Packard is one of the world's Brie' single contact with the company.
leading designers and manufacturers Hewlett-Packard is guided by a set
of electronic, medical, analytical, Ske"ch of written objectives, One of
and computing instruments and • these is "to provide products and

ii

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 leadersh ip in instrument and
component technology, Hewlett-Packard
invests heavily in new product development.
Research and development expenditures
traditionally average about 10 percent of
sales revenue, and 1,500 engineers and
scientists are assigned the responsibilities of
carrying out the company's various Rand 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, Malays ia
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

services of the greatest possible value to our
customers". Through appl ication of advanced
technology, efficient manufacturing, and
imaginative marketing, it is the customer that
the more than 40,000 Hewlett-Packard
people strive to 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 th is at a reasonable price.

To better serve its many customers broad
spectrum of technolog ica l needs, Hewlett­
Packard publishes several catalogs, Among
these are:

• Electronic Instruments and Systems for
Measurement!Computation (General
Catalog)

• DC Power Supply Catalog
• Medical Instrumentation Catalog
• Analytical Instruments for Chemistry

Catalog
• Coax, and WIG 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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Ion impla ntation, new

evaporation
and wet

processing
systems, and

scanning electron microscopy provide the
basis for quality and dependability for the
entire product line.

RFand
Microwaye

Semiconduc.
Hewlett-Packard has
invested in a
new 180,000
square foot
manufacturing
plant in San Jose, Californ ia. It houses modern
equipment such as a computer controlled
wafer fa brication facil ity which inc ludes
projection mask aligning and automation
handling systems.

iii
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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 monthly 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.

iv

This Diode and Transistor Designer's "h~s How To Use This Catalog
Catalog contains detailed and C ~ I Three methods are incorporated for
up-to-date specifications of our a a 0" locating components:
complete line of RF and ~ • A table of contents that allows
microwave products. The catalog is you to locate devices by their general
divided into 8 product sections: Silicon Bipolar descrl ti
Transistors, Gallium Arsenide Field Effect escnp Ion.
Transistors, SChottky Barrierand High • An alphanumeric index th~t Iist~ all devices
Conductance Diodes, PIN Diodes, IMPATIS by part number plus genenc chip part
and Step Recovery Diodes, Devices for Hybrid numbers.
Integrated Circuits and High Reliability • Selection guides at the beginning of each
Devices. At the end of each section, a product section generally grouping
selection of application notes pertaining to products by major specification, fre-
the use of those products is included. quency, etc.

Also included in each section where possible Although product information and illustrations
are the equivalent circuits of each product. in these catalogs were current at the time it
These will be of use in the computer-aided was approved for printing, Hewlett-Packard,
design circuits . in a continuing effort to offer excellent
All chip, beam lead, LID and ministrip products at a fair value, reserves the right to
products are in the section Devices for Hybrid change specifications, designs, and models
Integrated Circuits, and in general, contain without notice.
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.



EXCLUSIVE REMEDIES

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

Orderlin8 InlormaClion,
How To Order Aleer
Hewlett-Packard people atthe field arranged. Terms of orders placed
office will be p leased to provide Sales with au thorized Hewlett-Packard
assistance in selecting the HP representatives or distributors
equipment most appropriate SerYI·ces are mutually determined
to your needs, and help you between the customer and
prepare your order. the representative or distributor

The information in th is catalog will, in many organization.
cases, be sufficient for you to purchase a Warranty
particular HP product. In those instances, a As an expression of confidence in our
telephone call to the HP office wi ll provide products to continue meeting the high
you with (1) informati on on product standards of reliability and performance that
availability, and (2 ) the product's price, customers have come to expect. Hewlett-
delivered to your location. Packard Microwave Semiconductor Products
We want to be sure the product delivered is carry the following warranty contained in the
the one you want. Therefore, when placing operating and service manua l provided with
your order. please specify the product's the product:
catalog part number, as we ll as the product's HP's Components are warranted against
name. Be as complete as possib le when defects in materia l and workmanship for a
ordering. period of one year from the date of shipment.
NOTE: Minimum order in USA 520. except where ca sh is rece ived HP will repair or, at its option, replace
with order. 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 d isclaims the implied
warranties of merchantability and fitness for a
particular purpose .

Terms of Sale

Inside the USA: Terms are net 30 days from
invoice date. Unless cred it with Hewlett­
Packard has already been established,
shipments will be made COD or on rece ipt 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 SA, or
Hewlett-Packard Inter-Americas, are irrevoc­
able letters of credit or cash in advance ­
unless other terms have been previously

v



vi

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 traceable 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-9B5BA MIL-I­
4520BA MIL-C-45662A and NASA 5300.4 (I.e.).

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
servlceobllltv. 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 seNice 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 seNice
program is one of the major factors in
Hewlett-Packard's reputation for integrity and
responsibility towards its customers.



Numeric Index

MicroWave GaAs FET Chip 207
Microwave GaAs FET (2N6680) HFET-1001 3
low Noise Microwave GaAs FET HFET-1001 3
low Noise Microwave GaAs FET 6
low Noise Microwave GaAs FET 9
linear Power Microwave GaAs FET Chip 210
Beam lead PIN Diode 185
Beam lead PIN Diode 185
RF PIN Diode 125
RF PIN Diode 125
Switching Schottky Diode (IN6263) 79
Zero Bias Detector Schottky Diode 5082-0013 105
Zero Bias Detector Schottky Diode 5082-0013 105
Zero Bias Detector Schottky Diode 5082-0013 105
Zero Bias Detector Schottky Diode HSCH-5017 105
Zero Bias Detector Schottky Chip 188
Zero Bias Detector Schottky Diode HSCH-5017 105
Zero Bias Detector Schottky Diode HSCH-5017 105
General Purpose Transistor Chip 195
General Purpose Transistor (2N6679) HXTR-2001 25
General Purpose Transistor HXTR-2001 27
linear Power Transistor Chip 197
linear Power Transistor Chip 199
linear Power Transistor (2N6 701) HXTR-5001 29
linear Power Transistor HXTR-5002 33
linear Power Transistor HXTR-5001 37
linear Power Transistor HXTR-5002 41
low Noise Transistor Chip 201
low Noise Transistor (2N6617) HXTR-6001 45
low Noise Transistor HXTR-6001 45
low Noise Transistor (2N6618) HXTR-6001 48
low Noise Transistor HXTR-6001 51
low Noise Transistor HXTR-2001 54
low Noise Transistor HXTR-2001 57
Mll-S-19500 /444 Schottky Diode 5082-0024 219
Mll-S-19500 /445 Schottky Diode 5082-0087 221
Mll-S-19500 /443 PIN Diode 5082-0012 223
Mll-S-19500 / 444 Schottky Diode 5082-0024 219
Mll-S-19500 /445 Schottky Diode 5082-0087 221
Mll-S-19500 /443 PI N Diode 5082-0012 223
Mll-S-19500 / 444 Schottky Diode 5082-0024 219
Mll-S-19500 / 445 Schottky Diode 5082-0087 221
Hi-Rei HFET-1102 229
Hi-Rei HFET-2201 231
Hi-Rei HFET-1102 229
Hi-Rei HFET-2201 231
High Conductance Diode (5082-1001) 84
Step Recovery Diode (5082-0253) 5082-0018 153
Step Recovery Diode (5082-0113) 153
Step Recovery Diode (5082-0114) 153
Schottky Diode (5082-2301) 79
Schottky Diode (5082-2302) 79
Schottky Diode (5082-2303) 79
H V Schottky Diode (5082-2800) 5082-0024 79
Schottky Diode (5082-2810) 5082-0087 79
Schottky Diode (5082-2811) 5082-0097 79
PIN Diode (5082-3039) 5082-0012 125

MODEL NO.

HFET-1001
HFET-1101
HFET-1102
HFET-2201
HFET-2202
HFET-5001
HPND-4001
HPND-4050
HPND-4165
HPND-4166
HSCH-1001
HSCH-3171
HSCH-3206
HSCH-3207
HSCH-3486
HSCH-5017
HSCH-5018
HSCH-5019
HXTR-2001
HXTR-2101
HXTR-2102
HXTR-5001
HXTR-5002
HXTR-5101
HXTR-5102
HXTR-5103
HXTR-5104
HXTR-6001
HXTR-6101
HXTR-6102
HXTR-6103
HXTR-6104
HXTR-6105
HXTR-6106
JAN 1N5711
JAN 1N5712
JAN 1N5719
JANTX 1N5711
JANTX 1N5712
JANTX 1N5719
JANTXV 1N5711
JANTXV 1N5712
TXVBF-1102
TXVBF-2201
TXVF-1102
TXVF-2201
1N4456
1N4547
1N5163
1N5164
1N5165
1N5166
1N5167
1N5711
1N5712
1N5713
1N5719

DESCRIPTION
GENERIC

CHIP
PAGE
NO.
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MODEL NO.
1N5767
1N6263
2N6617
2N6618
2N6679
2N6680
2N6680 TXV
2N6680 TXVB
2N6701
5082-0001
5082-0008
5082-0009
5082-0012
5082-0013
5082-0015
5082-0017
5082-0018
5082-0020
5082-0021
5082-0023
5082-0024
5082-0025
5082-0029
5082-0030
5082-0031
5082 -0032
5082-0034
5082-0039
5082-0041
5082-0047
5082-0049
5082-0057
5082-0058
5082-0087
5082-0090
5082-0094
5082-0097
5082-0105
5082-0112
5082-0113
5082-0114
5082-0132
5082-0151
5082-0153
5082-0180
5082-0241
5082-0243
5082-0253
5082-0300
5082-0303
5082-0305
5082-0306
5082-0307
5082-0308
5082-0309
5082-0310
5082-0312
5082-0313
5082-0314
5082-0316
5082-0317
5082-0318
5082-0320

GENERIC PAGE
DESCRIPTION CHIP NO.

PIN Diode (5082-3080) 5082-0025 125
Schottky Switching Diode (HSCH-1001 79
low Noise Transistor (HXTR-6101) 45
low Noise Transistor (HXTR-61 03) 48
Genera I Purpose Transistor (HXTR-21 01) 25
Microwave GaAs FET (HFET-1101) 3
High Reliability 2N6680 (TXVF-1101) 229
High Reliabil ity 2N6680 (TXVBF-1 101) 229
linear Power Transistor (HXTR-51 01) 29
High Speed Switch PIN Chip 189
Step Recovery Diode Chip 190
X-Band Schottky Detector Ch ip 188
PIN Switching Diode Chip 189
low VF Mixer IZero Bias Detector Schottky Chip 188
Step Recovery Diode Chip 190
Step Recovery Diode Chip 190
Step Recovery Diode Chip 190
Step Recovery Diode Chip 190
Step Recovery Diode Chip 190
X-Band Schottky Mixer Ch ip 188
High Voltage Switching Schottky Chip 188
AGC PIN Chip 189
KU-Band Schottky Mixer Chip 188
PIN Switching Diode Ch ip 189
low Voltage Switch Schottky Ch ip 188
Step Recovery Diode Chip 190
VHFIUHF SWitching PIN Chip 189
AGC PIN Chip 189
X-Band Schottky Mixer Ch ip 188
PIN Switching Diode Chip 189
Medium Power Switch PIN Chip 189
Schottky Diode Chip 188
Schottky Diode Chip 188
Genera l Purpose Switch Schottky Ch ip 188
Step Recovery Diode Chip 190
Schottky Diode Chip 188
General Purpose Switch Schottky Chip 188
Step Recovery Diode 5082-0018 190
Step Recovery Diode (1 N4949) 5082-0015 153
Step Recovery Diode (1N5163) 153
Step Recovery Diode (1N5164) 153
Step Recovery Diode 5082-0015 153
Step Recovery Diode 5082-0018 153
Step Recovery Diode 5082-0018 153
Step Recovery Diode 5082-0032 153
Step Recovery Diode 5082-0032 153
Step Recovery Diode 153
Step Recovery Diode (1N4547) 5082-0018 153
Step Recovery Diode 5082-0017 153
Step Recovery Diode 5082-0017 153
Step Recovery Diode 5082-0020 190
Step Recovery Diode 5082-0015 190
Step Recovery Diode 5082-0032 190
Step Recovery Diode 5082-0021 190
Step Recovery Diode 5082-0018 190
Step Recovery Diode 5082-0021 153
Step Recovery Diode 5082-0015 190
Step Recovery Diode 5082-0032 190
Step Recovery Diode 5082-0017 190
Step Recovery Diode 5082-0020 190
Step Recovery Diode 5082-0021 190
Step Recovery Diode 5082-0008 190
Step Recovery Diode 5082-0020 153



Step Recovery Diode 5082-0008 153
Step Recovery Diode 5082-0008 190
Step Recovery Diode 5082-0017 190
Silicon Double Drift CW IMPATT Diode 157
Silicon Double Drift CW IMPATT Diode 157
Silicon Double Drift CW IMPATT Diode 161
Silicon Double Drift CW IMPATT Diode. . . . . . . . . . . . . . . . . . . . . .. 161
Silicon Double Drift Pulsed IMPATT Diode 166
Silicon Double Drift Pulsed IMPATT Diode 166
Step Recovery Diode 153
Step Recovery Diode 153
Step Recovery Diode 153
Step Recovery Diode 153
Step Recovery Diode 153
Step Recovery Diode 153
Step Recovery Diode 153
Step Recovery Diode 153
Step Recovery Diode 153
Step Recovery Diode 153
Step Recovery Diode 153
Step Recovery Diode 5082-0090 153
Step Recovery Diode 5082-0090 153
Step Recovery Diode 5082-0090 153
Step Recovery Diode 5082-0090 153
Step Recovery Diode 5082-0020 153
Step Recovery Diode 5082-0020 153
Step Recovery Diode 5082-0020 153
Step Recovery Diode 5082-0008 153
Step Recovery Diode 5082-0008 153
Step Recovery Diode 5082-0008 153
Step Recovery Diode 5082-0008 153
High Conductance Diode (1 N4456) 84
High Conductance Diode 84
High Conductance Diode 84
High Conductance Diode 84
High Conductance Diode 84
Batch Matched 5082-2835 Schottky 5082-0031 79
Hermetic Stripline Schottky Diode 87
Matched pair of 5082-2200 87
Hermetic Stripline Schottky Diode 87
Matched pair of 5082-2202 87
Stripline Schottky Diode 87
Matched pair of 5082-2207 87
Stripline Schottky Diode 87
Matched pair of 5082 -2209 87
X-Band Low VF Schottky Beam Lead 176
Low VF Hermetic Stripline Schottky Quad 95
Low VF Hermetic Stripl ine Schottky Quad 95
Hermetic Stripline Schottky Ring Quad 95
Hermetic Stripline Schottky Ring Quad 95
Ku-Band Low VF Schottky Beam Lead 176
Low VF Stripline Schottky Diode Quad 95
Low VF Stripllne Schottky Diode Quad 95
Ku-Band Schottky Mixer Diode 5082-0029 97
Matched pair of 5082-2273 5082-0029 97
S-Band Stripline Schottky Ring Quad 95
C-Band Stripline Schottky Ring Quad 95
Low VF Broadband Stripline Schottky Quad 95
Low VF Broadband Stripline Schottky Quad 95
X-Band Low VF Schottky Diode 5082-0013 97
Matched pair of 5082-2285 5082-0013 97
X-Band Low VF Schottky Diode 5082-0013 97
Matched pair of 5082-2287 5082-0013 97

MODEL NO.

5082-0335
5082-0340
5082-0364
5082-0607
5082-0608
5082-0610
5082-0611
5082-0710
5082-0716
5082-0800
5082-0801
5082-0802
5082-0803
5082-0805
5082-0806
5082-0807
5082-0810
5082-0811
5082-0812
5082-0815
5082-0820
5082-0821
5082-0822
5082-0825
5082-0830
5082-0831
5082-0833
5082-0835
5082-0836
5082-0840
5082-0885
5082-1001
5082-1002
5082-1003
5082-1004
5082-1006
5082-2080
5082-2200
5082-2201
5082-2202
5082-2203
5082-2207
5082-2208
5082-2209
5082-2210
5082-2229
5082-2231
5082-2233
5082-2261
5082-2263
5082-2264
5082-2271
5082-2272
5082-2273
5082-2274
5082-2276
5082-2277
5082-2279
5082-2280
5082-2285
5082-2286
5082-2287
5082-2288

DESCRIPTION
GENERIC

CHIP
PAGE
NO.

ix



Stripline Schottky Ring Quad 95
Stripline Schottky Ring Quad . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95
Stripline Schottky Ring Quad 95
Stripline Schottky Ring Quad 95
X-Band low VF Schottky Diode 5082-0013 97
Matched pair of 5082-2295 5082-0013 97
X-Band low VF Schottky Diode 5082-0013 97
Matched pair of 5082-2297 5082-0013 97
Ku-Band low VF Schottky Beam lead 176
Schottky Barrier Diode (1N5165) 79
Schottky Barrier Diode (1N5166) 79
Schottky Barrier Diode (1 N5167) 79
Schottky Barrier Diode 79
Matched pair of 5082-2301 79
Matched pair of 5082-2303 79
Schottky Barrier Diode 97
Matched pair of 5082-2350 97
Matched Encapsulated Bridge Quad 79
Matched pa ir of 5082-2303 79
Matched Encapsulated Ring Quad 79
Schottky Barrier Diode 97
Matched pair of 5082-2400 97
Batch Matched 5082-2709 176
Batch Matched 5082-2716 176
Schottky Barrier Diode 97
Matched pair of 5082-2520 97
Schottky Barrier Diode 97
Matched pair of 5082-2565 97
X-Band Schottky Mixer Diode 5082-0023 97
X-Band Schottky Mixer Diode 5082-0023 97
X-Band Schottky Mixer Diode 5082-0023 188
Matched pair of 5082-2701 5082-0023 97
Matched pair of 5082-2702 5082-0023 97
X-Band Schottky Mixer Beam lead 176
X-Band Schottky Mixer Diode 5082-0023 188
X-Band Schottky Mixer Diode 5082-0023 97
Matched pair of 5082-2711 5082-0023 97
X-Band Schottky Mixer Diode 5082-0023 97
Matched Pair of 5082-2713 5082-0023 97
Ku-Band Schottky Mixer Beam lead 176
Ku-Band Schottky Mixer Diode 5082-0029 97
Matched pair of 5082-2721 5082-0029 97
Ku-Band Schottky Mixer Diode 5082-0029 97
Matched pair of 5082-2723 5082-0029 97
Schottky Detector Diode 109
Schottky Detector Diode 5082-0009 109
Schottky Detector Diode 5082-0009 188
Schottky Detector Diode 5082-0009 188
Schottky Detector Diode 5082-0009 109
low VF Hermetic Stripline Schottky 87
Matched pair of 5082-2765 87
Ku-Band Schottky Mixer Beam lead 176
X-Band Schottky Mixer Beam lead 176
Ku-Band Schottky Mixer Beam lead 176
low VF Stripline Schottky Diode 87
Matched pair of 5082-2774 87
Matched pair of 5082-2768 176
Matched pair of 5082-2769 176
low VF Hermetic Stripline Schottky 87
Matched pair of 5082-2785 87
Schottky Barrier Diode 109
low VF Stripline Schottky Diode 87
Matched pair of 5082-2794 87

x

MODEL NO.

5082-2291
5082-2292
5082-2293
5082-2294
5082-2295
5082-2296
5082-2297
5082-2298
5082-2299
5082-2301
5082-2302
5082-2303
5082-2305
5082-2306
5082-2308
5082-2350
5082-2351
5082-2356
5082-2370
5082-2396
5082-2400
5082-2401
5082-2509
5082-2510
5082-2520
5082-2521
5082-2565
5082-2566
5082-2701
5082-2702
5082-2705
5082-2706
5082-2707
5082-2709
5082-2710
5082-2711
5082-2712
5082-2713
5082 -2714
5082-2716
5082-2721
5082-2722
5082-2723
5082-2724
5082-2750
5082-2751
5082-2753
5082-2754
5082-2755
5082-2765
5082-2766
5082-2767
5082-2768
5082-2769
5082-2774
5082-2775
5082-2778
5082-2779
5082-2785
5082-2786
5082-2787
5082-2794
5082-2795

DESCRIPTION
GENERIC

CHIP
PAGE
NO.



MODEL NO.

5082-2800
5082-2801
5082-2802
5082 -2804
5082-2805
5082-2810
5082-2811
5082-2813
5082-2814
5082-2815
5082-2817
5082 -2818
5082-2824
5082 -2826
5082 -2830
5082 -2831
5082-2835
5082 -2836
5082-2837
5082-2844
5082-2845
5082 -2900
5082-2912
5082-2970
5082-2996
5082-2997
5082-3000
5082 -3001
5082 -3002
5082 -3005
5082-3010
5082 -3039
5082-3040
5082-3041
5082-3042
5082 -3043
5082 -3045
5082 -3046
5082 -3071
5082 -3077
5082 -3080
5082 -3081
5082 -3085
5082-3086
5082-3101
5082 -3102
5082-3140
5082-3141
5082-3168
5082 -3170
5082-3188
5082-3201
5082-3202
5082-3258
5082-3259
5082-3301
5082-3302
5082 -3303
5082 -3304
5082-3305
5082-3306
5082-3309
5082-3340

GENERIC PAGE
DESCRIPTION CHIP NO.

H V Schottky Barrier Diode (1N5711) 5082-0024 79
High Voltage Switch Schottky Diode 5082-0024 188
Hig h Voltage Switch Schottky Diode 5082 -0024 188
Matched pair of 5082-2800 Unconnected .5082-0024 79
Matched Quad 5082-2800 Unconnected . .5082-0024 79
Schottky Barrier Diode (1 N5712) 5082-0087 79
Schottky Barrier Diode (1 N5713) 5082-0097 79
Matched Bridge Quad 5082-2811 Encap. . .5082-0097 79
Matched Ring Quad 5082-2811 Encap. . 5082-0097 79
Matched Quad 5082-2811 Unconnected 5082-0097 79
Schottky Barrier Diode 5082-0097 97
Matched pair of 5082-2817 ., .. ., .. ., ., .,. .. 97
Schottky Barrier Diode ., ., ., 5082-0097 109
Batch Matched Diode 5082-2811 5082-0097 79
Monolithic Matched Schottky Diode Ring 95
low VF Monolithic Matched Sc hottky 95
low Offset Schottky Diode 5082-0031 79
Batch Matched Diode 5082-2800 5082-0024 79
Schottky Diode Beam lead 174
Schottky Barrier Diode ., ., ., 5082 -0097 188
Schottky Barrier Diode ., ., 5082 -0097 188
Schottky Barrier Diode 79
Matched pair of 5082-2900 Unc onnected 79
Matched Quad 5082-2900 Unconnected . . . . . . . . . . . . . . . . .. 79
Matched Ring Quad 5082-2900 Encap. 79
Matched Bridge Quad 5082-2900 Encap. 79
RF PIN SWitching Diode .,., . ., ., . ., ..5082-0012 ., 189
RF PIN Diode ., ., ., 5082-0012 125
RF PIN Diode .,., .,., ., . ., ., . ., . .,.,.,.,., .,5082-0012 . ., ., 125
PIN Switching Diode ., . ., .. . ., . ., ., ., ., . ., .5082-0012 ., ., . 189
High Speed Switch PIN Diode 5082-0001 189
RF PIN Diode ., . ., . .,., . ., ., . ., . ., ., . .,., ., .5082-0012 . ., ., 125
Stripl ine PIN Diode ., .,., . ., . ., . ., ., . .,., ., .5082-0012 . .,., 134
Stripl ine PIN Diode 5082 -0001 134
RF PIN Diode ., .,., .,., . ., ., ., ., .,., . ., ., ., .5082-0001 . ., ., 125
RF PIN Diode ., ., .,., ., . ., ., . ., ., . ., . ., .,., .5082-0001 . .,., 125
High Speed Switch PIN Diode 5082-0001 189
Stripline PIN Diode .,., . ., ., . ., . ., ., ., . .,., .5082-0049 . ., ., 134
Microwave limiter PIN Diode 5082 -0001 134
VHF I UHF PIN Switching Diode 5082-0012 125
HFIVHF /UHF Curr Contr Resistor (1N5767) ..5082-0025 125
HFIVHF/UHF Current Controlled Resistor 5082-0039 125
AGC PIN Diode .,., .,., ., .,5082-0025 . ., .. 189
AGC PIN Diode ., ., ., ., . ., ., .,., . ., ., . ., . .,5082-0025 .,.,. 189
RF PIN Diode ., .,., .,.,., 5082-0012 . ., . . 129
RF PIN Diode ., .. ., 5082 -0012 129
Hermetic Stripline PIN Diode 5082-0012 134
Hermetic Stripline PIN Diode 5082-0001 134
VHF I UHF Switching PIN Diode 5082-0034 125
Hermetic Stripline PIN Diode 5082-0030 134
VHF I UHF Switching PIN Diode 5082-0034 125
RF PIN Diode ., 5082-0012 . . .,. 129
RF PIN Diode ., . . ., ., 5082-0012 .,., . 129
High Speed Switch PIN Diode 5082-0001 189
PIN Switching Diode ., ., ., . ., .,., . ., .,5082-0012 ., . ., 189
RF PIN Diode . ., ., .' ., ., 5082-0030 129
RF PIN Diode ., ., . ., . . ., 5082-0030 129
RF PIN Diode . ., ., .,., ., . .,., ., ., ., .,., ., . .,5082-0030 ., ., . 129
RF PIN Diode .. .. .,., . ., . ., ., .,.,.,., ., ., . .,5082-0030 .,., . 129
High Speed Switch PIN Diode 5082-0001 129
High Speed Switch PIN Diode 5082-0001 129
PIN Switch Diode ., . .,.,.,., ., ., ., . .,5082-0030 ., .,. 189
Stripl ine PIN Diode 5082-0030 134
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GaAs Field Effect Transistor Selection Guide

LOW NOISE FETS
Chip

Part Number Equivalent 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

(2N6680)
1001 1.6 dB 11 dB 4 GHz 100A 3

1101

GENERAL PURPOSE FETS
Chip

Part Number Equivalent Typical Gain Typical P1dB Frequency Package Page
HFET- HPAC- Number

2N6680
1001 16 dB 15.5 dBm 4 GHz 100A 3

(HFET- 1101)
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HEWLETT", PACKARD

COMPONENTS

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

Features

DescriptionIApplications
The 2N6680 (HFET-1101) and the HFET-1102 are galli um
arsen ide Schottky gate fi eld effect t ransistor s in a package
suitable for na rrow band operat ions to 12 GH z. Their
superior microwave perfo rmance in noise f igure and gain
make them usefu l for appl ica t ions such as land and satell ite
commun icat ions, and radar.

2N6680 (HFET-1101) and HFET-1102 are supplied in the
HPAC-100A, a rugged metal/ceramic hermet ic package.
and are capable of meet ing the requi rements of MIL-S­
19500.

The HFET-1 102 is a low noi se and ga in select ion of the
2N6680.

Electrical specifications at TCASE = 25°C
Symbol Parameters and Test Conditions Units Min. Typ. Max.

loss Saturated Drain Current , Vos = 4.0V, VGS = OV mA 40 120

VGSP Pinch Off Voltage, Vos = 4.0V, los = 100 JlA V -1.5 -5.0

gm Transconductance, Vos = 4.0V, .1VGS = OV to -0.5V mmho 30 40

Ga(max) Maximum Available Gain vos = 4.0V, VGS = 0
f = 4 GHz dB 16

FMIN Noise Figure
2N6680: f = 4 GHz dB 1.6 2.2
HFET-1 102: 4 GHz 1.4 1.7

Ga Associated' Gain
2N6680: f = 4 GHz dB 9.5 11.0
HFET-1102: 4 GHz 11.0 12.0

vos = 3.5V, los = 15% loss (Typ. 12 mAl

PldB Power at 1 dB Compression, vos = 5.0V,
los = 50% loss f = 4 GHz dBm 15.5

Tuned for Maximum Output Power at +5 dBm Input 8 GHz 14.0

3



Recommended Maximum
Continuous Operating
Conditions [1]

1. Operat ion of th is device in excess of anyone of these conditions is likely
to result in a reduct ion in device mean time between failure ' (MTBF) to
below the design goa l of 1 x 107 hours at TCH = 150° C (assumed
Act ivation Energy = 1.6 eV). Corresponds to Maximum Ratings for
2N6680 .

2. Max imum Contin uous Forward Gate Cur rent should not exceed 2.5 mAo
3. Eljc - Thermal resistance, channel to case = 200° C/ W.

Symbol Parameter Values
Vos Drain to Source Voltage

-5 .0V :5 VGS :5 O.OV 5V
VGSl2j Gate to Source Voltage

5.0V > vos > O.OV -5V
TCHI31 Maximum Channel Temperature 175°C
TSTG Storage Temperature -65° C to

+ 175° C

6.0 8.0 10.0 14.03.0 4.02.0
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Symbol Parameter Limits
Vos Drain to Source Voltage

-10V :5 VGS :5 O.OV 11V
VGSI2j Gate to Source Vo ltage

10.0V 2: vos ;:: O.OV -10V
TCH Maximum Channe l Temperatu re 300°C
TSTG(MAX} Maximum Storage Temperature 250°C

Lead Soldering Temperaturel31250°C for 10 sec . each lead.

1. Operat ion in excess of any one of these conditions may result in
perm anent damage to this device .

2. Max imum forw ard Gate Current should not exceed 3 mAo
3. See Handling and Use Precaut ions. (page 13).

Absolute Maximum Ratings [1]
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Figure 1. Typ ica l Mason 's Ga in lUI, Ga (max),
and IS21 12 YS. Frequency at Vos = 4.0V,
los = 100% loss .

Figure 2. Typica l No ise Figure (FMIN) and
Assoc iated Ga in YS. Frequency. Vos = 3.5V ,
los = 15% loss.

Figure 3. Typical No ise Figure and Associated
Ga in YS. Drain Current (los ) at 4 GHz, VOS = 3.5V .
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Figure 4. Typ ical Output Power at 1 dB Compression
YS. Frequency. Vns = 4.0V, los = 50% l oss. Tuned for
Ma ximum Output Power at + 5 dBm Input.
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Typical s-raremeters
High Gain Bias: VOS = 4.0V, VGS = OV

Frequency, 811 821 812 822
GHz Mag Ang Mag Ang Mag Ang Mag Ang

2.0 .894 -60.6 3.122 123.6 .020 62.4 .781 -27 .6
3.0 .801 -88.9 2.863 98 .9 .025 55.8 .755 -40 .5
4.0 .720 -116 .2 2.597 75.6 .028 56.7 .732 -54.0
5.0 .662 -142 .2 2.391 53.8 .034 62.0 .723 -67 .7
6.0 .614 -167.4 2.187 32.4 .046 65.0 .716 -83.0
7.0 .588 169.3 1.985 12.1 .061 61.6 .711 -100 .1
8.0 .580 148.1 1.807 -7.2 .083 54.8 .708 -118 .2
9.0 .585 128.9 1.650 -25 .6 .103 40.4 .720 -136 .5
10.0 .593 110.9 1.535 -43 .9 .121 31.1 .744 -155 .5
11.0 .589 94.0 1.433 -62 .6 .145 17.9 .765 -174 .3
12.0 .574 76.6 1.329 -81.9 .164 2:4 .779 167.0

Linear Power Bias: VOS = 4.0V, loS = 50% losS

Frequency, 511 821 812 822
GHz Mag Ang Mag Ang Mag Ang Mag Ang

2.0 .912 -57.8 2.836 125.2 .033 56.3 .705 -29.2
3.0 .829 -87.2 2.668 99.7 .044 41.7 .662 -43.7
4.0 .750 -116 .5 2.458 74.5 .050 30.2 .632 -59 .3
5.0 .683 -144.1 2.259 51.1 .054 21.5 .610 -76 .3
6.0 .641 -171.3 2.053 28.5 .057 16.3 .572 -95 .7
7.0 .625 164.1 1.847 6.3 .061 13.6 .556 -115 .1
8.0 .621 142.7 1.664 -14 .0 .069 9.8 .554 -133.0
9.0 .626 124.9 1.510 -33 .1 .080 3.5 .589 -155 .0
10.0 .627 108.4 1.382 -51 .3 .095 -3 .7 .609 -175 .8
11.0 .615 92.4 1.257 -70 .1 .106 -14.4 .614 166 .3
12.0 .598 76.6 1.155 -88 .0 .123 -26 .1 .624 150.6

Minimum Noise Figure Bias: VOS = 3.5V, tos = 15% lOSS

Frequency, 811 521 812 822
GHz Mag Ang Mag Ang Mag Ang Mag Ang

2.0 .935 -51 .9 2.166 128.3 .045 54.6 .733 -30 .5
3.0 .862 -77 .1 2.070 104.4 .060 39.3 .697 -45.4
4.0 .792 -102.4 1.955 81 .1 .070 26.0 .659 -60 .8
5.0 .733 -127.2 1.860 58.7 .074 14.8 .630 -76 .0
6.0 .674 -152.0 1.740 36.4 .075 6.2 .600 -92 .6
7.0 .631 -175 .5 1.599 15.2 .074 1.3 .578 -110 .8
8.0 .607 162.8 1.469 -4.4 .077 .5 .565 -129 .5
9.0 .601 143.0 1.352 -23.4 .087 -6.2 .570 -148.4
10.0 .602 124.5 1.261 -41 .8 .091 -10 .3 .585 -167 .6
11.0 .594 107.3 1.180 -60 .5 .104 -16.4 .600 173.5
12.0 .575 90.0 1.101 -79.5 .119 -27 .0 .613 154 .6
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Figure 5. POISS vs. Temperatu re. Power Derating Cu rve
at VOS = 5V. Max imum power diss ipat ion is a funct ion
of dev ice los s . Beg in derat ing at PDlSS co rrespond ing to
individual dev ice loss. following a hor izontal line unt il it
inte rsects with sol id diagona l line .
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Note :
1. Op t imum Input Reflecti on Coeff icient ( f o) Output Match fo r Minimu m

No ise (I' t.l . Assoc iated No ise Figure (FMIN) and No ise Resistanc e (RN) at
vos = 3.5V. los = 15% loss.

f o f L = [5'22]"
Frequency FMIN RN

(GHz) Mag. Ang. Mag. Ang. (dB) (Ohms)

2.0 .730 60 0 .829 44 0 1.25 19.40

4.0 .618 98 0 .656 750 1.60 23.14

6.0 .575 138 0 .601 104 0 2.20 6.64

8.0 .617 -1700 .644 137 0 2.80 1.88

10.0 .610 -128 0 .693 -170 0 3.60 25.47

12.0 .660 -87 0 .749 -157 0 4.50 49 .10

Typical Noise Parameters [1]

2N6680 (HFET-1101) and HFET-1102
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DIMENSIONS IN MILLIMETERS (INCHES)

In addition , its characterist ics lend themselves to ease of
circuit design in applications such as radar and com­
municati ons equ ipment.

The HFET-2201 is packaged in the HPAC-170. The part is
capable of meeting the environmental requ irements of
MIL-S-19500 and the test requ irements of MIL-STD-7501
883.

LOW NOISE
BROADBAND

MICROWAVE GaAS FET
HEWLETTitt PACKARD

COMPONENTS

CHARACTERIZED TO 18 GHz

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 Ga(max) at 10 GHz

HIGH OUTPUT POWER
12 dBm Linear Power at 10 GHz

0.5 MICROMETER GATE

HIGH TRANSDUCER GAIN TO 18 GHz

Features

HERMETIC MICROSTRIP WIDEBAND PACKAGE

The HFET-2201 is a gall ium arsenide Schottky gate field
effect transistor. It features a rugged, hermetic, mic rostrip
compatible package that is designed for cons istent
broadband or nar row-band operation over the frequency
range of 2 GHz to 18 GHz . The device 's superior no ise and
gain performance , coupled with its wide dy namic range
capability make it ideally suited for such applications as
ECM , wideband surve illance, and warn ing systems .

Description /Applications

Electrical Specifications at TCASE=25°C

6

Symbol Parameter. and Test.Condltlons Units Min. Typ. Max.
loss Saturated Drain Current, Vos = 3.5V, VGS = OV mA 25 45 90

VGSP Pinch Off Voltage, Vos = 3.5V, los <500IlA V -0.5 -2.0 -4.0

gm Transconductance, Vos = 3.5V, AVGS = OV to -o.5V mmho 20 32 45

Ga(maxj Maximum Available Gain
vos = 3.5V, VGS = OV f= 8GHz dB 16.0

10GHz dB 14.5
12GHz dB 12.5

FMIN Minimum Noise Figu re f= 4GHz dB 1.2
vos = 3.5V, los = 15% loss (Typ. 7.5mA ) 10GHz dB 2.4 2.8

14GHz dB 3.1

Ga Associated Gain
At N.F. Bias f= 4GHz dB 14.1

10GHz dB 8.0 9.2
14GHz dB 8.0

PldB Power at 1dB Compression IIlI

Vos = 3.5V, los = 50% loss f= 10GHz dBm 12.0

(0 dBm Input Matching, Tuned for Max. Output )



1. Operatio n of this device in excess of anyone of these cond it ions is likely
to result in a reduction in device mean time betw een failu re (MTBF) to
below the design goal of 1 x 107 hou rs at TCH = 125° C (assumed
Act ivation Energy = 1.6 eV).

2. Maximu m Cont inuo us Forward Gate Cur rent shou ld not exceed 1.5 mAo
3. a je - Thermal resistance, channel to case = 230° C/W.

Symbol Parameter Values
Vos Drain to Source Voltage

-4.0V $ VGS < O.OV 4V
VGSI2j Gate to Source Voltage

4.0V 2= vos 2= O.OV -4V
TCHI3] Maximum Channel Temperature 125°C
TSTG Storage Temperature -65°C to

+125° C
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Figure 3. Typ ical Ga(max) vs. IDSas a
percentage of loss . Frequ ency = 8,
10, and 12 GHz , VDS = 3.5V.
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Absolute Maximum Ratings[1]

1. Operat ion in excess of anyone of these cond it ions may result in
permanent damage to this device .

2. Maximum forward Gate Current shou ld not exceed 2 mAo
3. See Hand l ing and Use Precauti ons. (page 13).

Symbol Parameter LImits
Vos Drain to Source Voltage

-4V $ VGS s O.OV 10V
VGS!2j Gate to Source Voltage

4V > Vos > O.OV -6V
TCH Maximum Channel Temperature 300°C
TSTG(MAX) Maximum Storage Temperature 250°C

LID and Lead Soldering Temp. 13j 250° C for 10 sec. each item .
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Fig ure 2. Typical Noise Figure (Fmin)
and Associated Gain vs. Frequency,
VDS = 3.5V, lo s = 15% los s.
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Frequency. Vos = 3.5V, VGS = O.OV.
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Typical S-Parameters Min imum Noise Figure Bias Vos = 3.5V, los = 15% loss

$11 $21 $12 $22

Freq. (GHz) Mag. Ang. (dB) Mag. Ang. (dB) Mag. Ang. Mag. Ang

2.00 0.98 -58 5.67 1.92 127 -31 .09 0.03 45 0.79 -34
3.00 0.96 -82 5.07 1.79 103 -28.37 0.04 26 0.77 -50
4.00 0.96 -106 4.52 1.68 81 -26.62 0.05 9 0.77 -66
5.00 0.92 -127 3.91 1.57 59 -25 .76 0.05 -8 0.74 -82
6.00 0.91 -146 3.28 1.46 39 -25 .39 0.05 -24 0.71 -97
7.00 0.90 -164 2.72 1.37 19 -24.99 0.06 -37 0.69 -113
8.00 0.89 -178 2.23 1.29 0 -24 .81 0.06 -49 0.68 -130
9.00 0.88 170 1.82 1.23 -17 -24.62 0.06 -62 0.67 -147
10.00 0.87 159 1.68 1.21 -34 -24 .28 0.06 -74 0.66 -162
11.00 0.86 148 1.80 1.23 -51 -24.17 0.06 -84 0.62 -175
12.00 0.84 138 2.25 1.30 -68 -23.37 0.07 -93 0.57 174
13.00 0.81 125 3.01 1.41 -88 -21.70 0.08 -106 0.49 161
14.00 0.77 108 4.04 1.59 -111 -20.34 0.10 -125 0.36 144
15.00 0.70 87 4.77 1.73 -138 -19 .12 0.11 -147 0.17 120
16.00 0.60 61 5.24 1.83 -169 -18 .28 0.12 -169 0.08 -57
17.00 0.48 30 5.01 1.78 158 -17.29 0.14 162 0.35 -95
18.00 0.36 -8 3.99 1.58 124 -17.58 0.13 130 0.60 -124

Typical S-Parameters Maximum Gain Bias Vos = 3.5V, los = 100% loss

511 521 512 522
Freq. (GHz) Mag. Ang. (dB) Mag. Ang. (dB) Mag. Ang. Mag. Ang.

2.00 0.97 -64 8.83 2.76 124 -35.40 0.02 44 0.80 -33
3.00 0.94 -91 8.03 2.52 99 -32.94 0.02 30 0.79 -49
4.00 0.93 -116 7.25 2.30 77 -31 .57 0.03 14 0.79 -64
5.00 0.90 -137 6.48 2.11 56 -30.97 0.03 0 0.76 -79
6.00 0.88 -156 5.73 1.93 36 -30.99 0.03 -12 '0.74 -95
7.00 0.86 -173 5.06 1.79 16 -30.69 0.03 -18 0.72 -110
8.00 0.85 173 4.50 1.68 -2 -30.29 0.03 -24 0.73 -126
9.00 0.84 161 4.03 1.59 -19 -30.15 0.03 -30 0.72 -143
10.00 0.83 151 3.90 1.57 -35 -28.93 0.04 -35 0.72 -158
11.00 0.80 140 3.98 1.58 -52 -28.16 0.04 -41 0.69 -170
12.00 0.78 129 4.39 1.66 -69 -26 .36 0.05 -47 0.65 179
13.00 0.75 116 5.15 1.81 -88 -24 .15 0.06 -57 0.61 168
14.00 0.72 99 6.29 2.06 -110 -21.76 0.08 -73 0.55 151
15.00 0.70 76 7.41 2.35 -135 -19.29 0.10 -95 0.43 125
16.00 0.67 45 8.39 2.63 -167 -17.50 0.13 -121 0.25 79
17.00 0.65 4 8.65 2.71 156 -15.79 0.16 -151 0.23 -23
18.00 0.62 -42 7.83 2.46 116 -14.78 0.18 169 0.55 -89

Mounting Instructions

8

Typical Noise Parameters [1]

f a f L = [822 ].
Frequency FM1N RN

(GHz) Mag. Ang. Mag. Ang. (dB) (Ohms)

4.0 .847 92 .556 76.8 1.12 47

6.0 .779 142 .650 112.4 1.7 14

8.0 .789 168 .572 143.7 2.0 2

10.0 .814 -172 .530 172.5 2.4 8

12.0 .645 -153 .479 -165 .7 2.7 1: 30

14.0 .600 -114 .255 -117 3.1 43

18.0 .329 -36 .668 126.5 3.4 -

Note :
1. Opti m u m Input Refl ection Coeffi c ie nt ( 1'0) , Output Match fo r M in im u m

Nois e (I'll , Assoc iated Noise Fi g ure (FMINI an d N o ise Resis tan c e (R N) at
VDS = 3.5V , IDS = 15% loss.

THE USE OF CONVENTIONAL LEAD ·T IN"SOLDER IS RECOMMENDED
FOR PACKAGE MOUNTING. CARE SHOULD BE TA KEN TO INSURE
GOOD SOLDER WETTING TO MINIMIZE SOURCE INDUCTANCE AND
THERMA L RESISTANCE.

TOP VI EW

CIRCUIT

MICROSTRIP LINE

For more information on mounting the HPAC-170
see App licat ion Bulletin 24, pg. 16.
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DURCE
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MICROWAVE
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(.042 ±0.01)

I 0.1 (0.004)

1
TYP.

_ 1:::1 =~~=====:Ji-1
t

HEWLETT", PACKARD

COMPONENTS

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 Ga 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

The HFET-2202 is a gall ium arsenide Schottky gate field
effect transistor. It features a rugged , hermetic package that
is designed for consistent operation over the frequency
range of 2 GHz to 12 GHz . The dev ice 's superior no ise and
gain performance, coupled with its wide dynamic range
capabil ity , make it ideall y su ited for such applicat ions as
land and sate ll ite commun icat ions and radar.

The HFET-2202 is packaged in the HPAC-100A. The part is
capable of meet ing the env ironmental requ irements of MIL ­
S-19500 and the test req uirements of MIL-STD -750/883.

Description /Applications

Features

Electrical Specifications at TeAsE =25°C
Symbol Parameters and Test Conditions Units Min. Typ. Max.

loss Saturated Dra in Current, Vos = 3.5V, VGS = OV mA 25 45 90

VGSP Pinch Off Voltage, vos = 3.5V, los <500 p.A V -0.5 -2.0 -4.0

gm Transconductance, Vos = 3.5V. i.iVGS = OV to -0.5V mmho 20 32 45

Ga(max) Max imum Available Gain
Vos = 3.5V. VGS = OV 1=6 GHz dB 16.0

8 GHz 13.0

FMIN Minimum Noise Figure 1=4 GHz 1.1 1.4
VOS = 3.5V, los = 15% loss (Typ. 7.5 mA l 6 GHz dB 1.4

8 GHz 1.9

Ga Associated Gain at N.F. Bias 1=4 GHz 12.0 13.6
6 GHz dB 11.3
8 GHz 9.6

Pl dB Power at 1 dB Gain Compression 1=4 GHz dBm 14.5

GldB Associated 1 dB Compressed Gain 1=4 GHz dB 13.3
vos = 4.0V, los = 50% loss
(0 dBm Input Matching, Tuned lor Maximum Output )

9



Recommended Maximum
Continuous Operating
conotnons"

Notes:
1. Operat ion of th is dev ice in excess of anyone of these cond it ions

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 Activat ion Energy = 1.6 eV).

2. Maximum continuous forward gate cur rent should not exceed
1.5 mA.

3. 8 jc - Thermal resistance, channel to case = 260° C/W .

Symbol Parameter Values

Vos Drain to Source Voltage,
-4 V ::; VGs ::; OV 4V

VGSl21 Gate to Source Voltage
4V ?: Vos ?: OV -4V

TCHI31 Maximum Channel Temperature 125°C

TSTG Storage 1~mpe rat u re -65° C to + 125° C

3.0

2.0 ~
:>
Cl
;.:

1.0 III
sz12108642

i""--
I ....

'"
"' ASSOCIATED GAIN

1
....1'..

1
I'.

1..... "'-

,.~
I ,

FM1N ,
... .f-

I

9

8

7

8

15

14

13

12

Symbol Parameter Limits

Vos Drain to Source Voltage
-4V::; VGs::; OV 10V

VGS l21 Gate to Source Voltage e,
4V?: vos ?: OV , -6V

TCH Maximum Channel Temperature 300°C

TSTG(max) Maximum Storage Temperature 250°C

Lead Soldering Temperature!31250°C for 10 sec. each lead.

Absolute Maximum Ratings ll
]

Notes:
1. Operation in excess of anyone of these cond itions may result in

permanent damage to this device.
2. Maximum forward gate current should not exceed 2 mA o
3. See Handling and Use Precaut ions (page 13).
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Figure 1. Typ ica l Associated Gain and No ise Figure
(FMIN) vs. los as a percentage of loss when tuned for
min imum no ise figure. Frequency from 4 GHz to 8 GHz ,
vo s = 3.5V.

Figure 2. Typ ical No ise Figure (FMIN) and Associated
Gain vs. Frequency. Vos = 3.5V, los = 15% loss.

10

goo

0°

·90°

Figure 3. Typical 1'0 in the 4 to 10 GHz range for
Vos = 3.5V, los = 15% loss . (1'0 = Input Match for
Minimum No ise ).

TABLE I. HFET-2202 Typical Noise Parameters 111

Frequency 1'0 rL = [S'22]* FM1N (dB) RN (n)

4 GHz .75 L 86° .74 L 70° 1.1 45

6 GHz .63 L 119° .65 L 93° 1.4 21
8 GHz .62 L 161° .64 L 124° 1.9 7

10 GHz .62 L - 168° .65 L 159° 2.5 4

Note :
1. Opt imum Input Reflec tio n Coe ff ic ient 11'0 I,Output Match fo r

Minimum No ise I I' ll , Associated Noise Figu re IFMINI and
No ise Resistance (RNI at Vos = 3.5V, los = 15% loss.
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Figure 4. Typ ical PldB Linear Powe r and Assoc iated
1dB Compressed Gain vs. Freq uency at Vns = 4.0V, lo s
= 50% loss.

Figu re 6. Typical Ga(max) vs. lo s as a percentage of
lo ss . Frequency = 8 GHz. Vos = 3.5V.

Figure 7. POISS vs. Temperature, Power Derati ng Cu rve
at Vns = 4V. Maximum power dissipation is a funct ion
of device loss. Beg in derat ing at POISS co rresponding to
indi vidual device loss, following a horizontal line until it
intersects with the so lid diagonal line.
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Typical 5-Parameters
MINIMUM NOISE FIGURE BIAS VOS = 3.5V , l os = 15% loss

$11 $21 $12 $22

Freq. (GHz) Mag. Ang. (dB) Mag. l Ang. (dB) Mag. Ang. Mag. Ang.

2.0 0.98 -44 5.23 1.83 138 -29 .6 0.03 58 0.80 -24
3.0 0.93 -66 5.02 1.78 118 -26.6 0.05 43 0.77 -37
3.5 0.91 -77 4.94 1.77 108 -25 .5 0.05 36 0.76 -44
3.6 0.91 -79 4.96 1.77 106 -25 .2 0.06 35 0.75 -46
3.7 0.90 -81 4.95 1.77 104 -25 .2 0.06 34 0.75 -47
3.8 0.90 -83 4.88 1.75 102 -25.0 0.06 32 0.74 -49
3.9 0.89 -85 4.87 1.75 100 -24. 7 0.06 30 0.74 -50
4.0 0.89 -88 4.88 1.75 98 -24 .6 0.06 29 0.74 -52
4.1 0.89 -91 4.88 1.75 96 -24.6 0.06 28 0.74 -52
4.2 0.89 -92 4.80 1.74 94 -24 .4 0.06 27 0.73 -53
4.3 0.88 -95 4.78 1.73 91 -24.3 0.06 25 0.73 -55
4.4 0.88 -97 4.81 1.74 89 -24.2 0.06 24 0.73 -56
4.5 0 .87 -99 4.77 1.73 88 -24 .1 0.06 23 0.73 -58
5.0 0.86 -109 4.63 1.71 77 -23 .5 0.07 15 0.71 -65
6.0 0.83 -130 4.40 1.66 57 -23 .1 0.07 2 0.69 -81
7.0 0.78 -150 3.87 1.56 37 -23 .1 0.07 -9 0.66 -97
8.0 0.74 -169 3.32 1.47 19 -23 .2 0.07 -18 0.63 - 114
9.0 0.73 174 2.80 1.38 1 -23 .6 0.07 -24 0.61 -132
10.0 0.72 157 2.38 1.32 -16 -23 .6 0.07 -29 0.61 -151
11.0 0.71 142 1.93 1.25 -34 -22.2 0.08 -34 0.62 -168
12.0 0.67 126 1.44 1.18 -52 -2':Hl 0.07 -38 0.62 175

HIGH GAIN BIAS VOS = 3.5V , VGS = OV

$11 $21 $12 $22

Freq. (GHz) Mag. Ang. (dB) Mag. Ang. (dB) Mag. Ang. Mag. Ang.

2.0 0.96 -51 8.72 2.73 134 -34.4 0.02 61 0.79 -23
3.0 0.89 -75 8.27 2.59 113 -31 .7 0.03 49 0.76 -35
3.5 0.87 -87 8.07 2.53 103 -31 .1 0.03 43 0.76 -41
3.6 0.86 -89 8.04 2.52 101 -30.8 0.03 43 0.75 -43
3.7 0.86 -92 8.0 1 2.52 99 -30 .7 0.03 43 0.75 -44
3.8 0.85 -94 7.92 2.49 97 -30.5 0.03 41 0.74 -46
3.9 0.84 -97 7.89 2.48 94 -30.5 0.03 40 0.74 -47
4.0 0.84 -99 7.85 2.47 93 -30.5 0.03 40 0.74 -48
4.1 0.84 -102 7.83 2.46 91 -30.5 0.03 38 0.74 -49
4.2 0.84 -104 7.74 2.44 88 -30 .2 0.03 38 0.74 -50
4.3 0.83 -107 7.69 2.43 86 -29 .9 0.03 36 0.74 -51
4.4 0.82 -109 7.69 2.43 84 -29.9 0.03 36 0.73 -52
4.5 0.82 -111 7.64 2.41 82 -29 .9 0.03 35 0.73 -54
5.0 0.80 -122 7.35 2.34 72 -29.4 0.03 31 0.72 -61
6.0 0.76 -143 6.90 2.21 52 -29 .1 0.04 29 0.71 -75
7.0 0.72 -164 6.21 2.04 33 -28.4 0.04 27 0.68 -91
8.0 0.68 178 5.51 1.88 15 -27 .1 0.04 27 0.67 -107
9.0 0.68 159 4.91 1.76 -3 -25 .7 0.05 25 0.65 -124
10.0 0.67 143 4.36 1.65 -20 -23 .9 0.06 20 0.66 -142
11.0 0.65 128 3.83 1.55 -37 -21.6 0.08 4 0.67 -160
12.0 0.62 112 3.24 1.45 -55 -21.1 0.09 1 0.68 -176

LINEAR POWER BIAS VOS = 4.0V, los = 50% loss

$11 $ 21 $12 $22
Freq. (GHz) Mag. Ang. (dB) Mag. Ang. (dB) Mag. Ang. Mag. Ang.

2.0 0.97 -47 7.78 2.45 136 -32 .8 0.02 61 0.78 -23
3.0 0.91 -71 7.42 2.35 115 -30 .2 0.03 47 0.75 -35
3.5 0.88 -82 7.27 2.31 105 -29 .1 0.04 41 0.74 -42
3.6 0.88 -85 7.26 2.31 103 -28 .9 0.04 40 0.73 -44
3.7 0.87 -87 7.23 2.30 101 -28 .9 0.04 39 0.73 -45
3.8 0.87 -89 7.16 2.28 99 -28.6 0.04 37 0.73 -47
3.9 0.86 -92 7.13 2.27 97 -28 .6 0.04 36 0.73 -48
4.0 0.86 -94 7.12 2.27 95 -28.4 0.04 36 0.72 -49
4.1 0.86 -96 7.10 2.26 93 -28.4 0.04 35 0.72 -49
4.2 0.86 -99 7.02 2.24 91 -28 .2 0.04 34 0.72 -51
4.3 0.85 -10 1 6.98 2.23 89 -28.0 0.04 33 0.72 -52
4.4 0.85 -103 6.98 2.23 87 -28 .0 0.04 32 0.72 -53
4.5 0.84 -105 6.94 2.22 85 -28.0 0.04 31 0.72 -55
5.0 0.83 -116 6.72 2.17 75 -27.5 0.04 24 0.70 -62
6.0 0.79 -137 6.34 2.08 55 -27 .3 0.04 19 0.68 -76
7.0 0.74 -158 5.72 1.93 35 -26 .9 0.05 14 0.66 -92
8.0 0.70 -176 5.08 1.79 17 -26.4 0.05 11 0.64 -108
9.0 0.69 166 4.52 1.68 -1 -25 .7 0.05 10 0.62 -126

10.0 0.68 150 4.02 1.59 -18 -24.3 0.06 7 0.63 -144
11.0 0.67 135 3.53 1.50 -35 -22.3 0.08 -6 0.64 -161
12.0 0.63 119 2.96 1.41 -53 -2 1.9 0.08 -9 0.65 -178



Handling And use Precautions
The GaAs FETs are subject to damage caused by switch­
ing transients and stat ic discharge, and must be handled
with cauti on . Hewlett-Packard recommends the following
precaut ions.

1. Assembly and test personnel , as well as tweezers or any
other pick-up tool , should be grounded to the test or
assemb ly stat ion , preventing the build-up of static
charge wh ich can damage the gate area if the charge is
allowed to pass through it. During the package
mounting proced ure, insure assembly equ ipment is
adequately grounded. .

Stat ic discharge during handling , testing , and
assembly can induce increased reverse gate leakage of
a resist ive nature.

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

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

2. 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.

3. Inductive pickup from large transformers, switching
power supplies, inductive ovens , etc., must also be
eliminated. Use shielded signal and power cables.

4. Assembly equ ipment (i.e., soldering irons) must be
adequately grounded.

5. 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.

13
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Selecting a Design Medium for the
HFET-2201 GaAs Field Effect Transistor

INTRODUCTION

DIM ENSIONS IN MILLIMETERS (INCHES)

SOURCE

GATE

zi

Figure 1. HPAC-170 Package Outline.

_ 4.5 (0.18)_ 1.--- 4.57 (0.1801_ \
TYP. I 4.20 (0.165)

Ls:::::s
r-

.6 TYP.
(.024)

The Hewlett-Packard HFET-2201 is a low no ise,
broadband Ga ll iu m Arsenide Field Effect Trans istor. The
package, HPAC-17 0 (Fig. 1), was designed to enha nce the
RF cha racterist ics of the chip and thereby offers
broadband capability in the 2 to 18 GHz range. This is
accomplished by lowering the parasit ic capacitance along
with the source inductance with in the package. (Parasit ic
capa citance and source inductance both tend to degrade
perfo rmance ).

Th is bu lle t in repor ts th e resul ts of mount ing the HFET­
2201 in two differen t mic ros tr ip env ironments: RT/
Durold !" l and Alumina. In both cases the HFET-2201
was first measured for S-Parameters, using a specially
des igned test fix ture whic h is const ruc ted for min imum
loss. Then the dev ice was mounted on a son mic rost rip
line , and aga in meas ure d for S-Parameters. All the S­
Parameter measurements were made on the Hewlett­
Packard 85428 Automat ic Network Analyzer.

16
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0.10 (.004)

1
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LEAD

CARRIER PLATE (KOVAR)

Figure 3c. Alumina Test Circuit and Housing.

Figure 3b. Kovar Circuit Carrier.

DIMENSIONS IN MILLI METERS (l NCHESI

Figure 3a. Cross-Sectional Drawing of Alumina Mounting.

CONCLUSION

Mou nt ing the HFET-2201 on alum ina will resu lt in less loss
(S21and S12) at frequenc ies greater than 8 GHz. The use of
Duroid , especially above 8 GHz, results in greater losses .

REFERENCES

1. RT/ Duroi d manu factu red by Rogers Co rp ., Chand ler ,
Ar izona.

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

3. Sealectro Corp., Mamaroneck, New York.

T
CERAMIC RING 0.38 (.015)

..L

0.10 (.004)

-l
LEAD

1
T

SOLDER WELD 0.25 (.010)

DUROID

Figure 2a. Cross Sectional Drawing of Durold Mounting.

ALUMINA

Figure 2b. Durold Test Circuit and Housing.

Fifty ohm li nes were etched on 0.031" RT/ Duroi d board (fr
= 2.25 ). The board was mounted in a "Modpak" [2) box
#7011, 34.13mm (1.344 inches) x 34.13mm (1.344 inches)
(See Figu re 2a and photo 2b ). A hole, 4.57mm (.180
in ches) x 3.05mm (.120 inches), was cut in the electr ical
cente r of the 50n line, fo r device placement. Solde r used
was lead/ti n (36% Pb, 60% Sn, 4% Ag ). SMA co nnectors
were OSM #220.

To dampen mod ing effects, "Poly- l ron " str ips were placed
parallel to the device on each side , and on the inside top
cover.

S-Parameters for the dev ice , measured in the test fi xture
and mo unted on Duro id are shown in Figu res 4,5,6, and 7.

Th e alum ina subs trates were 2.54m m (.100 inches) x
5.97m m (.235 inches) x .64mm (.025 inches) with a 50n
line on eac h. Substrates and dev ice were mounted on a
car rier (see Figures 3a and 3b ) The substrates were die
attached to the car rier wh ile the device was silver
(conduct ive) epoxy bonded. Ribbon bond ing was used to
attach the device leads to the 50n lines. The car rier , with
device and substrates, was placed inside an amplif ier
hou sin g (photo Figure 3c ). The SMA co nnecto rs used
were the fl ange type from Sealectro l3 ] (#50-645-4545-31).

Resu lts of the S-Pa rameter measurements on the dev ice
are shown in Figures 8, 9, 10, and 11.



A Comparison of the S-Parameters of the HFET-2201 Mounted
In a Fixture and on Duroid Circuit

Figure 6. Reverse Transmission Coefficient, 15211 VB. Frequency.
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Figure 7. Output Reflecllon Coefficient, 15221 vs. Frequency.
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A Comparison of the S-Parameters of the HFET-2201 Mounted
In a Fixture and on Alumina Circuit
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A 6 GHz Amplifier Using the 2N6680 HFET-1101 GaAs FET
(Port ion of Applicat ion Note 970)
INTRODUCTION

HEWLETT", PACKARD

COMPONENTS

. 100 II"sI Sin~
+ ) 0--:=---,-_

1 + Ws 12 - 2 II 'S I Cos~

I 'S I"L N.F. Ga Input Output
Mag /Ang Mag /Ang IdBI IdB] SWR SWR

1"0 - 0.542/ 141° 0575/ 104° 2.90 9 33 382:1 1.00:1

0.572/152° 0.6011105° 2.97 1004 2.91 :1 1.00:1

06 14/160° 0627/ 106° 31 4 10.55 2.28:1 1.00:1

0678/ 169° 0667/ 105° 357 11.10 1.61:1 1.001

I 'MS - 0.762/177" 0718/ 104° 4.44 11.38 1001 1.00:1

With the cho ice of l 's and rL discussed above , it is now
poss ible to synthesize the input and outp ut match ing
networks.

1. The impedance Zs. correspond ing to I's = 0.614/160°
is:

Even at th is comprom ise bias po int, the in put match ing
network has four performance trade-offs that can be
juggled . They are :' no ise fi gure; availab le power gain ;
power output; and input SWR.

Since most low no ise recei vers work in a sma ll signa l
env ironment, the des ig n eng inee r is typ ica lly concerned
with comprom ising gain and input SWR for no ise figu re.
Moving from 1'0 toward rMS along a st raight li ne, input
SWR improves to 1.0:1 at rM S, assum ing the output to be
con jugately matched. At the same time , no ise fig ure and
available gain are increasing . Table I shows correspond­
ing values for noi se, gain and input SWR.

TABLE I

INPUT MATCHING NETWORK

(1 - II"s12) 50
Zs =-------~

1 + II"s l2 - 2 I rs l Co s~

Zs = 12.31 + j8 .30

1
2. Ys = - = 0.05 6 - jO.038

Zs

3. An open circuited stub looks like a shunt admittance
Y = jYo tan f3Q.Therefor e, an open circu ited stub that is
three-eights wavelength long looks like a shunt
inductor of adm ittance -j Yo . Hence:

1 1
z, = -;- = r [ ] = 26.55!l

'y o m Ys

From Table I, a very good compromise input match
cond it ion is I's = 0.61 4/160° and the corresponding
output conjugate match cond it ion is I't,=0.627.106° . In
comparison to the mi nimum no ise matc h condit ions the
no ise figure is increased by 0.24 dB but the associ ated
gain is increased by 1.22 cs and th e input, SWR is
improved by 40% to 2.28 :1.

APPLICATIONS FOR
MICROWAVE GaAs FETS

Power Parameters @
PTUNE = 5 dBm

Pl dB = 15.5 dBm
Gp = 8.2 dB
rps = 0.729 /166°
r PL = 0.489/101 °

K = 1.504
Ga I rnax.) = 11.38 dB

rMS = 0.762 /177.3°
rML = 0.718/103.9°

Gain Parameters

Noise Parameters

F MIN = 2.9 dB
Rn = 9.42 ohms
1'0 = 0.542/141 °
rL = 0.575/104.5°

Scattering Parameters

S 11 = 0.641 / -171.3°
S12 = 0.057 /16 .3°

S21 = 2.058/28.5°
S22 = 0.572/ -95 ,70

The Hewlett-Packard 2N6680 (HFET-1101) is a device
designed for good no ise , gain and power output
characteristics when used as an amplifier. The purpose of
th is application note is to high ligh t some of the des ign
tradeoffs when using a GaAs FET. The example is an
ampl ifier for use in the 5.9 to 6.4 GHz telecommunications
band. ' The amplifier's performance over th is band is
excellent, with a max imum noise f igure of 3.3 dB, a
minimum associated gain of 10.9 dB , a fla tness of ±OA dB
and a 9.5 dBm min imum 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 f irst cho ice fac ing a des igner is biasing . In
comparison to si licon bipolars, GaAs FETs requi re more
current at a lower voltage, with the net result being about
the same power dissipat ion . Power supply requi rements
should reflect th is cha rac terist ic .

With any sing le stage amplifier design , there are three
performance parameters that req uire diff erent opt imum
bias settings.

They are:

1. Min imum noi se f igure
Vos = 3.5 Volts , los = 15% loss

2. Linear power output
Vos = 4.0 Volts , los = 50% loss

3. Max imum Gain
Vos = 4.0 Volts , los = 100 % lo ss

For the three crit ical bias sett ings above, the inpu t and
output match ing data are avai lab le fr om the scatter tnp tu,
noisel2J, power(2)and gain (3 ) parameters. The linear power
bias point of Vos = 4.0 Volts and los = 50 % loss provides a
good compromise between minimum no ise f igure and
max imum gain . At th is bias po in t the scattering , no ise,
power and ga in parameters can be measured by var ious
known techn iq uesv" Typica l parameters at 6 GHz for the
2N6680 are :
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5 .9 to 6.4 GHz band . Figures 1,2,3, 4 and 5 show the room
temperature performance.

Figu re 3. Input-Output SWR Performa nce.

Figure 1. Gain Performance.

Figure 2. No ise Perfo rmance .

50~ !

e
N

55 .69 !!

~ '" 1.25 em

{ = 1.25 em

z~= 29 .92 ! !

E, = 1

50 ~ !

E, = 1

Z' =o 50 [R
e

1[y
s
]1= 29.92£2

completes the input match ing network .

Measured Computer
Parameter Performance Simulation

Gain 11.50 dB 10.55 dB

Input SWR 2.67 :1 2.28:1

Output SWR 1.90 :1 1.00 :1

= Isolation -23 dB -20.60 dB

Noise Figure 3.27 dB 3.14 dB

PERFORMANCE

4. Since the load imp edance is 50n , a quarter-wa ve
transformer of charact er ist ic impedance:

z, = \ / 50 ~_1_] = 65.69£2V LRe Y L

An ampl if ier was co nstructed using the des ign derived
above. A comparison of the computer simulat ion with
measured amplifier perfo rmance at 6 GHz is shown below.

OUTPUT MATCHING NETWORK

1. Th e impedance ZL, co rresponding to I'L = 0.627/ 106°
is:

11 - II' L I2) 50 . 100 1l'L I Sin&
Z L = + ) ---,---,-:---,--:==-----,-

1 + II' L I2 - 2 II"L I Cas~ 1 + II' L I2 - 2 II' L I Cas~

ZL = 17.45 + j34.66

The per formance of the amp lif ier was measur ed over the

completes the output matchi ng network .

4. Since the driving source im pedance is 50n , a quarter­
wave transformer of charac ter ist ic impedance

1 .
2. Y L = - = 0.012 - 10.023

ZL

3. The output matching networ k is similar to the input
matching network . An open circuited stub that is three­
eighths wave leng th long looks lik e a shu nt inductor of
adm ittance -j Va . Hence:

1 1
Z = - =--- = 43.4 5£2

a Yo I rn [YL]



Q, = HFET·l 101
CA = 1.000 pF. HI GH 0

JOHANS ON
50S410 102M8

01 '" HFET· l 10 1
CA =: 1,000 pF, HI GH a

JOHANSON
50S410 102MB

,.....-----.__Jl rc::::J--7
OUTPUT

,.....-----.__J I rc::::J--7
OUTPUT

R, = 38.3K n. 1/4 WATT
R, = lOOK ll. iw. POTENTI OMETER
R3= 5K p.. i w , POTE NTI OMETER
R4= lK n, 1/4 WATT
Rs = 10K P.. l /4WATT
R6 = 1 MEG ll. l /4 WATT
C, = 0.005 p F. 250V. OISC

0 , = 2N2904

Rs

-5 VOLTS DC

R,

+10 VO LTS OC

CA>--D-l~-
INPUT

CA>--D-l ' -----'.-----
INPUT

c,

R, = R, = 5K ll. 1 WATT POTENTIOM ETER

The qu iescent po int is co nt ro lled by R1 a nd R2. R1 is ad­
justed t o pr ov ide t he proper VOS and R2 is adj usted to
supply t he co rrect d rai n cur rent (lOS).

Schematic I Complete Amplifier

The q uiescent po int is controlled by R2 and R3. R2 is ad­
jus ted to provide the proper VOS and R3 is ad justed to
supp ly th e co rrec t dr ain current (lOS ).

REFERENCES

Schematic IT Complete Amplifier

1. 2N6680 (HFET-1101 ), Microwave GaAs FET data sheet.
(Publication No. 5952-9889 ).

2. Hewlett-Packard Application Bulletin 19, "Noise and
Power Parameters for the HFET-1101 ".

3. . Hewlett-Packard Application Note 95-1 , "S-Parameter
Techniques for Faster, More Accurate Network
Design " , September 1968.

4. Hewlett-Packard Appl icat ion Bulletin 10, "Transistor

Noise Figure Measurements". Publication 5952-9846.
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Figure 5. Wideband Gain Performance.
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CONSTRUCTION

The board material is 0.031" RT/Duroid 120-061 (D5880)
(Manufactured by Roger Corp. in Chandler, ;"Z), with 1oz.
copper clad on two sides. The relative dielectric constant
( Er) 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 transit ion interact ions the shunt stubs were
balanced along the ser ies transm ission lines. The bias
network is fed at the quarter-wavelength point of a half­
wavelength open circu ited stub.

Two different types of biasing networks were used with
the same result. A schemat ic of the complete ampl ifier and
biasing circuit can be seen in the diagram that follows. The
differences between the bias ing networks are:

1. Schemat ic I is an active network wh ich requires a dual
polarity supply with an active pu lse recovery loop.

2. Schematic II is a self-biasing network wh ich requ ires a
very good source by-passing capacitor. It has a lower
component count wit h a sing le supply requirement. It
is , however, more subject to osc illat ions.
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Silicon Bipolar Transistor Selection Guide

LOW NOISE TRANSISTORS
Chip

Part Number Typical Typical Frequency Package Equivalent Page
HXTR- Noise Figure Associated Gain HPAC- HXTR- Number

6101 (2N6617) 2.8 dB 9.0 dB 4 GHz 70 GT 6001 45

6102 2.5 dB 9.0 dB 4 GHz 70 GT 6001 45

6103 (2N6618) 1.8 dB 12.0 dB 2 GHz 100 6001 48

6104 1.4 dB 14.0 dB 1.5 GHz 100 6001 51

6105 3.8 dB 9.0 dB 4 GHz 100 2001 54

6106 2.5 dB 11.5 dB 2 GHz 70 GT 2001 57

GENERAL PURPOSE TRANSISTORS
Chip

Part Number Typical Gain Typical P1dB 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 P1dB Typical Gain Frequency Package Equivalent Page
HXTR- HPAC- HXTR- Number

5101 (2N6701) 22.0 dBm 7.5 dB 4 GHz 100 5001 29

5102 27.5 dBm 7.0 dB 4 GHz 200 GB/GT 5002 33

5103 23.0 dBm 11.0 dB 2 GHz 200 5001 37

5104 29.0 dBm 9.0 dB 2 GHz 200 5002 41

Hewlett-Packard also supplies microwave bipolar trans istors from the 35800 ser ies fo r use in exist ing systems. Designers
select ing transistors for use in new des igns are encouraged to consider the superior per fo rmance of the HXTR ser ies of
dev ices availab le fr om Hew lett-Packard .
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GENERAL PURPOSE
TRANSISTOR

.--------------------8

WIDE DYNAMIC RANGE

HEWLETT;; PACKARD

COMPONENTS

HIGH GAIN

10.5 dB Typical at 4 GHz

RUGGED HERMETIC PACKAGE

The 2N6679 (HXTR-2101) is an NPN bipolar transistor
designed for high gain and outp ut power at 4 GHz. The
dev ice ut il izes ion implantati on techn iques and Ti / PtiAu
meta ll izat ion in its man ufac ture . The ch ip is provided with a
dielectric scratc h protect ion over its act ive area.

The 2N6679 is suppl ied in the HPAC-100, a rugged
meta l/ceramic hermetic package , and is capable of meet ing
the env iro nmenta l requirements of MIL-S- 19500 and the
test requ irements of MIL-STD-750/883 .

Description

Features

Electrical specifications at TCASE = 2SoC

Symbol Parametersand Test Conditions
MIL-STD-750

Units Min. Typ. Max.
Test Method

BVCES Collector-Emitter Breakdown Voltage IC=100pA 3011.1* V 30

ICEO Collector-Emitter Leakage Current at VCE=15V 3041.1 nA 500

ICBO Collector Cutoff Current at VCB =15V 3036.1 nA 100

hFE Forward Current Transfer Ratio VCE=15V, Ic;15mA 3076.1 * - 50 120 220

GT Tuned Gain dB 9.0 10.5

P'dB Power Output at 1 dB Compression dBm 18.5

Bias Conditions for Above:
VCE=15V, Ic=25mA, Frequency = 4 GHz

*300 J.lS wide pu lse measu rement <;; 2% du ty cycle.
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S11 S21 S12 S22

• Freq. (MHz) Mag. Ang. (dB) Mag. Ang . (dB) Mag. Ang . Mag. Ang.

100 0.59 -66 30.8 34.6 146 -40.0 0.01 69 0.86 - 18
500 0.58 -150 22.1 12.7 96 -33.2 0.02 44 0.51 -27
1000 0.59 -175 16.7 6.86 78 -30.5 0.03 51 0.44 -32
1500 0.59 173 13.3 4.61 64 -28.0 0.04 55 0.45 -39
2000 0.60 162 11.0 3.53 53 -25.7 0.05 55 0.44 -49
2500 0.61 156 8.9 2.79 43 -24.2 0.06 55 0.47 -60
3000 0.62 146 7.3 2.32 33 -22.6 0.07 56 0.48 -67
3500 0.63 139 5.9 1.96 22 -21 .2 0.09 53 0.52 -79
4000 0.62 131 4.8 1.73 11 -19.7 0.10 50 0.55 -84
4500 0.61 123 3.5 1.50 1 -18.8 0.12 48 0.59 -93
5000 0.60 116 2.6 1.35 -9 -17.0 0.14 44 0.65 -102
5500 0.62 109 1.8 1.23 -19 -15.9 0.16 36 0.66 -113
6000 0.62 103 0.9 1.11 -28 -15.6 0.17 32 0.66 -123
6500 0.62 93 0.0 1.02 -37 -13.7 0.20 28 0.67 -131

10 15 20 25 30 36 40

- _. I - - ...- --~

- rrf- ._ - --
VeE · 15V

y;: I - -
VeE · 5V

~
--- -

"-~

- 1 I-
V \ VCE. ~v

1

~

COLLEC TOR CURRENT (mA)

Figure 3. Typical IS21EI2 vs. Bias at
4 GHz.

'Operation in excess of any one of these conditi ons may result in
perm anent damage to this device.

Absolute Maximum Ratings*
Symbol Parameter Limit

VCBO Collector to Base Voltage 30V
VCEO Collector to Emitte r Voltage 20V

VEBO Emitter to Base Voltage 1.5V
Ic DC Collector Curren t 70 mA
PT Total Device Diss ipation 900 mW
TJ Junction Temperature 300°C
TSTGiMAX) Max imum Storage Temperature 250°C
- Lead Temperature

(Soldering 10 seconds each lead ) +250° C

COLLECTOR CURRENT (mAl

Fig ure 2. Typ ical Power Output at
1 dB Com pression and Small Signal
Gain vs. Collecto r Curren t at 4 GHz for
VCE = 15V.
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Figure 1. Ty pi cal Ga(MAX) and Tuned
Gain vs. Frequency at VCE=15V,
Ic= 25 mA

Symbol Parameter Value

VCBO Collector to Base Voltage l21 25V
VCEO Collector to Emitter Voltagel21 16V
VEBO Emitter to Base Voltagel21 1.0V
Ic DC Collector Currentlsl 35mA
PT Total Device Dissipation l3 1 450 mW
TJ Junction Temperature 200°C
TSTG Storage Temperature -65°C to

+200° C

32

o
0.1 0.2 0.4 0.6 1.0 2.0 4.0 6.0 10

Notes:
1. Operat ion of this device in exces s of any one of these cond it ions is

likely to resul t in a reduc tio n in device mean time between failu re
(MTBF) to below the design goal of 1 x 107 hours at TJ = 175° C
(assumed Activation Energy = 1.5 eVI. Correspo nds to maximum rati ng
for 2N6679.

2. T e ASE = 25° C.
3. Derate at 4.8 mWfOC, tc <: 106°C.

Typical S-Parameters VCE = 15V. lc = 25mA

Recommended Maximum
Continuous Operating
Conditions [1]
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0.762 (0.030'-+---+>-;---1
TYP.

L BASE

0.508 (0.020 )0
TYP.

I

OUTLINE HPAC-70GT

DIMENSIONS IN MILLIMETERS (INCHES).

1.00 (0.039)
MAX.

q=::fiSjC=~~,
0.102 (0.004) 0.533 (0.021)

TYP.

GENERAL PURPOSE
TRANSISTOR

HEWLETT;I PACKARD

COMPONENTS

WIDE DYNAMIC RANGE

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
meet ing the environmental requirements of MIL-S-19500
and the test requ irements of MIL-STD-750/883.

RUGGED HERMETIC PACKAGE

Co-fired Metal/Ceramic Construction

HIGH GAIN

15 dB Typical at 2 GHz

11 dB Typical at 4 GHz

Description

Features

Electrical specifications at TCASE=25°C
MIL-STD-750

Symbol Parameters and Test Conlfltiofts Test Method Units Min. Typ. Max.

BVCES Collector-Emitter Breakdown Voltage at lc = 100,uA 3011.1" V 30

ICEO Collector-Emitter Leakage Current at VCE = 15V 3041.1 nA 500

ICBO Collector Cutoff Current at VCB = 15V 3036.1 nA 100

hFE Forward Current Transfer Ratio at VCE = 15V, rc = 15mA 3076.1" - 50 120 220

Gr Tuned Gain f=2 GHz dB 13 15
4 GHz 11

P1dB Power Output at 1 dB Compression f=2 GHz dBm 20
4 GHz 18.5

Bias Conditions for Above : VCE = 15V, tc = 2SmA

"300,us wide pulse measurement :52% duty cycle.
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Figure 3. Typ ica l S21E vs. Current at 2
2 GHz.

Symbol Parameter Limit

VCBO Collector to Base Voltage 30V
VCEO Collector to Emitter Voltage 20V
VEBO Emitter to Base Voltage 1.5V
lc DC Collector Current 70 rnA
PT Total Device Dissipation 900 mW
TJ Junction Temperature 300°C
TSTG(MAX) Maximum Storage Temperature 250°C
- Lead Temperature

(Soldering 10 seconds each lead ) +250°C

Absolute Maximum Ratings'"

' Operation in excess of anyone of these condit ions may result in
permanent damage to this device.
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Symbol Parameter Value

VCBO Collector to Base Voltagel21 25V
VCEO Collector to Emitter Voitagel2J 16V
VEBO Emitter to Base Voitagel2J 1.0V
Ic DC Collector Currentl21 35 rnA
PT Total Device Dissipationl31 450 mW
TJ Junction Temperature 200°C
TSTG Storage Temperature -65°C to

+200° C

Typical S-Parameters VeE = 15V, Ie = 25mA

Recommended Maximum
Continuous Operating
Conditions [1]

Notes :
1. Operation of this device in excess of any one of these condit ions 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 TJ = 175°e
(assumed Act ivat ion Energy = 1.5 eV).

2. TCASE = 25°e.
3. Derate at 5.4 mW/ oe , Tc 2: 117°e.

S11 S21 S12 522

Freq. (MHz) Mag. Ang. (dB) Mag. Ang. (dB) Mag. Ang. Mag. Ang.

100 0.63 -58 30.5 33.4 149 -39.2 0.011 62 0.88 -16
200 0.63 -99 28.4 26.2 128 -35.9 0.016 49 0.72 -25
300 0.64 -122 26.1 20.3 115 -34.9 0.018 45 0.61 -28
400 0.64 -136 24.2 16.2 107 -33.6 0.021 42 0.54 -29
500 0.64 -146 22.6 13.4 101 -32.8 0.023 42 0.50 -31
600 0.64 -153 21.2 11.5 96 -32.4 0.024 43 0.48 -32
700 0.64 -158 19.9 9.9 92 -32.0 0.025 43 0.47 -33
800 0.64 -162 18.8 8.8 88 -31.7 0.026 45 0.47 -34
900 0.64 -166 17.8 7.8 85 -31.4 0.027 44 0.48 -34
1000 0.64 -170 16.9 7.0 83 -30.8 0.029 46 0.47 -35
1500 0.66 179 13.5 4.7 70 -29.1 0.035 49 0.44 -40
2000 0.65 172 11.1 3.6 60 -27.1 0.044 53 0.46 -50
2500 0.67 165 9.1 2.9 50 -25.7 0.052 55 0.47 -59
3000 0.64 161 7.6 2.4 40 -24.3 0.061 57 0.52 -66
3500 0.72 156 6.4 2.1 32 -23.3 0.068 53 0.51 -79
4000 0.69 149 5.3 1.8 22 -22.6 0.074 48 0.56 -85
4500 0.70 141 4.4 1.7 14 -21.8 0.081 44 0.55 -92
5000 0.72 136 3.3 1.5 6 -21.3 0.086 39 0.58 -101
5500 0.70 128 2.5 1.3 -3 -20.7 0.092 34 0.62 -109
6000 0.75 122 1.7 1.2 -11 -20.1 0.098 30 0.63 -118
6500 0.70 119 0.8 1.1 -20 -19.6 0.105 26 0.70 -127
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c=J

DIMENSIO NS IN MILLIMETERS (INCHES)'

HPAC·100 Package Outline

0.1 (0.004)
+ TYP.

1.07 ± 0.3 I
(0.042 ± 0.10) t
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LINEAR POWER
TRANSISTOR

r---------------------8
HEWLETT. PACKARD

COMPONENTS

LOW DISTORTION

HIGH P1dB LINEAR POWER
23 dBm Typical at 2 GHz
22 dBm Typical at 4 GHz

HIGH POWER-ADDED EFFICIENCY

HIGH P1dB GAIN
13 dB Typical at 2 GHz
7.5 dB Typical at 4 GHz

INFINITE SWR TOLERANCE ABOVE 2 GHz

RUGGED HERMETIC PACKAGE

MATCHING CONDITIONS INDEPENDENT
OF OUTPUT POWER

Features

DescriptionIApplications

The 2N6701 (HXTR-5101) is an NPN bipolar transistor de­
signed for high output power and gain up to 5 GHz . To
achieve excellent uniform ity and rel iab il ity, the manufac­
turing process utilizes ion implantation, self -alignment
techn iques and Ti/PtiAu metall ization. The chip has a
dielectric scratch protection over its act ive area and Ta2N
ballast resistors for ruggedness.

The superior gain , power, and distort ion performance of the
2N6701 commend it for applicat ions in radar, ECM , space,
and commerc ial and military telecommun ications. The
2N6701 featu res both guaranteed power output and
assoc iated gain at 1 dB gain compression.

The 2N670 1 is supplied in the HPAC-100 , a meta l/ceramic
hermetic package, and is capable of meeting the
environmental requi rements of MIL-S-19500 and the test
requ irements of MIL-STD -750/883 .
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Electrical Specifications at TeAsE =25°C
Test

Symbol Parameters and Test Conditions MIL-STD-750 Units Min. Typ. Max.

BVCBO Collector-Base Breakdown Voltage at Ic = 3mA 3001.1' V 40

BVCEO Collector-Emitter Breakdown Voltage at tc = 15mA 3011.1' V 24

BVEBO Emitter-Base Breakdown Voltage at IB = 30/-LA 3026.1' V 3.3

lEBO Emitter-Base Leakage Current at VEB=2V 3061.1 /-LA 2

ICES Collector-Emitter Leakage Current at VCE=32V 3041.1 nA 200

ICBO Collector-Base Leakage Current at VCB=20V 3036.1 nA 100

hFE Forward Current Transfer Ratio at VCE=18V ,
3076.1' 15 40 75Ic = 30mA

P1dB Power Output at 1dB Gain Compression
f=2GHz dBm

,
23

4GHz 21 22

G1dB Associated 1dB Compressed Gain 2GHz
dB

13
4GHz 6.5 7.5

PSAT Saturated Power Output (8dB Gain) 2GHz
dBm

25.5
(3dB Gain ) 4GHz 25

TJ Power-Added Eff iciency 2GHz
%

35
at 1dB Compression 4GHz 24

IMD Th ird Order Intermodulation Distortion 4GHz dB -30
(Reference to either tone ), at Po(PEP)= 22dBm

Tuned for Maximum Output Power at 1dB
Compression VCE=18V, Ic=30mA

'300/1s wide pulse measurement at :52% duty cycle.

30

Recommended Maximum
Continuous Operating
Conditions [1]

Symbol Parameter Value

VeBO Collector to Base Voltagel21 40V
VCEO Collector to Emitter Voltagel21 24V
VEBO Emitter to Base Voltagel21 3.3V
Ie DC Collector Currentl2) 50 mA
PT Total Device Dissipationl31 700 mW
TJ Junction Temperature 200·C
TSTG Storage Temperature -65·C to

+200·C

Notes:
1. Operation of this dev ice in excess of any one of these cond it ions is

likely to result in a reduc tio n in device mea n time between failu re
(MT BF) to below the des ign goal of 1 x 107 hou rs at TJ = 175·C
(assumed Act ivation Energy = 1.5 eV). Corresponds to maximum rating
for 2N670 1.

2. TCASE = 25°C.
3. See Figure 7 for derat ing cond itions.

Absolute Maximum Ratings *

Symbol Parameter Limit

VeBo Collector to Base Voltage 45V
VeEo Collector to Emitter Voltage 27V
VEBO Emitter to Base Voltage 4V
Ie DC Collector Current 100 mA
PT Total Device Dissipat ion 1.1 W
TJ Junction Temperature 300·C
TSTG(MAX) Maximum Storage Temperature 250·C
- Lead Temperature

(Soldering 10 seconds each lead ) +250· C

' Operat ion in excess of any one of these condi t ions may result in
perm anent damage to th is device.
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Figure 6. Typical Two Tone 3rd Order
Interm o d u lati o n D istortion at 4GHz for a
frequency separat ion of 5MHz at VCE =
18V. rc = 30mA.
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8 11 821 812 822

Freq. (MHz) Mag. Ang. (dB) Mag. Ang. (dB) Mag. Ang. Mag. Ang.

100 0.80 -18 19.4 9.35 166 -37 0.01 78 0.98 -7
200 0.78 -35 19.1 9.07 155 -31 0.02 69 0.95 -14
300 0.76 -50 18.5 8.44 145 -28 0.03 61 0.91 -20
400 0.73 -64 17.8 7.79 135 -26 0.04 55 0.86 -25
500 0.69 -77 17.1 7.16 127 -25 0.05 49 0.81 -29
600 0.67 -88 16.3 6 .56 119 -24 0.06 44 0.76 -32
700 0.64 -97 15.5 6.02 113 -23 0.06 40 0.72 -35
800 0.62 -107 14.8 5.54 107 -23 0.06 37 0.69 -38
900 0.60 -115 14.2 5.13 101 -23 0.07 34 0.66 -40
1000 0.60 -122 13.5 4.76 96 -23 0.07 32 0.63 -43
1500 0.57 -148 10.8 3.47 76 -22 0.08 24 0.57 -53
2000 0.55 -166 8.6 2.69 60 -21 0.08 21 0.54 -63
2500 0.56 -178 6.9 2.21 46 -21 0.09 19 0.55 -75
3000 0.56 171 5.1 1.80 36 -20 0.09 21 0.50 -85
3500 0.56 160 4.3 1.65 21 -20 0.10 18 0.56 -91
4000 0.53 151 3.3 1.47 10 -19 0.11 18 0.59 -99
4500 0.53 141 2.3 1.30 0 -19 0.11 17 0.59 -108
5000 0.50 130 1.5 1.18 -10 -18 0.12 15 0.62 -116
5500 0.52 118 0.8 1.10 -22 -17 0.14 13 0.61 -124
6000 0.53 110 0.0 0.99 -31 -16 0.15 11 0.64 -135

Fig ure 8. Typica l fMS, fML. (calculated
from the average S-parame ters ) in the 2 to
6GHz frequency range, at VCE = 18V, Ic =
30mA .
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Freq. (MHz) Mag. Ang. (dB) Mag. Ang. (dB) Mag. Ang. Mag. Ang.

100 0.80 -19 20.6 10.7 165 -37 0.01 77 0.98 -8
200 0.78 -37 20.1 10.2 154 -31 0.03 67 0.94 -15
300 0.75 -53 19.5 9.44 143 -28 0.04 60 0.88 -21
400 0.72 -68 18.7 8.63 133 -27 0.05 53 0.83 -26
500 0.68 -81 17.9 7.87 124 -26 0.05 47 0.78 -30
600 0.66 -92 17.0 7.15 117 -25 0.06 42 0.73 -33
700 0.64 -102 16.2 6.52 110 -24 0.06 39 0.69 -36
800 0.62 -111 15.5 5.96 104 -24 0.07 36 0.66 -38
900 0.61 -119 14.8 5.49 99 -23 0.07 33 0.64 -41
1000 0.60 -126 14.1 5.08 94 -23 0.07 31 0.61 -43
1500 0.56 -151 11.2 3.64 75 -23 0.08 25 0.55 -51
2000 0.55 -169 8 .9 2.80 59 -22 0.08 22 0.52 -61
2500 0.56 179 7.2 2.29 45 -21 0.09 21 0.53 -72
3000 0.55 168 5.7 1.93 33 -21 0.09 21 0.52 -79
3500 0.56 158 4.5 1.69 21 -20 0.10 20 0.55 -89
4000 0.54 148 3.5 1.50 10 -19 0.11 19 0.58 -96
4500 0.54 137 2.5 1.33 0 -19 0.11 18 0.58 -106
5000 0.52 128 1.6 1.21 -11 -18 0.13 16 0.62 -113
5500 0.54 115 1.0 1.12 -23 -17 0.14 14 0.60 -122
6000 0.54 108 0.0 1.01 -32 -17 0.15 11 0.64 -132

TypicalS-Parameters VCE = 18V . tc = 30mA

rvoica s-parameters VeE = 15V, rc = 15mA
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DIMENSIONS IN MILLIMETERS (INCHES)

HPAC-200 GB/GT Package Outline

1.65 (0.065 ) TYP
1.40 (0.055) .

LINEAR POWER
TRANSISTOR

LOW DISTORTION

HEWLETT~ PACKARD

COMPONENTS

HIGH POWER-ADDED EFFICIENCY

PARTIAL MATCHING FOR
BROADBAND OPERATION

HIGH P1dB GAIN
11.5 dB Typical at 2 GHz
7 dB Typical at 4 GHz

HIGH P1dB LINEAR POWER
29 dBm Typical at 2 GHz
27.5 dBm Typical at 4 GHz

RUGGED HERMETIC PACKAGE

INFINITE SWR TOLERANCE ABOVE 2 GHz

MATCHING CONDITIONS INDEPENDENT
OF OUTPUT POWER

Features

Description/Applications
The HXTR-5102 is an NPN bipolar transistor des igned for
high output power and ga in up to 5 GHz. To ach ieve
excellent uniformity and reliab il ity , the manu facturi ng
process util izes ion implantati on, self-a lignment techn i­
ques and Ti/PtiAu meta ll izat ion . The ch ip has dielec tric
sc ratch protection over its act ive area and Ta2N ballast
resistors for ruggedness. A silicone con formal coating
protects the chip and match ing network.

The supe rior power, ga in and distortion performance of
the HXTR-510 2 commend it for use in broad and

nar rowband commercial and mili tary telecommunica­
t ions , rada r and ECM app licat ion s. Add it ionally, its
part ial internal match ing makes it ideal for broad
bandwidth des igns in the 2 to 5 GHz f requency range with
min ima l sacr if ice of outp ut powe r and gain .

The HXTR-5102 is supplied in the HPAC-200GB/GT, a
meta l/ ceramic hermeti c package with a BeO heat
conductor, and is capab le of meet ing the env ironmental
requirements of MIL-S-19500 and the test req uirements of
MIL-STD-750/883 .



Electrical Specifications at TeAsE =25°C
Test

Symbol Parameters and Test Conditions MIL-STD-750 Units Min. Typ. Max.

BVCBO Collector-Base Breakdown Vo ltage at Ic=10 mA 3001.1· V 40

BVCEO Collector-Em itter Breakdown Voltage at Ic=50 mA 3011 .1· V 24

BVEBO Emitter-Base Breakdown Voltage at IB=100 Jl.A 3026.1' V 3.3

lEBO Emitter-Base Leakage Current at VEB=2 V 3061.1 Jl.A 5

ICES Collector-Emitter Leakage Current at VCE=32 V 3041 .1 nA 200

ICBO Collector-Base Leakage Current at VCB=20 V 3036.1 nA 100

hFE Forward Current Transfer Ratio at VCE=18 V,
3076.1 ' 15Ic=110 mA 40 75

PldB Power Output at 1dB Gain Compression f=2 GHz dBm 29
4 GHz 26.5 27.5

GldB Associated 1dB Compressed Gain 2 GHz 11.5
4 GHz dB 6.0 7.0

PSAT Saturated Power Output (8 dB Gain ) 2 GHz
dBm

31 .0
(3 dB Gain ) 4 GHz 29.5

1] Power-Added Efficiency at 2 GHz
%

37
1 dB Compress io n 4 GHz 23

IMD Third Order Intermodulation Distortion 4 GHz dB -30
(Reference to either tone ), at POIPEP )= .5 W

Tuned for Maximum Output Power at 1dB
Compression VCE= 18 V, Ic = 110 mA

' Operation in excess of anyo ne of these conditions may result in
permanent damage to this device.

Absolute Maximum Ratings *

Symbol Parameter limit

VCBO Collector to Base Voltage 45V
VCEO Collector to Emitter Voltage 27V
VEBO Emitter to Base Voltage 4V
Ic DC Collector Current 250 mA
PT Total Device Dissipation 4W
TJ Junct ion Temperature 300°C
TSTG(MAX) Maximum Storage Temperature 250°C
- Lead Temperature

(Soldering 10 seconds each lead) +250° C

Symbo l Parameter Value

VCBO Collector to Base Voltage[21 40V
VCEO Collector to Emitter Voltage l21 22V
VEBO Emitter to Base Voltage l21 3.3V
Ic DC Collector Cur rentl21 150 mA
PT Total Device Dissipationl31 2.7 W
TJ Junction Temperature 200°C
TSTG Storage Temperature -65°C to

+200° C

Notes:
1. Operation of this device in excess of anyone of theseconditions is

likely to result in a reduction in device mean timebetween failure
(MTBF) to below the design goal of 1 x 107hours at TJ = 175°C
(assumed Activation Energy = 1.5 ev).

2. TeASE = 25°C.
3. See Figure 7 for derating conditions.

' 300 J.lS wide pulse measurement at ~2% duty cycle.

Recommended Maximum
Continuous Operating
Conditions [1]

34



en
a:
o
I­
en
enz«a:
I-
a:«
....J
o
0-
CO

15010050

COLLECTOR CURREN T (rnA)

VCE=

~
-18V f--- ---12V

~
1

2GHz

1/ ........... 5V

Y
./- 18V

s-: 12V 1
4GHz

'/ ~5V

VCE =

I ./~ 18V
I---I-POWER /'

./
~

,,/
."

~
/ ./

~ '"

/ '/
'l

GAIN - f--

18V--~ T-
;"2V
I

o
o

2

28

6

22

7

10

25

26

5
50 60 70 80 90 100 110 120 130 140 150

COLLEC TOR CURRENT (rnA)

9

24

23

8

7

5

3

4

Figure 2. Typical S21E vs. Cu rren t at 2 and 4GHz .

6

Figu re 4. Typical Pl dB Linear Powe r and Associated
1dB Compressed Gain vs. Current at VCE = 12 and
18V at 4GHz.

iii
:!!

27

4

6 8 10

2

42

.4 .6 .8 1

FREQUENCY (GHz)

FREQUENCY (GHz)

.2

I
l 1\

POWER

\

~

""-
<;

r-, .
GAI N .....

I I "\
I

r-, I
<, ........... Gm•

<;~~ ....
1"-

1\ ....S21E

\ G. (max)

~ r\.
<,

r-,' ....

f\
~

10

5

, 0
.1

Figure 1. Typ ica l Ga(maxl, Maximum Stab le Gain
(Gms), and S21E vs. Frequency at VCE = 18V,
lc = 110mA .

30

25

30

Figure 3. Ty pical Pl dB Linear Power and Associated
1dB Co mpressed Gain vs. Frequency at VCE = 18V,
tc = 110mA.

o
.5

iii
:!!
z
~
(:J

o 20
z«
E
'":!!
a::
w
;:
o
c,

f-
::>
e,
f-
::>o

E 15
(:J

X

! 10
a

o
.5

.... I I
I I

<,
~a

Fp
J "

...... II

"' I

"/ /
Fm in -

./ \.

---- V\
./ -...,..., ,

....

10 15 20 25 305o

INPUT POWER OF EACH TON E (dBm)

1

I .-.~ I'Po

-"...,...
,

.,....., /
/

V
P

1M/"

/

/
/

o

10

20

30

·60
·5

40

~
:!!
w
z
o
f-
:I:

~
w
u, ·10
o
ffi ·20
;:
~ ·30
f-
::> -40
1=
5 ·50

4 6 8 102

FREQUENCY (GHzl

5

10

15

z
~
(:J

o
z«
w
a::
::>
(:J

<L
w

'"(5
z

Figure 5. Typ ica l Noise Figure (Frnin) and Associated
Gain (Gal when tuned for Minimum Noise vs. Frequen cy
at VCE = 18V, Ic = 25mA. Typ ical No ise FigCJ re (Pp)
when tuned for Max Pl dB at VCE = 18V, Ic = 110mA.

Figu re 6. Typ ical Two Tone 3rd Order Intermodulat ion
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811 821 812 822

Freq. (MHz) Mag. Ang. (dB) Mag. Ang. (dB) Mag. Ang. Mag. Ang

100 0.55 -74 25.4 18.6 146 -31 0.03 56 0.85 -29

200 0.65 -109 22.7 13.6 123 -28 0.04 39 0.68 -47

300 0.70 -134 20.8 10.9 108 -27 0.05 28 0.55 -59

400 0.72 -144 18.6 8.47 97 -26 0.05 21 0.48 -65

500 0.74 -158 17.2 7.22 88 -26 0.05 17 0.42 -74

600 0.73 -160 15.6 5.99 81 -25 0.05 13 0.41 -75

700 0.74 -167 14.6 5.39 76 -25 0.05 11 0.39 -79

800 0.74 -170 13.4 4.66 69 -25 0.06 8 0.39 -82

900 0.74 -175 12.7 4.32 64 -25 0.06 8 0.38 -86

1000 0.74 -178 11.8 3.91 59 -25 0.06 7 0.37 -92

1500 0.71 166 9.0 2.82 34 -24 0.06 -2 0.43 -107

2000 0.64 153 7.3 2.32 10 -23 0.07 -8 0.51 -119

2500 0.52 140 6.3 2.07 -17 -22 0.08 -22 0.61 -133

3000 0.32 129 5.4 1.86 -49 -21 0.09 -42 0.73 -148

3500 0.15 158 3.8 1.55 -83 -20 0.09 -67 0.77 -165

4000 0.32 -145 2.8 1.38 -113 -22 0.08 -98 0.80 -177

4500 0.52 -158 0.0 1.00 -142 -24 0.06 132 0.82 171

5000 0.70 176 -1.9 0.81 -170 -28 0.04 50 0.87 159

5500 0.78 155 -3.0 0.7 1 161 -28 0.04 85 0.83 142

6000 0.85 119 -3.9 0.64 121 -19 0.11 16 0.93 121

..

90

· 180"

Figure 8. Ty pical rMS. rML (calculated from the average
S-paramete rs ) in the 2 to 5.5GHz frequency range, for
VCE = 18V, IC = 110mA.
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Typical s-rarameters VCE = 18 V, rc = 110 rnA
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LINEAR POWER
TRANSISTOR
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HEWLETT. PACKARD

COMPONENTS

HIGH P1dB GAIN
11 dB Typical at 2 GHz

MATCHING CONDITIONS INDEPENDENT OF
OUTPUT POWER

HIGH POWER-ADDED EFFICIENCY

RUGGED HERMETIC PACKAGE

HIGH P1dB LINEAR POWER
23 dBm Typical at 2 GHz

LOW DISTORTION

Features

ALL DIMENSIONS ARE IN MI LLIMETERS (INCHES).

HPAC-200 PACKAGE OUTLINE

Description/Applications
Th e HXTR-5103 is an NPN bipolar trans istor des igned for
hig h ga in and linear output power up to 5 GHz.To ach ieve
exce llent unifo rmity and reliab ility, the manufacturing
proce ss ut ilizes ion implantation , self -alignment techni­
ques, and T i/P tiAu metallization . The chip has dielect ric
sc ratch protec t ion over its act ive area and Ta2N ballas t
resi stors for rugg edness.

The superior power , gain and distort ion perf ormance of

the HXTR-5103 commend it for use in RF and IF
applications in radar, ECM, space , and other co mmercia l
and mil ita ry commun icati ons .

The HXTR -5103 ut ilizes the HPAC-200, a metal/ ceramic
hermetic package with a BeO heat conductor , and is
capable of meet ing the env ironmental requirements of
MIL-S-19500 and the test requirements of MIL-STD­
750/883.
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Electrical Specifications at TCASE =25°C
Test

Symbol Parameters and Test Conditions MIL-STD-750 Units Min. Typ. Max.

BVCBO Collector-Base Breakdown Voltage at Ic=3mA 3001.1" V 40

BVCEO Collector-Emitter Breakdown Voltage at Ic =15mA 3011.1" V 24

BVEBO Emitter-Base Breakdown Voltage at IB= 30llA 3026.1" V 3.3

lEBO Emitter-Base Leakage Cu rrent at VEB=2V 3061.1 Il A 2

ICES Collector-Emitter Leakage Current,at VCE=32V 3041.1 nA 200

ICBO Collector-Base Leakage Current at VCB=20V 3036 .1 nA 100

hFE Forward Current Transfer Ratio at VCE=18V,
3076.1" 15 40 75Ic=30mA

Pl dB Power Output at 1dB Gain Compression f=
2GHz dBm 22 23

-

Gl dB Associated ldB Compressed Gain
2GHz dB 9.5 11

PSAT Saturated Power Output (Gain=5dB)
2GHz dB m 25

1/ Power-Added Eff ic iency
2GHz % 34at 1dB Compression

IMD Th ird Order Intermodulation Distort ion
(Reference to either tone), at Po (PEP)=.2W 2GHz dB -30

Tuned for Maximum Output Power at 1dB
Compression VCE=18V, Ic=30mA

Absolute Maximum Ratings *

' Operat ion in excess of anyone of these condi tions may result in
permanent damage to this device.

Symbol Parameter Limit

VCBO Collector to Base Voltage 45V
VCEO Co llec to r to Emitte r Voltage 27V
VEBO Emitte r to Base Voltage 4.0V
Ic DC Collector Curre nt 100 mA
PT Total Device Dissipation 1.4 W
TJ Junction Temperature 300°C
TSTG(MAX) Maximum Sto rage Temperature 250° C
- Lead Temperature

(Soldering 10 seconds each lead) +250° C

No tes:
1. Operati on of th is device in excess of any one of these condit io ns is

likely to result in a redu cti on in device mean time between failu re
(MTBF) to below the design goal of 1 x 107 hours at TJ = 17SoC
\ assumed Activation Energy = 1.S ev ).

2. T CASE = 2SoC.
3. See Figure 7 for derating conditions.

Symbol Parameter Value

VCBO Collector to Base Voltagel21 40V
VCEO Collector to Emitter Voltagel21 24V
VEBO Emitter to Base Voltagel2) 3.3V
Ic DC Collector Current l2j 50 iliA
PT Total Device Dissipation l3 ) 700 mW
TJ Junction Temperature 200°C
TSTG Storage Temperatu re -65°C to

+200° C

' 300ll s wide pulse measurement at ~2% duty cycle.

Recommended Maximum
Continuous Operating
Conditions [1]
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Figure 1. Typ ical Ga(m ax ), Ma x im um Stab le Ga in
(G ms). and S21E vs . Fre que ncy at VCE = 18V.
rc = 30mA.
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Figu re 4. Typ ica l Pl dB Li near Output Power and
Associated 1dB Compressed Gain VS. Current at 2 GHz.
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Typical 5-Parameters VeE = 18V. Ic = 30mA

Figure 8. Typical fMS. fML (Ca lc ulated from the
Average S-Parameters ) in the 2 to 4GHz Frequency
Range for VCE = 18V. tc = 30mA .
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511 521 512 522
Freq. (MHz) Mag. Ang. (dB) Mag. Ang. (dB) Mag. Ang. Mag. Ang.

100 0.74 -20 20.7 10.9 165 -37 0.01 79 0.98 -9
200 0.71 -40 20.3 10.3 152 -32 0.03 68 0.94 -17
300 0.68 -57 19.6 9.49 140 -29 0.04 62 0.89 Ii -23
400 0.65 -72 18.7 8.65 130 -27 0.04 55 0.84 -28
500 0.62 -86 17.8 7.77 121 -26 0.05 49 0.79 -33
600 0.60 -97 16.9 7.01 113 -25 0.06 44 0.75 -37
700 0.58 -108 16.2 6.43 106 -25 0.06 41 0.71 -40
800 0.55 -116 15.4 5.87 100 -24 0.06 38 0.68 -42
900 0.54 -124 14.6 5.38 94 -24 0.07 35 0.65 -44

1000 0.52 -131 13.8 4.91 88 -23 0.07 33 0.63 -46
1500 0.49 -159 11.0 3.53 66 -22 0.08 25 0.58 -59
2000 0.47 -179 8.8 2.77 48 -21 0.09 22 0.56 -67
2500 0.47 165 7.1 2.27 32 -20 0.10 18 0.56 -81
3000 0.45 151 5.8 1.95 17 -19 0.11 15 0.59 -90
3500 0.45 138 4.7 1.71 2 -18 0.12 10 0.59 -103
4000 0.42 123 3.7 1.54 -11 -17 0.14 4 0.64 -111
4500 0.41 110 3.2 1.44 -24 -16 0.16 1 0.65 -121
5000 0.39 89 2.2 1.29 -38 -15 0.17 -6 0.69 -131
5500 0.39 74 1.4 1.18 -53 -14 0.19 -12 0.69 -139
6000 0.37 55 0.7 1.09 -64 -13 0.22 -17 0.69 -148

Typical 5-Parameters VCE = 15V . Ie = 15mA

511 521 512 522

Freq. (MHz) Mag. Ang. (dB) Mag. Ang. (dB) Mag. Ang. Mag. Ang.

100 0.74 -19 19.1 9.05 164 -37 0.01 81 0.98 -8
200 0.70 -37 18.8 8.76 152 -31 0.03 68 0.94 -15
300 0.67 -54 18.2 8.16 141 -28 0.04 60 0.90 -21
400 0.63 -69 17.5 7.52 130 -27 0.05 53 0.85 -26
500 0.60 -83 16.8 6.90 121 -26 0.05 48 0.80 -31
600 0.58 -95 16.0 6.32 113 -25 0.06 43 0.76 -35
700 0.57 -105 15.2 5.78 107 -24 0.06 40 0.73 -38
800 0.55 -113 14.5 5.29 101 -24 0.07 37 0.70 -40
900 0.54 -121 13.8 4.88 95 -23 0.07 34 0.67 -43

1000 0.52 -128 13.0 4.48 89 -23 0.07 31 0.65 -45
1500 0.48 -156 10.2 3.23 66 -22 0.08 25 0.60 -55
2000 0.46 -177 8.0 2.51 48 -21 0.09 21 0.56 -65
2500 0.46 167 6.3 2.00 31 -20 0.10 18 0.57 -77
3000 0.45 153 5.0 1.78 16 -19 0.11 16 0.59 -86
3500 0.44 140 3.8 1.56 0 -18 0.12 12 0.60 -98
4000 0.43 126 2.8 1.38 -13 -17 0.14 8 0.64 -106
4500 0.41 112 1.9 1.24 -26 -16 0.15 4 0.64 -114
5000 0.38 93 1.0 1.12 -40 -15 0.17 -1 0.68 -123
5500 0.39 74 0.8 1.09 -55 -14 0.20 -6 0.70 -130
6000 0.37 56 -0 .3 0.96 -67 -13 0.23 -12 0.69 -139
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HEWLETT. PACKARD

COMPONENTS

HIGH P1dB GAIN
9 dB Typical at 2 GHz

LOW DISTORTION

HIGH P1dB LINEAR POWER
29 dBm Typical at 2 GHz

Features

HIGH POWER-ADDED EFFICIENCY

MATCHING CONDITIONS INDEPENDENT
OF OUTPUT POWER

the HXTR-5104 commend it for use in RF and IF
app lications in radar, ECM , space, and other commercial
and military commun icat ions.

The HXTR-5104 ut ilizes the HPAC-200, a metal/ceramic
hermetic package with a BeO heat conductor, and is
capab le of meet ing the environmenta l requ irements of
MIL-S-19500 and the test requ irements of MIL-STD­
750/883.

41

0.102
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TYP .
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L546J
4.96

(
.215)
.195.

HPAC-200 PACKAGE OUTLINE

ALL DIMENSIONS ARE IN MI LLIMETERS (INCHES ),

1.27
(0.050)

TYP .

RUGGED HERMETIC PACKAGE

Th e HXTR-5104 is an NPN bipolar transistor des igned for
high gain and li near output power up to 4 GHz.To ach ieve
excellent un iform ity and reliabili ty, the man ufacturing
process ut il izes ion implant ati on , self -ali gnment techni­
ques, and Ti /P tiAu meta ll izat ion. The ch ip has dielectric
scratch protect ion over its act ive area and Ta2N ballast
resistors for ruggedness.

The superior power, gain and distortion performance of

Description/Applications



Electrical Specifications at TCASE =25°C
Test

Symbol Parameters and Test Conditions MIL-STD-750 Units Min. Typ. Max.

BVCBO Co llector-Base Breakdown Voltage at Ic= 10mA 3001.1' V 40

BVCEO Collector-Em itter Breakdown Voltage at Ic=50mA 3011.1' V 24

BVEBO Emitter-Base Breakdown Voltage at I B= 1 00~A 3026.1' V 3.3

lEBO Emitter-Base Leakage Current at VEB=2V 3061.1 ~A 10

ICES Collector-Emitter Leakage Current at VCE=32V 3041.1 nA 200

ICBO Collector-Base Leakage Current at VCB=20V 3036.1 nA 100

hFE Forward Current Transfer Ratio at VCE=18V.
3076.1' 15Ic =110mA 40 75

PldB Power Output at 1dB Gain Compression f=
2GHz dBm 28 29

Grca Associated 1dB Compressed Gain
2GHz dB 8 9

PSAT Saturated Power Output (Gain=5dB)
2GHz dBm 31

la
T] Power-Added Efficiency

2GHz % 35at 1dB Compression

IMD Third Order Intermodulation Distortion
(Reference to either tone), at Po (PEP )=0.7W 2GHz dB -30

Tuned for Max imum Output Power at 1dB
Compression VCE=18V, Ic=110mA

' 300l' s wide pulse measuremen t at :52% duty cycle.

Recommended Maximum
Continuous Operating
Conditions [1] Absolute Maximum Ratings *

"Operat ion in exces s of any one of these condit ions may result in
per manent damage to this device.

42

Symbol Parameter Value

VCBO Collector to Base Voitagel2J 40V
VCEO Collector to Emitter Voltage l21 22V
VEBO Emitter to Base Voitagel2J 3.3V
Ic DC Collector Currentt- l 150 mA
PT Total Device Diss ipat ion l3 ) 2.7W
TJ Junction Temperature 200°C
TSTG Storage Temperature -65°C to

+200° C

Notes:
1. Operat ion of th is devi ce in excess of anyone of these condit io ns is

likely to result in a redu ct ion in dev ice mean tim e between failure
(MTBF) to below the design goal of 1 x 107 ho ur s at TJ = 175° C
(assumed Activat io n Energy = 1.5 eV ).

2. TeAsE = 25°C.
3. See Figu re 7 for derating co nd ition s.

Symbol

VCBO
VCEO
VEBO
Ic
PT
TJ
TSTG(MAXj

Parameter

Collector to Base Voltage
Collector to Emitter Voltage
Emitter to Base Voltage
DC Collector Current
Total Device Dissipation
Junction Temperature
Max imum Storage Temperature
Lead Temperature
(Soldering 10 seconds each lead )

Limit

45V
27V
4V

250 mA
4W

300°C
250°C

+250° C
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Figu re 6. Typ ica l Two T o ne 3rd O rder Intermodu la t io n
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at VCE = l8V, rc = 110mA,
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Figure 1. Typical Ga(max), Maximum Stable Gain (G ms),
and S21E vs, Frequency at VCE = 18V, tc = 110mA.

Fig ur e 5. Typica l N o ise Fig u re (Fm in) and Associated
Ga in (Ga) vs . Freq uen cy w hen t uned for M in im um Nois e
at VCE = 18V . rc = 25mA. T y p ic al Noise Figure ( Fp)
wh en tuned for M ax Pi es at VCE = 18V, l c = 110 m A.
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Typical 5-Parameters VCE = 18V, lc = 110mA

Figure 8. Typical rMS, f ML (ca lc ulated from the average
S-parameters ) in the 1.5 to 3.5GHz frequency range,
at VeE = 18V, tc = 110mA.

44

511 521 512 522

Freq. (MHz) Mag. Ang. (dB) Mag. Ang. (dB) Mag. Ang. Mag. Ang.

100 0.48 -68 24.8 17.3 140 -31 0.03 62 0.86 -27

200 0.54 -109 22.6 13.5 127 -27 0.04 48 0.69 -46

300 0.59 -132 20.4 10.5 112 -26 0.05 40 0.55 -58

400 0.61 -146 18.5 8.43 102 -25 0.06 36 0.47 -66

500 0.63 -155 16.9 7.02 94 -24 0.06 34 0.41 -71

600 0.64 -162 15.5 5.98 88 -24 0.06 33 0.38 -76

700 0.65 -168 14.3 5.21 83 -24 0.07 33 0.35 -80

800 0.65 -172 13.3 4.62 78 -23 0.07 33 0.34 -84

900 0.65 -176 12.4 4.15 73 -23 0.07 33 0.32 -87

1000 0.64 179 11.5 3.70 69 -22 0.08 32 0.32 -90

1500 0.65 169 8.2 2.57 50 -20 0.10 31 0.32 -104

2000 0.65 151 6.0 1.99 33 -19 0.11 30 0.33 -118

2500 0.66 139 4.3 1.64 17 -17 0.14 25 0.39 -130

3000 0.65 128 2.9 1.40 2 -16 0.16 20 0.42 -140

3500 0.64 115 1.8 1.23 -13 -15 0.19 14 0.46 -152

4000 0.63 103 0.9 1.11 -27 -13 0.22 5 0.51 -161

4500 0.61 87 0.2 1.03 -41 -12 0.26 -2 0.53 -172

5000 0.59 72 -0.7 0.93 -54 -11 0.29 -12 0.57 179

5500 0.58 53 -1 .6 0.84 -67 -10 0.34 -22 0.57 167

6000 0.58 38 -2.3 0.77 -79 -9 0.37 -31 0.60 155



Electrical Specifications at TeAsE =25°C

(f)
a:
o
I­
(f)

(f)
z
~a:
I-
a:
~
.....J
o
(L

en

45

45'J1SJ

2N6617E)
(HXTR -6101)
HXTR- 6102

I

~EMITTER

__5.08 10.201
I TYP.

kiS:C~=+
0.838 10 .033)
0.533 10.0211

OUTLINE HPAC-70GT

DI MENSIONS IN MILLIMETERS II NCHES).

L BASE

0.508 (0.0201D
TYP.

I

LOW NOISE
TRANSISTOR

1.00 (0.039 )
MAX .

i;
0.102 (0.004 1

TYP.

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

RUGGED HERMETIC PACKAGE
Co-fired Metal/Ceramic Construction

HEWLETT' PACKARD

COMPONENTS

HIGH GAIN
9.0dB Typical Gain at NF Bias Conditions

. Test
Symbol Parameters And Test Conditions MIL-STD-750 Units Min. Typ. Max.

BVCES Collector-Emitter Breakdown Voltage at Ic=100~A 3001.1" V 30

ICEO Collector-Emitter Leakage Current at VCE=10V 3041.1 nA 500

ICBO Collector Cutoff Current at Vcs=10V 3036.1 nA 100

hFE Forward Current Transfer Ratio at VeE=10V , le=4mA 3076.1" - 50 150 250

FMIN Minimum Noise Figure
f = 4 GHz (2N6617) 2.8 3.0

1.5 GHz (2N6617) dB 1.6
4 GHz (HXTR-6102) 2.5 2.7

3246.1

Ga Associated Gain
f = 4 GHz dB 8.0 9.0

1.5 GHz dB 15

Bias Conditions for Above: VeE = 10V, Ie = 4mA

MMIN.. Minimum Noise Measure (2N6617) 3.1 3.4
VCE = 10V, Ie = mA, f = 4GHz (HXTR-6102) 2.8 3.1

The 2N6617 (HXTR-6101) is an NPN bipo lar transistor
designed for minimum noise figure at 4 GHz. The device
util izes ion implantation techniques in its manufact ure
and the chip is also provided with scratch protect ion over
its act ive area. The device is supplied in the HPAC-70GT, a
rugged metal /ceram ic hermetic package, and is capable
of meet ing the enviro nmental requirements of MIL-S­
19500 and the test requ ireme nts of MIL-STD-750/883 .

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

' 3001's wid e pulse measuremen t at 5 2% du ty cyc le.

(

F MII' - 1 )
• 'M MIN = 10 Log 1 + 1 _ 1/G. Noise measure ( M MJ N) is the syste~ noise f igu re of an infin ite cascaded chai n of ident ical ampli fier stages.

F M I N and G. specified as power rat ios .

Features

Description



Recommended Maximum
Continuous Operating
Conditions [1] Absolute Maximum Ratings *

Symbol ", Parameter Value

VCBO Collector to Base Voltagel2) 25V
VCEO Co llector to Emitter Voltage[2) 16V
VEBO Emitter to Base Voltagel2) 1.0V
Ic TIl" DC Collector CurrentI2.' 10 mA
PT Total Device Dissipationl3] 150 mW
TJ

Ii
Ju nction 'Temperature 200°C

TSTG Storage Temperature -65° C to

.n +200°C

Notes:
1. Operation of th is device in excess of anyone of these condit ions is

likely to result in a reduction in device mean time between failu re
(MT BF) to below the desig n goa l of 1 x 107 hours at TJ = 175°C
(assumed Activation Energy = 1.5 eV ). Corresponds to maximu m rating
for 2N6617.

2. TCASE = 25°C.
3. Derate at4 mW/oC, Tc 2: 163°C.

Symbol Paramete r Limit

VCBO Co llector to Base Voltage 35V
VCEO Co llector to Emitter Vol tage 20V
VEBO Emitte r to Base Vol tage 1.5V
Ic DC Co llector Current 20mA
PT Total Device Dissipa tio n 300mW
TJ Junction Tempe rature 300°C
TSTG(MAX) Maxim um Storage Temperature 250°C
- Lead Temperature

(Solder ing 10 seconds each lead ) +250° C

'Operat ion in excess of any one of these cond it io ns may result in
per manen t damage to th is device .
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Figure 1. Typ ical Ga(MAX), FMIN and
Associated Gain vs. Frequency at VCE
= 10V, rc = 4 mA o

Figure 2. Typical FMIN and Associated
Gain vs. lc at 4 GHz fo r VCE = 10V
(Tuned for FMIN).

Figure 3. Typical IS21EI2 vs. Bias at 4
GHz, for the HXTR-6101/6102.

Typical S-Parameters VCE = 10V, Ic = 4mA

"

Iq
811 8 21 8 12 8 22

I, Fr~q.(MHz) Mag. Ang. Mag. Ang. Mag. Ang. Mag. 's, Ang.

100 0.917 -11 7.149 168 0.007 79 ' 0.991 -4
Ii, 500

I '~
0.782 -54. , 6.277 135 0.026 54 0.901 -18

1000 0.635 -98 5.037 113 0.037 33 0.787 '-30
1500 0.598 -127 3.881 87 0.039 28 0.763 -35 -\

2000 0.589 7149 3.148 71 0.042 26 0.754 -43
2500 0.570 -163 2.646 , 59 0.042 25 0.760 -50
3000 0.575 -173 2.209 48 0.043 25 0.773 -58
3500 iss 0.560 180 1.948 . 1$ 37 0.046 25 0.795 -64
4000 0.548 173 Iii 1.665 ,29 0.049 24 0.816 -71
4500 0.530 167 1.450 20 0.053 24 0.850 -76
5000 " 0.518 160 1.346 11 0.058 23 0.860 ~ iiii -84,
5500 0.500 152 1.210 1 0.060 22 0.880 -92
6000 0.489 146 1.076 -7 0.063 20 0.877 -99
7000 0.491 132 0:897 2 -23 0.069 15 0.872 -108,.. ., ' " -.
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Typical Noise Parameters

Figure 4. Typical Noise Parame ters fo r the 2N66 17/HXTR-6102 at
VCE = 10V. tc = 4 mA.

Low Power Bias Performance
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Figure 5. Noise Parameters at 1 GHz for the 2N66 17 (HXTR-6101)

Frequency

BIA5 1000 MHz 1500 MHz 2000 MHz 3000MHz

VCE Ic FM1N Ga FM1N G. FM1N G. FM1N Ga

V rnA dB dB dB dB dB dB dB dB

3 0.25 2.25 8.5 2.67 5.0 2.83 4.7 3.88 4.1
3 0.50 1.87 12.7 2.06 9.9 2.23 7.9 2.93 6.4
3 1.0 1.55 15.7 1.73 11.7 1.79 10.2 2.38 8.1

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

TYPICAL S-PARAMETERS VCE = 3V. Ic = O.25mA

511 521 512 522 K
Freq. (MHz) Mag. Ang. (dB) Mag. Ang. (dB) Mag. Ang . Mag. Ang

500 .988 -22 -6 .9 .451 152 -28 .2 .039 72 .993 -12 .220
1000 .956 -42 -7 .2 .438 127 -23 .1 .070 55 .975 -22 .464
1500 .929 -65 -7.5 .423 106 -20 .6 .093 38 .956 -33 .586
2000 .910 -81 -7 .7 .412 89 -19.7 .104 27 .945 -42 .679
3000 .888 -112 -8.1 .394 56 -19 .3 .108 6 .938 -59 .821

VCE = 3V, rc = O.50mA

511 521 512 522 K
Freq. (MHz) Mag. Ang. (dB) Mag. Ang . (dB) Mag. Ang . Mag. Ang.

500 .976 -24 -0 .8 .991 152 -28 .4 .038 70 .986 -13 .220
1000 .929 -47 -1 .3 .863 128 -23.6 .066 52 .955 -24 .423
1500 .887 -72 -2.0 .792 107 -21.4 .085 35 .920 -34 .583
2000 .856 -89 -2.5 .747 91 -20 .6 .093 24 .906 -43 .682
3000 .818 -121 -3.3 .688 60 -20.1 .099 7 .889 -60 .816

VCE = 3V. Ic = 1.0mA

511 521 512 522 K
Freq. (MHz) Mag. Ang. (dB) Mag. Ang. (dB) Mag. Ang. Mag. Ang.

500 .952 -25 4.4 1.67 149 -28.6 .037 66 .972 -14 .328
1000 .884 -54 3.7 1.54 125 -24.3 .061 47 .919 -25 .492
1500 .821 -82 2.7 1.36 104 -23 .1 .070 31 .873 -36 .664
2000 .775 -102 1.9 1.25 88 -22 .6 .074 23 .854 -43 .793
3000 .738 -133 .77 1.09 59 -22 .1 .079 10 .842 -59 .908
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HEWLETT~ PACKARD

COMPONENTS

LOW NOISE
TRANSISTOR

2N6618 e
(HXTR- 6103)

1
- 3.3 10.13 )lMI N.

_~-:A_

c *C2:-
-- t

L..;::-~;....I 0.51 (0.021
TYP.

--I r--"o(0.041 TYP

ED

B...-__""

c=''----I.

HIGH GAIN
12.0 dB Typical Gain at NF Bias Conditions

RUGGED HERMETIC PACKAGE
Co-fired Metal/Ceramic Construction

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

Features

ELj

Description .-2.5 .t O.2~
10.10 , 0.01l

0.1 (0.004)
TYP.

The 2N6618 (HXTR-6103) is an NPN bipolar trans istor
des igned fo r minimum no ise figure at 2 GHz . The dev ice
ut ili zes ion implantat ion techn iques and Ti/Pt/Au
metallization in its manufacture. The ch ip is provided with
scratch protect ion over its act ive area.

•1.07 , 0.3

1.042 ' O'0r.'::)====~n;;;;;;:;;::.n;====::::Jt '.

These devices are supplied in the HPAC-100 , a rugged
meta l/ceram ic hermetic package, and are capable of
meeting the env ironmental requ irements of MIL-S-19500
and the test requirements of MIL -STD-750/883.

DIMENSIONS IN MILLIMETERS (I NCHES).

HPAC -100 Package Outline

Electrical specifications at TeAsE =25°C
Test

Symbol Parameters And Test Conditions MIL-STD-750 Units Min. Typ. Max.

BVCES Collector Emitter Breakdown Voltage at Ic = 100JIA 3011.1" V 30

ICEO Collector Emitter Leakage Current at VCE = 10V 3041.1 nA 500

Icso Collector Cut Off Current at VCB = 10V 3036.1 nA 100

hFE Forward CurrentTransfer Rat io at VCE=10V,1e= 3mA 3076.1" - 50 150 250

FMIN Minimum Noise Figure »:

at 2 GHz 3246.1 dB 1.8 2.2

G. Associated Gain
at 2 GHz dB 11.0 12.0

Bias for above: VCE = 10V, Ie = 3 mA

MMIN" Minimum Noise Measure 1.90 2.35
VCE = 10V, Ic = 3 mA, f= 2 GHz

' 300 Jls wide pulse measurement at :5 2% duty cycle.

(

FMI N - 1 )
•• M MIN = '0 Log 1 + ~ Noise measure (M MINI is the system noise figure of an infini te cascaded chain of ident ical amp li fier stages.

1 1 • F ~lI :-; and G. spec ifi ed as pow er rat ios.
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' Operat ion in excess of anyone of these cond it ions may result in
permanent damage to th is device.
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NOISE FIGURE (FMIN)
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Emitter to Base Voltage
DC Collector Current
Total Device Diss ipation
Junction Temperature

. Maximum Storage Temperature
Lead Temperature
(Soldering 10 seconds each lead )
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Figure 2. Typica l FMIN and Assoc iated Gain vs.
Collector Current at 2 GHz for VeE = 10V (Tuned
for FMIN).
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Symbol

VeBO
VeEO
VEBO
Ie
PT
TJ
TSTG(MAX)

Absolute Maximum Ratings *
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Symbol Parameter Value

VeBO Co llector to Base Voltagel21 25V
VeEO Co llector to Emitter Voltagel21 16V
VEBO Emitter to Base Voltagel21 1.OV
Ie DC Collector Currentl21 10 mA
Pr Total Device Diss ipationl31 150 mW
TJ Junction Temperature 200°C
TSTG Storage Temperature -65°C to

+200° C

FREQUENCY (GHz)

Figure 1. Typ ical Ga(max). FMIN and Associated Gain vs.
Freq uenc y at VeE = 10V. rc = 3 mAo

Not es:
1. Operat ion of thi s device in excess of anyone of these conditions is

likely to result in a reduction in device mean time betw een failure
(MT BF) to below the desig n goal of 1 x 107 hours at TJ = 175°C
(assumed Activat ion Energy = 1.5 eV). Correspond s to maximum rat ing
for 2N6618.

2. TCASE = 25° C.
3. Derate at 3.3 mW/oC, Tc <: 155° C.

Recommended Maximum
Continuous Operating
Conditions [1]

16

14

12

10
iii
:!:!
w B
N

tJl

6

4

2

0
0 2 4 6 B

COLLECTOR CURRENT (rnA)

Figure 3. Typical S21E vs. Bias at 2 GHz.
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Fig ure 4. Typical No ise Parameters at VCE = 10V . rc = 3 rnA.

Typical 5- Parameters VCE = 10V, lc = 3 rnA

1.55

1.65

1.80

FMIN
(dB)

25.09

22.47

23.31

RN
(Ohms)

.465/36°

.369/67°

.323/94°

f o
(Mag.!Ang.)

1000

1500

2000

Freq. (MHz)

Typical Noise Parameters

811 821 812 8 22

Freq. (MHz) Mag. Ang. (dB) Mag. Ang. (dB) Mag. Ang. Mag. Ang.

100 0.93 -11 .5 16.2 6.46 168.0 -42.0 0.01 77.0 0.99 -4 .0
200 0.89 -23.0 17.1 7.13 158 .0 -37 .0 0.Q1 77.0 0.97 -8 .0
300 0.86 -34 .0 16.4 6.58 149.0 -34 .0 0.02 66.0 0.94 -12.0
400 0.83 -44 .0 15.9 6.26 142.0 -32.0 0.03 60 .0 0.92 -16 :0
500 0.79 -54.0 15.6 6.02 135 .0 -30 .0 0.03 55.0 0.89 -19 .0
600 0.75 -65 .0 15.4 5.91 128 .0 -29 .0 0.04 51.0 0.87 -21.0
700 0.71 -73.0 15.0 5.62 121 .0 -29 .0 0.04 48.0 0.85 -24 .0
800 0.68 -81 .0 14.4 5.25 116.0 -28 .0 0.04 45.0 0.84 -25.0 :

900 0.65 -91 .0 14.0 4.99 111.0 -28.0 0.04 43.0 0.83 -27 .0
1000 0.62 -97.0 13.5 4.72 106 .0 -27 .0 0.04 41.0 0.81 -28.0
1500 0.52 -129.0 11.4 3.71 84.0 -27 .0 0.05 32.0 0.74 -35 .0
2000 0.50 -151 .0 9.3 2.93 69 .0 -26.0 0.05 31 .0 0.72 -43.0
2500 0.50 -169.0 7.8 2.45 55 .0 -26 .0 0.05 31.0 0.69 -51 .0
3000 0.49 175.0 6.5 2.12 42.0 -26.0 0.06 33 .0 0.68 -57 .0
3500 0.54 165.0 5.4 1.87 29.0 -25.0 0.06 35.0 0.65 -68 .0
4000 0.52 156.0 4.5 1.67 19.0 -24 .0 0.06 37.0 0.68 -76 .0
5000 0.53 140.0 2.6 1.35 -3.0 -23 .0 0.08 35 .0 0.71 -96.0
6000 0.48 120 .0 0.9 1.11 -22.0 -21 .0 0.09 34.0 0.73 -112.0
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•300 /lS wid e pulse measurement at :s2% duty cycle.

(

F \lI ~ - 1 )
• · MMtN = 10 Log 1 + --- Noise measure ( M \lI ~ ) is the system noise f igure of an inf in ite casc aded chai n of ident ical ampl ifi er stages.

1 - 1/G , FMIS and G. spec ified as po wer rat ios .
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DIMENSIONS IN MILLIMETERS (INCH ES).
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LOW NOISE
TRANSISTOR

HEWLETT'; PACKARD

COMPONENTS

The HXT R-6 104 is supplied in the HPAC- 100, a rugged
metal / cer amic hermet ic package, and is capable of meet ing
the environmental requirements of MIL-S-19500 and the
test requirements of MIL-STD-750/ 883.

The HXTR-610 4 is an NPN bipolar tra nsistor designed for
min im um noise figure at 1.5 GHz . The device uti lizes ion
im plantation techniques and Ti / Pt/Au metall izat ion in its
man ufacture. The chip is provided wit h scratch protect ion
over its act ive area.

Electrical specifications at TeAsE =25°(
Test

Symbol Parameters And Test Conditions M1L-STD-750 Units Min. Typ. Max.

BVCES Collector Emi tter Breakdown Voltag e at Ic = 100J.tA 3011.1' V 30

ICEO Co llecto r Emitter Leakage Current at VCE = 10V 3041.1 nA 500

ICBO Collector Cut Off Current at VCB = 10V 3036.1 nA 100

hFE Forward CurrentTransfer Rat io at VCE=10V, Ic = 3mA 3076.1' 50 150 250

FMIN Minim um Noi se Figure
f = 1.5 GHz 3246.1 dB 1.4 1.6

G. Assoc iated Gain
f = 1.5 GHz dB 13.0 14.0

Bias fo r above: VCE = 10V, lc = 3 mA

MMIN' * Minimum Noise Measure 1.45 1.67
VCE = 10V, lc = 3 mA, f= 1.5 GHz

Description

Features
GUARANTEED LOW NOISE FIGURE

1.6 dB Max. at 1.5 GHz

HIGH GA IN
14.0 dB Typical Gain at NF Bias Conditions

RUGGED HERMETIC PACKAGE
Co-fired Metal /Ceramic Construction
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COLLECTOR CURRENT (rnA)
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Fig ure 2. Ty pical FMIN and Associated Gain vs. rc at 1.5 GHz
for VCE = 10V (Tuned for FMIN).

"Operation in excess of anyone of these condit io ns may result in
permanent damage to this device.

Symbol Pararrieter Limit

VCBO Collector to Base Voltage 35V
VCEO Collector to Emitter Voltage 20V
VEBO Emitter to Base Voltage 1.5V
Ic DC Collector Current 20 mA
PT Tota l Device Dissipat io n 300 mW
TJ Junction Tempe rature 300°C
TSTG(MAX) Max imu m Sto rage Temperature 250°C
- Lead Temperature

(Soldering 10 seco nds each lead ) +250° C

Absolute Maximum Ratings *

42

COLLECTOR CURRENT (rnA)

Value

25V
16V
1.0V

10 mA
150 mW
200°C

-65°C to
+200° C

VCE = 15V '\..
VCE = 10V

VCE - 6V I,- -.....IeP-
'f -- VCE = 3V"" .......J
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Co llector to Base Voltagel2j

Co llecto r to Emitter Voltage l21

Emitter to Base Voltagel21
DC Collector Current l2j
Total Device Dissipation lsl
Junct ion Temperature
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Figu re 3. Typical 8 21E vs. Bias at 1.5 GHz.

Figu re 1. Typical Ga(max), FMIN and Associated Gain vs.
Frequency at VCE = 10V, tc = 3 mA.

Symbol

VCBO
VCEO
VEBO
Ic
PT
TJ
TSTG

Notes :
1. Operat ion of this device in excess of anyone of these conditions is

li kely to result in a reduction in device mean time bet ween failure
(MT BF) to below the des ign goal of 1 x 107 hours at TJ = 175°C
(assumed Ac ti vati on Energy = 1.5 eV).

2. TCASE = 25° C.
3. Derate at 3.3 mWr C. Tc '2: 155° C.

Recommended Maximum
Continuous Operating
Conditions [1]
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Typical Noise Parameters
1'0 RN FMIN

Freq. (MHz) (Mag.!Ang.) (Ohms) (dB)

1000 .465/36 " 25.09 1.20

1500 .369/67" 22.47 1.30

2000 .323/94" 23.31 1.50

Figure 4. Typ ica l No ise Para meters at VCE = 10V. tc = 3 rnA.

Typical 5-parameters vCE = 10V, IC = 3 rnA

511 521 512 5 22

Freq. (MHz) Mag. Ang. (dB) Mag. Ang. (dB) Mag. Ang. Mag. Ang.

100 0.93 -11 .5 16.2 6.46 168 .0 -42.0 0.01 77.0 0.99 -4.0
200 0.89 -23 .0 17.1 7.13 158.0 -37 .0 0.01 77.0 0.97 -8 .0
300 0.86 -34 .0 16.4 6.58 149.0 -34.0 0.02 66.0 0.94 -12 .0
400 0.83 -44 .0 15.9 6.26 142.0 -32 .0 0.03 60.0 0.92 -16 .0
500 0.79 -54 .0 15.6 6.02 135.0 -30 .0 0.03 55 .0 0.89 -19 .0
600 0.75 -65 .0 15.4 5.91 128.0 -~9.0 0.04 51.0 0.87 -21 .0
700 0.71 -73 .0 15.0 5.62 121 .0 -29 .0 0.04 48.0 0.85 -24 .0
800 0.68 -81.0 14.4 5.25 116.0 -28 .0 0.04 45.0 0.84 -25 .0
900 0.65 -91.0 14.0 4.99 111.0 -28.0 0.04 43.0 0.83 -27 .0
1000 0.62 -97.0 13.5 4.72 106.0 -27 .0 0.04 41.0 0.81 -28 .0
1500 0.52 -129.0 11.4 3.71 84.0 -27 .0 0.05 32 .0 0.74 -35.0
2000 0.50 -151 .0 9.3 2.93 69.0 -26 .0 0.05 31 .0 0.72 -43.0
2500 0.50 -169.0 7.8 2.45 55 .0 -26.0 0.05 31.0 0.69 -51.0
3000 0.49 175.0 6.5 2.12 42.0 -26 .0 0.06 33.0 0.68 -57.0
3500 0.54 165.0 5.4 1.87 29.0 -25 .0 0.06 35 .0 0.65 -68 .0
4000 0.52 156.0 4.5 1.67 19.0 -24.0 0.06 37 .0 0.68 -76.0
5000 0.53 140.0 2.6 1.35 -3.0 -23 .0 0.08 35 .0 0.71 -96.0
6000 0.48 120.0 0.9 1.11 -22 .0 -21.0 0.09 34.0 0.73 -112 .0
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' 300 !'S wide pu lse measurement at :S 2% duty cy c le.

(

F~lI N - 1 )
• 'MMIN = 10 log 1 + ~ Noise measur e (M MI N) is th e sys tem no ise figu re of an inf ini te cascaded chain of ide ntical ampl if ie r stages.

1 " FM I N and G. specif ied as po wer rat io s.

0 .1 (0.004)
TYP.

HXTR-6105

.-2.5 ! O.2~
(0.10 , 0.01 )

1
- 3.3 10.131lMIN .

r-":::-~....

c ~c:::z-
-- t_r-"""'io--l 0.51 10.02)

TYP.

I I
n:::::J1

--I 1-1.0 (0.041 TYP

ED

HPAC-100 Package Outline

DIMENSIO NS IN MI LLI METERS (INCHES).

+
1.07 ' 0.3

(.042 ! 0.0;;.1:1 =====n::::~~====::::::1t '.

LOW NOISE
TRANSISTOR

Symbol Parameters and Test Conditions
MI L-STD-750

Units Min. Typ. Max.
Test Method

BVCES Collector-Emitter Breakdown Voltage Ic=l00J,LA 3011.1 * V 30

ICEO Collector-Emitter Leakage Current atVCE=15V 3041.1 nA 500

leBO Collector Cut Off Current at VCB = 15V 3036.1 nA 100

hFE Forward Current Transfer Ratio at VCE=15V. Ic=15mA 3076.1 * - 50 120 220

FM1N Minimum Noise Figure

f = 4 GHz dB 3.8 4.2
= 1.5 GHz 3246.1 2.2

Ga Associated Gain
f = 4 GHz dB 8.0 9.0

= 1.5 GHz 15.0
P1dB Associated Power Output at ldB Compression at 4 GHz

VCE= 15V.lc= 15mA dBm 14

MMIN** Minimum Noise Measure

VCE = 15V, IC = 15mA. f = 4 GHz dB 4.2 4.7

HEWLETT", PACKARD

COMPONENTS

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

The HXTR-61 05 is an NPN bipolar transistor designed for low
no ise at 4 GHz with high output dynamic range . This
transistor also features high output power and high gain at
the NF bias and tuning cond itions.

The dev ice ut il izes ion implantati on techniques and Ti /P t/Au
metall ization in its manufacture.and the chip is prov ided w ith
a dielectric scratch protection over its act ive area .

The HXTR-6105 is suppl ied in th e HPAC-l00. a rugged
metal/ceramic hermetic package. and is capab le of meet ing
the env ironmental requirements of MIL-S-19500 and the
test requ irements of MIL-STD-7 50 /883 .

Electrical Specifications at TeAsE =25°(

Description
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' Operation in excess of anyone of these condi tions may result in
permanent damage to this device.
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Limit

+ 250° C

30V
20V
1.5V

70 mA
900 mW
300°C
250°C

25201510

COLLECTOR CURRENT (rnA)

5

Parameter

Collector to Base Voltage
Collector to Em itter Vo ltage
Emitter to Base Voltage
DC Collector Current
Total Device Dissipation
Junction Temperature
Maximum Storage Temperature
Lead Temperature (So ldering
10 seconds each lead )

Fig ure 2. Typ ical FMIN and
Assoc iated Ga in vs. rc at 4 GHz fo r
VCE=1 5V (T uned fo r FMIN).
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Symbol

VCBO
VCEO
VEBO
Ic
PT
TJ
TSTG(MAXj

Absolute Maximum Ratings *
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FREQUENCY (GHz)

Fig ure 1. Typical FMIN and
Associated Ga in vs. Frequency.

Notes:
1. Operation of this device in excess of anyone 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 TJ = 175°C
(assumed Acti vation Energy = 1.5 eV).

2. TCASE = 25° C.
3. Derate at 4.8 mW/oC, Tc 2: 106° C.

Symbol Parameter Value

VCBO Collector to Bas e Voltagel21 25V

VCEO Collector to Em itter Voltagel2! 16V

VEBO Emitter to Base Voltagel2! 1.0V

lc DC Co llector Currentl2] 35 mA

PT Total Device Dissipationl31 450 mW

TJ Junction Temperature 200°C

TSTG Storage Temperature -65°C to

Ii + 200° C

Recommended Maximum
Continuous Operating
Conditions[1]

6

VCE = 15V
5

4

iC
:!:! 3w
;:;

(il

2

COLLECTOR CURRENT (mAl

Figure 3. Typica l S21E vs. Current
at 4 GHz.
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Fig ure 4. Typica l No ise Parameters at VCE=15V, Ic=15mA .

Typical S-Parameters VCE = 15V, Ic =15mA

1.80

2.15

2.25

3.01

3.81

4.75

FM1N
(dB)

6.81

5.33
5.04

6.54

15.54

60.14

RN
(Ohms)

.238/1 23°

.385/142°

.429/173°
.541/ -158°

.628/ -135°

.624/ -107°

f o
(Mag.!Ang.)

1000

1500

2000

3000
4000

5000

Freq. (MHz)

811 821 812 8 22

Freq. (MHz) Mag. Ang. (dB) Mag. Ang. (dB) Mag. Ang. Mag. Ang.

100 0.66 -52 29.0 28.3 152 -39.2 0.01 69 0.90 -16
500 0.59 -139 22.0 12.5 101 -37.7 0.03 41 0.55 -33
1000 0.59 -169 16.5 6.71 80 -29.6 0.03 45 0.47 -37
1500 0.59 177 13.1 4.54 65 -27.5 0.04 49 0.47 -41
2000 0.61 165 10.8 3.48 53 -25.5 0.05 50 0.47 -50
2500 0.60 159 8.8 2.75 43 -24.0 0.06 51 0.49 -61
3000 0.62 148 7.2 2.28 32 -22.7 0.07 52 0.50 -68
3500 0.62 141 5.7 1.93 21 -21.4 0.09 49 0.54 -80
4000 0.62 132 4.6 1.70 10 -20 .0 0.10 47 0.57 -85
4500 0.60 126 3.5 1.50 0.0 -19.0 0.11 45 0.60 -94
5000 0.60 118 2.6 1.35 -9 -17 .2 0.14 42 0.65 -102
5500 0.61 112 1.8 1.23 -20 -16.8 0.14 35 0.66 -112
6000 0.62 104 0.9 1.11 -29 -16.1 0.16 31 0.67 -122

Typical Noise Parameters
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HXlR -6106

I

~EMITTER

__5.08 (0.201
I TYP.

L BASE

0.508 (0.02010
TYP.

I

0.762 (0.030)-1---+00---;--1
TYP.

DIMENSIONS IN MILLIMETERS (l NCHESI.

OUTLINE HPAC-70GT

1.00 (0.039 1
MAX.

q=
0.102 (0.0041

TYP.

LOW NOISE
TRANSISTOR

The HXTR-6106 is supplied in the HPAC-70GT, a rugged
metal /ceramic hermetic package, and is capable of
meet ing the environ mental requ irements of MIL-S-19500
and the test requ irements of MIL-STD-750/883 .

The HXTR-6106 is an NPN bipolar trans istor designed fo r
low no ise up to 6 GHz with wide dynamic range . Th is
transistor also features high output power and high gain at
the NF bias and tun ing condit ions.

The device ut il izes ion implantation techn iques and
TilPtiAu metallization in its manufacture, and the ch ip is
provided with a dielectric scratc h protection over its act ive
area.

HEWLETT, PACKARD

COMPONENTS

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

Features

Description

Electrical Specifications at TCASE =25°C
MIL-STD-750

Symbol Parameters and Test Conditions Test Method Units Min. Typ. Max.

BVCES Co llector-Em itter Breakdown Voltage at Ic = 100/lA 3011.1' V 30

ICEO Co llector-Emitte r Leakage Current at VCE = 15V 3041.1 nA 500

ICBO Collector Cutoff Current at VCB = 15V 3036.1 nA 100

hFE Forward Current Transfer Ratio at VCE = 15V, rc = 15mA 3076.1" 50 120 220

FMIN Minimum No ise Figure 1=2 GHz 2.5 2.7
4 GHz

3246.1 dB
3.8

Ga Assoc iated Gain f=2 GHz 10.0 11.5
4 GHz 9.0

P,dB Assoc iated Power Output at 1dB Compression 1=2 GH z dBm 15
VCE = 15V, tc = 10mA

MMIN Minimum Noise Measu re
VCE = 15V. rc = 10mA , 1= 2GHz dB 2.6 3.0

'300/l s wide pul se measurement :52% duty cycle .
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Recommended Maximum
Continuous Operating
Conditions[1] Absolute Maximum Ratings *

Note s:
1. Operation of thi s device in excess of any one of these condit ions is

lik ely to result in a reduc tion in device mean time betwee n failure
(MTBF) to below the design goa l of 1 x 107 hours at TJ = 175° C
(assumed Act ivation Energy = 1.5 eV).

2. TCASE = 25° C.
3. Derate at 5.4 mW/oC. re ? 117° C.

Symbol

VCBO
VCEO
VEBO
Ic
PT
TJ
TSTG

Parameter

Co llector to Base Vo ltagel21
Collector to Emitter Voltagel2)
Emitter to Base Voltagel2]
DC Collector Current[2j
Total Device Diss ipation l3)

Junction Temperature
Storage Temperature

Value

25V
16V
1.0V

35 mA
450 mW
200°C

-65°C to
+200°C

Symbol Parameter Umlt

VCBO Collector to Base Voltage 30V
VCEO Collector to Emitter Voltage 20V

VEBO Emitter to Base Voltage 1.5V
Ie DC Collector Current 70 mA
PT Total Device Dissipation 900 mW

TJ Junction Temperature 300°C
TSTG(MAX) Maximum Storage Temperature 250°C
- Lead Temperature

(So ldering 10 seconds each lead ) +250°C

"Ope ration in excess of anyone of these condit ions may result in
perm anent damage to this device.

3025201510
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Figure 2. Typical No ise Figure (FMIN) and Associated
Ga in vs. Current at 2 GHz and 4 GHz at VCE = 15V
(T uned for FMIN).
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Figure 3. Typical S21E vs. Current at 2 GHz.

Figure 1. Typical No ise Figure (FMIN) and Associa ted
Gain vs. Frequency.
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Typical s-rararneters VCE = 15V, tc = 10mA

511 521 512 522
Freq. (MHz) Mag. Ang. (dB) Mag. Ang. (dB) Mag. Ang. Mag. Ang.

100 0.77 -36 26.4 20.8 157 -38.4 0.012 67 0.93 -12
200 0.72 -70 25.6 19.0 139 -34.0 0.020 55 0.82 -21
300 0.70 -95 24.1 16.0 125 -32 .0 0.025 46 0.71 -26
400 0.70 -113 22.7 13.6 115 -31.0 0.028 41 0.64 -29
500 0.69 -126 21.3 11.6 108 -30.5 0.030 37 0.59 -31
600 0.68 -136 20.1 10.1 102 -29.9 0 .032 36 0.56 -33
700 0.67 -143 19.0 8.9 97 -29.6 0.033 35 0.54 -34
800 0.66 -149 18.0 7.9 93 -29.4 0.034 35 0.54 -35
900 0.66 -154 17.0 7.0 91 -29 .1 0.035 34 0.53 -36

1000 0.66 -159 16.1 6.4 86 -28 .9 0.036 35 0.53 -36
1500 0.68 -174 12.8 4.3 72 -27 .0 0.040 36 0.48 -41
2000 0.66 177 10.5 3.3 61 -27 .1 0.044 40 0.50 -51
2500 0.68 169 8.5 2.6 50 -26 .2 0.049 42 0.50 -60
3000 0.67 163 7.0 2.2 39 -25 .0 0.056 44 0.54 -67
3500 0.69 156 5.6 1.9 31 -24 .1 0.062 46 0.54 -77
4000 0.68 152 4.5 1.7 21 -23 .1 0.070 46 0.60 -85
4500 0 .69 142 3.6 1.5 12 -22 .2 0.078 47 0.60 -92
5000 0.71 138 2.5 1.3 4 -21 .2 0.087 46 0.62 -102
5500 0.70 130 1.8 1.2 -5 -20 .5 0.094 42 0.66 -111
6000 0.76 124 0.9 1.1 -13 -19 .7 0.103 42 0.67 -120
6500 0.71 121 0.0 1.0 -23 -19 .1 0.111 38 0.75 -129
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Two Telecommunications Power Amplifiers for 2 and 4 GHz Using the
HXTR-5102 Silicon Bipolar Power Transistor (Port ion of Applicat ion Note 972)

0'

0'

E9 Conjugate Match

Gl Conjugat . Match

90'

-90'

· 90'

t l an°

90'

Figure 1. Output Power Contour at 2 GHz, VCE = 18V,
tc = 110 rnA.

Figure 2. Input Power Contour at 2 GHz, VCE = 18V,
Ic=110mA.

CIRCUIT DESIGN OF THE 2 GHz AMPLIFIER

The sequence of circuit design is as follows:

1. Design of output circuit for power.
2. Design of input circuit for gain and gain flatness.
3. Computer circuit analysis and optimization .
4. Conversion to microstrip on Duroid.'
5. Output and input circuit loading check.

APPLICATIONS FOR
SILICON BIPOLAR

TRANSISTORS
HEWLETT'; PACKARD

COMPONENTS

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 P,dB 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 .

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'dB were plotted. The input was matched
conjugately at all times. Note that the points of best P'dB and.
output conjugate match were close.

Figure 2 is the input power contour at 2 GHz. For this measure­
ment, the output was conjugate ly 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'dB were close.

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 amplifiers:

Power at 1dB Gain Compression = 0.5 Watt
Gain at 1 dB Gain Compression = 10 dB (2 GHz)

= 6 dB (4 GHz)
Gain Flatness = 2 dB

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.
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The output circuit was designed at band center 2 GHz, ac­
cording to Figure 3. The 5O-0hm output load was transformed
to a resistance of 13.5 ohms by a quarter wave transforme r

o'

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

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

Z, = V 50 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.

1'. .=0 ~Zo - 50 n.32 Zo • 26 n. "A/4

Figure 4. Output Circu it for 2 GHz Amplifier.

The input circuit was des igned 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 5-parameters of the transistor at
2.3 GHz to an input impedance, the conjugate of which was
the required input circu it loading.

Reflection coefficient of output circuit, f l , at
2.3 GHz : 0.56L95°

Transistor 5-parameters at 2.3 GHz :

5 " = 0.58 L 146°
52' = 2.16 L -5.6°

. 5 12 = 0.076 L - 15.0°
5 22 = 0.57L - 127°

Load to source mapping formula (from HP-67 E.E. Pac 1)2:

[

5 12521
] *f MS = 5 1' + 1 _

- 5 22
f l

where

I'MS is the input conjugate match

and

* represents the conjugate.

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

0.60L - 134° (420 in shunt with - j 31 0).

Figure 5 shows the input conjugate match point in admittance
5mith 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° (.\ /8) has a reactance equal to
-j Z, tan 45°. In other words , it has a capacitance equal to
Zoo 50 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.

o·

e Conjugate Match

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

Figure 6. Input Circuit fo r 2 GHz Ampl if ier .
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AMPLIFIER PERFORMANCE

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

The amp lifier was fabr icated and the measured performance
in gain , power output, input and output return loss and reverse
isolation, all at 1 dB gain compress ion , was indicated in
Figures 8, 9 and 10. Tuning of the amplifier did not improve the
overall perfo rmance.

.-- .......
V .... <,-,

18V,l10 mA

FREOUENC Y (GHz)

1.9 2.0 2.1 2.2 2.31.8

9

11

12

:;:;
::!
z 10
;;'
o

13

Input Output Small
Frequency Reflection Reflection Signal K

(GHz) Coefficient Coefficient Gain (dB) Factor

1.7 0.73 L 1590 0.38L 1310 10.02 1.08
2.0 0.52L 1370 0.09L - 80 10.83 1.15
2.3 0.10L 1690 0.58L - 1160 9.51 1.19

Keeping in mind the main amplifier performance criteria were
power output and gain; and that the best P' dB 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 opt imization were the characteristic impedances of the
three transm ission line sect ions .

The optimized amplifier performance was as follows :

Input stub : 20 = 31 0 ,45 0 at 2.3 GHz
Output lines : 2 0 = 500 ,32 0 at 2.0 GHz

2 0 = 260 ,90 0 at 2.0 GHz

Table 1. Initial Amp lifier Performance at 2 GHz.

The circu it was analyzed on the computer-aided design
program COMPACP

The amp lifier performance was as follows :

Input Output Small
Frequency Reflection Reflection Signal K

(GHz) Coefficient Coefficient Gain (dB) Factor

1.7 0.72L 1610 0.48 L 1240 9.83 1.08
2.0 0.52L 1420 0.19 L 28 0 10.75 1.15
2.3 0.13L 1630 0.53L - 990 9.83 1.21

Input stub : 20 = 30.40 , 450 at 2.3 GHz
Output lines : 20 = 45.20 , 32 0 at 2.0 GHz

20 = 27.40 , 900 at 2.0 GHz

Table 2. Optimized Amp lifier Performance at 2 GHz.
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V \
18V.1 10 mA

The amplifier performance on paper was observed to be satis­
factory. The next step was to convert the transm ission lines
to microstrip lines on Duroid, the circuit board mate rial used
for this amplif ier. Card 14A from EE Pac 1 for the HP-67
calculator was used for the conversion . Figure 7 shows the
dimensions of the various circu it elements.
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Figure 9. Power Output at 1 dB Gain Compression vs.
Frequency at 2 GHz, VeE = 18V, tc = 110 rnA.
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Figure 7. 2 GHz Amplif ier Circuit Dimensions on Duroid.
Figure 10. Input and Output Return Loss; Reverse
Isolation , at 1 dB Gain Compression vs. Frequency at
2 GHz, VCE = 18V, rc = 11 0 rnA.



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

BIAS AND DISTORTION

The dc bias condition of 18V and 110 rnA was chosen for best
gain and P,dB performance. It was, however felt that the
110 rnA 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.
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AMPLIFIER PERFORMANCE WITH LOW
DISTORTION BIAS

Two tone measurements were made with the bias of 22V and
85 rnA, 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.

Figure 12. Two Tone Intermodulation Distortion
Performance at 2 GHz , VCE = 22V. rc = 85 rnA.

The AM to PM conversionof the amplifier is plotted in Figure13.
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Figure 11. Two Tone Intermodulation Distort ion
Performance at 2 GHz , VCE = 18V, tc = 110 rnA.
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Gain (dB) tc (rnA )
11.9 110
10.9 20
10.9 162

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

The transistor was biased to 18V and 90 rnA, 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 volts. The result is indicated in Table 4. A mid­
point current of 85 rnA was arrived at.

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

Gain IdBl tc (rnA)
12.2 85
11.2 22
11.2 145

Figure 13. AM to PM Conver~ ion vs.lnput Power at 2 GHz,
VCE = 18V, rc = 110 rnA. .

Table 4. Small Signal Gain vs. Collector Current at 2 GHz,
VeE = 22V
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Figure 16. Output Match ing on Smith Chart at 4 GHz.

Figu re 19. 4 GHz Ampli f ier Final Circuit Dimens io ns
on Duroid .

Figure 17. Output Ci rcui t fo r 4 GHz Ampl ifi er.

Tuning and Amplifier Performance

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

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.

o'

o'

6l CONJUGATE MATCH

e CONJUGA TE MATCH

.",'

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

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.

",'

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.

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 amplif ier.

Figure 15. Input Powe r Contour at 4 GHz, VCE = 18V,
tc = 110 mAo

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.
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Figure 20. Gain at 1 dB Gain Compression vs. Frequency at
4 GHz , VCE = 18V , rc = 110 mA o

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.
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Bias and Distortion

Two tone intermodulation distortion is presented in Figures
23 and 24. The best power output bias is 18V and 110mA. The
best distortion bias is 22V and 85 mAoAs 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.
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The AM to PM conversion performance of the amplifier is
shown in Figure 25.
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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
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INPUT POWER(dBml

Figure 25. AM to PM Conversion vs. Input Power at4 GHz,
VCE = 18V, rc = 110 mAo

Bias Circui t

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 dc

R, RJ Rs

FEEDTHROUGH
CAPACITORS RF CHOKES

I
0, -=-

........

I
Rz R, -=- -=-

-=-
R, 680n Y.aW

Rz 1780n v..w
RJ 47n lW

R, loon %W

Rs %W

Q , 2N3251

• FOR COLLECTOR CURRENT TRIMMING

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

Laboratories, Inc.' , part number Di 68 102 K 300 L. The two
ampl ifiers, minus the bias supplies , are shown in Figure 27.

Figure 27. Top View of the 2 and 4 GHz Amp lifiers .
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Plotted in Figure 1 is the typical noise figure, no ise measure *
and associated gain of the 2N6617 (HXTR -61 01) product as

a function of collector current at 4 GHz.

Fro m Figure 1, it can be see n t hat the minimum noi se mea­

sure of the d evice is obta ined at a collector cu rrent of 3 to

A Low Noise 4 GHz Transistor Amplifier Using the 2N6617 (HXTR-6101)
Silicon Bipolar Transistor (Port ion of Application Note 967)

DESIGN DATA

_900

Figure 1. Typical Noise Measure (MMIN), No ise Measure (F MIN)
and Associated Gain vs. Collector Current. Figure 2. Noise and Ga in Contours

LJsing t he Gain and Noise Paramete rs above," the ava il­
abl e power gain and noise contours are plotted in Figure 2.
The contou rs are mapped onto the sou rce impedance plan e ( 2 ~

4 mAo However, the associated gain at no ise f igure is higher

at 4 mA, th erefore a bias poin t of VCE = 10 vol ts and Ic =
4 mA is chosen for low nois e measure ope ration. At these
bias conditions, the scatter ing, gain (1 ) and noise(2) param­

eters fo r the particular device used in t h is ampl if ier are:

- The syst em no ise figur e o f an infi nit e cascaded cha in of iden ti cal
amplifier sta ges . For fu rther exp lana t ion, see Hewl ett-Pac kard Ap­
plicat ion Bu llet in #9 .

r, FMIN-1J
MMIN ; 10 10910 C+1_ G~

Scatter ing Parameters

S,1 = 0.552/169°
S12 =0.049/23°
~1 = 1.681/26°
~2 = 0.839/-67°

Noise Parameters

FMIN = 2.5 dB
f a = .475/166°
Rn = 3.5 ohms

Gain Parameters
k = 1.012

Ga(max) = 14.7 dB
f MS = .941 /-154°

fML = .979/7 0°

Ta king a closer loo k at the Noise Contours, it is seen that the

opt imum source ref lecti o n coefficient (fa) for minimum
no ise f igure (FMIN) is not very sens it ive 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. Th is cha racte rist ic of the 2N6617
is very advantageous to circu it des igne rs try ing to match
fo r minimum noise figure. Fro m the two sets of contours, it
a ppear s that the associated gain at minimum no ise figure will
be approx imately 11 dB with the output seeing a conjugate
match.

Since the des ign goal is to construct a low no ise ampl ifier , the
opt imum no ise measure bias cond ition is selected. There is

also an optimum bias condit ion for maximum gain and an­
other for output power. Even at the opt imum noise mea ­

sure bias there are trade-offs between noise f igure , gain and
power ou tput due to source and load impedance.

At the opt imum no ise measure bias of VCE = 10 volts and Ic
= 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. Figu re 3 is plotted for the
particular dev ice used in this ampl ifier design. The source and
load reflection coeff icients are mapped onto the source or
load impedance plane.
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4) Since the driving source impedance is 50n, a quarter-wave
transformer of characterist ic impedance:

Z'o =v'(50) (19.6) = 31.31 n
completes the input matching network.

90"

' 180' + - __._-

OUTPUT MATCHING NETWORK

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

1) Calculate S'22 , the output reflect ion coefficient with the
source reflection coefficient being rO.

2) Provide a conjugate match for the output with a load re­
flect ion coefficient equal to S'22 " . (rL = S'22 *)

3) The matching section could be real ized 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.

Figure 4. Input Matching Network

90 '

-90"

INPUT MATCHI NG NETWORK

• 180'-t-- -'--0.2 - - AI FOR LOWESTNOISE , 1" •. 415"66". rl ·.84~n2°

lOps ~~:~E'F"~~RE ' 2.5dB

X 81 FOR MAXIMUM AVAILABLE GAIN : IMS :II: .941/ _154°
IML lit .979n o"

The ma in purpose of the input matching network is to pro­
vide the optimum source impedance for minimum noise fig­

ure . The basic design philosophy in realiz ing this network is:

Figure 3. Matching Tradeoffs

1) Convert the optimum source reflection coefficient (rO)

to impedance.
2) From this impedance determine the equiva lent admit­

tance.
3) The susceptance component is realized with a short cir­

cuited eighth-wave (~) length stub.

4) The conductance component is real ized with a quarter­
wave (~) length impedance t ransformer.

4

The real ization and Smith Chart mapping for th is input
matching network is described below and shown in Figure 4.
1) The impedance ZNF, correspond ing to ro =.475/166° is:

(1 -11'0 12 ) 50 j (21fol SIN frg) 50

ZNF = 1 + 11'0 12 -2 1fo l Cos IE2 + 1 + lfol 2 - 2lfo lCos f!:Q

ZNF = 18.0 + j 5.35

2) YNF = Z.!.. = 0.0510 - j 0.0152
NF

3) A short circuited stub less than a quarter-wave length long
looks like a shunt inductor of impedance Z = jZo tan (3Q.

Hence a short circuited stub that is an eighth-wave length
long looks like a shunt inductor of impedance jZo where
Zo is the characteristic impedance of the stub. Hence

1
Zo = .0152 = 65.8 ohms.
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Zo (Z4 + j Zo tan {3Q ) n
Z5 = (Zo + j Z4 tan {3Q) = 50
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6) An open stub is chosen to provide some tuning capability.
An open circuited stub less than a quarter-wave length
long looks like a shunt admittance Y = j YO tan {3Q. An
open circuited stub of characteristic admittance YO =
.039 U and length 0.4 cm l€r = 1) ({3Q= 19.2°) is added.

Its susceptance is .039 tan 19.2° = .0136 n
Y4 = .02 -i .0107 + j .0136 = .02 + j .0029

Z4 = -h = 50 -j 7.1

7) Now Z4 is matched with a transformer with a character­
isti c impedance of 80 n and length of .19 cm l€r = 1)
({3Q= 9.12°)

90

' lao -+----

With t his dominant Q, the calculated 3 dB bandwidt h
(B.W.) is:

100 B.W. =~ = 1801
X fo Q (S22) 10

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

3) A 0.61 cm (2{3Q = 59°) equivalent air length of Zo =50 n
transmission line was added to the output to prov ide an
output soldering area . The rotated output reflection co­
efficient is:

f l =.846/-131 °

The corresponding impedance, ZI , is

2) A problem with the output is the relatively high Q. Th is
can cause problems in supplying a conjugate load match
to obtain a good output VSWR because of sensitivity to
small dimensional changes. Calculating t his output Q

gives us,

(1 - /f112) 50 j (2 Ifl l Sin LD) 50Z 1 = + __-'-----:c:....==..:..__

1 + 1f112 -2lfl lCos f!.} 1 +/f1 12-2Ifl ICos l.!l
ZI = 5.03 -j 22.6

Yl = i.
l

= 9.35 x 10-3 + j.0422

:. S22 = .846 1_72°
Now, providing a conjugate match to S22' for a good out­
put VSWR, the load reflection coefficient (fL ) should be:

fL =.846 / 72°

The real ization and Smith Chart mapping of this output net­
work is described below and shown in Figure 5.
1) From the S-Parameters on the device, S'22 can be calcu­

lated as follows :
S21 S12 fo

S 22 = S22 + 1 - SII fo

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

A convenient character ist ic admittance, Yo = 0.0345 U
is used for the shunt stub.

Y2 = 9.35x 10-3 + j .0422 -j .0345= 9.35x 10-3 +j .0077

Z2 = ~2 = 63.7 -j 52.5

-90 '

Z' 22
l

son

5) The next element is a transformer to obtain an admit­
tance with real part matched to the 50 ohm load. This is

accompl ished with an 80 ohm line 1.35 cm long. l€r=l)

({3Q= 64.8°)

Zo (Z2 + j Zo tan {3Q )
(Zo + j Z2 tan {3Q)

39.12 + j 21.1

Y3 = Z: = .02 -j .0107

Figure 5 . Output Matching Network

The output tuning section as described has the flexibility
for tuning in four areas :

• Adjusting the length of the series line
• Changing the width or characteristic impedance

of the open circuited shunt stub
• Modifying the length of the shunt stub
• Varying the length of the final series line

This completes the design of the output matching network.
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Figure 9. R.F . Board Layout.

CONSTRUCTION

The boa rd material is .031 " RTIDuro id 120-061 , with
1 oz copper clad on two sides. The relative dielectric
constant (€r) is 2.23. Duroid was chosen because of its low
loss tangent. The thickness of .031" was chosen so the em it­
ter top cap could be soldered to the RF ground, thereby
ta king advantage of the low em itter ind uctance .

To minimize transition int eracti ons between the ser ies trans­
mission lines and shunt stubs, the shunt stubs were balanced
along the series transmission lines.

Some tuning on the output match ing 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 ampl ifier and biasing circu it
can be seen in Figure 10.

Spur ious Outputs - With a 4 GHz, 0 d Bm input signal in­
jected into the amplifier, 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.
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Figure 7 . Input - Output VSWR Performance.

Figure 6. Noise and Gain Performance.

Figures 6, 7 and 8 show the room temperature performance
of the a mpl ifier .
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°IdB.

Third Order Intercepts - With two fundamental signals in­
ject ed 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 intermodulat ion products are both -34
dB below the two fundamentals at the output. Therefore,
the th ird order intercept point is + 17 dBm.
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The quiescent point is adjusted by R2 and R3. R2 is adjusted
to provide the proper VCE voltage and R3 is adjusted to
supply the correct collector current (lC).

A picture of the assembled amplifier can be seen in Figure
11. The amplifier draws 4.4 rnA from a 15 volt DC
pow er supply.

cB = 270 pF. HIGH "a"
JOHANSON
SOA150271KB

0 1 = 2N6 617 '

c, = 1000 pF . HIGH "a"
JOHANSON
50S410102MB

+15
ValTS D.C.

Figure 10 . Complete Amplifier Schematic, with Bias
Circu it Elements.

Element Value

100 K!1.Y..W

200 K!1, lW, potent iometer

5 K!1, lW, potentiometer

2.61 K!1, Y..W

.Q1 J1F , 100v, disc.

.002J1 F, 250v, disc.

.01J1F, 100v, di sc.

2 turn s #3 6 enameled wire on .1"
core (air )

2 turns #3 6 enameled wire on .1"
core (air )

hFE ~75, fT > 150 MHz, BVCEO ~

30V,lc max ';;;;50mA, Po ';;;;300 mW,
PNP Silicon, Plast ic.

Figure 11. Amplifier - Top View.
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Schottky Diodes Selection Guide

~
Zero Bias General

Mixer Detector Detector Purpose
Package Outline (Pg. No .) (Pg. No .) (Pg. No.) (Pg. No.)

"==+=D C2

88 - - -

=0= H2

+ C4

0

=9¢= H4 96 - - -,,_/

0

t= E1

Ll 44

§ 49 98 110 105 -

D

0 15 79

0

D

0 12 - - - 80

0

Deta iled spec if icat ions are given on the pages listed. The pr imary applications are shown in th is gu ide .
Other app lications are discussed in the tex t.



HEWLETT. PACKARD

COMPONENTS

SCHOTTKY BARRIER DIODES
FOR GENERAL PURPOSE

APPLICATIONS

5082-2301102/03/05
5082-2800(1N5711)
5082- 281O(lN5712)
5082-2811(lN5713) e
5082-2835
5082-2900
HSCH-1001(lN6263)

OUTLINE 12 (00-35)

OUTLINE 15

DIMENSIONS IN MILLIMETERS
AND (INCHES)

0.41 (0.016)---1 r--
0.36 (Q.Of41 I I

~ J~
tl
I

4.32 (0.1701

f
~J:

package Dimensions

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 packaged in 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 optim ized for low turn-on voltage. The
5082-2835 is particularly well suited for UHF mix ing.

The 5082-2300 and 2900 Series dev ices 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 sens itivity 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 switch ing .

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.

Peak Inverse Voltage VSR

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 -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 max imum rated temperature
5082-2305, 2301, 2302, 2303, 2900 125 mW

5082-2800,2810,2811 250 mW

5082-2835 150 mW
HSCH-1001 400 mW

Features
LOW TURN-ON VOLTAGE: .34V AT 1mA

PICO-SECOND SWITCHING SPEED

HIGH BREAKDOWN VOLTAGE: UP TO 70V

UNIFORM FORWARD TRACKING

79
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Electrical Specifications at TA=25°C
", "

Minimum Maximum VF=1V Max Maximum

Part Breakdown Forward at Forward Reverse Leakage Maximum
Number Package Voltage Voltage , Current Current Capacitance

5082- Outline VBR (V) VF (mV) IF (mA) IR (nA) , at VR(V) ",C T (pF)+
2800 15 70 410 15 200

+
50

e, I "
2.0

,

1N571111) 15 70 410 15 200 50 2.0

2305 15 30 400 75 300 15 1.0

2301 [2] 15 30
,+

400 50 300
"

15
"

1.0 T

2302(2 ) 15
gW

30 "'" ,,+
W 400 35 300 15 1.0

2303[2] 15 20 400 35 500
" ""

15 1.0+
2810 15 20 410 35 100 "" 15 : 1.2

lN5712(1) 15 20 550 35 150 16 wi'if 1.2

2811 T 15 15 410 20 100 8 e 1.2 ""
lN5713(1) 15 15 410 20 100

i'w
8

w' " 1.2

2900 15 10 400 20 n 19,0 " ,
5 1.2"

1'1 2835 15 I, 5* II! 340 io: 100 1 1.0'+

HSCH-l001(1) 12
"

(1N6263) (00..35)
60 410 15

1 200 50 2.2
" ,'"

Test
:' IF = ,1 mA tVF = .45V

'ill w>
IR = 10 pA VR ", OV

Conditions *IR = 100 pA
"

f = 1.OMHz

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

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

Matched Pairs and Quads
Basic m, Matched Matched

, +'

Part I' Matched Matched Ring Quad Bridge QuadI' .
Number Ii Pair Quad Encapsulated Encapsulated Batch

5082, Unconnected Unconnected G-10utline G-2 Outline Mat~hed Test Cdnditions
'"

2301 5082-2306 !:NF at IF =0.75-20 mA

/:iVF = 20 mV /:iCoatf = 1.0 MHz
/:iCo = 0.2 pF ,

2303 5082-2308 5082-2370 5082-2396 5082-2356 /:iVF at IF ",0.75-20 mA

/:iVF= ,20 mV /:iVF = 20 mV /:iVF =20 mV /:iVF = 20mV /:iCo at f= 1.0
wMHz

/:iCo = 0.2 pF /:iCo = 0.2 pF /:iCo = 0.2 pF /:iCo = 0.2 pF "

2900 5082-2912 5082-2970 5082-2996 5082-2997 /:iVF,at IF '" 1.0 - ,,10mA

/:iVF = 30 mV /:iVF = 30mV l:NF= 30 my /:iVF =30 mV

Iw 2800 5082-2804 5082-2805 " 5082-2836 /:iVF at IF =0.5 ,-5 mA

/:iVF = 20 mV /:iVF= 20 mV /:iVF = 20 mV /:iCo~tf= 1.0 MHz

Z&
/:iCo = 0.1 pF I T' M, "

5082-2815 5082-2814
+,

5082-2813 5082-2826 /:iVF aUF = 10 rflA
,

2811
/:iVF", 20 mV /:iVF = 20rriV /:iVF = 20mV /:iVF = 10 mV /:iCo at.f = LO MHz

M
/:iCo = 0.1 pF

, '1m

2835 '1,, 5082-2080 ~VF at IF =10 mA'
I, /:iVF = 10 mV /:iCoatJ= 1.0 MHz

, /:iCo=O.l pF
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Figure 1. I-V Curve Showing
Typical Temperature Variat ion for
5082-2300 Series Schottky Diodes.

Figure 2. 5082-2300 and 5082-2900
Ser ies Typical Reverse Current VS.

Reverse Voltage at TA = 25° C.

Figure 3. I-V Curve Showing
Typical Temperatu re Variation for
5082-2800 or 1N5711 Schottky
Diodes.
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Figure 4. (5082-2800 or 1N5711)
Typical Var iation of Reverse
Current ( IA) VS. Reverse Voltag e
(VA) at Various Temperatures.

Figure 5. I-V Curve Showing
Typical Temperature Var iation for
the 5082-2810 or 1N57 12 Schottky
Diode.

Figure 6. (5082-2810 or 1N5712 )
Typical Var iat ion of Reverse
Current (IA) VS. Reverse Voltage
(VA) at Var ious Temperatures.
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Forward Voltage (VF) at Various Temperatures for the
HSCH-1001 .
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Figure 17. Typical Capacitance (C) vs. Reverse Voltage
(VR) for the HSCH-1001 .

Figure 18. Typical Dynamic Resistance (Ro) VS. Forward
Current (IF) at TA = 25°C for the HSCH-l001 .

Mechanical Specifications
Outline 15

Lead Material:

Lead Fin ish :

Maximum Soldering Temperature:

Min imum Lead Strength:

Typical Package Inductance:

Typical Package Capacitance:

Dumet

2800 Series: T in
2300, 2900 Series: Gold

2300 C for 5 sec.

4 lb . Pull

2800 Series: 2.0 nH
2300, 2900 Series: 3.0 nH

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.

Outline 12 (00-35)

Dumet

Tin

2600 C for 10 sec .

10 lb . Pull

1.8 nH

0.25 pF
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HEWLETTi:fPACKARD

COMPONENTS

HIGH
CONDUCTANCE

DIODES

5082-1001 (IN4456)
5082-1002
5082-1003
5082-1004
5082-1006

Features
FAST SWITCHING

LOW CAPACITANCE
HIGH CURRENT CAPABILITY

nescrionon/ Applications

25.4 (1.00)
MIN.

o
2.72 (0.107)

- 2.16 (0.085)

CAT HODE

Maximum Maximum Max imum
Minimum Minimum Minimum Reverse Reverse Maximum Reverse Maximum

Part Breakdown Forward Forward Leakage Leakage Total Recovery Turn-On
Number Voltage Current Current Current Current Capacitance Time Time

5082- VSR (V) IF (mA) IF (mA) IR (nA) IR (tlA) Co (pF) trr (ns) ton (ns)

1001 35 150 500 200 200 1.5 1.5 2.5
(1N4456 )

1002 35 300 ····· 800 200 200 3.0 2.0 2.5

1003 25 100 300 200 200 2.0 1.5 2.0

1004 25 200 600 200 200 4.0 2.0 2.0

1006 50 150 500 200 200 1.1 1.5 -

Test
IR= 10pA

VF=1 .0V VF= 1.4V
131 1500 CI3I VR=OV,

(Figure 9 ) (Figure 10)Condit ions 121 121 f= 1.0 MHz

84

The 5082-1000 ser ies of d iodes feature plana r sil icon
epitaxial construction to provide high conductance , low
capa citance, and nanoseco nd turn-on and turn-off.
Process con tro l of the diode manufactu ring enab les
spec if ication of effective mino rity car rier li fet ime .Turn-on
time and voltage overshoot are mi ni mized in these diod es
of low conductivity mod ulation.

These diodes are ideally suited fo r app lic at ion s such as
co re dri vers , pulse generato rs, input gates or wherever
high conductance without loss of speed is required .

Maximum Ratings at TCASE=25°C
WIV - Working Inverse Voltag e
1006 40 Volts
1001 /1002 30 Volts
1003/ 1004 20 Volts

IF (Surge) - Forward Cur rent Surge ,
1.0 Second Duration 0.75 Amp

IF (Surge) - Forward Cu rrent Surg e,
1.0 Mic rosecond Durat ion 7.50 Amp

PDISS - Power Dissipat io n l1 1 500 mW

TA - Operat ing Temperature Range -65° C to + 175° C

TSTG - Storage Temperature Range -65° C to + 200° C
Operat ion of these devices within the above
temperatu re rat ings will assure a device Mean
Time Between Fail ure (M TBF) of approx ima tely
1 x 107 hours.

Electrical Specifications at TA=25°C

NOTES: 1. Mo unt ed on a pr inted circuit board in st ill ai r.
2. Measure d at a repet ition rate not to exceed the pow er

diss ipa tion . .
3. VR=35V for 1006; VR=30V for 1001, 1002; VR=20V for

1003, 1004.

7.62 (0.300)
5.84 (0.230)

+J................
25.4 (1.00) 0

MIN.

~--
I I 0.56 (0.022)-l I- 0.46 (0.018)

OUTLINE 11

DIMENSIONSIN MILLIMETERS AND (INCHES)

Mechanical Specifications
The HP Outli ne 11 package has a glass hermet ic seal w ith
dumet leads . The package will meet MIL-STD-750, Method
2036, Condition A (2 Ibs. ten sion for 15 sec .) and E. The
maximum soldering temperature is 230°C for 5 secon ds.
Out line 11 pack age capacitance and inductance are
ty pically 0.15 pF and 4 nH respect ively.

4. Inductance measured at the edge of the glass package seal is
typically 4.0 nH for all dev ices.

5. Rectif icat ion Eff iciency is typica lly 65% for all devic es
(Figure 8).



Figure 1. Typical Forward Conduction Characteristi cs ,
5082-1001 , 1003, and 1006.
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Figure 2. Typ ical Forward Conduction Characteristics ,
5082-1002 and 1004.
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Figure 3. Typical Forward Current Temperature
Coefficient.

Figure 4. Typical Reverse Current at Spec ified VR vs.
Increasing Temperature.
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TEST FiXTUR E

SIGNAL POWER ATIENUATOR I-- VTVM VTV M
GENERATOR - AMPLIFI ER - WEINSCHEL HP41 1A

\COAXIA L
5.0K ;;:r:: 20pF HP 412AHP 608C BOONTON 10db FEEO·THRU

230A lO W PROBE- - so n I--

~IOO E UNOER
TEST

Figure 8. Test Circuit fo r Measuring the Rect if ica tion Effi ciency. Signal source is adjust ed to 100 MHz and 2V RMS as read
on the 411A. The recti fi cati on effi cien cy calculated f rom the DC out put vo ltage by RE = Voc/ 2.83 is typically 65% for all
dev ices .

MERCURY PULSE
GENERATOR

<0.50s RISE TI ME

- 100s DURATION

TEST FIXTURE
+V

SAMPLING
OSCILLOSCOPE

HP 1851187

86

Figure 9. Test Circu it for Measu ring Reverse Recovery T ime. IF is set equal to IR (anywhere from 10 to 400 mAl . tRR is
measu red as the tim e required to reco ver to 0.1 IR as tim ed from the zero cr ossover. The observed waveform will be
determined more by diode capacitance than by minority carrier storage.

STEP VOLTAG E SUPPLY

} HP 186A< 1.0ns IF SUPPLY
RISE TI ME

39n soon 39n

} "' rasaDIODE UNDER
10nIo n TEST

SAMPLIN G
OSCIL LOSCOPE

Figure 10. Test Ci rcu it for Measuring Turn-On Time . IF is adjusted for 10 mA after applying the step voltage . tON is measured
as the ti me requ ired to reac h 0.9 IF from initial appli cati on of the step volt age. For high excit ati on levels the tON value is
significan tly lower than the valu e spec ified , i.e., at 100 mA tON is ty pically less than 1.0 ns.



HEWLETTi:j PACKARD

COMPONENTS

SCHOTTKY BARRIER
DIODES FOR STRIPLINE,

MICROSTRIP MIXERS
AND DETECTORS

5082-2200/01/02103
5082-2207/08/09/10
5082-2765/66
5082-2774/75
5082-2785/86
5082-2794/95

Features
SMALL SIZE

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 Mechanical Specifications
This family consists of medium barrier and low barr ier
beam lead diodes mounted in easily handled car rier
packages. Low barrier diodes provide op t imum no ise
figure at low local oscillator drive levels. Med ium barr ier
diodes provide a wider dynam ic range for lower distorti on
mixer designs. The family provides a range of both dc and
rf specified diodes. Applicat ion Note 940 gives recom­
mended handling and bonding techniques. Application
Note 963 presents impedance matching techn iq ues for
mixer and detecto r circuits .

The HP out l ines C2 and H2 are des igned for microstrip
and stripline use. The leads provide good continu ity of
t ransmission li ne impedance to the diode. Outline C2 is a
plasti c on ceramic pac kage . Ou tline H2 has a metal
ceramic hermetic seal. The ceram ic is alumina. Metal
parts are gold plated kovar.

The hermetic package, outline H2, is capable of pass ing
many of the env ironmental tests of MIL-STD-750. The
appli cable so lderab il ity test is reference 2031.1 : 2600 C, 10
secon ds.

Package Dimensions
DIMENSIONSIN MILLIMETERSAND (INCHES).

0.46 (0.018)

0.30 L..012 )/CATH.0",+
. Dc . ?LJ

T / ~ 3.81 (0.150 ) ~.
1.40 (O.OW""- / - MIN. ~ .
1.14 (0.045) Y
SQUARE

0.58 10.023)

O
0.43 (0.0 17)

c::::JJ ~

2.64 (0.104)~.34 (0.09J13.30 (0.130) •
SQUARE MIN.

2.59 (0.102)
2.06 (0.081) -1-'- --1

LIDDIA.

CATHODE

2::J

020 (0.008)
0.10 (0.004) 0.89 (0.035)

K~~~A=~=~=-=:=.:::!:. =-_=IT!:::0=.64=i=0.0=25~~~;:
T

0.36 (0.014)
MAX.

l =

0.10
(0.004 )
TYP.

= -1.
I

Outline H-2 Outline C-2
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RF Electrical Specifications at TA=25°C

Maximum IF
Part Batch Noise Impedance

Number Matched Recommended , . Fig ur~ Z IF (D) Maximum
5082 - 5082- Frequency Barrier I'4F.(dB) Min. Max. SWR

2200 2201 Medi um 6.0 200 400 1.5:1

2202 2203 Medium 6.5 200 400 ·2.0:1
F1 2 GHz H-2

2765 2766 Low 6.0 100 250 1.5:1

2785 2786 FLow 6:5 100 250 2.0:1

2207 2208 Medium 6.0 250 500 1.5:1

2209 2210 Medi um 6.5 250 500 2.0:1
1-18 GHz .22

2774 2775 "Low 6.0 200 400 1.5:1

2794 2795 Low 6.5 200 400 2.0:1

Test ~NF$0 . 3d B L.O. Test Frequency DC Load Resista nce = ·OD
Cond itio ns ~ZIF$25D 9.375 GHz L.O. Power = 1 mW

IF ;::: 30 MHz , 1.5 dB NF

Typical Detector Parameters
.. .. d' •• •• ••••

uriit s
ua ...

Parameter Symbo l Typical Va lue .. Test Cor;td itions ..r:. jim;

Tangept ial Sensitivity TSS - 54 dBrh 20 pA Bias " ". !iii, F
m· ··f!!t

..
6.6 mVJpVj V ideo Bandw idt h··=2 M Hz

I·· Voltage Sensit ivity 'Y.. RL = 100KSl.. .. .•
V ideo Resistance Rv 1400 n fJ= 10GHz

!It;

«
E.
I­
Z
w
a:
a:
:;)
o
a
a:
<l:s:
a:
o
u,

FORWARD VOLTAG E (mV)

«
E.
I­
Z
w
a:
a:
:;)
o
a
a:
<l:S: .
a:
o
u,
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Figure 1. Ty pical For ward Characte risti cs, 5082-2200,
-2207 .

Figure 2. Typ ical Forward Characteristics, 5082-2202,
-2209 .
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Figure 3. Typical Forward Characteristics. 5082-2765.
-2774 at TA = 25°C.

±180°-t---

-90° -90 0

Figure 5. Typical Admitt ance Charac teristics . 5082-2200
with self bias.

Figure 6. Typical Adm ittance Characterist ics . 5082-2200
wit h external bias.
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90

±180°+---

Figu re 7. Typ ical Ad mittance Cha racteristics , 5082-2202
with self bias.

90°

±180°+---

Fig ure 9. Typical Ad mitta nce Characteri stics, 5082-2765
with self bias.

90°

±180°+-- -

Figure 8. Typical Adm ittance Character ist ics , 5082-2202
wi th ext ern al bias.

90°

±180°+---

Fig ure 10. Ty pical Adm ittanc e Characterist ics, 5082-2765
with externa l bi as.



90°

Cl

Figure 11. Typ ical Adrnittwith self bias . I ance Characterist ics , 5082-2785

90°

figure 13. Typical Admittance Cnafactelistics , 5082-2207

with self bias.

Cl

Figure 12 Typi I Ad .lth . ca rruttance Characterist ics 5082 2785
WI externa l bias. ' -

Figure 14. Typical Adm ittance Characterist ics , 5082-2207

with external bias .
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Figu re 16. Typical Adm itta nce Characterist ics , 5082-2209
wi th externa l bias,

-900

Figure 18. T ypical Ad ltt
with external bias. ml ance Character ist ics , 5082-2774

Figure 15. Typ ical Adm ittan ce Characterist ics , 5082-2209
with self bias.

Figu re 17 Typic I Ad .
with self bias. a mlttance Characteris tics, 5082-2 774
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Figure 19. Typical Admittance Characteristics , 5082-2794
with self bias.

goo

Figure 20. Typical Admittance Characterist ics, 5082-2794
with externa l bias.

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

5.5
1

Maximum Ratings at TCASE=25°C
Pulse Power Inc ident 1 W

(1 ).Js pu lse , Du =.00 1 for 1 minute)

CW Power Diss ipat ion
(M ounted in inf in ite Heat Sink) 125 mW

(Derate linea r ly to Zero at Maximum Operating
Temperature)

Junct ion Operat ing and Storage Temperature Range
C-2 Packaged Diodes -65°C to +125° C

H-2 Packaged Diod es -65°C to +1500C

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

Diod e Mounti ng Tem perature
C-2 and H-2 Packa ged

Diodes 235°C for 10 sec. max.
Peak Inv erse Vol tage 3 V

These d iodes ar e pul se sens it ive . Ha ndl e with care to avo id
static disch arg e through the d iod e.

7.5

7.0

iii
:s
UJ
cr:
is 6.5
u::
UJ

'"<5z
6.0

/
. /

---/

3 5 7 9 11 13 15

FREQUENCYIGHzI
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son ppo STRIPLINE

1/8 INCH GROUND PLANE SPACING

PACKAGE DIMENS ION
" A"

C·2 1.91 .0.05
(0.075 • 0.002)

H-2 2.67 .0.05
(0.105 • 0.002)

DIMENSIONS IN MILLIMETERS (I NCHES)

DEVICE UNDER TEST
CATHODE GROUNDED

GROUND

PPO

AIR

" A "

L~6hr"--------I
~~~::r

4.1
(0.16)

Figure 22. Adm ittance Test Circu it for C2 and H2 Diodes.

MODEL FOR H2 DIODES

67.on
0.318 (0.0125)

EEFF. =6.37

47.6n
0.775 (0.0305)
f EFF . = 6.37

DIME NSIONS IN MILLI METERS (INCHES)

DIMENSIONS IN MILLIMETERS (I NCHES)

CJ

14.5n

0.065 pF

14.5n

0.085 pF

MODEL FOR C-2 DIODES

0.435 nH

67.0n
0.318 10.0125)

EEFF . = 6.37

46.9n
0.320 (0.0126)

f EFF. = 6.37

1 mA Rect. Current 20llA Ext. Bias

Parameter Symbol 5082-2200 5082·2765 5082-2200 5082·2765 Units

Junction Resistance RJ 258 290 545 495 Ohms

Junction Capacitance CJ 0.255 0.189 0.302 0.173 pF

1 mA Rect. Current 20llA Ext. Bias

Parameter Symbol 5082·2207 5082-2774 5082-2207 5082-2774 Units

Junction Resistance RJ 338 255 421 340 Ohms

Junction Capacitance CJ 0.189 0.180 0.195 0.168 pF
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HEWLETT", PACKARD

COMPONENTS

SCHOTTKY BARRIER DIODE
QUADS FOR DOUBLE

BALANCED MIXERS

5082-2231/33
5082-2261/63
5082-2271/72
5082-2276/77
5082-2279/80
5082-2291/92
5082-2293/94
5082-2830/31

Features
SMALL SIZE

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 match ed diode quads use a monolith ic array of
Schottky diodes interconnected in r ing configuration. Th e
relat ive prox im ity of the diod e junction on the wafer assures
uniform electrical characterist ics and temperature tracking .

These diodes are designed fo r use in double balanced mixers.
phase detectors . AM modulators. and pulse modulators
requiring wideband operat ion and small size. The low barrier
d iodes allow for opt imum mixer no ise figure at lower than
convent ional local osc illator levels. The wider dynamic range
of the med ium barrier diodes allows for better d istort ion
performance.

Package Dimensions

Maximum Ratings at TeAsE =25°C
J unction Operating and Storaqe Temperature Range:

H-4 Packaged Diodes -65 °C to +150oC
E-1 and C-4 Packaged Diodes -65° C to +125°C

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

DC Power Dissipation 75 mW per Junction
Derate l inearly to zero at maximum rated temperature.
(Measured in infi nite heat sink.)

So ldering Temperature 220oCfor10s.

DIMENSIONS IN MILLIMETERS AND (INCHES).

0.56 (0.022)
OM (0.018)

l---.....,~

T

1--8.13 (0.320)
7.11 (0.280)

Outline E-1

1.27 (0.05) MAX.

*==!DF==
0.13 (0.005) T
0.08 (0.003)

0.58 (0.023 )
'If.'G (o.om

~--.l
t

o
I 4.57 (0.180)
t-- MIN.

LID DIAMETER
2.59 (0.102)
2.06 (0.0811

Outline H-4

0.20 (0.008)
0.10~ 0.89 (0.035)

0.18 (0.007) }=tF==::::l\- 0.64

1(0.025)0.08J:~~ L=
T

t
2.69 (0.106)
2.34 (0.092) c:::J

SQUARE

t

Outline C-4

0.46IZ·0181
0.30 .0 2

...La 'C:::=:::l

T 1.40 (0'~Y
1.14 (0.045)

SQUARE
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Selection Guide
Frequency

Package Barrier To 2 GHz 2·4GHz
Outline

E·1 Medium 5082-2830 5082·2276

Low Cost Low 5082·2831

H-4 Medium 5082·2261 5082·2261

Hermetic Low 5082-2231 '5082-2231

C-4 Medium 5082-2291 5082·2291

Broadband Low 5082:2271 5082·2271

4-8 GHz

5082-2277

5082-2263 •

5082-2233

5082-2292

5082·2272

8·12 GHz

5082·2293

5082-2279

)

12·18 GHz

5082-2294

5082·2280

Notes : 1. Measured between d iagonal leads.
2 . Maxi mum ~V F =20 m V at IF =5mA me asu red bet ween adjace nt lead s.

Maximum
Part Maximum Capacitance

Number Capacitance Difference
5082- Package Barrier CT (pF) JCT (pF)

2231 0.60 0.10
Low

2233 0.50 0.05
H-4

2261 0.60 0.10 •
2263 Med ium 0.45 0.05

2830 0.5 (Typ.) 0.20

2831 Low 0.5 (Typ.) 0.20
s-i .2276 0.60 0.10

Med ium
2277 0.50 0.10

2271 0.60 0.10

2272 0.45 0.10
Low

2279 0.25 0.05

2280 0.20 0.05
C-4

2291 0.60 0.10

2292 0.40 0.10
Med ium

2293 0.25 0.05

2294 0.20 0.05

Test VR=O
Cond itions f=l MH zl11

96

Electrical Characteristics at TA=25°C

Dynamic and Series Resistance
Schottky diode resistance may be expressed as series
resistance. Rs . or as dynamic resistance. RD. The two terms are
related by the equation

RD = Rs + R i

where R j is the resistance of the junction. Junc tion resistanceof
a diode with DC bias is quite accurately calculated by

R j = 26/ls where

Typical Parameters

Forward Dynamic
Voltage Resistance
VF (V)121 RD (fl)

0.25 11

0.30 13

0.35 13

0.45 13

0.35 10

0.25 10

0.35 13

0.35 16

0.25 11

0.25 13

0.30 15

0.30 15

0.35 11

0.35 13

0.45 15

0.45 15

IF=l mA Measu red between IF=5mA between
Adjacen t Leads Adjacent Leads

Is is the bias current in milliamperes. The series resistance is
independent of curren t.

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.



HEWLETT", PACKARD

COMPONENTS

SCHOTTKY
BARRIER DIODES

FOR MIXERS
AND DETECTORS

5082-2273/74
5082-2285-88/95-98
5082 -2350/51
5082-2400/01
5082 -2520/21/65/66
5082·2701102106/07
5082-2711-14121-24
5082-2817/18

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

Package Dimensions

Outline 15

Outline 49

0.38 (.015)
0.25 (.010)

Outline 44

H
_1.40 (.055) D1A

1.30 (.05 1) .

1.2J.::"O'ANODE
1.02 (.040)L Lp ~ .3nh

Cp 'l:' .13 pF

5.33 (.210)
4.83 (.190)

4 .32 (.170)
3.81 (.150)

DIMENSIONS IN
MIL LIM ETERS AND (INCHES).

0.41 (.016)----1 r----­
0.36 (.014) I I

rI
MIN.

tl
f

1.93 (.076 )1
1.73 (.068 )

CATHOD E
BAND

4 ~ 2.3 nh (2817)
Lp ~ 3.0 nh
e,. ~ .20 pF (2817)
Cp ~ .07 pF

These Schottky diodes are optimized for use in broad
band and narrow band mic ros trip , coax ial , or wavegu ide
mixer assemblies operat ing to 18 GHz . The low barrier
d iodes give optimum no ise fi gure per fo rmance at low
local oscillator drive levels. Med ium bar rier diodes provide
a wider dynamic range fo r lower distortion mixer designs.
The 5082-2350, -2400, -2510 and -2565 have extremely low
1/f noise, mak ing th em ideal for use as Doppler mixers.

Note : The 5082-2200 and -2700 series are pulse sensitive. Handle
with ca re to avoid static discharge thr ough the diode.

Junction Operating and Storage Temperatu re Range
5082-2400,2401 ,2565,2566,2350,2351 ,2520,
2521 -60 0 C to +1250 C
All other diodes -60 0 C to +1500 C

Operation of these dev ices within the above
tempera ture rat ings will assure a dev ice
Mean Time Between Failure (M TBF) of
approximately 1 x 107 hours.

CW Power Dissipat ion 200 mW
Derate linearly to 0 W at max. rated temperature
(Measured in an infi ni te heat sink ).

Pulse Powe r Dissipation
Peak power absorbed by the diode.
1 J-lS pulse. Du = .001
5082-2400, 2350 15W
5082-2565 , 2520 4W
All other diodes 1W

Soldering Temperature 230 0 C for 5 sec .

Maximum Ratings at TCASE=25°C
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Electrical Specifications
at TA=25°C

Typical
Parameters

LO Maximum
Part Test SSB Noise IF Impedance

Number Matched Frequency Figure ZIF (n) Maximum Package
5082· Pair 5082· Barrier (GHz) NF (dB) Min. Max. SWR Outline

2817 2818 Medium 2.0 6.0 250 400 1.5: 1

2400 2401 Medium 2.0 6.0 150 250 1.3 :1

2350 2351 Medium 2.0 7.0 150 250 1.5:1 15

2565 2566 Medium 3.0 6.0 100 250 1.5:1

2520 2521 Medium 3.0 7.0 100 250 1.5: 1

2713 2714 Medium 9.375 6.0 200 400 1.5:1

2711 2712 Medium 9.375 6.5 200 400 2.0:1
49

2285 2286 Low 9.375 6.0 100 250 1.5:1

2287 2288 Low 9.375 6.5 100 250 2.0: 1

2701 2706 Medium 9.375 6.0 200 400 1.5:1

2702 2707 Medium 9.375 6 .5 200 400 1.5: 1
44

2295 2296 Low 9.375 6.0 100 250 1.5:1

2297 2298 Low 9.375 6 .5 100 250 2.0: 1

2723. 2724 Medium 16 6.5 200 400 1.5:1
49

2721 2722 Medium 16 7.0 200 400 2.0 :1

2273 2274 Medium 16 6.5 200 400 2.0:1 44

Test ~NF<0.3dB LO Power = 1 mW Sameas for NF Same as
Condi- ~zIF<25n IF=30 MHz, 1.5 dB NF except for NF
tions Zero DC Load Resistance IF = 10 KHz

(100n for 5082·2817)

Junction Breakdown
Capacitance Voltage

CJO (pF) VBR (V)

1.0 15

0.7 30

0.9 30

0.5 5

0.7 5

.15 3

.15 3

.12 3

.12 3

V =O IR < 10IJA

14 """<----+--+-+---t-----l

FREQUENCY (kHz )

iii
::!!
o
~
a:
w

'"sz
w
o
os

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

Figure 1. Typ ical Forward Characterist ics at
TA =25°C.

FORWARD DC VOLTAGE (V)

10
<'
.§.
....z
w
a:
a:
::>
<.J
0
a: .1
<[
;;:
a:
0
"-

.01

Typical Parameters
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Figure 3. Typical Noise Figure and IF Impedance vs.
Loca l Osc illator Power, 5082-2285 through -2288 .
Diode unmatched in 50n line.

LOCAL OSCILLATOR POWER (dBm)

500

LOCAL OSCILLATOR POWER (dBml

f: 9.375 GHz

HP PACKAGE OUTLINE 44
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Figure 4. Typical Noise Figure and IF Impedance vs.
Local Osc illator Power, 5082-2295 through -2298.
Diode unmatched in 50n line .
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Figure 5. Typical No ise Figure and IF Impedance vs.
Local Osc illator Power. Diode matched at each local
oscillator power level (5082-2285, 2295) .

Figure 6. Typical HP 5082-2400 Noise Figure vs.
Frequency with PLO = 1.0 mW, flF = 30 MHz. and
NFIF = 1.5 dB . Mount tuned at each frequency.
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5 I-- I-- I-- I-- t- DIODE 5082·2817
IF · 30 MHz
F'F =1.5 dB

4 I-- t--- t--- I-- t- PLO = 1.0 mW
RL = 100 n

8765432
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FREQUENCY (GHz) FREQUENCY (GHz)

Figure 7. Typ ical Noise Figure vs. Frequency. IF =
30 MHz . NFIF = 1.5 dB . PLO = 1 mW. Diode matched at
each frequency (5082-2200. 2700 series ).

Figure 8. Typ ical No ise Figure vs. Frequency. The
mount is tuned for min imum noise figure at each
frequency.
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Figure 12. Typical 5082-2300 and 2400 Ser ies IF
Impedance vs. Local Oscillator Power with fLO = 2.0
GHz and IF = 30 MHz.

Figure 10. Single Sideband No ise Figure (inc luding an IF­
amplifier noise figure of 1.5 dB ) vs. Incident LO Power for
Various de-load Resistances RL. (The mount is tuned for
minimum noise figure at each LO power level ).

Figure 14. Typical Adm ittance Character ist ics , 5082-2400
with self bias .
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Figure 11. Typical 5082-2350 Noise Figure vs. Local
Oscillator Power at 1.0, 2.0 and 3.0 GHz with IF = 30
MHz and NFIF = 1.5 dB .

Figure 9. Typical Noise Figure and IF Impedance for
5082-2711 vs. Local Oscillator Power. Note the improved
performance at low levels of LO power when dc bias is
superimposed (dashed curves ).

Figure 13. Typical Admittance Characteristics. 5082-2817
with self bias .

±180°-f---
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Figure 15. Typica l Adm ittance Characterist ics . 5082-2400
with externa l bias.

:t180°-+---

Fig ure 17. Typica l Adm ittance Characteristics, 5082-2350
wit h external bias .

90°

±180°+-- -

Figure 16. Typica l Admittance Characterist ics , 5082 -2350
with self bias .

90°

±180°+-- -

Figure 18. Typi cal Adm ittance Characterist ics . 5082-2565
wit h self bias .
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0°

goo

-90°

±180°+-- -0°

goo

-90°

±180°+---

Figure 19. Typical Admittance Characteristics . 5082-2565
with external bias.

Figure 20. Typical Admittance Characterist ics. 5082-252 0
with self bias .

Figure 21. Typica l Ad mittance Characterist ics, 5082-2520
with external bias.

0°

goo

-90°

Figure 22. Ty pical Admittance Characteristics , 5082-2713
with self bias.

±180°+---0°

goo

-90°

±180°+-- -
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t±:180°-f-- -

Figure 23. Typical Adm ittance Characteristics. 5082-2711
with self bias.

goo

±180°-f-- -

Figure 25. Typ ica l Ad mitta nce Cha racterist ics . 5082-2287
with self bias .

goo

±180°-f---

Figure 24. Typical Adm ittance Characteristics . 5082-2285
with self bias .

±180°-f-- -

Figu re 26. Typical Adm ittance Characterist ics . 5082-2701
with self bias .

103



goo goo

±180°+--- ±180°+---

Figure 27. Typical Adm ittance Cha racterist ics . 5082- 2702
with self bias.

Fig ure 28. Typical Admittance Characterist ics . 5082-2295
wit h self bias .
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Figure 31. Model for 5082-2701 Mixer Diodes ­
Rect if ied Current 1.5 mA o

Figure 30. Typical Ch ip Capacitance vs. Reverse
Voltage, 2700 Series .

Figure 29. Typical Admittance Characterist ics . 5082-2297
with self bias .
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HEWLETT", PACKARD

COMPONENTS

ZERO BIAS SCHOTTKY
DETECTOR DIODES

HSCH -3171
HSCH -3206/07
HSCH -3486
HSCH -501 8/198

Features
HIGH VOLTAGE SENSITIVITY

NO BIAS REQUIRED

CHOICE OF HIGH OR LOW VIDEO IMPEDANCE

nescrotlon/Applications
The high zero bias voltage sens it ivity ot these Schottky
Barrier diodes makes them ideally su itable tor narrow
bandwidth video detectors, ECM rece ivers , and measu re­
ment equ ipment. Th ese diod es also make excellent mixers
to r use with low power LO .

'Maximum Ratings at TA=25°C
Operat ing Temperature -65°C to + 150° C
Stor age Tem perature -65°C to + 150° C

Operation o f these dev ices within the above
temperature rat ings will assure a dev ice
Mean Time Between Failure (M TBF) of
approx imately 1 x 107 hou rs.

CW Power Peak Pulse
Part Number Dissipation,11 Power Incident ,21

HSCH- (mW) (W)

3486 300 1

5018 500 2

5019 500 3

3171 150 0.5

3207 200 1

3206 200 1

Notes:
1. Derate linea rly to zero at 150° C.
2. Pulse width = 1 microsecond . Duty cycle = 0.001.

Electrical specifications at TA=25°C
Maximum Minimum Video

Typical
Tangential Voltage Resistance

Part Package Sensitivity Sensitivity Rv (KO)
Total Capacitance

Number Outline TSS (dBm) "y (mV/ /-lW) Min. Max.
CT (pF)

HSC H-3171 15 -48 30 80 300 0.25

HSCH-3207 44 -42 8 80 300 0.30

HSC H-3206 49 -42 10 100 300 0.30

HSC H-3486 15 -54 7.5 2 8 0.30

HSC H-50 18 44 -53 7 2 8 0.45

HSC H-50 19 49 -54 7 2 8 0.47

Test Co nd it io ns Video Pow er in = -40 dB m VR = OV
Bandwidth tlesl = 10 GHz t = 1 MHz
= 2 MHz
tlesl = 10 GHz

Note: For HSCH -3171 . -3207, -3206. IA = 10 J1.A (max) at VA = 3V at TA = 25° C. For reverse characteristics of HSCH-3486.
-5018, -5019 see Figure 3.
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Figure 7. Typical Tangent ial Sens it ivity vs. Bias Current.
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Parameter Symbol Units HSCH·3486 HSCH·3171

Package Capacitance Cp pF 0.063 0.060

Package Inductance Lp nH 2.23 2.28

Series Resistance Rs n 10 4.13 .

Junction Resistance RJ n 4588 171K

Junct ion Capacitance CJ pF 0.148 0.12

±180° +---

Lp

Cp

Rs

DIODE MODEL

Figure 13. Typica l Adm ittance Characteristics, HSCH -3486.

package Characteristics

Outline 49

HSCH·3206
HSCH·5019

ANODE (HSCH·3206)
CATHODE (HSCH·5019)

30' ±3' }
1.63 (0.064) 0.38 (0.015)

,mT'J JI.J""'"'
T 2.08 (0.082)

5.33 (0.210) 1.78 (0.070)

4.a3 ;".;±J""C,"_I
1.98 10.D7a}

1.63 (0.064)
1.52 (0.060) Lp = 1.0nH

cp = 0.15pF

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 2300 C fo r 5 seconds.
Stud-stud T/ A is 0.010" max.

The HP Outline 44 package is a hermet ically sealed ceramic
package. The anode and cathode are gold-plated Kovar. The
maximum soldering temperature is 2300 C for 5 seconds.

HSCH·3207
HSCH·5018

Outline 44

1.40 (0.055) DIA
~ 1.30 (O.05C) .

1.27 (0.050) r -]'ANODE (HSCH.3207)
1.02 (0.040) . . CATHODE (HSCH.5018)

t Cp =0.13pF
Lp = O.3nH

DIMENSIONS ARE IN MILLIMETERS AND (INCHES)

o --=rOO)
MIN.

q

Outline 15

HSCH·3171
HSCH ·3486

CATHODE

4.32 (0.170)
3.81 (0.150)

-+ Lp =3nH
Cp = 0.07pF

25.4 (1.001
MIN.

0.41 (0.016) n- I
0 .36 (0.014) -U----.L

1.93 (0.076)--l
1.73(O.068) I

The HP Outline 15 package has a glass hermet ic seal with
Dumet leads which should be retricted sothat the 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
lb. 11.8 kgI tension for 30 minutes ). The max imum soldering
temperature is 230° C for 5 seconds. Marking is by digital
coding with a cathode band .

package Dimensions
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HEWLETT. PACKARD

COMPONENTS

SCHOTTKY
BARRIER DIODES
FOR DETECTORS

5082-2750/51
5082-2755
5082-2787
5082-2824

Features
IMPROVED DETECTION SENSITIVITY

TSS OF -55 dBm at 10 GHz

LOW 1/1 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 1I f no ise and high voltage sensit iv ity make these
Schottky barrier diodes ide ally suitable for narrow
bandwidth video detectors, and Doppler mixers as requ ired in
Doppler radar equ ipment, ECM receivers, and measurement
equipment.

Maximum Ratings at TCASE =25°C package Dimensions

Outline 49

~~I
2.06 (.082)
1.78 1.070)

~==;;l~
I Lp ' 1 nh

~
Cp • .0 15 pF

2.13 (.084)
1.981.076)

:

1.2I:ITCATHDDE
1.02 1.0401

_ . lp "' .3nh

- - Cp ", .13pF

::~ :~Sf~)
30" ' 3°

---r-----,,----\--+~- ---.L-.-
0.36 i.015)
0.25 (.010)

5.33 (.210)
4.83 (.190)

4.32 (.170)
ffi (. 1SO)

0.41 (.0161---j I---­
0.36 1.014) I I

rI
MIN.

4-
CATHODE

Outline 15

Lp • 2.3 nh (2824)
lp ~ 3.0 nh
c, e ,20 pF (2824)
Cp "" .07 pF

1.93 (.076 )--J
1.73(.066 ) I

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

Ju ncti on Operat ing and Storage Temperature Range
5082-2824 -65 °C to +200 oC
All Others -60 °C to +150°C

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

DC Pow er Dissipat ion - Pow er Absorbed by Diode
Derate Linearly to zero at Maximum Temperature

5082-28 24 (A pplied for 1 minute) 1 W
508 2-2 824(Continuous) 250 mW
All Others (Contin uo us) 100 mW

Soldering Temperature 230°C for 5 sec.

RF Peak Pulse Power
Pulse Width =1 us . Du =.00 1, RL = 38K n

(Applied for 1 m in ute)

5082 -2824 (Power Absorbed by Diode) 4 .5 W
All Others (po wer Inc ident) 2 .0 W

Maximum Peak Inverse Voltage (PIV) VSR

DIMENSIONS IN
MILLIMETERS AND (INCHES). Outline 44
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Electrical specifications at TA=25°C Typical Parameters
Maximum Voltage V ideo

Part Tangential Sensitivity Resistance
Number Package Sensitivity M inimum RV (kn)
5082· Outline TSS (dBm) 'Y (mVhtW) Min. Max.

2824 - 56 6 .0 1.2 1.5

2787* 15 -52 3.5 1.2 1.6

2755 -55 5.0 1.2 1.6

2751 49 -55 5.0 1.2 1.6

2750 44 -55 5.0 1.2 1.6

Video Bandwidth = 2 MHz Same as for TSS at RF Sig-
Test fRF = 2 GHz for 5082-2824, nat Power Level of -40 dBm
Conditions 10 GHz for all others Load Resistance = 100Kn

IBIAS=20 IlA; Video Amp Eq.
" Noise, RA = 500n.

Noise
Temperature Breakdown Junction

Ratio at f Voltage Capacitance
(dB) VBR (V) CJO (pF)

2 at 20 kHz 15 1.0
8 at 1 kHz

4 .12

5 .12
5.0 at 20 kHz
15.0 at 1 kHz 5 .12

5 .12

RV = 50n IR = 10 IlA V=O

*RF Parameters for the 5082-2787 are sample tested only.
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Figure 8. Typical Adm ittance Cha racterist ics . 5082-2755
with self bias.

Figure 6. Typica l Adm ittan ce Character istics. 5082-2824
with external bias.

0°

0.80.60.4

FORWARD DC VOLTAGE (V)

0.2

k--+~~f- I =Is [EXP~~f) - ~
I I

1=-- -+-1--+--- Is = 0.75 nA
n~T = 26.3 mV

90°

_90°

~
!...zw
a:
a:
:::>o
s
o
a:
-0:
~a:o
LL

±180°.+-- -
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Figure 5. Typica l Forward Character ist ics at TA = 25° C.
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Figure 11. Typ ica l Adm ittance Characteristics. 5082-2 750
with self bias .
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with external bias.
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wit h external bias.
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HEWLETT. PACKARD

COMPONENTS

APPLICATIONS FOR
SCHOTTKY DIODES

power rat io of 6.3 and a voltage rat io of 2.5 .

Another source of confusion is the relationship
between input ratios and output rat ios. Because
the detector is a square law device, th e output
voltage is proportional to the square of t he input
voltage, or to the input power. A signal-to -noise
voltage rat io of 2.5 at the output thus corresponds
to an input power ratio of 2.5. Since 10 log 2.5 = 4,
the equivalent input signal-to -noise rat io for tan ­
gential sensi tivity is 4dB.

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 pu lse
(F igure 1). Although the correspond ing signal-to ­
noise ratio depends on many system factors, the
generally accepted ratio of 8dB at the output corre­
lates well w ith the tangent ial appearance on the
oscilloscope for pract icaI systems.

PULSED SIGNA L AT
RECEIV ER OUTPUT

\

\
NOISE lSomewhat Idealized)
- TANG ENTIAL SIGNAL

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 appl ied to
the Device Under Test. Then the specified tangen­
tia l signal level is applied and the increase in RMS
voltmeter reading must correspond to 8dB or more.

Figure 1.

The often asked quest ion concern ing whether 8dB
refers to voltage or power is not a valid one. The
number of decibels is defined as 10 1091O (P, -7 P2)
where P, and P2 are power levels to be compared .
If output voltages are to be compared, the ratio
(V, -7 V2 )2 may be substituted for (P, -7 P2). In
th is case the number of decibels is 20 log, o
(V, -7 V2 ) . The number of decibels determines
both (V, -7 V2 ) and (P, -7 P2 ) . The terms "voltage
dB" and "power dB" are not significant. For
example , the 8dB output rat io corresponds to a

Vr 2 = VN2 + (1.25 VN) 2 = 2.56 VN 2

Th is rat io corresponds to 4.1dB.

RMS VOL TMETE R
HP 3400A

The use of square wave modulation and AC coup­
ling int roduce another source of confusion to this
measurement . The increase in reading on the RMS
voltmeter correspond ing to the 8dB criterion is
4.1 dB. The 8dB cr iter ion 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 w ith ampl itude
1.25 Vm. The square of this voltage combines
with the square of the noise voltage to give the
tota l voltage on t he RMS meter .

VIDEO AMPLIF IER
OUANTE CH 203

BIAS SUPPLY

OUTSIGNAL
GENER ATOR

Figure 2. TSS Tes t System
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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, Lm (F1F - 1 + t m ) , with the cor­
responding expression for the detector or mesh
diode, Ld (FIF -1 + td). FIF is the IF noise figure.
The detector or mesh diode will provide better
Doppler mixing when

L0 < FIF -1 + t m

LM FIF - 1 + td

When the Doppler frequency is so low that
td ~ FIF -1, the criterion may be considered as

Lo < t m

LM td

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 techn ique for optimizing Doppler mixer
performance is the adjustment of locaI 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 line[4 J, further reductions in L.O. level are
possible.

At frequencies above a few megahertz , Schottky
barriers emit noise at a power level which is half
as much [1 ] as the familiar Johnson noise of a re­
sistor. The presence of series resistance in the
diode substrate and contacts makes the effective
no ise output comparable to resistor noise. The
ratio of diode noise power to resistor noi se powe r,
the noise temperature ratio, is close to un ity.

At lower frequencies, diode noise gradually in­
creases and soon reaches an inverse frequency [21

behavior. This excess noise contribution is called
flicker noise. The frequency at which the extended
inverse f requency 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 fou r 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 substitut ing 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
quency.

Even lower flicker noise is obtained with the hy­
brid (guard ring) diode[3 J, such as the 5082-2824.
These diodes are optimized for performance up to
2 GHz.

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

INTRODUCTION give the best performance in applications requiring
low flicker noise at frequencies below 3 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 w ill
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Figure 1. Typical Detector Output Voltage vs. Input Power.
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Dynamic Range Extension of Schottky Detectors (Applicat ion Note 956-5 )
Detectors are essentially low sensit ivity 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 detectors 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 VI characteristic of the diode in the
neighborhood of the bias point . The output of the detector
is proport ional 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 operat ion is dependent on the
slope of the V I characteristic in the linear port ion, conse­
quently the d iode 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 in put 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 d if­
ference between the powe r input for 1dB deviat ion from
the ideal square law response (compression point) and the
power input correspond ing to the tangential signal sensi-
tivity (TSS).
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Normal operat ing cond itions for the Schottky detector call

for a large load resistance (100KSl) and a small bias current
(20MA). These normal condit ions assur e the minimum value
of TTS input level, but not the maximum value of com­
press ion level.

Another technique for raising the compression level is to
increase the bias current . T his also degrades t he sens itiv ity,
but the improve ment in compression exceeds this degrada­
tio n so squa re law dynamic range is increased.

Figure 2 illustrates t he eff ect of bias current leve l on a
Hewlett- Packard 5082-2751 detector, measured at l OGHz.
The d iode 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.
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where Rv is the diode's video resista nce . T his degradation
in TSS exceeds the improvement in compression , so t here
is no improvement in square law dynamic range.

The compression level ca n be raised by reducing th e value
of RL' the load resistance. However, the sens it ivity degr ades
by the factor

RL

Figure 2. Dy na mic Ra nge Improvement with Bia s.

Temperature Dependence of Schottky Detector Voltage Sensitivity
(Applicat ion No te 956-6 )

f init e cutoff frequency (zero series resistance and/or zero
junction capacitance) there is no temperature effect on vo lt­
age sensitivity. T he inverse temperature beh avior of current
sensitivity is ba lanced by the direct temperature variat ion
of the diode barrier resistance. That is, for current sensi­
t ivity :

and for diode junction resistance :

Although Schottky barrier d iodes are less sensitive to tem­
perature changes t han are point-contact diodes' , the effect
o n detector vol tage sensitivity may be significant. Perform­
ance improves at lower t emperatures in a predictable man ­
ner. In fact, a second diode can be used in a compensating
circuit 2 to cancel out the temperature effects.

Typical behavior of voltage sens itivity vs. temperature is
shown in Figure 1. T his spread of values (approximately
1d B) was o bta ined from 10 Hewlett-Packard 5082-2750
Schottky detector diodes chosen at random from 2 different
lot s.

q
~ = 2 nkT

5400

T
(1)

The temperature dependence of current sensitivity was
stud ied by Cowley and Sorensen3, but the analysis was no t
extended to voltage sensitivity. For the ideal diode with in-

R
. _ nkT
J-­qI

T
11 I

(2)
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A theoretical model of the temperature behavior of a Schot­
tky detector is in excellent agreement with 10G Hz measure­
ments. Further refinement of the theory is necessary to ex­
tend the model to lower frequencies.

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

9

Figure 2. Voltage Sensitivity vs. Temperature at 10 GHz.
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In practical cases, however, the voltage sensitivity is reduced
by the presence of both junction capacitance and series re­

sistance, i.e.:

Figure 1. Typical Voltage Sensitivity vs. Temperature.

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

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.

For a typical voltage sensitivity of 6.5mV /pW at T= 293
0

K,
'Yo = 15.1mV/pW. Figure 2 shows this theoretical curve in
excellent agreement with exper imental data from a typical
diode.

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

In these equations, T is temperature in degrees Kelvin, I is
bias current in milliamperes and n, q , and k are constants-.
When the load resistance is much greater than diode resis­
tance, the voltage sensitivity, 'Yo , is the product of current
sensitivity and junction resistance and is independent of
temperature:
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I + Is

.026

I = Is

01
and

OV

or 750,000 millivolts per microwatt .

The the oret ical current sensitivity is 20 amperes per
watt (2) so:

This analys is ind icates no im pr ovem ent in us ing the new
diodes beca use sens it ivity varies inversel y as satu rat ion
current and the standard 5082-2 750 diode has the lowest
saturat ion current . In fact , no improvement is needed
sin ce the sensit iv ity is:

0.52
1= 7x1Q-10 = 750 x 106 volts per watt

0.52
1 = ­

Is

or ,for zero bias curren t:

0.52
1 =

I + Is

A detector diode may be treated as a current generator
across the diode video resistance.(1 )The voltage sensitivity,
v .ls the product of the current sensit ivity, f3 .and the video
res istance, the inverse of the derivative of current with
respect to voltage.

The Perfect Detector

Negl ect ing paras it ic and ref lec t io n losses:

01
1= {3 / -

OV

For small values of current:

Since the actua l sensit iv ity of the 5082-2750 detector w ith
zero bias is close to zero, some major corrections in the
anal ys is are needed. Consideration of the effects of
ju nct ion capac ita nce , load res istance, and reflect ion loss
will br ing this anal ys is close to reality.

The Real Detector

The appl ica t ion note cons ide rs these effects in some
detail. They mod ify the valu e of sensit ivity to the more
reasonable levels shown in Figure 2.

The pack age pa rasiti cs of ou tl ines 44. 49 and 15 were
co nsidered at 1, 3 and 10 GH z. T he resu lts were all quite
c lose to Curve A in Figure 2 w ith th e except ion of ou t l ine
15 at 10 GH z. At th is fr equency the high pack age
inductance of ou tl ine 15 nearly reso nates the circuit
capacitance so that the re flectio n losses are not so severe .

With the addit ion of tun ing to ove rcome some of the
refl ect ion losses, the measured sen sit ivity of the Hew lett­
Packard zero bias detect ors usually excee ds the values of
Figure 2. However, the ref lec t ion losses fo r th e 5082-2 750
detector are so gr eat that tun ers do not help much. Th ese

Diode Is (amperes) Rs (ohms)

5082-2750 7 x 10- 10 32

HSCH-3171 7 x 10-8 15

HSCH-3486 6 x 10-6 15

Since all d iodes in th is d iscussion are Schottky diodes, th e
fo rward current obeys the equat ion :

(
.s, (V-IRS) )

1=ls e nkT -1

FORWARD VOLTAGE - V

The ideality factor, n, is close to uni ty for these diodes, so
the equat ion may be written :

(e ~~~:s -1)I = Is

where the values fo r the constants q, electron charge, T,
room temperature, and k, Boltzmann's constant, have
been inserted. The ma in difference in the behavio r of the
d ifferent types of diodes is embodied in Is, the satu rat io n
current. There may also be minor differences in Rs. the
series resistance.

Figure 1 shows the forward current characteristics of the
5082-2750 detector d iode 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
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An Optimum Zero Bias Schottky Detector Diode (Port ion of Application Note 969)

INTRODUCTION VOLTAGE SENSITIVITY

Figure 1. Forward Characterist ics of Detector Diodes.

A convent ional Schottky diode detector such as the
Hewlett-Packard 5082-2750 or 5082-2824 requires no bias
for high level input power - above one mill iwatt. However,
at low levels, a sma ll am ount of dc bias is requ ired for
detect ion to take place. Even though th is bias cu rrent is at
the microampere level , th is requirement is often difficult to
supply. A new Schottky d iode has been developed to
el im inate this need fo r dc bias. Th is new diode is also 2 or
3 t imes more eff ic ient as a detector co mpa red to
convent ional biased detecto rs.

FORWARD VOLTAGE CHARACTERISTIC



diode s are not useful without bias. Th e measu red
sensit ivity of th e HSCH-3486 is less than the value
pred ict ed by Figure 2. Ap parent ly a more co mplete
analysis woul d shift th e cu rve to th e left .
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SATURATION CURRENT - A

Figure 2 . Eff ect of Mismatch , Load Resistance and Capacitance
o n Sensit ivity.

TEMPERATURE EFFECT

Convent ional Schottky diode detectors improve at colder
temperatures. This behav ior is sim ilar to that of the HSCH­
3486 diode. The sensitivity varies inversely as saturation
current, improving at low temperatures. However, the
HSCH-3171 diode has max imum sens it ivity just above
room temperature, degrad ing at cold as well as at hot
temperatures. The high temperature behav ior is expected
fr om the hig her value of saturati on current. The low
temperature behavior ind icates that the room temperature
value of saturat ion current is nearly opt imum for this
diode. At lower temperatures the reduced value of
saturat ion current is not able to improve sensitivity
because the corresponding large diode resistance causes
a large mismatch loss wh ich cannot be tuned ou t. At low
temperatures , d iode HSCH-3171 approaches the behav io r
of d iode 5082-2750, the standard biased detector.

SUMMARY

Detector diodes are mos t sens it ive at zero bias when the
sat urat ion current is sma ll , correspond ing to large video
resistance. However, there is a limit to sens itivity when the
resistance is so large that it cannot be matched . An
opti mum diode is designed to have th e prope r satu rat io n
curre nt. Choice of saturat ion current involves a com­
prom ise between sensit ivity due to larg e resistance and
loss due to match ing .
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Transistor Speed Up Using Schottky Diodes (Port ion of Application Bullet in 13)

NONSATURATING TRANSISTOR SWITCHES

5082 -28 11

+vcc

Figur e 1, The Use of Diod es as Feedback Elements t o Avoid
Sat uration in a Transisto r Switch .

OUTPUT

1INPUT

1

The operat ion of a t rans istor sw itch ing circu it in the
satu rat ion reg ion produces fast turn-on t imes , but slow
turn-off times as a result of storage delay. Excess base
current needed to drive the transistor int o saturati on
causes an accumulation of stored charge in the base
reg io n, wh ich must be removed before the trans istor
switch can turn off . Var ious schemes have been dev ised to
overc ome the storage delay and speed up sw itching time
by not allowing the transistor to saturate and min imizing
turn-off delay,

A very effect ive way of preventing saturation , using
Hewlett-Packard diodes, is illustrated in the ci rc uit in
Figure 1.

Sign if icant reduction in transistor switching delay time
can be achieved by adding a Schottky diode (5082-2811),
(or HSCH-1001 ) and a PIN di ode (5082-3077 ) to the
tr ansistor switch .
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Waveform Clipping with Schottky Diodes (Port ion of Application Bulletin 14)
CLIPPING CIRCUITS

Waveform Clamping with Schottky Diodes (Port ion of Application Bulletin 15)
CLAMPING CIRCUIT

Design req uirements of clipping ci rcu its and charac­
terist ics of d iodes needed to ach ieve the requ ired
performance in these circu its are discussed in this
applicat ion bulletin.

o 0 1--''----- -+- - -.--

D

R

Cl ippin g circuits are used to rest ri ct the transmissio n of a
vo ltage wavefo rm to that po rtion wh ich lies abo ve or
below a specified reference vo ltage level. Because of their
funct ions, they are sometimes referred to as vol tage
limi ters or amp litude selectors.

Figure 1. Shunt Connected Diode Clipping Circuit for Clipping
Top of Waveform.

In general , when a po int in a circuit is connected through a
low impedance path (such as th rough a forward biased
diode) to a reference vol tage VR, that po int is said to be
clamped to VR, since the voltage at tha t po int cannot
dev iate very much from VR, except perhaps for a small
voltage drop across the diode. In this sense , diode
cl ipp ing circuits are also clamping circuits.

A bas ic clamp ing circu it together with its inpu t and output

waveforms is illustrated in Figure 1. If the diode were
removed , the output waveform would have both pos it ive
and negat ive sw ings from the dc leve l at zero regardless of
the dc level of the input, because of the capac ito r. The
presence of the diode in the po lar ity shown perm its only
negati ve excursions of the output waveform with the
positi ve peaks clamped at zero (or more precisely Vt volts
above zero , if the diode drop is taken into account).

c
o..-----tt---......----1r----O

R D
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V
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Figure 1. Basic Clamping Circuit with Input and Output Waveforms.
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Waveform Sampling with Schottky Diodes (Port ion of Application Bulletin 16)
SAMPLING GATE

122

Th is 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 capac ito r
of an amp lifier . The diodes are no rmally 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
conduct ion . The low impedance paths allow the amplifier
input capac itor to be charged to a voltage proport ional to
the input voltage.

INPUT

+VpULSE O>----H----¥

Figure 1. Four Diode Sampling Gate.

Both dc and ac balance of the sampl ing gate bridge are
essent ial in achieving the symmet ry required for optimum
performance of the sampler. The cond it ions of balance
require that the four sampling diodes be matched, the two
reverse bias voltages be equal and opposite, and the
sampl ing gate control voltage be ident ical in waveshape
except for polarity.

.-.......-0 OUTPUT
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PIN Diodes Selection Guide
(Devices liste d in the orde r of incre asing junction capacitance )
All part num bers , 5082- (except HPND- as noted )

Typical Typical Packaged Devices Containing Similar Chips

Junction RF (Package Outline)
Capacitance Resistance Chip Beam Mini

CjVR (pF) Rs (0) Lead LID Strip Post Glass Ceramic Stripline
(Note 1) (Note 3) (05) (50) (72) (74) (15) (31) (38) (60) (61)

0.02*** 6.0 t 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· 1.8ttt 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· ' 0.8H 0001 3045 3010 3258 3042 3306 3305 3141 3041
3043 3071

0.12 0.6 0049 3046

0.12· · 1.3ttt HPND-
4050

0.8 0.4 ttt 0034 3168
3188

Package
Capacitance (Note 2) .18 .13 .13 .13 .2 .2 .03 03

(pF)

Pages 189 183 189 189 189 125 129 129 134 134

Notes:
1. A ll capac itanc e measured with VR = 50 vol ts, except :

·VR = 30 volts
··VR = 20 volts
·"VR = 0 volt

2. Capac itance of beam lead devices inc ludes package cap acitan ce.

3. RF resistance measu red wi th IF = 100 mA , except :
tlF = 50 mA
H IF = 20 mA
HtlF = 10 mA



HEWLETT~ PACKARD

COM PONENTS

PIN DIODES FOR
RF SWITCHING AND

ATTENUATING

5082-3001/02
HPND-4165/66e
5082-3039(lN5719)
5082-3042/43
5082-3077
5082-3080 (lN5767)
5082-3081
5082-3168/88
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0.41 (.016)---1 r--­
0.36 (,014) I I

rI
MIN.

4-
4.32 (.170)
3.81 (,150)

t
~J:

1.93 1.076 )--I
1.73 (,068) I

Outline 15

DIMENSIONS IN MILLIMETERS AND (INCHES).

Junct ion Operat ing and Storage
Tempe rature Range -65°Cto +150 0C

Ope ra tion of these devices wi thin the above
tempera ture ratin gs will assure a device
Mea n Time Between Failure (M TBF) of
approximately 1 x 107 hours.

Power Dissipat ion 250mW
(Derate linearly to zero at 150°C)

Peak Inverse Voltag e (PIV) V SR

Package Dimensions

Maximum Ratings at TCASE =25°C

Lead Body
Finish Finish

5082-3001/02 Tin Painted
HPN0 -4165/66 Tin Painted
5082-3039 (1N5719) Tin Painted
5082-3042/43 Gold Pain ted
5082-3077 Tin Clear
5082-3080 (1N5767) Tin Clear
5082-308 1 Tin Clear
5082-3168 /88 Tin Clear

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

These general purpose switching diod es are intended for
low power sw itching applications such as RF duplexers,
anten na switching matrices, di gi tal phase shifte rs, and t ime
multiplex fi lters. The 5082-3 168/3188 are opt imized for
VHF/UHF bandswitching .

The RF resistance of a PIN diode is a funct ion of the current
flowing in the diode. Th ese current con trolled resistors are
spec if ied for use in co nt ro l appli cations such as var iabl e RF
atte nuators , autom at ic gain con trol circu its , RF modula­
tors, electrically tuned fi lters, analog phase shifte rs, and RF
li mi ters.

The HP Outli ne 15 package has a glass hermetic seal wit h
du met lead s. Th e leads on the Outl ine 15 package should be
restr ict ed so that the bend star ts at least 1/16 inch (1.6mm )
from the gla ss body. With this restri cti on, Out line 15
package will meet MI L-STO-750. Method 2036, Cond itions
A (4 Ibs., 11.8 kq . ], ten sion fo r 30 minu tes ) and E. The
max im um solderi ng tempera ture is 230° C fo r five seconds.
Typical package induc tance and capac itance are 2.5 nH
and O.13pF. respectively . Mark ing is by dig ital cod ing with a
cathode ban d.

Description / Applications

Mechanical Specifications
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General Purpose Diodes
Electrical Specifications at TA=25°C

Maximum Minimum Maximum Minimum Maximum
Part Total Breakdown Residual Series Effective Carrier Reverse Recovery

Number Capacitance Voltage Resistance lifetime Time
5082- CT (pF) VBR (V) Rs (m 7 (nsl trr Ins)

GENERAL PURPOSE SWITCHING AND ATTENUATING

3002 0.2 300 1.0 100 100 (tvp)

3001 0.25 200 1.0 100 100 (typ)

3039 0.25 150 1.25 100 100 (t v p)

IN5719 0.3* * 150 1.25 100 100 (tv p)

3077 0.3 200 1.5 100 100 (tvp)

FAST SWITCHING

3042 I 0.4* 70 1.0* 15 (tvp) 5

3043 0.4 * 50 1.5* 15 (tvp) 10

BAND SWITCHING

3188 1.0* 35 0.6** 40 (tvp) 12 (tvp)

3168 2.0* 35 0.5** 40 (typ) 12 (tvp]

Test VR = 50V VR = VBR IF = 100mA IF = 50mA IF = 20mA

Conditions *VR = 20V Measure * IF = 20mA IR = 250mA VR = 10V

** VR = 100V IR~ 1OilA **1 F = 10mA 90% Recovery

f = 1 MHz f =100MHz.,

Note: Typ ical CW power switchi ng capability for a shu nt switch in a 50 n system is 2.5W.

RFCurrent Controlled Resistor Diodes
Elect rical Specifications at TA=25°C

Minimum Ma):imum Maximum
Effective Minimum Residual Maximum High Low Difference in

Part Carrier Breakdown Series Total Resistance Resistance Resistance

Number Lifetime Voltage Resistance Capacitance Limit, RH Limit, RL vs. Bias
Slope. ~x

T VBR RS CT Min . Max. Min. Max.

HPND-4165 100 100 1.5 0.3 1100 1660 16 24 .04

HPND-4166 100 100 1.5 0.3 830 1250 12 18 .04

5082-3080* 1300(typ) 100 2.5 0.4 1000 - 8* *

5082-3081 2000 (typ) 100 3.5 0.4 1500 8* *

Units ns V n pF n n -
Test IF=50mA VR=VBR. IF=100mA VR=50V IF=O.OlmA IF=1 .0mA Batch Matched at

Conditions IR=250mA Measure f=100mHz f=lmHz f=100mHz ** IF=20mA IF=O.OlmA
and 1.0mA

IR~10IlA f=100mHz f= 100mHz

"The 1N57 67 has the addi ti onal specifica tions: 7 ; 1.0 use e min imum

IR ; 1 J.lA max imum at VR ; 50V

VF ; lV maximum at IF ; lOOmA.
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Figure 4. Typ ica l RF Resistance vs. Bias for HPND-4166.

Figure 6. Typical Capacitance vs. Reverse Voltage.

Figure 2. Typical RF Resistance vs. Forward Bias Current.
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Typical Parameters (Continued)
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Figure 10. Typical Second Order Inte rmodulation Distortion .

PIN DIODE CROSSMODULATION
10 dB BRIDGED TEE ATTENUATOR

r--UNMODULjTED rEQ1ENC, 100 MHz -

1\ 100% MODULATION 15 kHz
40 dB mV OUTPUT LEVELS

\ <,
I'....

\ r-, r--.. 5082·3080

\. f
I"-... 5082.3ofll

I

70

40

20

30

50

60

iii
:::!
a:
w
o
a:
o
ti;
a:
u:
s:
o...
w
al

800 10 20 30 40 50 60 70 80

MODULATED FREQUENCY (MHz)

Figure 11. Typical Cross Modulation Distortion .

128



HEWLETT", PACKARD

CO MPONE NTS

PIN DIODES FOR
FAST SWITCHING

RF POWER SWITCHING
AND ATTENUATION

5082-3101 /02
5082-3201/02
5082-3301/ 02
5082-3303/04
5082-3305/06

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 SIN K
MODELS AVAILABLE

DescriptionIApplications
HP 5082·31 01 / 02, 5082·3201 / 02, 5082·3301 /02/03/04 PIN
diodes are sil icon devices manufactured usi ng modern pro'
cessing techniques to prov ide optimum characteristics for RF
switching, signal condit ioning and control. These dev ices are
of planar passivated design . Both anode and cathode heat
sink models are available.
PIN diodes provide a variable RF res istance with DC bias
current. The main advantages of a PIN diode over PN
switching diodes are the low forward resistance and the low
device capac itance.

These HP PIN Diodes are intended for use in RF switching,
multiplexing , modulat ing, phase sh ifting, and attenuat ing
applications from approximately 10 MHz to frequen cies well
into the microwave region. Due to their low parasit ic
capacitance and inductance, bot h HP Package Outline 3 1 and
38 are well suited for broadband circuits up to 1 GHz and for
resonated cir cuits up to 8 GHz. Broad band designs above 1
GHz are usually more econom ical using stripline PIN diodes
(HP Package Outlines 60 and 61) or devices for m icrostrip
circuits (HP Package Out l ines 72 and 74).

These devices are especially useful where th e lowest
residual series resistance and junction capac itan ce are
requ ired for hi gh on-to- off swit ch in g rat ios. At co nsta nt bia s
th e RF resistance is relatively insen sitive to temper ature,
increasing only 20% for a temper ature change from t 25° C to
+100 o C.

FAST SWITCHING/ATTENUATING
Features

NANOSECOND SWITCHING TIME
Typically Less Than 5 ns

LOW RESIDUAL SERIES RESISTANCE
Less Than 1n

LOW DRIVE CURRENT REQUIRED
Less Than 20 rnA for 1n Rs

CATHODE HEAT SINK

DescriptionIApplications
The HP 5082 ·3305 and 50 82-3306 are passi vated sil icon
PIN diodes of mesa construction. Prec isely controlled
pr ocessing provides an exceptional combination of fast RF
switching and low residual series resistance .

Th ese HP PIN diodes provide unique benefits in th e h ig h
iso lat ion to inserti on loss rat io afforded by the low resi dual
res istance at low bias currents and the ultra -fast recovery
realized through lower stored charge . Where low drive power
is desired these diodes provide excelle nt performance at very
low bias currents.

Th e HP 5082 -3305 and 5082-3306 ceram ic package PIN
diodes ar e intended for controll ing and processing
mi crowave signals up to Ku band. Typ ical applications
inc lude single and mult i-throw switches, pulse mo du lators,
am pl itude modulators, phase sh ift ers, duplexers. diplexers
an d TR switches.
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Maximum Ratings at TCASE=25°C
Junct ion Operating and Storage Tempe rature Range

.. ... . . .. . . . . . . . . . . . . . . . . . . . . . . . .. . . . -65°Cto +150oC

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

DC Powe r Dissipat ion (Derate li nearl y to zero at 150°C )
HP5082-3305 0.7W
HP 5082-3306 1.25W
HP5082-3101 , 3102, 3301 , 3302 1.0W
HP 5082 -3201 , 3202, 3303, 3304 3.0 W

Package Dimensions

3.12 (. 123 )
2.99 r.TI8l

-.j 1.63 1.064) I-­I 1.52 (.060) I

Mechanical Specifications
The HP Package Outline 31 has a metal ceramic hermetic
seal. The heat sink stud is gold -plated copper. The oppos ite
stu d is gold -plated kovar . Typica l package inductance is 1.0
nH and typical package capac itance is 0 .2 pF.

The HP Package Outl ine 38 also has a metal ceramic
hermet ic seal. The heat sink contact is gold plated copper.
The opposite contact is go ld -plated kovar. Typ ica l package
inductance is 0.4 nH and typical package capacitance is 0 .2
pF.

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

DIMENSIONS IN MILLIM ETERS AND (INCHES).

1.63 1.064)

'"fr----------i~
2.39 1.094) "T
2·08

L
I.082) 0.64 (.025)

MAX.
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5.69~

5.13 1.202)

2.11 1.083)
1.98 1.078)

Outline 31

HEAT SINK

1 1.32 1.052)~

rn (M ) 1/ HEAT SINK

1.12t044)I:l I
0.86 (.034) --l

...l- I
1 2.181 .086) I 0.30 (.012)I-- 1.98 1.078) -.j 0.25 1.0101

Outline 38



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

Maximum Typical Typical CW
Minimum Maximum Residual Minimum Reverse Power

Part Breakdown Total Series Carrier Recovery Handling
Number Package Heat Voltage Capacitance Resistance Lifetime Time Capability

5082· Outline Sink VSR CT RS T t rr PA

3101 38 200 0.32 1.2 100 150 40

3102 38 300 0.30 0.8 100 150 60
Anode

3201 31 200 0.35 1.2 100 150 120

3202 31 300 fJ.32 0.8 100 150 180

3301 38 200 0.40 1.2 100 150 40

3302 38 300 0.32 0.8 100 150 60
Cathode

3303 31 200 0.40 1.2 100 150 120

3304 31 300 0.32 0.8 100 150 180

Units V pF Q ns ns W

Test VR=VBR, meas.
VR=50V,f=1 MHz

IF=100mA IF = 50mA IF=20mA, VR=10V Series* Switch

Conditions IR < 10pA f =100MHz IR = 250mA 90% Recovery in 50Q System

" Div ide by four for a shunt switch.

FAST SWITCHING/ATTENUATING
Electrical Specifications at TA= 25°C

Maximum
Minimum Maximum Maximum Reverse

Part Breakdown Total Series Recovery
Number Package Heat Voltage Capacitance Resistance Time

5082· Outline Sink VSR CVA RS t.,

3305 38 70 0.4 1.0 10.0
Cathode

3306 31 70 0.45 1.0 10.0

Units V pF Q ns

Test VR = VBR, meas. f = 1 MHz f= 100 MHz IF = 20mA
Conditions IR < 10pA VR = 20V IF = 20mA VR = 10V

90% Recovery
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FAST SWITCHING/ ATTENUATING
Typical Parameters (5082-3305 and -3306)
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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.
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Figure 4. Typical Forward Current vs. Forward Voltage.
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RF POWER SWITCHING/ATTENUATING
Typical Parameters (5082-3101, -3102, -3201, -3202, -3301, -3302, -3303, -3304)

C/)
W
o
o
o
Z
n,

20

10010

10

REVERSE VOL TAGE (V)

FORWARD BIAS CURRENT (rnA)

--1 = 1 MHz
--- 1 > 100 MHz

.

~
~--~

0.3

0.1

0.2

1:: 10
w
U
2
<t
f-
tn
iii
w
cc
u.
cc

100 =-------....----------,

u,
.::
w
U
2
<t
f-
U
<t
l1.
<to
e,

i
o

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

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

Cp = Package Capac itance

l..p= Package Inductan ce

RS = Residual Series Resistance

RI = I-Lever Resistan ce

C I = I-Lever Cap acit ance

T YPICAL VA LUES FOR Cp AND Lp A RE GIVEN UNDER " MECHANICA L
SPECIFI CAT IONS" . WITH REV ERSE BIAS. R, ,, 10k n.TOTAL
CAPACITANCE IS CT A ND IS GIVEN IN " ELECTR ICA L SPECIFICATIONS" .
WITH FORWARD BI AS C, IS NO LONG ER PRESENT. R, DECREASES
WITH INCREASING FORWARD BIAS TO APPROXI MATELY ZERO AT
100 rnA.

Figure 9. Device Equivalent Circuit.
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HEWLETT", PACKARD

COMPONEN TS

PIN DIODES FOR STRIPLINE
AND MICROSTRIP SWITCHES

ATTENUATORS AND LIMITERS

5082-3040/41
5082-3046
5082 -3071
5082-3140/41
5082-3170
5082-3340

Features Features

134

HERMETIC
(5082-314~ 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 fo rward biased these PIN diodes w ill appear as current
var iable resistors in shu nt with a 50 ohm transmission li ne.
The res istance 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. -3 140 and -3170 are
passi vated planar devices. The HP 5082 -3041 , -30 71 and
-3141 are pass ivated mesa dev ices . All of the devices are in a
sh unt configuration in str ipl ine packages. These diodes are
opt im ized for good cont inu ity of ch aracter isti c impedance
wh ich allows a continuous transition when used in 50 ohm
microstrip or stripline circu its.

Of these dev ices , the HP 5082 -3040. -304 1, -3046, -3071
and -3340 are in HP Package Out l ine 61 .

LOW COST TO USE
Designed for easy mounting

BROADBAND OPERATION
HF through Ku-band

LOW INSERTION LOSS
Less than 0.5 dB to 10 GH z (5082-3040, 3340)

LOW DRIVE CURRENT REQUIRED
Less than 20 mA for 20 dB isolation (5082-3041)

FAST SWITCHING MODULAT ION
5 ns typical (5082-3041)

HIGH POWER LIM IT ING
50 W peak pulse power (5082 -3071)

The HP 50 82-3140, -314 1 and -3 170 are in HP Packa ge
Out line 60 . Th is package is hermet ic and can be used for Hi­
Rei app licat ions. The HP 5082-3140, -3 14 1 and -3170 are
direct mechan ical replacements for Out line 61 (with top cap
in place) diodes HP 5082-3040, -304 1, and -3340
respect ively. The only electrical difference is the locat ion of
the ch ip in each package. Except in those few appl ications
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 fu nctionally
integrated into a 50 oh m transmission line to provide a
broa dband, linear, low insert ion loss transfer character istic
for small signal levels. At higher signal levels self ­
rect if icat ion reduces the diode res istance to provide limitin g
as shown in Figure 6. Lim iter performance is practically
independent of temperature over the rated temperature
range.



Applications
SWITCHES/ ATIENUATORS

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

Typical circuit functions performed cons ist 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 sim ilar to the 5082-3040 and 5082­
3140 respect ively.

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 effect ive
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 TeASE =25°C

LIMITER

The 5082 -3071 limiter module is designed for applicationsin
telecommunicat ion equipment, ECM receivers, distance
measuring equipment, radar receivers, telemetry equip­
ment, and transponders operat ing anywhere in the
frequency range from 500 MHz through 10 GHz. An external
dc return is requ ired 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 shunt transmission 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
elect r ical 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.
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-3140 -3040
Part No. 5082- -3170 -3141 -3340 -3041 ·3046 -3071

Junction Operating and Storage
-65°C to 150°C -65°C to 150°C -65°C to 125°C -65°C to 125°C

Temperature Range

Power Dissipationlf l ' 2.5W 1.0W 2.5W 1.0W 4.0W 1.0W

Peak Incident Pulse Powed2] 225W 50W 225W 50W 2OO0W 50W

Peak Inverse Voltage 150 V 70 V 150 V 70 V 450 V 50 V

Soldering Temperature 230° C for 5 sec.

Notes:
1. Device properly mounted in sufficent heat sink, derate linearly to zero at max imum operating temperature.
2. t p = 1 us, f = 10 GHz , Du - .001 , Zo = 50f!. (Exception : ·3071 is tested at 9.4 GHz .l
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Electrical Specifications at TA=25°C - Attenuator Diodes
Maximum ... Typical
Reverse CW Power

Max imum Recovery Typical Carr ier . Switching
Part Minimum Insertion Time Lifetime Capability

Number Package Heat Isolation Loss Max imum t rr T
.;: PA

5082- Outli ne Sink (dB) (dB) SWR (osl (ns) I> (WI

3140 60 Ano de 20 0.5 1.5
...

500 '" 30-...
3141 60 Cathod e 20 1.0 1.5 10

...
15 13 ....

3170 60 Cathode 20 0.5 1.5 - Ia 50q 30
ss

3040 61 Anode 20 0.5 1.5 - 500';:i? 30 a...
3041 61 Cathode ···· 20 1.0 1.5 10

5 15; 13

3046 61 5
I ' Anode .. 20 1.0 1.5 - 1000 ··· .50

....

3340 !fk 61 15Cathode 20 0.5 1.5 - 500 30

Test - - IF== 100mA IF == 0 IF == 0 IF == 20mA IF == 50mA _ 11'

Cond itions (Ex cept Pin == l mW Pin == l mW VR == 10V IR ;, 250rnA
>

(Note 31 .;: 3041,3141; Recovery

IF==2OmA) to' 90%

Note 3: Test Frequencies: 8 GHz 5082-3041, -3046 and -314 1. 10 GHz 5082-3040, -3140, 3170 and -3340.

Electrical Specifications at TA= 25°C - Limiter Diode
Part Number I Package :] Heat .Max imum Insertion Maxi mum Maximum 5RF Leakage TypicaLReco very

5082- Outl ine Sink Loss (dB ) SWR .., Power (WI T ime (ns)
#i

3071 2.0 100
....

': 61 Cathode 1.2 1.0

Pin == OdBm Pin == 0 dBm
.,

... p. ='50 W Pin "" 50 WTest - - In
Cond itions f = 9.4GHz f = 9.4GHz

".



Equivalent Circuits
For ward Bias (Iso lation State) Zero Bias (Insertion Loss State)

Zo =50 fl Lp

a,

Rp t-o Zo =50 fl Zo = 50 fl l-p Rp Rp Lp

Typical Equivalent Circuit Parameters -Forward Bias
Part Number Lp Rp Rs L1 £1 £2 CJ)

5082· (pH) (n) (n) (pH) (mml (mm) W

3040,3340 200 0.25 1.0 20 2.4 5.0 0
0

3041 220 0.25 1.0 20 2.4 5.0 -
0

3046 220 0.25 0.6 17 2.4 5.0

3140,3170 150 0.0 0.95 30 3.8 3.8
Z
o,

3141 150 0.0 0.8 20 3.8 3.8

Typical Equivalent Circuit Parameters -Zero Bias
Part Number Lp Rp R1 L2 R2 CT £1 £2

5082· (pH) (n) (K n) (pH) (K n) (pF) (rnrnl (rnml

3040,3340 200 0.25 00 0 5.0 0.10 2.4 5.0

3041 220 0.25 00 0 1.5 0.15 2.4 5.0

3046 220 0.25 00 0 1.5 0.15 2.4 5.0

3140,3170 30 0.0 1.2 16 0.0 0.20 5.3 5.3

3141 200 0.0 00 0 0.4 0.14 4.4 4.4

Typical Parameters
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Figure 6. Typical Pulse ' limiting
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Figure 11. Bas ic t rr Test Setup.
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Typical Switching Parameters
RF SWITCHING SPEED

HP 5082-3141 and HP 5 0 8 2- 3 0 41

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. Th is switching speed is dependent upon
the forward bias current , reve rse bias drive pulse, and
characteristics of th e pulse source. The RF swit ch ing speed
for the shunt -mounted stripline diode in a 50 n. system is
considered for two cas es: on e dr iv ing the d iode from the
forward bias state to the rev erse bias state (iso lation to
insert ion loss), seco nd , dr iving the diode from th e reverse
bias state to th e forward bias state (insert ion loss to
isolat ion ).

The total t im e it takes to swi tch th e shunt diode from th e
isolat ion state (forw ard bias ) to the insert ion loss state
(revers e bias ) is .show n in Figure 10. Th ese curves are for
three fo rward bias co nd itions with the d iode driven in each
case with three differe nt reverse voltage pulses (VP R). The
total switch ing t ime for eac h cas e includes the dela y t im e
(pulse ini t iati on to 20 dB iso lat ion) and transit ion t im e (20 dB
isolation to 0 .9 dB isolation). Sl ightly faster swit ch ing t imes
may be real ized by sp ik ing th e lead ing edg e of th e pulse or
us ing a lower impedance pulse driv er .

Figure 10. Isolation vs. Time (Turn -on) for HP 5082-3141 and
HP 5082-3041. Frequency, 2 GHz .

Figure 13. Typical Reverse Recovery Time vs. Forward Current
for Var ious Reverse Dr iving Voltages, 5082-3140, -3040.

The time it tak es to switch th e di ode from zero or rev ers e bias
to a given isolation is less than th e time from isolati on to the
insertion loss cas e. For all cases of forward bias gen erated by
the pulse gen era tor (pos it ive pu lse), the RF switch in g t ime
from th e insert ion loss state to the iso lation state was less
than 2 nanoseconds. A more deta il ed tr eat ise on swit ching
speed is published in AN929 ; Fast Sw itch ing PIN Diodes.

REVERSE RECOVERY TIME

Show n below is rev erse recovery t ime, (t rr ) vs . forward
cur rent. tl- ) for vari ous reverse pulse voltages VPR. The c ircu it
used to measure t rr is shown in Figure 11 .
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FORWARD CURR ENT (rnA)----.-
Fig ure 14. Typical Reverse Recovery Time vs. Forward Current
for Vari ous Reverse Dr iv ing Voltages, 5082-3170, -3340 .
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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.

OU T
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I ,
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9 1" _

I .

"

(b)
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Figure 1. Switching Time Test Circuit with Drive Current Waveform and Switched RF Voltage
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Following a general discuss ion of the switching speed of a
PIN diode and the considerations which affect switch ing
capability, this application note outl ines 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 .
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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) .
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PIN diodes offer an economic way of achieving excellent per­
formance in AGC circuits . Significant improvements in cross­
modulation and intermodu lat ion 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 trans istor 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)

Crossmodulat ion - 68 - 59 - 37
( - 20 dBm output)

co ntrol without the attendant problems of large imped­
ance sh ift. The resu lt is minimum distort ion 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.

MIXER
. PIN IF
,. • ATTENUATOR

,..
AMPLIF IER

--:O~

AGC
AMPLIFIER

Figure 1. The Use of a PIN Atlenuator for AGC.

Broadbanding the Shunt PIN Diode SPOT Switch (Portion of Application Note 957-1)

The bandwidth of the shunt diode SPOT switch can be
improved by the simple impedance matching technique
shown in Figure 1. A third transmission line, a quarter
wavelength long at fa, 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 wil l 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 Figu re 2 was computed assuming a resistance
of 0.5 ohms for 01 and 1000 ohms for 0 2.

By selecting the impedance for the transmission line of Port 3
to be slightly different from the other two, small additional
improvements in SWR can be made . Th is 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.
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,k1

FREQUE NCY, BRO ADB AND SWIT CH -:0

Figure 1. Broadband Shunt SPOT Switch . Figure 2. VSWR vs. Frequ ency Rati o, Broadband Switch .

Reducing the Insertion Loss of a Shunt PIN Diode (Application Note 957-2)

144

A shunt PIN diode is often used as a switch or attenuator.
The upper frequency limitation is determined by the increase
in inse rtion loss as the diode capacitance starts to short out
the load . Figu re 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 =R2C g(1)'
g (2)

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 des igned to operate
between equal generator and load resistances, R.

The cutoff frequency, fe, shown in Figure 2, is determined
by the diode capacitance, the ripple value , and R.

f =~
e 27TRC

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 des ired , the insertion loss ripple will be
.007 dB and the VSWR ripple will be 1.072 , corresponding
to feC = 2.88. The value of L is .28 nH corresponding to

L
- = 1.54.
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. Th is increases the cutoff frequency
for the same ripple to 24 GHz.

L

c

Figure 1. Low pass matching circuit.
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Rectification Effects In PIN Attenuators (Portion of Application Note 957-3)

Attenuation values of PIN diodes are changed by high inci­
dent power levels. The effect is most noticeable at intermedi­
ate attenuation levels in fast switching diodes. The variation
in attenuation may be minimized by proper choice of bias
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 rectificationeffects. The effects 0·100K
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are more serious at low frequencies because the period is
closer to the lifetime of the charge carriers in the diode in­
trinsic layer. There is sufficient time for these charges to be
influenced by the changing rf voltage.
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Figure 1. Attenuation at 2 GHz vs. Input Power with Bias Resistance
as a Parameter. 5082-31 40

Figure 2. Attenuat ion at 10 GHz vs. Input Power with Bias Resistance
as a Parameter. 5082-3140
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(2)

Roc (Rs + Rsc)Rm = - - - - - ­
Roc + a, + Rsc

DIODE TEST
HP 4815

HP3435A
CURRENT I-- FIXTU RE I-- VECTOR I-- DIGITAL
SOURCE IMPEDANCE

VOLTMETER(DI ODE HOLDER l
METER

HP 6111A q
PRECISION

DC POWER

SUPPLY

With the reactive par t of the impedance tuned out, the Vector
Impedance Meter will essentially see the measured resistance,
R m, as the series combination of the diode res istance, Rs,
and the short circuit resistance , Rsc' in parallel w ith the open
circuit resistance, Roc as illustrated in Fig. 2. In other words,
the measured resistance ,

Figure 1. Block Diagram of Test Equipment for RF Resistance
Measurement of a PIN Diode.

The diode resistance is then

a, (Roc + Rsc) - Roc RscRs = ---------
Roc a,

PIN Diode RF Resistance Measurement (Portion of Application Bulletin 6)
INTRODUCTION

In order to correctly determine the resi stance 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 resi stance measurement method to be described utilizes
a tunable fixture to tune out the reactive part of the imp edance,
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 stable low voltage for offsetting the short circuit
resistance is described in the Appendix of this Application
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.
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or since Rsc « Roc

(3) Rm - - - -

If the measured resistance is low (R m « Roc) , then the
diode resistance

(4)

For high resistance (R m » Rsc)

Roc Rm
R = -=------=-­

s Roc - Rm
(5)

Figure 2. The Measured Resistance Rm as Seen by the Vector
Impedance Meter When the Reactive Part of the Diode
Impedance is Tuned Out.

TEST FIXTURE

Figure 3. Schematic of Test Circuit for RF ResistanceMeasurement
of a PIN Diode.

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. enw

o
o
o
z
a..

HP4815 VECTOR
IMPEDANCE METE R

D.U.T.

® SEE DRAWING@ PKG. 15 ·30 pF

PKG. 31. 38. 39. 44 ·20 pF

CURRENT
SOURCE

where I, and 12 are respectively specified low and high current
levels , and RS1 and RS2 ' the diode resistances corresponding
to those bias levels.

The slopes of the HPND-4165 and HPND-4166 PIN diodes
are batch matched between 10 J.lA and 1 mAo In this case
equation (6) reduces to

X = _2. log R,OJ.lA (7)
2 R10mA

Details of the test procedure are contained in the Appendix
of this Application Bulletin .

The resistance vs. bias slope on a log-log plot is

log RS2 - log Rs,x= (6)
log 12 - log I,

Figure 1. Insertion Loss of Series Diode Switch.

flow for a short period of time , known as delay time, td •

When a sufficient number of carr iers 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 , t d + 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.)
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For a good approx imat ion , 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 capac itance (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 requ ired 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 , IF, charge is stored in
the I-layer. When reverse biased, reverse current, IR , will

Switching Performance Parameters
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Figure 2. Insertion Loss of Shunt Diode Switch.

Figure 5. Reverse Recovery Time.

Figure 3. Isolation of Series Diode Switch.
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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 handl ing capability of a PIN diode
switch can be determined by using the procedure outlined
below.

Figure 4. Isolation of Shunt Diode Switch.

Power dissipated in PIN diode , may be as high as
P0 1SS max specified for the device und er con ­
siderat ion .

Resistance of PIN diode in " on" or " off " cond ition,
whichever creates higher PRo

Breakdown voltage of PIN diode.

Attenuation rat io of series or parallel diode inserted
into transmission line.

R

Calculation of Power Handling Capability of PIN Diode
Attenuators and Switches: Th is summary of equat ions 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:

PA Power in transmission lin e (maximum available
power to load).
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CALCULATION SEQUENCE:

1. Read PDlSS max from the absolute maximum ratings.
2 . Determ ine the CW Power Mult ipl ier from Equation (1) for

a shunt c ircu it, or Equat ion (4) for a series circu it .
Alternatively, Figure 8 can be used if diode resistance is
known, or Figure 9 ca n be used if circuit attenuation is
known.

3 . Mult iply PDiss max by the CW Power Mult iplier to
determ ine CW power handling capabil ity.

4 . Determine the Pulse Power Multiplier, if applicable, from
Figure 10.

5 . Multiply the CW power handling capability by the Pulse
Power Multipl ier to determ ine pulse power handling
capabil it y.

6. Check for power handling l imit due to V BR by using
Equation (3) for shunt circuits and Equation (6) for series
circuits .

DIODE RESISTANCE In)

Figure 8. CW Power Multiplier vs. Diode Resistance.
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Figure 10. Pulse Power Multiplier vs. Pulse Width .
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Power Multiplier: ­PR

Series Circuit

Figure 6. Shunt Attenuator/Switch Circuit.
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Microwave Source Diodes Selection Guide

152

DOUBLE DRIFT PULSED
IMPATT DIODES

Peak Power Out! Part Number Page
Center Frequency 5082- Number

12W
-071010 GHz

166
9W -071616.5 GHz

DOUBLE DRIFT CW
IMPATT DIODES

Power Out! Part Number Page
Center Frequency 5082- Number

1.75W -06077 GHz
157

3.00 W -06088 GHz

1.5 W -061010 GHz
161

2.5 W -061111 GHz

STEP RECOVERY DIODES
(PAGE 153)

High Efficiency
Typical Output Multiplier RF Tested DC Tested

Frequency Versions Versions Versions
Range, GHz 5082- 5082- 5082-

.4-1.5 0803 0180
0815 0112
0825 0114
0833 0151
0840

0800 0300 0241
1-3 0801 0303

0802

0805 0310 0132
3-5 0806

0807

0810 0310 0132
5-8 0811

0812

0820 0243
7-10 0821

0822

8-12 0830 0320 0253
0831

0835 0335
10-20 0836

0885

Chips and other devices for MIC shown on page 171.
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Cp ~O.3pF

lp~O.6nH

200° C - Tease

8j c

230° C for 5 sec.

5082-0100 SERIES
5082-0200 SERIES
5082-0300 SERIES
5082-0800SERIES

2.67 (.105)
2.54 1.100)

Out line 65

1.40 (.0551 DIA..l.- 1.30 (.05 1) .

1.27 (,050 1I J Cp ~O.lSpF
1.02 1.040 ) Lp.0.2nH

CATHODE

0.58 (.023) 3.12 (.123)
0.36 (.,014)r 3.00 1.118) -

'---<-, :,-~~;;;;~,~.075)
""-=¢==;~ 1.42 1.0561
.----- - I·

I0.28 1.i11111 I,
0.23 (.009 1 3.48 1.137)

~~ ::~~~: I 328 1.129)

I N 3·48 UNC·2A

l~,----J~~~Q-=t' HEAT SINK
• CATHODE
BRISTOL
SOCKET --'~-------'

6 TEETH
1.21 (.048)

Outl ine 56

~,
t

28 1.011 1
23 1.009 )

Cp ~O.3pF

Lp ~O.4nH

CATHODE·HEAT SINK

348
UNC·2A
EAT SINK

CATHODE

.54 r.rool ­

Outline 40

Out line 41

0.58 (,023)

I 3.12 1.123 ) ~ 0.36(:014)
- . 3.00 f.Tf8f 1=--.1

Maximum Ratings at TeASE =25°C
Junction Operat ing and

Storage Temperature - 65°C to 200°C

Operation of these dev ices within the above
temperature ratings will assure a dev ice
Mean Time Between Fail ure (M TBF) of
approximately 1 x 107 hours.

DC Power D issipat ion .

Solder ing Temperature

STEP RECOVERY
DIODES

4 4

I
-,--

1.91 (,075)
1.42 f.056l

1

0

(.2121 O.

0 (185) --

! 1"-
-= IH

0.3pF ---; ~. 67 1.1051

3.12 (.1231 ,

0.58 1.0;;) 3:00f.Tf8f r.::
O'Tf~ ' ~i

3.43 1.135 ) --L.i.
2.90 [f14) 1.63 (,0641

J ill (.060)

t

S.38
4T

Cp.

Lp,="O.6nH

Cp ~O.2pF

Lp""lnH

Outline 31

Outline 15

o 25.4 11.001
MIN.r­- I-
I

4.32 1.1701
3.81 IT50J

-+25.41 1.00)
MIN.

o~~ !;01~ _ fl- I
0.360.014 . U _

1.631 .0641
1.52 r.oooi

1.93 1.0761
0 3 1.0681

Cp""O.2pF p

lp ~3nH

Cp"llO.15pF

lp ~4nH

_ CATHODE

--r----fl- 0 56 (,022)
I - U· 0.46 (.018)

25f1'~:~.001
_2.72 (.107)

216 (,085)

I
7.62 1.300 )
5.84 1.230)

+-
Out line 11

DIMENSIONS IN MILLIMETERS AND (INCHES).

OPTIMIZED FOR BOTH LOW AND HIGH ORDER
MULTIPLIER DESIGNS FROM UHF
THROUGH Ku BAND

PASSIVATED CHIP FOR MAXIMUM STABI LITY
AND RELIABILITY

AVAILABLE IN A VARIETY OF PACKAGES

SPECIAL ELECTRICAL SELECTIONS AVAILABLE
UPON REQUEST

HEWLETT. PACKARD

COMPONENTS

Features

Package Dimensions

These d iod es are manufactured using mode rn ep itaxial
growth techn iques. The di odes are passivated w it h a thermal
ox ide for maximum stabil ity. The result is a fam ily of dev ices
offering h ighly repeatable. effic ient and reliab le perform­
ance. Th ese di odes are designed to me et the general
requ irements of MI L-S-19500.

The 5082 -0800 Series diode is designed to maxim ize cu t- off
frequency while main taining a fast trans ition t ime. Th is
characteristic leads to excellent performance in either low or
h igh order multipl iers and in comb generators. All ceramic
package diodes in the 5082 -0800 Series are supplied w ith
measured data .

DescriptionIApplications



Mechanical Specifications
Hewlett -Packard's step recov ery diodes are avai lable in a
var iety of packages . Special package conf igurat ion is
ava ilable upon request. Cont act your loca l HP Field Off ice for
additional informat ion.

The metal-ceramic packages are her met ically sealed. The
anode studs and flanges are gold-plated Kovar . The cathode

Diodesfor High Efficiency Multipliers

Ceramic Packaged Diodes
ELECTRICAL SPECIFICATIONS

Junction Minimum Minimum
Capacitance Breakdown Cutoff

Part at -6V, Voltage, Frequency,
Number CiI-G) -rn VBR * at f c[21 Package

5082- [pF] IR = 10pA [GHz] Outline

Min. Max .
[V]

0800 40
0801 3.5 5.0 75 100 31
0802 41

0805 31
0806 2.5 3.5 60 140 40
0807 41

0810 31
0811 1.5 2.5 60 140 40
0812 41

0820 31
0821 0.7 1.5 45 160 41

0822 40

0830 0.35 1.2 25 200 31
0831 41

0835 31

0836 0.1 0.5 15 350 41

0885 56

*Data supplied with each diode includes measu red VBR an d CT(-6)

Glass Packaged Diodes (Outline 15) [4]

ELECTRICAL SPECIFICATIONS

studs are gold-plated copper. The max imum solderi ng
temperature is 230°C for 5 seconds.

The HP out line 15 and 11 packages have glass hermeti c seals
with dumet leads. The maximum soldering temperature is
230° C for 5 seconds. The leads on outline 15 should be
restr icted so tha t any bend start s at least 1.6 mm (.063 in.)
from the glass body .

(~II Specifications at TA = 25°C)

TYPICAL PARAMETERS

Output Output Transition Time Thermal
Frequency Power, Lifetime, Charge Resistance,

Range po[31 T Level 0 jc

[q Hz] [W] ens] tt cps] [pC ] [OCIW]

1-3 10 250 350 1500 15

3-5 6 100 250 1500 20

5-8 4 100 200 1000 25

.'

7-10 2.5 50 100 300 30

8-12 1.0 20 75 300 45
s,

10-20 0.3 10 50 100 60

TYPICAL PARAMETERS

Minimum
Maximum Junction Breakdown Minimum

Part Capacitance at Voltage, VBR Cutoff Frequency,

Number -6V, CiI_GI [ 1) at IR = 10pA f c [21

5082- [pF] [V] [GHz]

0803 6.0 70 100

0815 " 4.0 50 140

0825 2.0 45 160

0833 1.6 25 175

0840
~

0.6 15 300

Transition

Lifetime, Time

T Charge Level
ens] tt Cps] [pC]

250 350 1500
60 250 1500
50 95* 300
30 75 * 300
10 50* 100

154

*The transition t imes shown for the package 15 devices a re limited by t he pac kage ind uctance to a mi nim um of 100 ps.
The lower transit ion times shown for the -0825, -0833 and -0840 are based on th e performance of the c hip.



Junction Breakdown Maxim'um
Output Minimum Capacitance Voltage Thermal Transition Time

Part Frequency, Output at -10V, at IR =10,uA Resistance, Charge Lifetime,
Number fo N Power, Cj [1] VBR Ojc Package tt Level T

5082- [GHzl Order Po[5] [pFI [VI [OC/Wl Outline [psI [pel [nsl
[WI Min. Max. Min. Max.

0300 2 X 10 2.0 3.2 4.7 75 100 14 40 450 2400 200
0303 2 X 10 2.0 3.2 4.7 75 100 14 65[6] 450 2400 200
0310 6 X10 0.4 1.6 2.7 40 60 30 41 160 1000 75
0320 10 X 5 0.23 0.35 1.0 25 40 60 41 75 300 20
0335 16 X 8 0.03 0.25 0.5 20 30 75 31 60 100 15

Maximum Minimum Maximum
Part Junction Breakdown Transition Time Thermal

Number Capacitance Voltage Charge Package Lifetime Resistance
5082- at -10V, Cil-l01[l) at IR=10,uA Level Outline T e·JC

[pFI VBR [V) tt Ips) [pCI lnsl [OC/Wl

0113[7] 4.85 35 250 1500 11 100 300
0241 4.6 65 275 1500 31 150 20
0180 4.45 50 225 1500 11 150 300
0114[7] 3.85 35 225 1500 11 100 300
0112 1.55 35 175 1000 11 50 300
0132 1.5 35 175 1000 31 50 40
0243 1.2 35 110 600 31 40 50
0151 0.65 ! 15 90 200 15 20 600
0253 17] 0.6 25 80 200 31 20 75
0153 0.4 25 90 200 15 20 600

RF Tested Diodes (All Specifications at TA ::: 25° C)

ELECTRICAL SPECIFICATIONS

DC Tested Diodes (All Specifications at TA ::: 25° C)

ELECTRICAL SPECIFICATIONS

TYPICAL PARAMETERS

TYPICAL PARAMETERS
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Suggested output frequency, fo(max) .;; 1Itt

NOTES: 1. Capacitance selection is available upon request. Contact
your local salesoffice.

2. fc = 1

2rr R s Cil-6)
3. As a doubler at midband.
4. For package out line 15 typical thermal resistance is

6000 C/W with adequate heat sink .

5. Guaranteed multipl ier tested results.
Input power is: 5082-0300 15W 5082-0320 2W

5082-0310 4W 5082-0335 0.65W
6. Package 65 isa modified version of the package 40. It features a

6-tooth. 1.21 mm (,048 in) Bristol socket rather than a screw driver
slot. A Bristol socket wrench is shipped w ith each order for 5082­
0303.

7. The 5082-0113, -0114 and -0253 are also available by EIA
registration numbers 1N5163, 1N5164 and 1N4547 respectively.

POWER SUPPLY
HP 721A

POWER SUPPLY
HP 710C

20 ' CHA RGING
LI NE

PULSE
GENERATOR 1-------1 3 db PAD

TEK 109

SYNC
TEE

BI AS
TE E D.U .T. 28 db PAD

SAMPLE R
1430C

TRIGGER SAMPLING
'-------------; SCOPE

l81A/1811A

Figure 1. Test circuit fortransition time. The pulse generator circuit is adjusted for a 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 transit ion time is read between the 20% and the 80% points on the oscilloscope.
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SAMPLING
OSCILLOSCOPE

HP 1858

OUTPUT WAVE SHAPE

+V

r------,
I I
I 1.0 ~F I
I I I
I I
I -= II 1.0K I

I I
1 1 . 0 ~ F D.U.T. I

.... 1.0 IJS'"

INPUT WAVE SHAPE

1_ ', <1.0ns

son

PULSE
GENERAT OR

HP 18BA

son

CURRENT HP 4815A

SOURCE t-- O.U.T. - VECTOR IMP
METER

PO 2005
PRECISION - HP 3430A

POWER SUPPLY D.V.M.

Figure 2 . Test set-up for measurement of series resistance . The
D .U .T. is forward biased (IF) and the real part of the diode
impedance is measured at 100 MHz. The D .V .M . is set up t o read
the real part on the Vector Voltmeter. The precision power supply
is used to offset the test circuit resistance. RS is measured at IF =
100mA except 0800. 0801 . 0802. 0803 where IF = 500mA.

Figure 3 . The Circuit for Measurement of t he Effect ive Minority
Carrier Lifetime. The value of the reverse current (lR) is
approximately 6 rnA and t he forward current (IF) is 1 .71 IR' The
lifetime IT) is measured across the 50% points of the observed
wave shape. The input pulse is provided by a pulse generator
having a rise time of less than one nanosecond . The output pulse is
amplified and observed on a sampling oscilloscope.

10

~
.1 0 ~

.1
~

u;
I-

M '" l-
e 8 -0:e e !

it it it it
I I

E I ....
I ::>

I- .01 I- .01 I- .. 1.0
::> ::> I- ::> I-
0 0 ::> 0 ::>
0:: 0::

0 0:: 0
w W 0:: W 0::

it it w it w

2 .001 2 it
.001

2 it
2 2

POWER IN -W POWER IN-W fo IGHzl

Figure 4. Typical Output Powers vs . Input
Power at TA = 25°C. The 5082-0300 is
measured in a x 10 multiplier with PIN at
0 .2 GHz and Po at 2 .0 GHz. The 5082­
0310 is measured in a x 10 multiplier with
PIN at 0 .6 GHz and Po at 6 .0 GHz.

Figure 5 . Typical Output Power vs . Input
Power at TA = 25°C . The 5082-0335 is
measured in a x 8 multiplier with PIN at 2
GHz and Po at 16 GHz. The 5082-0320 is
measured in a x 5 multiplier w ith PIN at 2 .0
GHz and Po at 10 GHz.

Figure 6 . Predicted power ou tput cu rves
for 03XX st ep recovery diodes in X3 . X4.
and X5 mult ipl ier applications. These
results w ere ob ta ined using computer
organization programs.
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DIM ENSIONS IN MI LliMETERS AND (l NCHESl.
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Cp . 0 .3pF

Lp • O.40 H

1.80 (.071 1
1.37 (.054 )

Cp . 0. 5 pF

Lp ~ O.3nH

I
I

163 1.0641
1.52 1.0601

t

1 . 47~

0.94 (.0371

5082-0607
5082-0608

3.12 (,1nJ
3.00 (.118 )

1 1 .63~ I1.47 1.058)

I ' •

1

1.63 1.0641 I
1.47 1.0581-- --
2.11 1.083 1

.. - 1.98 l.078) -.

OUTLINE 46
5082-0608

- I-­

I

0.58 1.023 1 1 3.12 (,1nJ
0.36 1.0141 3 .00 (.118)

+

0.58 LQll)
0.36 (.0 14 )

+

2.11 (.083 )
- 1.98 ('078) -

OUTLINE 41
5082-0607

t
1.63 (.0641
1.52 (.0601

I

---'-------+/~---~ -t----'-

ANODE ·HEAT SINK

3.10 (.1221
2.46 (,0971

ANODE·HEAT SINK

3.43 (.135)
2.90 [i14)

package Dimensions

SILICON DOUBLE DRIFT
IMPATT DIODES FOR

CW POWERSOURCES
(5.9-8.4 GHz)

HEWLETT. PACKARD

CO MPONENTS

HIGH POWER OUTPUT
Typically: 3W from 5.9 to 8.4 GHz

HIG H EFFICIENCY

LOW NOISE

HIGH AMBIENT OPERATION
Spec ified Output Power Available
at 50° C Ambients

HIGH RELIABILITY
Designed to Exceed the Requirements
of MIL-S-19500

Junct ion Operat ing Temperature .. . . . -65°C t o +250°C
Junction Temperature Rise, ~Tj . . . . . . . . . . . . . 200°C
Storage Temperature - 65°C to +150°C

Opera tion of th ese dev ices with in the above
temperature ratings will assu re a devic e
Mean Tim e Betw een Failure (M TBF) of
approximately 1 x 107 hours.

P D· · · 200°Cower issrpat ro n . . . . . . . . . . . . . . . . ---
6-r

Solder ing Temperature 220°C f or 5 sec.

Double dr ift sil ico n IM PATI (IM Pact Ionizat ion Av alanche
Trans it Tim e) diodes are ju nct ion devices operated w ith
rev erse bias suff ic ient to cause avalanche bre akdown .
Holes and electrons generated in th e avalanche reg ion
t rave l across the ir respect ive dr ift reg ions and ar e collected
at the contacts. The phase de lay bet ween voltage and
curre nt resulting from the avalanche process in combina­
t io n w it h the dr ift t ime produces negat ive res istance at
microwave frequencies.

Double dr ift IMPATT diodes offer advantages of higher
power and eff icie ncy, lower junc ti on capacitance per unit
area , and lower fm noise, as compa red to single dr ift sili con
IM PATI diodes .

Because of the ir h igh output power, eff ic iency and
reliabil ity, these devices are idea lly su ited for use as the
act ive eleme nt in osc illators and amplif iers in po int -t o-po int
telecommunicat ions links and CW Doppler radar. For more
informati on see HP AN 962 Silicon Double Dr ift IM PATT
Diodes for high power CW m icrowave appl ications and
HP AN 968 IMPATT Ampl ifier.

Features

Description /Applications

Maximum Ratings at TCASE=25°C

157



Mechanical Specifications
Hewlett-Packard 's IMPATT diodes are availab le in a
variety of packages. Special package configurat ion is
available upon request. Contact your local HP Fie ld Off ice
for additional informati on.

These meta l-ceramic packages are hermetically sealed.
The cathode studs and flanges are gold-plated Kovar. The
anode studs are gold-plated copper. The max imum
so ldering temperature is 2300 C for 5 seconds .

Notes

1,2 (Fig . 9)w
Units

3.0

5082·
0608

1.75Po

SymbolParameter

Minimum CW Output Power

Elect rical Specificat ionsat TA=25°C
5082·
0607

Test Frequency fO 7.2 GHz

Typical Parameters
Parameter

Efficiency

Operating Voltage

Operating Current

Breakdown Vo Itage

Junction Capacitance at
Breakdown

Thermal Resistance

Package Outline

Symbol
5082· 5082·

Units
0607 0608

11 11 10.5 %

Vop 180 , 180 V

lop 95 165 rnA

VSR 150 150 V

CJ{VSRI 0.35 0.7 pF

8 T 11 6.5 °CIW

41 46

Notes

Po
11 = - x 100

PIN

IR =.5 rnA

f = 1 MHz

3

CAUTION: Performance in shaded region may be characterized by power saturation and no isy output spectru m.
Operation under these conditions can result in diode fai lure (See HP AN 959- 1).

FREOUENCY IGHz)

Figure 2 . Typical Output Power V5 . Frequency. 5082-0608 .
Output power maximized at each frequency.

10

DO NOT OPERATE IN SHADED AREA

!
a;

~ 1.5

it..
::J....
::J
0

0.5

0
5

Notes: 1. Output power measured as an osc illator. 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 ava ilable
upon special request.

2. The mount for an IMPATT diode must provide an adequate heat flow path away from the d iode stud. The junction tempera ture rise
will be : ATj = 0 T {PIN-POl.

3. 0 T is measured with the diode mounted in a copper heatsink using the dc avalanche resistance method (see HP AN 935. page 6).
0 jc. use 0 jc = 0 T - 1.5°C/W 11.5°CIW has been found to be a nom inal value for a good heat flow path in the d iode mount l.

FREQUENCY (GHz!

Figure 1. Typical Output Power V5. Frequency. 5082-0607.
Output power maximized at each frequency .
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Figure 8. Typical Efficiency vs. Operating Current at 7 .2 G Hz.
5082-0608 . Output pow er maximized at each current level.

Figure 6. Typical Output Power vs. Operating Current at 7 .2
GHz. 5082-0608 . Output power maximized at each current
level.

Figu re 7 . Typical Junction Operating Temperature Rise (ATj) vs.
Operating Current at 7 .2 GHz. 5082-0608 . Output power
maximized at each current level.

Typical Parameters, 5082- 0608
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Typical parameters, 5082-0607

Figure 5. Typical Efficiency vs . Operating Current at 7 .2 G Hz.
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 3. Typical Output Power vs. Operating Current at 7 .2
GHz. 5082-0607. Output power maximized at each current
level.
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RF
OUTPUT

DC OR
PULSE
BIAS

TRANSFORMER

-.:)

,.. oo~/
APC-N OR APe-]

CONNECTOR MOUNT

SPACER

/ //

/
----HEAT SINK

IMPATT
DIODE

160

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.



Mechanical Specifications

C/)
W
o
o
o
>­a::
w
>o
(J
w
a::
n,
w
~
C/)

o
z«
~
~«o,
~

" O.5pF

" O.3nH

064 )
0601
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37)

5082-0610
5082-0611

3.12 (.1231-.j
2.99 1.1181 I

OUTLINE 46

DIM ENSIONS IN MI LLIMETE RS AND lINCHES ).

0.58 L!!llI I
0.36 1.0141

+

i t
l 1 1.47 t.I

o.94 toUlll
6(.0971

I I
l
I

1.63 1.
1.52 1.

I,

1' ~- '
1.47 (.058 1

NODE·HEAT SINK I. .
OPPER

2.11 (.0831
Cp

- 1.98 (.0781- lp

A
C

3.1
2.4

Hew lett-Packard 's IMPATT d iodes are ava ilab le in a
variety of packages. Special package configuration is
avai lable upon requ est. Contact yo ur local HP Fie ld Office
fo r additional info rmat ion.

These metal-ceram ic packages are he rmet ica lly sealed .
The cathode studs and flanges are gold-plated Kovar. The
anode studs are gold-plated copper. The maximum
so ldering temperatu re is 230 0 C for 5 seconds.

Package Dimensions

HIGH POWER, HIGH EFFICIENC'{,
SILICON DOUBLE DRIFT

IMPATT DIODES FOR
CW POWER SOURCES

(10-14 GHz)

HEWLETTj PACKARD

COMPONENTS

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 Requiremer'lts
of MIL-S-19500

Double dr ift si licon IMPATI (IM Pact Ion izat ion Avalanche
Trans it Tim e) diodes are ju nction dev ices operated with
reverse bias suffic ien t to cause avalanche brea kdown.
Holes and electrons gen er ated in the avala nche region
travel across the ir respect ive dr ift reg ions and are collect ed
at the contacts. The phase delay between voltag e and
cu rrent resulti ng from the ava lanc he process in com bin a­
t ion w ith the dr ift t ime produces negat ive resista nce at
microwave fr equencies.

Double dr ift IMPATT diode s offer advantages of hi gh er
power and eff iciency, low er juncti on capac itance per un it
area , and lower fm noise , as compared to single dr ift silicon
IMPATI diodes .

Because of the ir high output power, eff iciency and
re liab il ity , these devices are ideally su ited for use as th e
act ive element in oscillators and amplif iers in point-to -poin t
telecommunicati ons li nks and CW Doppler radar. For more
information see HP AN 962 Silicon Double Dr ift IMPATI
Diodes fo r high power CW microwave appl ica tions and
HP AN 968 IMPATT Ampl if ier.

Maximum Ratings at TCASE=25°C
Junct ion Operat ing Temperatu re -65°C to +250° C
Junct ion Temp erat ure Rise, llTj 200 °C
Storage Tempera ture -6SoC to +l SOoC

Operation of these dev ices with in the above
temperature rat ings will assure a dev ice
Mean Time Between Failu re (M TBF) of
approximately 1 x 107 ho urs .

P D· · · 200 °Cower issrpat ron . . . . . . . . . . .. --
8-r

Solder ing Temperat ure 220 °C for S sec.

Description /Applications

Features
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Typ ical Parameters

Electrical Specifications at TA=25°C
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Figure 2 . Typical Output Power vs. Frequency. 5082-0611 .
Output power maximized at each frequency .

1fSC,

- .c-: r-;
V.~ <,

>"\\ r-.
- ......V

Parameter Symbol
5082- 5082-

Units Notes
0610 0611

Minimum CW Output Power Po 1.5 2.5 W 1,2 (Fig. 151

Test Frequency fO 11.2 GHz 1

0.5

2.5

3.0

FA EQUENC Y IGHz)

10 11 12 13 14 15

~ 2.0

....
OJ
o 1.5
cr
w

~ 1.0

Parameter Symbol
5082- 5082-

Units Notes
0610 0611

Efficiency 10 10 %
Po

7] 7]= -x100
PjN

Operating Voltage Vop 120 120 V

Operating Current lOp 130 210 rnA

Breakdown Voltage VBR 99 99 V IR =.5 rnA

Junction capacitance at
CJ(VBRI 0.35 0.7 pF f = 1 MHz

Breakdown

The rmal Res istance 8-r 14 8 °CIW 3

Package Outline - 46 46 - -
Notes: 1. Output po wer measured asa n oscillator . Junction temperature is less than 22 5° C with an ambient tempera ture of 25°C. Typ ical diodes

sat isfy the minimum spec if icat ion throughout the opera ting frequency range. Spec ial models tested at other f requenc ies are available
upon spec ial req uest .

2. The mount fo r an IMPATT diode must prov ide an adequate hea t f low path away from the d iode stud. Th e junct ion tempera tu re rise
will be: ~Tj ; 0 T (PIN- POl.

3. 0 T is measu red with the d iode mounted in a copper heats ink using the dc avalanche resistance method (see HP AN 935, page 6).
0jc, use 0jc; 0 T - 1.5"C/W (1.5°C/W has been found to be a nomina l value fo r a good heat flo w path in the diode mount ).

Figure 1. Typical Output Power vs. Frequency, 5082-0610 .
Output power maxim ized at each frequency.
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Figure 3. Typical Output Power vs . Operating Current at 11 .5
GHz. 5082-0610. Output power maximized at each current
level.
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Figure 5. Typical Efficiency and Junction Operating Tempera­
ture Rise (6Tj) vs. Operating Current at 11 .5 GHz. 5082-0610.
Output power maximized at each current level.
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Typical Parameters, 5082-0611
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HEWLETT. PACKARD

COMPONENTS

SILICON DOUBLE DRIFT
IMPATT DIODES FOR

PULSED POWER SOURCES

5082-0710
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%

SIN x SPECTRUM
x

HIGH RELIABILITY
Designed to Meet the Requirements
of MIL-S-19500

AL L DIMENSIONS IN MILLI MET ERS AND (l NCHESI.

OUTLINE 46

0641
0601

~
37)

Cp ~ O.5pF

Lp '" O.3nH

0.58 (.023) I 3.12 (.1231 I
0.36 r 14) _ . 3.00 [fj8j -

t I - t
•

I I 1.47 (.0
0.94 (.0

oh!lll
-~6 (.097)

I
I I

•I
1.63 (.

I 1.52 (.
I,

11
, ·63 LQM! I'1.47 (,0581

ANODE·HEAT SINK . • •
COPPER '

-~:~~~-

D.­
2.4

Hewlett -Pa ckard's IMPATT diodes are ava ilable in a
variety of packages. Special package conf igurat ion is
ava ilable upon request. Contact your local HP Field Office
for addition al information,

This metal-c eramic package is hermetically sealed. The
cathode flange is gold-plated Kovar. The anode stud is
go ld-plated copper. The maximum soldering tem perature
is 230° C for 5 seconds.

Mechanical Specifications

package DimensionsSilicon double dr ift IMPATI (IM Pact Ion ization Avalanche
Trans it Time) diodes are juncti on dev ices operated w ith
reverse bias suffic ien t to cause ava lanche breakdown.
Holes and electrons generated in the ava lanche region
travel across their respect ive drift reg ions and are collected
at the contacts . The phase delay between volt age and
cu rrent result ing from the aval anche process in com bin a­
tion w ith the 'drift t ime produces negat ive res istan ce at
microwave frequenc ies .

Double dr ift IMPATIs offer advantages of hi ghe r power and
eff iciency, lower juncti on capac itance per un it area , and
lower fm noise as compared to single dr ift sil icon IMPATIs.

Stable operat ion at high peak power levels make the se
dev ices idea lly su ited fo r X and Ku-band pu lsed radar
applicat ions such as missile gu idance systems, lightw eight
man-pack radar, and active phased array radar. For mor e
informat ion , see AN961 , Silicon Doub le-Drift IM PATI
Diodes for Pulse Appl icat ions.

Description/Applications

Average Junction Operat ing
Temperature -65°C to +225° C

Average Junct ion Tempera ture
Rise, ~Tj 200°C

Storage Temperature -65°C to + 150° C

Operation of these dev ices with in the above
temperature ratings will assu re a dev ice
Mean Time Between Fai lure (M TBF) of
approxima tely 1 x 107 hours.

P D· · ' 200°Cower issipatron . . ---
&r

Soldering Temperature 220°C for 5 sec.

Maximum Ratings at TCASE=25°C
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5082-0710 5082-0716 Units Notes

10 16.5 GHz 1
en

12 9 W 1,2 W
0

3 2.25 W 1,2 0-
0
>-a:w
>

5082-0710 5082·0716 Units Notes 0
11 11 % 1,2 0

W
145 100 V a:
900 900 mA o,
115 78 V IR = .5mA W
1.25 0.8 pF f = 1 MHz ~

6.5 8.5 °C/W 3
en
0

oximately fo . Average junct io n temperat ure is less than 225° C Z
ulated using the rela t ionsh ip: «

~
~

5%. «
ink using the dc avalanche resistance method (see HP Application o,

~-

Ell
28

24

~ 20
Ia:

UJ I
;:
0 16...
I-
::>
c,
I- 12::>
0 -- ;--
'" ~«
UJ 8e,

4

0
12 13 14 15 16 17 18 19

fREQUENCY (GHz)

Figure 2 . Typical Peak Power Output vs . Fre~uenc~. 50~2-
0716. 800 ns pulse width , 25% duty cycle, ~TJ (avg l - 175 C .
Output power maximized at each frequency.
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Pp

CJ (VBRI

Symbol

Symbol

1413121110

fREQUENCY (GHzl

98

I

"..- r--
-/

I
4

8

Pulsed Operating Current

Pulsed Operating Voltage

Efficiency

Breakdown Voltage

Parameter

Junction Capacitance at Breakdown

Thermal Resistance

20

16

12

Parameter

Minimum Average Output Power at
Center Frequency

Center Frequency

Minimum Peak Output Power at
Center Frequency

24

2. Measured at a pulse widt h of 800 ns and a du ty cycle of 2
3. ElT is measured with the diode mo un ted in a copper heats

Note 935, page 6 l.

28

NOTES : 1. Average output power is measured as an oscillato r at app r
with an amb ient temperat ure of 25°C . Peak po wer is calc

PAVG
Pp - -,---,­

d uty cycle

F· e 1 Typical Peak Power Output vs . Frequency. 5082­
Igur . T· - 175°C071 0. 800 ns pulse width, 25% duty cycle. ~ J (avg) - •

Output power maximized at each frequency .

Typical Parameters at TA=25°C

Electrical Specifications at TA=25°C

-



Figure 5 . Typical Diode Reactance vs . Frequency. 5082-0710.
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Figure 6. Typical Efficiency and <lTj (avg) vs. Pulsed Operating
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Figure 8. Typical Load R .
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Typical Parameters, 5082-0710

Figure 3 . Typical Peak Power Output vs . Pulse Width at 10.5
GHz with duty cycle as a parameter. 5082-0710. <lTj less than
200°C.

Figure 7 . Typical Large Signal Diod N .
Frequency. 5082-0710. e egatlve Resistance vs.
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Typical Parameters, 5082-0716

Figure 9 . Typical Peak Power Output VS . Pulse Width at 16.5
GHz with duty cycle as a parameter, 5082-0716. Tj less than
200°C .
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Figure 10. Typical Peak Power Output vs. Pulsed Operating
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Figure 12 . Typical Efficiency and a'Ij (a vg l vs. Pulsed Operating
Current. 5082-0716. 800 ns pulse width , 25% duty cycle. 16.5
GHz. Output power maximized for each current level.
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SChottky Diodes
Beam Lead Selection Guide .
Single Beam Leads .
Multiple Beam Leads .
Chips, LIDs, Ministrips .

PIN Diodes
Beam Lead Selection Guide .
Single Beam Leads .
Chips, LIDs, Ministrips .

Step Recovery Diodes
Chips, LIDs, Ministrips 190

Bipolar Transistors
Chips 193

Gallium Arsenide Field Effect Transistors
Chips 205

Handling and Use Procedures
Diodes, Chips, LIDs, Ministrips 191
Beam Leads 175, 182
Bipolar Chips . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 204
FEr Chips 212

Applications for Hybrid Devices 213

Dewllces 'or Hybrlld
In"esra"ed Cllrcull"s

Hewlett-Packard offers a complete line of RF. microwave and switching
sem iconductor d iodes and tran sistors in forms especially designed for hybrid
integ ra ted c ircuits.

Diodes included are Schottky barrier diodes for RF an d microwave switches. mixers
and detectors; PIN d iodes for RF and microwave switches and AGC attenuators.step
recovery d iodes for comb generators and frequency multipliers. Bipolar transistorsfor
low noise and linear power. GaAs FETs for low noise and medium power.

In addition to chips . package forms include the LID ( Lead less Inverted Device ).
Ministrip. Microstrip Post and Beam Leo d.

Although all devices offered are passivated. it isrecommended that the end item be
hermet ically sealed for ma ximum stability and reliabil ity.

Most DC and RF parameters can be specially tested and guaranteed. Contact your
local HP sales office for assistance if spec ial spe c ifica tion is requi red.

Although not a ll are listed. most Hewlett-Packard d iodes are available in chip form.
Any ava ilable chip can be suppl ied in any of the carr iers listed. Contact your local
HP sales office for price. availability. and specifications of any special device.
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185

183

9396

9397

Page Number

8-12 GHz

2769

2768

R.F. Specified
5082 -

9394

9395

4-8 GHz

5082-3900

HPND-4001

HPND-4050

Part Number

2767

2264

2716

2709

2229

2299

9696

9697

2-4 GHz

D.C. Specified
5082 -

v

e

OV

OV

S (PAGE 181)

uide

Y DIODES (PAGE 176)

Beam Lead Selection G

SING LE MICROWAVE SCHOTTK

Recommended
Freq. Limit Barrier

Low
12.4 GHz

Medium

Low
18 GHz

Medi um

Lo w
100 GHz

Medium

MICROWAVE SCHOTTKY QUAD

Recommended
Frequency To 2 GHz

Low
9697Part Barr ier

No.
5082- Med ium

9696Barr ier

MICROWAVE PIN DIODES

Series Resistance Capacitanc

1.3n at 10 mA 0.12 pF at 2

1.8n at 10 mA 0.07 pF at 3

6n at 50 mA 0.02 pF at 0
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Specification Symbol Min. Max. Units Test Conditions

Breakdown Voltage VBR
70 - Volts I R = 10J.LA

Forward Voltage VF1 - 410 mV I Fl = 1mA

Forward Voltage VF2 - 1.0 V IF2 = 15mA

Reverse Leakage IR - 200 nA VR = 50V
Current

Capacitance Co - 2.0 pF VR =OV and f= 1MHz

Effective Minority T - 100* pS IF = 5mA
Carrier Lifetime Krakauer Method

BEAM LEAD
SCHOTTKY DIODE

g (0.51 zs ill
8 (0.3) 40 (1.5)

I I

5082-2837

I

+---<f- - -- -

110 (4)
90 (3.5) 1--------

110 ill
90 (3.5)

,'----J------4--.,.
OIMENSIONS IN am 11/ 1000 inch)

the diodes exh ib it 95% rect ificat ion effic ienc ies. Both the ir
low loss and the ir high PIV allow the diodes to be used in
mixer and modu lato r applicat ions wh ich requir e wi de
dynam ic ranges .

The combination of these technical features with the low
price make these devices the prime co nside rat ion fo r any
hybrid dc or RF circ uit requiring no nlinear elements.

Outline 10

Op eration of these de vices wi thin the above
temperature rat ings will assure a dev ice
Mean Time Be tween Failure (M TBF) of
approximately 1 x 107 hours.

Absolute Maximum Ratings
at TA=25°C
Operat ing Temperatu re Range -60°C to +150° C
Storage Temperatu re Range -60° C to +150° C
Maximum Lead Pull . . . . . . . . . . . . . . . . . . . . . . . . . . 2 Gms

HEWLETT;; PACKARD

COMPONENTS

• Typical

Applications
High level detection , switching , or gat ing ; logarithmic or A­
D convert ing ; samp ling or wave shap ing are jobs the 5082­
2837 will do better than conventional PN junct ion diodes.
The low turn-on voltage and subnanosecond switch ing
makes it extremely attractive in digita l circu its for DTL
gates , pu lse shap ing circu its or other low !evel appl ications.
Its high PIV allows wide dynamic range for fast high voltage
sampling gates .

The 5082-2837 low turn-on vol tage gives low offsets. The
extremely low stored charge minim izes output offsets
caused by the charge flow in the storage capacitor. At UHF,

The HP 5082-2837 is an epitax ial planar passivated Beam
Lead Diode whose cons t ruct ion ut il izes a unique combina­
tion of both a conventional PN junction and a Schottky
bar rier . This manufacturing process results in a device
wh ich has the high breakdown and temperatu re character­
isti cs of silicon , the turn-on voltage of german ium and the
speed of a Schottky diode majority carrier device.

Th is device is intended for high volume, low cost
app lications, and is the beam lead equ ivalent of the HP
5082-2800 glass packaged diode.

LOW COST

FAST SWITCHING

HIGH BREAKDOWN

Elect r ical Specifications at TA=25°C

Features

Description
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Bonding Recommendations
Beam lead devices are silicon ch ips with coplanar plated
gold tabs that extend parallel to the top surface of the ch ip
approximately 8 mils beyond the edge . The leads are
app rox imately 4 mils wide by 1/2 mil th ick and are mounted
by thermocompression bonding to the substrate metall i­
zat ion. The bonding is accomplished by placing the dev ice
face down with the tabs rest ing flat on the pad area and
using heated wedge (and/ or substrate ), or parallel-gap
(spot-welding) techn iques.

The heated wedge may be continuously heated , as in most
standard equ ipment, 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 spo t-weld ing
ope rat ion , current is passed th rough the substrate
metallizat ion 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 pu lse heat ing techniques is th at a
cold ambient may be used , generat ing on ly localized
heating in the vicinity of the bond itself. The electrodes (or
wedge ) can be placed on the device lead wh ile the bond
area is co ld , and maintain a constant force through the
heating and coo ling cycle.

Handling Instructions
The mechanical and electrical performance cha racterist ics
of beam lead diodes requi re careful and considerate
handling during inspection, testing , and assembly. The
handling techn iques described here are necessary so that
the diodes will not be mechan ically or electrically damaged,
parti cularly 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 without its being
opened.

Unloading

1. Open the lid, remo ve the foam pad, and carefully lift off
the ant istatic fabr ic liner.

2. A vacu um pickup with a #27 tip is recommended for
pick ing up single beam lead devices.This should be done
under 20X magn if icat ion fo r accurate pos ition ing of the
t ip on the die.

3. Replace the fabric and pad for storage of unused
dev ices .
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HEWLETT~ PACKARD

COMPONENTS

BEAM LEAD SCHOTTKY
DIODES FOR MIXERS

AND DETECTORS
(1-18 GHz)

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£\Q2
11 r- -l 130@ t8 (0.3) 100 (4)

I '
225 (91
170 m

t---
275 (111 700~

200 ID 650 (26)

t-
I

225 (9)
2llli lBJ

90 (3.51 ~ 270 (10.5l

"Sam 15ll l6J

DIMENSIONS IN urn 11/1000 inch)

Oulllne 05

These beam lead diodes are constructed using a metal­
semiconductor Schottky barrier junction. Advanced epitax ial
techniques and precise process control insure uniformity and
repeatabil ity 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.

PASSIVATED
Stable, Reliable Performance

Description

HIGH UNIFORMITY
Tightly Controlled Process Insures Uniform
RF Characteristics

Features
PLANAR SURFACE
Easier Bonding, Stronger Leads

LOW NOISE FIGURE
6 dB Typical at 9 GHz

Applications Maximum Ratings
The beam lead diode is ideally suited for use in stripline or
microstrip circuits. Its small phys ical 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 appl ications 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.

Pulse Power Incident at TA = 25° C 1W

CW Power Dissipation at TA = 25° C 300mW

TOPR - Operat ing Temperature Range -60° C to +150° C

TSTG - Storage Temperature Range -60°C to +150° C
Max imum Pull On Any Lead 2 grams

Diode Mounting Temperature 220° C fo r 10 sec. max.

Operat ion of these devices within the above
tempera ture ra tings will assure a de vice
Mean Time Between Failu re ( M TB F) of
approxima tely 1 x 107 ho ur s.

176



(J)
I-
:::>
o
a:
o
o
w
l­
e::(
a:
CJ
w
I­
Z

o
a:
CD
>­
I
a:
o
u..
(J)
Wo
>w
o

Symbol 5082-2229 5082-2299 5082-2264 Units Test Conditions

VBR 3 3 3 V IR = 10llA

VF 1V at 30mA 1V at 20mA 1V at 20mA V IF - as shown

CT 0.25 0.15 .10 pF VR = OV, f = 1MHz

VF 250 mV IF = 1mA

5082-2709/t 5082-2716/
Symbol -2768/-2778 -2769/-2779 5082-2767 Units Test Conditions

VBR 3 3 3 V IR = 10llA

VF 1.0 V IF = 20 rnA

CT 0.25 0.15 0.10 pF VR = OV, f = 1MHz

VF 450 mV IF = 1mA

5082-2509 t 5082-2510 ~VF~1 5mV at 5mA

Symbol Typical Value Units Test Conditions

TSS -54 dBm 20J.lA Bias
"Y 6.6 mV/J.lW Video Bandwidth = 2 MHz

Rv 1400 n f = 10 GHz

Symbol Typical Value Units Test Conditions

TSS -42 dBm Zero Bias
"Y 8 mV/IlW Video Bandwidth = 2 MHz

Rv 400 kn f= 10 GHz

Symbol 5082-2768 5082-2769 Units Test Conditions

NFsSB 6.5 at 9.375 GHz 7.5 at 16 GHz dB
1mW L.G. Power

SWR 1.5:1 1.5:1 IF = 30 MHz, 1.5 dB NF
ZIF 250-500 250-500 n

5082-2778 5082-2779 ~N F~0 .3 dB, ~ZIF~25n

ge

ge

ance

s*

ance

e

oltage

oltage

ecifications at TA=25°C

r Characteristics at TA=25°C

ecifications at TA= 25°C

DC Electrical Sp
MEDIUM BARRIER

Parameter

Minim um Breakdown V

Maximum Forward Volta

Maxi mum Total Oapac lt

Typ ica l Forwa rd Vol tage

DC Batch Matched Unit

t IF = 30mA

LOW BARRIER

Parameter

Minimum Breakdown V

Maximu m Forwa rd Volta

Maximum Total Capac it

Typical Forward Voltag

RF Electrical Sp
MEDIUM BARRIER

Parameter

Max im um Noise Figure

Maxim um SWR

IF Impedance

RF Batch Matched Units

"Mi nimum batch size 20 un its .

Typical Detecto
MEDIUM BARRIER

Parameter

Tangent ial Sensit ivity

Detection Sensit ivity

Video Resistance

LOW BARRIER

Parameter

Tangential Sens it ivity

Detec tio n Sensit ivity

Video Resistance
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Figure 1. Typical Forward Characteristics, 5082-2709 ,
-2509 , -2768 and -2778.

Figure 2. Typical Forward Characteristics, 5082-2716 ,
-2510 , -2767, -2769 and -2779.
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Figure 3. Typical Forward Characterist ics , 5082-2229 ,
at 25° C.

Figure 4. Typical Forwa rd Characteristics , 5082-2299 ,
-2264 at 25° C.
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Figure 6. Typ ica l Ad mittance Characterist ics, 5082-2709 ,
-2509, -2768 and -2778 with Externa l Bias.

0°

goo

-90°

-1.0

1.0

±180°

Fig ure 5. Typical Admi ttance Characterist ics , 5082-2709,
-2509, -2768 and -2778 with Self Bias.

Figu re 7. Typical Adm itta nce Character ist ics , 5082-2716,
-2510, -2767, -2769 and -2779 with Self Bias.

Figu re 8. Typica l Adm ittance Characteristics, 5082-2716 ,
-2510, -2767, -2769 and -2779 wit h Externa l Bias.

goo goo

±180°

_90°

0° 0°

-90°

Figure 9. Typ ical Ad mitta nce Characte ristics, 5082-2229
with Self Bias.

Figure 10. Typ ical Adm ittance Cha ract eristics , 5082-2229
with External Bias.
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Figure 11. Typical Adm ittance Characterist ics . 5082-2299 .
-2264. with Self Bias.

Figure 12. Typical Adm ittance Characteristics . 5082-2299 .
-2264 . with Externa l Bias .
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Figure 13. Typical Noise Fig ure vs. Frequency.

Not es: 1. 1 us pulse, Du = .001.
2. Powe r absorbed by the d iode. DC load resistance < H t .

Figure 14. Admittance Test Ci rcui t.

MODELS FOR BEAM LEAD SCHOTTKY DIODES

.02 p F

5f!

Rj

Medium Barrier Diodes

Diode 1.5mA Self Bias 20~ADC Bias
Rjlfll CilpF) Ril !!) CilpF)

5082 ·2768 230 .12 2770 .19
5082-2769 23 0 .09 2440 . 14 SEE PAGE 182 FOR HANDLING AND

BONDING RECOMMENDATIONS.

Low Barrier Diodes

Diode 1.5mA Self Bias 20~ADC Bias
Ril fll CilpF) Ril fl) CilpF)

5082 ·2229 175 .16 1010 .17
5082 -229 9 220 .13 900 . 15
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BEAM LEAD SCHOTTKY
DIODE QUADS FOR

DOUBLE BALANCED
MIXERS (1-18 GHz)

HEWLETT", PAC KARD

COM PONENTS

Features
PLANAR SURFACE
Easier Bonding, Stronger Leads

PASSIVATED
Stable, Reliable Performance

HIGH UN IFORMITY
Tightly Controlled Process Insures Uniform
RF Characteristics

Description
Th ese beam lead diodes are con structed using a metal ­
semiconductor Schottky barrier junction. Advanced epi­
taxial techniques and prec ise pro cess control insure
uniformity and repeatability of this plan ar passivated
microwave semiconductor.

Dur ing man ufacturing, gold leads are deposited onto a
glass passivat ion layer before th e wafer is separated. This
provides except ional lead stren gth.

Th ese monolithic arrays of Sch ottky diodes are inter­
connected in ring co nfigurat ion. Th e relat ive proximity of
the diode junctions on the wafer assure s uniform electrical
characteristics among the four diodes wh ich constitute a
matched quad. Th ey are designed for microstrip or str ipline
use. Th e leads provide a good continuity of tr ansm ission
line impedance to th e diode.

Applications
These diodes are des igned fo r use in do ub le balance d
mixe rs, phase detec to rs, AM mod ulato rs, and pul se
modul ators requiri ng wideband operati on and small size.

Maximum Ratings

5082-9394-9399
5082-9696-9697
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0.16 0.0061
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Junction Operatin g and Storage
Temperature Range -65° C to + 150° C

DC Power Dissipat io n at 25° C 75 mW/ Junction
Derate linearl y to zero at Tj(op) max.
(Measured in infi ni te heat sink )

Opera tion of these devices with in the abo ve
temperature rat ings wil l ass ure a device
Mean Time Between Fai lure ( M TBF) of
approximately 1 x 107 hour s.

Selection Guide

0.18 {O.OO7
0.16 10.006

DIME NSIONS IN
MILLIMETERS
AND (INCHES)

I 0.30 (0.Q1~
- 0.28 o:iii1l

0.63 (0.025)
0.61 0.024

0.97(0 .038\
0 .95 0.03'71 -

0.012 (0.0005)
Q.OO6 iOJiii02!...Jl

~ I
g:~ (g::~) J

Outline 03

Beam Lead

Barrier

Med ium

Low

To 2 GHz

5082-9696

5082-9697

2-4 GHz

5082-9696

5082-9697

4-8 GHz

5082-9394

5082-9395

8-12 GHz

5082-9396

5082-9397

12-18 GHz

5082-9398

5082-9399
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Electrical Characteristics at TA=25°C
Maximum

Part Maximum Capacitance
Number Outline Capacitance Difference

5082- CT (pF) ~CT (pF)

9697 08 0.55 0.10

9395 08 0.35 0.10

9397 03 0.20 0.05

9399 03 0.15 0.05

9696 08 0.55 0.10

9394 08 0.35 0.10

9396 03 0.20 0.05

9398 03 0.15 0.05

Test VR = 0
Conditions f = 1 MHz !1 !

Notes:
1. Meas ured between d iag ona l leads.
2. Maximum ilVF = 20mV at IF = 5 mA measu red betwe en adjacent leads.

Typical Parameters

Forward Dynamic
Voltage Resistance
VF(V)121 Rs (n)

0.25 11

0.25 13

0.30 13

0.30 15

0.35 11

0.35 13

0.45 13

0.45 15

IF = 1 mA Measured IF = 5 mA Measured
Between Adjacent Between Adjacent
Leads . Leads
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Handling Instructions
The mechanical and electrical performance characteristics
of beam lead diodes require careful and considerate
handling during inspection, test ing , and assembly. The
handling techniques desc ribed here are necessary so that
the diodes wi ll not be mechan ically or electrica lly damaged.
The d iodes are very small and magn if ication may be
necessary to see them inside the shipp ing conta ine r.

Hewlett-Packard beam lead diodes are sh ipped in a flat ,
plastic container. The inside bottom surface of the
conta iner 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.Th is should be done under 20x
magnification for accu rate pos it ion ing of the tip on the die.

A beam lead diode can be dest royed electrica lly by a stat ic
discharge through the diode . Hence, they must be hand led
so stat ic discharges cannot occur.

If a vacuum pickup is not used , it is recommended that a
wooden toothp ick 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 mechan ically or
electrically damaging the diode. It can the n be placed
where needed .

If tweezers are used , they must be electrically grounded to
the surface upon which the device is being placed . The
tweeze r part shou ld be du lled and used as a probe to li ft 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 dev ices are silicon ch ips with coplanar plated
go ld 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 thermocom pression bond ing to the substrate meta l­
lizat ion. The bond ing is accomp lished by plac ing the dev ice
face down with the tabs rest ing flat on the pad area and
using heated wedge (and/ or substrate )' or parallel-gap
(spot-welding) techniques.

The heated wedge may be cont inuously heated , as in most
standard equ ipment, or it may be pulse resistance heated
where a high current, short durat ion pulse is used to raise
the wedge to the required temperature. In the spot-welding
operation , cu rrent is passed through the substrate
metall ization and the device lead. Most of the heat is
gene rated at the interface betwee n the two , where the bond
is fo rmed .

The major advan tage of pulse heati ng techn iques is that a
cold amb ient may be used , generating only localized
heat ing in the vic in ity of the bond itself. The electrodes (or
wedge ) can be placed on the dev ice lead wh ile the bond
area is cold , and main ta in a constant force through the
heat ing and cooling cycle.

' Typical con ditions fo r ther mal compress ion bonding are:

Stage Temperature: 130°C-190°C
Wedge Tempe rature: 300° C
Pressu re: 125 Grams
Ti me: 3 seconds max imum
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5082-3900

Ope rat ion of these de vices with in the above
tempera tu re rat ings will assure a dev ice
Mean Time Between Failu re (M TBF) of
appro ximately 1 x 107 hours.

730 (28.4)
1------ ~68;;;;0 (26.8) - - - - -1

265 (10.4 )-t-280 (11.0) :1:265 (10.4)_
200 (7.9) 1_190 (7.4) 200 (7.9)

) : J[ : ~=r~:~

BEAM LEAD
PIN DIODE

Diode Mounting Temperature 220° C for 10 sec. max .

Powe r Dissipation 250 mW
(Derate linearly to zero at 150°C)

Minimum Lead Strength . . . 2 Grams Pull on Either Lead

Maximum Ratings at TeAsE =25°C
Junction Operating Temperature -65°C to + 150° C

Sto rage Temperature -65°C to +150°C

The HP 5082-3900 Beam Lead PIN diodes are co nst ructed
to offer exceptional lead stre ngth while ach ieving exce lle nt
elect rica l perfo rmance at microwave freq uenc ies.

The HP 5082-3900 Beam Lead PIN diode is des igned for use
in strip line or microst rip circuits using weld ing or
thermocom pression bond ing techniques. PIN app licat ions
inclu de switching, atten uating, phase shift ing , limiting and
modu lating at microwave frequenc ies.

HEWLETTtift PACKARD

COMPONENTS

HIGH BREAKDOWN VOLTAGE
200 V

LOW CAPACITANCE
0.02 pF

RUGGED CONSTRUCTION
2 Grams Minimum Lead Pull

NITRIDE PASSIVATED

Description /Applications

Features

Electrical specifications at TA= 25°C
Parameter

Breakdown Voltaqelt l

Series Hesistancell l

Capacitance

Minority Carrier Li fet ime

Symbol

Rs

Min.

150

Max. Units

v
ohm

Conditions

Ir = 10llA

If=50mA, f=100MHz

v = OV, f = 3GHz

If = 50mA, Ir = 250mA

Note 1: Highe r VSR or Lower Rs un its ava ilabl e for spec ial requ irement s.
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Typical Parameters
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Figure 1. Typical Forward Conduction Characteristics.
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Figure 2. Typical RF Resistance vs. DC Bias Current.
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Outline 07
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BEAM LEAD
PIN DIODES
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Thermocompression bonding is recommended. The stage
should be heated to 2200 C and the bonding tool to 300 0 L
maximum. Bonding time should not exceed 10 seconds. Either
welding or ultrasonic bonding could also be used. For additional
information, see Appl ication Note 971, "The HPND-4050 Beam
Lead Mesa PIN in Shunt Applications."

Bonding Techniques
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
applicat ions in the shunt configuration.

The HPND-4001 and -4050 are beam lead PIN diodes designed
specifically for low capacitance, low series resistance and rugged
construction. The new HP mesaprocess 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 ) prov ides scratch protection .

HEWLETT~ PACKARD

COMPONENTS

RUGGED CONSTRUCTION
4 Grams Minimum Lead Pull

FAST SWITCHING
2 ns Typical

Description IApplications

LOW SERIES RESISTANCE
1.30 Typical

LOW CAPACITANCE
0.07 pF Typical

Features

Electrical Specifications at TA=25°C
Breakdown Series Minority Carrier Reverse Recovery

Part Voltage Resistance Capacitance lifetime Time
Number VBR (V) Rs (n) CT (pF) T (ns) trr (ns)

Min. Typ. Typ. Max. Typ. Max. Typ. Typ.

HPND-4001 50 SO 1.S 2.2 0.01' O.OS· 30 3

HPND-4050 30 40 1.3 1.7 0.12 0.15 15 2

Test VR = VBR IF=10mA VR = 20V IF=10mA IF =10mA
Conditions Measure f=100MHz ·VR = 30V IR = 6 rnA VR = 10V

IR $ 10 p.A f = 1 MHz
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Maximum Ratings at TeAsE =25°C
Operating Temperature . . . . .. ... . . . . .. -65°C to +175° C

Storage Temperature -65°C to +200° C

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

Power Dissipation 250 mW
(Derate linearly to zero at 1750 C)

Minimum Lead Strength 4 grams pull on either lead

Typical parameters
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Figure 1. Typ ical Forward Characteristics. Figure 2. Typical RF Resistance vs. Forwa rd
Bias Current.
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schottky Barrier Diodes
SCHOTTKY BARRIER DIODES FOR GENERAL PURPOSE APPLICATIONS
ELECTRICAL SPECIFICATIONS AT TA = 25° C

Part Number 5082-

Chip For Nearest Nearest
Epoxy Or Chip For Equivalent Equivalent Minimum Minimum Maximum

Solder Eutectic LID Mlnlstrlp Packaged Beam Lead Breakdown Forward Junction
Ole Ole (Outline (Outline Part No. Part No. Voltage, Current Capacitance

Attach Attach 50) 72) 5082- 5082- VBR (V) IF (mA) Cjo (pF)

0024 0094 2802 2801 2800 2837 70 15 1.7

0087 0057 2810 20 35 1.0

0097 0058 2844 2845 2811 15 20 1.1

0031 2835 5 10' 0.8

300°C 400°C 250°C 250°C Soldering - - - -
1 Min . 1 Min . 5 Sec. 5 Sec. Cond it ions

Notes : [6 ,7] [ 4J VF = 1V VR = OV
[ 2,9,10] [ 2,9] CP = .18 pF CP = .13 pF IR = 10 p.A ' W = 0.45V f = 1 MHz

Note : Total Capac itan ce: CTa = C ]o + CPo

SCHOTTKY BARRIER DIODES FOR MIXING AND DETECTING
ELECTRICAL SPECIFICATIONS AT TA = 25° C TYPICAL PARAMETERS

Notes : A. Low VF Schottky Barr ier Diodes . B. NF includes 1.5 dB for the IF Amplif ier. C. Zero bias .

Part Number 5082-

Nearest Nearest
Equivalent Equivalent Maximum Typical Typical

LID Mlnlstrlp Packaged Beam Lead Junction Noise Tangential
(Outline (Outline Part No. Part No. Capacitance Figure sensitivity

Chip 50) 71) 5082- 5082- Clo (pF) NF (dB)(B) TSS (dBm)

0023 ,2705 2710 2713 2709 0.18 6.0 -54

0029 - - 2721 2716 0.14 7.0' -54

00131A,Cj - - HSCH-3206 ICj 22991A,CJ - - -42 jCJ
-22851AJ _54IA]

HSCH-5017 IC1 - - HSCH-5019JC1 - 0.45 - -54

0009 2754 2753 2750 - 0.14 7,0 -55

250°C, 1 Min . or 250°C 250°C Soldering - - - -
300° C, 15 Sec. 5 Sec. 5 Sec. Conditions

Notes [1,7,8] [1.41 - - VR= OV f = 9.375 GHz ISlAS = 20 p.A
[1,21 Cp= .18pF c- = .13 pF f = 1 MHz 'f = 16 GHz f = 10 GHz

BW = 2 MHz

HP Part Number 5<>82- I
HSCH·

0024 0057,0058, 0031 0013,0023,* 5017
Dimension 0094 0087,0097 0029 0009*

0 0.10 0.08 0.06 0.02
(4) (3) (2.5) (0.80l

y 0.13 0,10
(5) (4)

Top Au, Au, Au, Au, Au,
Contact Anode Anode Anode Anode Cathode

Bottom Au, Au, Au, Au, Au,
Contact Cathode Cathode Cathode Cathode Anode

Oper. &
Stq. Temp. -65°C to +200°C -65°C to +150°C
Range

DIMENSIONS IN MILLIMETERS (1/1000 inc h )

' 9 contact versions are available as 5082-0041 (5082-0023) and 5082·9891 (5082-0009).

ALL DIMENSIONS IN
mm AND (1/ 1000 inch)

__ I~,

0.38
(151

1
L-1_--0-.3-8_-.....1

(151

For LI D and Min istrip drawings see page 191.
The 5082 pref ix does not app ly to part numbers
containing HSCH .

Outline Drawings
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PIN Diodes
ELECTRICAL SPECIFICATIONS AT TA = 25°C TYPICAL PARAMETERS

Part Number 5082-

Nearest Typical
Equivalent Minimum Typical Typical Reverse

LID Mlnlstrlp Post Packaged Breakdown Junction Series Typical Recovery
(Outline (Outline (Outline Part No. Voltage, Capacitance Resistance Lifetime Time, trr

Chip 50) 72) 74) 5082- VBR(V) CjVR(pF) Rs(O) r (nS) (ns)

0012 3005 3000 3259. 3001 150 0.07 0.8 400 100

0030 - 3309 - 3301 150 0.07 0.8 400 100

0047 - - - 3001 150 0.09 0.6 400 100

9882 - - - 3301 150 0.09 0.6 400 100

0025 3085 3086 - 3080 100 0.10 1.5 1300 1000

0039 - - - 3081 100 0.10 2.0 2000 1000

w
0001· 3945 3010 3258 3041 70 0.12· 0.8· 15 5

0049 - - - 3046 400 0.12 0.6 800 200

0034 - - - 3168 35 0.80· 0.4· · 40 12

425°C
1 Min. 250°C 325°C 250°C Soldering
·300 °C 5 Sec. 5 Sec. 5 Sec. Cond itions
1 Min.

13: 2] [6,7J [4] 18] IR = 10 p.A VR = 50V IF = 100 mA IF = 50 rnA IF = 20 rnA
Cp = .18pF Cp = Cp = ' VR = 20V · IF = 20 rnA IR = 250 rnA VR= 10V

.13 pF .13 pF f = 1 MHz ·· IF = 10 rnA
f = 100 MHz

Note: Total capacitance CTO = CjVR + Cpo

Outline Drawings
508 2·00 01

A L L OTHERCHIPS

HP Part Number 5082 -

Dimension 0012 I 0030 I 0034 0025 0039 I 0049 0001
0047 9882

D 0.10 0.23 0.24 0.06
(4) (9) (9.5) (2.5)

X 0.38 0.51 0.38
(15) (20) (15)

Y 0.09 0.13 0.15 0.23

I
0.08 0.11

(3.5) (5) (6) (9) (3.2) (4.5)

Top Au, Au, Au, Ag, Ag,
Contact Cathode Anode Anode Cat hode Anode

Bottom Au, Au, Au, Au,
Contact Anode Cathode Anode Cathode

(f)
~

~o
a:
o
o
w
~
-ca:
(!J
w
~
Z

o
a:
CD
>­
I
a:
o
u,
(f)
w
o
>w
o

=

DIMENSIONS IN MI LLIMETERS (1/ 1000 inch)
Operati ng and Storage Temperature Range _60' C to +150' C

x

I- x-I

~
I y'------ t

For LI D and Minist rip draw ings see page 191.
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Part Number 5082·

Nearest
[ Minimum Equivalent

LID Mlnlstrlp Breakdown Chip Transition Charge Packaged
(Outline (Outline Voltage, Capacitance LIfetime Time Level Part No.

Chip 50) 72) VBR(V) CJVR(pF) T(ns) t,(ps) (pc) 5082·

0020 0316 0305 25 0.4-1.0 20 75 300 0830

0008 0318 0340 15 0.15-0.5 10 50 100 0835

0032 0313 0307 65 4.0 150 250 1500 0241

0090 - - 45 1.0 50 100 300 0820

0021 0317 0308 40 2.0 75 150 1000 0310

0015 0312 0306 35 1.2 50 150 1000 0132

0017 0314 0364 75 4.0 200 450 2400 0300

0018 0105 0309 25 0.5 20 70 200 0253

300°C 250°C 250°C - - - - - Soldering
1 Min . 5 Sec. 5 Sec. Conditions

[3J [6,71 [41 IR = 10 p.A VR = 10V - - - Notes
c- = .18 pF Cp = .13 pF f = 1 MHz

step Recovery Diodes
ELECTRICAL SPECIFICATIONS AT TA = 25°C

Outline Drawings

TYPICAL PARAMETERS

190

DIM ENSIONS IN MI LL IM ETE RS (1/ 1000 inch)

5082-

Dimension 0200 0008 0015 0017 0018 0021 0032 0090

D 0.10 0.06 0.15 0.39 0.05 0.22 0.32 0.15
(4) (2.5) (6) (15.5) (2) (8.5) (12.5) (6)

X 0.38 0.38 0.38 0.64 0.38 0.51 0.51 0.38
(15) (15) (15) (25) (15) (20) (20) (15)

Y 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11
(4.5) (4.5) (4.5) (4.5) (4.51 (4.5) (4.5) (4.5)

Top Contact : Ag, Anode

Bott om Contact: Au, Cathode

Operat ing and Storage Temperature Range
-60°C to +200°C

LID and Ministr ip see page 191.



Notes:
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0.88 I.Mi!§J
0.74 (0.029)

.>
>--1.11 (0.044)

~~(Q.038)

Outline 50 (L10 Package)

temperature solder preforms such as gold-tin (280°
Eutect ic ) 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 composit ion 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
thermocompress ion bond ing methods. A parallel gap
welder may also be used (Figure 1). Conventional
soldering techn iques are not recommended for the
gold leads .

5. Reverse Polarity. Anode is the bottom contact and the
Cathode is the top contact.

WELD
ELECTRODES

0.53 (0.021)
0.48 (0.019)

ELECTRODES

TOP VIEW

PREFOR M GOLD/TIN

-:::z:=l~m~m333:2!~::::::::::;METALLIZED
,. CONTACT

0.15 (0.006)
Q.1lj (li:004l

~<1.70 1.067)
ao (~)

MINISTRIP

SUGGEST FORMING
GAS FLUSH

Figure 1. Resistance Heating the Mlnlstrlp

SUBST RAT E

SIDE VIEW

1. Handle with grounded tweezers and grounded bonding
equ ipmen t. These diodes are pulse sensitive and may be
damaged by electrostatic charges.

2. Use standard thermocompress ion bond ing techniques.
Ultrason ic bond ing is not recommended.

3. Either ultrasonic or the rmocompress ion bono lnqtech­
niques can be employed.

4. Ministrip Handling and Mounting Techniques. The
Ministrips may be mounted by using conductive epoxy
such as Hysol K20 or Dupont 5504. Conventional
soldering techn iques may also be used .

Direct heat ing or resistive heating of the substrate using
a parallel gap welder are acceptable methods. High

'71 MINISTR IP HAS ONLY ONE LEAD.

Outline 71,72

ALL DIM ENSIONS IN MILLIMETERS AND II NCHES).
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6. Polarity Designation on LID's. See Outline 50 (LID
Package ).

7. Leadless Inverted Device (LI D). Mounting recommend­
ations: the LID may be mounted by individually
soldering each device or batch flow soldered as
illustrated below:

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.

0.08
(.003)
TYP

!

LEAD DIA.
- 3258• .0254 (.0010)-......
- 3259• .0381 (.0015)

LEAD LENGTH
1.016 (.040) TYP

JUNCTION COATlNG

--l 0.84 (,
0331 1 j .,- t'I 0.69 (.027) - ,'· 0.15 (.006)

DIA . 0.10 (.004)

___ 1 .65~ DIA.
1.50 (.059)

LID Mounting

LID

Batch Reflow Soldering of LIDs

PEDESTAL

CHIP

CHIP CENTER IS WITHIN 0.08 (.003)
OF PEDESTAL CENTER

ALL DIMENSIONS IN MILLIMETERS AND (INCHES).

Outline 74 (Postl

Suggested Mlcrostrip Assembly Technique

/
SUBSTR ATE

BACK META L LI ZATI ON

METALLIZATION PATTERN
OF SUBSTRATE

I

COPPERPEDESTAL

OOOO'"'.''''~

==/~J~.~'~:~::f:::::::::=.
CONDUCTIVE EPOXY I
OR SOLDER

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 appl ied to the
wire by the edge of a cap illary such as Tempress5102-20
heated to 280°C-300°C. A force of 25-30 grams should
be appl ied for 5 seconds.

10. Eutectic bonding or die attaching may damage the chip.
A preform must be used .

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
(Trinchlo roethylene).

Dip the LID in Alpha 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 2200C plus or minus 50C
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 rins ing 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.

8. 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 mils.
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Silicon Bipolar Transistor Chip Selection Guide
The line of four silicon bipolar transistor ch ips covers the majority of bipolar ampl if ier app li cat ion s.
Th e following table lists the trans istor part numbers with their perfo rmance features.

Features

Low Noise Figu re

High Assoc iated Gain

Hig h Maximum Ava ilable Gain

High Output Power (P1dB)

Low Noise Figure

High Output Powe r (P1dB)

High Gain (at P1dB)

High Output Powe r (P1dB)

Hig h Gain (at P1dB)

Typical Performance
at 4 GHz

2.7 dB

9.0 dB

11.5 dB

18.5 dBm

3.8 dB

22 dBm

8.0 dB

27.5 dBm

7.5 dB

Part Number
HXTR-

6001

2001

5001

5002

Page Number

201

195

197

199

These transistors are available in a var iety of package styles, as ind icated in the fo llowing table.

194

Chip Part Number
HXTR-

2001

5001

5002

6001

Packaged Part Number
HXTR-

2101 (2N6679 1

2102

6105

6106

5101 (2N6701)

5103

5102

5104

6101 (2N6617)

6102

6103 (2N6618)

6104

Package Style
HPAC-

100

70 GT

100

70 GT

100

200

200 GB/GT

200

70 GT

70 GT

100

100
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330 (0.013)
TYP.

HXlR -2001

330 (0.013) TYP. - ,
EMITTER PAD

Chip Oulllne

Dimensions In Micrometers (Inches)

/
BASE PAD

T
90

(0.0035)

L

Chip Thickness:
Collector Back Contact:

Gold Bonding Pad Dimensions: 25 (0.001) x 25 (0.001)
Typical
89 (0.0035) Typical
Silicon-Gold Eutectic

GENERAL PURPOSE
TRANSISTOR CHIP

HEWLETT" PACKARD

COMPONENTS

WIDE DYNAMIC RANGE

The HXTR-2001 is an NPN bipolar transistor chip intended
for use in hybrid applications requiring superior UHF and
microwave performance. Use of ion implantation and self ­
align ment techniques in its manu facture produce uniform
devices requ ir ing little or no individual circuit adjus tmen t.
The HXTR-2001 features a Ti/PtiAu metall izat ion system
and a dielectric scratch protection over its active area to
insure rel iab le operation.

LOW NOISE FIGURE
3.8 dB Typical at 4 GHz

HIGH OUTPUT POWER
20.0 dBm P1dB Typical at 2 GHz

HIGH GAIN
17.5 dB Typical at 2 GHz

Features

Description/Applications

Electrical Specifications at TA= 25°C
MIL-STD-750

Symbol Parameters and Test Conditions Test Method Units Min. Typ. Max.

BVCES Collector-Emitter Breakdown Voltage at Ic=100/,A 3011.1' V 30

ICEO Collector-Emitter Leakage Current at VCE=15V 3041.1" nA 500

tcso Collector Cutoff Current at VCB=15V 3036.1" nA 100

hFE Forward Current Transfer Rat io at VeE=15V, Ic=15mA 3076.1' - 50 120 220

Ga(max) Maximum Available Gain f=2GHz 17.5
dB

4GHz 11.5

P1dB Power Output at ldB Gain Compression f=2GHz
dBm

20.0
Conditions for above: 4GHz 18.5

VCE = 15V. rc = 25 rnA, 8JA = 210°C/W

FMIN Min imum No ise Figure f=1 .5GHz 2.2
3246.1 dB

4GHz 3.8
Conditions for above:

VCE = 15V, Ie = 15 rnA, 8JA = 210°C/W

' 300/,s wide pu lse measurement <2% duty cycle.
" Measured under low ambient light cond itions.
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Recommended Maximum
Continuous Operating
Conditions [1] Absolute Maximum Ratings·

Notes:
1. Op eration of this device in excess of anyone of these condit ion s is

likely to result in a reduction in device mean time between failure
(MT BF) to below the design goa l of 1 x 107 hours at TJ = 175°C
(assumed Ac tivat ion Energy = 1.5 ev ).

2. Power dissipa ti on derating shou ld incl ude a ElJB (Junct ion-to-Back
contact therma l resist anc e) of 125°C/W.
Tot al ElJA (Junct ion-to-Ambient) wi ll be depend ent upon the heat
sin king provi ded in the individual applicati on.

Symbol

VCBO
VCEO
VEBO
Ie
PT
TJ
TSTG

Parameter

Collector to Base Voltage
Collector to Emitter Voltage
Emitter to Base Vo ltage
DC Collector Current
To tal Device Dissipation l21

Junction Temperature
Storage Temperature

Value

25V
16V
1.0V

35 rnA
450 mW
200°C

-65°C to
+200° C

Symbol Parameter Limit

VCBO Collector to Base Voltage 30V
VeEO Collector to Emitter Voltage 20V
VEBO Emitter to Base Voltage 1.5V
Ic DC Collector Current 70 rnA
PT Total Device Diss ipat ion 900 mW
TJ Junctio n Temperature 300°C
TSTG(MAX) Max imum Storage Temperature 300°C

"Operati on in excess of anyone of th ese condi t io ns may result in
perman ent damag e to thi s device.

3025201510

COLLECTOR CURR ENT (rnA)

5

VCE = 10 - 15V-

"/ VCE =3V

I ,-- -/ ~ VCE = 2"ii"'-

IV /. "" ........... <,

'/// i\..
V '\, VCE = l V \

J

16

15
14

13

12
11

10
9

8

7

6

5

4

3
o

36

iii
32

:g 28
w 24
ri' 20c G a(max)
z 16«. 12

iiii 8 :g
r5 4 w

N
0 6 (I)

5

4 iii
:g

3 z
2 i

u.

1

0.1 0.2 0.4 0.6 4 6 100

FREOUENC Y (GHzl

Figure 1. Typ ica l Ga(max). S21E. and No ise Figure
(FMIN) vs. Frequ ency at VCE= 15V. Ic = 25mA .

Figure 2. Typical S21E vs. Current at 2GHz.
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Typical S-Parameters·VCE = 15V. rc = 25mA
S11 S21 S12 S22

Freq. (MHz) Mag. Ang . (dB) Mag. Ang. (dB) Mag. Ang. Mag. Ang.

100 0.57 -88 33.3 46.2 144 -42 0.008 58 0.85 -20
200 0.68 -124 30.2 32.5 123 -39 0.011 43 0.67 -26
300 0.72 -141 27.6 23.9 113 -38 0.013 37 0.56 -26
400 0.74 - 150 25.4 18.7 106 -37 0.014 35 0.51 -24
500 0.75 -156 23.7 15.3 102 -37 0.01.4 35 0.48 -22
600 0.76 -160 22.2 12.9 99 -36 0.015 36 0.46 -21
700 0.76 -163 20.8 11.0 97 -36 0.015 37 0.45 -20
800 0.76 -165 19.9 9.8 95 -36 0.016 38 0.44 -19
900 0.76 -167 18.8 8.7 93 -36 0.016 40 0.44 - 18
1000 0.76 -168 18.0 7.9 91 -35 0.017 42 0.44 - 18
1500 0.77 -172 14.5 5.3 85 -34 0.021 49 0.43 -18
2000 0.77 -175 12.0 4.0 81 -32 0.025 54 0.43 -20
2500 0.77 -176 10.1 3.2 77 -31 0.029 58 0.43 -23
3000 0.77 - 177 8.6 2.7 73 -29 0.034 60 0.43 -26
3500 0.77 -178 7.2 2.3 69 -28 0.038 61 0.44 -29
4000 0.76 -179 6.0 2.0 66 -27 0.043 62 0.44 -32
4500 0.76 -179 5.1 1.8 63 -26 0.048 62 0.45 -35
5000 0.76 -179 4.1 1.6 59 -26 0.052 62 0.45 -38
5500 0.76 -180 3.5 1.5 56 -25 0.057 62 0.46 -41
6000 0.76 - 180 2.9 1.4 53 -24 0.062 61 0.47 -44

' Values do not inc lude any paras it ic bonding inductances and were generated by use of a computer mode l.
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Test
Symbol Parameters and Test Condtllons MIL-STD-750 Units Min. Typ. Max.

BVCBO Collector-Base Breakdown Voltage at rc = 3 mA 3001.1· V 40

BVCEO Collector-Emitter Breakdown Voltage at ic = 15 mA 3011.1" V 24

BVEBO Emitter-Base Breakdown Voltage at IB = 30 p.A 3026.1· V 3.3

lEBO Emitter-Base Leakage Current at VEB = 2 V 3061.1 IlA 2

ICES Collector-Emitter Leakage Current at VCE = 32 V 3041.1· " nA 200

ICBO Collector-Base Leakage Current at VCB = 20 V 3036.1" nA 100

hFE Forward Current Transfer Ratio at VCE = 18 V, lc =30 mA 3076.1" 15 40 75

Pld B Power Output at 1 dB Gain Compression
f = 2 GHz dBm 23

4 GHz 22

G1dB Assoc iated 1 dB Compressed Gain f =2 GHz
dB

13.5
4 GHz 8

PSAT Saturated Power Output (8 dB Gain ) f = 2 GHz
dBm

25.5
(3 dB Gain ) 4 GHz 25

l) Power-Added Efficiency at 1 dB Compression f =2 GHz
%

35
4 GHz 25

IMD Th ird Order Intermodulation Distortion (Reference
f =4 GHz dB -30to either tone ), at Po (PEP) = 22 dBm

Tuned for Max imum Output Power at 1dB Compression
VCE = 18 V, Ic = 30 mA, E)JA = 210°C/W
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330 (0.013)t TYP.

HXTR-5001

BASE PAD

Chip Outline

Dimensions In Micrometer. (Inches)

1--- - - - -330 (0.013)TYP. EMITTER PAD
-...""---~...,,_-r

Gold Bonding Pad Dimensions: 25 (0.001) x 25 (0.001)
Typical

Chip Thickness: 89 (0.0035) Typical
Collector Back Contact: Silicon-Gold Eutectic

LINEAR POWER
TRANSISTOR CH IP

HEWLETT~ PACKARD

COMPONENTS

The HXTR -5001 is an NPN bipolar transistor chip des igned
for high output power and ga in to 5 GHz . To ach ieve
excellent uni formi ty and rel iabi li ty, the manufact ur ing
process ut ilizes ion im plantat ion, self-alignment tec hn i­
ques and T i/P tiAu metallizat ion . The chip has a dielectric
scratch protect io n over its act ive area and Ta2N ballast
resist or s for ruggedness.

The supe rior power, ga in and distortion performa nce of th e
HXTR-5001 commend it for use in broad and narrow band
commerc ial and mi litary communications, radar , and ECM
hybrid appl icat ions. Programs requ ir ing hermetica ll y
packaged devices with sim ilar perfo rmance should em ploy
the HXTR-5101 and the HXTR-5103 wh ich ut i lize this chip.

HIGH P1dB LINEAR POWER
23 dBm Typical at 2 GHz
22 dBm Typical at 4 GHz

HIGH P1dB GAIN
13.5 dB Typical at 2 GHz
8.0 dB Typical at 4 GHz

LOW DISTORTION

HIGH POWER-ADDED EFFICIENCY

DescriptionIApplications

Electrical Specifications at TA= 25°C

Features

·300 Ils wide pulse measurement at :52%duty cycle.
"Measured under low ambient light conditions .
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Recommended Maximum
Continuous Operating
Conditions [1]

Symbol

VCBO
VCEO
VEBO
Ic
PT
TJ
TSTG

Parameter

Collector to Base Voltage
Collector to Emitter Voltage
Emitter to Base Voltage
DC Collector Current
Total Device Dissipationl2h

Junction Temperature
Storage Temperature

Value

40V
22V
3.3V

50 mA
700 mW
200°C

-65°C to
+ 200° C

Absolute Maximum Ratings *

Symbol Parameter Limit

VCBO Collector to Base Voltage 45V
VCEO Collector to Emitter Voltage 27V
VEBO Emitter to Base Voltage 4.0V
Ic DC Collector Current 100 mA
PT Total Device Dissipation 1.4W
TJ Junction Temperature 300°C
TSTG(MAX) Maximum Storage Temperature 300°C

Notes:
1. Operation of this device in excessof anyone 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 TJ = 175°C
assumed Activation Energy = 1.5eV).

2. Power dissipation derating' should include a ElJB (Junction-to-Back
contact thermal resistance) of 150°C/W.
Total ElJA(Junction-to-Ambient)will be dependent upon the heatsinking
provided in the individual application.

' Operation in excessof anyone of theseconditionsmay result in permanent
damage to this device.

S11 ~1 S12 S22

Freq. (GHz) Mag. Ang. dB Mag. Ang. dB Mag. Ang. Mag. Ang.

0.100 0.74 -15 20.2 10.2 171 -38 0.01 83 0.99 -5
0.200 0.73 -30 19.9 9.88 162 -33 0.02 75 0.97 -10
0.300 0.72 -44 19.5 9.42 154 -30 0.03 69 0.93 -15
0.400 0.71 ~57 19.0 8.87 146 -28 0.04 63 0.89 -19
0.500 0.70 -68 18.4 8.28 140 -26 0.05 58 0.85 -22
0.600 0.69 -78 17.7 7.71 134 -25 0.06 54 0.80 -24
0.700 0.67 -87 17.1 7.16 129 -25 0.06 50 0.76 -26
0.800 0.67 -94 16.5 6.65 124 -24 0.06 47 0.73 -28
0.900 0.66 -101 15.8 6.19 120 -24 0.07 44 0.70 -29
1.000 0.65 -107 15.2 5.78 117 -23 0.07 42 0.67 -30
1.500 0.63 -128 12.6 4.25 103 -22 0.08 37 0.58 -32
2.000 0.62 -140 10.5 3.33 94 -22 0.08 35 0.53 ~32

2.500 0.61 -148 8.7 2.73 87 -21 0.09 -35 0.51 -33
3.000 0.61 -154 7.3 2.32 81 -21 0.09 35 0.50 ~35

3.500 0.61 -158 6.1 2.02 76 -20 0.10 36 0.49 -36
4.000 0.60 -161 5.8 1.79 71 -20 0.10 37 0.49 -38
4.500 0.60 -164 4.1 1.61 66 -19 0.11 38 0.49 -40
5.000 0.60 -166 3.3 1.47 62 -19 0.11 39 0.49 -43
5.500 0.59 -168 2.6 1.35 58 -19 0.12 40 0.49 -45
6.000 0.59 -169 2.0 1.25 55 -18 0.12 40 0.49 -47

' Values do not include any paras itic bonding luductances and were generated by use of a computer model.

Typical s-sarameters' VCE = 18V, rc = 30 mA
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Figure 2. Typical Pres Linear Power and Assoc iated
1 dB Compressed Gain vs. Current at VCE = 12V and
18V at 4 GHz.
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Test
Symbol Parameters and Test Condtllons MIL-STD·750 Units Min. Typ. Max.

BVCBO Collector-Base Breakdown Voltage at Ic=10mA 3001.1' V 40

BVCEO Collector-Em itter Breakdown Voltage at Ic=50mA 3011.1' V 24

BVEBO Emitter-Base Breakdown Voltage at IB=100!-'A 3026.1" V 3.3
.,

lEBO Emitter-Base Leakage Current at VEB=2V 3061.1 !-,A 5

ICES Co llector-Em itter Leakage Current at VCE=32V 3041.1" nA 200

ICBO Co llector-Base Leakage Current at VCB=20V 3036.1"" nA 100

hFE Forwa rd Current Transfer Ratio at VCE=18V , Ic=110mA 3076.1" 15 40 75

Pl dB Power Output at 1dB Gain Compression
f = 2GHz dBm 29

4GHz 27.5

Gl dB Assoc iated ldB Compressed Gain f = 2GHz
dB

12.5
4GHz 7.5

PSAT Saturated Powe r Output (8dB Gain ) f = 2GHz
dBm

31.0
(3dB Gain ) 4GHz 29.5

11 Power-Added Efficiency at ldB Compression f = 2GHz
%

38
4GHz 23

IMD Third Order Intermodulation Distortion (Reference f= 4GHz dB -30to either tone), at Po (PEP)=.5W

Tuned for Max imum Output Power at 1dB Compression
VCE=18V , Ic=110mA, 0 ja=55° CIW

Electrical Specifications at TA=25°C
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I
(.019)

TYPICAL

I

-I

EMITTER
PAD

HXTR-5002

Gold Bond ing Pad Dimensions: - 38 (.0015) x 20 (.0008) Typ ical
Chip Th ickness: 90 (.0035) Typica l
Coll ecto r Back Contact: Sil icon-Gold Eutect ic

I·

LINEAR POWER
TRANSISTOR CH IP

The HXTR-5002 is an NPN bipo lar transistor chip designed
fo r high ou tput power and gain to 5GHz. To achieve
excel lent unifor mi ty and reli abi li ty, the manu facturing
process utilizes ion imp lantation , self-al ignment tech ni­
ques and T i/P tiAu metall izat ion. The ch ip has a dielectric
sc ratch protect ion over its act ive area and Ta2N ballas t
resistors fo r ruggedness.

The superior power, gain and distort ion performance of the
HXTR-5002 commend it fo r use in broad and narrow band
co mme rc ial and mili tary commu nic ations, radar, and ECM
hybrid app lications . Programs requiring her meti call y
packaged dev ices with similar performance shou ld employ
the HXTR-5102 and the HXTR-5104, which ut ilize th is ch ip.

HEWLETT. PACKARD

COMPONENTS

DescriptionIApplications

HIGH P1dB 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

Features

' 300"sec wide purse measurement at 52% dut y cyc le.
.. Measured unde r low ambient light condi tio ns.
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Recommended Maximum
Continuous Operating
Conditions [1] Absolute Maximum Ratings *

Notes:
1. Operat ion of th is device in excess of anyone of these condi t ions is

likely to result in a reducti on in device mean time between failur e
(MT BF) to below the design goal of 1 x 107 hou rs at TJ = 175° C
(assumed Acti vation E'nergy = 1.5 eV).

2. Power dissipati on derating should include a 8JB (Junction-to-Back
contact thermal resistance ) of 45° CIW .
Total 0JA (Junction-to-Ambient) will be depend ent upon the heat
sink ing provided in the individual appli cat ion .

Symbol

VCBO
VCEO
VEBO
IC
PT
TJ
TSTG

Parameter

Co llector to Base Voltage
Co llector to Emitter Voltage
Emitter to Base Voltage
DC Collector Current
Total Device Dlsslpattoruaj
Junction Temperature
Storage Temperature

Value

40V
22V
3.3V

150 mA
2.7W

200°C
-65°C to
+200° C

Symbol Parameter Limit

VCBO Collector to Base Voltage 45V
VCEO Collector to Emitter Voltage 27V
VEBO Emitter to Base Voltage 4V
Ic DC Collector Current 250 mA
PT Total Device Dissipation 4W
TJ Junction Temperature 300°C
TSTG(MAX) Maximum Storage Temperature 300°C

' Operat ion in excess of any one of these conditi ons may result in permanent
damage to th is device.
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• (Values do not include any parasit ic bond ing inductances and were generateo by use of a computer mod el,I

Typical S-Parameters· VCE = 18V , tc = 110mA

S11 S21 S12 S22

Freq. (GHz) Mag. Ang. (dB) Mag. Ang. (dB) Mag. III Ang. Mag . Ang.

0.100 0.55 -61 25.4 19.7 156 -31.6 0.03 68 0.93 -26
0.200 0.65 -98 24.2 16.2 133 -27.3 0.04 50 0.76 -46
0.300 0.72 -119 22.3 13.1 125 -25 .6 0.05 39 0.63 -60
0.400 0.76 -132 20.6 10.7 117 -24.8 0.06 32 0.53 -7 1
0.500 0.79 -141 19.1 9.01 111 -24 .4 0.06 27 0.45 -78
0.600 0.80 -147 17.8 7.73 106 -24.1 0.06 24 0.40 -84
0.700 0.81 -151 16.6 6.74 102 -24 .0 0.06 22 0.36 -89
0.800 0.81 -155 15.5 5.97 99 -23.8 0.06 20 0.33 -93
0.900 0.82 -158 14.6 5.35 97 -23.7 0.06 19 0.31 -96
1.000 0.82 -160 13.7 4.84 94 -23 .7 0.06 18 0.30 -99
1.500 0.83 -167 10.3 3.29 86 -23.4 0.07 16 0.25 -109
2.000 0.83 -170 7.9 2.49 80 -23 .3 0.07 16 0.24 -114
2.500 0.83 -173 6.0 2.00 74 -23.1 0.07 17 0.24 -117
3.000 0.83 -174 4.5 1.68 69 -22 .9 0.07 18 0.25 -118
3.500 0.83 -175 3.2 1.44 64 -22.6 0.07 19 0.27 -119
4.000 0.83 -176 2.1 1.27 60 -22.4 0.08 20 0.28 -120
4.500 0.83 -177 1.1 1.13 55 -22 .1 0.08 21 0.30 -121
5.000 0.83 -177 0.3 1.03 51 -21 .9 0.08 21 0.32 -121
5.500 0.83 -178 -0 .5 0.94 47 -21 .6 0.08 22 0.34 -122
6.000 0.83 -178 -1.2 0.87 43 -21 .4 0.08 22 0.35 -123

Figure 2. Typical PldB Linear Powe r and Associated 1dB
Compressed Gain vs. Current at VCE = 12 and 18V at 4GHz.

Figure 1. Typ ical S21E. Ga(max ) and Pl dB Linear Power vs.
Frequen cy at VCE = 18V. rc = 110mA.
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*300/,s wide pu lse measurement :52% duty cycle.
*'Measured under low amb ient light cond it ions .
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330 (0.013)
TYP.

HXTR-6001

330 (0.013) TYP. 'I
EMITTER PAD

- - I
BASE PAD

Chip Outline

Dimensions In Micrometers (Inches)

,*

MIL-STD-750
Test Method Units Min. Typ. Max.

3011.1* V 30

3041.1** nA 500

3036.1* * nA 100

3076.1* 50 150 250

f=2 GHz 1.7
4 GHz 2.7

f=2 GHz
3246.1 dB

13.0
4 GHz 9.0

Gold Bonding Pad Dimensions: 25 (0.001) x 25 (0.001)
Typical
89 (0.0035) Typical
Silicon-Gold Eutectic

Chip Thickness:
Collector Back Contact:

LOW NOISE
TRANSISTOR CHIP

Collector-Emitter Breakdown Voltage at Ic=l00!,A

Condit ions for above:
VCE=10V, Ic=4mA, 8JA=250°CIW

Collector-Emitter Leakage Current at VCE=10V

Parameters and Test Conditions

Collector Cutoff Current at VCB=10V

Associated Gain

Forward Current Transfer Ratio at VCE=10V, Ic=4mA

Minimum Noise Figure

Symbol

hFE

ICEO

ICBO

FMIN

BVCES

Gs

HEWLETT' PACKARD

COMPONENTS

The HXTR-6001 is an NPN bipolar trans istor chip intended
for use in hybrid appl ications requi ri ng superior UHF and
mic rowave low noise performance. Use of ion imp lanta­
t ion and self-alignment tec hn iques in its manufacture
prod uce un iform devices requ iring li ttl e or no individual
circu it adjustments. The HXTR-6001 features a Tl/Pt/Au
metall ization system and a dielectric scratch protection
over its act ive area to insure rel iable operation.

LOW NOISE FIGURE
1.7 dB Typical at 2 GHz
2.7 dB Typical at 4 GHz

HIGH GAIN AT NOISE FIGURE BIAS
13.0 dB Typical at 2 GHz
9.0 dB Typical at 4 GHz

Electrical Specifications at TA=25°C

Description/Applications

Features



Recommended Maximum
Continuous Operating
Conditions [1] Absolute Maximum Ratings *

Notes:
1. Operat ion of th is device in excess of anyone of these conditions is

lik ely to resul t in a reducti on in device mean ti me between failure
(MT BF) to below the design goal of 1 x 107 hours at TJ = 175° C
(assumed Act ivat ion Energy = 1.5 ev ),

2. Power dissipat ion derating should include a ElJB (Junction-to-Back
contact thermal resistance) of 150°C /W .
Tota l ElJA (Junction-to-Ambient ) will be ' dependent upon the heat
sinking provided in the individua l appl ication .

Symbol

VCBO
VCEO
VEBO
Ic
PT
TJ
TSTG

Parameter

Collector to Base Voltage
Collector to Em itter Voltage
Emitter to Base Voltage
DC Collector Current
Total Device Dissipationl21

Junction Temperature
Storage Temperature

Value

25V
16V
1.0V

10 mA
150 mW
200°C

-65°C to
+200°C

Symbol Parameter limit

VCBO Collector to Base Vo ltage 35V
VCEO Co llector to Emitter Voltage 20V
VEBO Emitter to Base Vo ltage 1.5V
Ic DC Collector Current 20 mA
PT Total Device Dissipation 300 mW
TJ Junction Temperature 300°C
TSTG(MAX) Maximum Storage Temperature 300°C

'Operation in excess of anyone of these conditi ons may result in
permanent damage to this device.
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'FREOUENCY (GHz) COLLECTOR CURRENT (rnA)

' Values do not inc lud e any parasit ic bondi ng inductances and were generated by use of a computer model.

511 521 512 522

Freq. (MHz) Mag. Ang. (dB) Mag. Ang. (dB) Mag ; Ang. Mag. Ang.

100 0.87 -16 22.0 12.6 170 -46 0.005 82 0.99 -3
200 0.85 -30 21.7 12.1 160 -40 0.010 75 0.98 -5
300 0.82 -44 21.1 11.4 151 -36 0.015 68 0.95 -7
400 0.79 -57 20.5 10.6 144 -35 0.018 63 0.93 -9
500 0.76 -68 19.8 9.77 137 -34 0.021 58 0.91 -10
600 0.73 -78 19.1 9.00 131 -32 0.024 55 0.89 -10
700 0.70 -86 18.5 8.37 126 -32 0.025 52 0.87 -11
800 0.68 -94 17.6 7.62 121 -31 0.027 50 0.85 -11
900 0.66 - 100 17.0 7.05 118 -31 0.028 48 0.84 -11

1000 0.65 -106 16.3 6.54 114 -3 1 0.029 47 0.82 -11
1500 0.60 -126 13.5 4.73 102 -29 0.034 45 0.79 -12
2000 0.58 -139 11.3 3.67 93 -29 0.037 45 0.78 -13
2500 0.57 -146 9.5 2.99 87 -28 0.041 47 0.77 -14
3000 0.56 - 152 8.1 2.53 82 -27 0.045 49 0.77 -15
3500 0.56 -156 6.8 2.19 77 -26 0.049 51 0.76 -16
4000 0.55 -159 5.7 1.93 72 -26 0.053 52 0.76 -18
4500 0.55 -162 4.8 1.73 68 -25 0.057 53 0.76 -19
5000 0.55 -164 3.9 1.57 65 -24 0.062 54 0.76 -21
5500 0.55 -165 3.2 1.44 61 -24 0.066 55 0.76 -23
6000 0.54 -167 2.5 1.34 57 -23 0.071 55 0.76 -24
7000 0.54 -169 1.4 1.17 51 -22 0.080 56 0.77 -28
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Fig ure 1. Typica l Ga(max). Noise Figure (FMIN), and
Assoc iated Ga in vs. Frequency at VCE = 10V, Ic = 4mA.

Typical 5-parameters·VCE = 10V, rc = 4mA

Figure 2. Typ ica l S21E vs, Curren t at 4 GHz.



BIPOLAR CHIP EQUIVALENT CIRCUIT [1 ]
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BASE

RBC

NOTE: 1. This equivalent circuit is lo r the transistor chip only . It does
not include parasitic bonding reactances. For additional infor­
mation, please refer to " Low-No ise Microwave Bipolar Tran­
sistor with Sub-Half-Microme ter Emitter Width" by Tzu-Hwa
Hsu and Craig P. Snapp, IEEE Transact ions on Electron
Devices, Vol. ED-25, No.6, June 1978.

CBA

CBP CEP CBt CBE CBA CTE REC RBI & RBC RBE RBA RC RE
no Ib T

DEVICE
(pF) (pF) (pF) (pFI (pF) (pFI 1m 1m (n) 1m (m (m GHz psec.

HXTR - 6001
10V,4 rnA 0.053 0.05 0.019 0.016 0.OO5E 1.03 0.7 0.4 7.8 6.1 7 8.6 0.990 22.7 12.1

HXTR- 2001
15V, 25 rnA 0.066 0.06 0.07 0.056 0.032 4.8 0.2 0.2 3.5 4.4 5 1.0 0.990 22.7 10.8

HXTR -200 1
15V , 15 rnA 0.066 0.06 0.07 0_056 0.032 4.8 0.2 0.2 3.5 4.4 5 1.7 0.990 22.7 10.6

HXT R-5001
18V , 30 rnA 0.065 0.06 0.07 0.053 1.034 5.1 7.2 .2 5.6 4.7 5 0.86 0.976 22.7 10.8

HXTR -500 2
18V, 110 rnA 0.105 0.15 0.22 0.18 0.11 17.3 3.1 0.2 1.7 1.4 3 0.24 0.976 22.7 10.9

1 + HIe

RBA

COL LECTOR

Rc

HIe

no
c = --- exp (-j 2 " I T)

1 + j I / Ib

0 0 = - -

no
Re o =--- [cos (2"fTj -...!... sin (2"IT))

1 + 11/ lb )2 Ib

- oc
1mo =--- [sin (2"IT) + I sin (2"ITl)

1 + (1/ lb)2 t;;

BIPOLAR CHIP EQUIVALENT CIRCUIT ELEMENTS

CURRENT DEPENDENT CURRENT SOURCE
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Recommended Die Attach and
Bonding Procedures
Eutectic Die Attach at a stage temperature of 410
± 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 3.2 dB

High Associated Gain 6.9 dB 1001 207

High Output Power (P1dS) 15.4 dBm

High Linear Power 19.5 dBm

High Associated 1 dB Compression Gain 6.5 dB
5001 210
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'" Parameters and Test'Condltlons ' . ee UnitsSymbol Min. T¥~: Max. 'm

loss Saturated Drain Current
" N " mA 40 120

II VOS =4.0 V. VGS = 0 V
," " , 4lli

VGSP
$

Pinch Off Voltage
~ I V -1.5 Ii' .. '

-5.0
FI VOS,= 4.0 V, los = 100 iJ.A

. " , il " ~ mmho 30 45gm fu Transconductance
it " Vos= 4.0V• .;l VGS = 0 V to -O.S 'V

"
Ga{max) Maximum Available Gain

"
I·

Vos == 4.0·V. VGS = 0 V f= 8 GHz dB 13.3
10 GHz

,
11.5

'" Ft

Fmin ,? Noise "Figure 'li 'f = "4 GHz " 1.5
8..GHz dB 2.6

I',

I" 10 GHz 3.2 it

Ga Associated Gain "
." b'

At NF Bias f= 4 GHz 11.8
Vos = 3.5V , 8 GHz dB 8.5

los = 15% loss (:Typ. 12 mA')
'fu It 10 GHz 6.9

P1dB power Output an ciB Gain'Compression f = 4 GHz 17.1
8 GHz ' dBm 16.3

" 10 GHz 15.4

G1dB Associated 1 dB Compressed Gain .
ii' iF Vos = 5.0V. los = 50%los$ T = 4 GHz 12.4

Tuned for Max imum OutpufPowerat 8 GHz dB 10.1
+5 dBm Input It '"

10 GHz 9.1
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HFET -1001

Ch ip Dimens ions in mm (in.)
0.69 (0.027) x 0.31 (0.012) x 0.13 (0.005)
(See page 212 for bond ing pad dimensions)

The ch ip is provided with a dielectric particle and scratch
protection layer over the active area. The gate width is 500
micrometers, which results in a typical linear output power
of greater than 25 mW at 10 GHz and fac ilities matching as
low as 1.5 GHz.

GENERAL PURPOSE
MICROWAVE

GaAs FET CHIP
HEWLETT", PACKARD

COMPONENTS

Description IApplications
The HFET-1001 is a gal lium arsenide Schottky barrier field
effect transisto r chip designed for use in broadband and
nar row-band applications to 12 GHz. Its rugged construc­
t ion and excellent microwave performance in gain, noise
figure and output power commend it for use in demanding
appl ications such as ECM , radar and land and satell ite
communications .

Electrical Specifications at TA=25°C

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 P1dB LINEAR POWER
17.1 dBm Typical at 4 GHz
15.4 dBm Typical at 10 GHz

RUGGED CHIP

INTEGRAL CHANNEL PARTICLE AND
SCRATCH PROTECTION

SUITABLE FOR BROADBAND APPLICATIONS

LARGE GOLD BONDING PADS



Figure 5. Mason 's Gain (U). Ga(max) and /S2112 YS.
Frequency, vos = 4.0 V, VGS = 0.0 V.
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Recommended Maximum
Continuous Operating
Conditions [1]

Symbol Pal'llmeter Values

Vos Drain to Source Voltage 5V
-5.0 V :5 VGS :5 0.0 V

VGSI2J Gate-to-Source Voltage -5V
5.0 V ~ Vos ~ O.OV

TCHI3! Max imum Channel Temperature 175°C

TSTG Storage Temperature -65°C to
+175° C

Nates :
1. Operatian af this device in excess of anyone of these conditions is likely

to result in a reduct ion in device mean time between failu re (MTBF) to
belo w the design goal of 1 x 107 hours at TCH = 150°C (assumed
Act ivat ion Energy = 1.6 ev ),

2. Maximum Cont inuous Forward Gate Cur rent should not exceed 2.5 mAo
3. 8CB - Thermal resistance, channel to back of chi p = 100° C/W.
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18

iii - f- NQISE FIGURE I FMIN) 4GHz " ....
:;! 16

I ....z ".
<i 14 -'"
'" "r0

12 -w

I... ,,"

i 10 10 GHz--=-
8 I .- -f-r-..

"fo'"- - I "..0 10G HJ.,..oo-z 6 ,.. I
tTGH1 -

z
4

"..
i -::::... !

2

I
00 10 20 30 40 50 60 70 80 90 100

los /loss I")

Figu re 1. Typical NOise Figure and ASSOCiated Gain YS.
los as a percen tage of loss at 4 GHz and 10 GHz , Vos = 3.5 V.

14

12
G. lMAX1 "..

"..

iii 10
.......

:;!

//
V

"'-
N 8'!!

0z.. 6
x
~

~ 4
",'

15",2 -----.--
2

V
0

1/
0 10 20 30 40 50 60 70 80 90100

los/loss 1%1

Figure 3. Typ ical Ga(max) and IS211 2 YS. los as a
percentage of loss. Frequency = 10 GHz. Vos = 4.0 V.

Absolute Maximum Ratings[1]
Symbol Parameter Limits

Vos Dra in to Source Voltage 11V
-10 V :5 VGS :5 O.OV

VGSl21 Gate to Source Voltage -10V
10 V ~ Vos ~ 0.0 V

TCH Maximum Channel Temperature 300°C

TSTG(max) Maximum Storage Temperature 300°C

Notes:
1. Operat ion in excess of any one of these co ndit ions may result in

permanent damag e to this device .
2. Maximum Forward Gate Current should not exceed 3 mA.
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Typical 5-Parameters
HIGH GAIN BIAS VOS = 4.0V, VGS = OV.

511 521 512 522

Freq. (GHz) Mag. Ang. (dB) Mag. Ang . (dB) Mag. Ang. Mag. Ang.

2.0 0.94 -41 10.52 3.36 148 -34.42 0.02 71 0.79 -9
3.0 0.90 -62 10.04 3.18 133 -31.06 0.03 62 0.76 -17
4.0 0.85 -80 8.95 2.80 120 -30 .17 0.03 57 0.76 -19
5.0 0.82 -96 7.96 2.50 107 -29 .90 0.03 53 0.74 -24
6.0 0.80 -106 6.88 2.21 97 -29.37 0.03 50 0.74 -29
7.0 0.78 -117 6.24 2.05 89 -29 .12 0.04 50 0.74 -33
8.0 0.77 ·125 5.06 1.79 80 -30 .17 0.04 49 0.74 -40
9.0 0.76 -132 4.08 1.60 72 -28.87 0.04 52 0.76 -44
10.0 0.76 -135 3.03 1.42 66 -28 .87 0.04 55 0.76 -50
11.0 0.74 -139 2.61 1.35 62 -28.64 0.04 60 0.78 -52
12.0 0.73 -141 1.52 1.19 57 -28.40 0.04 64 0.79 -54

LINEAR POWER BIAS VOS = 5.0V, los = 50% loss

511 521 512 522

Freq. (GHz) Mag. Ang . (dB) Mag. Ang. (dB) Mag. Ang. Mag. Ang.

2.0 0.93 -43 8.69 2.72 146 -33.12 0.02 69 0.77 -9
3.0 0.90 -62 7.96 2.50 131 -30.46 0.03 61 0.76 -13
4.0 0.86 -80 7.08 2.26 119 -29.07 0.04 55 0.74 -17
5.0 0.82 -94 6.20 2.04 106 -28.04 0.04 51 0.73 -21
6.0 0.77 -106 5.05 1.79 96 -27 .52 0.04 47 0.72 -26
7.0 0.76 -115 4.11 1.61 88 -27.19 0.04 45 0.72 -30
8.0 0.75 -123 3.42 1.48 81 -26.98 0.05 47 0.72 -33
9.0 0.74 -128 2.61 1.35 72 -26 .75 0.05 46 0.73 -38

10.0 0.72 -132 1.65 1.21 65 -26 .57 0.05 48 0.73 -42
11.0 0.71 -138 1.03 1.13 61 -26.36 0.05 50 . 0.74 -46
12.0 0.71 -142 0.68 1.08 54 -25 .89 0.05 52 0.75 -50

MINIMUM NOISE FIGURE BIAS Vos = 3.5V, los = 15% loss

511 521 512 522

Freq. (GHz) Mag. Ang. (dB) Mag. Ang. (dB) Mag. Ang. MAg. Ang .

2.0 0.95 -32 6.73 2.17 152 -28 .64 0.04 72 0.72 -11
3.0 0.91 -49 6.44 2.10 139 -25 .35 0.05 63 0.74 -18
4.0 0.86 -66 5.83 1.96 124 -23.48 0.07 55 0.74 -23
5.0 0.82 -81 5.20 1.82 111 -22 .50 0.08 48 0.71 -28
6.0 0.79 -94 4.13 1.61 99 -22 .16 0.08 42 0.70 -34
7.0 0.76 -104 3.67 1.53 91 -21 .83 0.08 38 0.69 -40
8.0 0.75 -113 2.61 1.35 80 -21.41 0.09 33 0.69 -47
9.0 0.74 -120 1.66 1.21 71 -21 .51 0.08 30 0.70 -54
10.0 0.74 -125 0.68 1.08 65 -21 .72 0.08 30 0.71 -58
11.0 0.72 -128 0.10 1.01 60 -21 .72 0.08 31 0.72 -60
12.0 0.71 -131 -0.85 0.91 55 -21 .83 0.08 31 0.74 -62
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Symbol Parameters and Test Conditions Units Min. Typ. -Max.

loss . Saturated Drain Current
mA 80 170

Vos == 4.0V, VGS == OV

VGSP Pinch Off Voltage V -1 .5 -8.0
Vos == 3.0V, los == 1mA

gm Transconductance
mmho 25 30

Vos == 4.0V, LiVGS == OV to -0.5V

P1dB Power Output at 1 dB Gain Compression

Tuning Fixed for Maximum Power Output at:
PIN == +10 dBm f == 4 GHz 21.0
PIN == +12 dBm f == 8 GHz

dBm
20.5

10 GHz 19.5
12 GHz 18.5

G1dB Associated 1dB Compressed Gain f== 4 GHz 11.0
8 GHz

dB
8.0

10 GHz 6.5
12 GHz 5.5

I Conditions for above: .
'v os == 5.0V, los == 50% loss I"

¥ "

Chip Dimensions in mm (in.)
0.69 (0.027) x 0.31 (0.012) x 0.13 (0.005)
(See page 212 for bond ing pad dime nsio ns.)

HFET-5001

scratch protection layer over the active area. The gate width is
500 micrometers resulting in a typical linear output power of
grea ter than 100 mW at 8 GH z.

MICROWAVE
GaAs FET CHIP

HEWLETT~ PACKARD

COMPONENTS

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

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

Features

SUITABLE FOR BROADBAND APPLICATIONS

RUGGED CHIP

INTEGRAL CHANNEL PARTICLE AND
SCRATCH PROTECTION

LARGE GOLD BONDING PADS

Description

Electrical Specifications at TA=25°C
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511 521 512 522
Freq. (GHz) Mag. Ang. (dB) Mag. Ang. (dB) Mag. Ang. Mag. Ang .

2.00 .97 - 32 7.72 2.43 153 -34.00 0.02 74 0.69 - 10
3.00 .95 - 47 7.22 2.30 141 - 30.46 0.03 67 0.68 - 14
4.00 .91 - 61 6.84 2.20 130 - 27.96 0.04 62 0.67 - 19
5.00 .87 - 76 6.09 2.02 118 -26.02 0.05 55 0.67 - 23
6.00 .84 - 87 5.37 1.86 109 -26.02 0.05 51 0.66 - 28
7.00 .82 - 96 4.66 1.71 100 - 26.02 0.05 49 0.65 - 33
8.00 .81 -1 06 3.92 1.57 92 -24.44 0.06 47 0.65 - 36
9.00 .78 - 115 3.03 1.42 84 - 24.44 0.06 45 0.66 - 42

10.00 .77 - 119 2.28 1.30 79 - 24.44 0.06 46 0.66 - 44
11.00 .77 - 122 2.01 1.26 74 - 24.44 0.06 48 0.66 - 49
12.00 .76 -124 1.30 1.16 65 - 24.44 0.06 48 0.67 - 53
13.00 .75 - 126 0.75 1.09 62 -24.44 0.06 49 0.69 - 57
14.00 .75 -128 0.04 1.01 58 -23.10 0.07 53 0.70 - 62
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Figure 3. Typical Sou rce (n N)
and Load ( f OUT) Impedance TOr
Maximum Pl dB Outp ut Power
(tuned with PIN = + 12 dBm )
in the 4 to 14 GHz frequency range,
Vos = 5.0V, los = 50% loss.

t l 80~

141210

• Symbol Parameter Limits

Vos Dra in to Sou rce Voltage
-10V ~ VGS ~ OV 10V

VGSI21 Gate To Source Voltage
10V ~ vos ~ OV -10V

TCH Max imum Channel Temperature 300°C

TSTG(MAX) Maxim um Storage Temperature 300°C

Absolute Maximum Ratings [1]

Notes :

1. Operation in excess of anyone of these cond it ions may result in
permanent damage to this device.

2. Maxim um Forward Gate Curre nt should not exceed 3 mAo

86

FREQUENCY (GHz)
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Fig ure 2. Typical Outp ut Power at
3 dB Gain vs. Frequency, vos = 5.0V,
los = 50% loss.
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Figu re 1. Typica l P1 dB Linear Powe r
and Assoc iated 1 dB Com pressed Gain
vs. Frequency at Vos = 5.0V, los = 50%
loss.
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Typical Small Signal s-rarameters Vos = 5.0V, los = 50% loss

Notes:

1. Operation of this device in excess of anyone of these cond itions is
likely to result in a reduction in device mean time between failure
(MT BF) to below the design goal of 1 x 107 hours at TCH = 150·C
(assumed Acti vatio n Energy = 1.6 eV).

2. Maximum Co nti nuo us Forward Gate Curr ent shoul d not exceed 2.5 mAo
3. 6CB - Ther mal resistance, channel to back of chip = 100· C/W .

Symbol Parameter ", Values

vos Dra in to Source Voltage
-8.0V s VGS ~ O.OV 5V

VGSl21 Gate To Source Voltage
5.0V ~ Vos ~ O.OV -8V

TCHI31 Maxim um Chan nel Temperature 175° C

TSTG Sto rage Temperature -65°C to
+175° C

Recommended Maximum
Continuous Operating
Conditions [1]



Handling And Use Precautions

Either thermal-eompress ion 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.

BONDING PAD DIMENSIONS mm (in .)

SOURCE 0.20 x 0.11 (.009 x .0043 )
DRAm 0.12 x 0.12 (.0047 x .0047)
GAT; - 0.08 x 0.' 2 (.003 x .0047)

procedure , insure assembly equipment is adequately
grounded.

Static discharge dur ing handling, testing, assembly, and
final seal can induce increased reverse gate leakage of a
resistive nature.

Wire Bonding

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.

Bond ing Diagra m and Pad Dimensions for
HFET-1001, HFET-5001.

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

VACUUM
PICKUP

SMALL PRECISION TOOL PAR T 1 PCR 90
.027 - .012 - .005 OR EQUIVALENT

A

The FET chip can be die attached manually using a pair of
tweezers, or automatically using a collet. In either case, provide
a flow of nitrogen over the stage area. Start with a stage
temperature of 3000 C and raise as required. The chip should
not be exposed, however, to greater than 3200 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 capillary 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.

SECTION A·A

Recomm ended Die Attach Colle t for
HFET-1001, HFET-5001.

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

Die Attaching
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HEWLETT'" PACKARD

COMPONENTS

APPLICATIONS FOR
HYBRID DEVICES

Impedance Matching Techniques for Mixers and Detectors (Portion of
Application Note 963 )

90

INTRODUCTION

The use of ta bles for desig ning imp edanc e matching filt er s
for real loads is well known [1 J . Simple complex loads can
often be matched by th is techn iqu e by incorporating th e
imaginar y po rt ion of the load into t he first fi lte r elemen t!2J .
Th is techniq ue is rarely useful for ma tc hing diodes beca use
the equ ivalent ci rcuit fo r the d iode must include several
rea l and imaginar y elements. A method ical tech niqu e for
matching such complex loads to a t ransmission line wi ll be
described. Previou s references[3J to simi lar procedures
were em pi rical in nature. No tables are used, but it is nec ­
essary to know th e ad mitt anc e of the d iod e in t he fre­
quency band of interest .

Th is app lication note is app licable to both mixers and
detecto rs. As an example, a section of the detector po rt ion
is pre sented here.

180 -t-- -

-90

o

214

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 adm ittance is farther from the center of the Smith
Chart and is more dispersive . Figure 1 sho ws the mea su red
admittance of the diode with 50 microamperes bias current
and t he equivalent circuit obtained with t he computer opti­
mization program . The circu it elements represent ing pac k­
age par asit ics were assumed to be the same for this appl ica­
t ion as for the mixer appl icat ion.

Figure 2 shows the three steps in the match ing proce dure
fo r the de tector diode. The 8.2 ohm cha racteristic im­
pedance req ui red for the shunt reson ant transm ission line
would be difficult to realize. By using two lines in shunt,
th e cha racte risti c impedance of each is doubled to a more
practicle value of 16.4 ohms. Th is technique also reduces
parasitics by maintaining symmetry.

0.9 n H 3!!:=a
Figure 1. 5082-2709 Beam Lead Diode Admittance, 50 IJA Bias.

Although the ma ximum VSWR of 3.6 o btai ned in this ex­
ample is adequate for many de tector applications, a smaller
reflection coefficient is required in some case s in o rde r to

avo id deterioration of performa nce of ad jace nt circuits. It
is poss ible to improve th e des ign by using bo th series and
shunt resonan t circuits to mak e a dou ble loop on t he Smith
Chart. However, such a complicated circui t would be dif­
f icult to real ize. It is often permissible to sac rifice some
sensitivity in order to improve the VSWR. In t his case t he
techn iqu e sho wn in Figure 3 is suggest ed. Here th e maxi­

mum VSWR is reduced below 1.7 by first mov ing t he d iode
admittance closer to the center of t he Sm ith Chart by add ­
ing a 300 ohm shunt resistor across t he d iode. The three
matching elements are then added .
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5082 ·
2709

90

-90

' 180 + - - -

Figure 3. Resistive Matching of Detector Diode, 50 IJ.A Bias,
Admittance Coordinates.
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Figure 4 . Gain of Detector Matching Networks.

FREQUENCY (GHzI

Figure 2. Matching the Detector Diode, 50 IJ.A Bias, Admittance
Coordinates.

Sensitivity may be traded fo r VSWR by ad justing the value
of the shu nt resistor. Figure 4 illust rates th is tradeoff . An
unmatched detector diode has a sensitiv ity of 1.5 millivolts
per microwatt. A broadband reactive matching circu it
(Figure 2) causes about 1 d B loss due to reflection . Im­
proving the match w ith 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.
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SWITCH SWITCH
SYMBOL PAAAMETEA "ON"' "OFF" UNITS

A, Circu it Resistance .5 .5 n
C, Circuit Capacitance .12 .12 pF
L. Package Induclance .02 02 nH
C. Package Capacitance .02 .02 pF
A, Series Resistance .5 .5 n
A i Junction Resistance 20K .8 n
C , Junction Capacitance .1 20 pF

Figure 2. Isolation of HPND·4050 as Shunt Switch.

Figure 3. Equivalent Circuit of HPND·4050 in Microstrip Circuit.

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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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 character istics
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 II 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 transmiss ion to an
isolation state.

OTHER TOPICS

Practical circuits, handling, and bonding suggestions are also
discussed in this application note.

Figure 1. Insertion Loss of HPND·4050 as Shunt Switch.

The Beam Lead Mesa PIN in Shunt Applications (Portion of AN 971 )

INTRODUCTION
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HEWLETT" PACKARD

COMPONE NTS

SCHOTTKY SWITCHING DIODE
MILITARY APPROVED

MIL-S-19500/444

JAN lN5711
JANTX lN5711

JANTXV lN5711

Electrical Specifications at TA=25°C (Unless Otherwise Specified)
(Per Table I, Group A Testing of MIL-S·19500/444)
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Operat ing and Storage Tem peratu re
Range -65°C to 200°C

Operation of these devices wi thin the
recommended temperature lim its will as-
sure a device Mean Time to Failure (MTTF)
of approximately 1 x 107 hours.

Reverse Voltage (Working) 50 V (peak)
Power Diss ipation 250 mW

Derate at 1.43 mW/ o C for TCASE = 25 0 C to 200 0 C;
assumes an in fi nite heat sink.

Maximum Ratings at TCASE=25°C

HIGH BREAKDOWN VOLTAGE
PICO-SECOND SWITCHING SPEED

LOW TURN-ON

Specification Symbol Min. Max. Units Test Conditions

Breakdown Voltage VBR 70 V IR = 10llA

Forward Voltage VF1 .41 V IF1 = 1mA

Forward Voltage VF2 1.0 V IF2 = 15mA

Reverse Leakage Current IR 200 nA VR = 50V

Reverse Leakage Current IR 200 IlA VR = 50V, TA =+150 OC

Capacitance CT(ol 2.0 pF VR = OV and f = 1MHz

Effective Minorit y Carrier Lifeti me T 100 fjS IF = 5mA Kraka uer Method
[Note 11

Note 1: Per DESC drawing C·68001

The JAN Ser ies 1N5711 is an epitax ia l, planar pass ivated
Schottky Bar r ier Diode designe d to have pico-second
switch ing speed . These dev ices are well su ited for high
level dete ct ing , mix ing , switching, gat ing and con vert ing ,
video detecting , frequency d iscriminating, sampling , and
wave shap ing applicat ions th at requ ire the high reli abili ty
of a JAN/JANTX device .

Description / Applications

Features



JAN 1 N5711: Samples 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 cond it ions and limits specif ied by MIL -S-19500/444.

JANTX 1N5711: Devices undergo 100% screening tests as listed below to the conditions and lim its 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 MIL-S-19500/444 pr ior to being subjected
to TX screening.

** Method
Group B Sample Acceptance Tests

MI L-STD-750

Physical Dimensions 2066

Solderability 2026

Temperature Cycling 1051C

Thermal Shock (Strain) 1056A

Terminal Strength: Tension 2036A

Gross Leak Test 1071E

Moisture Resistance 1021

Mechanical Shock 2016

Vibration, Variable Frequency 2056

Constant Acceleration 2006

Terminal Strength : Lead Fatigue 2036E

Temperature Storage (200°C, 1K hrs.l 1031

Operating Life 10 = 33mAdc, Vr = 50V [pk] 1026

(f = 60Hz, TA = 25°C, t = 1K hrs.)

** Method
Group C Sample Acceptance Tests

MI L-STD-750

low Temp. Operation (-65°C)
.

Forward Voltage 4011
Breakdown Voltage 4021

Salt Atmosphere 1041

Resistance to Solvents *

Temperature Cycling 1051C

TX Screening (100%)

High Temp. Storage (200°C, 48 hrs.) 1032

Thermal Shock 1051C

Constant Acceleration 2006

Fine Leak 1071G or H

Gross Leak 1071E

Burn-In 10 = 33mAdc, V = 50V [pk]
(TA = 25°C, f = 60Hz, t = 96hrs)

Evaluation of Drift (I R, VF)

'MIL-STD-202, Method 215

.. Endpoint measurements and exam inations per MI L-S-19500/444 .

Typical Parameters
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Specification Symbol Min. Max. Units Test Conditions

Breakdown Voltage VSR 20 V IR = 10/JA

Forward Voltage VF1 .55 V IF1 = 1mA

Forward Voltage VF2 1.0 V I F2 = 35mA

Reverse Leakage Current IR 150 nA VR = 16V

Capacitance CT(ol 1.2 pF VR = OV and f = 1MHz

Effect ive Minority Carrier Lifetime T 100 pS IF = 5mA Krakauer Method
[Note 1)

Note 1: Per DESC drawing C·68001
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JAN lN5712
JANTX lN5712

JANTXV lN5712

Operat ing and Storage Temperatu re
Range -65° Cto 200°C

Operation of these devices within the
recom mended tempera ture limits will as-
sure a device Mean Time to Failure (MTTF)
of approximately 1 x 107 hours.

Reverse Voltage (Working) 16V (peak)
Pow er Dissipat ion 250 mW

Derate at 1.43 mW/ oC for TCASE = 25°C to 200°C;
assu mes an inf in ite heat sink .

Maximum Ratings at TeASE =25°C

SCHOTTKY SWITCHING DIODE
MILITARY APPROVED

MIL-5-19500/445

H EWLETTtit PACKARD

COMPONENTS

PICO-SECOND SWITCHING SPEED

LOW TURN-ON VOLTAGE

The JAN Ser ies 1N5712 is an epitaxial , planar passivated
Schottky Barr ier Diode des igned to have pico -seco nd
switc hing speed . Thes e dev ices are well suited for high
level detecting, mix ing, switching , gat ing , A-D conver t ing ,
video detect ing , frequency discriminat ing samp ling and
wave shap ing appl ications th at requ ire th e high reli abi lity
of a JANI JANTX dev ice.

Electrical Specifications at TA=25°C
(per Tab le I, Group A Test ing of MI L·S·19500/445)

Description / Applications

Features



7

....r--., r--., ...... IFI~AI ~ ~ .C~ IJvAIr--., r....
I.....'" r--. 10 0.6

"- r-....

"'I'-.i.....·r-, r-.... r-........
f' r-... r--,

r-.....r-, r-..... , 1.0 1.1 !--

r-..... ~ L I
1 r..... 1.4

Ii boll \. 6
o
4Y.i -25 0 25 50 75 100 125150

TA - AMBIE NT TEMPERATURE (OCI

~ .6
...J
oz .5
w

~
~ .4

~

~ .3
<!
;:
c:
fZ .2

1 ~ 10

IF - FORWARD CURRENT (mA)

10 '--_--L.LLLLLLL----l.--l......LL..LU.u.:==
.1

s
w
Uz
<!
>-
'"u;
w
a:100 f--~--_+_----+___j
o
:E
~
>
C
I

a:o

0.2 0.4 0.6 0.8 1.0

vF - FORWARD VOL TAGE (VO LTSI

!Z
w
a:
~ 1.0 I=-- --+------J'--- -+-- -+----=I
o
c
a:

~
o.... .10 1=-- --+---1---+- - -+-- -+- ---=1
I

JAN 1 N5712: Samples of each lot are subjected to Group A inspect ion for parameters listed in Table I, and to Group Band
Grou p C tests lis ted below. All tes ts are to the condit ions and lim its specif ied by MIL-S-19500/445 .

Typical Parameters

JANTX 1N5712: Devices undergo 100% screen ing tests as listed below to the condit ions and li mi ts specified by MIL-S­
19500/445. A sample of the JANTX lot is then subjected to Group A. Group B, and Group Ctests as for the JAN 1N5712 above .

JANTXV 1N5712: Dev ices are subject to 100% visual inspect ion in accordance with MIL-S-19500/445 prior to being subj ected
to TX screen ing.

'MIL-ST D-202, Met hod 215

" Subgroup endpoint measurements and examin ati ons per MI L- S- 19500 /445.

Group B Sample Acceptance Tests ** Method
Group C Sample Acceptance Tests ** Method

MI L-STD·750 MIL·STD-750

Physical Dimensions 2066 Low Temp. Operation (-65°C)

Solderab ility
Forward Vol tage 401 1

2026 Reverse Breakdown Voltage 4021

Temperature Cycl ing 1051C Salt Atmosphere 1041

Thermal Shock (Stra in ) 1056A Resistance to Solvents *
Terminal Strength: Tension 2036A

Temperatu re Cycling 1051C

Gross Leak Test 1071E
TX Screening (100%)

Moisture Resistance 1021

Mechanical Shock 2016
High Temp. Storage (200° C, 48 hrs.) 1032

Vibration, Var iable Frequency 2056
Thermal Shock 1051C

Constant Accelerat ion 2006
Constant Accelerat ion 2006

Terminal Strength: Lead Fat igue 2036E
Fine Leak 1071G or H

Temperature Storage (2000C, 1K hrs.) 1031
Gross Leak 1071E

Operating Li fe 10 = 33mAdc, Vr = 16V [pk] 1026
Burn-In 10 = 33mAdc, V = 16V [pk]

(f = 60Hz, TA = 25°C, t = 1K hrs.)
(TA=25° C,f=60 Hz, t=96 hrs.)

Evaluat ion of Dr ift OR' VF)
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JAN lN5719
JANTX lN5719

Max. Units Test Conditions

V IR = lOJ,lA

1.0 V , IF = 100mA

250 nA VR = 100V

15 J,lA VR = 1OOV, TA = 1500 C
/

.30 pF VR = 100V, f = 1MHz

1.25 n IF = 100mA, f = 100MHz

ns IF = 50mA, IR = 250 mA

Oper ating and Storage Temperature
Range -65°Cto+ 150oC

Operatio n of these devices with in the
recommended temperature li mits will as-
sure a dev ice Mean Time to Failure (M TTF)
of approximately 1 x 107 ho urs.

Reverse Voltage (Working) 100 V dc
Reverse Voltage (non-rep) 150 V pk
Powe r Dissipat ion [A t 25 °C] 250 mW

Derate at 2.0 mW/ oC above Te AsE = 25°C;
assumes an inf inite heat sink.

100

150

Min .

Maximum Ratings at TeAsE =25°C

PIN SWITCHING DIODE
MILITARY APPROVED

MIL-S-19500/443

Symbol

T

Specification

Reverse Current

Reverse Current

Effective Carrier Lifetime

Breakdown Vol tage

Forward Voltage

Capacitance

Series Resistance

HEWLETT~ PACKARD

COMPONEN TS

LARGE DYNAMIC RANGE

LOW HARMONIC DISTORTION

HIGH SERIES ISOLATION

The JAN Series 1N5719 is a planar passivated silico n PIN
diode designed for use in RF sw itch ing circu its . These
dev ices are well suited for variable atte nuator, AG C,
modul ator , limiter , and phase shifte r app licat ions that
require the high reli abili ty of a JAN/JA NTX device.

Electrical Specifications at TA=25°C
(Per Table I, Group A Test ing of MI L-S-19500/443)

Description/Applications

Features
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Typical RF Res istance vs . Forward Bias Current.

JAN 1 N5719: Samples of each lot are subjected to Group A inspect ion for parameters listed in Table I, and to Group Band
Gro up C tests li sted below. All tests are to th e conditions and limits specif ied by MIL-S-19500/443 .

JANTX 1N5719: Devices undergo 100% scr eening tests as li sted below to the con dit ion s and limits specif ied by MIL-S ­
19500/ 443. A sample of the JANTX lot is then subjected to Grou p A Gro up B, and Group C tests as for the JAN 1N5719 above .

** Method
Group C Sample Acceptance Tests * * Method

Group B Sample Acceptance Tests
Mll-STD-750 Mll-STD-750

Physical Dimensions 2066 Barometr ic Pressure 1001

Solderability 2026
Reverse Current 4016

Salt Atmosphere 1041
Temperature Cycling 1051F

Resistance to Solvents *
The rmal Shock (Strain) 1056A

Tem perature Cycling 1051F
Terminal Strength: Tension 2036A Low Temperature Operation (- 65° C)

Hermetic Seal 1071E Forward Voltage 4011
Breakdown Voltage 402 1

Moisture Resistance 1021

Mechanical Shock 2016
TX Screening (100%)

Vibration. Variable Frequency 2056 High Temp Storage (150oC, 48 hrs .) 1032

Constant Acceleration 2006
Temperature Cycling 1051F

Constant Accele rat ion 2006
Terminal Strength : Lead Fatigue 2036E

Fine Leak 1071 G or H
Salt Atmosphere 1041

Gross Leak 1071E
Temperature Storage (TA = 150°C, t = 1k hrs.l 1031 Burn-in (Io =70mAdc. VR = 120V [pk] ,

Operating Life (Io=70mAdc. VR = 120V [pk] , 1026 TA = 25°C. f = 60 Hz, t = 96 hrs.]

f = 60Hz, TA = 25°C, t = 1k hrs .l Evaluat ion of Drift (I R. VF )

* MIL-STD-202, Met hod 215

**Subgroup endpoints and measurements per MIL- S-19500/443.

Typical Parameters
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Table I. Hi-Rei Test Levels. RFQ Information, Examples:

Diode with Diode with Diode with Transistor with
Inspection Level 5082 Prefix HSCH Prefix HPND Prefix HXTR Prefix

Commercial 5082-3080 HSCH-3486 HPND-4165 HXTR-2101

100% Screen TX3080 TXS3486 TXP4165 TXT2101

100% Screen and Group B TXB3080 TXBS3486 TXBP4165 TXBT2101

100% Screen and Visual :rXV3080 TXVS3486 TXVP4165 TXVT2101

100% Screen and Visual and
Group B TXVB3080 TXVBS3486 TXVBP4165 TXVBT2101
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STANDARD HIGH RELIABILITY
TEST PROGRAMS

HEWLETTSPACKARD

COMPONENTS

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-S-19500 and are designed to:

1. Elim inate the costly requirement of generating High-Rei
spec ifications, and

2. Offer off-the-shelf del ivery for many High-Rei devices.

3. Aid in writing High-Rei specifications, if required .

Three basic levels of High-Rei 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 ch ips and beam leads)

2. The TXB prefix identifies a part that is precondit ioned
and screened to TX level with a Group B qual ity
conformance test as shown in Table IV. (Table VI for
chips and beam leads )

3. The TXV and TXVB prefix indicates that an internal visual
is included as part of the preconditioning and screening .

From these three basic levels , several combinat ions are
available. Please refer to Table I as a guide.

Detailed Specification Sheets are available for all devices in
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.

Description
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Table II. Typical 100% Screening Program for Packaged Devicesl11

MIL-STD-750
Screening Test/Inspection Method (except Conditions[21

as noted)

1. Internal Visua l Inspection (TXV, 2074 (Glass Body)
TXVB options only ) 2072 (Other)

2. High Temperature Life (Non-Operating) 1032 48 Hou rs Min . at TSTG (Max.)

3. Temperature Cycle MIL-STD-883, 10 Cyc les, TSTG (Min.) to TSTG (Max.), 30 Min ... Method 1010 per Cycle. Delete para 3.1.

4. Constant Acceleration 2006 20,OOOG, Yl Axis

5. Hermetic Seal, Fine Leak 1071 G or H

6. Hermetic Seal, Gross Leak 1071 A or C, Step 1 On ly

7. Burn-In (HTRB) 1038 PIN and SRD only. 48 Hours Min. , 80% VBR,
re 2: 100°C

8. Serialization -
9. Interim Electrical Test

(Delta Parameters) - Read and Record - Note [3]

10. Burn-In 1038 96 Hours Min. , 25° C

11. Fina l Electrical Test - Same as Step 9.

12. Stability Verification - Note [3]

13. Percent Defective Allowable - Note [4J

14. Radiographic Inspection (Option,
must be specified ) 2076

Table III. Typical Group A Inspection for Packaged Devices l1l. Each Lot is Submitted to Group A Inspection.

Test/Inspection
MIL-STD-750

ConditionsMethod LTPD

Subgroup 1
Visual and Mechanical 2071 15

Subgroup 2
DC Electrical Tests at 25° C Note [2] 5

Subgroup 3
Dynamic Electrical Tests at 25° C Note [2] 5



Table IV. Typical Group B Quality Conformance Inspection for Packaged Devices[1]

MIL-STD-750
TesVlnspection Method (except Conditions LTPD

as noted)

Subgroup 1
Phys ical Dimensions 2066 - 15

Subgroup 2 (destructive)
Solderability 2026 - 15
Resistance to Solvents 1022 Note (5)

Subgroup 3 (destructive)
Temperature Cycle MIL-STD-883,1010 10 Cycles, TSTG (Max. ) to 10

TSTG (Min.), 30 Min . per
Cycle. Delete para 3.1.

Thermal Shock 1056 A

Terminal Strength , Tension 2036 A

Hermetic Seal, Fine Leak 1071 G or H

Hermetic Seal, Gross Leak 1071 A or C, Step 1 Only

Moisture Resistance 1021 Omit Initial Conditioning

Visual and Mechanica l Insp. 2071 -
Electrical Test - Same as Table II Step 9

Subgroup 4
Shock 2016 Non-Operating 1500G, 0.5ms, 10

5 Blows Each x- . Yl, z.
(Yl only for glass body)

Vibration, Variable Ftequency 2056 -
Constant Acceleration 2006 20,OOOG, x-, Yl, z-.
Electrical Test - Same as Table II , Step 9

Subgroup 5 (destructive)
Terminal Strength , Lead Fatigue 2036 E, Note [5) 15

Subgroup 6
High Temperature Life (Non-Operating) 1032 Same as Table II, Step 2. 5

340 Hours Min .
Electrical Test - Same as Table II, Step 9

Subgroup 7
Steady State Operation Life 1027 Same as Table II, Step 10. 5

340 Hours Min.
Electrical Test - Same as Tab le II, Step 9

Table V. Typical 100% Screen ing Program for Chips and Beam Leads
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Condltions[2j

2073 (Chips)
HP Spec

A5956-0112-72
(Beam Leads )

MIL-STD-750
MethodScreening TesVlnspection

2. Visual Inspection

1. Electrical Test



Table VI. Typical Group B Lot Acceptance Test for Chips and Beam Leads

MIL-STD-750
Test/Inspection Method Conditions[2] LTPD

(except as noted)

1. Assemble Samples in Carrierl6] - - -
2. Electrical Test (GolNo Go ) - - 100%

3. High Temperature Life (Non-Operating) 1032 48 Hours Min . at TSTG (Max.) 100%

4. Temperature Cycle MIL-STD-883, 10 Cycles, TSTG (Min.) to 100%
Method 1010 TSTG (Max.), 30 Min. per

Cycle. Delete para 3.1.

5. Burn-In (HTRB) 1038 PIN and SRD Only. 48 Hours 100%
Min., 80% VSR, re ~ 100°C

6. Serialization - - -
7. Interim Electrical Test - Read and Record - Note [3J 100%

(Delta Parameters )

8a. Burn-In 1038 168 Hours Min. , 25°C 10
8b. Final Electrical Test - Same as Step 7

8c. Stability Verification - Note [3]

3. Delta Parameters. VF and CT are nor mally ch osen for pulse
sens it ive microwave Schottky diodes. VF and IR are normally
chosen fo r PIN , SRD, IMPATT and othe r Schottky diodes. ,l
limits wil l depe nd on device type and cha racteristics.

4. PDA = 15% fo r pulse sensitive microwave Schottky diodes.
PDA = 10% for PIN , SRD and ot her Schottky diodes.

5. On ly appl icab le for glass bod y devices .
6. Ch ips : Outl ines 15 (glass body) or 31 (ceramic coaxial lead )

Beam Leads :Outline H2 or H4 (st rlpllne) .

NOTES:
1. Recommended fo r dev ices in the following HP package

outl ines:
Glass Body - 11, 15,1 2 (delete steps 1. 5, 6 for outl ine 12).

Other Coaxial Leaded Bod ies - 31,38,40,41,44,46,49,56.62.
64. 65
Str ip line/M icrostrip Body - C2. C4. E1, H2, H4, 60 (Delete
Steps 4-6 for ou t lines C2, C4, E1)

2. For detailed information on test conditions please request a
Hi-Re i spec ification sheet for the speci fic product required.
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"Electrical specifications per HFET-l101 /1102 data sheets (Publicati on numbers 5952-9836 and 5952-9857).
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HIGH RELIABILITY
MICROWAVE GaAs FETS

r--------------------8
2N6680 TXV
2N6680 TXVB
TXVF-ll02
TXVBF-ll02

HEWLETTIiIi PACKARD

COMPONENTS

Description

TABLE I
PRECONDITIONING AND SCREENING (100%)

Hew lett-Packard has developed a cost-effective standa rd
test prog ram designed to provide stab ilized Gall ium
Arsen ide FETs for app lications requiring high-rel iab ility
performance. These products are based upon the
standard 2N6680 (HFET-1101l and HFET-1102. The
precondi tionin g and screen ing prog ram for the 2N6680
TXV and the TXVF-1102 is shown in Table I. The 2N6680
TXVB and the TXVBF-1102 are parts wh ich have been
precond it ioned and screened per Table I and come fr om a
lot which has passed the Group B tests deta iled in Tab le II.

MIL-STD-750
Examination or Test .. Method Step Conditions

1. Internal Visual - Per HP MSD Procedure A-5956-2150-72

2. High Temperature Storage 1032 TA = 125°C; t = 48 Hours Minimum

3. Temperature Cycling 1051
It.

Condition B, TA =-65°C to +125°C, Ten (10)Cycles

4. Constant Acceleration 2006 20,000G, Y1 Axis

5. Fine Leak 1071 Condition G or H: 60.0 psig , 4 Hours Soak in He;
5.0 x 10-8 cc-atm/sec.

6. Gross Leak 1071 Condition A, C or E

7. Pre Burn-In Electrical Test toss" , gm· , VGSp·, IGSS

8. Burn-In 1039 Condition B, TA = 110°C, t = 240 Hours;
TCH = +125°C; Vos = 5.0Vdc

9. Post Burn-In Electrical Test toss' . gm· , VGSP*, IGSS

10. Burn-In Drift Evaluation Aloss = ±15%
Calculated from: Agm = ±15%

72 Hours to AVGSP = ±15%
240 Hours AIGSS = +250nAdc or +250%, whichever is greater

11. Percent Defective Calculation Combining Parameter Limits and Specified Drift,
Allow 10.0% Max. Over Burn-in; Resubmit,
Permitting Additional 5% if Lot Fails

12. Group A Testing
cti

12.1 Visual Examination 2071 a ) Marking: Per ~ata Sheet} LTPD = 10

.. bl Package Extenor

12.2 Electrical Test' 100%. Noise; Gain

Hewlett-Packard is capable of executing alternative
programs based upon individual cus tomer's spec if i­
cat ions.



MIL-STD·750
Examination or Test Test Method Environmental Conditions LTPD

SUBGROUP 1: '" 20
Physical Dimensions 2066 -

SUBGROUP 2: 10
Solderability 2026 250°C, Ten (10) sec. Max.

Thermal Shock 1051 Condition B, Ten (101 Cycles, TA = -65°C to +125°C

Hermetic Seal, Fine Leak 1071 Condition G or H, 5x10-8 cc-atrn/sec., 60 psig, 4 Hrs,

Hermetic Seal, Gross Leak 1071 Condition A, C or E

Moisture Resistance 1021 Omit Initial Conditioning

Endpoints:
loss' , gm' , VGSP', IGSS

It
SUBGROUP 3: 10

Mechanical Shock 2016 1500G; 0.5msec; 5 Blows in Each of Xr, Yr, Y2 Axis

Constant Acceleration 2006 20,000G; x-. Yl, Y2
Vibration Variable Frequency 2056

Endpoints (per Subgroup 2)

SUBGROUP 4: 20
Terminal Strength 2036 Condition E, 3.0 ozs. Max.

SUBGROUP 5: A = 15
High Temperature Life 1031 TA = +125°C
Endpoints (per SUbgroup 2)

SUBGROUP 6: A = 15
Operating Life 1026 TA = +110°C; TCH = +125°C

VOS = +5Vdc
Endpoints (per Subgroup 2)

0.1(0.004 )
TYP.

+

t

1.07<0.3
(.042 ±0.011

-1-,-I~I

HPAC-100A Package Outline

DIMENSIONS IN MILLIMETERS (INCHES).

\
DRAIN

SOURCE

TABLE II
2N6680 TXV AND TXVBF-1102 GROUP B TESTING PER MIL-S-19500

_I 1-1•0 (0.041 TYP

D

.-2.5 1 . 25~
(0.10 ± 0.01)

GATE

\

SOURCE--t--I

' Electri cal specif icat ion s per HFET-ll0l /ll02 data sheets (Publication numbers 5952-9836 and 5952-98571.
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MIL-STD-750
Examination or Test Test Method Step Conditions

1. Internal Visual - Per HP MSD Procedure A-5956-2150-72
~

2. High Temperature Storage 1032 TA = 125°C; t = 48 Hours Minimum

3. Temperature Cycling 1051 Condition B, TA =-65° C to +125 °C, Ten (10l Cycles

4. Constant Acceleration 2006 20,000G , Y1 Axis

5. Fine Leak 1071 Condition G or H: 60.0 psig , 4 Hours Soak in He;
5 x 10-8 cc-atm/sec.

6. Gross Leak 1071 Condition A, C or E

7. Pre Burn-In Electrical Test loss' , gm*, VGSP', IGSS

8. Burn-In 1039 Condition B, TA = 110° C, t = 240 Hours;
TCH = + 125° C; VOS = 4.0 Vdc

9. Post Burn-In Electrical Test loss' , gm' , VGSP', IGSS ... ,

10. Burn-In Drift Evaluation ~Ioss = ±15%
Calculated from : ~gm = ±15%

72 Hours to ~VGSP = ± 15%
240 Hours ~IGSS = +250nAdc or + 250%, wh ichever is greater

11. Percent Defective Calculation Combining Parameter Limits and Specified Drift,
Allow 10.0% Max . Over Burn-in; Resubmit,
Permitting Additional 5% if Lot Fai ls

12. Group A Test ing
III

. 12.1 Visual Exam ination 2071 a) Mark ing : Per ~ata Sheet} LTPD = 10
b) Package Extenor

12.2 Electrical Test ' 100%. Noise; Gain
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TXVF-2201
TXVBF-2201

HIGH RELIABILITY
MICROWAVE GaAs FETs

HEWLETTtli PACKARD

COMPONENTS

"Ele ctrical spec if icat ions per HF ET-220 1 data shee t (Publication number 5952 -986 6).

TABLE I
PRECONDITIONING AND SCREENING (100%)

Hewlett-Packard has developed a cost-effective standard
test program designed to provide stab ilized Galli um
Arsenide FETs for applications requir ing high-reliabil ity
performance. These products are based upon the
standard HFET-2201 . The precond it ion ing and screening
program fo r the TXVF-2201 is shown in Tab le I. The
TXVBF-2201 represents parts which have been pre­
cond it ioned and screened perTable I and come from a lot
wh ich has passed the Group B tests deta iled in Table II.

Hewlett-Packard is capable of executing alternat ive
programs based upon individual customer's spec if i­
cat ions.

Description



TABLE II
TXVBF-2201 GROUP B TESTING PER MIL-S-19500

t--- 1.07 ± 0.2
I (0.042 ± 0.008 )

n

u
-JL 0.1 (0.004 )

TYP.

l
SOURCE~SOURCE

DIMENSIONS IN MIL LIMETERS (INCHES)

DRAIN

HPAC-170 Package Outline

4.0 (0.16)
MIN.

.1_ _

2.5 ± 0.15

iii
I

4.3 ± 0.25
(0.170 ± 0.0 1)

t-~

"Electrical specifications per HFET-220 l data sheet (Publication number 5952-9866).
""Non-destructive

MIL-STD-750
Examination or Test Test Method Environmental Conditions LTPD

SUBGROUP 1: 20
Phys ica l Dimensions 2066 -

SUBGROUP 2: 10
Solderabi lity 2026 250°C, Ten (10) sec. Max .

Thermal Shock 1051 Condition B, Ten (10) Cyc les, TA =-65°C to +125° C

Hermetic Seal, Fine Leak 1071 Condition G or H, 5 x 10-8 cc-atrn/sec., 60 psig ,
4 Hours

Hermetic Seal, Gross Leak 1071 Condition A, C or E

Moisture Resistance 1021 Omit Initial Conditioning

Endpoints:
loss ' , gm' , VGSP' , IGSS

SUBGROUP 3: 10
Mechanical Shock 2016 1500G; 0.5msec ; 5 Blows in Each of Xi. Yl , Y2 Ax is

Constant Acceleration 2006 20,OOOG; x-. Yl , Y2

Vibrat ion Variab le Frequency 2056

Endpoints (per Subgroup 2)

SUBGROUP 4: 20
Term ina l Strength 2036 Condition E, 3.0 ozs. Max.

SUBGROUP 5:" A = 15
High Temperature Life 1031 TA = +125° C
Endpoints (per Subgroup 2)

SUBGROUP 6:** A = 15
Operating Life 1026 TA = + 110° C; TCH = +125° C

Vos = +4.0 Vdc
Endpoints (per Subg ro up 2)

.s
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HEWLETT~ PACKARD

COMPONENTS

INTEGRATED
PRODUCTS

SWITCHES
MODULATORS
LIMITERS
MIXERS
COMB
GENERATORS

234

PIN DIODE SWITCHES

• Broadband, .1-18 GHz

• 33140 Series Optimized
for Fast Switching,S ns

• 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

Min. Isolation and (Max. Insertion Loss), dB
Part
Number 1-2GHz 2-4GHz 4-8GHz 8-12GHz 12-18GHz

- .."'. 33102A 35(1.0) 40(1.31 45(2.0) 45(2.0) 45(2.51~o

!e- 33104A 65[1.01 80(1.5) 80(2.1) 80(2.2 ! -.. ::.
ClQ.

:s: 33132A 33(1.01 37(1.01 4311 .2) 43(1.4) 43(1.8!
00 33134A 60(1.0) 80(1.4) 80(1.61 80(1.81 80(2.3)..J..J

gl
C 33142A 30(1.0) 40(1.01 45(1.5 1 4511 .51 4512.5!.:2

",I,) 33144A 6011.11 80(1.41 80(1.7) 80(2.01 8013.0111.=:s
1/1

DOUBLE BALANCED MIXERS

• Broadband
10534 Series: .05-150 MHz
10514 Series: .2-500 MHz

• Low Conversion Loss

• Low 1If 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

Frequency Range, MHz
Part Typical Conversion
Number LO and RF IF Loss , dB

10534A .2-35 DC-35 6.5
105348 .2- 35 DC-35 6.5
10534C .05- 150 DC-150 8.0

10514A .5- SO DC-50 7.0
105148 .2- 500 DC-500 9.0

10514C
15'-250 DC-250 7.2
10'-500 DC-500 9.2

PIN ABSORPTIVE MODULATORS

• son Match at all
Attenuation Levels

• Greater than Octave
Band Coverage

• SOns Switching (10ns
Available on Special
Request)

• Hermetic PIN Diode Modules

Min. Attenuation and (Max. Insertion Loss) , dB
Part
Number 1-2GHz 2-4GHz 4-8GHz 8-12GHz 12-15GHz 15-18GHz

33000C 35(1.8\ 40(2.5 1 - - - -
330000 65(2.0) 80(3.01 - - - -

33008C - - 45(2.3 ) - - -
330080 - - 8012.5 1 - - -
33001C - - - 45(3.01 45(3.21 4514.3)
330010 - - - 8013.01 80(3.51 8014.51

PIN DIODE LIMITERS

• Broadband, .4-12 GHz

• Low Limiting Threshold, 5mW 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 son
• Self-biased, no External Bias Required

• Narrow Output Pulses:
130ps Pulse Width with 10V Amplitude

• Broadband Output Comb

• Hermetic Step Recovery Diode Modules

Part Number Typ . Output Power per Comb, dBm
Drive

Comb Design Freq. , 1-4 4-8 8-12 12-18
Generator Module MHz GHz GHz GHz GHz

33002A 330028 100 -5 -15 -25 -35

33003A 330038 250 0 -5 -15 -30

33004A 330048 500 + 10 +5 "5 -15

33005C 330050 1000 +10 + 5 0 -5
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For a copy of the new Microwave Integrated Products
Catalog (5952-98710) write: Inquiries Mgr., Hewlett­
Packard, 1507 Page Mill Road, Palo Alto, CA 94304.

Hewlett-Packard manufactures a broad line of compon­
ents for the control , conversion, generation and amplifi­
cation of RFand 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 Product ion Process: Hewlett-Packard's design ,
manufacturing and market ing team ensures that all aspects
of our product ion and procedures work together to bring
you rel iable products with known performance. They are
backed by an in-house manufacturing capability that
incl udes component fabrication , th in film circuit capa­
bilit ies , MIC assembly processes, advanced assembly and
test methods, and computer assisted order processing ,
production and sh ipp ing procedures.

Electrica l Spec ifications at TCASE = 25° C

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 (0 ) 4.0

• Low Insertion Loss

• High RF to DC
Isolation

• Wideband

33150A MICROWAVE BIAS NETWORK
0.1-18 GHz

CaTpcrenIs Fcl:
· c:mtrd
. CrTM2ISbl

otco.~ .~
• UI I , ._AlI lCu 11\..... I

HE WLeTT ,.A,C K"' '' O

COlolPOf-l£ PoTS

• Good Conversion Loss
7.5 dB Typical to 8 GHz
8.5 dB Typical to 12.4 GHz

• Excellent Isolation
LO-RF: 30 dB Typical

• Rugged Construction

• Hermetically Packaged Diodes

HMXR-5001 WIDEBAND DOUBLE BALANCED
MIXER

• Wideband - 2 to 12.4 GHz
Usable to 18 GHz

• Wide IF Bandwidth
0.01 to 1.0 GHz
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All d imensions in mill imeters (inches). except where noted .
For complete package specificat ions refer to indi vidual product spec ification sheets.

Drawings are not to scale .
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DESIGN AIDS
TRANSMISSION LINE EQUATIONS

Quantity General Line Expression Ideal Line Expression

Propagation
r =a+ jt3 = Y' (R+ jw L) (G +j wC)constant r= jwl{LC

Phase constant {3 Imag inary part of 'Y fLC", Zn13 = w LC = -
A

Attenuation
constant a Real part of 'Y 0

Characteristic ljR + jwL
Z =VF:impedance Zo = G + jwC o C

Input impedance Z_Q= Zo
Z, + Zotanh r Q

Z_Q= Zo
Z, + jZo tan t3Q

Zo + Z, tanh r Q Zo + [Z, tan t3Q

Impedance of short-
ci rcuited line . Zs.c. = Zo tan hr Q Zs.c. = jz, tan t3Q
Zr = a

Impedance of
open-ci rcuited Zo.c . = Zocothr Q Zo.c. = - jZocot(jQ
line. Zr = co

Impedance
transformation by

Z. + ZocothaQ Zo2
a line an odd num- Z = Zo Z=-
ber of quarter Zo + ZrcothaQ Zr

wavelengths long

Impedance
transformation by

Z, + Zotanhof
a line an integral Z = Zo

Zo + ZrtanhaQ Z =Z,
number of half
wavelengths long

Voltage reflect ion Z, - Zo Z, - Zo
p = p=

coeffic ient z, + z, Zr + Zo



SOME MISCELLANEOUS RELATIONS IN LOW-LOSS TRANSMISSION LINES

Equation

1 + 1 p 1
r=

1 - Ip I

r - 1Ip l=- ­
r + 1

R-Z
p=~

R + Zo

R
r= -

Zo

r = Zo
R

~ = IP 12 = (--'"--=-.!)2
Pi r + 1

Pt 2 4r
- = l - Ip 1 = - -
Pi (r + 1)2

1 X I
I p 1 = .[X2"+"4

JX2 + 4 + 1X I
r =

JX2 +4- lx l

I XI= ~

Ip 1= I B I
VB2+4
VB2 + 4 + 1B 1

r -
- VB2 + 4 - I 8 I

r - 1
181 = - -.rr:

Explanation

r = SWR

Ip I = magnitude of reflection coeff ic ient

p = reflect ion coeff ic ient (real) at a point in a line
whe re impedance is real (R )

R > Zo (at voltage max imum )

R < Zo (at voltage min imum )

Pr = ref lected power

Pi = incident power

Pt = tra nsm itted power

a m = attenuation constant where r = 1, matched line.

or = attenuation constant allowing for increased
oh mic loss caused by stand ing waves.

rmax = maxi mum SWR when r1 and r2 combine in
worst phase.

rmin = minimum SWR when r1 and rz are in best
phase.

Relations for a normal ized reactance X in ser ies
with resistance Zoo

Relations for a normal ized susceptance B in shunt
with adm ittance Yo

243
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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 eo 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 5.2 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 5.5 3.263 10 .3 1.880
0.8 21 .73 5.6 3.209 10.4 1.865
0.9 19 .32 5.7 3.156 10 .5 1.851
1.0 17.40 5.8 3.106 10 .6 1.837
1.1 15 .81 5.9 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 11.4 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 7.1 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
2.7 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 2.323 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 4 .315 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 14 .1 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

245

x
o
z
w
a..
a..«



246

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 1.23 1 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 24 .5 1.127 48.0 1.008
17.1 1.324 25.0 1.119 49 .0 i .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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SWR NOMOGRAPH #2
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USEFUL FORMULAS FOR MICROWAVE TRANSISTOR DESIGNS

Ga,

Total Noise Figure of Cascaded Stage

FS = F1 + --- + - - -+ . . . . .

Constant Noise Circles

Fj - Fmin
Ni = • 11 + fa 12

Fi = the value of the no ise c irc le

Fmin = min imum no ise figure

f a = optimum source impedance for
low noise

f a rn = normalized noise resistance
The Center CFi = --

1 + Ni

First def ine

The Rad ius RFi = VNj2 + Nj (1 - I f a 12 I
1 + Nj

Constant Gain Circles

9i ISii I
di = - - - - - -

Ri ~ (1 - rsn 12 )

1 - ISii 12 (1 - 9il

9i = Gi (1 - ISii 12 I = Gj
-G-·-

'max

d: = the distance from the center
of the Smith chart to the
center of the constant gain
circle along the vector S11 *

Ri = the rad ius of the circ le

gi = the normalized ga in val ue fo r
the gain c ircle Gi

G: = ga in represented by the circle
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o
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Source Transformation

fin = S1 1 + ----

Load Transformation

f aut = S22 + ----
1 - S11 f S
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ABSTRACTS OF
APPLICATION NOTES

Below is a brief summary of Application No tes for diodes and transistors. Portions of many of these have been
included in th is catalog. 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.
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922 Application of PIN Diodes

Discusses how the PIN diode can be applied to a variety of
RF control circuits. Such applications as attenuating ,
ooveling, amplitude and pulse modulating , switching, and
phase shifting are discussed in detail. Also examines
some of the important 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
circu its .

Though less sensitive than the heterodyne rece iver, 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
characterist ics of video detector diodes-tangential
sens itivity, video resistance, voltage sensitivity and figure
of mer it ; how these characteristics affect the bandwidth of
a video detector; video detector design considerations; .
considerations that affect dynamic range; and consid­
erat ions that vary the level at which burnout can occur.

928 Ku-Band Step Recovery Multipliers

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 meet ing 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
practica l switching circuits. Considerations involved in
the design of the f ilters req uired for use with the diodes are
also discussed. For the 5082-3041 , AN 929 provides two
curves: 1) typical isolati on 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 switch ing or
limiting component and assists him in integrating th is
component into the overall des ign of the system. This note
is a practical , user-oriented approach to problems
encountered with switching and lim iting microwave
signals.

936 High Performance PIN Attenuator for Low-Cost
AGC Applications

PIN diodes offer an economical way of ach iev ing excellent
performance in AGC circuits. Sign ificant improvements in
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 , sampl ing , mixing and other appli­
cations where the substitution of Schottky diodes will
provide sign if icant improvement over PN juncti on
dev ices.

944-1 Microwave Transistor Bias Considerations

A practical discussion of the temperatu re dependent
var iables in a microwave trans istor that cause RF
performance degradation due to changes in qu iescent
po in t. Passive circuit networks that min im ize qu iescent
po int drift with temperature are ana lyzed , and the general
equations for dc stab ility factors are given . Emphasis on
practical circuit design is highlighted by typical circu it
examples.

956-1 The Criterion for the Tangential
Sensitivity Measurement

Discusses the mean ing of Tangential Sensitivity and a
recommended measurement techn ique. See page 114.



956-3 Flicker Noise In Schottky Diodes

Treats the subject of flicker (1If) noise in Schottky diodes,
comparing 4 different types. See page 115.

956-4 Schottky Diode Voltage Doubler

Exp lains 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.

Techn iques for raising the compress io n level are
presented . An example is given ill ustrating the effect of
bias current level on an HP 5082-2751 detector. See page
116.

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 Broadbandlng the Shunt PIN Diode SPDT Switch

Covers an impedance match ing technique wh ich im­
proves the bandwidth of shunt PIN diode switches. See
page 143.

957-2 Reducing the Insertion Loss of a Shunt PIN Diode

Exam ines a simple f ilter des ign wh ich includes the shunt
PIN diode capacitance into a low pass f ilter, thereby
extend ing the upper frequency lim it. See page 144.

957-3 Rectification Effects in PIN Attenuators

Attenuation levels of PIN diodes are changed by high
inc ident power. Var iat ion in attenuation may be min im ized
by proper cho ice of bias resistance. Performance of a PIN
diode is lim ited by both carrier level and frequency
because of rectification effects. This note presents the
effects of frequency , power level , and bias supply for three
types of HP diodes: 5082-3170,3140 and 3141. See page
146.

959-1 Factors Affecting Silicon IMPATT Diode Reliability
and Safe Operation

Treats sil icon 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 l ife test results on both single
and double drift silicon IMPATT diodes.

961 Silicon Double-Drift IMPATT Diodes for Pulse
Applications

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, circu its , performance and injection locking
techn iques. An append ix on pulse bias circuits is
inc luded.

962 Silicon Double-Drift IMPATT Diodes for High-Power
CW Microwave Applications

Provides a thorough treatment of the theory and
application of sil icon double-drift IMPATTS des igned for
use in CW osc illators and ampl ifiers. Major sections
inc lude dev ice theory, circu its , performance and injection
locking techn iques.

963 Impedance Matching Techniques for Mixers and
Detectors

Presents a method ical techn ique for matching complex
loads, such as Schottky diodes, to a transmission line.
Direct applicat ion 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 des ign of a single-stage, state-of­
the-art low no ise 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 ampl if ier design . A wavegu ide
amplif ier produced 2 watts of power with 10dB gain at 11.2
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. The ir 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.

e970 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
ampl if ier for use in the 5.9 to 6.4 GHz telecommunications
band. The ampl ifier's performance over th is band is
excellent , with a min imum noise figure of 3.3 dB , a
min imum associated gain of 10.9 dB , a flatness of ±0.4 dB
and a 9.5 dBm min imum power output at 1 dB gain
compression. The maximum input and output SWR are
2.67:1 and 1.90:1 respect ively. See page 20.
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e971 The Beam Lead Mesa PIN in Shunt Applications

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
configuration . Switching performance, practical circuits ,
handling, and bonding instructions are included in the
discussions in this application note . See page 216.

252

e 972 Two Telecommunications Power Amplifiers for 2 and
4 GHz Using the HXTR-5102 Silicon Bipolar Power
Transistor

Describes in deta il the design of two linear power
amplifiers using the HXTR-5102.ln each case ,small signal
S-parameters, and power contours are used in the
characterization . See page 62.



ABSTRACTS OF
APPLICATION BULLETINS

Brief summaries of Ap plicatio n Bulle tins for diodes and transistors are given here. Those that are included in this
catalog in the ir entire ty are also lis ted with the correspondi ng page number. All of the Application Notes are
available from you r local HP Sales Office or nearest HP Components Franch ised Distributor or Representat ive.

AB 5 Current Source for Diode Testing

Thi s app lication bulletin desc ribes a constant cu rrent
source designed pr imari ly fo r the ease of use in labor ator y
measu remen ts. Easily programmable by thum b whee l
sw itches in 10 J.l A steps from 10 J.l A to 700 mA , its acc uracy
exceeds most commerc ia lly availab le curre nt sources.

AB 6 PIN Diode RF Resistance Measurement

The use of the HP 4815 Vector Impedance Meter, in
conjunc t ion with a tunable test f ixture, provides an
eff ic ien t and reliable means for meas uring the RF
resistance of a PIN diode.

AB 7 Mixer Distortion Measurements

Describes the measurement of distortion in a ba lanced
mixer by the two tone method .

AB 9 Derivation, Definition and Application of
Noise Measure

The associated ga in at optimum noise figu re bias
becomes an impor tant parameter at microwave fre­
quencies. The noise measure of a dev ice is a te rm
includi ng bo th no ise fi gure and associated gain.

AB 10 Transistor Noise Measurements

The increasing acceptance of GaAs field effect and silicon
bipolar transistors in low noise pre-amp appl icatio ns has
stressed the inportance of the techni ques used in
measuring no ise figure. Thi s app lica t ion bulle tin dis­
cusses the variou s tech niques and poss ib le sources of
erro r in making a tra nsistor noi se figure measuremen t.

AB 13 Transistor Speed Up Using Schottky Diodes

Sign if ica nt redu ct ion in transistor switch ing de lay time
can be achieved by add ing a Scho ttky diode and a PIN
diode to the transistor switc hing circ uit. This im prove­
ment in sw itching performance also extends the osc illator
capabi lity of the trans istor to higher f requencies. See page
120.

AB 14 Waveform Clipping with Schottky Diodes

Considerat io n is given in th is app licat ion bu lle t in to the
des ign requ irements of clipping circuits wh ich are used to
limit the transmission of signals above or below specified
levels. The characteristics of Schottky diodes needed to
achieve the requi red performance in these circ uits are
discussed and recommendati on s made. See page 121.

AB 15 Waveform Clamping with Schottky Diodes

Discussed in this appl ication bulletin are the circuit des ign
and diode performance requirements for a clamping
circu it , wh ich is used as a DC restorer or level shifter.
Schottky diodes having the requ ired characterist ics for
this type of circ u it are recommended. See pag e 121.

AB 16 Waveform Sampling with Schottky Diodes

Thi s app lication bulletin discusses the design consid­
era tions for a sampling circu it used to sample high
frequency repetit ive signals and reproduce them at lower
frequencies fo r ease of mon itoring . Schottky diode
perfo rmance req uirements im portan t in the realizat ion of
a samp ling circu it are considered. See page 122.

AB 17 Noise Parameters and Noise Circles for the
HXTR-6101 , -6102, -6103 , -6104 and -6105
Low Noise Transistors

No ise f igures as a functi on of source ref lecti on coeff ic ient
(rs) can be exp ressed using three parame ters , Fmin, Rn to
ro known as noi se parameters. Th ree parameters are
presented for f ive microwave trans istors. The method of
generat ing no ise circles is given in a step -by-step fashion .

AB 18 The Performance of the HXTR-6101 at
Submilliampere Bias Levels

Describes the perfo rma nce of a low no ise microwave
transistor at bias cond it ions of VCE ± 3V and Ic ± 1.0 mA ,
0.5 mA , 0.25 mA and frequenc ies 1.0, 1.5, 2.0 and 3.0 GHz .

AB 19 Noise and Power Parameters for the HFET-1101

The no ise parameters Fmin, Rn to ro are given for the
HFET- 1101, a gen eral purpose microwave GaAs FET. The
so urce and load ref lec tion coeff ic ients are given fo r
maxi mu m outpu t power at an input power level of 5 dBm.
The ga in , power at 1 dB compress ion , and power at 3 dB
compress ion are given for frequenc ies of 4,6,8, 10 and
12 GHz .
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AB 20 Amplitude to Phase Conversion in
IMPATT Amplifiers

Cu rves show the amp litude to phase convers io n of a 5082­
0610 IMPATT diode in an 11 GHz amplifier using a cavity
sim ilar to that described in AN 962.

1,;;\
OAB 22 Equivalent Circuits for Double Drift CW

IMPATT Diodes

Small signal equivalent ci rcuits were de rived fo r 5082­
0610 and 5082-0611 IMPATT diodes in AN 962. Th is
bu lletin extends the analys is to provide both small and
large signal equ ivalent circu its for 5082-0607 ,0608,0610,
and 0611 diodes.

254

1,;;\
OAB 23 Models for Double Drift CW IMPATT Diodes In a

50 Ohm Coaxial Mount

Small and large signal equ iva lent ci rcu its for 5082-0607, ­
0608 , -0610 and -0611 diodes were derived in AN 22. Th is
bulletin provides improved models wh ich separate the
mount and package from the diod e.

1,;;\o AB 24 Selecting a Design Medium for the HFET-2201
GaAs Field Effect Transistor

Th is appl icat ion bullet in shows measured S-parameters
on the HFET-2201 in RT/Duro id and Alum ina up to 18
GHz . See page 16.
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3000 Bowers Avenue

Hall-Mark Electronics (201) 227-7880 Pioneer -Standard Bellevue 98005 0Santa Clara 95052 (206) 746-8750
(408) 727-2500 11870 West stst Street Wilshire Electronics 1900 Troy Street ZShawnee Mission 66214 312 Clifton Avenue Dayton 45404 Liberty Electronics
Colorado (913) 888-4747 Clifton 07015 (513) 236-99 00 1750 132nd Avenue, N.E. W
Elmar Electronics Hamilto n!Avnet (201) 340-1900 Schweber Electronics Bellevue 98005 o,
6777 E. 50th Avenue 9219 Quivira Road Wilshire Electronics 23880 Commerce Park Road (206) 453·8300 o,
Commerce City 80022 Over land Park 66215 921 Bergen Avenue Beachwood 44112 Representative «(303) 287-9611 (913) 888-8900 Suite 1125 (216) 464-29 70 Northwest Marketing
Hamilton ! Avnet Mar yland Jersey City 07306 Oklahoma Associates , Inc.
5921 N. Broadway

Hall-Mark Electronics
(201) 653-4939 Hall-Mark Electronics 12835 Bellevue-Redmond Road

Denver 80216 Suite 203E
(303) 534-1212 6655 Amber ton Drive Wilshire Electronics 4846 So. 83rd E. Avenue

Bellevue 98005
Baltimo re 21227 102 Gaither Drive Tulsa 74145

(206) 455-5846
Connectic ut (301) 796-9300 MI. Laurel 08057 (918) 835-8458

Hamilton!Avnet (609) 234-9100 Oregon Wisconsin
Schweb er Electronics

643 Danbury Road 9218 Gaither Road New Mexi co Liber ty Electronics' Hall-Mark Electronics
George town 06829 Gaithersburg 20760 Hamilton!Avnet 2035 S.W. 58th, Room 111 B 237 South Curtis
(203) 762-0361 (301) 840-5900 2524 Baylor S.E. Portland 97221 West Allis 53214

Schweber Electron ics Albuque rque 87106 (503) 292·9234 (414) 476-1270

Finance Drive Wilshi re Electronics (505) 765-1500 Hamilton! Avnet
Commerce Industrial Park 1037 Taft Street Representative

2975 Moorland Road
Danbury 06810 Rockville 20850 New York Northwes t Marketing New Berlin 53151
(203) 792-3500 (301) 340-7900 Hamilton!Avnet Associates, Inc. (414) 784-4510

16 Corporate Circle 9999 S.w. Wilshire Street
Wilshire Electronics East Syracuse 13057 Suite 211
2554 State Street (315) 437-2641 Portla nd 97225
Hamden 06514 (503) 297-2581
(203) 281-1166 (206) 455-5846 • Sales Ollice only.
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International

Australia
CEMA ELECTRON ICS PTY.LTD.
170 Stur t Street
Adelaide, SA
(61) 8 516483

CEMA ELECTRO NICS PTY.LTD.
208 Whitehorse Road
Blackburn , Victor ia
(61) 3 8775311

CEMA ELECTRONICS PTY. LTD.
22 Ross Street
Newstead , Queensland
(61) 72 524261

CEMA ELECTRONICS PTY. LTD.
21 Chandos Street
SI. Leonards, N.S.W. 2065
(61) 2 4394655

Austria

Transistor V.m.b.H.
Auhofstr.41a
1130 Wien
(43) 222 133738

Belgium

Diode Belgium
Rue Picard 202
1020 Bruxelles
(32) 2 4285105

Brazil

Datatroni x Electronica LTDA
Av. Pacaembu , 746-Cl l
s ao Paulo, Brazil
(55) 11667929
(55) 11 678725

Canada
Hamilton/Avnet
3688 Nashua Drive
Units G & H
Mississauga , Ontario L4V1M5
(416) 677-7432
(416) 745-1908

Hamilton /Avnet
2670 Paulus Street
Ville SI. Laurent
Montreal , Quebec H4S1G2
(514) 331-6443

Hamilton /Avnet
1735 Courtwood Crescen t
Ottawa , Ontario K2C3J2
(613) 226-1700

Zentronics , Ltd.
1355 Meyers ide Drive
Mississauga , Ontario L5Tl C9
(416) 676-9000

Zentron ics, Ltd.
5010 Pare Street
Montreal. Quebec H4Pl P3
(514) 735-5361
Zentronics, Ltd.
141Cather ine Street
Ottawa , Ontar io K2P1C3
(613) 238-6411

Represen tatives

Cantec Reps. , Inc.
17 Bentley Avenue
Ottawa , Ontar io K2E6T7
(613) 225-0363

Cantec Reps., Inc.
15737 Pierrefonds Road
Ste-Genevieve, Quebec H9H1G3
(514) 626-3856

Cantec Reps., Inc.
83 Galaxy Blvd . Unit lA
Toronto (Rexdale),
Ontario M9W5X6
(416) 675-2460

Denmark

Interelko A.P.S.
Hovedgaden 16
4622 Havdrup
(45) 3 385716

Finland
Field OY
Veneenteki jantie 18
00210 Helsinki 21
(90) 69225 77

France

Almex
Zone Industr ielle d'Antony
48, rue de l'Aubepine
92160 Antony
(33) 16662112

ETS. F. Feutr ier
rue des trois Glorieuse s
42270 St-Pr iest-en -Jarez
SI. Etienne
(33) 77 746733

F. Feutr ier
29 rue Ledru Rollin
92150 Suresnes
(33) 1 7724646

S.CAI.B.
80 rue d'Arcueil
Zone-Silic
94150 Rung is
(33) 1 6872313

Germany

EBV Elektronik
Gabr iel-Max-Strasse 72
8000 Muenchen 90
(49) 89 644055

Ingenieurbuero Dreyer
Flensburger Strasse 3
2380 Schleswig
(49) 4621 23121

RTG E. Springorum Kg
Bronnerstrasse 7
4600 Dortmund
(49) 231-54951

RTG Distron
Behaimstr. 3
Poslfach 100208
1000 Berlin 10
(49) 30 3421041/45

Israel
Electron ics and Engineering
Div. of Motorola Israel Ltd.
16, Kremenetski Street
P.O. Box 25016
Tel Aviv 67899
(972) 36 941/2 /3

Italy
Celdis Italiana S.p.A .
Via F. Iii Gracchi, 36
20092 Cinisello B.
(39) 2 6120041

Eledra S.pA
Viale Elvezia 18
20125 Milano
(39) 2 334887

Japan

Ryoyo Electr ic Corporation
Meishin Building
1-20- 19 Nish iki
Naka-Ku , Nagoya, 460
(81) 52 2030277

Ryoyo Electric Corporation
Taiyo Shoji BUilding
4-6 Nakanoshima
Kita-Ku , Osaka , 530
(81) 64481631

Ryoyo Electric Corporat ion
Konwa Building
12-22 Tsukiji , l-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
Skedsmogl. 25
Oslo 6
(47) 2197030

Spain

Diode Espana
Avda de Brasil 7
Edif. Iberia Mart
Madrid 20
(34) 1 4553718

So. Africa

Fairmont Electronics (Ply.) Ltd.
P.O. Box 41102
Craighall 2024
Transvaa l
(27) 48 6421

Sweden

Interelko A.B.
Sandsborgsvagen 50
122 33 Enskede
(46) 8 492505

Switzerland

Baerlocher AG
Forrfibuckst rasse 110
8021 Zurich
(41) 1 429900

United Kingdom
Celdis Ltd.
37-39 Loverock Road
Reading , Berks RG31ED
(44)734 582211

Jermyn -Modul Limited
Sevenoa ks
Kent
(44) 732 50144

Macro Marketing Ltd.
396 Bath Road
Slough , Berks SL16JE
(44) 7534422
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CENTRAL AND SOUTH AMERICA
ARGENTINA
Hewlett-Packard Argentina
S.A.
Av. Leandro N. Alem 822 - 12"
1001 Buenos Aires
Tel: 31-6063.4.5.6
Telex: 122443ARCIGY
Cable: HEWPACKARG
Biotron S.A.C.i.y M.
Bolivar 177
1066Buenos Aires
Tel: 30-4846. 34-9356. 34-0460.

33-2863
Telex : 011-7595
Cable: Biotron Baries
BOLIVIA
Casa Kavlin SA
Calle Potosi' 1130
P.O. Box 500
La paz
Tel: 41530.53221
Telex: CWC BX 5298.1IT35600B2
Cable : KAVLlN
BRAZIL
Hewlett-Packard do Brasil
i.e.C. Ltda.
Alameda Rio Negro. 750
Alphaville
06400 Baruer l SP
Tel: 429-3222
Cable : HEWPACK Sao Paulo

Hewlett-Packard do Brasil
i.e.C. Ltda.
RuaPadre Chagas. 32
90000-P6rto Alegre -RS
Tel : (0512 )22-2998. 22-5621
Cable: HEWPACK Polto Alegre

Hewlett-Packard do Brasil
l.e.C. Ltda.
Av. Epitacio Pessoa. 4664

~g~g-Rlo de Janeiro-RJ
Tel:
Telex: 021-21905 HPBR-BR
Cable: HEWPACK

Riode Janeiro

CHILE
Jorge Calcagni y Cia. Ltda.
Arturo Burhle 065
Casilla 16475
Correo9. Santiago . Chile
Tel: 220222
Telex: JCALCAGNI

COLOMBIA
Instrumentacidn
Henrik A. Langebaek &KierSA
Carrera7 No. 48-75
Apariado Mreo 6287
Bogota , I O.E.
Tel: 269-8877
Telex: 44400
Cable: M RISBogot~

Instrumentacion
H.A. Langebaek & Kier S.A.
Carrera 63 No. 49·A·31
Apartado 54098
Medellin
Tel: 304475

COSTA RICA
Cientilica CostarricenseS.A.
Avenida 2. Calle5
SanPedro de Montes de Dca
Apartado 101 59
San Jose
Tel: 24-38-20.24-08·19
Telex: 2367 GALGUR CR
Cable : GALGUR

ECUADOR
CYEOE Cia. Ltda.
P.O. Box 6423 CCI
Av. Eloy Allaro 1749
Quito . Ecuador
Tel: 450-975. 243-052
Telex: 2548 CYEOE EO
Cable: CYEOE Quito
Medical Only
Hospitalar SA
Casilla 3590
Robles 625
Quito
Tel: 545·250
Cable: HOSPITALAR-Quito

EL SALVADOR
IPESA
Bulevar de los Heroes11-48
San Salvador
Tel: 252787

GUATEMALA
IPESA
Avenida Relorma 3-48.
Zona 9
Guatemala City
Tel: 316627.314186.66471-5.ext.9
Telex: 4192 Teletro Gu

MEXICO
Hewlett-Packard Mexicana.
S.A. de C.V.
Av. PeriMrico Sur No. 6501
Tepepan , Xochimilco
Mexico 23. D.F.
Tel: 905-676-4600
Telex : 017-74·507
Hewlett-Packard Mexicana.
SA de C.V.
Ave. Constitucidn No. 2184
Monterray. N.L.
Tel: 48-71 -32.48-71-84
Telex: 038-410

NICARAGUA
Roberto Teran G.
Apartado Postal 669
Edificio Teran
Managua
Tel : 25114. 23412.23454.22400
Cable: ROTERAN Managua

PANAMA
Electrdnico Balboa. SA
Aparatado 4929
Panama 5
Calle SamuelLewis
Edificio " AlIa" . No.2
Culded da Panama
Tel: 64-2700
Telex: 3483103 Curundu.

Canal Zone
Cable: ELECTRON Panama

PERU
Companla Electro Medica S.A.
Los Flamencos145
San Isidro Casilla 1030
Lim. 1
Tel: 41-4325
Telex : Pub. Booth 25424 SISIORO
Cable: ELMED Lima

SURINAME
Surtel Radio Holland N.V.
Grote Holstr. 3-5
P.O. Box 155
Paramaribo
Tel: 72118 . 77880
Cable: Surtel

TRINIDAD & TOBAGO
CARTEL
Caribbean Telecoms Ltd.
P.O. Box 732
69 Frederick Street

fe~~62!5~g68ln

URUGUAY
Pablo Ferrando S.A.C.ei.
Avenida ltalia 2877
Casilla de Correo370
Montevideo
Tel:40-3102
Telex : 702 Public Booth Para

Pablo Ferrando
Cable: RAD IUM Montevideo

VENEZUELA
Hewlett-Packard deVenezuela
C.A.
P.O. Box 50933
Caracas 105
Los Ruices Norte
3a Transversal
Edilicio Segre
Caracas 107
Tel: 239-41 33 (20lines)
Telex: 25146HEWPACK
Cable : HEWPACK Caracas

FOR AREAS NOT LISTED, CONTACT:
Hewlett-Packard
Inter-Americas
3200 HillviewAve.
Palo Alto. California 94304
Tel: (415) 856-1501
TWX : 910-373-1260
Cable: HEWPACK Palo Alto
Telex: 034-B300. 034-8493

AFRICA, ASIA, AUSTRALIA
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ANGOLA
Telectra
Empresa Tecnica de

Equipamentos
E I~ctricos . S.A.R.L.

R. Barbosa Rodrigues. 42-rDT."
Caixa Postal. 6487
Luanda
Tel: 3551516
Cable: TELECTRA Luanda

AUSTRALIA
Hewlett-Packard Australia

Ply. Ltd.
31-41 Joseph Street
Blackburn. Victoria 3130
P.O. Box 36
Doncaster East. Victoria 3109
Tel:896351
Telex: 31-024
Cable: HEWPARD Melbourne
Hewlett-PackardAustralia

Ply. Ltd.
31 Bridge Street
Pymb la
NewSouth Wales. 2073
Tel: 4496566
Telex: 21561
Cable: HEWPARO Sydney
Hewlett-Packard Australia

Ply. Ltd.
153 Greenhill Road
Parkslda . S.A" 5063
Tel: 2725911
Telex: 82536
Cable: HEWPARO Adelaide
Hewlett-Packard Australia

Ply.Ltd.
141 Stirling Highway
Nedlands . W.A. 6009
Tel: 3865455
Telex: 93859
Cable: HEWPARD Perth
Hewlett-Packard Australia

Ptv. Ltd.
121 WollongongStreet
Fyshwlck. A.C,T. 2609
Tel: 804244
Telex: 62650
Cable: HEWPARD Canberra
Hewlett Packard Australia

Ply. Ltd.
5th Floor
Teachers Union Building
495-499 Boundary Street
Spr ing Hili . Queensland 4000
Tel: 2291 544
Cable : HEWPARDBrisbane

BANGLADESH
The General Electric Co.

of Bangladesh Ltd.
Magnet House 72
DilkushaCommercial Area
Motijhell. Dacca 2
Tel: t 52415. 252419
Telex: 734
Cable: GECDAC Dacca

ETHIOPiA
Abdella Abdulmalik
P.O. Box 2635
Addis Ababa
Tel: 11 93 40

GUAM
Medical Only
Guam Medical Supply. Inc.

~uge ~oxA~G~F Plaza

J~~6~~~~M6911
Cable : EARMED Guam

,",ONGKONG
Hewlett-Packard Hong Kong Ltd.
P.O. Box 98524
Room 105. AustinCentre
1st Floor
21 AustinAvenue
Kowloon. Hong Kong
Tel: 3-697446 (5 lines)
Telex: 36678 HX
Cable: HEWPACK Hong Kong

INDIA
Blue Star Ltd.
Kasturi Buildings
JamshedjiTata Rd

fe~:~~a?o ~~ 020
Telex: 011-21 56
Cable: BLUEFROST
Blue Star Ltd.
Sahas
41412 Vir Savarkar Marg
Prabhadevi

~e~:".:~"lsW025
Telex: 011-4093
Cable: FRDSTBLUE
Blue StarLtd.
Band Box House
Prabhadevi

~e~:".:~ai3 6~ 025
Telex: 011-3751
Cable: BLUESTAR
Blue Star Ltd.
Bhavdeep
Stadium Road
Ahmedabad 380 014
Tel: 42880
Telex : 234
Cable: BLUEFROST

Blue Star Ltd.
7 Hare Street
P.O. Box 506
Calculla 700 001
Tel: 23-0131
Telex: 021-7655
Cable : BLUESTAR
Blue Star Ltd.
Bhandari House
7th & 8th Floor
91 Nehru Place
Naw Deihl 110 024
Tel: 634770 & 635166
Telex: 031-2463
Cable: BLUESTAR
Blue StarLtd.
Blue Star House
11/11AMagarath Road

fe~~~5aJg8. 560 025

Telex: 043-430
Cabie: BLUESTAR
Blue Star Ltd.
Meeakshi Mandiram
xxx/1678 MahatmaGandhi Rd.
Coch ln 662016
Tel: 32069.32161 .32282
Telex: 0885-514
Cable: BLUESTAR
Blue Star Ltd.
1-1-117/1
Sarojini Devi Road
Secundarabad 500003
Tel: 70126.70127
Telex: 015-459
Cable: BLUEFROST
Blue StarLtd.
2134 Kodambakkam High Road
Madras 600034
Tel: B2056
Telex: 041 -379
Cable : BLUESTAR

INDONESIA
BERCA indonesia P.T.
P.O. Box 4961J1d.
Jln.Abdul Muis 62
Jakarta
Tel: 349255. 349886
Telex: 46748 BERSIL IA
Cable : BERSAL
BERCA Indonesia P.T.
P.O. Box 174iSby.
23 Jln. Jimerto

¥e~~~~r;
Cable : BErcacon

ISRAEL
Electronics EngineeringDiv.

of Motorola Israel Ltd.
16. Kremenetski Street
P.O.Box 25016
Ta~AYly

Tel: 38973
Telex: 33569.34164
Cable: BASTEL Tel-Aviv
JAPAN
Yokogawa-Hewlett-Packard Ltd.
Chuo Bldg.. 4th Roor

~~~g~~:!~~~Ji~~~~~ome
Osaka.532
Tel: 06-304-6021
Telex: 523-3624
Yokogawa-Hewlett-Packard Ltd.
29-21. Takaido-Higashi s-cheme
Suginami-ku. Tokyo 168
Tel: 03-331-6111
Telex: 232-2024 YHP-Tokyo
Cable: YHPMARKETTOK 23 724
Yokogawa-Hewletl·Packard Ltd.
Sumitomo Seimei Nagaya Bldg.
11-2 Shimosasajima-cho
Nakamura-ku. Nagoya 450. Japan
Tel: 052 571 -51 71

Yokogawa-Hewlett-Packard Ltd.
Tanigawa Building
2-24-1 Tsuruya-cho
Kanagawa-ku
Yokohama . 221
Tel: 045-312-1252
Telex: 382-3204YHP YDK

~~t~~~sa~r~~,~r~~aCka rd Ltd.
105. t -chorne, San-no-maru

~\~°ri2~t!tg~ 7~~~
Yokogawa-Hewlett-Packard Ltd.
InoueBuilding
1348-3. Asahi-cho, 1-chome
Atsugl . Kanagawa 243
Tel: 0462-24-()452
Yokogawa-Hewlett-Packard ltd.
KumagayaAsahi
Hachiiuni Building
4th Floor
3-4. Tsukuba

~e~:~~~_~~~~ama 360

KENYA
AdvancedCommunications Ltd.
P.O. Box 30070
Nairobi
Tel: 331955
Telex: 22639

~~~:;:t~nn~rAeradio(E.A. "td .
P.O. Box 19012
Nairobi Airport
Nairobi
Tel: 336055156
Telex: 22201122301
Cable: INTAERID NairObi

~~~:~::i~~~rAeradio ~ .A ) Ltd.
P.O. Box 95221
Mombasa

KOREA
Samsung Electronics Co" Ltd.
15th Floor. Daeyongak BldO..
25-5. 1-KA
Choong Moo-Ro. Chung-Ku.
Saoul
Tel: (23) 6811. 778-3401 1213/4
Telex: 2257S

MALAYSIA
Hewlett-Packard Sales SON BHD
Suite 2.2112.22
Bangunan Angkasa Raya
Jalan Ampang

~e~:a~~3~~~rt91
~rgte~~~~~,}ering
Lot 259. Satok Road
Kuching. Sarawak
Tel: 53544
Cable: PRDTELENG

MOZAMBIQUE
A.N. Goncalves. Ltd.
162. I" ApI. 14 Av. D. Luis
Calxa Postal 107
Maputo
Tel: 27091. 27114
Telex: 6-203 NEGON Mo
Cable: NEGON

NEW GUINEA
Hewlett-Packard Australia

Ptv. Ltd.
Development Bank BUilding
GroundFloor
Ward Strip
Port Morasby. Paupua
Tel: 258933



EUROPE, NORTH AFRICA AND MIDDLE EAST

NEW ZEALAND
Hewlett·Packard (N.l. ) ltd .
4-12 Cruickshank Street
Kilbirnie. Wellington 3
P.O. Box 9443
CounneyPlace

fe~I~F1.\~9
Cable: HEWPACK Wellington
Hewlett-Packard (N.l.) ltd .
Pakuranga Professional Centre
267Pakuranga Highway
Box 51092

f;~~w~~~
Cable: HEWPACK Auckland
Analytical/Medical Only
Medical Supplies N.l . ltd .
ScientificDivision
79 Carlton Gore Road. Newmarket
P.O. Box 1234
Auckland
Tel: 75-289
Cable: OENTAL Auckland
AnalyticaliMedical Only
Medical Supplies N.l. ltd .
Norrieand Parumoana Streets
Porlrua
Tel: 75-098
Telex: 3858
AnalyticaliMedical Only
Medical Supplies N.l. ltd .
P.O. Box 309
239Stanmore Road
Christchurch
Tel: 892-019
Cable: OENTAL Christchurch

AUSTRIA
Hewlett-Packard Ges.m.b.H.
Handelskai 52
P.O. Box 7
A-1205 Vienna
Tel: 351 621 ·27
Cable: HEWPAKVienna
Telex: 75923hewpaka

BAHRAIN
MedicalOnly
Wael Pharmacy
P.O. Box648
Bahrain
Tel: 54886.56123
Telex : 8550 WAELGJ
Cable : WAELPHARM
Analytical Only
AI Hamidiya Trading
andContracting
P.O. Box 20074
Manama
Tel: 259978. 259958
Telex: 8895KALOIA GJ

BELGIUM
Hewtett-Packaro Benelux
S.A.iN.V.
Avenue du cot-vert, 1.
(Groenkraaglaan)
B-1170 Brussels
Tel: (02) 660 50 50
Cable : PALOBEN Brussels
Telex: 23-494 palobenbru

CYPRUS

~~PG~~~~rios Xenopoulos Street
P.O. Box 1152
Nicos ia
Tel: 45628129
~:l~: :: mBoniCS Pandehis

CZECtjpSLOVAKIA
Vyvojova a Provozni lakladna
Vyzkumnych Ustavuv Bechovicich
CSSR·25097 Bechov lce u Prahy
Tel: B9 93 41
Telex: 12133
Institute of Medical Bionics
Vyskumny Ustav l.akarske] Bioniky
Jedlova 6
CS·88346
Bratislava·Kramare
Tel: 4251
Telex: 93229

DDR
Entwicklungslabor derTUOresden
b"D~~~ogSinstitut Meinsberg

Waldhelm/Melnsberg
Tel : 37667
Telex : 518741
Expon Contact AG luerich
GuentherForgber
Schlegelstrasse 15
1040Berlin
Tel: 42·74-12
Telex: 111889

Analytical/Medical Only
Medical Supplies N.l. ltd .
303 Great King Street
P.O. Box 233
Dunedin
Tel: 88-817
Cable: DENTAL Dunedin

NIGERIA
The Electronics

Instrumentations ltd.
N6B1770 Oyo Road
Oluseun House
P.M.B.5402
lbadan
Tel: 461577
Telex : 31231 TElL NG
Cable : THETIEL Ibadan
The Electronics Instrumentations lt d.
144 Agege Motor Road. Mushin
P.O. Box 481
Mushin. Lagos . Nigeria
Cable: THETEIL Lagos

PAKISTAN
Mushko &CompanyLtd.
Oosman Chambers
Abdullah Haraon Road
Karachi·3
Tel : 511027. 512927
Telex: 2894
Cable: COOPERATOR Karachi
Mushko &Company. ltd.
38B. Satellite Town

fe~~~I~~~di
Cable: FEMUS Rawalpindi

DENMARK
Hewlett-Packard AtS
Oatavej 52
OK-3460 Birkerod
Tel: (02) 81 66 40
Cable : HEWPACK AS
Telex: 37409 hpas dk
Hewlett-Packard AS
Navervej 1
OK-8600 Slikebo rg
Tel: (06) 8271 66

t~I~I~ :: 3JE~~s~sA~k
EGYPT
I.EA
International EngineeringAssociates
24Hussein Hegazi Street
Kasr-el-Aini
Cairo
Tel: 23 B29
Telex: 93830
Cable: INTENGASSO
SAMITRO
Sami AlOin Trading Office
1B Abdel Aziz Gawish
Abdlne-Celro
Tel: 24932
Cable: SAMITRO CAIRO

FINLAND
Hewlett-Packard OY
K'hkahousunb 5
P.O. Box 6
SF-D021 1 Helsinki 21
Tel: (90)6923031
FRANCE
Hewlett-Packard France
Avenue des Tropiques
Les Ulis
Boite Postale NO.6

~~~o(\ )090~ar8Ci~ex
TWX : 60oo4BF
Hewlett-Packard France
Chemin des Mouilles
B.P. 162

~~113gN3'jllll 25.
TWX: 310617F
Hewlett-Packard France
Pericenlre de la Cepiere
31081 Toulouse-Le Mlrall
Tel:161) 40 11 12
TWX: 510957F
Hewlett-Packard France
Le Ligoures
Bureau devente de Marseilles
PlaceRouee deVillenueve
13100 Alx-en·Provence
Tel: (42) 59 41 02
Hewlett-Packard France
2. Allee dela Bourgnette
35100Rennes
Tel: (99) 51 42 44
TWX : 740912F

PHILIPPINES
The OnlineAdvanced

Systems Corporation
Rico House
Amorsolo cor. Herrera Str.
~e8asG~:i1IE~g . Makati

Metro Manila
Tel: 85-35-81. 85-34-91.85-32-21
Telex: 3274 ONLINE

RHODESIA
Field Techn;cal Sales
45 Kelvin Road Nonh
P.O. Box 3458
Salisb ury
Tel: 705231 (5 lines)
Telex: RH 4122

SINGAPORE
Hewlett-Packard Singapore

(Pte.) Ltd.
1150 Oepot Road
Alexandra P.O. Box 5B

f~I~~~g~3~~
Telex: HPSG R5 214B6
Cable: HEWPACK. Singapore

SOUTH AFRICA
Hewlett-Packard South Africa

(Pty. l ltd .
Private aag Wendywood .
Sandton. Transvaal. 2144
Hewlett·Packard Centre
Daphne Street. Wendywood.
Sandton . 2144
Tel: 802·104018
Telex: B-47B2
Cable: HEWPACK Johannesburg

Hewlett·Packard France
18 . ruedu Canal de la Marne
67300 Schlttlghelm
Tel: (88) B30810
TWX : 890141F
Hewlett·Packard France
Immeuble pericentre
Ruevan Gogh
59650 Villeneuve (J Ascq
Tel: (20) 91 41 25
TWX: 160124F
Hewlett-Packard France
Bureau deVenle
Centre d' attaires Paris·Nord
Batiment Amp!re
Rue de la CommunedeParis
B.P. 300
93153 Le Blanc Mesnll cede.
Tel: P1) 931 88 50
Hewlett-Packard France
Av. du Pdt. Kennedy

~1~ogm~~~as9
Hewlett·Packard France
" France-Evry" immeuble Lorraine
Boilevard deFrance
91035 Evry-Cede.
Tel: 07796 60
Hewlett-Packard France
60. Rue de Metz
57130 Jouy au. Arches
Tel: (87) 69 4532

GERMAN FEDERAL REPUBLIC
Hewlett-Packard GmbH
Venriebszentrale Franldurt
Berner Strasse117
Posttacn 560 140
0-6000Frankfurt 56
Tel: (0611) 50-04-1
Cable: HEWPACKSA Franldun
Telex: 04 13249 hpMm d
Hewlett·Packard GmbH
TechnischesBuro BOblin8en
Herrenberger Strasse 11
0-7030 B6bllngen . WUrnemberg
Tel: (0703) 667·1
Cable: HEWPACK BOblingen
Telex: 07265739 bbn
Hewlett·Packard GmbH
Technisches Buro Dusseldort
Emanuel-Leutze-Str.1(Seestern)
0-4000 Dlisseldorl
Tel: (0211 ) 5971 1
Telex: 085186 533hpddd
Hewlett·Packard GmbH
Tecllnisclles Bllro Hamburg
Wendenstrasse 23
0-2000Hamburg 1
Tel: (040) 24 1393
Cable: HEWPACKSA Hamburg
Telex: 21 63 032hphhd
Hewlett-Packard GmbH
Tecllnisches Bura Hannover
Am Grossmark! 6
0-3000 Hannover 91
Tel: (0511) 4660 01
Telex: 092 3259

Hewlett-Packard South Africa
(Ply. ). ltd .

P.O. aox 120
Howard Place. Cape Province. 7450
Pine Park Centre. Forest Orive.
Plnelands . Cape Province . 7405
Tel: 53-7955thu 9
Telex: 57-0006

SRI LANKA
Metropolitan Agencies Ltd.
209Al Union Place
Colombo 2
Tel: 35947
Telex : 1377METROLTDCE
~able : METROLTO

SUDAN
Radison Trade
P.O. Box 921
Khartoum
Tel: 44048
Telex: 375

TAIWAN
Hewlett-Packard Far East ltd.
Taiwan Branch

~~~~~nf. ~~~a~I~~st Road
Taipei
Tel: 381 9160-9.3141010
Cable:HEWPACK TAIPEI
Hewlett-Packard Far East ltd.
Taiwan Branch
68·2. Chung Cheng 3rd. Road

~ro~m~~3 1 8 . KaohS i Ung
Analytical Only
San Kwang Instruments Co.• ltd .
20 Yung Sui Road
Taipei
Tel: 361 5446·9 (4 lines)
Telex: 22894 SANKWANG
Cable: SANKWANG Taipei

Hewlett-Packard GmbH
Teenniscnes auro Nllrnberg
Neumeyerstrasse 90
0·85OONli rnberg
Tel: (0911 ) 58 30 B3
Telex : 0623 860
Hewlett-Packard GmbH
Technisches sureMllncllen
Eschenstrasse5
0·B021 Teufklrchen
Tel: (089)6 117-1
Hewlett-Packard GmbH
TechnischesBllro Bertin
Kaithstrasse 2-4
0·1000 Berlin 30
Tel: (030) 2490 B6
Telex1)1 8 3405 hpbln d

GREECE
Kostas Karayannis
B Omirou Street
Athens 133
Tel: 32 30 303f.l2137 731
Analytical Only
INTECO
G. Papathonassiou &Co.
17 Marni Street
Athens 103
Tel: 5522 91515221 989
Telex : 21 5329 INTE GR
Cable: INTEKNIKA
Medical Only
Technomed Hellas Ltd.
52 Skoufa Street
Athens 135
Tel: 3626 972
HUNGARY
MTA
Mllszerllgy esMerestechnikai

Szolgalata
Hewlett·Packard Service
Lenin Kn. 67. P.O.Box 241
1391 Budapest VI
Tel: 4203 38
Telex: 22 51 14
ICELAND
Medical Only
E1dingTrading CompanyInc.
Hafnamvoli - Tryggvag6tu
P.O.Box 895
IS·Reykjavik
Tel: 1 582011 63 03
Cable: ELOING Reykjavik

IRAN
Hewlett-Packard Iran Ltd.
No. 13. Founeenth St.
Mir Emad Avenue
P.O. Box 4112419
Tehrlln
Tel: 851082·5
Telex: 213405 hewp ir

TANZANIA

~~~:~:i~~~rAeradio (E.A. ). Ltd.
P.O. Box 861
Dar 88 Salaam
Tel: 21251 Ext. 265
Telex: 41030

THAILAND
UNIM ESA Co. ltd.
Elcom Research Building
2538 Sukumvit Ave.

~e~~~93~3~7~39~~fJ~
Cable: UNIMESA Bangkok

UGANDA

~~~:~:i~~~rAeradio(E.A.). ltd.
P.O. Box 2577
Kampale
Tel: 54388
Cable: INTAERIOKampala

ZAMBIA
R.J. Tilbury (Zambia) Ltd.
P.O. Box 2792
Lusaka
Tel: 73793
Cable: ARJAYTEE. Lusaka

OTHERAREASNOTLISTED, CONTACT:
Hewlett-Packard Intercontinental
3200 Hillview Ave.
Palo Alto. California 94304
Tel: (415) 856-1501
TWX: 910-373-1267
Cable : HEWPACK Palo Alto
Telex: 034·8300. 034·8493

IRELAND
Hewlett·Packard Ltd.
King Street Lane
Wlnnersh, Wokingham
Berks. RGl l SAR
GB-England
Tel: (0734 ) 78 47 74
Telex: 847178
Cable: Hewpie London
Hewlett-Packard Ltd.
2CAvonbegIndustrial Estate
Long Mile Road
Dublin 12. Eire
Tel: (01) 514322
Telex : 30439
Medical Only
Cardiac Services oreland) Ltd.
Kilmore Road
Anane
Dublin 5. Eire
Tel: (01) 315820
Medical Only
Cardiac Services Co.

:~f~i~:Wl~MOUth
GB-NorthernIreland

ITALY
Hewlett·Packard ItalianaS.p.A.
ViaG.Oi Vittorio , 9
20063 Cernusco

Tel~Uk~~j~~l (Ml)
Telex: 311046 HEWPACKIT
Hewlett·Packard Italiana S.p.A.
Via Turazza • 14
35100 Pedove
Tel: (49) 684B88
Telex: 41612 HEWPACKI
Hewlett-Packard Italiana S.p.A.
Via G. Armellini 10
1-00143 Rome
Tel: (06) 54 6961
Telex: 61514
Cable: HEWPACKIT Roma
Hewlett·Packard ItalianaS.p.A.
Corso Giovanni Lanza 94
1-10133 Torino
Tel:(011) 6B2245Al59308
Medical£ aiculators Only
Hewlett-Packard ltaliana S.p.A.
Via Principe Nicola 43 G£
1-95126 Cetanla
Tel :(095) 37 05 04
Hewlett-Packard Italiana S.p.A.
Via Nuova San Rocco A.

Capodimonte. 6lA
1-B0131 Napoli
TeL: (081)7913544
Hewlett-Packard ItalianaS.p.A.
Via E. Masi. 9,11
1-40137 Bologna
Tel: (051 ) 3078871300040
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JORDAN
Mouasher Cousins Co.
P.O. Box 1387
Amman
Tel: 24907/39907
Telex: SABCO JO1456
Cable: MOUASHERCO

KUWAIT
AI-Khaldiya Trading &

P.go~~c~£8-safat
Kuwait
Tel:42 4910141 1726

LUXEMBURG
Hewlett-Packard Benelux
S.A.~ .V .
Avenuedu Col-Vert, 1
(Groenkraaglaan )
B-1170 Brua..la
Tel : (02)6722240
Cable : PALOBEN Brussels
Telex: 23494

MOROCCO
Dolbeau
Bl rue Karatchi
Casablanca
Tel: 3041 82
Telex: 23051122822
cable : MATERIO
Gerep
3, rued'Agadir
Casablanca
Tel : 27209315
Telex: 23739
Cable : GEREP-CASA
Cogedir
31 rueOmar Siaoui
Casablanca
Tel : 27 65 40
Telex : 21737123003
cable: COGEDIR

NETHERLANDS
Hewlett-Packard Benelux N.V.
Van Heuven Goedhartiaan 121
P.O. Box 667
NL-Amstelveen 1134
Tel: (020) 472021

NORWAY
Hewlett-Packard Norge AIS
OsterdaJen 18
P.O. Box 34
1345 Osteraas
Tel: Jl2) 1711SO
Telex: 16621 hpnas n
Hewlett-Packard Norge AIS
Nygaardsgaten 114
5000 Bergen

POLAND
Biuro Inlormacjl Technicznej
Hewlett-Packard
UI Stawki 2, 6P
00-950Warszawa
Tel: 33.25.88139.67.43
Telex: 81 24 53 hepa pi

UNIPAN
BiuraObslug! Technicznej
01-447 Warszawa
ul Newelska 6
Poland
lakJady Naprawcze Sprzetu

Medycznego

~~~~~d~/arySk iei 6
Tel: 334-41,33 7-83
Telex: 886981

PORTUGAL
Telectra-Empresa T~n ica de
EQuipamentos E I~ctricos S.a.r.1.
~u~. ~:~~~a Fonseca 103

P-Llsbon 1
Tel: (1 9) 66 60 72
Cable : TELECTRA Lisbon
Telex: 12598
Medicai only
Mundinter
Intercambio Mundial deCom~rcio

S.a.r.l.
P.O. Box 2761
Avenida Antonio Augusto

de Aguiar 138
P - Lisbon
Tel: (19) 53 21 31/7
Telex: 16691 munter p
Cable: INTERCAMBIO Lisbon

QATAR
~a8~eBO~~~~ &Contracting

Doha
Tel : 22170
Telex: 4439 NASSER
Cable : NASSER

RUMANIA
Hewlett-Packard Reprezentanta
Bd.n. Balcescu 16
Bucurestl
Tel: 15 SO 2311 3 88 85
Telex: 10440
I.I.R.U.C.
Intreprinderea Pentru

Intrelinerea
Si Repararea Utilajelor deCalcul
B-dul Prof. Oimitrie Pompei 6
Bucurest i-Sectorul 2
Tel: 88-20-70,88-24-40,88-67-95
Telex: 118

SAUDI ARABIA
Modern Electronic
Establishment ~ead Office )
P.O. Box 1228, Baghdadiah Street
Jeddah
Tel: 27 798
Telex: 40035
Cable : ELECTA JEDOAH
Modern Electronic
Establishment (Branch )
P.O. Box 2728
Riyadh
Tel: 62596.66232
cable: RAOUFCO
Modern Electronic
Establishment Illranch)
P.O. Box 193
AI·Khobar
Tel: 44678-44813

SPAIN
Hewlett-Packard Espanola, SA
calleJerez 3
E-Madrld 16
Tel: (1)456 2600 (10 lines)
Telex: 23515 hpe
Hewlett-Packard Espadnala SA
Colonia Mirasierra
Edificio Juban
% Costa Brava, 13
Madrid 34
Hewlett-Packard Espanola, SA
Milanesado 21-23
E-Barcelona 17
Tel: (3) 203 6200 (5 lines)

Hewlett-Packard Espanola, S.A.
AvRamdn y Cajal, 1
Edificio Sevi lla, planta 9 '
-Sevill e 5
Tel: 64 44 54158

~~~~1~-~b~~I~dPCanOla SA.
E-Bllbao 1
Tel: 23 83 06123 82 D6

~~~~~~:d~l;srnol a S.A.
(Enlio.)

E-Valencla· l0
Tel: 96-361.13.54/361.13.56

SWEDEN
Hewlett-Packard SverlgeAB
Enighetsv3gen 3, Fack
S-161 Bromma 20
Tel : (08 )7300550
Telex: 10721
cable: MEASUREMENTS

Stockholm
Hewlett-Packard SverigeAB

~~~\ISf2~~;~a Frcllunda
Tel: p:ll ) 490950
Telex:10721 via Brommaoffice

SWllZERLAND
Hewlett-Packard ~chweiz ) AG
ZOrcherstrasse 20
P.O. Box 307
CH-8952 SchUaren-Zurich
Tel: (01) 7305240
Telex: 53933 hpag ch
Cable: HPAG CH
Hewlett-Packard ~chweiz ) AG
Chateau Bloc 19
CH-1219Le Llgnon-Geneva
Tel: 1)22) 96 03 22
Telex: 27333hpag ch
Cable: HEWPACKAG Geneva

SYRIA
General Electronic Inc.
Nurl Basha-Ahnat Ebn Kays Street
P.O . Box 5781
Damascus
Tel: 33 24 87
Telex: 11215 ITlKAL
Cable: ELECTROBOR OAMASCUS
MedicaliPersonal Calculatoronly
Sawah &Co.
Place Azm~

B.P. 2308
Damascus
Tel: 16367-19697-14 268
Suleiman Hilal EI Mlawi
P.O. Box 2528
Mamoun 8itarStreet, 56-56
Dam.scusTel: 11 4663

TUNISIA

~~n~~:n~I:~~ol~iTI~erte
Tunis
Tel: 280 144
Corema
1 ter. Av. deCarthage
Tunis
Tel: 253 821
Telex: 1231 9 CABAM TN

TURKEY
TEKNIM Company Ltd.
RizaSah Pehlevi
caddesi No. 7
KavakJidere, Ankara
Tel : 275800
Telex: 42155
Teknim Com.. Ltd.
Barbaros Bulvari 55112
Beslkyas, Istanbul
Tel: 613546
Telex: 23540
Medical only
E.M.A.
Muhendislik KollektilSirkeli
Mediha Eidem Sokak 41.6
Yilksel caddesi
Ankara
Tei : 1756 22
cable: EMATRADE/Ankara
Analytical only
YilmazOzyurek
Milli Mudafaa cad 16.6
Kizilay

Ankara
Tel : 25 03 09 - 17 80 26
Telex: 42576 OZEKTR
Cable: OZYUREK ANKARA

UNITED ARAB EMIRATES
Emitac Ltd. ~ead Office)
P.O. Box 1641
Sharlah
Tel: 3,4121 /3
Telex: 8136
Emitac Ltd. (BranchOffice)
P.O. Box 2711
Ahu Dhabi
Tel: 331 37011

UNITEDKIN(;DOM
Hewlett-Packard Ltd.
King Street Lane
Wlnnersh, Wokingham
Berks. RG 11 SAR
Tel: (0734)784774
TelexJl47178,9
Hewlett-Packard Ltd.
TrafalgarHouse
Navigalion Road
Allr incham
Cheshire WA14 lNU
Tel: (061 ) 928 6422
Telex: 668068
Hewlett-Packard Ltd.
Lygon Court
Hereward Rise
DudleyRoad
Halesowen,
West Midlands B62 8SD
Tel: 1)21 ) 550 9911
Telex: 339105

Hewlett-Packard Ltd.
WedgeHouse
799, LondonRoad
Thornton Heath
Surrey CR4 6XL
Tel: ~1) 6840103
Telex: 946825
Hewlett-Packard ltd
10, WesleySI.
CasUeford
Yorks WF1 0 l AE
Tel : ~977) 550016
Telex: 557355
Hewlett-Packard ltd
1, WallaceWay
Hltchin
Hertiordshire, SG4 OSE
Tel: (0462) 31111
Telex: 82.59.81

USSR
Hewlett-Packard
Representative OfficeUSSR
Pokrovsky Boulevard411 7-kw12
Moscow 101000
Tel: 294 .20.24
Telex: 7825 hewpaksu

YUGOSLAVIA
Iskra-Standard ,Ii ewlett-Packard
Miklosiceva 38NU
61000 Llubllana
Tel: 31 5879/32 16 74

SOCIALIST COUNTRIES
NOT SHOWN PLEASE
CONTACT:
Hewlett-Packard Ges.m.b.H
Handelskai 52
P.O. Box 7
A-1205 Vienna, Austria
Tel: 1)222) 35 1621 to 27

MEDITERRANEAN AND
MIDDLE EAST COUNTRIES
NOT SHOWN PLEASE CONTACT:
Hewlett-Packard SA
Mediterraneanand Middle
East Operations
35, Kolokotroni Street
Platia Kefallariou
GR-Kifissia-Athens, Greece
Tel: 808033712591429

FOR OTHERAREAS
NOT LISTED CONTACT
Hewlett-Packard S.A.
7, ruedu Bois-du-Lan
P.O. Box
CH-121 7 Meyrin 2 - Geneva
Switzerland
Tel: (022) 82 70 00



To ensure that you receive
current information on our
RF/Microwave Diodes and
Microwave Transistor products,
Microwave Integrated Products,
please complete the attached
profile card.

BOOT

GOVERNMENT/EOUCATION/
RESEARCH
76. Fed eral Government I Non-Mi litary :
78 M il it ary Services
80 Sta te /L oca l Governments
82 . Co llege/Un iversi ty (Non-Medical)
84 Med ical Sc hool
86 Secondary Edu cati on
88 Independent Research Lab

I Non-M ed ical I

90 Medical Resear ch Organi zation

(Last i

HP ha s o ther prod uc t ar eas no t lis ted
above , If an y o f the se are o f oerucu'sr
interest to you . please check below.

o Electr o ruc Measurrn g /T est
tnst rumentat ro n

o Com pu ters and Systems

o An al yt ica l/ Che m ical In str umenta tion

o Med ical Instr ument at ion

Just take a moment now to
select the appropriate product
interest, company description
and job classification; then
complete your name and
address and return the reply
card to Hewlett-Packard.

SERVICES
44. Ban king /I nvest ment
46 In surance
48. Accounting Servi ces
50 Legal Servic es
52. Co mputer/ Data Pro c Consut t inq
54 Software /Systems House
56 Physrc ia n. Pri vate Pract ice
58. Hosp ita l/ Cl in ic
60. Electnc / Gas Ut ili ty
62. Telephone lTelegraph/ Posta l Services
64. Rad ,oITV/ CATV Br oad casting

I M.I.I

RF an d Microwave Generation/
Amplif ica tion

P 0 Bip o lar and Fie ld Effect Transis tor s
Q 0 Amp lif ier s
R 0 IMPATT Diode s
S 0 Step Recovery Diod es
T 0 Comb Generator /M ultip lie r

Modu les
High Reli ab il i t y
U 0 High Reliab il it y Test Servi ces and

Mil Itar y Ouautted Part s

State Zip _

4 Fir st r

Genera l Purpose Switching and Logic
F 0 Sch ott ky Diode s

RF and Microwave Control
G 0 HFIVHF/UHF PIN Diod es
H 0 M icr ow ave PIN Diod es
I 0 SPST. SPDT SWitc hes
J 0 Mortutator s/At tenuator s
K 0 lim iters

AF and Microwave Conversion
L 0 HFIVHF/UH F MIXer/Detect or Diode s
M 0 Microw ave Mi xer /Detec tor DIode s
N 0 HFIVHF/UHF MIXers
o 0 Microw ave Mixers/D etec tors

Please write the number which BEST describes your company or institution in the box , " Company" , below.

MANUFACTURING/PROCESSING 34 Food /Beverages 66 Tra nsp or tat ion Camers
02 Elect roni c Measu,mg fTest Equ ipme nt 36 Wood /Paper Prod uct s 68 Con struc tion
04 Com po nents/ Semiconductor Mtg 38 . Pha rrna ceuuca ls 70 Wh o lesa le /Reta il Trade
06 Co m pu te rs. Data Proce ssing Eq uipment 40 . Pri nt ing /P ub li sh in g 72 C IvIl Eng in eer ing / Survey in g
08. Co m rnu ruc ano ns Equ ip rnent 42 Other Manufactur in g/ Processin g 74 o ther Ser vices
10 Consumer Elect ro nics Eq u ipment
12 Navigatio n/G uidance/R ad ar Systems
14 . M issile s/ Spa ce Vehicl es
16 Aircr aft /P art s
18 A ut om oti ve/R ailwa y verncres
20 . Boats /Sh ip s
22. Petr o leum Extr act ion/R ef in in g
24. Cnerm cats / Plastrcsv' Syn theucs/Rubber
26 . Textiles/A ppare l
28 MIni ng
30 . Pnmary Meta ls
32 Mach inery/F abricated Metal Prod uct s

Please write the number wh ich BEST describes your professiona l activity in the box, " Profession" , below.

0 1 Management. Genera l/Co rp 21. Applicati ons Engin eeri ng 39 Med ica l Tec nrncran
03 Fin ance/ Accounti ng 23 Manutactu rmq / Prod ucn o n 41 BIoe ng ine eri ng
05 Lo ng Ran ge Pla nn ing 25. Process Contro l 43 Lab orator y Ana rysrs
07 PurchaSing 27 Quali ty Co nt rol /T es t 45 Clini ca l Eng ln eerrng
09 Data Processing . Mgmtl Supervlso ry 29. Meth od s Develop m ent 47 Chemical Ana tys rs
11 Sys tems Manager /Eng in eer 31 Med Ical Ad rrurust rano n 49 Co nsult in g
13 Marketin g /Sale s 33 Med ical Draqnosis/Treatm ent 51 Teaching
15 Ma int enan ce /Fi eld Servi ce 35 Pnys rc ran 53 Student
17 Research 37 Nur se 55 Other
19 Eng ineeri ng Design/D evelopmen t

Please indi cate your product interests by checking the appropriate boxes below.

I Profession l

Name

Company

Address

Please pr in t clearly :

City _

Category I

Category II

HEWLETT' PACKARD

CO M PON ENT S

rCom pa ny r
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Attn: Marketing Communications
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Address

City State Zip _

Address _

800T

BOOT
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HEWLETT~ PACKARD

COMPONENTS

HEWLETT~ PACKARD

COMPONENTS

,HEWLETTjJj PACKARD

COMPONENTS

o Please have a sales engineer contact me.

2, (Please print clearly)

o Please have a sales engineer contact me,

2. (Please print clearly)

Name _

Phone _

City State Zip _

Co mpa ny _

Phone _

Company _

Name _

City State Zip _

Company _

Address _

o Please have a sales engineer contact me,

2. (Please print clearly)

Name _

1. 0 Please send additional information on the
following type(s):

Phone _

1. 0 Please send additional information on the
following type(s):

1, 0 Please send additional information on the
following type(s):

Attention Microwave semiconductor Division:

Attention Microwave semiconductor Division:

Attention Microwave semiconductor Division:
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