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Preface

This catalog contains comprehensive information about Alpha’s semiconductor devices. In addition to the technical data
sheets, which contain detailed specifications, the catalog contains application notes and package outline drawings. A

section-by-section breakdown of the catalog is as follows:
Section 1 gives a brief overview of Alpha’s Semiconductor Division.

Sections 2 through 5 contain comprehensive information on Mixer and Detector Diodes (including Schottky barrier and
point contact diodes), Control Diodes (including PIN switching, attenuator, and limiter diodes, and Silicon and GaAs Tuning
diodes), Power Generation Devices (including Gunndiodes and modules, and GaAs and silicon parametric amplifier diodes),
and silicon and GaAs multiplier and step recovery diodes. These sections contain detailed technical data sheets, as well

as quick reference charts and application notes.
Section 6 gives complete data on Alpha’s line of MIS capacitors.

Section 7 contains three application notes on bonding methods for diode chips, beam-lead diodes and capacitors; relia-

bility testing and screening of semiconductors; and Alpha’s high-reliability diodes for space and military applications.

Section 8 includes outline drawings of all products which appear in this catalog, listed by package number. Also, a package

silhouette chart shows actual size silhouettes with corresponding package numbers, grouped by “families.”

Section 9 is a speed index, listing every part number that appears in this catalog alphanumerically, with its corresponding

page number.

Section 10 presents Alpha ordering information, as well as Alpha’s domestic and international sales offices and

representatives.

The information and specifications in this document are subject to change without notice. This document contains information about
Alpha products or services that may not be available outside of the United States. Consult your Alpha sales representative.

© Alpha Industries, Inc. 1985

Publication Number 50010010 February 1985
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Section 1
Introduction

Alpha Industries is a leading manufacturer of highly
sophisticated microwave materials, devices,
components, and subsystems. For over twenty years,
the Semiconductor Division, Alpha’s largest operating
group, has been designing and producing microwave
devices and components that are used in the
generation, amplification, detection, and control of
microwave energy. Among the division’s strengths are
its flexibility and willingness to meet unique customer
requirements with quick reaction time and the
maintenance of strict quality standards.

The Semiconductor Division manufactures one of the
broadest product lines in the industry with extensive in-
house silicon and gallium arsenide capabilities. The line
includes Mixer and Detector diodes — both Schottky
Barrier and Point Contact types — a broad variety of
control and generating devices inciuding PIN, Beam-
Lead PIN, Limiter, Gunn, Tuning, and Muiltiplier diodes,
and Parametric Amplifier Varactors, as well as special
devices such as Beam-Lead and Chip Capacitors.

Alpha’s state-of-the-art production facilities are
amongthe mostadvancedintheindustry. Sophisticated
automatic equipment, much of it designed by Alpha
engineers, provides for the processing, assembling,
andtesting of micro-miniature devices and assemblies.

Elaborate precautions taken at each manufacturing
stage ensure the integrity of materials used and allow
complete wafer traceability. Process methodologies
extend from vapor phase epitaxial (reactors) to ion
implantation. A complex of fully-equipped class 1000
clean rooms totaling 4400 square feet provide a
stringently-controlled environment for each processing
chip.

Quality Control is always a top priority at Alpha,
exemplified by one of the industry’s best performance
records. Alpha’s Semiconductor Division has placed
devices on virtually every major program requiring high
reliability from military aircraft, ships, and missiles to
deep space satellites.

A significant problem facing microwave designers
today is the difficulty in matching device parameters to
inherent circuit characteristics. Optimum performance
can best be achieved through close communication
between the designer and Alpha’s staff of Applications
Engineers. The result is a broad inventory of devices
totaling in excess of 25 million chips. In many cases,
immediate samples can be provided for the most unique
device.

This catalog is a guide to assist you in designing and
specifying your particular needs. More than 75% of
Alpha’s business is non-catalog items. If you do not find
exactly what you are looking for in this catalog, contact
your local representative or call us at (617) 935-5150 for
further assistance.

Alpha is committed to continuing development of state-of-the-art
manufacturing processes. These diode bonding machines with
video monitors are among the most advanced in the industry.
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Section 2
Mixer and Detector Diodes

Schottky Barrier Diodes
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Schottky Barrier Mixer and Detector Diodes

Quick Reference Chart

Monolithic
Beam-Lead Device

Electrical Circuit

Features

Single

Ideal for use as mixers or detectors on MICs.

Series Pair

Ideal for use anywhere a closely matched pair of diodes is required.

Reverse Series Pair

Same as above except for polarity.

Common Cathode
Pair

Ideal for signal comparison detectors.

Antiparallel Pair

ldeal for subharmonically pumped mixers in which case odd
harmonics are suppressed.

Split Pair

Ideal for temperature compensated detector use.

Four Junction Pair

Ideal for high level up-converters.

Star Quad Ideal for use in Star mixer circuits, which do not require an IF balun.
Quad Bridge Ideal for use in termination-insensitive mixers or biased mixers.
Quad Ring Ideal for use in double balanced mixers.

Eight Junction Ring Ideal for use in double balanced mixers requiring higher compression

point and/or better IM performance.

Twelve Junction Ring

Ideal for use in double balanced mixers where highest compression
point and/or best IM performance is required.
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Schottky Barrier Mixer and Detector Diodes
Quick Reference Chart

Description

This selection chart identifies the standard line of Alpha
Schottky barrier mixer and detector diodes by basic
construction, package style and frequency band.

Pressure Contact
MIXERS DETECTORS
Actual Alpha
Type Size Package Notes S-Band X-Band Ku-Band X-Band
Glass 075-001 Medium Drive | DMC5501 DMC5504
- Low Drive DMF6130
Low 1/f Noise DMC4037 DDL6672
Zero Bias DDC4562
Ceramic 005-801 Low 1/f Noise | DMC5910 DMB5880 DDL6725
Low 1/f Noise DMB6411
- Low 1/f Noise DMC6224
DMF6724
Zero Bias DDC4561
MQM - 013-001 Medium Drive | DMC5503 DMCs5506(" | DMCS5507(1)

Note:
1. Low Drive available upon request.
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Schottky Barrier Mixer and Detector Diodes
Quick Reference Chart

Beam-Lead — Unmounted

Actual Alpha Mixers Detectors
Type Size Pkg. Descrip. S X Ku Ka mm X Ku K
Single 174-002 |Zero Bias DDC4565
174-001 |Low Drive DMF5817 |DMF5818 |DMF5600 DDE6316 |DDE6890
174-002 |Low 1/f Noise DMB4500|DMB4501 DDB4503 |DDB4504 |DDB3265
, 174-001 |Medium DME3127 |DME6957|DMEG507
Drive
High Drive DMJ5034 [DMJ6777 {DMJ6778
GaAs DMK6604|DMK6605| DMK6606|DMK4791
366-001 |GaAs DMK4784
Series 378-012 |Low Drive DMF5835 |DMF5819 |DMF4788
Pair X
Medium
- Drive DMES3050|DME3051 |DMEES53
High Drive DMJ3092 |DMJ3093 |DMJ4705
Series 378-016 |Low Drive DMF6958 | DMF3223
Pair .
. Medium
Drive DME3177
GaAs DMK6591 {DMK3241
Common 378-013 |Low Drive DMF3182 |DMF3183 |DMF3184
Cathode .
Pair - MeQ|um
Drive DME3205|DME3206|DME3207
High Drive DMJ3208 |DMJ3209 |DMJ3210
Anti-
parallel
Pair 396-025 |Low Drive DMF3185 |DMF3186 DMF3187
. Medium
Drive DME3282|DME3283|DME3284
High Drive DMJ3303 |DMJ3304 |[DMJ3246
GaAs DMK3307
Split Pair 408-009 |Low Drive DMF3196 {DMF3197 |DMF3198
. Medium
Drive DME3199 |DME3200|DME3201
High Drive DMJ3202 [DMJ3203 |DMJ3204
Four-
Junction -
Pair 407-029 |High Drive DMJ3180 ([DMJ3181
Quad Ring 399-003 [Zero Bias DMH3159
294-003 |Low Drive DMF6829 DMF4011 |DMF4012
. Medium
Drive DME6561|DME6562|DME6G563
High Drive DMJ4502 [DMJ6990 |DMJE667
GaAs DMK6592
Quad
Bridge 294-004 |Low Drive DMF3076 |DMF3077 |DMF3078
. Medium
Drive DME3029| DME3030{DME3031
High Drive DMJ4312 [DMJ3088 |DMJ4768
GaAs DMK4746
Star Quad 397-034 |Low Drive DMF3188 |DMF3189 [DMF3190
+ Medium
Drive DME3181 [DME3192 [DME3178
High Drive DMJ3193 |DMJ3194 |DMJ3185
8-Junction
Ring 294-021 |Low Drive DMF3287 |DMF3288
L] Medium
Drive DME3273{DME3274
High Drive DMJ4759 [DMJ4771
12-Junction
Ring " 398-022 |High Drive DMJ6564




Schottky Barrier Mixer and Detector Diodes
Quick Reference Chart

Beam-Lead — Mounted
. . .
Ceramic (100 mil diameter)
Actual Alpha Mixers Detectors
Type Size Pkg. Descrip. L S X Ku Ka mm X Ku K
Single 130-011 |Zero Bias DDC4582
Low Drive DMF5845 DMF5827 [DMF68022
Low 1/f Noise DMB6780/DMB6782 DDB4719 |DDB3263 |DDB5098
—— Medium
Drive DME3128 |DME3055| DME3056
High Drive DMJ6784 [DMJ6786 (DMJ6670
GaAs DMK6571
Series Pair 131-012 |Low Drive DMF5846 | DMF6460;DMF6459
—?— Medium
Drive DME3012 \DME3013 {DME3014
High Drive DMJ6531 | DMJ4317 |DM.3081
Anti-
}E’Z:ra"e' 130-025 [Low Drive DMF3226DMF3245 [DMF3286
—— Medium
Drive DME3270|DME3271|DME3272
High Drive DMJ3294 |DMJ3295 |DMJ3296
Split Pair 132-008 |Low Drive DMF4040|DMF5828DMF6023
Low 1/f Noise DDB5138
_+_ Medium
Drive DME3009|DME3010 |DME3011
High Drive DMJ3095 |DMJ3096 |DMJ3097
Quad Ring 132-002 |Zero Bias DMH4383
Low Drive DMF4000 DMF5847 |DMF5829 |DMF6395
_+_ Low 1/f Noise DMB3211
Medium
Drive DME6549/DME3038|DME4756 | DME3039
High Drive DMJ4007 |DMJ6788 |DMJ3082
g::ge 132-004 [Low Drive DMF3059 [DMF5848 DMF6288 | DMF6298
‘ Mgg‘lll;m DME3040|DME4370{DME3041
High Drive DMJ6575 [DMJ4313 |DMJ3083
g::;sg::; 132-010 |Low Drive DMF4384 |DMF6555
l Mgg‘l/l;m DME3028
High Drive DMJE708
g?:‘l;nctlon 132-020 |Low Drive DMF3242
—+— Medium
Drive DME4399
High Drive DMJ6754 |DMJ4708 |DMJ3091
1§i::nml0n' | 132-022 [High Drive DMJ4766
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Schottky Barrier Mixer and Detector Diodes

Quick Reference Chart

Beam-Lead — Mounted
Ceramic (50 x 50 mil square)

Actual Alpha Mixers Detectors
Type Size Pkg. Descrip. L S X Ku Ka mm X Ku K
Single 295-011 |Zero Bias DDC6980
Low Drive DMF3175 {DMF3068 |DMF3069
Low 1/f Noise DMB3000|DMB3001 DDB3221 [DDB3266 |DDB3267
—— ,
Medium
Drive DME3057|DME3058
High Drive DMJ3151 |DMJ3152
GaAs DMK6583
Series Pair 295-012 |Low Drive DMF3215 |DMF3066 [DMF8554
Medium
—T— Drive DME6569|DMES3054
High Drive DMJ3101 |DMJ3102
GaAs DMK3167
Anti-
paraliel
Pair 295-025 |Low Drive DMF3230|DMF3289|DMF3290
—— )
Medium
Drive DME3275|DME3276|DME3277
High Drive DMJ3297 {DMJ3298 |DMJ3299
Split Pair 295-008 |Low Drive DMF3074|DMF3073
Medium
Drive DME3015 [DME3016
High Drive DMJ3099 |DMJ3100
Quad Ring 295-002 |Zero Bias DMH6570
Low Drive DMF4549 DMF4745|DMF4574
} Medium
Drive DME3043|DME4750|DME4541
High Drive DMJ3086 |DMJ3087 |DMJ4397
Quad
Bridge 295-004 |Low Drive DMF3067 |DMF6558  DMF6574
—+— Medium
Drive DME3052|DME6567|DME3053
High Drive DMJ3114 \DMJ3115 (DMJ3116
8-Junction
Ring —+— 295-020 |High Drive DMJ3094 |DMJ4747
12-Junction
Ring | 295-022 |High Drive DMJ6596
Double
Quad Ring 418-038 |Low Drive DMF3243
Medium
Drive DME3261
(8 leads) High Drive DMJ3262




Schottky Barrier Mixer and Detector Diodes
Quick Reference Chart

Beam-Lead — Mounted
- - u u
Hermetically Sealed (100 x 100 mil square, 110 mil diagonal)
Actual Alpha Mixers Detectors
Type Size Pkg. Descrip. L S X Ku Ka mm X Ku K
Single 364-011 |Zero Bias DDC4722
Low Drive DMF4365 [DMF3064 | DMF3065
Low 1/f Noise DMB3003|DMB3004 DDB3268 [DDB4393 [DDB3269
—— Medium
Drive DME3124 |DME3125 |DME3126
High Drive DMJ3153 |DMJ3154 |DMJ3155
GaAs DMK3308
Series Pair 364-012 |Low Drive DMF4526 [DMF4734
T Medium
Drive DME3025|DME3026
High Drive DMJ4760 |DMJ3089
Split Pair 364-008 |Low Drive DMF4713 |DMF3062
Medium
-—+— Drive DME3023|DME3024
High Drive DMJ3106 [DMJ3107
GaAs DMK6986
Quad Ring 364-002 |Zero Bias DMH3158
Low Drive DMF3074 |DMF3075
Medium
Drive DME3238|DME4730{DME3047
High Drive DM.J3237 IDMJ3108 (DMJ3109
Quad
Bridge 364-004 |Low Drive DMF3079 DMF3080
+ Medium
Drive DME3036{DME3037
High Drive DMJ3122 |DMJ3123
Star Quad 364-034 |Low Drive DMF3251 [DMF3252|DMF3253
+ Medium
Drive DME3254| DME3255|DME3256
High Drive DMJ3257 |DMJ3258 |DMJ3259
8-Junction
Ring l 364-020 |High Drive DMJ3112 [DMJ3113
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Schottky Barrier Mixer and Detector Diodes
Quick Reference Chart

Beam-Lead — Mounted
Hermetically Sealed (100 x 100 mil square, 140 mil diagonal)

Actual Alpha Mixers Detectors
Type Size Pkg. Descrip. L S X Ku Ka mm X Ku K
Singles 325-011 |Zero Bias DDCA4717
Low Drive DMF5079|DMF4035
Low 1/f Noise DMB6781 DDB4371
. Medium
Drive DME3006|DME3005
High Drive DMJ6785 |DMJE789
GaAs DMK4712 [DMK6635
Series Pair 325-012 |Low Drive DMF6576 |DMF6704
Medium
—T— Drive DME3012 DME3022
High Drive DMJ4783 |DMJ3090
GaAs DMK4525
Anti-
parallel
Pair 325-025 |Low Drive DMF3291 [DMF3292 | DMF3293
—— )
Medium
Drive DME3278|DME3279(DME3280
High Drive DMJ3300 |DMJ3301 |DMJ3302
Split Pair 325-008 |Low Drive DMF3070|DMF3071
Medium
Drive DME3019 |DME3020|DME3232
High Drive DMJ3098 |DMJ3105 {DMJ3234
Quad Ring 325-002 |Zero Bias DMH3157
Low Drive DMF4059|DMF5080
Medium
Drive DME3044|DME6557
High Drive DMJ6668 |DMJE669
Quad
Bridge 325-004 |Low Drive DMF3063|DMF4352
Medium
Drive DME3032|DME3033
High Drive DMJ3120 |[DMJ3121
8-Junction
Ring 325-020 |Low Drive DMF3179
High Drive DMJ4394
12- Junction|
Ring + 325-022 [High Drive DMJ3216
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Schottky Barrier Mixer and Detector Diodes
Quick Reference Chart

Beam-Lead — Mounted
Hermetically Sealed (70 x 70 mil square, 98 mil diagonal)

Actual Alpha Mixers Detectors
Type Size Pkg. Descrip. L S X Ku Ka mm X Ku K
Single 404-011 {Zero Bias DDC3218
. Low Drive DMF3222
Series Pair I 404-012
Medium
Split Pair _+_ 404-008 | Drive DMES3224
Quad Ring I 404-002
Quad
Bridge _+_ 404-004
8-Junction
Ring —+— 404-020
Other types available.
Consult tactory for part numbers.
Beam-Lead — Mounted
Plastic
Actual Alpha Mixers Detectors
Type Size Pkg. Descrip. L S X Ku Ka mm X Ku K
Quad Ring 313-002 |Low Drive DMF4792
-+_ Medium
Drive DME3027
Beam-Lead — Mounted
Fiberglass
Quad Ring 337-002 (Zero Bias DDC6755
Low Drive DMF4520
. Medium
Drive DME3045|DMES805
High Drive  |DMJ4590
Quad .
Bridge 337-004 |Low Drive DMF4540
Beam-Lead — Mounted
Ceramic (Low Parasitics)
Crossover
Ring Quad 401-031 |Low Drive DMF3214
— Medium
Drive DME3285
High Drive DMJ3305
Crossover
Bridge
Quad 401-040 (Low Drive DMF3213
-~
Medium
Drive DME3281
High Drive DMJ3306
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Schottky Barrier Mixer and Detector Diodes
Quick Reference Chart

Chip

Actual Alpha Mixers Detectors
Type Size Pkg. Descrip. L S X Ku K Ka X Ku K
Chip 270-804 |Zero Bias CDC7609
270-805 |Low Drive DMG6412|DMG6413|DMG6414 |DMG7599 |DMG6415
270-804 |Low 1/f Noise CMB7602|CMB7601 CDB7605 |{CDB7606
270-807 |GaAs CMK7703|CMK7704 CMK7705
.
Chip — Packaged
Actual Alpha Mixers Detectors
Type Size Pkg. Descrip. L S X Ku Ka mm X Ku K
Ceramic 207-001 | Zero Bias DDC4563
Low Drive DMF6887 |DMF6106 {DMF6107 |DMF5078
' Low 1/f Noise DMB4009 DMF5078Y DDB6673Y
Medium
Drive DME4008
GaAs DMK6600|DMK6602| DMK6603
Mini
Ceramic 247-001 |Zero Bias DDC4564
Low Drive DMF6898 |DMF4018 [DMF4019 |DMF4039
. Low 1/f Noise DMB4799 DDB3212 DDB4585
Medium
Drive DME3174
High Drive DMJ3236 [DMJ4770
GaAs DMK6601 [ DMK5068|DMK4058
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GaAs Schottky Barrier Mixer Diodes

Features

* Low Noise Figure

* Excellent Cutoff

¢ |deal for Image Enhancement Mixers

* Passivated Planar Construction for Reliability

Actual Size

Magnification: 10X

Description

Alpha’s series of gallium arsenide Schottky barrier
diodes are available in beam-lead, chip and packaged
forms for mixer applications through 100 GHz. They are
designed for low junction capacitance as well as low
series resistance and exhibit calculated cutoff frequen-
cies in excess of 1,000 GHz.

The packaged diodes are hermetically sealed and
may be used in waveguide, stripline or coaxial config-
urations.

Beam-lead diodes are particularly well suited for MIC
work. The beam-lead design eliminates the problems
associated with bonding to the junction, as is the case
with a chip diode. A line of chip diodes is available for
those who prefer to use chip and wire techniques for
their MIC work. Capacitance ranges and series resis-
tances on the beam-lead and chip diodes are compa-
rable to those of their packaged counterparts.

Beam-lead and chip diodes may be mounted on a
variety of standard or special substrates; if desired,
Alphawill also bond them directly into a customer circuit,

These diodes are categorized by noise figure for
mixer applicationsinthree frequency ranges: X, Ku, and
Ka-bands. Gallium arsenide diodes are particularly well
suited forimage enhancement mixer circuits due to their
high cutoff frequency. Conversion loss for these diodes
approaches the theoretical minimum of 3.0 dB (single
sideband) in X-band and is significantly lower than sili-
con Schottky diodes at frequencies above 12 GHz.

Matched pairs of mixer diodes are used in conjunc-
tion with a hybrid or magic-tee primarity for suppressing

noise originating in the local oscillator. They are also
used to isolate the local oscillator arm from the signal
arm, thus minimizing radiation and absorption of signal
power. Other uses are for specific reflection of signals
through the hybrid and for balanced modulators and
discriminators.

The matching criteria for packaged mixer diodes are
as follows:

a) Conversion loss (within 0.3 dB of each other)
b) IF impedance (within 25 ohms of each other)

These specifications allow the noise figure of the
receiver to deteriorate no greater than 0.1 dBdueto local
oscillator noise.

Atypical Vyvs | curve is plotted in Figure 1. Figure 2
shows a typical plot of Capacitance vs Bias Voltage.

Noise figure and IF Impedance as a function of Local
Oscilfator Drive Level with DC bias is shown in Figure
3.

Diodes may also be especially tailored to meet your
particular electrical specifications or package configu-
ration needs.

See Sections 2 and 7 for Application Notes:

80800 Mixer and Detector Diodes

80850 Handling Precautions for Schottky Barrier
and Point Contact Mixer and Detector Diodes

80000 Bonding Methods: Diode Chips, Beam-Lead

Diodes and Capacitors

2-11



GaAs Schottky Barrier Mixer Diodes

Typical Ku-Band Mixer Diodes
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GaAs Schottky Barrier Mixer Diodes

. V
Electrical Characteristics 1mA
mV
Vg
NE™M F.? C,@ov 10pA
Frequency Package dB GHz pF \7
Band Type Number Outline Max. Min. Min. | Max. |Min.|Max.| Min.
Packaged:
X DMK6600A 207-001 5.0 750 0.10 0.20 600|800 | 3.0
X DMK6601A 247-001 5.0 750 0.10 0.20 600 (800, 3.0
X DMK6600 207-001 5.5 500 0.10 0.20 600 (800 3.0
X DMK6601 247-001 5.5 500 0.10 0.20 600 |800| 3.0
Ku DMK6602A 207-00t 5.3 750 0.05 0.15 6001800 3.0
Ku DMK5068A 247-001 53 750 0.05 0.15 600 (800( 3.0
Ku DMK6602 207-001 5.8 500 0.05 0.15 600 | 800 | 3.0
Ku DMK5068 247-001 5.8 500 0.05 0.15 600|800 | 3.0
Ka DMK6603A 207-001 6.5 600 — 0.08 600|800 3.0
Ka DMK4058A 247-001 6.5® 600 — 0.08 600|800 | 3.0
Ka DMK6603 207-001 .0 350 — 0.08 600 | 800 3.0
Ka DMK4058 247-001 7.0® 350 — 0.08 600{800( 3.0
Beam-Lead Singles:®
X DMK6604A 174-001 6.09 500 0.10 0.20 600|800 | 3.0
X DMK6604 174-001 7.09 350 0.10 0.20 600 (800 | 3.0
X DMKB583A 295-011 6.09 500 0.10 0.20 600 {800 | 3.0
X DMK6583 295-011 7.09 350 0.10 0.20 600 ! 800 | 3.0
X DMK3308A 364-011 6.0® 500 0.10 0.20 600 | 800| 3.0
X DMK3308 364-011 7.0¢ 350 0.10 0.20 600|800 3.0
Ku DMK6E605A 174-001 6.39 500 0.05 0.15 600|800 3.0
Ku DMK6605 174-001 7.39 350 0.05 0.15 600 | 800 | 3.0
Ka DMK6606A 174-001 7.09 350 —_ 0.10 600 {800 3.0
Ka DMK6606 174-001 8.0® 300 — 0.10 600|800 3.0
mm DMK4791A 174-001 — 900 — 0.07 600|800 | 2.0
mm DMK4791 174-001 — 650 — 0.07 600 |800| 2.0
mm DMK4784% 366-001 — 1000 — 0.04 600 | 800 | 3.0
Beam-Lead Pairs:*?
Ku DMK6591 378-016 7.3 350 0.05 0.15 600|800, 3.0
Ku DMK3307 396-025 7.3 350 0.05 0.15 600 {800 3.0
Beam-Lead Quads:©"
[ Ku [ DMK6592 294-003 7.3 | 500 0.05 [ 015 [eoo[so0] —
Chips:
X CMK7703A 270-807 5.09 750 0.10 0.20 |600(800| 3.0
X CMK7703 270-807 5,59 500 0.10 0.20 600|800 | 3.0
Ku CMK7704A 270-807 5.3% 750 0.05 0.15 600|800 3.0
Ku CMK7704 270-807 5.8% 500 0.05 0.15 600|800 3.0
Ka CMK7705A 270-807 6.59 600 — 0.08 600 | 800( 3.0
Ka CMK7705 270-807 7.09 350 — 0.08 600 (800 3.0
Note: Frequency Table
Maximum operating temperature = 150°C
Note 1. Single sideband noise figure measured with L.O. = 7mW and including N;; = 1.0dB. Band Freq.(GHz2)
Note2.F,, = where Rs = Ry (@ 10mA) — Rg; Rg = 2(1‘or 10 mA). X 8.2-12.4
st . . 10 Ku 12.4-18.0
Note 3. Noise figure is determined by lot sampling. Ka 26.5-40.0
Note 4. Electrical characteristics are specified for each diode in a pair or quad configuration. : .
Note 5. To be supplied bonded by Alpha on customer substrate. mm 40.0-100.0
Note 6. Also available in standard packages, e.g. 295 and 364 series.
Note 7. Forward Voltage at 1mA matched to within 10mV on pairs, 15mV on quads.
)

SENSITIVE ELECTRONIC DEVICES
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GaAs Schottky Barrier Mixer Diodes

Typical DMKé6583 Typical DMK3308
GaAs X-Band Mixer Diode GaAs X-Band Mixer Diode
Admittance Characteristics Admittance Characteristics
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Silicon Beam-Lead and Chip Schottky Barrier
Mixer Diodes

Features

¢ |deal for MIC

Low 1/f Noise

Low Intermodulation Distortion
Low Turn On

Hermetically Sealed Packages

Magnification: 0.5X

Description

Alpha beam-lead and chip Schottky barrier mixer
diodes are designed for applications through 40 GHz in
Ka-band. The beam-lead design eliminates the prob-
lem of bonding to the very small junction area that is
characteristic of the low capacitance involved in micro-
wave devices.

Beam-lead Schottky barrier mixer diodes are made
by deposition of a suitable barrier metal on an epitaxial
silicon substrate to form the junction. The process and
choice of materials result in low series resistance along
with a narrow spread of capacitance values for close
impedance control.

A variety of forward knees is available, ranging from
alow value for low, or starved, local oscillator drive levels
to a higher value for high drive, low intermod mixer
applications.

The beam-lead diodes are availabie in a wide range
of packages as shown. They may also be mounted on
the customer’s circuit or on other substrate configura-
tions. For those customers who prefer chip and wire for
their MIC work, Alpha can supply a complete line of
bondable chips. Capacitance ranges and series resis-
tances are comparable with the packaged devices that
are available through Ka-band. The unmounted diodes
are especially well suited for use in microwave inte-
grated circuits. The mounted devices can be easily
inserted as hybrid elements in stripline, microstrip and
other such circuitry.

Applications

Beam-lead and chip Schottky barrier diodes are cate-
gorized by noise figure for mixer applications in four fre-
quency ranges: S, X, Ku and Ka-bands. However, they
can also be used as modulators, high speed switches
and low power limiters.

RF parameters, capacitance and breakdown voltage
on chips and beam-lead diodes are tested on a sample
basis, while production testing consists of series resis-

tance and forward voltage measurements. A separate
data sheetin this section describes beam-lead and chip
diodes that are optimized for detector applications.

Several types of semiconductor-barrier metal sys-
tems are available, thus allowing proper selection for
optimum mixer design. For most applications the N-type
silicon, low drive types are preferable, especially for
starved L.O. mixers. For doppler mixers, motion detec-
tors or applications requiring low audio (1/f) noise, the
P-type silicon, low drive types are preferred. For high
level mixer applications requiring low intermodulation
products, the N-type silicon, high drive types are most
desirable.

Beam-lead diodes are ideally suited for balanced
mixers, since they exhibit low parasitics and are
extremely uniform. A typical V; vs | curve is shown in
Figure 1.

Typical noise figure vs L.O. drive is shown in Figure 2
for single N-type, low drive diode types.

Typical mixer circuits are shown in Figure 3 in order
of complexity. The circuits shown in Figures 3a and 3b
are recommended for narrower band applications.

The matching network can be an “L” network using
discrete components at lower frequencies or a section
of transmission line. The double balanced mixer in Fig-
ure 3¢ is recommended for broadband operation where
noise figure is less important. The use of high drive
diodes in this circuit allows the use of increased L.O.
drive with a resultant decrease in intermodulation
distortion.

See Sections 2 and 7 for Application Notes:

80800 Mixer and Detector Diodes

80850 Handling Precautions for Schottky Barrier
and Point Contact Mixer and Detector Diodes

80000 Bonding Methods: Diode Chips, Beam-Lead

Diodes and Capacitors
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Silicon Beam-Lead and Chip Schottky Barrier
Mixer Diodes

FREQUENCY TABLE
Band Frequencies (GHz)
S 2t04
c 4108
X 82t012.4
Ku 12.410 18.0
K 18.01026.5
Ka 26.51040.0
10.0
v
20} /
10 /
P-TYPE
ZERO BIAS / N-TYPE
5 (DDC) P-TYPE MEDIUM DRIVE
LOW DRIVE |~ (DME)
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F O ~— N-TYPE
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Figure 1a. Typical Forward DC Characteristic
Curves — Voltage vs Current
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Figure 2. Typical X-Band Low Drive Mixer Diode
— RF Parameters vs Local Oscillator
Drive
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Figure 1b. Typical Forward DC Characteristic
Curves — Voltage vs Current
A - Single Ended Mixer
SIG Input 0—|
Coupler O (F Output
LO input O—T
= DC Return
B - Balanced Mixer
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Figure 3. Typical Mixer Circuits
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Silicon Beam-Lead and Chip Schottky Barrier
Mixer Diodes

Typical DMB6780 Typical DMB3000
Low Drive X-Band Mixer Diode Low Drive X-Band Mixer Diode
Admittance Characteristics Admittance Characteristics

Typical DMB3003 Typical DMF5827 |
Low Drive X-Band Mixer Diode Low Drive X-Band Mixer Diode
Admittance Characteristics Admittance Characteristics
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Silicon Beam-Lead and Chip Schottky Barrier
Mixer Diodes

Test Conditions

R_=100hms
Typical DMF3068 Typical DMF3064
Low Drive X-Band Mixer Diode Low Drive X-Band Mixer Diode
Admittance Characteristics Admittance Characteristics

R_=100hms

Typical DME3055 Typical DME3057
Medium Drive X-Band Mixer Diode Medium Drive X-Band Mixer Diode
Admittance Characteristics Admittance Characteristics

Test Conditions
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Silicon Beam-Lead and Chip Schottky Barrier
Mixer Diodes

-8 10 Test Conditions
R_=100hms
Typical DME3125 Typical DMJ6786
Medium Drive X-Band Mixer Diode High Drive X-Band Mixer Diode
Admittance Characteristics Admittance Characteristics

10 Test Conditions -8 1.0

Test Conditions
R, =100hms

R_=100hms

Typical DMJ3151 Typical DMJ3154
High Drive X-Band Mixer Diode High Drive X-Band Mixer Diode
Admittance Characteristics Admittance Characteristics
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Silicon Beam-Lead and Chip Schottky Barrier

Mixer Diodes

Beam-Lead Singles, P-Type, Low Drive, Low 1/f Noise (6.0 dB Max.)

NE®M ((J:\; Rim 1 x‘IFA 1(¥|§A
Frequency Type dB pF Q mv v
Band Number Outline Max. Min. Max. Max. Min. Max. Min.
X DMB6780A 130-011 6.5 0.15 0.30 12 200 300 2.0
X DMB6780 130-011 7.0 0.15 0.30 18 200 300 2.0
X DMB4500A 174-002 6.5 0.15 0.30 12 200 300 20
X DMB4500 174-002 7.0 0.15 0.30 18 200 300 2.0
X DMB3000A 295-011 6.5 0.15 0.30 12 200 300 2.0
X DMB3000 295-011 7.0 0.15 0.30 18 200 300 2.0
X DMB6781A 325-011 6.5 0.15 0.30 12 200 300 20
X DMB6781 325-011 7.0 0.15 0.30 18 200 300 2.0
X DMB3003A 364-011 6.5 0.15 0.30 12 200 300 2.0
X DMB3003 364-011 7.0 0.15 0.30 18 200 300 2.0
Ku DMB6782A 130-011 75 0.05 0.15 16 200 350 2.0
Ku DMB6782 130-011 8.0 0.05 0.15 25 200 350 2.0
Ku DMB4501A 174-002 7.5 0.05 0.15 16 200 350 20
Ku DMB4501 174-002 8.0 0.05 0.15 25 200 350 2.0
Ku DMB3001A 295-01 75 0.05 0.15 16 200 350 2.0
Ku DMB3001 295-011 8.0 0.05 0.15 25 200 350 20
Ku DMB3004A 364-011 75 0.05 0.15 16 200 350 2.0
Ku DMB3004 364-011 8.0 0.05 0.15 25 200 350 2.0
Beam-Lead Singles, N-Type, Low Drive
NF® ov Re® 1A 1(YJA
Frequency Type dB pF Q mv \'/
Band Number Outline Max. Min. Max. Max. Min. Max. Min.
S DMF5845A 130-011 6.0 0.30 0.50 3 225 300 2.0
S DMF5845 130-011 6.5 0.30 0.50 7 225 300 20
S DMF5817A 174-001 6.0 0.30 0.50 3 225 300 2.0
S DMF5817 174-001 6.5 0.30 0.50 7 225 300 2.0
S DMF5079A 325-011 6.0 0.30 0.50 3 225 300 20
S DMF5079 325-011 6.5 0.30 0.50 7 225 300 2.0
S DMF4365A 364-011 6.0 0.30 0.50 3 225 300 2.0
S DMF4365 364-011 6.5 0.30 0.50 7 225 300 2.0
X DMF5827A 130-011 6.5 0.15 0.30 7 250 325 20
X DMF5827 130-011 7.0 0.15 0.30 12 250 325 2.0
X DMF5818A 174-001 6.5 0.15 0.30 7 250 325 20
X DMF5818 174-001 7.0 0.15 0.30 12 250 325 2.0
X DMF3068A 295-011 6.5 0.15 0.30 7 250 325 2.0
X DMF3068 295-011 7.0 0.15 0.30 12 250 325 20
X DMF4035A 325-011 6.5 0.15 0.30 7 250 325 2.0
X DMF4035 325-011 7.0 0.15 0.30 12 250 325 2.0
X DMF3064A 364-011 6.5 0.15 0.30 7 250 325 2.0
X DMF3064 364-011 7.0 0.15 0.30 12 250 325 20
Notes:
1 Ny=1.5dB,L.O.=1.0mW, R = 100Q
Band Test Frequency (GHz)
S
X ...
Ku ...
Ka

2 R,=R, - Rywhere R,is the total resistance measured across the diode terminals and Rg is the barrier resistance (2.8C2 for a Schottky barrier diode measured at

10mA. For multiple junction devices, the Rg would be 2.8Q times the number of junctions between the diode terminals).
3 Electrical characteristics are specified for each junction except for those devices containing two or more junctions in series per arm. For these cases, the

specification is for the arm.
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Silicon Beam-Lead and Chip Schottky Barrier
Mixer Diodes

Beam-Lead Singles, N-Type, Low Drive (cont.)

NF® g‘; Hiw 1 '\:‘FA 1(;’ JA
Frequency Type dB PF Q mv v
Band Number Outline Max. Min. Max. Max. Min. Max. Min.
Ku DMF6022A 130-011 7.5 0.05 0.15 16 275 350 2.0
Ku DMF6022 130-011 8.0 0.05 0.15 25 275 350 2.0
Ku DMF5600A 174-001 7.5 0.05 0.15 16 275 350 2.0
Ku DMF5600 174-001 8.0 0.05 0.15 25 275 350 20
Ku DMF3069A 295-011 75 0.05 0.15 16 275 350 2.0
Ku DMF3069 295-0M 8.0 0.05 0.15 25 275 350 2.0
Ku DMF3065A 364-01 75 0.05 0.15 16 275 350 2.0
Ku DMF3065 364-011 8.0 0.05 0.15 25 275 350 2.0
Beam-Lead Singles, N-Type, Medium Drive
NF" 00‘7 Rim 1 "'/"FA 1(¥JA
Frequency Type dB pF Q mv \
Band Number Outline Max. Min. Max. Max. Min. Max. Min.
S DME3128 130-011 6.0 0.30 0.50 4 300 400 3.0
S DME3127 174-001 6.0 0.30 0.50 4 300 400 3.0
S DME3006 325-011 6.0 0.30 0.50 4 300 400 3.0
S DME3124 364-011 6.0 0.30 0.50 4 300 400 3.0
X DME3055 130-011 6.5 0.15 0.30 9 325 425 3.0
X DME6957 174-001 6.5 0.15 0.30 9 325 425 3.0
X DME3057 295-011 6.5 0.15 0.30 9 325 425 3.0
X DME3005 325-011 6.5 0.15 0.30 9 325 425 3.0
X DME3125 364-011 6.5 0.15 0.30 9 325 425 3.0
Ku DME3056 130-011 75 0.05 0.15 16 350 450 3.0
Ku DME6507 174-001 75 0.05 0.15 16 350 450 3.0
Ku DME3058 295-011 7.5 0.05 0.15 16 350 450 3.0
Ku DME3126 364-011 75 0.05 0.15 16 350 450 3.0
Beam-Lead Singles, N-Type, High Drive
5 o
Freguency Type dB pF Q mv v
Band Number Outline Max. Min. Max. Max. Min. Max. Min.
S DMJ6784 130-011 6.0 0.30 0.50 4 550 625 4.0
S DMJ5034 174-001 6.0 0.30 0.50 4 550 625 4.0
S DMJ6785 325-011 6.0 0.30 0.50 4 550 625 4.0
S DMJ3153 364-011 6.0 0.30 0.50 4 550 625 4.0
X DMJ6786 130-011 6.5 0.15 0.30 9 550 650 5.0
X DMJ6777 174-001 6.5 0.15 0.30 9 550 650 5.0
X DMJ3151 295-0M1 6.5 0.15 0.30 9 550 650 5.0
X DMJ6789 325-011 6.5 0.15 0.30 9 550 650 5.0
X DMJ3154 364-011 6.5 0.15 0.30 9 550 650 5.0
Ku DMJ6670 130-011 75 0.05 0.15 13 600 750 5.0
Ku DMJ6778 174-001 7.5 0.05 0.15 13 600 750 5.0
Ku DMJ3152 295-011 75 0.05 0.15 13 600 750 5.0
Ku DMJ3155 364-011 75 0.05 0.15 13 600 750 5.0
Notes:
1 Ny=1.5dB,L.O.=1.0mW,R_=1000Q
Band Test Frequency (GHz)
3.1
9.4
.. 16.0
349

2 R,=R, - Rgwhere R, is the total resistance measured across the diode terminals and R is the barrier resistance (2.8Q for a Schottky barrier diode measured at
10mA. For multiple junction devices, the Ry would be 2.8Q) times the number of junctions between the diode terminals).

3 Electrical characteristics are specified for each junction except for those devices containing two or more junctions in series per arm. For these cases, the
specification is for the arm.
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Silicon Beam-Lead and Chip Schottky Barrier
Mixer Diodes

Beam-Lead Pairs, N-Type, Low Drive

NF® oy R A %rYiF(I-\‘) 1(\)IHBA
Frequency Type ds PF Q mv mV Vv
Band Number Outline Max. Min. Max. Max. Min. Max. Max. Min.
S DMF3226A | 130-025 6.0 0.30 0.50 3 225 300 10 2.0
S DMF3226 130-025 6.5 0.30 0.50 7 225 300 10 20
S DMF5846A | 131-012 6.0 0.30 0.50 3 225 300 10 2.0
S DMF5846 131-012 6.5 0.30 0.50 7 225 300 10 2.0
S DMF4040A | 132-008 6.0 0.30 0.50 3 225 300 10 20
S DMF4040 132-008 6.5 0.30 0.50 7 225 300 10 20
S DMF3230A | 295-025 6.0 0.30 0.50 3 225 300 10 2.0
S DMF3230 295-025 6.5 0.30 0.50 7 225 300 10 2.0
S DMF3070A | 325-008 6.0 0.30 0.50 3 225 300 10 20
S DMF3070 325-008 6.5 0.30 0.50 7 225 300 10 2.0
S DMF6576A | 325-012 6.0 0.30 0.50 3 225 300 10 2.0
S DMF6576 325-012 6.5 0.30 0.50 7 225 300 10 2.0
S DMF3291A | 325-025 6.0 0.30 0.50 3 225 300 10 2.0
S DMF3281 325-025 6.5 0.30 0.50 7 225 300 10 20
S DMF5835A | 378-012 6.0 0.30 0.50 3 225 300 10 2.0
S DMF5835 378-012 6.5 0.30 0.50 7 225 300 10 2.0
S DMF3182A | 378-013 6.0 0.30 0.50 3 225 300 10 2.0
S DMF3182 378-013 6.5 0.30 0.50 7 225 300 10 2.0
S DMF3185A | 396-025 6.0 0.30 0.50 3 225 300 10 2.0
S DMF3185 396-025 6.5 0.30 0.50 7 225 300 10 2.0
S DMF3196A | 408-009 6.0 0.30 0.50 3 225 300 10 2.0
S DMF3196 408-009 6.5 0.30 0.50 7 225 300 10 2.0
X DMF3245A | 130-025 6.5 0.15 0.30 7 250 325 10 2.0
X DMF3245 130-025 7.0 0.15 0.30 12 250 325 10 2.0
X DMF6460A | 131-012 6.5 0.15 0.30 7 250 325 10 2.0
X DMF6460 131-012 7.0 0.15 0.30 12 250 325 10 20
X DMF5828A | 132-008 6.5 0.15 0.30 7 250 325 10 2.0
X DMF5828 132-008 7.0 0.15 0.30 12 250 325 10 2.0
X DMF3072A | 295-008 6.5 0.15 0.30 7 250 325 10 2.0
X DMF3072 295-008 7.0 0.15 0.30 12 250 325 10 2.0
X DMF3066A | 295-012 6.5 0.15 0.30 7 250 325 10 2.0
X DMF3066 295-012 7.0 0.15 0.30 12 250 325 10 2.0
X DMF3289A | 295-025 6.5 0.15 0.30 7 250 325 10 2.0
X DMF3289 295-025 7.0 0.15 0.30 12 250 325 10 20
X DMF3071A | 325-008 6.5 0.15 0.30 7 250 325 10 2.0
X DMF3071 325-008 7.0 0.15 0.30 12 250 325 10 2.0
X DMF6704A | 325-012 6.5 0.15 0.30 7 250 325 10 2.0
X DMF6704 325-012 7.0 0.15 0.30 12 250 325 10 2.0
X DMF3292A | 325-025 6.5 0.15 0.30 7 250 325 10 20
Notes:
1 Ny=1.5dB,L.0.=1.0mW, R =100Q
Band Test Frequency (GHz)
S 3.1
X .. 9.4
Ku .. ... 16.0
K8 ovierverie e 349

2 R,=R,—Rgswhere R,is the total resistance measured across the diode terminals and Rg is the barrier resistance (2.8Q for a Schottky barrier diode measured at 10
mA. For multiple junction devices, the R would be 2.802 times the number of junctions between the diode terminals).

3 Electrical characteristics are specified for each junction except for those devices containing two or more junctions in series per arm. For these cases, the
specification is for the arm.

4 Difference in forward voltage between leads within a pair or quad.
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Silicon Beam-Lead and Chip Schottky Barrier
Mixer Diodes

Beam-Lead Pairs, N-Type, Low Drive (cont.)

NF™ 5‘7 Rim 1 x'FA %r‘r?;(\‘) 1(¥|:A
Frequency| Type dB pF Q my mv v
Band Number Outline Max. Min. Max. Max. Min. Max. Max. Min.
X DMF3292 325-025 7.0 0.15 0.30 12 250 325 10 2.0
X DMF4713A | 364-008 6.5 0.15 0.30 7 250 325 10 2.0
X DMF4713 364-008 7.0 0.15 0.30 12 250 325 10 2.0
X DMF4526A | 364-012 6.5 0.15 0.30 7 250 325 10 2.0
X DMF4526 364-012 7.0 0.15 0.30 12 250 325 10 20
X DMF5819A | 378-012 6.5 0.15 0.30 7 250 325 10 2.0
X DMF5819 378-012 7.0 0.15 0.30 12 250 325 10 20
X DMF3183A | 378-013 6.5 0.15 0.30 7 250 325 10 2.0
X DMF3183 378-013 7.0 0.15 0.30 12 250 325 10 2.0
X DMF3186A | 396-025 6.5 0.15 0.30 7 250 325 10 —
X DMF3186 396-025 7.0 0.15 0.30 12 250 325 10 —
X DMF3197A | 408-009 6.5 0.15 0.30 7 250 325 10 2.0
X DMF3197 408-009 7.0 0.15 0.30 12 250 325 10 2.0
Ku DMF3286A | 130-025 7.5 0.05 0.15 16 275 350 10 2.0
Ku DMF3286 130-025 8.0 0.05 0.15 25 275 350 10 20
Ku DMF6459A | 131-012 75 0.05 0.15 16 275 350 10 20
Ku DMF6459 131-012 8.0 0.05 0.15 25 275 350 10 2.0
Ku DMF6023A | 132-008 75 0.05 0.15 16 275 350 10 2.0
Ku DMF6023 132-008 8.0 0.05 0.15 25 275 350 10 2.0
Ku DMF3073A | 295-008 75 0.05 0.15 16 275 350 10 2.0
Ku DMF3073 295-008 8.0 0.05 0.15 25 275 350 10 2.0
Ku DMF6554A [ 295-012 75 0.05 0.15 16 275 350 10 2.0
Ku DMF6554 295-012 8.0 0.05 0.15 25 275 350 10 2.0
Ku DMF3290A | 295-025 7.5 0.05 0.15 16 275 350 10 —
Ku DMF3290 295-025 8.0 0.05 0.15 25 275 350 10 —
Ku DMF3293A | 325-025 75 0.05 0.15 16 275 350 10 —
Ku DMF3293 325-025 8.0 0.05 0.15 25 275 350 10 —
Ku DMF3062A | 364-008 75 0.05 0.15 16 275 350 10 20
Ku DMF3062 364-008 8.0 0.05 0.15 25 275 350 10 2.0
Ku DMF4734A | 364-012 7.5 0.05 0.15 16 275 350 10 2.0
Ku DMF4734 364-012 8.0 0.05 0.15 25 275 350 10 2.0
Ku DMF4788A [ 378-012 75 0.05 0.15 16 275 350 10 2.0
Ku DMF4788 378-012 8.0 0.05 0.15 25 275 350 10 2.0
Ku DMF3184A | 378-013 75 0.05 0.15 16 275 350 10 2.0
Ku DMF3184 378-013 8.0 0.05 0.15 25 275 350 10 2.0
Ku DMF3187A | 396-025 7.5 0.05 0.15 16 275 350 10 —
Ku DMF3187 396-025 8.0 0.05 0.15 25 275 350 10 —
Ku DMF3198A | 408-009 7.5 0.05 0.15 16 275 350 10 2.0
Ku DMF3198 408-009 8.0 0.05 0.15 25 275 350 10 2.0
Notes:
1 Ny=15dB,L.0.=1.0mW, R =100Q

Band Test Frequency (GHz)

2 R,=R,—Rywhere Ris the total resistance measured across the diode terminals and Rg is the barrier resistance (2.8Q for a Schottky barrier diode measured at 10
mA. For multiple junction devices, the Rg would be 2.8Q times the number of junctions between the diode terminals).

3 Electrical characteristics are specified for each junction except for those devices containing two or more junctions in series per arm. For these cases, the specifica-
tion is for the arm.

4 Difference in forward voltage between leads within a pair or quad.
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Silicon Beam-Lead and Chip Schottky Barrier

Mixer Diodes

Beam-Lead Pairs, N-Type, Medium Drive

NE® o Re® ma %r‘\(\i:) 131§A
Frequency Type dB pF Q mv mV v
Band Number Outline Max. Min. Max. Max. Min. Max. Max. Min.
S DMES3270 130-025 6.0 0.30 0.50 4 300 400 10 —
S DMES3012 131-012 6.0 0.30 0.50 4 300 400 10 3.0
S DME3009 132-008 6.0 0.30 0.50 4 300 400 10 3.0
S DME3275 295-025 6.0 0.30 0.50 4 300 400 10 —
S DME3019 325-008 6.0 0.30 0.50 4 300 400 10 3.0
S DME3021 325-012 6.0 0.30 0.50 4 300 400 10 3.0
S’ DME3278 325-025 6.0 0.30 0.50 4 300 400 10 —
S DME3050 378-012 6.0 0.30 0.50 4 300 400 10 3.0
S DME3205 378-013 6.0 0.30 0.50 4 300 400 10 3.0
S DME3282 396-025 6.0 0.30 0.50 4 300 400 10 —
S DME3199 408-009 6.0 0.30 0.50 4 300 400 10 3.0
X DME3271 130-025 6.5 0.15 0.30 9 325 425 10 —
X DME3013 131-012 6.5 0.15 0.30 9 325 425 10 3.0
X DME3010 132-008 6.5 0.15 0.30 9 325 425 10 3.0
X DME3015 295-008 6.5 0.15 0.30 9 325 425 10 3.0
X DME6569 295-012 6.5 Q.15 0.30 9 325 425 10 3.0
X DME3276 295-025 6.5 0.15 0.30 9 325 425 10 —
X DME3020 325-008 6.5 0.15 0.30 9 325 425 10 3.0
X DME3022 325-012 6.5 0.15 0.30 9 325 425 10 3.0
X DME3279 325-025 6.5 0.15 0.30 9 325 425 10 —
X DME3023 364-008 6.5 0.15 0.30 9 325 425 10 3.0
X DME3025 364-012 6.5 0.15 0.30 9 325 425 10 3.0
X DME3051 378-012 6.5 0.15 0.30 9 325 425 10 3.0
X DME3206 378-013 6.5 0.15 0.30 9 325 425 10 3.0
X DME3283 396-025 6.5 0.15 0.30 9 325 425 10 —
X DME3200 408-009 6.5 0.15 0.30 9 325 425 10 3.0
Ku DME3272 130-025 7.5 0.05 0.15 16 350 450 10 —
Ku DME3014 131-012 75 0.05 0.15 16 350 450 10 3.0
Ku DME3011 132-008 7.5 0.05 0.15 16 350 450 10 3.0
Ku DME3016 295-008 75 0.05 0.15 16 350 450 10 30
Ku DME3054 295-012 7.5 0.05 0.15 16 350 450 10 3.0
Ku DME3277 295-025 7.5 0.05 0.15 16 350 450 10 —
Ku DME3280 325-025 7.5 0.05 0.15 16 350 450 10 —
Ku DME3024 364-008 75 0.05 0.15 16 350 450 10 3.0
Ku DME3026 364-012 7.5 0.05 0.15 16 350 450 10 3.0
Ku DME6553 378-012 7.5 0.05 0.15 16 350 450 10 3.0
Ku DME3207 378-013 7.5 0.05 0.15 16 350 450 10 3.0
Ku DME3284 396-025 7.5 0.05 0.15 16 350 450 10 —
Ku DME3201 408-009 7.5 0.05 0.15 16 350 450 10 3.0
Notes:
1 Ny=1.5dB, L.O.=1.0 mW, R =100Q
Band Test Frequency (GHz)
3.1
.. 9.4
.. 18.0
349

2 R,=R, - Rs where R, is the gotal resistance measured across the diode terminals and Rg is the barrier resistance (2.8 for a Schottky barrier diode
measured at 10mA. For multiple junction devices, the R would be 2.802 times the number of junctions between the diode terminals).
3 Electrical characteristics are specified for each junction except for those devices containing two or more junctions in series per arm. For these cases, the

specification is for the arm.
4 Difference in forward voitage between leads within a pair or quad.
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Silicon Beam-Lead and Chip Schottky Barrier
Mixer Diodes

Beam-Lead Pairs, N-Type, High Drive

NF® g\J’ Rim 1 x‘FA %r‘rlﬁ\w 1(‘)IJA
Frequency Type dB PF Q mv mV v
Band Number Outline Max. Min. Max. Max. Min. Max. Max. Min.
S DMJ3294 130-025 6.0 0.30 0.50 4 550 625 10 —
S DMJ6531 131-012 6.0 0.30 0.50 4 550 625 10 4.0
S DMJ3095 132-008 6.0 0.30 0.50 4 550 625 10 4.0
S DMJ3297 295-025 6.0 0.30 0.50 4 550 625 10 —
S DMJ3098 325-008 6.0 0.30 0.50 4 550 625 10 4.0
S DMJ4783 325-012 6.0 0.30 0.50 4 550 625 10 4.0
S DMJ3300 325-025 6.0 0.30 0.50 4 550 625 10 —
S DMJ3092 378-012 6.0 0.30 0.50 4 550 625 10 4.0
S DMJ3208 378-013 6.0 0.30 0.50 4 550 625 10 40
S DMJ3303 396-025 6.0 0.30 0.50 4 550 625 10 —
S DMJ3202 408-009 6.0 0.30 0.50 4 550 625 10 4.0
X DMJ3295 130-025 6.5 0.15 0.30 9 550 650 10 —
X DMJ4317 131-012 6.5 0.15 0.30 9 550 650 10 5.0
X DMJ3096 132-008 6.5 0.15 0.30 9 550 650 10 5.0
X DMJ3099 295-008 6.5 0.15 0.30 9 550 650 10 5.0
X DMJ3101 295-012 6.5 0.15 0.30 9 550 650 10 5.0
X DMJ3298 295-025 6.5 0.15 0.30 9 550 650 10 —
X DMJ3105 325-008 6.5 0.15 0.30 9 550 650 10 5.0
X DMJ3090 325-012 6.5 0.15 0.30 9 550 650 10 5.0
X DMJ3301 325-025 6.5 0.15 0.30 9 550 650 10 —
X DMJ3106 364-008 6.5 0.15 0.30 9 550 650 10 5.0
X DMJ4760 364-012 6.5 0.15 0.30 9 550 650 10 5.0
X DMJ3093 378-012 6.5 0.15 0.30 9 550 650 10 5.0
X DMJ3209 378-013 6.5 0.15 0.30 9 550 650 10 5.0
X DMJ3304 396-025 6.5 0.15 0.30 9 550 650 10 —
X DMJ3203 408-009 6.5 0.15 0.30 9 550 650 10 5.0
Ku DMJ3296 130-025 7.5 0.05 0.15 13 600 750 10 —
Ku DMJ3081 131-012 75 0.05 0.15 13 550 750 10 5.0
Ku DMJ3097 132-008 7.5 0.05 0.15 13 600 750 10 5.0
Ku DMJ3100 295-008 7.5 0.05 0.15 13 600 750 10 5.0
Ku DMJ3102 295-012 7.5 0.05 0.15 13 600 750 10 5.0
Ku DMJ3299 295-025 7.5 0.05 0.15 13 600 750 10 —
Ku DMJ3302 325-025 7.5 0.05 0.15 13 600 750 10 —
Ku DMJ3107 364-008 7.5 0.05 0.15 13 600 750 10 5.0
Ku DMJ3089 364-012 7.5 0.05 0.15 13 600 750 10 5.0
Ku DMJ4705 378-012 7.5 0.05 0.15 13 600 750 10 5.0
Ku DMJ3210 378-013 7.5 0.05 0.15 13 600 750 10 5.0
Ku DMJ3246 396-025 7.5 0.05 0.15 13 600 750 10 —
Ku DMJ3204 408-009 7.5 0.05 0.15 13 600 750 10 5.0
Notes:
1 Ny=15dB,L.0O.=1.0mW,R_=100Q
Band Test Frequency (GHz)
S
X
Ku
Ka

2 R,=R;—Rgwhere R,is the total resistance measured across the diode terminals and Rg is the barrier resistance (2.82 for a Schottky barrier diode measured at 10
mA. For multiple junction devices, the Ry would be 2.8Q times the number of junctions between the diode terminals).

3 Electrical characteristics are specified for each junction except for those devices containing two or more junctions in series per arm. For these cases, the specifica-
tion is for the arm.

4 Difference in forward voltage between leads within a pair or quad.
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Silicon Beam-Lead and Chip Schottky Barrier
Mixer Diodes

Beam-L.ead Pairs, N-Type, High Drive, 4-Junction

w | % |7 m ]
Frequency Type dB PF Q mv mV v
Band Number | Outline Max. Min. Max. Max. Min. Max. Max. Min.
X DMJ3180 407-029 — 0.15 0.30 14 1100 1400 15 8.0
Ku DMJ3181 407-029 — 0.05 0.15 18 1100 1400 15 10.0
Beam-Lead Quad Rings, P-Type, Zero Bias
NF(” g\; R-S_(z' 1 mFA 1AnYI§
Frequency Type dB pF Q mv mvV
Band Number Outline Max. Typ. Max. Min. Max. Max.
Ku DMH4383 132-002 — 0.10 40 100 250 15
Ku DMH6570 295-002 — 0.10 40 100 250 15
Ku DMH3156 309-002 — 0.10 40 100 250 15
Ku DMH3157 325-002 — 0.10 40 100 250 15
Ku DMH3158 364-002 —_ 0.10 40 100 250 15
Ku DMH3159 399-003 — 0.10 40 100 250 15
Beam-Lead Quad Rings, N-Type, Low Drive
NF (?\; Rim 1 ;FA %r\‘/,"f)
Frequency Type dB pF Q mv mV
Band Number Outline Max. Min. Max. Max. Min. Max. Max.
L DMF4000 132-002 — — 1.20 9 225 350 15
L DMF4792 313-002 — —_ 1.20 9 225 350 15
L DMF4520 337-002 — — 1.20 9 225 350 15
S DMF5847A 132-002 6.0 0.30 0.50 3 225 300 15
S DMF5847 132-002 6.5 0.30 0.50 7 225 300 15
S DMF4384A 132-010 6.0 0.30 0.50 3 225 300 15
S DMF4384 132-010 6.5 0.30 0.50 7 225 300 15
S DMF6829A 294-003 6.0 0.30 0.50 3 225 300 15
S DMF6829 294-003 6.5 0.30 0.50 7 225 300 15
S DMF4549A 295-002 6.0 0.30 0.50 3 225 300 15
S DMF4549 295-002 6.5 0.30 0.50 7 225 300 15
S DMF4059A 325-002 6.0 0.30 0.50 3 225 300 15
S DMF4059 325-002 6.5 0.30 0.50 7 225 300 15
X DMF5829A 132-002 6.5 0.15 0.30 7 250 325 15
X DMF5829 132-002 7.0 0.15 0.30 12 250 325 15
X DMF4011A 294-003 6.5 0.15 0.30 7 250 325 15
X DMF4011 294-003 7.0 0.15 0.30 12 250 325 15
X DMF4745A 295-002 6.5 0.15 0.30 7 250 325 15
X DMF4745 295-002 7.0 0.15 0.30 12 250 325 15
X DMF5080A 325-002 6.5 0.15 0.30 7 250 325 15
X DMF5080 325-002 7.0 0.15 0.30 12 250 325 15
X DMF3074A 364-002 6.5 0.15 0.30 7 250 325 15
Notes:
1 Ny=15d8,L.0.=1.0mW,R_=100Q
Band Test Frequency (GHz)

2 R,=R,- Rgwhere R,is the total resistance measured across the diode terminals and Rg is the barrier resistance (2.8Q for a Schottky barrier diode measured at 10
mA. For multiple junction devices, the Rg would be 2.8Q times the number of junctions between the diode terminals).
3 Electrical characteristics are specified for each junction except for those devices containing two or more junctions in series per arm. For these cases, the
specification is for the arm.
4 Difference in forward voltage between leads within a pair or quad.
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Silicon Beam-Lead and Chip Schottky Barrier
Mixer Diodes

Beam-Lead Quad Rings, N-Type, Low Drive (cont.)

NE™M (():\; Rim 1 :l,‘IFA %r‘rll'::)
Frequency Type dB pF Q mv mV
Band Number Outline Max. Min. Max. Max. Min. Max. Max.
X DMF3074 364-002 7.0 0.15 0.30 12 250 325 15
Ku DMF6395A 132-002 75 0.05 0.15 16 275 350 15
Ku DMF6395 132-002 8.0 0.05 0.15 25 275 350 15
Ku DMF4012A 294-003 75 0.05 0.15 16 275 350 15
Ku DMF4012 294-003 8.0 0.05 0.15 25 275 350 15
Ku DMF4574A 295-002 7.5 0.05 0.15 16 275 350 15
Ku DMF4574 295-002 . 8.0 0.05 0.15 25 275 350 15
Ku DMF3075A 364-002 7.5 0.05 0.15 16 275 350 15
Ku DMF3075 364-002 8.0 0.05 0.15 25 275 350 15
Beam-Lead Quad Rings, N-Type, Medium Drive
NE™ g\; Rim 1 x\FA %r\'{'i‘)
Frequency Type dB8 pPF Q mv mV
Band Number Outline Max. Min. Max. Max. Min. Max. Max.
L DME6549 132-002 — — 1.20 9 225 350 15
L DME3027 313-002 — — 1.20 9 225 350 15
L DME3045 337-002 — — 1.20 9 225 350 15
S DME3038 132-002 6.0 0.30 0.50 4 300 400 15
S DME3028 132-010 6.0 0.30 0.50 4 300 400 15
S DME6561 294-003 6.0 0.30 0.50 4 300 400 15
S DME3043 295-002 6.0 0.30 0.50 4 300 400 15
S DME3044 325-002 6.0 0.30 0.50 4 300 400 15
X DME4756 132-002 6.5 0.15 0.30 9 325 425 15
X DME6562 294-003 6.5 0.15 0.30 9 325 425 15
X DME4750 295-002 6.5 0.15 0.30 9 325 425 15
X DME6557 325-002 6.5 0.15 0.30 9 325 425 15
X DME4790 364-002 6.5 0.15 0.30 9 325 425 15
Ku DME3039 132-002 75 0.05 0.15 16 350 450 15
Ku DME6563 294-003 7.5 0.05 0.15 16 350 450 15
Ku DME4541 295-002 7.5 0.05 0.15 16 350 450 15
Ku DME3047 364-002 75 0.05 0.15 16 350 450 15
Beam-Lead Quad Rings, N-Type, High Drive, 4 Junction
NE®M (g:\-/l Rim 1 X'IFA %x‘FAw
Frequency Type dB pPF Q mv mvV
Band Number Outline Max. Min. Max. Max. Min. Max. Max.
S DMJ4007 132-002 6.0 0.30 0.50 4 550 625 15
S DMJ4502 294-003 6.0 0.30 0.50 4 550 625 15
S DMJ3086 295-002 6.0 0.30 0.50 4 550 625 15
S DMJ6668 325-002 6.0 0.30 0.50 4 550 625 15
Notes:
1 Ny=1.5dB, L.O.=1.0 mW, R, =100Q

Band Test Frequency (GHz)

2 R,=R; — R where R, is the total resistance measured across the diode terminals and Ry is the barrier resistance (2.8Q) for a Schottky barrier diode
measured at 10mA. For multiple junction devices, the Rg would be 2.8Q times the number of junctions between the diode terminals).

3 Electrical characteristics are specified for each junction except for those devices containing two or more junctions in series per arm. For these cases, the
specification is for the arm.

4 Difference in forward voltage between leads within a pair or quad.
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Silicon Beam-Lead and Chip Schottky Barrier
Mixer Diodes

Beam-Lead Quad Rings, N-Type, High Drive, 4 Junction (cont.)

NF™" (?\7 Rim 1 ‘I::A %r‘r’::)
Frequency Type dB pF o} mv mv
Band Number Outline Max. Min. Max. Max. Min. Max. Max.
X DMJ6788 132-002 6.5 0.15 0.30 9 550 650 15
X DMJ6990 294-003 6.5 0.15 0.30 9 550 650 15
X DMJ3087 295-002 6.5 0.15 0.30 9 550 650 15
X DMJ6669 325-002 6.5 0.15 0.30 9 550 650 15
X DMJ3108 364-002 6.5 0.15 0.30 9 550 650 15
Ku DMJ3082 132-002 7.5 0.05 0.15 13 600 750 15
Ku DMJ6667 294-003 7.5 0.05 0.15 13 600 750 15
Ku DMJ4397 295-002 7.5 0.05 0.15 13 600 750 15
Ku DMJ3109 364-002 7.5 0.05 0.15 13 600 750 15
Beam-Lead Quad Rings, N-Type, Low Drive, 8 Junction
NF™ (():\J/ Rim 1 ;FA %l\rll’;(:)
Frequency Type dB PF Q mv mV
Band Number Outline Max. Min. Max. Max. Min. Max. Max.
X DMF3287A 294-021 — 0.15 0.30 6 450 700 20
X DMF3287 294-021 — 0.15 0.30 14 450 700 20
Ku DMF3288A 294-021 - 0.05 0.15 14 450 700 20
Ku DMF3288 294-021 — 0.05 0.15 24 450 700 20
Beam-Lead Quad Rings, N-Type, Medium Drive, 8 Junction
NF® (():\'; Rim 1 ;FA %r\rllj(\‘)
Frequency Type dB pF Q mv mv
Band Number Outline Max. Min. Max. Max. Min. Max. Max.
X DME3273 294-021 — 0.15 0.30 8 600 850 20
Ku DME3274 294-021 — 0.05 0.15 18 600 850 20
Beam-Lead Quad Rings, N-Type, High Drive, 8 Junction
NE( oV Rs® A %r\'/&‘\"
Frequency Type dB pF Q mv mV
Band Number Outline Max. Min. Max. Max. Min. Max. Max.
X DMJ4708 132-020 — 0.15 0.30 14 1100 1400 20
X DMJ4759 294-021 — 0.15 0.30 14 1100 1400 20
X DMJ3094 295-020 — 0.15 0.30 14 1100 1400 20
X DMJ4394 325-020 — 0.15 0.30 14 1100 1400 20
X DMJ3112 364-020 — 0.15 0.30 14 1100 1400 20
Ku DMJ3091 132-020 — 0.05 0.15 18 1100 1400 20
Ku DMJ4771 294-021 — 0.05 0.15 18 1100 1400 20
Ku DMJ4747 295-020 — 0.05 0.15 18 1100 1400 20
Ku DMJ3113 364-020 — 0.05 0.15 18 1100 1400 20
Notes:
1 Ny=1.5dB,L.0.=1.0mW, R_=100Q
Band Test Frequency (GHz)
S 3.1
X 9.4
Ku 16.0
Ka 34.9

2 R.=R,-Rgwhere R, is the total resistance measured across the diode terminals and F; is the barrier resistance (2.8( for a Schottky barrier diode measured at 10
maA. For multiple junction devices, the Rg would be 2.8Q) times the number of junctions between the diode terminals).

3 Electrical characteristics are specified for each junction except for those devices containing two or more junctions in series per arm. For these cases, the
specification is for the arm.

4 Difference in forward voltage between leads within a pair or quad.
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Silicon Beam-Lead and Chip Schottky Barrier
Mixer Diodes

Beam-Lead Quad Rings, N-Type, High Drive, 12 Junction

NE® g\; R_s_m 1 ‘I:IFA %'\‘I";A“)
Frequency Type dB pPF Q mv mV
Band Number Outline Max. Min. Max. Max. Min. Max Max.
Ku DMJ4766 132-022 — 0.05 0.15 21 1650 2250 25
Ku DMJ6564 398-022 - 0.05 0.15 21 1650 2250 25
Beam-Lead Quad Bridges, N-Type, Low Drive
o | & T @ W]
Frequency | Type dB pF Q mv mv v
Band Number Outline Max. Min. Max. Max, Min. Max. Max. Min.
L DMF3059 132-004 — — 1.20 9 225 350 15 1.0
L DMF4540 337-004 — — 1.20 9 225 350 15 1.0
S DMF5848A | 132-004 6.0 0.30 0.50 3 225 300 15 2.0
S DMF5848 132-004 6.5 0.30 0.50 7 225 300 15 2.0
S DMF3076A | 294-004 6.0 0.30 0.50 3 225 300 15 2.0
S DMF3076 294-004 6.5 0.30 0.50 7 225 300 15 2.0
S DMF3067A | 295-004 6.0 0.30 0.50 3 225 300 15 20
S DMF3067 295-004 6.5 0.30 0.50 7 225 300 15 2.0
S DMF3063A | 325-004 6.0 0.30 0.50 3 225 300 15 20
S DMF3063 325-004 6.5 0.30 0.50 7 225 300 15 2.0
X DMF6288A | 132-004 6.5 0.15 0.30 7 250 325 15 2.0
X DMF6288 132-004 7.0 0.15 0.30 12 250 325 15 20
X DMF3077A | 294-004 6.5 0.15 0.30 7 250 326 15 2.0
X DMF3077 294-004 7.0 0.15 0.30 12 250 325 15 20
X DMFB558A | 295-004 6.5 0.15 0.30 7 250 325 15 2.0
X DMF6558 295-004 7.0 0.15 0.30 12 250 325 15 2.0
X DMF4352A | 325-004 6.5 0.15 0.30 7 250 325 15 2.0
X DMF4352 325-004 7.0 0.15 0.30 12 250 325 15 2.0
X DMF3079A | 364-004 6.5 0.15 0.30 7 250 325 15 2.0
X DMF3079 364-004 7.0 0.15 0.30 12 250 325 15 20
Ku DMF6298A | 132-004 7.5 0.05 0.15 16 275 350 15 2.0
Ku DMF6298 132-004 8.0 0.05 0.15 25 275 350 15 2.0
Ku DMF3078A | 294-004 75 0.05 0.15 16 275 350 15 2.0
Ku DMF3078 294-004 8.0 0.05 0.15 25 275 350 15 20
Ku DMF6574A | 295-004 7.5 0.05 0.15 16 275 350 15 2.0
Ku DMF6574 295-004 8.0 0.05 0.15 25 275 350 15 20
Ku DMF3080A | 364-004 75 0.05 0.15 16 275 350 15 2.0
Ku DMF3080 364-004 8.0 0.05 0.15 25 275 350 15 2.0
Notes:
1 Ny=1.5dB,L.O.=1.0mW, R _= 1000
Band Test Frequency (GHz)

2. R,=R, ~ Rgwhere R,is the total resistance measured across the diode terminals and Ry is the barrier resistance (2.802 for a Schottky barrier diode measured at
10mA. For multiple junction devices, the Rs would be 2.80 times the number of junctions between the diode terminals).

3. Electrical characteristics are specified for each junction except for those devices containing two or more junctions in series per arm. For these cases,

the specification is for the arm.
4. Ditference in forward voitage between leads within a pair or quad.
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Silicon Beam-Lead and Chip Schottky Barrier
Mixer Diodes

Beam-Lead Quad Bridges, N-Type, Medium Drive

C, Rs® Ve AV A
NFY ov — mA 1mA 10pA
Frequency Type dB P Q , mV v
Band Number Outline Max. Min. Max. Max. Min. Max. Max. Min.
L DME3042 132-004 — — 1.20 9 300 450 15 2.0
S DME3040 132-004 6.0 0.30 0.50 4 300 400 15 3.0
S DME3029 294-004 6.0 0.30 0.50 4 300 400 15 3.0
S DME3052 295-004 6.0 0.30 0.50 4 300 400 15 3.0
S DME3032 325-004 6.0 0.30 0.50 4 300 400 15 3.0
X DME4370 132-004 6.5 0.15 0.30 9 325 425 15 3.0
X DME3030 294-004 6.5 0.15 0.30 9 325 425 15 3.0
X DME6567 295-004 6.5 0.15 0.30 9 325 425 15 3.0
X DME3033 325-004 6.5 0.15 0.30 9 325 425 15 3.0
X DME3036 364-004 6.5 0.15 0.30 9 325 425 15 3.0
Ku DME3041 132-004 7.5 0.05 0.15 16 350 450 15 3.0
Ku DME3031 294-004 7.5 0.05 0.15 16 350 450 15 3.0
Ku DME3053 295-004 7.5 0.05 0.15 16 350 450 15 3.0
Ku DME3037 364-004 7.5 0.05 0.15 16 350 450 15 3.0
Beam-Lead Quad Bridges, N-Type, High Drive
C, Rs® Ve AVW v
F B
NF® o — Tma 1mA 10pA
Frequency Type dB P Q mV v
Band Number Outline Max. Min. Max. Max. Min. Max. Max. Min.
S DMJ6575 132-004 6.0 0.30 0.50 4 550 625 15 4.0
DMJ4312 294-004 6.0 0.30 0.50 4 550 625 15 4.0
S DMJ3114 295-004 6.0 0.30 0.50 4 550 625 15 4.0
S DMJ3120 325-004 6.0 0.30 0.50 4 550 625 15 4.0
X DMJ4313 132-004 6.5 0.15 0.30 9 550 650 15 5.0
X DMJ3088 294-004 6.5 0.15 0.30 9 550 650 15 5.0
X DMJ3115 295-004 6.5 0.15 0.30 9 550 650 15 5.0
X DMJ3121 325-004 8.5 0.15 0.30 9 550 650 15 5.0
X DMJ3122 364-004 6.5 0.15 0.30 9 550 650 15 5.0
Ku DMJ3083 132-004 75 0.05 0.15 13 600 750 15 5.0
Ku DMJ4768 294-004 7.5 0.05 0.15 13 600 750 15 5.0
Ku DMJ3116 295-004 7.5 0.05 0.15 13 600 750 15 5.0
Ku DMJ3123 364-004 7.5 0.05 0.15 13 600 750 15 5.0
Beam-Lead Special Quads, N-Type, L.ow Drive
C, @ Ve @
Rs AV Vg
NF O\é — 1,:‘\;\ 1mA 10uA
Frequency Type dB L Q mV \'
Band Number Outline Max. Min. Max. Max. Min. Max. Max. Min.
S DMF4384A| 132-010 6.0 0.30 0.50 3 225 300 15 —_
S DMF4384 132-010 6.5 0.30 0.50 7 225 300 15 —
S DMF3251A| 364-034 8.0 0.30 0.50 3 225 300 15 2.0
Notes:
1 Ny=15dB,L.O.=1.0mW,R,_=100Q
Band Test Frequency (GHz)
S 3.1
X . 9.4
Ku .. .. 16.0
Ka 349

2 R,=R,—Rgwhere R,is the total resistance measured across the diode terminals and Ry is the barrier resistance (2.8Q2 for a Schottky barrier diode measured at 10
mA. For multiple junction devices, the R would be 2.8Q times the number of junctions between the diode terminals).

3 Electrical characteristics are specified for each junction except for those devices containing two or more junctions in series per arm. For these cases, the
specification is for the arm.

4 Difference in forward voltage between leads within a pair or quad.
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Silicon Beam-Lead and Chip Schottky Barrier
Mixer Diodes

Beam-Lead Special Quads, N-Type, Low Drive (cont.)

NF®" ov Re® 1 %m» 13’5A
Frequency| Type dB pPF Q mv mV v
Band Number Outline Max. Min. Max. Max. Min. Max. Max. Min.
S DMF3251 364-034 6.5 0.30 0.50 7 225 300 15 2.0
S DMF3188A| 397-034 6.0 0.30 0.50 3 225 300 15 2.0
S DMF3188 397034 8.5 0.30 0.50 7 225 300 15 2.0
X DMF3252A| 364-034 6.5 0.15 0.30 7 250 325 15 2.0
X DMF3252 364-034 7.0 0.15 0.30 12 250 325 15 2.0
X DMF3189A| 397-034 6.5 0.15 0.30 7 250 325 15 2.0
X DMF3189 397-034 7.0 0.15 0.30 12 250 325 15 2.0
Ku DMF3253A| 364-034 75 0.05 0.15 16 275 350 15 2.0
Ku DMF3253 364-034 8.0 0.05 0.15 25 275 350 15 2.0
Ku DMF3190A| 397-034 7.5 0.05 0.15 16 275 350 15 20
Ku DMF3190 397-034 8.0 0.05 0.15 25 275 350 15 2.0
Ku DMF3214A| 401-031 7.5 0.05 0.15 16 275 350 15 —
Ku DMF3214 401-031 8.0 0.05 0.15 25 275 350 15 —
Ku DMF3213A| 401-040 75 0.05 0.15 16 275 350 15 2.0
Ku DMF3213 401-040 8.0 0.05 0.15 25 275 350 15 2.0
Ku DMF3243A| 418-038 7.5 0.05 0.15 16 275 350 15 _—
Ku DMF3243 418-038 8.0 0.05 0.15 25 275 350 15 —

Beam-Lead Special Quads, N-Type, Medium Drive

NE® é:‘; R_s_‘” 1 'Y‘FA %;7(\" 1(‘)IJA
Frequency| Type dB PF Q mv mv v
Band Number Outline Max. Min. Max. Max. Min. Max. Max. Min.
S DME3028 | 132-010 6.0 0.30 0.50 4 300 400 15 —_
S DME3254 | 364-034 6.0 0.30 0.50 4 300 400 15 3.0
S DME3191 397-034 6.0 0.30 0.50 4 300 400 15 3.0
X DME3255 | 364-034 6.5 0.15 0.30 9 325 425 15 3.0
X DME3192 | 397-034 6.5 0.15 0.30 9 325 425 15 3.0
Ku DME3256 | 364-034 7.5 0.05 0.15 16 350 450 15 3.0
Ku DME3178 | 397-034 7.5 0.05 0.15 16 350 450 15 3.0
Ku DME3285 | 401-031 7.5 0.05 0.15 16 350 450 15 —
Ku DME3281 401-040 7.5 0.05 0.15 16 350 450 15 3.0
Ku DME3261 418-038 7.5 0.05 0.15 16 350 450 15 —
Beam-Lead Special Quads, N-Type, High Drive
NF® oV Rs® A %r\ulﬂ\m 1(¥uBA
Frequency Type dB pF Q mv mV v
Band Number Outline Max. Min. Max. Max. Min. Max. Max. Min.
S DMJ6708 132-010 6.0 0.30 0.50 4 550 625 15 —_
S DMJ3257 | 364-034 6.0 0.30 0.50 4 550 625 15 4.0
S DMJ3193 397-034 6.0 0.30 0.50 4 550 625 15 4.0
Notes:
1 Ny=1.5dB, L.O.=1.0 mW, R_=100Q

Band Test Frequency (GHz)

2 R,=R; — Ry where R, is the total resistance measured across the diode terminals and Rj is the barrier resistance (2.8Q for a Schottky barrier diode
measured at 10mA. For multiple junction devices, the R would be 2.8Q) times the number of junctions between the diode terminals).

3 Electrical characteristics are specified for each junction except for those devices containing two or more junctions in series per arm. For these cases, the
specification is for the arm.

4 Difference in forward voltage between leads within a pair or quad.
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Silicon Beam-Lead and Chip Schottky Barrier
Mixer Diodes

Beam-Lead Special Quads, N-Type, High Drive

S o | e,
Frequency| Type dB pF Q mv mv v
Band Number | Outline Max. Min. Max. Max. Min. Max. Max. Min.
X DMJ3258 | 364-034 6.5 0.15 0.30 9 550 650 15 5.0
X DMJ3194 397-034 6.5 0.15 0.30 9 550 650 15 5.0
Ku DMJ3259 | 364-034 75 0.05 0.15 13 600 750 15 5.0
Ku DMJ3195 397-034 7.5 0.05 0.15 13 600 750 15 5.0
Ku DMJ3305 | 401-031 7.5 0.05 0.15 13 600 750 15 —
Ku DMJ3306 | 401-040 75 0.05 0.15 13 600 750 15 5.0
Ku DMJ3262 | 418-038 7.5 0.05 0.15 13 600 750 15 —
Chips, P-Type, Low Drive, Low 1/f Noise (6.0 dB Max.)
o] & | ] |
Frequency Type dB pF o} my v
Band Number Outline Max. Min. Max. Max. Min. Max. Min.
X CMB7602 270-804 7.0 0.12 0.24 18 200 300 20
Ku CMB7601 270-804 7.5 0.08 0.16 25 200 350 20
Chips, N-Type, Low Drive
I R I A
Frequency Type dB pF Q mv \
Band Number Outline Max. Min. Max. Max. Min. Max. Min.
S DMG6412A 270-805 6.0 0.15 0.30 8 200 300 2.0
S DMG6412 270-805 6.5 0.15 0.30 8 200 300 20
X DMG6413B 270-805 6.0 0.12 0.24 12 200 300 20
X DMG6413A 270-805 6.5 0.12 0.24 12 200 300 20
Ku DMG6414B 270-805 6.5 0.08 0.16 16 200 350 2.0
Ku DMG6414A 270-805 7.0 0.08 0.16 16 200 350 2.0
K DMG7599 270-805 9.0 0.05 0.10 22 200 350 2.0
Ka DMG6415 270-805 10.0 0.02 0.07 35 200 350 2.0
L
W/
CAUTION
SENSITIVE ELECTRONIC DEVICES
Notes:
1 N¢=1.5dB,L.0.=1.0mW, R _=100Q
Band Test Frequency (GHz2)

2 R, =R,—Rgwhere R;is the total resistance measured across the diode terminals and Rg is the barrier resistance (2.8Q2 for a Schottky barrier diode measured at 10
mA. For multiple junction devices, the Rg would be 2.8C) times the number of junctions between the diode terminals).

3 Electrical characteristics are specified for each junction except for those devices containing two or more junctions in series per arm. For these cases, the
specification is for the arm.

4 Difference in forward voltage between leads within a pair or quad.
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Silicon Bonded and Pressure Contact
Schottky Barrier Mixer Diodes

Features

Bonded Junctions for Reliability

Low 1/f Noise

Low Turn On for Starved L.O. Applications
Planar Passivated Dice for Reliability
Uniform Characteristics

Actual Size

Description

Alpha’s silicon Schottky barrier mixer diodes are
designed for applications through 40 GHz and are made
by deposition of a suitable metal on an epitaxial silicon
substrate to form the junction. The process and choice
of materials result in low series resistance along with a
narrow spread of capacitance values for close imped-
ance control.

Three types of Schottky barrier diodes are included
in this section. These three series are identified on the
tabular listing as follows:

N-type, low drive level: For use in conventional and
low or starved local oscillator
drive applications.

Low 1/fnoise for useindoppler
radar and motion detector
applications. These may also
be used for low or starved local
oscillator drive applications.

For use in conventional mixer
applications where the mini-
mum local oscillator drive level
is 0.5 milliwatts. These also
exhibit low 1/f noise and are
suitable for use in doppler
radar and motion detector
applications.

These Schottky barrier mixer diodes are available in
awide range of packages which make them suitable for
use in waveguide, coaxial and stripline applications. In
addition, Alpha can supply a complete line of Schottky
barrier beam-lead diodes or chips.

P-type, low drive level:

P-type, medium drive
level:

Applications

These diodes are categorized by noise figure for
mixer applications in four different frequency ranges: S,
X, Ku, and Ka-bands. However they can also be used
as modulators, high speed switches and low power
limiters.

Matched pairs of mixer diodes are used in conjunc-
tion with a hybrid or magic-tee primarily for suppressing
noise originating in the local oscillator. They are also
used to isolate the local oscillator arm from the signal
arm, thus minimizing radiation and absorption of signal
power. Other uses are for specific reflection of signals
through the hybrid and for balanced modulators and
discriminators. The matching criteria for mixer diodes
are as follows:

a) Conversion loss (within 0.3 dB of each other)

b) IF impedance (within 25 ohms of each other)

¢) The VSWR of individual diodes, when not other-
wise restricted (such as 1.3 on premium units) is
limited to 1.6 max.

These specifications allow the noise figure of the
receiver to deteriorate no greaterthan 0.1 dB due tolocal
oscillator noise. The VSWR limit allows a maximum of
5% leakage; in practice, this ieakage is generally less
than 2%.

Matched diodes are supplied in either forward pairs
(M) or forward/reverse pairs (MR). The forward/reverse
pair allows for a simpler IF circuit design.

A typical V; vs |; curve is shown in Figure 1. Typical
noise figure vs L.O. drive is shown in Figure 2 for single
diodes. Typical mixer circuits are shown in Figure 3 in
order of complexity.

The circuits described in Figures 3a and 3b are rec-
ommended for narrower band applications where the
lowest possible noise figure is desired. The matching
network can be an “L” network using discrete compo-
nents at lower frequencies or a section of transmission
line. The double balanced mixer shown in Figure 3c is
recommended for broadband operation where noise
figure is less important.
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SiliCon Bonded and Pressure Contact
Schottky Barrier Mixer Diodes

Figure 4 depicts the circuit configuration of a bal-
anced mixer using two diodes of the same polarity for
L.O. noise suppression. In order to attain local oscillator
noise suppression, the IF outputs of the two diodes must
differ by 180°. In this circuit the phase reversal is
accomplished in the IF combining network as shown.

A much easier method of obtaining the 180° phase
reversal is to use one forward and one reverse diode as
shown in Figure 5. This substantially simplifies the
mixer-IF amplifier interface design.

10.0 T T T
N-Type Low Driv7
P-Type /
/ Low Drive
1.0 VA 4

@
Q
5 P-Type
= Medium Drive
2 1
-
c
®
3
Q
® /
e .01
: ° / /
£
o
('S

.001 // /

.0001 /
o] 100 200 300 400 500 600 700 800

Forward Voltage (Millivolts)

Figure 1. Typical Forward DC Characteristic

Curves — Voltage vs Current
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11.0 600 2.0 N % | 5|.o
0 : L 4_%
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8.0 100 1.0 " —"" o
X:3) 0.05 01 0.2 05 1.0 20 5.0 10.
Local Oscillator Drive {Milliwatts}

Figure 2. Typical X-Band Low Drive Mixer Diode

— RF Parameters vs Local Oscillator
Drive

See Sections 2 and 7 for Application Notes:

80800 Mixer and Detector Diodes

80850 Handling Precautions for Schottky Barrier
and Point Contact Mixer and Detector Diodes

80000 Bonding Methods: Diode Chips, Beam-Lead

Diodes and Capacitors

A - Single Ended Mixer

SIG Input o
Coupler

LO Input

- RF Bypass
Matching S — °IF O
Network utput
= DC Return

B - Balanced Mixer

S1G Input 3dB > RF Bypass
Hybrid ’I — IF Ouput
LO Input o—{ Coupler o I

*Matching Network

C - Double Balanced Mixer

- SIG input
LO Input?é ; ;; : ; E
IF Output i

Figure 3. Typical Mixer Circuits

SIG Input
o°
“1F Output
LO Input = =
Figure 4.
SIG Input
O
% 0 IF Output
LO Input =
! 180°
Figure 5.
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Silicon Bonded and Pressure Contact
Schottky Barrier Mixer Diodes

Type Number N-Type | P-Type
Electrical Drive Drive
Polarity Matched Pairs Characteristics Test Conditions Level Level
One Forward, Z,
Two One OHMS

Fre- Forward— Reverse— | NF® Fre- | L.O.

quency Polarity Polarity dB | Package VSWR jquency| Power

Band | Reversible Diodes Diodes Max.| Outline |Min.|Max.. Max. | GHz | mW Holder Low [Low|Med
S | DMC5501C|{ DMC5501CM 55 | 075-001 |250|450| 1.7 3.1 1.0 P-028 X
S | DMC5503C| DMC5503CM 55 | 013001 [150{350| 1.7 3.1 1.0 P-029 X
S | DMF6887C| DMF6887CM 55 | 207-001® | 100|300| 1.7 341 1.0 P-029 X
S | DMF6898C{ DMF6898CM 55 | 247-:001® | — | — | — 3.1 1.0 — X
S | DMC5910C| DMC5910CM | DMC5910CMR | 5.5 | 005-801 |350)450| 1.3 3.1 0.5 | 264-JAN X
S | DMC55038| DMC5503BM 6.0 | 013-001 [150|350| 1.8 3.1 1.0 P-029 X
S | DMC5501B| DMCS5501BM 6.0 | 075001 |250|450| 1.8 3.1 1.0 P-028 X
S DMF6887B | DMF6887BM 6.0 | 207-001® [100|300| 1.8 3.1 1.0 P-029 X
S DMF6898B | DMF8898BM 6.0 | 2470019 | — } — | — 3.1 1.0 — X
S | DMC59108 | DMC5910BM | DMC5910BMR | 6.0 | 005-801 |350|450| 1.3 3.1 0.5 | 264-JAN X
S | DMC5501A | DMC5501AM 6.5 | 075-001 (250{450| 2.0 3.1 1.0 P-028 X
S | DMC5503A| DMC5503AM 6.5 | 013-001 |150(350( 2.0 341 1.0 P-029 X
S | DMF6887A | DMF6887AM 6.5 | 207-001® {100|300| 2.0 3.1 1.0 P-029 X
S DMF6898A | DMF6898AM 6.5 | 2470019 | — | — | — 3.1 1.0 - X
S | DMC5910A | DMC5910AM | DMC5910AMR | 6.5 | 005-801 |350|450| 1.3 3.1 0.5 | 264-JAN X
S | DMC5501 | DMC5501M 7.0 | 075-001 [250i450| 2.3 3.1 1.0 P-028 X
S | DMC5503 | DMC5503M 7.0 | 013-001 |150|350| 2.3 3.1 1.0 P-029 X
S | DMC5910 | DMC5910M | DMCS910MR 7.0 | 005-801 |350|450| 1.3 31 0.5 | 264-JAN X
X DMF6106C | DMF6106CM 55 | 207-001® |200{500| 1.6 9.4 1.0 P-107 X
X DMF4018C | DMF4018CM 55 | 247:001% | — | — | — 9.4 1.0 — X
X | DMF61308B | DMF6130BM 6.0 | 075-001 |200|500| 1.6 9.4 1.0 P-075 X
X DMF61068 | DMF61068M 6.0 | 207-001° 1200|500 1.6 9.4 1.0 P-107 X
X DMF4018B | DMF4018BM 60 | 2470009 | — | — | — 9.4 1.0 — X
X | DmB5880C; DMB5880CM | DMB588OCMR | 6.0 | 005-801 |[335(465| 1.3 9.4 1.0 | 105-JAN X
X | DMB6411C | DMB6411CM | DMB6411CMR | 6.0 | 005-801 |335|/465| 1.5 9.4 1.0 | 105-JAN X
X | DMC5506®| DMC5506CM® 6.5 | 013-001 [300{600{ 1.6 9.4 1.0 P-017 X
X DMC5504C| DMC5504CM 6.5 | 075-001® {300|600| 1.6 94 1.0 P-075 X
X | DMB5880B| DMB5880BM | DMB5880OBMR | 6.5 | 005-801 [335|465| 1.3 9.4 1.0 | 105-JAN X
X | DMB6411B | DMB6411BM | DMB6411BMR | 6.5 | 005-801 [335|465| 1.5 9.4 1.0 | 105-JAN X
X | DMF6130A | DMF6130AM 6.5 | 075-001 |200{500| 1.6 9.4 1.0 P-075 X
X | DMF6106A | DMF6106AM 6.5 | 207-001® |200{500| 1.6 9.4 1.0 P-017 X
X | DMF4018A | DMF4018AM 65 | 247-:001® | — | — | — 9.4 1.0 — X
X | DMC5506B® | DMC55068M® 7.0 | 013-001 |[300]/600( 1.6 9.4 1.0 P-017 X
X | DMC55048| DMC5504BM 7.0 | 075001 |300|600| 1.6 9.4 1.0 P-075 X
X | DMB5880A| DMB5880AM | DMB588OAMR | 7.0 | 005-801 |335)465| 1.3 9.4 1.0 | 105-JAN X
X | DMB6411A | DMB6411AM | DMB6411AMR | 7.0 | 005-801 [335|465| 1.5 9.4 1.0 | 105-JAN X
X | DMF6130 | DMF6130M 7.0 | 075001 (200500 1.6 9.4 1.0 P-075 X
X |[DMB5880 | DMB5880OM | DMB58S8OMR | 7.5 | 005-801 |335|465| 1.3 9.4 1.0 | 105-JAN X
X |DMB6411 [DMB6411M | DMB6411MR 7.5 | 005-801 {335(465| 1.5 9.4 1.0 | 105-JAN X
X | DMC5506A® | DMC5506AM® 8.0 | 013-001 [300|600| 2.0 9.4 1.0 P-017 X
X | DMC5504A| DMC5504AM 80 | 075001 [300|600| 2.0 9.4 1.0 P-075 X

Notes:

Maximum operating temperature = 150°C.

1 Nominal range (not specified).

2 Nif = 1.5dB.

3 Integrated noise in the band of 8 Hz to 60 kHz.
4 Calculated noise figure.

5 Thermal compression bonded junction.

6 Low Drive available upon request.

For stripline applications; all diodes in the 075-001 package are available with flattened leads.
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Silicon Bonded and Pressure Contact
Schottky Barrier Mixer Diodes

Type Number -Type | P-Type
Electricat Drive Drive
Polarity Matched Pairs Characteristics Test Conditions Level Level
One Forward, Z,
Two One OHMS
Fre- Forward— Reverse— NF® Fre- | L.O.
quency Polarity Polarity dB Package VSWR |quency| Power
Band | Reversible Diodes Diodes Max. Outline |Min.|Max.| Max. | GHz mw Holder Low |(Low|Med
Ku |DMF6107C |DMF6107CM 6.0 | 207-001° |200{500| 1.6 16.0 1.0 P-041 X
Ku |DMF4019C |DMF4019CM 6.0 | 247001 [ — | — — 16.0 1.0 — X
Ku (DMF61078 DMF6107BM 6.5 | 207-001° |200(500| 1.6 16.0 1.0 P-041 X
Ku |DMF4019B |DMF4019BM 6.5 | 247-001® | — | — —' 1 160 1.0 — X
Ku [DMC5507C*®|DMC5507CM® 7.0 | 013-001 300|600 1.6 16.0 1.0 P-041 X
Ku (DMF6107A |DMF6107AM 7.0 | 207-001® |200|500| 1.6 16.0 1.0 P-041 X
Ku |DMF4018A ([DMF4019AM 70 | 207-001® | — [ — | — 16.0 1.0 — X
Ku |DMC5507B®|DMC5507BM® 7.5 | 013-001 300({600| 1.8 16.0 1.0 P-041 X
Ka [DMF5078D |DMF5078DM 7.0 | 207-001® (300700" — 34.9 1.0 P-076 X
Ka |DMF4039D |DMF4039DM 7.09 | 247-001® | — | — — 34.9 1.0 — X
Ka |DMF5078C [DMF5078CM 7.5% | 207-001® |300"(700" — 34.9 1.0 P-076 X
Ka |DMF4039C |DMF4039CM 7.59 | 247-001% | — | — — 34.9 1.0 — X
Ka |DMF50788 |DMF5078BM 8.0 | 207-001® [300700" — 34.9 1.0 P-076 X
Ka |DMF4039B |DMF4039BM 8.0 | 247:001® | — [ — | — 34.9 1.0 — X
Ka |DMF5078A |DMF5078AM 9.0 | 207-001® |300"700" — 34.9 1.0 P-076 X
Ka |DMF4039A [DMF4039AM 9.0 | 247-001® | — | — — 34.9 1.0 — X
Ka [DMF5078 |DMF5078M 10.0| 207-001® (300™700" — 34.9 1.0 P-076 X
Ka |DMF4039 [DMF4039M 10.0| 247-001® | — | — — 34.9 1.0 — X
Low Audio Noise Diode for Use in Slow Speed Motion Detector Applications
Type Electrical
Number Characteristics Test Conditions N-Type P-Type
Z; Drive Drive
Polarity ANr® | NE®? OHMS L.O. Level Level
Frequency . dB dB Package . VSWR Freguency Power
Band Reversible | Max. | Max. | Outline | Min. | Max. | Max. Hz mW | Holder Low Low | Med.
X DMC6224 6.0 7.5 |005-801 | 335% | 465" | 1.5 9.38 1.0 |[105-JAN X
X DMB4009 6.0 7.0 |207-001® | — — — 9.38 1.0 P-017 X
X DMC4037 6.0 7.5 |075-001 — — — 9.38 1.0 P-075 X
X DMF6724 6.0 6.5 [005-801 | 335" | 465M | 1.5 9.38 1.0 |105-JAN X
K DMF5078Y 6.0 12.0 | 207-001® | 300" | 600" | — 2415 1.0 — X
Notes:

Maximum operating temperature = 150°C.

1. Nominal range (not specified).

2. Ny=1.5dB.

[+ 4 I A

. Integrated noise in the band of 8 Hz to 60 kHz.
. Calculated noise figure.
. Thermal compression bonded junction.
. Low Drive available upon request.

For stripline applications; ali diodes in the 075-001 package are available with flattened leads.
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Silicon Schottky Barrier Detector Diodes

Features

* Low 1/f Noise
¢ Bonded Junctions for Reliability

¢ Planar Passivated Beam-Lead and Chip Construction

Magnification: 10X

Description

Alpha packaged, beam-lead and chip Schottky bar-
rier detector diodes are designed for applications
through 40 GHz in Ka-band. They are made by the
deposition of a suitable barrier metal on an epitaxial sil-
icon substrate to form the junction. The process and
choice of materials result in low series resistance along
with a narrow spread of capacitance values for close
impedance control. P-type silicon is used to obtain
superior 1/f noise characteristics.

The packaged diodes are suitable for use in wave-
guide, coaxial, and stripline applications.

The beam-lead and chip diodes can also be mounted
in a variety of packages (such as the 130, 307, and 325
series) as well as the LID package or on special cus-
tomer substrates.

Unmounted beam-lead diodes are especially well
suited for use in MIC applications. Mounted beam-lead
diodes can be easily usedin MIC, stripline or other such
circuitry.

A complete line of chips is shown for those MIC
applications where the chip and wire approach is more
desirable.

Applications

These diodes are categorized by TSS (Tangential
Signal Sensitivity) for detector applications in four fre-
quency ranges: S, X, Ku, and Ka-band. However, they
can also be used as modulators, high speed switches
and low power limiters. RF parameters on chips and
beam-lead diodes are tested on a sample basis, while
breakdown voltage, video impedance, 1/f noise and
capacitance measurements are 100% tested. Pack-
aged diodes are 100% RF tested.

TSS is the one parameter that best describes a
diode’s use as a video detector. It is defined as the
amount of signal power, below a one milliwatt reference
level, required to produce an output pulse whose ampili-
tude is sufficient to raise the noise fluctuations by an
amount equal to the average noise level. TSS is approx-
imately 4 dB above the Minimum Detectable Signal.

The Schottky barrier diodes in this data sheet are of
P-type construction and are optimized for low noise,
particularly in the 1/f region. They require a small for-
ward bias (to overcome the barrier potential) if efficient
operation is required, especially at power levels below
— 20 dBm. Bias not only increases sensitivity but also
greatly reduces parameter variation due to temperature
change. Videoimpedanceis adirect function of biasand
closely follows the 28/I(mA) relationship. This is impor-
tant to pulse fidelity, since the video impedance in con-
junction with the detector output capacitance affects the
effective amplifier bandwidth.

Bias does, however, increase noise, particularly inthe
1/f region. Therefore, it should be kept at as low a level
as possible (typically 5-50 microamps).

Voltage output versus power input as a function of
load resistance and bias is shown in Figures 1aand 1b.

Matched Pairs

Matched pairs of detector diodes are used when near
equal sensitivities are required. This is achieved by
matchingthe voltage outputs at a pointin the square law
region.
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Silicon Schottky Barrier Detector Diodes

The voltage outputs are matched within 1 dB as fol-
lows:

AdB = 10log

M1
2=1dB

M

where M1 is the higher Figure of Merit of the two diodes.
The video impedances are also matched:

AZ, = 20% Max.

Custom matching may be performed to other toler-
ances or as a function of frequency, power level and load
resistance.

Typical Circuits

The Multi Octave-High Sensitivity circuit would be
used in ECM and similar applications. Since video
detectors are inherently high impedance devices, an RF
matching structure that will present the maximum power
at the diode junction must be incorporated to insure
maximum sensitivity. The use of bias will reduce the
diode VSWR as well as its video impedance. Figure 2
shows two typical detector circuits with and without for-
ward dc bias.

Test Conditions
P=-20dBm

Typical DDB 3263
Low Drive X-Band Detector Diode
Admittance Characteristics

The Broadband-Low Sensitivity circuit would be used
where low input VSWR is required. In this circuit the low
VSWR is accomplished by the use of the 50 ohm ter-
minating resistor. Sensitivity, however, is degraded by
typically 10 dB from the Multi Octave-High Sensitivity
circuit. The most common use for this circuit is in the
broadband, flat detector used primarily in the labora-
tory.

See Sections 2 and 7 for Application Notes:

80800 Mixer and Detector Diodes

80850 Handling Precautions for Schottky Barrier
and Point Contact Mixer and Detector Diodes

80000 Bonding Methods: Diode Chips, Beam-Lead

Diodes and Capacitors

Test Conditions
P=-20dBm

Typical DDB 4393
Low Drive X-Band Detector Diode
Admittance Characteristics
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Silicon Schottky Barrier Detector Diodes

Typical DDB 3266

Low Drive X-Band Detector Diode
Admittance Characteristics

PACKAGED Low 1/f Noise (6.0 dB Max.)

Test Conditions

P=-20dBm

SENSITIVE ELECTRONIC DEVICES

T
/)
CAUTION

Electrical Characteristics

Test Conditions

TSS02 2, C;@0v
Frequency Type dBm ohms pF Frequency Package
Band Number Min. Min. Max. Max. GHz Holder Outline
C-X DDB4517A 50 500 700 — 5&11 P-066 207-001
C-X DDL6672A 48 500 700 — 5&11 P-085 075-001
C-X DDB4517 47 500 700 — 5&11 P-066 207-001
C-X DDL6672 45 500 700 — 5&11 P-085 075-001
X DDL6725 48 500 700 — 10.525 Optimized 005-801
K DDB6673Y 50 — — 0.10 24.15 Optimized 207-001
Ka DDB6673 40 500 700 — 34.86 P-064 207-001
BEAM-LEAD Low 1/f Noise (6.0 dB Max.)
Electrical Characteristics Test Conditions
TS " c,@ov
Frequency Type dBm ohms pF Frequency Package
Band Number Min. Min. Max. Max. GHz Holder Outline
X DDB4719 50 500 700 0.15 10 — 130-011
X DDB4503 50 500 700 0.15 10 — 174-002
X DDB3221 50 500 700 0.15 10 — 295-011
X DDB3268 50 500 700 0.15 10 — 364-011
Ku DDB3263 48 500 700 0.10 16 — 130-011
Ku DDB4504 48 500 700 0.10 16 — 174-002
Ku DDB3266 48 500 700 0.10 16 — 295-011
Ku DDB4393 48 500 700 0.10 16 —_ 364-011
K DDB5098 509 800 1200" 0.10 2415 — 130-011
K DDB3265 509 800° 1200 0.10 2415 — 174-002
K DDB3267 50 800% 1200° 0.10 2415 — 295-011
K DDB3269 50 800" 1200° 0.10 24.15 — 364-011
CHIP Low 1/f Noise (6.0 dB Max.)
Electrical Characteristics Test Conditions
TSSM 2, C,@0v
Frequency Type dBm ohms pF Frequency Package
Band Number Min. Min. Max. Max. GHz Holder Outline
X CDB7605 50 500 700 0.15 10 — 270-804
Ku CDB7606 48 500 700 0.10 16 — 270-804
Notes:
1. Bias = S0pA. 4. Maximum operating temperature = 150°C.

2. Video bandwidth = 10 MHz.
3. For stripline applications, all diodes in the 075-001 package are avail-
able with flattened leads.

5. Bias = 30pA.
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Silicon Schottky Barrier Detector Diodes

Typical X-Band Detector Diode
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Figure 1a. Voltage Output vs Power Inputas a
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Figure 1b. Voltage Output vs Power inputas a
Function of Load Resistance and Bias

a)Unbiased

{nput

b) Biased

tnput

a) Unbiased

fnput

MULTI OCTAVE — HIGH SENSITIVITY

Video Output

Load
Resistor

Bias
Supply

l—OVideo Output

Load
Resistor

BROADBAND — LOW SENSITIVITY

Video Output

Load
Resistor

Bias
Supply
b)Biased
RF
Bypass
Input lf>ll T }-O Video Output
5002 = Load
Resistor

Figure 2. Typical Video Detector Circuits

Frequency Table
Band Frequencies (GHz)
S 2to 4
¢} 4t08
X 8.2 10124
Ku 12.4 to 18.0
K 18.0 10 26.5
Ka 26.5 to 40.0
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Zero Bias Silicon Schottky Barrier
Detector Diodes

Features

e Zero Turn On, No Bias Required
¢ [ow Video Impedance

Actual Size

Maghnification: 10X

Description

Alpha’s series of packaged, beam-lead and chip zero
bias Schottky barrier detector diodes are designed for
applications through Ku-band. The choice of barrier
metal and process techniques results in a diode with a
wide selection of video impedance ranges.

The packaged diodes are suitable for use in wave-
guide, coaxial and stripline applications. The beam-lead
and chip diodes can also be mounted in a variety of
packages (such as the 130, 295 and 325 series) as well
as the LID package or on special customer substrates.

Unmounted beam-lead diodes are especially well
suited for use in MIC applications. Mounted beam-lead
diodes can be easily used in MIC, stripline and other
such circuitry.

A complete line of chips is shown for those MIC
applications where the chip and wire approach is more
desirable.

Applications

The zero bias Schottky detector diodes are designed
for detector applications through 12 GHz and are useful
to 26 GHz. They require no bias and operate efficiently
even attangential signal power levels. Since they require
no bias, noise is at a minimum. Their low video imped-
ance means a short R-C time constant and hence wide
video bandwidth and excellent pulse fidelity. As power
monitors these diodes may also be used to drive meter-
ing circuits directly even atlow power inputievels. These
diodes are categorized by TSS (Tangential Signal Sen-
sitivity), voltage output and video impedance for detec-
tor applications to 12 GHz.

When selecting a detector diode for a particular appli-
cation, it is desirable to choose the one with the lowest
video impedance that will provide the required circuit
sensitivity. By choosing in this manner, the R-C time
constant of the output circuit will be lowest, and hence
the input signal will be most accurately reproduced.

TSS is the parameter that best describes a diode’s
use as a video detector. It is defined as the amount of
signal power, below a one milliwatt reference level,
required to produce an output pulse whose amplitude
is sufficient to raise the noise fluctuations by an amount
equal to the average noise level. TSS is approximately
4 dB above the Minimum Detectable Signal.

Voltage output is another useful parameter, since it
can be used in the design of threshold detectors and
power monitor circuits. Since voltage output is a func-
tion of the diode’s video impedance, a different mini-
mum value is specified for each video impedance range.

Figure 1 is a plot of the forward DC characteristics. In
Figure 2 voltage output is plotted as a function of power
input for diodes of various video impedances. Tangen-
tial Signal Sensitivity as a function of video impedance
isshownin Figure 3. Figure 4 shows two typical detector
circuits. The Multi Octave-High Sensitivity circuit would
be used in ECM and similar applications. An RF match-
ing structure that will presentthe maximum power atthe
diode junction must be incorporated toinsure maximum
sensitivity. The Broadband-Low Sensitivity circuitwould
be used where low input VSWR is required. In this cir-
cuitthe low VSWR is accomplished by the use of the 50
ohm terminating resistor. Sensitivity, however, is
degraded by typically 10 dB from the Multi Octave-High
Sensitivity circuit. The most common use for this circuit
is in the broadband, flat detector used primarily in the
laboratory.
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Zero Bias Silicon Schottky Barrier

Detector Diodes

See Sections 2 and 7 for Application Notes:

80800 Mixer and Detector Diodes

80850 Handling Precautions for Schottky Barrier
and Point Contact Mixer and Detector Diodes

80000 Bonding Methods: Diode Chips, Beam-Lead
Diodes and Capacitors

Zero Bias Schottky Detector Diodes
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Figure 1. Typical Forward DC Characteristics

Figures 2 &3 Typical Zero Bias
X-Band Detector Diodes
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Figure 2. Voltage Output vs Power Inputas a
Function of Video Impedance
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Figure 3. Tangential Signal Sensitivity vs Video
Impedance
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Zero Bias Silicon Schottky Barrier

Detector Diodes

Multi Octave- High Sensitivity

RF Bypass

Input Video Output

Load

Return Resistor

Broadband - Low Sensitivity
RF
Bypass

Input Video Output

Load

5082 Resistor

Figure 4. Typical Video Detector Circuits
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Test Conditions -8 10
P= - 20dBm
Typical DDC 4582

Zero Bias X-Band Detector Diode
Admittance Characteristics

Test Conditions -8 KT
P=—20dBm

Typical DDC 6980
Zero Bias X-Band Detector Diode
Admittance Characteristics
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Zero Bias Silicon Schottky Barrier
Detector Diodes

Typical DDC 4722
Zero Bias X-Band Detector Diode
Admittance Characteristics

Test Conditions
P = -20dBm

Zero Bias Schottky Barrier Detector Diodes

Electrical Characteristics
Z,
TSS™ Eo®? ohms
Frequency Type -dBm mV Package

Band Number Min. Min. Min. Max. Outline
X DDC4561 49 3.0 — 500 005-801
X DDC4562 49 3.0 —_ 500 075-001
X DDC4563 49 3.0 — 500 207-001
X DDC4564 49 3.0 — 500 247001
X DDC4582 49 3.0 — 500 130-011
X DDC6980 49 3.0 — 500 295-011
X DDC4717 49 3.0 - 500 325-011
X DDC4722 49 3.0 — 500 364-011
X DDC4561A 49 4.0 500 1000 005-801
X DDC4562A 49 4.0 500 1000 075-001
X DDC4563A 49 4.0 500 1000 207-001
X DDC4564A 49 4.0 500 1000 247-001
X DDC4582A 439 4.0 500 1000 130-011
X DDC6980A 49 40 500 1000 295011 Frequency Table
X DDC4717A 49 4.0 500 1000 325-011 Band | Frequencies (GHz)
X DDC4722A 49 4.0 500 1000 364-011 Ut": U1pt :)021
X DDC45618B 52 8.0 1000 2000 005-801 s 2104
X DDC45628B 52 8.0 1000 2000 075-001 c 4108
X DDC45638 52 8.0 1000 2000 207-001 ,é, 1%3,‘&,1123%
X DDC4564B 52 8.0 1000 2000 247-001 K 18.01026.5
X DDC4582B 52 8.0 1000 2000 130-011 Ka 26510400
X DDC6980B 52 8.0 1000 2000 295-011
X DDC4717B 52 8.0 1000 2000 325-011
X DDC4722B 52 8.0 1000 2000 364-011
X DDC4561C 55 12.0 2000 5000 005-801
X DDC4562C 55 12.0 2000 5000 075-001
X DDC4563C 55 12.0 2000 5000 207-001
X DDC4564C 55 12.0 2000 5000 247-001
X DDC4582C 55 12.0 2000 5000 130-011
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Zero Bias Silicon Schottky Barrier
Detector Diodes

Zero Bias Schottky Barrier Detector Diodes (cont.)

Electrical Characteristics
Z,
TSS! Eo? ohms
Frequency Type -dBm mV Pac|
Band Number Min. Min. Min. Max. Outline
X DDC6980C 55 12.0 2000 5000 295-011
X DDC4717C 55 12.0 2000 5000 325-011
X DDC4722C 55 12.0 2000 5000 364-011
X DDC4561D 56 15.0 5000 15000 005-801
X DDC4562D 56 15.0 5000 15000 075-001
X DDC4563D 56 15.0 5000 15000 207-001
X DDC4564D 56 15.0 5000 15000 247-001
X DDC4582D 56 15.0 5000 15000 130-011
X DDC6980D 56 15.0 5000 15000 295011
X DDC4717D 56 15.0 5000 15000 325-011
X DDC4722D 56 15.0 5000 15000 364-011
Beam-Lead
Electrical Characteristics
Z,
TSS™ Eo? ohms
Frequency Type -dBm mV Package
Band Number Min. Min. Min. Max. Outline
X DDC4565 49 3.0 — 500 174-002
X DDC4565A 49 4.0 500 1000 174-002
X DDC45658 52 8.0 1000 2000 174-002
X DDC4565C 55 12.0 2000 5000 174-002
X DDC4565D 56 15.0 5000 15000 174-002
Chip
Electrical Characteristics
Z,
TSS" Eo® ohms
Frequency Type - -dBm mV Package
Band Number Min. Min. Min. Max. Outline
X CDC7609 49 3.0 — 500 270-804
X CDC7609A 49 4.0 500 1000 270-804
X CDC76098 52 8.0 1000 2000 270-804
X CDC7609C 55 12.0 2000 5000 270-804
X CDC7609D 56 15.0 5000 15000 270-804
Notes:

Maximum operating temperature = 150°C.
1. Video bandwidth = 10 MHz
2. P = —-30dBm, R, > 1MQ, frequency = 9.375 GHz

For stripline applications, all diodes in the 075-001 package are available with flattened leads.

T
/)
CAUTION

SENSITIVE ELECTRONIC DEVICES

2-45



Pressure Contact Schottky Barrier

Switching Diodes

Features

¢ Fast Switching Time
¢ High Breakdown Voitage
* Hermetically Sealed

Types

¢ DSN6566
s DSH4787

Description

The Alpha DSN6566 and DSH4787 are high voltage
Schottky barrier diodes for applications involving
switching times in the picosecond range. The devices
are packaged in the miniature glass axial lead package.

These Schottky barrier diodes are made by
deposition of a suitable metal on an epitaxial silicon sub-
strate to form the junction. The process and choice of
materials resultin low series resistance alongwithanar-
row spread of capacitance values for close parameter
control. Since the process results in a majority carrier
device, the diodes exhibit extremely fast switching
speed characteristics.

Electrical Characteristics

The devices are designed primarily for high speed
switching, clamping, pulse shaping, and other appli-
cations where switching times in the picosecond range
are desired. These devices are also well suited for low
frequency mixing (up to 2.0 GHz). Application informa-
tion with more detail is available on request from Alpha
Industries.

Maximum Ratings

DSN DSH

Series Series
(T)eprggirggure —65°Cto +200°C | ~65°Cto +150°C
%?nggfa ture —65°Cto +200°C | -65°Cto +150°C
E(i:s:;?gation 250 mw 150 mw®@

"Derate linearly above 25°C at 1.43 mW/°C
*Derate linearly above 25°C at 1.2 mW/°C

Type Breakdown Voltage Forward Voltage Reverse Current Capacitance
Number Vdc (Min.) Vdc (Max.) nA (Max.) pF (Max.)
¢
Polarity Vg Vg Ve Ve Ve Ve Ve Ve [ n 'S 'S In @ Vg =0V
Reversible| @ 10,A | @ 100,A | @ 1TMA| @ 10MA|[@ 15mA|@20mA (@ 35mA |@ 50mA |@1V | @5V | @8V |@ 15V [@ 50V |@f = 1.0MHz
DSN
6566-50 70 — 0.55 — 1.0 — - — — — - - 200 2.0
DSH
4787-40 30 — 0.40 — — — — 1.0 — — — 300 — 1.0
DSH
4787-30 20 — 0.40 — — — 1.0 — — — — 500 — 1.0
DSH
478720 15 — a.41 — — 1.0 — — — — 100 — — 1.2
DSH
4787-15 10 — 0.40 — - 1.0 - — — 100 — — — 1.2
DSH
4787-10 — 5 0.34 0.45 - - 100 —_ — — 1.0

1 Upon request, diodes can be supplied matched. Some typical matching requirements are AV =20mV atlz=1mA, 10 mAand 20mA, ACo =0.2pF, F=1MHz.
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Pressure Contact Schottky Barrier
Switching Diodes
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Figure 2. Typical Reverse Current vs. Reverse
Voltage at T, = 25°C (DSN6566-50)
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Bonded Contact Schottky Barrier

Switching Diodes

Features

¢ Metallurgical Bonds
Hermetically Sealed
High Reliability

High Breakdown Voltage
Fast Switching Time

Types
¢ DSN6560
e DSHA4785

Description

The Alpha DSN6560 and DSH4785 are high reliabil-

ity Schottky barrier diodes for applications involving
switching times in the picosecond range. The devices
are packaged in a miniature glass axial lead package
utilizing eutectic die mounting and metallurgical junc-
tion bonding.

The devices are designed primarily for applications
where requirements mandate performance capability
with high reliability over a wide range of operational and
environmental service conditions.

T 7
W/
CAUTION

SENSITIVE ELECTRONIC DEVICES

Electrical Characteristics

These Schottky barrier diodes are made by
deposition of a suitable metal on an epitaxial silicon sub-
strate to form the junction. The process and choice of
materials resultin low series resistance alongwithanar-
row spread of capacitance values for close parameter
control.

The devices are for high speed switching, clamping,
pulse shaping, and other applications where switching
times in the picosecond range are desired.

Breakdown voltage ranges other than those speci-
fied are available on request from Alpha Industries.

Maximum Ratings
DSN DSH
Series Series
peraling e | —65°Ct0 +200°C | -65°Cto +150°C
Slorage re | ~65°Ct0 +200°C | -65°Cto +150°C
E‘i:s:;?gation 250 mw" 150 mw®

'Derate linearly above 25°C at 1.43 mW/°C
2Derate linearly above 25°C at 1.2 mW/°C

Type Breakdown Voltage Forward Voltage Reverse Current Cépacitance
Number Vdc (Min.) Vdc (Max.) nA (Max.) pF (Max.)
Cy
Polarity Vg Vg Ve Ve Ve Ve I I I @Vgp =0V
Reversible | @ 10:A|@100:A |@1mA | @10mMA| @ 15mA|@50mA | @ 1V | @ 15V | @ 50V @f=10MHz
DSN
6560-50 70 — 0.55 — 1.0 — - — 200 2
DSH
4785.40 30 — 0.40 — — 1.0 — 300 — 1
DSH
478510 — 5 0.34 0.45 — — 100 — - 1
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Silicon Point Contact Mixer and

Detector Diodes

Quick Reference Chart

Description

This selection chart identifies the standard line of
Alpha microwave point contact mixer and detector
diodes by basic construction, package style and fre-
quency band. If you require detailed specifications on
device packages and electrical parameters, please refer

to Alpha’s Semiconductor Division Microwave Diode
catalog. Catalogs and productline data sheets are avail-
able on request through the Alpha representative in your
area or by contacting: Alpha’s Semiconductor Division,
20 Sylvan Road, Woburn, Mass. 01801.

Alpha MIXERS
Type Actual Size Package | S-Band S-X-Band X-Band Ku-Band K-Band Ka-Band
CERAMIC 005-801 | IN21W 1N23W
1N416 1N415
1N3655 DMA6498
DMA4148 1N3747W
1N3746
1N3745
CERAMIC 005-802 | 1N21 1N23
DMAB497
1N149
MQM ' 013-001 | DMAS5221 DMAS5223 | DMA5278 DMA5253
GLASS i 082-001 | 1N831 1N832
GLASS 075-001 | DMAS5091 DMA5092
.
COAXIAL 002-001 DMAS5392 | 1N78 1N26
1N2510 DMAS5282 | DMA5326
1N4603
_ s
1N4605
DMAGB6499
1N3205
COAXIAL 007-001 DMAS5632
COAXIAL _ 003-001 1N53
DMAS5353
Alpha DETECTORS
Package UHF L-X-Band X-Band Ku-Band K-Band Ka-Band B-Band U-Band
005-801 DDA4072
005-802 1N1611
013-001 DDA5233 | DDA6797 | DDA5S362 | DDA5364 | DDA5366 | DDA5368
DDAS5236
062-001 | 1N830 1N833
DDAS012
075-001 | DDA5080 DDAS5093
DDAS036
002-001 DDAS5360 | DDAS361
007-001 DDA5638
1N358
003-001 DDAS5363 | DDAS365 | DDA5367
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Silicon Point Contact Mixer Diodes

Features

¢ High Burnout Resistance
¢ Low Noise Figure, even in the Starved L.O. Mode
¢ Hermetically Sealed

Description

Alpha’s point contact mixer diodes are designed for
applications through Ka-band (40 GHz). These diodes
employ epitaxial silicon optimized for low noise figure
and uniformity. Since they are point contact devices,
they can be used in mixers operating in the low, or
starved, local oscillator condition as well as in the nor-
mal mode, where the local oscillator level is nominally
one milliwatt.

They are available in a variety of packages which
make them suitable for use in waveguide, coaxial and
stripline applications.

For those applications requiring guaranteed power
handling capability, Alpha has diodes that are screened
100% using narrow RF pulses (= 5nanoseconds). This
screening insures reliable operation at power levels up
to the screened value. These diodes are particularly
useful in applications where the mixer foliows a TRL or
solid state limiter. Diodes in packages other than those
shown are also available.

Applications

These diodes are categorized by noise figure at fre-
quencies up through 40 GHz.

Matched pairs of mixer diodes are used in conjunc-
tion with a hybrid or magic-tee primarily for suppressing
noise originating in the local oscillator. They are also
used to isolate the local oscillator arm from the signal
arm, thus minimizing radiation and absorption of signal
power. Other uses are for specific reflection of signals
through the hybrid and for balanced modulators and
discriminators.

The matching criteria for mixer diodes are as follows:

a) Conversion loss (within 0.3 dB of each other)

b) IFimpedance (within 25 ohms of each other)

¢) The VSWR of individual diodes, when not other-
wise restricted (such as 1.3 on premium units), is
limited to 1.6 Max.

These specifications allow the noise figure of the
receiver to deteriorate no greater than 0.1 dB due tolocal
oscillator noise. The VSWR limit allows a maximum of
5% leakage. In practice, this leakage is generally less
than 2%.

Matched diodes are supplied in either forward pairs
{M) or forward/reverse pairs (MR). The forward/reverse
pair allows for a simpler IF circuit design.

Figure 1 is a plot of a typical X-band point contact
diode’s E-| characteristic.

Figure 2 shows the behavior of a typical X-band sin-
glediode’s noise figure versus local oscillator drive level.
Because of the point contact diode’s low turn-on as seen
in Figure 1, it can operate efficiently as a mixer at local
oscillator drive levels as low as 0.1 milliwatts, as can be
seen in Figure 2.

Figure 3 depicts the circuit configuration of a bal-
anced mixer using two diodes of the same polarity for
L.O. noise suppression. In order to attain local oscillator
noise suppression, the IF outputs of the two diodes must
differ by 180°. In this circuit the phase reversal is
accomplished in the IF combining network as shown.

A much easier method of obtaining the 180° phase
reversal is to use one forward and one reverse diode as
shown in Figure 4. This substantially simplifies the
mixer-IF amplifier interface design.
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Silicon Point Contact Mixer Diodes

Typical X-Band Mixer Diode

NF Z, VSWR c.c.
B 2 - mA
10.0 / 125 700 22 60
115 600 20 5.0
2 Test Conditions:
F= 9375GHz
105 500 1.8 40

R, = 1009
\ N, = 1.5dB cc.

/ 95 400 1.6 . / 30
VSWR ™ —
N I i 8

it
BE 00 14 NFV\ / //swa
75 200 1.2 \~ ,///NF

1.0

.,
65 100 10 CC="1 0
505 0.1 337 05 5 20 50

Forward Current, mA

Figure 2. RF Parameters vs Local Oscillator Drive
.01

SIG input
o— |
001 L . . % g
0 100 200 300 400 500 600 IF output
Forward Voltage, mV LO input

Figure 3. Balanced Mixer Using Diode Pairs With

Figure 1. Typical Forward DC Characteristic
Curve (Voltage vs Current)

Suffix “M”
FREQUENCY TABLE
SIG input
Band Frequencies (GHz2) o IF
UHF Upto1 % | output
L 1t02 LO input =
S 2to4 o |
C 4t08
X 8.2t012.4
Ku 12.41018.0 L
K 18.0t026.5
Ka 26.5t040.0

Figure 4. Balanced Mixer Using Diode Pairs With
Suffix “MR”
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Silicon Point Contact Detector Diodes

Features

¢ Broadband Operation
* Bias Not Required

Description

Alpha’s point contact detector diodes are designed
for applications through mm-band (60.0 GHz). These
diodes employ epitaxial silicon optimized for high tan-
gential signal sensitivity. Since they are point contact
diodes, they are efficient detectors not requiring the use
of bias.

They are available in a variety of packages, which
make them suitable for use in waveguide, coaxial and
stripline applications.

Applications

These diodes are categorized by TSS (Tangential
Signal Sensitivity) for detector applications in eight fre-
quencyranges: L, S, X, Ku, K, Ka, and mm-bands. TSS
is the one parameter that best describes a diode’s use
as a video detector. It is defined as the amount of signal
power, below a one milliwatt reference level, required to
produce an output pulse whose amplitude is sufficient
to raise the noise fluctuations by an amount equal to the
average noise level. TSS is approximately 4 dB above
the Minimum Detectable Signal.

Since the point contact diode has a turn-on voltage of
essentially zero, it exhibits a typical video impedance of
10 K ohms without the use of bias and is an efficient
detector under these conditions. The use of a small for-
ward bias will increase sensitivity and greatly reduce

parameter variation due to temperature change. Video
impedance is a direct function of bias and closely fol-
lowsthe 28/1 (mA) relationship. Thisisimportantto pulse
fidelity, since the video impedance in conjunction with
the detector output capacitance and video amplifier
input capacitance affects the effective amplifier band-
width. Bias does, however, increase noise, particularly
in the 1/f region. Therefore, it should be kept at as low a
level as possible (typically 5-50 microamps).

Matched Pairs

Matched pairs of detector diodes are used when near
equal sensitivities are required. This is achieved by
matching the voltage outputs ata pointinthe square law
region.

The voltage outputs are matched within 1 dB as
follows:

M1_
AdB=10log M2 = 1dB
where M1 is the higher Figure of Merit of the two diodes.
The video impedances are also matched:

AZy=20% Max.

Custom matching may be performed to other toler-
ancesor as afunction of frequency, power level and load
resistance.
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Silicon Point Contact Detector Diodes

Type Number Electrical Characteristics Test Conditions
Polarity Z,
TSS® K ohms

Frequency —dBm FM Package Frequency Basic
Band Forward Reverse Reversible Min. Min. Min. l Max. Outline MHz Holder Type
UHF 1N830 Efticiency 65% min. 062-001 100 1N830
UHF 1N830AM Efficiency 65% min. BV =5.0 Vmin. | 062-001 100 1N830A
UHF DDA5090 Efficiency 65% min. 075-001 100 DDA5090
UHF DDAS5090A Efficiency 65% min. BV =5.0 V min.| 075-001 100 DDAS5090A
L-X 1N358¢ 1N358R“ 40 15 45 18.0 007-001 1000-12400 P-009 1N358
L-X 1N358A1) 1N358AR™ 45 30 45 18.0 007-001 1000-12400 P-009 1N358A
L-X DDA5638 DDA5638R 45 30 45 18.0 007-001 1000-12400 P-009 DDA5638
X 1N833 40 15 45 18.0 062-001 9375 105-JAN 1N833
X DDA5093 40 15 45 18.0 075-001 9375 105-JAN DDA5093
X DDA5233 40 15 45 18.0 013-001 8375 P-017 DDA5233

DDA6797 See Note 5 below — 10.0 013-001 DDA6797
X 1N833A 45 30 4.5 18.0 062-001 9375 105-JAN 1N833A
X DDA5093A 45 30 4.5 18.0 075-001 9375 105-JAN DDA5093A
X 1N1611 1N1611R 51@ 1302 0.6@ 0.8 005-802 9000 P-007 IN1611
X DDA4072 510 13012 0.6 0.8 005-801 9000 P-007 DDA4072
X 1N1611A 1N1611AR 532 2202 0.6@ 0.8 005-802 9000 P-007 1N1611A
X DDA4072A 5312 2202 0.6@ 0.8@ 005-801 9000 P-007 DDA4072A
X 1N16118B 1N16118BR 53 2201 0.6@ 0.8@ 005-802 9000 P-007 1N16118
X DDA40728B 532 2201@ 0.6@ 0.8@ 005-801 9000 P-007 DDA4072B
X DDA5012 532 2202 0.6/2 0.8@ 062-001 9000 105-JAN DDA5012
X DDA5036 53@ 2202 0.6@ 0.8@ 075-001 9000 105-JAN DDAS5036
X DDA5236 53 2202 0.6@ 0.8@ 013-001 9000 P-017 DDA5236
Notes:

1. Maximum operating temperature = 150°C.

2. With 50pA bias.

3. Bandwidth = 10 MHz.

4. Available as JAN or single service types which meet all applicable
requirements of MIL-S-19500.

5. This diode has a high self resonant frequency and is specifically
designed for broadband, flat detector applications.up to 18GHz.

6. Diodes are available in other configurations, consuit factory with your specific require-
ments.
7. Diodes can be supplied with TX type screening. Details of recommended screening
procedures will be supplied on request.
8. For stripline applications, all diodes in the 062-001 and 075-001 packages are avail-
able with flattened leads.

Type Number Electrical Characteristics Test Conditions
Polarity Video
TSSU0 | Sensitivity(1? Frequency

Frequency —dBm mvimw Package Range Basic

Band Forward® Reverse Reversible Min. Min. Outline GHz Holder Type
Ku DDA5360 DDA5360R 5811 500 002-001 12.0-18.0 | Optimized | DDA5360
K DDAS5361 DDA5361R 58011 450 002-001 18.0-26.5 | Optimized | DDA5361
K DDA5362 58011 450 013-001 18.0-26.5 Optimized | DDA5362
Ka DDAS5363 DDA5363R 5511 400 003-001 26.5-40.0 Optimized | DDA5363
Ka DDAS5364 55011 400 013-001 26.5-40.0 Optimized | DDA5364
mm DDA5365 DDAS5365R 501" 200 003-001 33.0-50.0 Optimized | DDA5365
mm DDA5366 501" 200 013-001 33.0-50.0 | Optimized | DDA5366
mmi14 DDA5367 DDA5367R 451 20013 003-0019 |  40.0-60.0 | Optimized | DDA5367
mm DDA5368 500Y 20019 013-001 40.0-60.0 Optimized | DDA5368

Notes:

9. Positive OQutput (Negative Output available using reverse type).
10. Measured at a 40 Hz video bandwidth.
11. Increased TSS levels of up to 10 dBm attainable with 10uA bias.
12. Measured with a 1 megohm video load.

13. To 55 GHz, 100 mv/mw to 60 GHz.

14. Package type usable up to 100 GHz with reduced performance characteristics.

T 7
)
CAUTION

SENSITIVE ELECTRONIC DEVICES
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Silicon Point Contact Detector Diodes

Typical X-Band Detector Diode
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Application Note 80800:
Mixer and Detector Diodes

I. Introduction: Surface
Barrier Diodes

Most people who use diodes are more familiar with
junction devices than with the surface barrier diodes
commonly used in mixer and detector circuits. Inajunc-
tion diode the rectifying junction is formed by contact
between a p-type region and an n-type region of a sem-
iconductor. In asurface barrier diode the rectifying junc-
tion is formed by contact between a metal and the sem-
iconductor, which may be either n-type or p-type.

Two basic types of surface barrier devices are man-
ufactured for use as microwave mixer and detector
diodes — “point contact” and “Schottky barrier” (*hot
carrier”’) devices. The physics of operation of both types
is the same, the difference being in their construction.
Inthe case of the Schottky barrier type of diode the bar-
rier metalis brought into contact with the semiconductor
as part of the chip fabrication process, whereas in the
point contact type of construction the barrier metalisthe
pointed end of a whisker, which is brought into contact
withthe semiconductor chip (usually p-type epitaxial sil-
icon) during final assembly of the device. Both con-
structions result in high quality microwave mixer diodes
with excellent noise figures. The Schottky barrier type
is available with a wider range of electrical properties
and package types for more advanced circuits. In this
application note we go into the details of the physics,
construction, and applications of Schottky diodes. Much
of this applies to point contact diodes as well.

ll. Types of Construction

Schottky diodes can be divided into five main clas-
sifications, depending on package and chip construc-
tion. They are also available from Alphain two semicon-
ductor materials — silicon and gallium arsenide. Silicon
Schottky diodes are available in either p-type or n-type
polarity.

The major classifications are:

PRESSURE CONTACT

(This is also used for point contact diodes.) The
Schottky chip has a close array of identical junctions.
During construction a tungsten or molybdenum whis-
ker is brought into contact with one of the metal pads on
the chip and held in place by pressure. The whisker pro-
vides the required inductance when self-resonant oper-
ation is needed; for example, in high output detector
applications. Examples are package styles 005 and 075
shown in Figs. 2-1 and 2-2:

NOTES:
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Application Note 80800:

Mixer and Detector Diodes

BONDED CONTACT

This construction features a gold wire bonded from
the rim of the package to a bonding pad on the chip and
then to the rim opposite the first bond. A cap is then sol-
dered to this rim thus completing the assembly and
resulting in a hermetic diode with lower inductance and
better mechanical ruggedness than its pressure con-
tact counterpart. Package styles 207 and 247 are of this
construction (Figs. 2-3 and 2-4):

(218}
e 0 086 MAX. D-

3% 4oy
PLACES)
ona 162
m(m)
(TWO PLACES)
15.08) ¥
5200 (z,ﬂ) ¥
NOM 1.78, 052)
0082 0060
0070 NOM
‘ - R
COLORED END DENOTES CATHODE Package 207-001
Figure 2-3
(%)
3% (1)
Package 247-001
Figure 2-4

MOUNTED BEAM-LEAD

In this type, one or more beam-lead Schottky diodes
with coplanar leads are bonded onto a ceramic, fiber-
glass, or plastic substrate. This construction is mechan-
ically rugged, has very low inductance, and is particu-
larly convenient for double-balanced mixers. For
example, package styles 132, 295 and 364 (Figures 2-
5,2-6,and 2-7):
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BT = b st
&
l (%)
Package 364-002
Figure 2-7
UNMOUNTED CHIP

For those who prefer to use chips, they are available
in several different sizes and bonding pad arrays. For
example, chip style 270-804 (Fig. 2-8):

Note: Millimeters in parentheses.

UNMOUNTED BEAM-LEAD DIODES

For use in MIC circuits or other special constructions,
where minimum inductance or minimum size are
important. Available as single diodes (174), pairs (378),
and quads (294), and other monolithic arrangements
(Figs. 2-9, 2-10, and 2-11):
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Figure 2-11

lll. Low Frequency and
RF Parameters of
Schottky Diodes

MIXER DIODES COMPARED TO
DETECTOR DIODES

Mixer diodes are designed to convert radio frequency
(RF) energy to an intermediate frequency (IF) as effi-
ciently as possible. (In practice, the conversion effi-
ciency should be at least 20%). The reason for doing
this is that selective amplifiers at the RF frequency are
expensive, so the signal is converted to a lower fre-
quency where high gain and good selectivity can be
more easily achieved.

The frequency conversion is obtained by operating a
diode with fast response and high cutoff frequency as a
switch, turning it on and off at a rate determined by a
local oscillator (LO). The output frequency (IF) is then
the difference between the LO frequency and the RF
frequency.

A good mixer diode with a high cutoff frequency will
be capable of low conversion loss (L¢). This, combined
with a low noise figure in the IF amplifier, will resultin a
low overall noise figure, unless the diode itself gener-
ates noise (other than normal thermal noise). Ideally, the
mixer diode should accomplish this with a minimum of
LO power and no DC bias.

Detector diodes are designed torectify verylowlevels
of RF power to produce a DC output voltage propor-
tional to the RF power. The diode may be operated at a
small DC bias (typically 50 pA) which results in a rela-
tively high RF impedance (typically 600Q2). As a result,
very low capacitance is required to achieve high sensi-
tivity. Since the output is at a very low level, the low fre-
quency, audio frequency excess noise (“1/f noise”) is
an important consideration.

SMALL SIGNAL IMPEDANCE
Chip Equivalent Circuit

The small signal impedance of a Schottky diode
chip can be obtained directly from low frequency
measurements, if you take into account the physical
locations of the various elements.

The relationship between the small signal param-
eters and the physics of the semiconductor barrier
is discussed in the Appendix. In particular, equation
(A-2) gives the |-V characteristic, equations (A-9) and
(A-10) give the small signal resistances for forward
and reverse bias, and equation (A-15) gives the C-V
characteristic. These form the basis for the following
microwave equivalent circuit for the diode.

The depletion layer, with a low current flowing
across it, acts as a parallel RC circuit and the epitax-
ial layer acts as a series resistor, Rs. Therefore, the
chip can be represented by the equivalent circuit
shown in Figure 3-1:

C, = Junction Capacitance
Rg = Reverse Bias Resistance
Rg = Barrier Resistance

Rg = Epitaxy Layer Resistance

Figure 3-1. Chip Equivalent Circuit
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where, Packaged Diode Equivalent Circuit
28 _ The package has the same effect in the case of a
Re=11] (I'in mA) mixer diode as it does in the case of a junction diode.
S The package is represented by an inductance and a
Cgo capacitance (Fig. 3-2).
CJ = —1—/——7 + CO (3-1)
bc
Vg L

= (3-2)

1 1

jw =+ o

joCy+ Rg  Rg

This can be written in terms of its real and imaginary
parts, but the results are complicated. Diodes are
usually used under special conditions that simplify
the equations. First, they are chosen to have a cutoff
frequency that is usually 10 times higher than the
operating frequency.

1
fo=5—g~>10f
R
27wRgC, (3-3)

orwRgC <.1RgC,
s0 terms involving w?R¢?C,? can be eliminated.

Second, mixer diodes spend most of the time either
heavily forward biased (I->5mA, so Rg<Rg) or
reverse biased (Rg->) with very little time in
between. Only the admittance of the diode at the
extremes needs to be known. Detector diodes, onthe
other hand, are operated atlow bias current, typically
<50 uA, soRg> >Rq.

Therefore, the important cases are:
Heavy forward bias (mixer):

R 2
YE—L-+ij <—B> 3-4
Rg+ Rg Y\ Rg (3-4)
Reverse bias (mixer):
R
1 S .
Y=—+—+jwC X
R X2 jwC, (35)
Low forward bias (detector):
R
1 — s .
Y=oty i (3-6)

B C

Figure 3-2. Packaged Diode Equivalent Circuit

Here, C; is the capacitance of the ceramic, glass, or
plasticinsulator; Lsis the inductance due to the pack-
age, bond wires, and mounting pedestal; and C, is
the junction capacitance.

~ ltis useful to consider C, (together with the package
elements) as part of a low-pass matching network
that couples the real part of the chip admittance to
the circuit.

-~

ﬁ for heavy forward bias

1 R
—+ —SE forreverse bias 37

Rr  Xc

©
Il

1 Rg :
—+t for low forward bias

Re  X¢

The low pass filter consisting of Cy, Ly, and Cy, trans-
forms the line impedance Z, to another value, Z',,
which can be calculated by standard circuit analysis
techniques.
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The following table lists Cp and L for some standard
single diode packages.

Package Cp Lp
(pF) (nH)
005-801 .15 2.0
013-001 12 0.8
075-001 .04 1.0
130-011 .10* 0.6
173-001 .15 0.6
207-001 .13 0.6
247-001 .15 0.3
295-011 .06 0.5
325-0M1 14 0.6
364-0M11 .08 0.5
404-011 .09 0.5

*Can be .04 pF less if no epoxy is used.
MIXER PARAMETERS

The quality of a mixer diode is generally controlled
by either low frequency parameters or RF operating
parameters.

Low frequency parameters customarily specified are
(in order of importance):

Junction Capacitance  (C,) at zero bias

Series Resistance (Rs) or cutoff frequency
(fco)

Reverse Voltage (Vg) at 10 pA or 100 pA

Forward Voltage (Ve)at1 mA

Excess Noise Voitage  (1/f noise)

Reverse resistance, Rg, does not strongly affect the
diode’s RFimpedance, andis not usually specified. For
the same reason, leakage current is not usually speci-
fied. Series resistance is sometimes controlled by spec-
ifying dynamic resistance, Ry, at some particular for-
ward current, such as 10 mA. The excess noise voltage
need not be specified unless the IF frequency is less
than 1.0 MHz (such as for doppler radars or autodyne
mixers).

Some people preferto specify RF parameters instead
of the above low frequency parameters. In order of
importance, the customary parameters are:

Noise zmcified in a particular mixer circuit
Figure at a particular RF frequency and LO
(NFin dB) | power level.

Conversion—{ specified in a particular mixer circuit

Loss at a particular RF frequency and LO
(LcindB) | power level.
RF—— expresses how well the diode and

Impedance | circuit are matched to the LO source
(VSWR) | ata particular LO power.

IF —— expresses the low frequency imped-
Impedance | ance of the driven diode, considered
(Zy) as a source of IF voltage. The IF

amplifier should be designed to have
its optimum noise figure for this
source impedance. This parameter
is dependent on LO power, as well as
RF and harmonic impedance pre-

| sented to the diode.

DETECTOR PARAMETERS
As with mixers, a detector diode can be specified by
its low frequency parameters, the same ones that apply
to the mixer diodes, with the exception that 1/f noise is
now second in importance instead of fifth.
Alternatively, the diode can be specified by RF
parameters, the customary ones being:

Voltage —— the ratio of DC voltage output to RF
Sensitivity | power input at a particular frequency

(VImW) and power level. Depends on bias cur-
rentand C,.

Tangential—{the minimum RF signal level, in dB

Signal below 1 mW, that produces a tangen-

Sensitivity | tial indication on alow frequency oscil-
(TSS,in Uoscope. See Figure 3-3:
~dBm)

SIGNAL
SIGNAL ON
OFF
VOLTAGE SIGNAL & NOISE
QUTPUT y //OUTPUT

§

NOISE OUTPUT

Figure 3-3. Measurement of Tangential
Signal Sensitivity
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(Tangential sensitivity depends on voltage sensitivity,
diode excess noise voltage, and both RF and video
bandwidth).

Video the low frequency impedance of the

Impedance |diode, considered as a source of

(Zv, in ohms) | audio-frequency voltage. Itisthe same

as Ry at the bias current used (about

| 600 Q for any diode with 50 pIA bias).

Figure of — This parameter combines voitage out-

Merit (FM) | putand Z, to give a convenient band-
width-independent measure of TSS.

IV. Mixers and Mixer
Diodes

THEORY OF MIXERS

The simplest way to think about the action of a mixer
diode is to consider a single ended mixer consisting of
a single diode at the end of a transmission line. The RF
signal and the local oscillator drive power are coupled
into the same line by filters or hybrids. The local oscil-
lator drives the diode into heavy forward conduction for
nearly half a cycle and into reverse bias for the other half
cycle. The reflection coefficient of the diode, I, then var-
ies periodically as a function of time.

In this model, the only effect of the junction capaci-
tance and package parasitics is to transform the source
impedance from its actual value to some other number,
Z'y, at the semiconductor junction. If the instantaneous
junction conductance is G(t), then you have the situation
indicated in Figure 4-1:

COUPLER
LO SOURCE

PACKAGED
©0IODE 1

z, X
—o
IMPEDANCE
LOGSIG e —_— S
XFORMER 1oon
o— -0

Figure 4-1. Mixer and Equivalent Circuit

For available LO power, P, the generator voltage is:

2VL(t) = 2VL Ccos th (4_1)

where V. =V2Z P,
DIODE I-V APPROXIMATION
The forward diode characteristic is given by the equa-
tion
I(t) = Igexp [(V(t) - IRg)/.028] 4-2)

This equation can be approximated by a two-piece
linear approximation, which has the diode conducting
only if the voltage exceeds a forward voltage, Vg

Figure 4-2. Diode Forward Characteristic

The barrier resistance, Rg should be evaluated at the
peak current using Rg = .028/1. The equation for I is:

2V - Vg
Zy+RBg+Rg

This approximation can be justified by graphing the
equation or by looking at an actual diode on a curve
tracer (1 mA/cm). (In practice, Vg, the forward voltage
at 1 mA, can be used for V).

Therefore, the low frequency diode conductance, G
is
— 1 ifav >V
Rs+Rg’ L F
G(t) = (4-4)
w?C 2R, otherwise

If you use this reasoning to compute the time-depen-
dent reflection coefficient, the result is a rectangular
waveform (Figure 4-3).
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'

-1

Figure 4-3. Time Dependent Reflection Coefficient

o PetRaZy  2RerRy
F=Rg+Rg+2, Z,
1-2Z,w2C 2R
Tp=——2 L5 . 1_27,w2C2Rg  (4-6)

"~ 14Zw2CRg
The angle, 6, is the conduction angle, i.e. the number

of electrical degrees of the LO waveform during which
the diode is conducting.

9=2 Ve
=Zarcc —
¢ cos <V>

Ve
=2arccos (———
(x/SZ'OPL >

(47

Typically the conduction angle is between 120° and
170°.

CONVERSION LOSS
In order to handle the mathematics of the mixer, the
"-waveform must be expressed as a Fourier series

F()=Ty+Tcosw t+I,cos2w t+...
where

.0
= %(I‘F ey smE (4-8)
2

~ -2 0
T

Rs+R
(2 ~2Z4,2C2Rg - 2—¥> sin.
When there is an incident RF signal voltage V,coswy
in addition to the LO voltage, the voltage of the reflected

wave is
Vg(t) =T'()Vg cos wt
=TyVg COS wt +I'\Vg Ccos w t cos wgt +. ..

=TyVg COS wgt + 1

5 [1Vs[COS (0 —wg) t

(4-9)

+Cos (w +wg)t]+. ..

The important term is the one involving w,— s,
because this is the difference frequency (IF). The ratio
of reflected power at this frequency to the incident power
at wg is the conversion efficiency, 1.

Pe (BI\Vg? T2
TR v 4
(4-10)
=4  w2c2p.. DstRe) | 2. o0
=3 [1 -Zyw “CfRg— Z, sin®5

Conversion loss is 1 expressed in dB:
LC = - 10 '0910 n

Tooptimize the conversion efficiency, you clearly want
Rsto be zero; however, nature won’t allow you to do this.
In practice, low Rg means large junction diameter and
thus high C, (and vice versa), so diode manufacturers
introduce a parameter, the “cutoff frequency,” which is
essentially independent of junction diameter:

f

(4-11)

C — —.—1—
= ZnRC, (4-12)

where {c = cutoff frequency.

It is useful to express conversion loss in terms of f¢
instead of Rg, leaving C, as the free parameter, since the
range of variation of fc in actual products is limited by
material properties, whereas C; can be designed for

almost any value.
3
R.=
S wcCy
s (4-13)
Z, X R
n=Lsin2d |1 <—°+—,C>L——,EE

The quantity in parenthesis is close to 2, if the react-
anceofC,isbetweenZ’y/2and2Z',. So, foralarge range
of C,, the conversion efficiency is determined almost
entirely by the ratio of LO frequency to the cutoff fre-
quency of the junction, by the peak current which deter-
mines Rg, and by the conduction angle.

For this reason, the capacitive reactance should be
chosento be Z’; or typically 100 ohms. The exact value
is not critical for conversion loss unless very wide band-
width is desired. Cutoff frequency should clearly be as
high as possible. Conduction angle and Rg are deter-
mined by LO power and forward voltage. Therefore, LO
power should be high and forward voltage should be low.
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For high drive levels, 6 is close to 180°, sin 6/2 is
nearly one and R >0 so the best conversion efficiency

is:
2
4 f RB>
== [(1-2—- 4-14
K 7r2< fo  Z, “19)
and the conversion loss, in dB, is:
L.~39dB+17- 49 8 (4-15)

Actual single-ended mixers, such as the ones used
at Alpha to test Schottky diodes, give results similar to
this equation, or slightly better. Theoretically, an actual
mixer can be 0.9 dB better than this because of har-
monic suppression. That is, instead of the sum fre-
guency and other harmonics being absorbed in the
source resistance, they are reflected back intothe diode
to be remixed with harmonics of the M-waveform to pro-
duce more IF output. In actual diodes this happens
automatically if the package is designed to have a low-
pass characteristic that cuts off between the operating
frequency and the harmonics. In any case, the circuit
can be designed to reflect all harmonics back into the
diode, and if these reflections are phased properly, you
get the full 0.9 dB improvement.

The conversion loss actually measured on produc-
tion diodes is in general agreement with the previous
equations, as indicated in the following figure. The con-
version loss points are from a large number of produc-
tion lots measured at Alpha over the last several years,
including silicon, GaAs, n-type and p-type at frequen-
cies 3 to 16 GHz, in various packages. As can be seen
in Figure 4-4, the results follow Eq. (4-15)if 0.9 dB is sub-
tracted for harmonic suppression, andthe lastterm con-
tributes about 0.5 dB.

H \_3.5+ (RATR

L. (dB)

Figure 4-4. Conversion Loss as a Function of
Normalized Frequency

NOISE FIGURE
Definitions and Formulas
In practice, notonly the wanted signal comes into the
diode to be converted to the IF frequency, but also
random noise of various sorts. This noise is also con-
verted to the IF frequency with the same conversion

efficiency as the signal. In addition to this, the mixer
adds other sources of noise:

1.

Image noise — If the signal frequency is f_ + f,
then noise at the frequency f_ - f is also con-
verted to the IF frequency with the same effi-
ciency. This doubles the noise at the IF port.

. Diode thermal noise — The parasitic resistance

Rs generates thermal noise. The higher the Rg,
the more the conversion loss and the higher this
contribution is, in direct proportion. This noise
source will increase if the diode is run at elevated
temperatures.

Shot noise — Electron flow across the diode
depletion layer generates shot noise. This noise
turns out to be half what the thermal noise would
be in an ordinary resistor equal to Rg, and will be
directly proportional to the absolute temperature
of the diode.

Excess noise — At low frequencies, the junction
noise increases due to trapping of electrons. This
noise often has a 1/f spectrum and is therefore
called 1/f noise. At high current levels there is
additional noise due to velocity saturation of the
carriers and carrier trapping. This noise has a
minor effect on mixers and is discussed in a later
section.

IFnoise — Theinput stage of the IF amplifier adds
some noise of its own. Most mixer specifications
assume that the IF amplifier has a noise figure of
1.5dB.

LO noise — The sidebands of the noise from the
local oscillator may overlap the signal and image
frequencies, thus acting like an excess noise
source. (This effect can be eliminated by filtering
the LO or by using a balanced mixer.)

Harmonic noise — Inthe wide-open, single-ended
mixer design we are talking about, noise at fre-
quencies near harmonics of the LO frequency can
also be converted to the IF frequency. This can
be eliminated by using a harmonic enhanced
design, or by making sure that the package par-
asitics isolate the junction from the circuit at the
harmonic frequencies.

Noise factor is defined as the ratio of the signal-to-

noise (S/N) ratio at room temperature at the signal
input to the mixer to the S/N ratio at the output of the
IF amplifier. Noise figure is the noise factor expressed
indB. For a moderately heavily driven mixer (Rg >0),
the noise added from the image and the diode ther-
mal noise (from Rg) exactly makes up for the noise
lost in the conversion process, if the diode is at room
temperature. Therefore, the noise power going into
the IF amplifier is exactly equal to the noise coming
in with the signal, but the signal is reduced, so the
signal-to-noise ratio is reduced by exactly the amount
of the conversion loss.
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After adding in the IF noise figure, the result is:

NF = noise figure (dB)

416
=Lc+Nie 9

However, the shot noise and the excess junction
noise should be considered. The shot noise added
by the junction is only half what would be expected
from aresistor equal to Rg. For low drive the increase
in noise figure is not as great as the increase in con-
version loss. If enough LO power is absorbed to heat
the diode significantly, one should take into account
the temperature of the diode. Also, excess noise
(1/f noise) should be taken into account if the IF fre-
quency is low. This is usually accounted for by
assigning an effective temperature to the diode,
which may be either less or more than room temper-
ature, T,,.

NF =Lc+1010g,5(NTR) + N, (4-17)

where the NTR, in this model|, is:

T Rg T
<T—— 1) +Z—,0 <2— T_0> (4-18)

NTR = Noise Temperature Ratio

1-4-1

fc

Tetr _

NTR= T =

Inmost specifications, the IF amplifier noise figure
is assumed to be 1.5 dB (if the actual amplifier has a
different noise figure, the data are corrected to the
nominal 1.5dB). In addition, the diode is assumedto
be operated at a junction temperature equal to room
temperature.

Therefore, if the IF frequency is not too low the
expected noise figure for the single-ended mixer,
driven with a quiet local oscillator is:

R
NF=5.4dB +17-+1010g,((NTR) + 92,—‘? (4-19)
0

fc

For IF frequencies below 1.0 MHz the 1/f noise
becomes important and the noise figure could be
higher than this unless the diodes are selected for
low 1/f noise. At high local oscillator drive levels, Ry
decreases, but the high forward current activates
additional noise due to traps and velocity saturation,
as well as higher temperature. Thus the noise figure
increases instead of approaching a constant. In addi-
tion, as the reverse swing from the LO approaches
diode breakdown, the back resistance, Rg,
decreases, and conversion loss will be degraded
further.

Double Sideband (DSB) Noise Figure

When noise figure is actually measured, a hot
source or broadband noise tube (or noise diode) is
used as a “signal” source. Unless filtering is used,
this kind of source provides “signal” both at the sig-
nal frequency and the image frequency. Therefore,
when the noise source is switched on and off to
determine the signal-to-noise ratio at the output of the
IF amplifier, twice as much output is obtained with
the noise source on than if a single frequency signal
were used. Therefore, the measured noise figure (the
so-called “double sideband” noise figure) will be 3
dB lower than the specified (“single sideband”) noise
figure. Nevertheless, this kind of measurement is
more convenient to do, and usually the measure-
ment consists of measuring the DSB noise figure and
adding 3 dB to obtain the SSB noise figure.

There are many other factors, such as line losses,
coupler losses, the loss in signal — LO combiner or
filter, and the deviation of the IF noise figure from 1.5
dB which must be taken into account as part of the
calibration in order to get the correct noise figure for
the single-diode mixer alone.

CRYSTAL CURRENT
The diode produces DC current as a result of recti-
fying the local oscillator current. The total current is

2V cosw t~V.
—L—Z'L—_T if2V, (t)> Vy
It) = 0 (4-20)

w?C2RgV, cos w t, (otherwise)

The average DC current, or “crystal current” (w = 6)
is:

If you compute the DC voltage by similar reasoning,
you find that there is an apparent reverse DC voltage
equal to

.00 0
Sln2 20082

T(Z o+ Rg+ Rg)

crystal _ _ 2V, [
current DC™

(4-21)

Voc= —Zoloc (4-22)

This is caused by the DC current through the DC cir-
cuit here assumed to be equal to Z',. (Actual single
ended mixers typically use a 100 ohm resistor.)

VSWR
The VSWR expresses how well the RF diode imped-
ance is matched to the LO source impedance. Interms
of the LO current and voltage it is defined as:
VSWR =

2 2z
O or —O; whicheverislarger. (4-23)

Zy,  Zio
The large signal impedance, Z,, is the ratio of V
and | o which are the first order Fourier coefficients of
the voltage and current waveforms:
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V({t)=Vpc + Vi 0Cos w t+V,c082w t+ ...

) =Ipc+ 1l o CO8 w t+1,c08 20 t+ ...

2V (6 —sin 6) 20,2 2
o= m + 2w CJ RSVL (4-24)
Vio= 2V, - Z'O'LO (4-25)

Rg+ Ry
Zi0 A 2m < Z, + 1>
Z,O - Z,OILO - f8—sing+ erCJZRSZ'O (4-26)

ZLO] +1
Z’O

In order to reduce radiation of the LO from the
antenna, the VSWR should be less than 1.6. This cor-
responds to areflection of less than 5% of the LO power.

VSWR = [

IF IMPEDANCE

When the diode is considered as a source of IF volt-
age, it is important to know what its low frequency (IF)
impedance is. The IF amplifier has to be designed to
work optimally when driven from a source of this imped-
ance, or diodes and circuit conditions should be chosen
to provide an optimum impedance for the input of the IF
amplifier.

If an external DC bias s applied to the diode, the crys-
tal current will change, due to a change in the conduc-
tion angle. Applying a small reverse DC (or IF fre-
quency) voltage is the same as increasing V; by the
same amount. The IF impedance is the ratio of the
applied DC or IF voltage to the change in crystal current

AV
Zp=—t-= 1 (4-27)
Alpe <d|DC>
dVe
27 ;5
= 7(Z°+ Rg+ Rg) (4-28)

This is always greater than 2Z’, and typically ranges
from 200 to 500 ohms.

As an example of the behavior of these parameters
as LO power is varied, the following graph shows the
noise figure, VSWR, crystal current and IF impedance
ofan X-banddiode. The fixed parametersare: Vi = .28V,
Rs=7Q, C,;=.20 pf, and Z, = 150 ohms, values appro-
priate for low barrier diodes in a waveguide test holder,
such as those used for testing mixer diodes at Alpha.

Performance is better at low LO power levels than
these formulas indicate because actual diodes have a
softkneeintheforward -V characteristic. Also, the noise

NF
{aB}
12 F

-

2IF
tohms)

700 6
L VSWR
\ cc . ]

z
~~—
-—

NF

7k

N 0

L.O. POWER {mw|

Figure 4-5. Mixer Parameters as a Function of LO
Power

figure for actual diodes can be about 1 dB better due to
harmonic suppression, but the noise figure goes up at
high LO power due to heating and other effects. Never-
theless, these formula can give you some insight into
the meaning of the various RF parameters and their
relationship to the capacitance and I-V characteristics
of an actual diode.

PRACTICAL MIXER CONFIGURATIONS

Single Ended Mixer

The single ended mixer used in the above analysis
has some disadvantages which limit its usefulness.

1. Even with a low VSWR, too much LO power is
reflected into the signal port.

To couple the LO and signal onto the same line
with broad bandwidth requires a coupler which
increases the conversion loss, noise figure and
multiplies required LO power. (For example, a 6
dBcoupleradds 1.2dBtothe conversionlossand
noise figure and requires four times the LO
power.)

If the coupler is unacceptable, a set of filters can
be used, but if the IF and LO frequencies are
close, the bandwidth will be restricted severely.
However, no extra LO power is needed.

The mixer is very sensitive to amplitude varia-
tions (AM noise) in the LO power, which will
increase the noise figure, if the AM noise spec-
trum overlaps the signal frequency.

2.

Balanced Mixer

For many years, the solution to these problems
was to use a balanced mixer containing two diodes
driven in opposite phase. In this case, the reflected
LO power cancels, butthe IF output adds if the diodes
are reversed. Conversion loss is the same as for the
single ended mixer.
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Twice the LO power isrequired as forasingle diode
mixer. The VSWR can be much lower, and the Z;
depends on how the signals are combined. (For the
transformer circuits it will be half that of a single
diode.) The noise figure will be reduced dramatically
comparedtothe single ended mixerbecause the AM
noise from the local oscillator at the signal frequency
is cancelled at the IF output, provided the diodes are
well enough matched.

Figure 4-6 shows some of the common balanced
mixer configurations, as well as a practical single
ended mixer:

A. Single Ended Mixer

SIG INPUT

MATCHING
NETWORK

COUPLER iF OUTPUT

LOINPUT (e

B. Balanced Mixers

108 g a ®
HYBRID — IF QUTPUT

SIG INPUT

LO INPUT
Oo—9

SIG INPUT

308 o° IF OUTPUT
—o0
HYBAID

LO INPUT

Figure 4-6. Single Ended and Balanced Mixers

Matched Pairs

The simplest of the above configurations require
pairs of diodes that are identical except one diode is
of opposite polarity. Since it is not practical to make
complementary pairs (n-type and p-type), the pack-
ages are designed to be double ended, so that one
diode can be mechanically reversed. This still
requires that the two diodes used in the same mixer
must be matched, sothat a high order of cancellation
of reflected LO power and LO noise results. Matching
can be done in one of two ways:

1. Thediodes can be matchedfor C,o, Rgand Vg, (V
at 1 mA forward).

2. The diodes can be individually tested in a single
ended mixer and matched for L, and Z and
VSWAR limited to a maximum value.

Both methods accomplish the same thing since
the second set of parameters can be related to the
first by equations similar to those in Section V. It has
been customary for many years to use the second
set of parameters, but many people prefer to specify
the first set for diodes which are difficult to test 100%
in mixers, for example beam-lead types.

Double Balanced Mixers

The use of four diodes in aring, bridge, or star con-
figuration makes it possible to cancel the LO reflec-
tions and noise at both the signal and IF ports, so no
filteringis needed atthe IF port. Thisrequiresthe use
of very broadband baluns or transformers. In recent
years, several manufacturers have developed these
double balanced mixers to the point where band-
widths over 8 GHz are possible. To do this requires
that the diodes be physically very close together to
avoid inductive parasitics, and requires good electri-
cal matching of all four diodes.

The best solution is to make all four diodes simul-
taneously in a ring configuration using beam-lead
technology. (These are available mounted on var-
ious carriers, or as unmounted beam-lead quads.)
Figure 4-7 shows one of the most common circuit
configurations.

C. Double Balanced Mixer

LO INPUT o

SIG INPUT

IF OUTPUT i -

Figure 4-7. Ring Quad Configuration

If you know how to design broadband baluns or
transformers, this kind of mixer circuit is a natural.
However, you should remember that in circuits with
the bandwidth over one octave, harmonic enhance-
ment cannot be used, so there is a penalty in con-
version loss.

The easiest way to understand the conversion
action is to consider Figure 4-8:
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- IF QUTPUT
- —o

+

SIGNAL b

-

Figure 4-8. Ring Quad for Analysis

Whenthe LOisin “positive” phase, diodes (2) and
(3) conduct, and the negative arm of the signal trans-
formeris connectedto IF. When the LO phase is neg-
ative, diodes (1) and (4) conduct and connect the
positive arm of the signal transformer to the IF out-
put. The two pairs of diodes therefore act like a high
speed SPDT switch. When one goes through the
mathematics for the conversion loss (involving the
transmission coefficient instead of the reflection
coefficient) formulae for conversion loss and noise
figure similar to the ones for the single ended mixer
can be derived.

Image Enhancement

The introduction of noise from the image accounts
for 3 dB of the total noise figure. Noise can be blocked
from entering the mixer at the image frequency by
filtering or by operating two mixers in such a way that
the image noise cancels at the IF port. Such mixers
can have a noise figure improvement of over 2 dB.
Filtering reduces the bandwidth of the mixer, so the
phase cancellation approach is preferred. However,
in order to realize this advantage, image enhanced
mixers must be very well built to maintain proper
phasing over the band and the diodes used must
have higher cutoff frequencies than for non-
enhanced mixers. This favors the use of GaAs
Schottky diodes in image enhanced mixers.

PARAMETER TRADEOFFS

Barrier Height

The barrier height of a Schottky diode isimportant
because it directly determines the forward voltage.
In order to get good noise figure the LO drive voltage,
V., must be large compared to V1, which is essen-
tially Ve,. Normally, it is best to have a low forward
voltage (low V4, or low drive) diode, to reduce the
amount of LO power needed. However, if high
dynamic range is important, high LO power is
needed, and the diode can have a higher V¢ and
should also have a high V; (see Table 1).

Table 1
Typical
Type Vg, LO Power| Application
“zero 10-25 | <0.1 mW/| mainly for
bias” detectors
low .25-.35 | 0.2-2mW| low-drive
barrier mixers
medium | .35-.50 | .5-10 mW/| general
barrier purpose
high .50-.80 | >10mW | high dynamic
barrier range

Noise Figure vs. LO Power

Atlow LOdrive levels, noise figure is poor because
of poor conversion loss, due to too low of a conduc-
tion angle. At very high LO drive levels, noise figure
again increases due to diode heating, excess noise,
and reverse conduction.

If high LO drive level is needed, for example, to get
higher dynamic range, then high Vg should be spec-
ified (> 5V). However, nature requires that you pay
for this with higher Rg (lower f), so the noise figure
willbe degraded compared to what could be obtained
with diodes designed for lower LO drive. Forward
voltage and breakdown are basically independent
parameters, but high breakdown is not needed or
desirable unless high LO power is used.

Such a high breakdown diode will have low reverse
current(whichisimportantonlyifthe diode hastorun
hot).

Silicon vs. GaAs

Typical silicon Schottky diodes have cutoff fre-
quencies in the 80-200 GHz range, which is good
enough through Ku-band.

At Ku-band and above or forimage enhanced mix-
ers, higher f. may be needed, which calls for the use
of GaAs diodes. These have lower Rg due to higher
mobility, which translates to cutoff frequencies in the
400-1000 GHz range.

However, if your IF frequency is low, be careful;
GaAs diodes have high 1/fnoise. They also have high
V1, so more LO power is required.

C, vs. Frequency

There is quite a lot of latitude in choosing C,. How-
ever, in general, the capacitive reactance should be
a little lower than the transformed line impedance
(Zo). if Zy is not known, a good way to start is to use
Xc =100Q. Experience has shown that most practi-
cal mixers use an X near this value (a little higher in
waveguide, and lower in 50Q systems). This trans-
lates to the following “rule of thumb” for choosing the
junction capacitance of a diode for operation at fre-
quency f (in GHz):

(4-29)
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MIXER DIODES

As an example of some of the parameters for state-
of-the-art mixer diodes, Table 2 gives data on some of
the X-band mixer diodes. NFis measured at9.375 GHz.

Table 2
Typ. Ve Typ. Fe Typ. Rs Typ.C, Max. NF
Material Barrier (@1 mA) (GHz) (ohms) (pF) (dB) Pkg. Type #
nGaAs high .70 1000 — 15 5.0* 207 DMK6600A
n GaAs (BL) high .70 500 — 15 6.0* 174 DMK6604A
n GaAs (chip) high .70 1000 — 15 5.3* 270 CMK7704A
n silicon (BL) low .28 150 6 .20 6.5 130 DMF5827A
n silicon (quad) low .28 150 6 .20 6.5 132 DMF5829A
p silicon (BL) low .28 150 12 .20 6.5 130 DMB6780A
n silicon (BL) high .60 100 8 .20 6.5 130 DMJ6786
n silicon (quad) high .60 100 8 .20 6.5 132 DMJ6788
nsilicon low .28 200 6 15 5.5 207 DMF6106C
p silicon low .28 200 18 14 6.0 005 DMB5880C
p silicon med .40 150 12 12 6.5 075 DMC5504C
n silicon low 28 150 8 18 6.5 270 DMG6413A
p silicon low .28 150 12 .18 6.5 270 CMB7602A

*specified for Ne=1.0dB

V. Detectors

GENERAL

Detectors are typically used to convert low levels of
amplitude modulated RF power to modulated DC. The
output can be used for retrieval of modulated informa-
tion, or as alevel sensor to determine or regulate the RF
level.

Detector diodes act as square law detectors for low
level signals. That is, the output voltage is proportional
to the square of the RF voitage at the junction (i.e., pro-
portional to the RF power). At higher signal levels, the
detector will become linear, and at still higher levels, the
voltage output will saturate, and not increase at all with
increasing signal.

DETECTOR CIRCUITS

In general, a diode detector will require a single diode
together with an RF impedance transformation circuit
and some low frequency components. The configura-
tion looks like:

% . UASRESISTOR

2

IMPEDANCE VIDEO

L

\

RF SOURCE

TRANSFORMER AMPLIFIER

oc RETURN AF BYPASS

Figure 5-1. Typical Detector Circuit

The bias resistor generally has a very high imped-
ance compared to the diode, to keep the total DC cur-
rent through the diode constant, and bias the diodeto a
favorable impedance level.

THEORY OF DETECTION:
LOW LEVEL (SQUARE-LAW)

Detection occurs because of the non-linear |-V char-
acteristic of the diode junction. The |-V curve of the junc-
tion is the same at microwave frequencies as at DC.

If the junction capacitance is left out of consideration
for the moment, the forward |-V curve of the diode (at
room temperature) is:

uoo(35)-1

Where V; =V - IRg = junction voltage

(6-1)

If the DC current is held constant by a current regu-
lator or a large resistor, then the total junction current,
including RF, is:

I=lg+ icos wt (5-2)
and the |-V relationship can be written
Ig+1g+icoswt
V,=.028n S T (5-3)
s

i cos wt)
lo+1g

If the RF current, i, is small enough, the fn-term can
be approximated in a Taylor series:

ln+1|
=.028 fn <°—I~S—> +.028 €n<1 +
S
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V,~.028 fn<|0_+£> +.028

[i cos wt  i2cos? wt J
s

- 7t
lo+lg 2o+ 1g)
(5-4)
= Vpg+ V,cos wt + higher frequency terms
If you use the factthat the average value of cos®is .50,

then the RF and DC voltages are given by the following
equations:

_ 028 . _

VJ_'o""s i=Rgi {5-5)

<1 |0> LV T

_ + =)=V, - -
VDC-—.028£7n Is 4('O+IS)2 o] 112 ( )

Therefore, the DC voltage decrease from the bias
voltage, V,, depends on the square of the RF junction
voltage only. (Note, however, that the number “.112” is
really —q and is temperature dependent).

To get the maximum voltage sensitivity, it is clearly
necessary to arrange the circuit to get the maximum
possible RF voltage at the junction. That is, the imped-
ance transformer should be designed to have the high-
est possible impedance at the diode, and the diode
should be biased to a high enough impedance (low |)
so the open circuit RF voltage will not be loaded down
too much. In addition, C, should be low for the same
reason.

Voltage Output (Square-Law Region)

The output voltage of a detector will depend on
the parasitics, and circuitimpedances. Suppose the
impedance transformer is designed to boost the
source impedance to an impedance, Z'q, at the di-
ode. Then the relation between V, and the available
power of the source Pgr can be seen in Figure 5-2.

\Y

25 /J

2V$ G
Figure 5-2.
Vg =V2Z' P
G=_ 4 s (57)
Rg X2

As before, the C, is absorbed into the impedance
transformation and the impedance, Z',, is assumed
real atthe junction (i.e., C,has been “parallel-tuned”
to get the highest possible V)

(2 Vg)?
SET
(1+2Z4G) (5-8)
__8%0Pee
(1+25G)?
The output voltage of the detector will be
—82Z Pge —71.4Z Pge
Voc—Vo = (5-9)

T 2004262 | (142,62

The impedance, Z’, is usually limited by band-
width considerations or by the practical design of the
impedance transformer. For afixed Z'o, R, should be
as high as possible (which resuits in a high VSWR).
Most manufacturers specify the output voltage for
one microwatt RF input power.

An important special case is Z'q = 50Q, because
many of the voltage sensitivity specifications are
measured by placing the diode in the end of a 50 Q
line. It the C, is small enough, the voltage output per
unit power inputfor 2’5 =50 Q is:

2
= Vo;R\:Dc _ ‘1’:2 - 35<:0ﬂ>”w#W (5-10)
Rp
Remember
Rg= ﬁ, (forl5in mA)
So for |5 =50 pA; Rg = 560 ohms, and therefore:
Eo = 3000 uVipW (5-11)

it should be pointed out thatthe VSWR will be very
high for this kind of detector. In this case the VSWR
is equal to Rg/50, which is over 11 if Ig = 50 pA, a typ-
ical bias current.

Another important special case is when Z'g is
matched to the shunt conductance, Z'o = 1/G. In this
case the voltage output is:

18
1 R

Al +<_i>

Rg \X¢?

18 Ry

B RsRg
1
+ X2

Eo= PVIpW

(5-12)

uvipWw

If the detector diodes are specified at a bias cur-
rent of 50 LA (Rg = 560 Q) and X is designed to be
large, then the matched output voltage is:

Eo= 18 Rg = 10,000 puV/ipW (5-13)
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From equation (5-12), the larger X, the higher the
output voltage, but remember that practical diodes
are limited by a finite cutoff frequency so a large X¢
automatically means a large Rg.

In practice, it is usually sufficient to have X > 200
Q and Rg < 40 Q which results in no more than 2 dB
degradation of the output voltage compared to equa-
tion (5-13).

SENSITIVITY
Tangential Signal Sensitivity (TSS)

At low power levels, sensitivity is specified by the
“tangential signal sensitivity” (TSS). This is the
power level that raises the DC voltage by an amount
so the noise fluctuations do not drop below the level
of the noise peaks with no signal. This is about 4 dB
above the minimum detectable signal (MDS). Detec-
tion is so inefficient that even for wideband systems,
theincoming noise (antenna noise) need not be con-
sidered. All the noise is produced in the diode and
the video amplifier.

The open circuit noise of the diode involves three
parts: 1) the thermal noise of Rg, 2) the shot noise of
the junction, which is associated with R;, and 3) the
1/f noise. Not counting 1/f noise, it can be shown that
the open circuit low frequency noise voltage due to
the diode is:

|
VN2=4kTBRS+2kTBRB<1 +—S> (5-14)

lo+1g

To this should be added the noise voltage due to
the video ampilifier, which can be expressedin terms
of the fictitious noise resistance, R,, of the ampilifier:

V2= 4kTBR, (5-15)
The standard value of R, is 1200 Q.
The total noise voltage is
Vp2=2kTB [RB <1 + lolf |S> +2R,+2Rg|  (5-16)

Since the peak noise voltage is 1.4 times the rms
noise voltage, (Vy), the condition for tangential volt-
age output is:

Vpc+ 1.4V =Vy— 1.4V
or (5-17)
Vo= Vpc= 2.8V,

For the biased diode measured in a 50 Q circuit,

2
| 28V, <1+g—(;> (2.8Vy)
Tangential Power = Vour = 3570
(518)
= .78<1 + %—°>2 V2KTB[Rg + 2R, + 2Ag] MW
J

The tangential sensitivity is the tangential power
expressed in —dBm. For a diode with 50 JA bias
(R, =560 Q) measured with a video bandwidth of 10
MHz, this is:

TSS =10 log,, (2828 Vy/V,,)

=10 log, .92 V2KTB (560 + 2R, + 2R |

= —48.8 dBm for R,~1200 © (5-19)
Note that if the diode has high 1/f noise, the tan-
gential sensitivity will be reduced considerably.
Ifthe circuitis matched to the diode, the tangential
sensitivity will be significantly increased. Inthis case
the TSSis:

RgR
142y
Tangential Power = —C Jo8 VN

18Ry

(5-20)

R<R 2kTB Is R.+R
=.157<1+ sf)/ [1+ +2--8 S}

For a zero bias detector diode, =0 and
Rs =Ro — Rs = Z, — Rssothe tangential sensitivity is:

RsZ 4kTB R
S V> / <1+ —a>}(5-21)
Xc? z, Z,
if you assume typical values as X =200Q,B =10
MHz, R, = 1200 Q, and Rg =20 Q, then the result is:

:
TSS=10Iog1O[4.6x10‘5(1 +.0005) /Z—<1 + ‘§°°> ]
v Vv

= —-55dBm forZ,, = 2000-5000 @

TSS=10 log1o[.157 <1 +

(5-22)

Figure of Merit (FM)

The measurement of TSS is complicated by the
fact that the apparent peak noise voltage may not be
exactly 1.4 Vy. Depending on the intensity setting of
the oscilloscope, the apparent peak noise can be
much larger than this, resulting in an error of several
dB in the apparent TSS.
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To take the operator dependence out of the TSS
measurement, FMis introduced, whichis defined by:

Eo
FM=———— 5-23
vZy+Ry ( )
For diodes with zero bias the TSS is calculated
from the FM by the formula:
Vv4kTB

TSS=1010g10—gp (5-24)
For biased diodes, the situation is slightly more
complicated:

JAKTB 22, +2R
Tss=10|og,o<ﬂ>+5lo 10<7Li> (5-25)
 t2R,

M
The relationship is even more complicated if 1/f
noise is considered which may be necessary if the
diode is biased.

High Level Voltage Output

At high signal levels, the detector will begin to
deviate from square law behavior. This begins to
happenwhenV, = .028 volts. For these signal levels,
the sensitivity can be calculated from the same for-
mulas as for the crystal current of a mixer if Vy is
replaced by Vg, — V. Athigh signal levels, the diode
will develop enough reverse bias to keep the crystal
current at the value Iy and the output voltage will
approach twice the signal voltage, V. Therefore:

Vpo— Ve=2Vg= — VBZ )Pre (5-26)

This behavior is called linear detection because of
the linear relationship between Vpc and Vs,

At higher power levels, the reverse bias behavior
of the I-V curve becomes important; as the reverse
voltage approaches Vg, the slope of the reverse char-
acteristic becomes comparableto Z’' o, and beginsto
load down the circuit. At a little higher power, the
diode starts rectifying in the reverse direction as well
as in the forward direction, and this resuits in a limi-
tation of the output voltage.

The whole input-output characteristic of a detector
isillustrated in Figure 5-3.

SATURATION

«@— SQUARE LAW

OQUTPUT { VOLTS )

~40 -20 +20 +40

Figure 5-3. Detector Output Characteristic

1/f Noise

Excess noise due to surface static and traps often
has a 1/f frequency spectrum instead of the uniform
spectrum characteristic of thermal noise and shot
noise. That is, the noise power per unit bandwidth
has a behavior:

AL

A (V3y) ~ 3

(5-27)

To find the total noise voltage, the actual lower fre-
quency limit, f_, of the video amplifier must be known

‘fL+B f_+B
V2N1:/ < >
JE

fL
Combining this with the thermal and shot noise
expressions gives (5-29)

I

S
B+ 2kTB Rg{1+-+—-)+2R,+2Rg
fL lo+1g

It is convenient to eliminate the constant A by
defining a noise corner frequency fy, the frequency
at which the 1/f noise is equal to the shot noise.

A

'%df:Aen

(5-28)

V2N1 = Al’n<1 +

'N= gkTR; (5-30)
In terms of noise corner,
(5-31)
V2. = 2kTB{ Ry |1 's fNPG B\s 2R+ 2R
N1 = { B +To—ﬁs-+Fn +T + a+ S

This noise corner can be specified for a diode, but
this is complicated by the fact that for typical diodes
the excess noise does not have an exact 1/f spec-
trum, and also because the noise corner can depend
on bias conditions. At Alpha, the 1/f noise output is
measured in a bandwidth of 60 kHz (with f_ = 8 Hz)
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as ameasure of 1/f noise. Thisis sufficient as a qual-
itative measurement of noise corner frequency, since
V\? is proportional to fy. It is interesting to note that
for a 50 pA biased diode with a noise corner of less
than 3 kHz, the noise output will be less than a 560
Q resistor.

DETECTOR CONFIGURATION

High Sensitivity

In this type, an impedance transformer is used to
raise the impedance to as high a value as practical.
Ideally, this should be the zero-bias resistance of the
diode, but this approach is limited by the Rs and C,.
It is also limited by bandwidth considerations and
losses in the impedance transformer. Narrow band
detectors with voltage outputs of 10-30 mV/uW can
be achieved this way. Tangential sensitivity
approaching — 70dBm(ina < < 1 MHz video band-
width) are achievable with good diodes, high Z, (over
10 KQ), and low noise video amplifiers. Even higher
sensitivity can be obtained by reducing the video
bandwidth. A schematic is shown in Figure 5-4.

LOW NOISE

VIDEQ AMPLIFIER

IMPEDANCE
RF SOURCE =t
TRANSFORMER

RETURN

Figure 5-4. Typical Detector Circuit —

High Sensitivity

Wideband

A detector circuit uses a wider band impedance
transformer or balun and is limited to a much smaller
impedance at the diode, usually 50-200 ohms. For
the 50 ohm type, the best voltage sensitivity is 3600
HV/UW, (unless the diode package increases the
impedance at the chip above 50 ohms), and tangen-
tial sensitivities are limited to about —54 dBm (in a
10 MHz band). The configuration is shown in Figure
5-5.

BlAS

0C RETURN

é”i

LOW NOISE
AF SOUACE

VIDEQ AMPLIFIER

Figure 5-5. Typical Detector Circuit — Wideband

Flat Detector

The above configuration has a reasonably flat
response if the RF source is well matched, buthas a
high VSWR. Therefore, it is sensitive to any mis-
match in the source which will then reflect back some
of the reflected signal. To avoid this, a 50 ohm resistor
can be included to eliminate the reflections, but this
halves the signal voltage available at the diode, and
reduces the output to less than 1 mV/uW, and the
TSS will not be more than — 48 dBm. However, the
extremely wide bandwidth andlow VSWR of this type
of detector makes it very useful. The circuitis shown

in Figure 5-6.

N

i

50 OHMS

LOW NOISE
RF SOURCE
VIDEQ AMPLIFIER

Figure 5-6. Typical Detector Circuit —

Flat Response

Matched Pairs

Detectors that must operate over a temperature
range, or must be insensitive to variations of bias
supply voltage, must have the reference voltage, Vo,
built into the detector. This can be done by using an
identical diode as a reference. Forthis reason, detec-
tors are often sold in matched pairs. A typical circuit

RF SOURCE

might be as shown in Figure 5-7.
i ﬂlg

LOW NOISE

DIFFERENTIAL

AMPLIFIER

Figure 5-7. Temperature Compensated Detector

PARAMETER TRADEOFFS

Bias vs. No Bias

Although the zero bias detector diode looks like a
good way to reduce circuit complexity, applying bias
toadiode reduces the noise temperature of the resis-
tance, R at video frequencies. In addition, the bias
resistor can be chosen to compensate for the natural
temperature variation of R, (which is proportional to
absolute temperature in °K for constant current).
That is, if the resistance is inversely proportional to
T, then Rg will be constant over temperature. The
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video impedance of a zero bias diode is very tem-
perature dependent. However, a diode operated at
zero bias has no 1/f noise. Therefore, this type of
diode is the choice for audio frequency output, such
as motion detectors. The lack of a bias resistor also
simplifies the design of impedance matching net-
works for narrowband, high sensitivity detectors.

Caution should be used in selecting diodes for use
in unbiased detector circuits because deviation from
square-law behavior can occur atlow levels. If amixer
diode or a detector diode not designed for zero-bias
operation is used without bias, the small signal resis-
tance, Rg (video impedance) will be too high. In this
case, it will be impossibie to get a good match to the
diode, even over a narrow bandwidth, and the RF
power will be dissipated in lossy circuit elements.
Thus the RF voltage at the junction will be much less
than it should be, resuiting in lower TSS and voltage
sensitivity at very low signal levels. When the signal
level is increased, the diode self-biases to a lower
resistance, Rg, and more of the power reaches the
diode. Therefore, the voltage sensitivity increases.
The net result is that the detected response is faster
than square-law at very low signal levels, approach-
ing fourth law or fifth law in many cases. This results
in substantial error if a square law characteristic is
assumed, as in many power level measurement
applications. This effect does not happen if a zero-
bias Schottky diode is used, properly matched, in a
low loss detector mount. In particular, the 1N21 and
1N23 point contact diodes and the similar DMB5880
Schottky diode are not suitable for use in detectors
without bias.

C, vs. Frequency

For most purposes, it is sufficient to have X > 150
Qinadetectordiode. This leadstothe following “rule
of thumb”’ (for Cg in pF)

which is good for “typical” detectors. However, this
is usually too stringent for 50 ohm detectors, espe-
cially flat detectors. Conversely, in the case of high
output detectors, this C; may not allow enough band-
width. In this case, lower C, should be traded for more
Rs, since Rg matters less in detectors than in mixer
diodes. Some detector designers use diodes with Rg
as high as 100 ohms.

1/f Noise

Detector diodes are usually used in systems
whose video bandwidth extends below 10kHz. In this
case 1/f noise voltage becomes much more impor-
tant than for typical mixer diodes. It can be specified
by a noise corner frequency, or by an upper limit or
the noise output in a particular audio band. Alpha’s
diodes are screened using an audio amplifier with a
response from 8 Hz to 60 kHz (at 50 pA bias) when
low 1/f noise is specified.

Point Contact Detector vs.
Pressure Contact Schottky

The point contact type of detector is similar in
action to the zero bias Schottky. One feature that is
builtinto many of them is self resonance which allows
the construction of high output detectors without an
impedance transformer other than the diode pack-
age itself. A disadvantage of point contact diodes is
their high 1/f noise and microphonic behavior. Both
of these problems are eliminated by using the pres-
sure contact type of Schottky, while retaining the
advantage of the high voitage output due to the self
resonance of the whisker-type package. A good
example of this is the DMC6224 Schottky in the 005
package (similar to the 1N23 point contact).

DETECTOR DIODES

As an example of some of the parameters for state-

of-the-art detector diodes, Table 3 gives data on some

11 . : i
C o< 5 (f = signal frequency in GHz) (5-33) X-band detector diodes.
Table 3
Min TSS Min E, Typ Zy Bias

Material Barrier {—dBm) (RV/UW) {(ohms) {nA) Pkg. Type #

N Silicon low 50’ 2500 600 50 207 DDB4517
N Silicon (BL) low 50! 2500’ 600 50 174 DDB4503
P Silicon fow 53° 9000° 600 50 005 DMC6224
P Silicon Zero bias 567 150007 8000 0 207 DDC4563D
P Silicon (BL) Zero bias 56° 15000° 8000 0 174 DDC4565D
P Silicon (Chip) Zero bias 56° 15000° 8000 0 270 CDC7609C

1. measured coaxial line Zo =50 Q

2.tuned (Z'o = Z,)
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VI. Burnout

GENERAL

Schottky barrier diodes are more subject to burnout
due to incident RF pulses than are typical junction
diodes, even the very small junction diodes used in
microwave systems. Basically, there are three reasons
for this:

1. The barrier diameters are very small (less than .5
mil diameter), resulting in high dissipated power
density.

The metal-semiconductor contact is not as stable
chemically as a junction between two regions deep
within a semiconductor, and can be damaged by
temperatures on the order of 400°C.

Because of lack of charge storage (conductivity
modulation) the resistance of the diode at high cur-
rents will not be very low (typically around 10 ohms).
Therefore, the diode does not protectitself as wellas
junction diodes, whose dynamic resistance may
drop to a few tenths of an ohm at high forward cur-
rents or high incident RF power.

DEPENDENCE OF BURNOUT POWER ON PULSE
LENGTH

A diode will begin to degrade when some part of the
junction reaches a certain temperature. The exact tem-
perature depends on the metallurgy used, and on the
degree of perfection of the junction, especially at the
edges. All of the metallurgies used in Alpha Schottky
diodes are good for at least 350°C.

For RF pulses less than 5 ns long, the temperature
rise is directly proportional to the total pulse energy dis-
sipated in the epitaxial layer just under the barrier metal.
This would appear to lead to the conclusion that the
energy content of the RF pulse determines whether the
diode will burn out, but the situation is not that simple.
For example, if the incoming RF pulse has a peak-to-
peak voltage (at the diode) less than the diode break-
down, there will be relatively little dissipation in the junc-
tion. At higher pulse voltages, the percentage of the
incoming energy that is dissipated will increase. The
amount of dissipation in the diode will also depend on
the circuit, which determines what happens to the
energy reflected by the diode. All that can be said with-
out exact knowledge of both the diode and the circuitis
that the susceptibility of the diode to burnout is related
to both the power (or voltage) in the incoming RF pulse
and the pulse duration.

One note of caution: RF pulses are more damaging
than video puises of the same energy contentand pulse
length. The “erg” burnout ratings quoted on sorme data
sheets are based on the energy content of video pulses

from a Torrey line pulser and should be converted to
equivalent RF energy before being used for system
design.

For longer pulse lengths (5 ns to 100 ns) the temper-
ature of the diode junction is dominated by thermal dif-
fusion, and the temperature rise will be proportional to
the square root of time for a given power dissipation.
Therefore, the burnoutis not expected to depend on the
total dissipated energy for pulse lengths over 5 ns, but
is more related to the incident power (if the peak-to-peak
voltage is high enough).

If the pulse length is longer than about 100 ns, the
maximum junction temperature is controlled by the ther-
malresistance of the chip and package. In this case, the
burnout rating will depend to some extent on the quality
of the heatsink used for the diode.

BURNOUT vs. FREQUENCY

Because the capacitance of mixer diodes must be
smaller at higher frequencies, smaller diameter junc-
tions are used. This, of course, makes higher frequency
diodes more susceptible to burnout than low frequency
diodes. For short pulses, the burnout power is approx-
imately inverse with frequency, whereas for long pulses,
or CW, the effect is more gradual.

Detector diodes typically have lower capacitance and
thus smaller junctions than mixer diodes for any given
frequency. Therefore, detector diodes are more suscep-
tible to burnout than mixer diodes. This is often not an
issue, because detector diodes are not usually exposed
to high power RF pulses. However, if the system requires
that they be exposed, then the burnout rating should be
given serious consideration in selecting the diode.

The burnout power of a mixer or detector diode can-
not be directly measured without destroying or deteri-
orating the diode. Production diodes can be screened
to a particular RF power level if necessary, but thisis not
recommended. If the mixer or detector circuitis likely to
be subjected to short RF power pulses of over 1W, or
long pulses over 100 mW, the use of a PIN limiter ahead
of the mixer or detector should be considered. (It is not
feasible to include a limiter diode in the package with a
Schottky diode, since proper limiter action requires the
limiter junction to be 0.1 wavelengths away from the
Schottky diode.)

TRANSIENTS AND ELECTROSTATIC
DISCHARGES

For the same reasons outlined above, Schottky
diodes are subject to burnout due to circuit transients
and electrostatic discharges. (The majority of diode
burnout problems we encounter are due to these two
causes.)
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Electrostatic discharge is becoming even more of a
problemthan it used tobe, since most people wear plas-
tic clothes (and even plastic shoes). A person’s hand
can easily acquire a charge of over 5000 volts on a dry
winter day, and when it touches the hapless diode, can
release as much as 10 amperes of short circuit current
in less than a nanosecond. The solution is to always
ground your hand and tweezers, pliers, or other tool
before touching the diode. (Also, both terminals of the
circuitit goes into should be grounded — someone may
have touched one of the conductors and charged it.)

Anotherway of damaging diodes is to check the front-
to-back ratio with a conventional multimeter to see if it
is “still a diode”. (It won’t be.) The ohmmeter batteries
in typical multimeters range from 1.5 to 9 volts, and the
leads will be charged to this voltage until they touch the
diode. The discharge is usually sufficient to burn out the
diode within about 2 nanoseconds (the longer the leads,
the worse the effect). This effect can be avoided by using
a push-to-test switch across the diode when testing itin
this way, or by using a curvetracer instead of a muilti-
meter. Some DVM’s are just as bad as multimeters,
because they produce digital pulses which hit the diode.

Switching transients in actual circuits can cause the
same effect, if there is sufficient inductance between the
source and the diode. This can be eliminated by using
a small capacitor between the source of the transient
and the diode.

Vil. Guide to Specifying
Schottky Diodes

“TYPICAL” vs. “MAXIMUM”

To specify a parameter, specify a minimum or a max-
imum (or both if necessary). In some cases this is too
expensive or technically infeasible, e.g., measuring
noise figure on beam-lead diodes. Specifying “typical”
parameters is not the solution, because the word typical
is very poorly defined. Testing a sample of a specified
size or a specified percentage of the shipment will often
provide the required information while at the same time
reducing cost.

Another method of reducing testing cost is to do lot
qualification in the actual circuit, if this is mechanically
feasible. Often, our customers will send us their circuit
to save money and time in qualifying lots of diodes, and
to avoid paying for a battery of parameter measure-
ments that might be irrelevant. This allows us to opti-
mize the device design to a particular circuit, with amin-
imum cost.

SCREENING
Another category of test that can get very expensive
is Group B screening. If cost is the main objective, this

should be made as realistic as possible without sacrific-
ing quality. A good example is screening for burnout.
Experience has shown that 100% testing with high RF
pulses deteriorates diodes even if they don’t fail and
therefore repeating the test will produce further failures,
and moreyield loss. One solutionis to screen the diodes
for burnout, but not actually use diodes that have been
subjected to high power pulses even if they passed.

More information on screening is given in other appli-
cation notes.

AVOID OVERSPECIFYING

People often putin specifications that represent what
they desire rather than what they require. Sometimes
this is entered as a “typical” spec, sometimes as an
unnecessary min-max spec, or min-max spec values
that are tighter than necessary.

If there is a question as to what is necessary, call our
Applications Department. We will be glad to recom-
mend the most cost-effective way of specifying your
product to get you what you need to make your circuit
work, using the least expensive testing method that
accomplishes the result. Depending on the diode type
and package style, we may recommend testing RF
parameters, or diode parameters. We may recommend
lot sampling, sampling a percentage of product, or
100% testing depending on your requirement.

Appendix
ELECTRICAL CHARACTERISTICS AND PHYSICS
OF SCHOTTKY BARRIERS

Schottky barrier diodes differ from junction diodes in
that current flow involves only one type of carrier instead
of both types. That is, in n-type Schottkys, forward cur-
rent results from electrons flowing from the n-type sem-
iconductor into the metal, whereas in p-type Schottkys,
the forward current consists of holes flowing from the p-
type semiconductor into the metal.

Diode action results from a contact potential set up
between the metal and the semiconductor, similarto the
voltage between the two metals in a thermocouple.
When metal is brought into contact with an n-type sem-
iconductor (during fabrication of the chip), electrons dif-
fuse out of the semiconductor, into the metal, leaving a
region under the contact that has no free electrons
(“depletion layer”). This region contains donor atoms
that are positively charged (because each lost its excess
electron), and this charge makes the semiconductor
positive with respect to the metal. Diffusion continues
until the semiconductor is so positive with respectto the
metal that no more electrons can go into the metal. The
internal voltage difference between the metal and the
semiconductor is called the contact potential, and is
usually in the range .3~.8 volts for typical Schottky
diodes. A cross section is shown in Figure A-1.
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Figure A-1. Schottky Diode Chip Cross Section

When a positive voltage is applied to the metal, the
internal voltage is reduced, and electrons can flow into
the metal. The process is similar to thermionic emission
of electrons from the hot cathode of a vacuum tube,
except that the electrons are “escaping” into a metal
instead of into a vacuum. Unlike the vacuum tube case,
room temperature is “hot” enough for this to happen if
enough voltage is applied. However, only those elec-
trons whose thermal energy happens to be many times
the average can escape, and these “hot electrons”
account for all the forward current from the semicon-
ductor into the metal.

One important thing to note is that there is no flow of
minority carriers from the metal into the semiconductor
and thus no neutral plasma of holes and electrons is
formed. Therefore, if the forward voltage is removed,
current stops “instantly”, and reverse voltage can be
established in a few picoseconds. There is no delay
effect due to charge storage as in junction diodes. This
accounts for the exclusive use of barrier diodesin micro-
wave mixers, where the diode must switch conductance
states at microwave local oscillator rates.

The voltage-current relationship for a barrier diode is
described by the Richardson equation (which also
applies to thermionic emission from a cathode). The
derivation is given in many textbooks (for example, Sze).
where

o) \)
qkTB) [exp <%> _ M} (A1)
A =area(cm?

A** = modified Richardson constant (amp/(°K)*/cm?)
k = Boltzman’s Constant
T = absolute temperature (°K)
g = barrier height in volis
V, = external voltage across the depletnon layer
(positive for forward voltage) =V — IRg
Rs = series resistance
M = avalanche multiplication factor
| = diode current in amps (positive forward current)

The barrier height, ¢ is typically a few tenths of a volt
higher than the contact potential, ¢ (about .15 volts
higherthan ¢ for silicon). This equation agrees well with
experimental data for diodes without surface leakage,
but is difficult to use because A**, ¢g, and M are all
dependent on applied voltage.

The major cause of the variation of ¢ with voltage is

I=AA**TZexp <

the so-called “image effect”, in which the barrier height
is lowered as the electric field near the metal is
increased, especially at the edges.

A better equation for circuit designers to use isone in
which all parameters are independent of voltage and
current. The simplest one that agrees reasonably well
with Richardson’s equation is:

1=lg[exp(V,/.028) — 1+ K/(1 - Vg/V)]
where

Is = “saturation current” (a temperature

dependent quantity)
““.028” = nkT/q at room temp (n = 1.08)

n = “forward slope factor” (derived from the
variation of ¢g with forward voltage)

K = reverse slope factor (expressing the variation
of ¢ with reverse voltage)

Vg = breakdown voltage (the voltage at which

M=1)

Asbefore, V and | are considered positive for forward
bias and negative for reverse bias.

Typical ranges for these parameters for microwave
Schottky (and point contact) mixer diodes are:

ls=10""2-10"%amp
n=1.04-1.10

Rg =2-20 ohms
K=8-100

Vg =2-20 volts

The quantitieslgand “.028” are strongly temperature
dependent, while both Rg and Vg increase with temper-
atureto a slight degree. Rsincreases with currentat high
current levels (due to carrier velocity saturation) but is
essentially independent of current at 10 mA and below
for mixer diodes. Thus, for normal mixer and detector
operation, Rg can be considered constant.

Agreement between equations (A-1) and (A-2) is not
perfect but equation (A-2) is much easier to use and is
preferred by most circuit designers. A comparison ofthe
two equations near zero bias gives the following rela-
tionship between zero bias barrier height, ¢o, and sat-
uration current:

(A2)

9%

lg=AA**T2exp — K

" (A-3)
=(107A/cm?) A exp|— — |(for n-silicon at room
.026
temperature)

SMALL SIGNAL PARAMETERS

By combining equations (A-2) and (A-3) the values of
the parameters in equation (A-2) can be derived from a
few simple measurements. Many specificequations can
be derived, but the following are used for production
measurements at Alpha:

V10— VF1—-0685

Rg= 009 (forn=1.08) (A-4)
Vg, —.001Rg+.280 +.12log,,D

0= 1.08 (A-5)

2-79



Application Note 80800:
Mixer and Detector Diodes

N Ve1— Vg 41— .0009Rg (A6)
B .060
IR (A7)
K= (?‘ )%
Vv R
Ig=exp. (— OLZQB + 2—;’ (inmA) (A-8)

where Vi, Vi, and Vi, are the forward voltages at
.1 mA, 1 mA and 10 mA, respectively, and lg, is the
reverse current at 1 volt. (The derivation of these equa-
tions requires that Is be small compared to .1 mA.) The
quantity “D” is the diameter of the metal-silicon contact
inmils. Measuring Ve at 1 mAand 10 mAinstead of some
other currentlevels leads to the bestaccuracy for typical
mixer diodes.

The total dynamic resistance for a forward biased
diode is given by:

_dv_ nkT  _ AQ
Ry=gr=Rs+ q(l+ls)'RS+RB (A-9)
Rg= T—?‘— atroom temperature, (withland Igin mA,

S n=1.08)
and

This equation is also good at zero bias (unless K is
very large or there is significant surface leakage). That
is,

: 28

Ro= RS+ ls

For reverse voltages of a few volts, the dynamic resis-
tance is dominated by the K-term:

Rg = Reverseresistance (A-10)

For typical values of I, Ro is larger than 5000 Q and
R is larger than 100 kQ. For some zero bias Schottky
applications itis desirable for Ro to be made smallerthan
this.

The factors that determine Rg are: the thickness of
the epitaxial layer, the epi doping level (Np), the barrier
diameter, the substrate resistivity (“spreading resis-
tance”), the contact resistances of the metals used for
thebarrier andthe substrate contact, and the resistance
associated withthe bonding wire or whisker. The barrier
height is about .15 volt higher than the contact potential
between the barrier metal and the semiconductor, and
is influenced by the method used to apply the metal,
conditions at the edge of the junction, and the doping
level. Saturation current depends on barrier height,
junction area, and temperature; and the slope factors, n
and K, depend on doping level, punch through voltage,
and edge conditions.

JUNCTION CAPACITANCE

The capacitance of a Schottky barrier chip results
mainly from two sources, the depletion layer under the
metal-semiconductor contact and the capacitance of
the oxide layer under the bonding pad (the so-called
overlay capacitance). The bonding pad is required
because the typical Schottky barrier diameteris sosmall
that it is impractical to bond directly to the metal on the
junction. If the semiconductor epitaxial layer is uni-
formly doped, the capacitance-voltage characteristic is
similar to that of a textbook “*abrupt-junction” diode.

€q€nA’
C,=—%—+Cq (A11)
Xp
2egep(dc—V)
b= /—EN—— (A12)

where:

¢ = contact potential
C, = overlay (bonding pad) capacitance
g = dielectric constant of the semiconductor
= 12 for silicon or GaAs
N = doping level in the epitaxial layer
A’ =effective contact area, including fringing
corrections

In practical terms, the capacitance can be related to
the zero volt barrier capacitance defined by:

]
eseoA

= (A13)
BO XDO
where
15
Xpo= \/(%)d’c (in microns) (A-14)
D
The resulting C-V relationship can be written
C
C,= —22_ +Cq (A15)
_v
J17%

The contact potential, ¢, is related to the barrier
height as follows:

N¢
bo=bg— 0261+ L (&

¢g—-15 (for silicon with N = 1017)

(A-16)

The theoretical meaning of these terms can be clar-
ified by looking at Figure A-2.
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Figure A-2. Schottky Diode Band Diagrams
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Application Note 80850: Handling Precautions
for Schottky Barrier and Point Contact Mixer
and Detector Diodes

Microwave diodes can be damaged by electrical
overloads that may occur from several different sources.
The first or most sensitive indication of excessive elec-
trical stress or burnout is an increase in the level of low
frequency of 1/f noise. A larger overload will cause the
breakdown voltage to decrease to a very low value, pos-
sibly afew millivolts. Severe burnout causes the forward
voltage to decrease. At this point the diode ceases to
function in its normal manner and almost total degra-
dation of circuit performance will occur.

One source of diode burnout is static electricity. Static
electricity is more prevalent in dry climates such as
experienced during the winter months and may be gen-
erated on one’s person or on the diode packaging.
Therefore, extreme care must be taken when handling
these diodes. Several methods of preventing static elec-
tricity may be employed. Perhaps the easiest and most
effective one to use is a grounded wrist strap. This, cou-
pled with a grounded or static-free bench top, provides
the best protection available. lonized air sources also
effectively eliminate static electricity. One or more of
these methods must be used whenever diodes are
handled.

Another source of diode burnoutis the use of improp-
ertestequipmentor theimproper use oftestequipment.
Improper test equipment can be as simple as the wrong
selection of the scale on an ohmmeter being used for
checking the DC characteristics of a diode. Diodes can
be damaged by the application of open circuit voltages
as low as 3 volts even when current is limited to a very
small value (such as a few microamps). Therefore it is
preferable to use only ohmmeters having an open cir-
cuit voltage of 1.5 volts maximum. Curve tracers should
always be set at zero voits before diodes are inserted for
testing. At the completion of the testing sequence (and
any time that the polarity is reversed) the voltage control
should once again be set to zero.

When diodes are being installed in a circuit, all pow-
ers and voltages should be “off” and not turned “on”
until the diodes are completely in position. This is par-
ticularly importantif DC bias is to be applied to the diode.
Most bias circuits use a fixed voltage source, such as
12 or24 Vdc, with a series resistor to provide a constant
bias currentto the diode. The open circuit voltage in this
caseis that of the supply voltage and this instantaneous
surge when the diode is connected can cause diode
burnout. To prevent this, a short can be placed across
the diode terminals and removed after the diode is
installed. If any soldering is involved, a grounded or iso-
lated iron must be used.

If auxiliary test equipment, such as an oscilloscope
or a digital voltmeter, is to be used for monitoring diode
operation, it should be connected before the diode is
installed if possible. if not, the ground side of the instru-
ment must be connectedfirstorthe diode could be dam-
aged by AC current flowing in the ground loop and
through the diode.

RF fields are another source of energy thatcan cause
diode burnout. This can be in the form of microwave
radiation from the operating system in which the diode
is installed or from other systems operating in the vicin-
ity. Protection of the diode in the system is accom-
plished by the use of limiters or shutters. In addition, it
is important to store the diodes in shielded containers
and to install them only in areas that are known to be
free of RF fields. These fields can also come from non-
microwave equipment such as induction heaters.

Oven controllers, motor controllers and the like can
also cause diode burnout, particularly if there are long
leads connected to the diode. This might occur when
using acurve tracer or performing 100% screeningtests
suchasburn-in, temperature cycle, or temperature stor-
age. Generally speaking, ovens with solid state con-
trollers do not create this problem. The best procedure
would be to run a controlled experiment prior to any
large-scale 100% screening tests.

In general, the same precautions regarding mechan-
ical and thermal stress in handling and installation
should be observed as one would for any small electric
component. Point contact diodes and pressure contact
diodes, however, do require some special care. These
devices are manufactured in the 005 outline (ceramic)
or 062 and 075 outlines (glass).

Although these latter devices withstand the various
stresses called out in MIL-STD specifications, they may
be damaged by being dropped several inches onto a
hard surface such as a bench top, floor or mechanical
inspection flat surface plate. Care must also be taken if
the leads of a glass diode are to be formed or cut. The
shock of these operations may also move the whisker,
causing diode degradation. Diodes should be kept in
separate envelopes so that they will not rattle against
each other during handling, since this also could cause
whisker movement.

For further information or advice on specific prob-
lems, contact the Applications Department, Mixer and
Detector Diodes.

The following table lists some causes of diode dam-
age and corresponding methods of prevention.
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Application Note 80850: Handling Precautions
for Schottky Barrier and Point Contact Mixer
and Detector Diodes

1. DAMAGE BY BURNOUT FROM STATIC
ELECTRICITY
Source of Static Handling Precautions

Electricity

1.1 Operator Use metal or conductive

discharging charge  plastic bench tops and

on self through chair seats.

diode Ground operator with
strap or use static

eliminators, radioactive
or ionized air type.
Instruct operator in
handling precautions.
1.2 Use of snow Don’t use.
{expanded
polystyrene) to hold
diodes
1.3 Useof plasticbags  Avoid if possible.
Note: Cold dry weather (resulting in low humidity) will
increase the likelihood of static burnout.

2. DAMAGE BY BURNOUT ON TEST KITS

Note: It is extremely important in all diode testing
that the test equipment, test jig, and test fix-
tures be all connected and at the same elec-
trical potential before the diode is inserted.

Source of Transient
2.1 Bias circuit voltage
transient

Handling Precautions
Have low voltage supply
— not high voltage with
dropping resistor. Do
not use high value
capacitance in voltage

network.
Bring bias voltage to
zero before inserting
diode.
2.2 Bias voltagewrong  Use polarized plugs and
polarity supplies.
2.3 Transients in power  Use regulated power
supplies supply shunting diodes.
2.4 Coupled voltage Use shielded leads to
from other circuits  diodes.

Avoid common wire
harness for diode leads
and high voltage
circuits.

Design checkout
procedure and circuits

2.5 Charge in cables
while connecting to

circuit to avoid this.
2.6 Ground loops Have all connecting
cables touch outside
connections first.

2.7 High resistance
scale ohmmeter

MICROWAVE ENERGY

Source of Microwave

Power

3.1 Pulse energy from
same system

3.2 Pulse energy from
other systems

3.3 High rectified
voltage

Maximum open circuit
voltage shouldbe 1.5
volts. Use appropriate
circuit or ohmmeter.

. DAMAGE FROM BURNOUT BY

Precautions

Use TR tubes in good
condition.

Use solid state limiters
aswell as TR tubes.
Use shutter tubes when
system not working.
Restrict dynamic range
of signai or limit load
resistor size.

. DAMAGE FROM BURNOUT DURING

ELECTRONIC ASSEMBLY AND TEST

Source of Burnout

Energy

4.1 Leakage current
from welding equip-
ment and soldering
irons

4.2 Pulse voltages from
controllers and
relays on ovens,
environmental test
equipment, etc.

4.3 Pickup of RF energy
from sources such
as induction heat-
ers, high power
transmitters

Precautions

Ground equipment if
possible.

Test for leakage current
and ground loops.

Put capacitors across
relays.

Shield equipment.
Shield diodes.

Shield and ground
transmitters.

Keep diodes in shielded
containers.

Keep diode and plumb-
ing subassemblies
shielded.
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5. DAMAGE BY MECHANICAL SHOCK 7. DETECTION OF DAMAGE

Source of Shock Precautions 7.1 DC reverse test Low resistance indi-
5.1 Handling Don’t drop diodes or — 3 volts reverse cates burnout of some
packages on bench or type.
floor. 7.2DC forward test High resistance indi-
Don’t shake in cates mechanical or
packages. thermal damages.
5.2 Insertionin Diodes should not seat
eguipment with a jerk or snap. 8. GENERAL PRECAUTIONS
Adjust mechanical toler-
ances for smooth 8.1 Mark packages containing diodes with caution-
insertion. ary notices. (Upon request, Alpha will supply
5.3 Cutting and forming  Support diode during diode packaging with such notation.)
leads operation. 8.2 Post instructions at locations where diodes are
Have cutting and form- handled (such as incoming inspection, test sta-
ing tools work smoothly. tions, etc.).
8.3 Instruct inspectors and test operators as to pre-
. DAMAGE BY EXCESSIVE HEAT cautions required.
8.4 It is extremely important in all microwave diode
Source of Heat Precautions testing that the test equipment, test fixtures,
6.1 Soldering Use heat sink between diode holders, etc., all be connected together
diode body and point of and at the same potential before the diode is
soldering heat inserted in the diode holder.
application.
Keep exposure to heat
to a minimum.
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Section 3
Control Diodes

PIN Switching, Attenuator, and Limiter Diodes

e PIN and Limiter Diodes SeleCtion GUIAE ......c..co.vvveeicciieeeciiiee s e seree e seere s ssie s ssbar e e s e se e sar s s e s bes e s e s abneassnsnas
D =T s M-V N ad| N 0 T Te L= SO OO
e MesaBeam-Lead PIN DIOGES.........cccviirveiieeeeeie e e ectee e e ettt e e st e e actr e e sesee e e smeae s shase s e s ba e e e st s e s e s abbes s s s snnaaesnnnnas
¢ Low Resistance High Speed Beam-Lead PINDIOAES ..........cccooumieiiiiiiiiei e
¢ High Voltage PIN SWItChing DIOAES............ccueiiiiiiiiiiiie ettt
¢ Industry Standard PIN Diode ChiPS.......c.ccoeeiirminis ittt e sbg e e e
o Low Power PIN/NIP Switching and Attenuator Diodes...........ccceeeriiiniiniiie s
¢ PIN, NIP Switching Diode Multi-Junction Chips ...........couiiiiiiin it v
¢ Low Cost — Low Inductance Double SIUG PIN DIOAES ..........c.cceciriiiiieiiis et e
o Current Controlled AHENUALOr DIOAES.......cccceeiiie ettt et rer s ere s e b s s s s be st ee s s e sabn e s s sane s s e bnnes
L 111 = g e Yo L= U PPN
® SWItCh aNA LIMItEr MOGUIES ..ottt ie e et e e st e e e e e sttt e e e e eete e e s sataeeeea et e s sabte e s sesstaeesseeeeeasstasenanenesessnesenaneees
O T AHENUALOT MOTUIE ... ... it eeiee ettt e e s ser e e e ettt e e e e eteee e e e s te e e s st ae e s ase e e e s aetee e s rtes s e men i s sanenesesmenesesentenesarans
Application Note: PIN DIOGE BASICS........cccoeerrueeniirieieiresresee ettt ettt st st s e sae et st e b e s eabesten st e e nns
Application Note: Characteristics of Semiconductor Limiter Diodes.............cccoviiiiiinii e

Silicon and GaAs Tuning Diodes
* Silicon Tuning Diode SeleCtion GUILE .........c.cccoriiciireiiiiiiii e e
¢ Microwave Tuning Diodes and ChiPS ........cccvrverriiirieii ittt et se e e
e VHF-UHF Tuning Diodes: 30 and 60 VOIt SEFIES ...........ccciiiiiiiniiiiireiie i
¢ Microwave Hyperabrupt Tuning Diodes, DKV 6550 SErIES ...........cccceiviiiiiiiniiiiiieiciecne e ane s s
¢ Hyperabrupt Tuning Varactors, DKV 8510 SriBS ............ccccoiiiin ittt e
* Hyperabrupt Tuning Varactors, DKV 6520 SErIES............cccivrieniimniimei ittt
* Hyperabrupt Tuning Varactors, DKV 6530 SEries...........cccuiriiieiiniiieiniii st s
¢ Hyperabrupt Tuning Varactors, DKV 4105 and 4109 Series..........coouriiiiiiiiinin e
* High “Q"” GaAs Tuning Diode Chips, 25 and 45 VoIt Series ..o
* High “Q” GaAs 25 VOIt TUNING DIOAES.........coccieriririre ittt et
* High “Q” GaAs 45 VOIt TUNING DIOAES.........covueriiiiitiiie ittt bt
Application Note: TUNING DIOAES ........corvieei ittt a e sen e s nnne s
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Selection Guide for PIN and Limiter Diodes

This note is intended to offer brief but hopefully not
too simplified suggestions for the optimum classes of
Alpha PIN and Limiter diodes for various applications.

Guidelines on required Junction parameters:
The incident RF voltage is VRf ={2 P, Z,

The diode Vg must exceed the sum of the peak VRfplus
the bias voltage. Be sure to allow a margin for reflec-
tions. The bias voltage required to keep a diode in the
open circuit state depends upon frequency, power,
diode lifetime, and diode | region thickness. The maxi-
mum junction capacitance for a mounted chip or diode
is dependent on frequency, bandwidth considerations,
and your design ingenuity. For high power applications,
large values of Cj, with concomitant lower Rs and ther-
mal resistance, are desirable. Matching techniques for
both chip and packaged diodes make it possible to use
almost any diode for narrow band applications. There
are no theoretical limitations to the use of PIN diodes at
high frequency. Beam-lead diodes have been used to
100GHz, and chip and packaged diodes can also be
used. For example, 075 glass packaged PIN has been
successfully employed in 35GHz designs.

l. Series mount:

A. For multithrow, wide band switches, the low capac-
itance beam-lead diode is optimum.
Average power up to 2-3 watts, with switching times
from 5 to 50 nanosec.
Recommended diodes: DSG6474, DSM4380,
DSM4355, 4356.

B. For certain applications, multi-junction PIN and NIP
chip diodes can be used:
Recommended diodes: CSP9200 series, PIN

CSN9250 series, NIP

ll. Shunt mount:
A. Switching under 10 nanosec, voltage breakdown up
to 125 volts;
CSB7002-01, 02, 03, 04, CSB7152, 7156;
DSM4355, 4356 beam-leads.
For lowest loss, low power: CSB7002-05, 06, 07
B. Switching in 10 to 30 nanosec, voltage breakdown
to 200 volts:
CSB7003
. Switching 30-100 nanosec, voltage breakdown to
300 volts: CSB7151
Selected variations of CSB7003 series.
D. Switching 100 plus nanosec, DC voltage breakdown
500 volts, with RF breakdown exceeding 800 volts.
CSB7205, DSA6925, 6928.

See Application Note 80200 in this section for guide-
lines on power handling.
ll. Attenuators:
A. Low modulation rate, low RF frequency limit approx.
10MHz: CSB7201 series; DSB6419 series, 1N5767
B. Highmodulation rate, low RF frequency limit approx.
1GHz: CSB7401 series.

Both series and shunt mount circuits, including bridge
tees and networks, can be designed around the diodes
recommended.

The power limitations for attenuator diodes depend
upon RF frequency, modulation rates, dynamic range,
and allowable distortion products. See Application Note
80200 for some guidelines.

IV. Limiters:

A. Forinputs to 4kw peak:
CLA3133 series

. Forinputs to 800 watts peak:

CLA3132 series

For inputs to 200 watts peak and lower leakage

power: CLA3131 series

. Forinputsto 100 watts peak, and lowest flat leakage:
CLA3134, 3135 series

E. Peak power beyond 20kw — special high voltage
limiter diodes have been developed. Contact Alpha.

See Application Note 80300 in this section for guide-
lines.

V. Diode Package:

For broad band high frequency designs it is almost
mandatory to use unpackaged chip and beam-lead
diodes. The parasitic capacitance and inductance of
most packages produce extra design problems. How-
ever, some situations demand packaged diodes, and
Alpha has available many package styles which mini-
mize these problems for both shunt and series mount-
ing in stripline and microstrip. These packages include
(see pkg. outline drawings):

1. Upto 18GHz: 130, 131, 132, 173, 190, 197, 364.
2. Upto12GHz: 325
Shunt:

Up to 18GHz: 176, 190, 197, 375.

The above packages offer lowest available parasitics
in hermetic sealed and epoxy protected diodes. In
regard to epoxy, Alpha has performed extensive relia-
bility tests on diodes “protected” by epoxy, with out-
standing results.

3. Modules — see “Switch and Limiter Modules” for
50 ohm stripline modules for switches and limiters.

For applications requiring chips, we offer package
styles: 176, 179, 184, which can be used to eliminate
“top contact bonding” by the customer.

Conventional metal — ceramic packages:

If you must use such a package, or are in waveguide
or coax in narrow band applications, some packages
are better than others:

1. To 18GHz: 023, 135, 158

2. To26GHz: 067, 082, 084, 296, 305

3. To40GHz: 067, 296, 305

4. Above 40GHz: 290, 296

5. For series mounting, pkg 247, with L shaped leads

Please note that chip size limitations preclude certain
combinations of chip and package.

B
C.
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Selection Guide for PIN and Limiter Diodes

VI. Glass packaged diodes:
The ubiquitous axial leaded glass PIN diode is still

quite popular.

1. High speed PIN switch — D5151.

2. Low frequency attenuator (current controlled resis-
tor) DSB6419 series, 1IN5767

3. Low inductance, low cost double slug — DSB3608,
3609

4. Most of our other PIN chips are available in glass
packages.

5. All our glass packaged diodes are available in chip
form, on request.

VIl. Junction polarity — PIN or NiP

The question of polarity is not relevant with beam-lead
diodes, or stripline packages, but is quite relevant with
chips and packages.

For PIN diode chip, the large area substrate is the
cathode, and the small bonding area the anode.

For a NIP diode, the terminals are reversed — the
bond area is the cathode.

The substrate is always the heat sink. Most chips are

available, or can be readily fabricated, with either PIN
or NIP polarity. The high voltage diodes, with Vg greater
than 500 volts, are exclusively PIN; however, we wei-
come your inquiries.

VIII. Planar vs. Mesa Construction

In most cases, the electrical characteristics of planar
and mesa diodes are similar, and only physical exami-
nation could discern a difference.

Relative to similar mesa diodes, planar diodes are a
little slower in switching time, have higher lifetime and
have somewhat higher resistance at low bias currents.

Itis more difficult to make very low capacitance planar
diodes, and very high voltage planar diodes are almost
impossible.

On the other hand, planar chips are most easily
bonded, owing to the elimination of the mesa edge,
which can be fractured if the bonding tool is improperly
positioned or dimensioned.

Because the contact area is fiat, it is necessary to
insure that the bond wire or ribbon is dressed above the
substrate, to reduce fringe capacitance.
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Beam-Lead PIN Diodes

Features
e LowCapacitancCe ........c.ccccveveeeveinmeneneneeeenes 02 pF
* LowResistance ............ccccccceiiiniiniinen, 3.0ohms
e Fast Switching .......c.ccevecieiinncciiinne 15 nsec on,
25 nsec oft
e HighVoltage .......cocoveiviinecriiriinieeeeen, 200 volts
¢ Oxide Passivated
Types Outline Drawing
¢ DSG6470 Series
¢ DSG6474 Series
Description —— 2 B
The DSG6470 and DSG6474 Series of silicon oxide __ i
passivated beam-lead PIN diodes are designed for ' > Porid
stripline and microstrip signal processing applications s R ~;—1 ¥
through 34 GHz. Extremely low junction capacitance B 20 fwh
combined with low series resistance makes these o
diodes ideal for circuits requiring high isolation from a s L
series mounted diode, such as broadband multi-throw [ 1 _1_1——
switches, and certain types of phase shifters, limiters, .
attenuators and modulators. L (05w
The DSG6470 and DSG6474 beam-lead PIN diodes R Q005 M
are constructed with a surface oriented junction and with
plated gold beam leads for assembly onto stripline or
microstrip microwave integrated circuits. 169-001
Thessilicon oxide passivation provides complete seal-
ing of the junction, permitting use in assemblies with Note: Millimeters in parentheses.

some degree of moisture sealing. For military and other
high-rel applications, hermetic assemblies are recom-
mended.
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Beam-Lead PIN Diodes

Beam Lead Pin\ Duroid Substrate

50 ohm Glass Bead
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Connecting
Lead

Figure 1a. Typical SPDT Circuit Arrangement

.005""
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Lead Orientation

N\

Duroid

Beam Lead Pin \ |

] . |

Metal
Conductor

Figure 1b. Typical Beam-Lead Mounting

See Application Note 80000 in Section 7 on sug-
gested handling and bonding procedures for these
diodes.

Absolute Maximum
Ratings

Total Power Dissipation ................ 250 mw
Reverse Working Voltage............. 200/100 Volts
Storage Temperature ................... 175°C
Operating Temperature................. 150°C

Applications

A typical application of beam-lead PIN diodes is
shown in Figure 1, a single pole double throw 1-18 GHz
switch. The diodes are mounted on alumina, Duroid, or
Teflon-fiberglass 50 ohm microstrip circuits. Typical
bonding methods include thermal-compression bond-
ing, parallel gap welding and soldering.

SPDT isolation curves are shown in Figure 2 and
insertion loss in Figures 3and 4. With proper transitions
and bias circuits, VSWR is better than 2.0 to 1 through
18 GHz.
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Figure 2. Isolation vs Frequency, SPDT DSG6470,
DSG6474 Series
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Figure 3. Diode Insertion Loss vs Bias SPST,
18 GHz DSG6470, DSG6474 Series

Switching
Considerations

The typical minority carrier lifetime of the DSG6470
and DSG6474 diodes is 100 nanosec. With suitable
drivers the individual diodes can be switched from high
impedance (off}tolow Rs (on)in about 10 nanoseconds.
Switching in the opposite direction is slower, due to the
need to extract stored charge (carriers) which have dif-
fused away from the junction. Typically, at high reverse
bias voltage, say — 20 volts, this requires about 20-50
nanoseconds. With a reverse bias of — 1V, whichis the
maximum available in simple SPDT without individual
biasing circuits, the switching time is on the order of 100
nanoseconds.
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Beam-Lead PIN Diodes
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4 volt DSG6470, DSG6474 Series

Power Handling

Due to a high internal thermal impedance of about
300 degrees C/watt beam-lead diodes are not suitable
for high power operation.

With maximum CW power dissipation of 250 mW the
DSG6470 and DSG6474 diodes are normally rated at
2 Watt CW with linear derating between 25°C and
150°C. Figure 5 presents data on CW power handling
as a function of bias and frequency.

For pulsed operation the total RF plus bias voltage
must not exceed the rated breakdown. Alpha has made
high power tests at 1 GHz with 1 microsec pulses, .001 /
duty, with 200 volt diodes. With 50 mA forward bias there
is noincrease in insertion loss over the 0 dBm level with
a peak power input of 50 watts. In the “open” state
reverse bias voltage is required to keep the diode from
“rectifying,” with resultant decrease in isolation and
possible failure. Figure 6 shows allowed peak power 10 50
versus reverse bias at 1 GHz. Reverse Bias, Volts

At this frequency the required reverse voltage is

100
SRR
50Q-— 50— /

8

3
T

8

Peak Power-Watts

100

almost equal to the peak RF voltage; at high frequency
the bias can be reduced somewhat. Experimentation is Figure 6. Peak Power Handling, SPST, 1 GHz
necessary. DSG6470, DSG6474 Series




Beam-Lead PIN Diodes

Specifications

Minority

RF@ Carrier

Max Series(@ 3 Max Junction® Switching Lifetime
Model Min(" Resistance Rs Capacitance C; Time Tg Typ.
Number Vg (ohms) (pf) (ns) {ns)
DSG6470A 200 5.5 .03 25 100
DSG6470B 200 4.0 .04 25 100
DSG6470C 200 3.0 .06 25 100
DSG6470D 200 5.5 .06 25 100
DSG6470E 200 4.0 .02 25 100
DSG6474A 100 5.5 .03 25 100
DSG6474B 100 4.0 .04 25 100
DSG6474C 100 3.0 .06 25 100
DSG6474D 100 5.5 .06 25 100
DSG6474E 100 4.0 .02 25 100

Notes:

1. Breakdown voltage measured at 10pA.

2. Series resistance calculated from insertion loss at 3 GHz, 50 mA.

3. Total capacitance calculated from isolation at 9 GHz, zero bias. Series resistance and capacitance are measured at microwave frequencies on a sample basis from
each lot. All diodes are characterized for capacitance at - 50 voits, 1 MHz, and series resistance at 1 KHz, 50 mA, measurements which correlate well with microwave
measurements.

4. Tgmeasured from RF transmission, 90% to 10%, in series configuration. Refer to section on RF Switching.




Mesa Beam-Lead PIN Diodes

Types

* DSM4380 Series
e DSM4381 Series

Description

Alpha’s new Mesa Beam-Lead PIN diodes have the
handling convenience and excellent microwave perfor-
mance of Planar Beam-Lead diodes combined with
switching performance nearly that of PIN chip diodes.
Mesa Beam-Lead PIN’s are ideal for use as series
diodes in broadband multi-throw switches when
extremely fast switching is required. A plot of switching
speed for several types of PIN diodes is on the following
page.

The plot clearly shows the superiority of Mesa Beam-
Lead PIN’s over the conventional types; ten dB atten-
uation is equivalent to 0.5 dB power lost to the off arm.
This attenuation is reached in three nanoseconds.

The silicon oxide passivation provides complete seal-
ing of the junction, permitting use in assemblies with
some degree of moisture sealing. For military and other
high-rel applications, hermetic assemblies are
recommended.

Alpha’s unique beam construction makes the Mesa
Beam-Lead diode mechanically as strong as conven-
tional beam-lead diodes.

See Application Note 80000 in Section 7 on sug-
gested handling and bonding procedures for these
diodes.

¢ Low Capacitance ..........cccceeeeeecnerensenenenen. .025 pF

* LowResistance............cooeevevecierenicrennenn. 2.50hms

e Fast Switching ........cccc.ccveenn. 1 nsec on, 5 nsec off

o HighVoltage .......ccccccevvrerviiiiineiinieneen, 200 Volts

¢ Oxide Passivated

Total power dissipation................. 250 mW

Reverse working voltage............... 100/200 volts

Storage temperature..................... 175°C

Operating temperature.................. 150°C
DSM4380 Vg = 100 VOLTS MIN.
DSM4380A Ry = 3.5 Max,, C; = 0.03 pF Max.
DSM43808 Rg = 3.0Max.,, | C; = 0.04 pF Max.
DSM4380C Rg = 25Max.,, | G; = 0.06 pF Max.
DSM4380D Rg = 40Max., | C; =006 pF Max.
DSM4380E Rg = 3.0Max., | C; = 0.025 pF Max.
DSM4381 Vg = 200 VOLTS MIN.
DSM4381A Rg = 3.5Max., | C; = 0.03 pF Max.
DSM4381B Rg = 3.0 Max,, C; = 0.04 pF Max.
DSM4381C Rg = 25Max., | C; = 0.06 pF Max.
DSM4381D Rg = 4.0 Max,, C; = 0.06 pF Max.
DSM4381E Rg = 3.0Max,, | C; = 0.025 pF Max.

Notes

1. Typical Lifetime 100 ns.
2. Thermal impedance 300°C/Watt.
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Mesa Beam-Lead PIN Diodes

Outline Drawing
. ¥
(B 3 ) Fowm S
§ L] )
3wl 53 —’] L o (3w
— (w0
uAZ;MM) 005
I 4
(015} 0006 J ?
{.005 MM) 0002
389-001
Note: Millimeters in parentheses.
Switching Time Data
TIME — ns
0 22 3 1.0 3 10 30 100 300 NS
N | |
CONVENTIONAL
BEAM LEAD
5 -
dB
]
z, /— MESA BEAM LEAD
=] 10
-
<
2
[
<
15 CHIP
20 2 2

V. = 40 VOLTS

39



Low Resistance High-Speed
Beam-Lead PIN Diodes

Features

* Series Resistance Below 1.5 Ohms
.07to.12pF

Oxide-Nitride Passivated for Reliability
RF Switching Time Below 10 ns

Types

e DSM4355
* DSM4356

Description

The Alpha DSM4355 and 4356 Series of Mesa Beam-
Lead diodes are designed for low series resistance,
moderately low capacitance, and fast switching time.
Oxide/nitride passivation layers provide reliable opera-
tion and stable junction parameters. Alayer of deposited
glass provides increased mechanical strength.

These beam-lead diodes are designed for microstrip
or stripline circuits, for switches, phase shifters, mod-
ulators, and attenuators. The inherent low inductance
and low series resistance permit use of these diodes as

.shunt diodes, as well as in the conventional series

configuration.

Maximum Ratings at
TCASE - 2 5 ° C
Operating Temperature

Storage Temperature
Power Dissipation

—-65°Cto +175°C
—65°Cto +200°C

(Derate linearly to zero at 175°C)
Minimum Lead Strength ....4 grams pull on either lead

Electrical Specifications

[ X Video®
Lifetime* Switching® Recovery
Mode! Number Min. Typ. Typ. Max. Typ. Max. (Typ. ns) Time (Typ. ns) Time (ns)
DSM4355 50 80 2.0 2.2 .07 .08 50 10 3
DSM4356 30 50 1.2 1.7 12 15 40 5 2
Notes:
1. Voltage breakdown is measured at 10 microamps reverse current.
2. Series resistance is measured at 500 MHz, 50 mA.
3. At - 10V, 1 MHz.
4. l;=10mA, | =6 mA, recovering to 3mA.
5. At2GHz, from ;= 10 mA to Vi = 10V, from 100% to 10% in series configuration. Video reverse recovery time, from |, = 10 mA 10 | = 2 mA, with Vg = 10V.
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Low Resistance High-Speed
Beam-Lead PIN Diodes

Typical Parameters
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Features

¢ Oxide Passivated

500 Volt Breakdown

0.1 to 1.0 pF Capacitance

Low Series Resistance to .25 Ohms
High Peak and Average Power Handling
Low Reverse Loss

Available as Chip or Packaged

Types

* DSAB925 Series
¢ DSA6928 Series
* CSA7205 Series

Description

The Alpha DSA6925 and DSA6928 Series of high
voltage PIN diodes are oxide passivated, double dif-
fused silicon diodes for high power RF switching appli-
cations. Low RF resistance and low thermal impedance
are optimized for these diodes.

15 pf

10pF

THERAMAL IMPEDANCE. °C/W

) | | |
3

PULSE LENGTH,

|
£}

Figure 1. Pulsed Thermal Impedance

DSA6925, DSA6928 Series

Applications

Thesediodes, in chip or packaged form, are designed
for use in medium to high power pulsed or cw switches,
duplexers and phase shifters. Low capacitance and low
series resistance provide maximum “open-short” ratios
with RF voltages in excess of 500 volts. In chip form, the
diodes may be used in hybrid integrated circuits. JAN
TX screened units are available in DSA6925 and
DSA6928.

Low loss in either forward or reverse bias states com-
bined with low pulsed and average thermal impedance
permit use in multi-kilowatt long pulse length systems.

Ry, OHMS

\
N

' l ﬂ*
TmA O mA 3 oLy

&

Figure 2. Series Resistance vs. Bias Current
DSA6925, DSA6928 Series
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High Voltage PIN Switching Diodes
Electrical Specifications Vg =500 Volts Minimum

Carrier'¥ Series Parallel Thermal
Outline® Junction Lifetime, Typ. Resistance Rp Typ.® Impedance
Model No. Package Capacitance®® usec. Typ.* ohms ohms °cw
DSA6925 023-001 .15 pF Max. 5 1.2 5K 15
DSA6925A 023-001 .40 2.0 .50 4K 10
DSA6925B 023-001 .60 3.0 .40 3K 8
DSA6925C 023-001 4.0 4.0 .25 2K 5
DSA6928 017-001 .15 5 1.2 5K 15
DSA6928A 017-001 .40 2.0 .50 4K 10
DSA6928B 017-001 .60 3.0 40 3K 8
DSA6928C 017-001 1.0 4.0 25 2K 5
CSA7205 150-802 .15 5 1.2 5K 15
CSA7205A 150-803 .40 2.0 .50 4K 10
CSA7205B 150-803 .60 3.0 .40 3K 8
CSA7205C 150-805 1.0 4.0 25 2K 5
Notes:

1. 10uA,; other V available on request.

2. Other packages, glass or metal-ceramic, available on request.
3. -100Volts, 1 MHz.

4. 10 mAforward, — 6 reverse, recovering to 3 mA.

5. 100 mA bias, 500 MHz.

6. —50V bias, 3 GHz.
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Industry Standard PIN Diode Chips

Features

¢ General Purpose PIN Switching Diodes
* Oxide/Nitride Passivated

e Series Resistance to 0.4 Ohms

¢ Switching Timeto 5 ns

Types

e CSB7151 Series
o CSB7152 Series
e CSB7156 Series

Description

This series of PIN diode chips offers three specific
and tightly controlled sets of parameters to duplicate

Applications

This series of chips may be used in switches, phase
shifters, modulators, and attenuators. In chip form, they
are ideal for shunt mounting in stripline and microstrip
circuits. They are also conveniently used in LID pack-
age styles 173-001 and 173-002, ministrip 176-001 with
one or two leads, or post, 184-001 with or without leads.

These chips are also available in standard glass and
metal-ceramic packages.

certain industry standard diodes. The 7152 diode is
mesa design, oxide passivated. The 7151 and 7156 I i
diodes are planar, with oxide/nitride passivation. Orde" ng I n form atlon

To order, add the six-digit package number or chip
designation to model number.

Electrical Specifications

RSS Rsa Rsa
A C}? 1mA 10mA 100 mA Lifetime* Switching®
Model Number (Min.) (pF Max.) (Typ.) (Typ.) (Max.) (Typ.) Time (Typ.)
CSB7151-01 150 12 6.0 22 1.0 400 100
CsSB7152-01 70 16 2.5 1.0 0.8 40 5
CSB7156-01 35 .50 1.5 0.5 Max. 0.4 50 12
Notes:

1. Voltage breakdown is measured at 10 microamps reverse current.

2. Capacitance is measured at 1 MHz, 50V for 7151 & 7152, 20V for 7156.
3. Series resistance is measured at 500 MHz.

4. ;=10 mA, | =6 mA, recovering to 3 mA.

5. ;=20mA, Vg=10V.
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Industry Standard PIN Diode Chips

Outline Drawings
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Low Power PIN/NIP Switching and

Attenuator Diodes

Features

Optimized for Each Type of Application

* Low Lifetime, Low Resistance for Small Current
Drain Switches

¢ Longer Lifetime, Low Resistance for Medium Power

* Low Lifetime, High Resistance for Attenuators and
Modulators

¢ Long Lifetime for Very Low Frequency Attenuators
and Switches

Description

Alpha PIN and NIP diodes are supplied in chip or
packaged form for all types of low-loss applications in
stripline, microstrip, coaxial and waveguide circuits.
They are silicon oxide passivated for highest reliability
and are also available in hermetically sealed metal-
ceramic and glass packages for use in extreme envi-
ronmental conditions.

Diode Types

There are four basic types of RF switching applica-
tions, and Alpha offers diodes optimized for each type.
In all of the products, control of doping profile assures
low loss even at zero bias. Diodes with either PIN or NIP
polarity are generally available in all types upon request.

1. Fast Switching: Diodes for these applications
have thin |-regions and low lifetime. Switching
speed is under 5 ns, and the diodes have low
series resistance at low bias current, offering a
steep isolation versus bias characteristic. Suita-
ble for 0.1 to 26 GHz at low power.

2. Slower Switching: These diodes have moder-
ately thick I-regions and longer lifetime. They also
have a steep isolation curve, but switch in 20 to
100 ns, and can be used with low distortion at
power levels to + 30 dBm.

3. High Speed Modulators and Attenuators:
These are low lifetime, thick |-region diodes with
gradual isolation curves, making them more suit-
able for continuously variable attenuators. Low
lifetime makes them ideal for switches or atten-
uators with high modulation rates.

4. LowFrequency Attenuatorsand Switches: For
these applications Alpha has developed thick |-
region, long lifetime diodes. Minority carrier life-
time to 10 microseconds makes them suitabie
down to 100 MHz. They are also suitable for
higher power applications.

Applications

The table of specifications lists the microwave char-
acteristics of the basic semiconductor chips. The circuit
designer may usethese data, together withthe package
parasitic characteristics, in modeling the diode in the
particular circuit environment. “PIN Diode Basics” are
presented in Application Note 80200 at the end of this
section.

Diode Design Trade-Offs

Fast Switching
or
Diode Design High Modulation Low Low Forward Low Reverse Low Thermal High
Parameters Rates Capacitance Resistance Loss Impedance Power
Lifetime Low — High — — High
1 Layer Width Thin Thick Thin — Thick Thick
1 Layer Area Small Small Large Large Large Large
Resistivity High High — High — —
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Low Power PIN/NIP Switching and
Attenuator Diodes

The measurement of diode loss (Rg) and series resis-
tance (Rs) can be made on both packaged diodes (the
diode is used asthe terminatingimpedance ona50ohm
slotted line) and on chips (in microstrip circuitry). If you
buy packaged diodes, the parameters will be 100 per-
centtested; if you buy chips, the voltage breakdown and
junction capacitance will be 100 percent tested. The
microwave parameters will be determined from a sam-
ple evaluation from each wafer, packaged. Wafer iden-
tity and evaluation sample data can be provided.

It is easy to describe and explain PIN chip perfor-
mance in microstrip MIC, and the following deals with
such circuits.

By incorporating the chip and the required bonding
wire into the transmission line, rather than as shunt ele-
ments onto the line, parasitic inductance is almost totally
eliminated, and multi-octave performance is achieved.

Consider Figure 1, which shows 3 chips mounted in
a 50 ohm microstrip line. The bonding wires are
selected, length and size, in conjunction withthe capac-
itance of the chip, to form a low-pass L-C filter section.
The characteristic impedance of this section approxi-
mates 50 ohms and the electrical length (phase shift)is
low enoughto provide better than 1.5 VSWR through 18
GHz. Figure 2 shows typical VSWR curves for single
diode sections, with different chip capacitance values.
Chip spacing £, and /, are varied to provide broadband
matching and isolation characteristics and are typically
0.1 wavelength at X-band. Figure 3 shows isolation as
a function of diode spacing for a pair of PIN chips.

001" Gold Wire 50 ohm
Bond Connector
020" Typ
E — le—Tvp
ANNN ‘ AANNNN \
2200770270272 72277220
GrounB Solder or L Microstrip Board
Plane Epoxy Die Bond TFG .006" Thick Typ
a.Side
Diode .
RF By Pass_ TYP Bias Connector _TFG Boerd
LAl Ll Ll ol bbbl Ll L
ﬂ Coil 2
: : ?
I= ;l
/ a
V7777l 7I7IIIIIIIIIIIIFIIIIIZI P77
fe—24 2, 50 OHM Conductor
022" Typ
b.Top

Series resistance and isolation for single chips, in a
SPST configuration, are shown in Figure 4. Diode
insertion loss is caused by a complex dielectric con-
stant and is minimized by optimum control of I-region
resistivity and profile. Itis characterized as a shunt (par-
allel) resistance, Rp, which is tabulated for each diode
type; this loss is maximum at zero bias. For thicker |-
regions loss can be reduced significantly by application
of reverse bias of a few volts. Figure 5 presents Ry data
on afew of the diodes. The tabulated data on each type,
at 3 GHz and zero bias, can be used together with Fig-
ure 5 to estimate small signal loss for any diode under
various conditions.

Bias

Figure 1c. Zero or Reverse Bias Equivalent Circuit

Bias

Figure 1d. Forward Bias Equivalent Circuit

178
BONDING WIRES

DIODE
CHW

.

=

180l SINGLE sECTION
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vpwn

NG -U’Z“\

FREQUENCY (GHa

Figure 1. Typical Microstrip Design

Figure 2. Typical VSWR for Low Pass Filters
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Low Power PIN/NIP Switching and

Attenuator Diodes
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Low Power PIN/NIP Switching and

Attenuator Diodes

Specifications’®
Mint) Max®) Typ® T LA R,®
RF Model Vg Ryooma Rima Typ Typ Typ few®
Applications Number v C)5? (ohms) (ohms) (ns) (ns) {K-ohms) (typ)
Fast CSsB7002-01 80 .03-.08 1.8 8.0 5 50 3.0 80
Switching CSB7002-02 80 .08-.13 1.5 25 5 80 1.5 60
CSB7002-03 80 .13-.23 1.2 25 5 80 1.5 40
CSB7002-04 80 .23-.33 1.0 2.0 5 100 1.0 40
Lowest CSB7002-05 25 .03-.08* 1.5 3.0 5 20 10 100
Loss CSB7002-06 25 .08-.13* 1.2 25 5 20 10 80
CSB7002-07 25 .13-.23* 1.2 25 5 20 10 60
Slower CSB7003-01 80 .03-.08 15 25 20 150 2 80
Switching CSB7003-02 80 .08-.13 1.2 25 20 200 2 60
CSB7003-03 80 .13-.23 09 25 20 250 2 40
CSB7003-04 80 .23-.33 0.8 2.5 20 300 1 40
High Speed CSB7401-01 100 .10 max 1.4 15 5 50 5 80
Attenuator CSB7401-02 100 10-.15 1.2 10 5 80 5 60
CSB7401-03 100 .16-.25 1.0 10 5 100 5 50
Low CSB7201-01 200 .10 max 1.4 50 20 1us 3 50
Frequency CSB7201-02 200 .20 max 1.2 30 20 1.5u8 3 40
Attenuator CSB7201-03 200 .50 max 0.7 20 — 10us 2 30
Flat Chip CSM7301-01 100 .03-.08 1.2 8 20 100 5 70
(lower cost CSM7301-02 100 .03-.13 1.0 8 20 150 5 50
general CSM7301-03 100 13-23 0.8 5 20 200 3 40
purpose) CSM7301-04 100 .03-.08 2.0 15 5 50 5 70
CSM7301-05 100 .08-.13 2.0 15 5 70 5 50
CSM7301-06 100 13-.23 15 15 5 100 3 40
High Speed D5151 50 .20 total 3.0 10 25 50 2 300
075-001 D5151A 80 .10 total 25 10 25 50 2 300
(glass pkg
only)
ORDERING INFORMATION
Add six digit package or chip style designation to model number.
EXAMPLE: CSB7002-01 -023 -001
NOTE: Not all chip styles are available in all series. Typically,
CSB7002, 7003 and 7401 series are 150-801 and 802
CS8B7201 series are 150-802 and 803
CSM7301 series are 149-801 and 802
Basic model number Chip Basic model number Package style
Notes:

1. Vpis measured at 10uA.

2. C;is measured at 1 MHz at — 50V bias. (*at6V.)

3. R,is measured at 500 MHz.

4. T;is the rf switching time, from 90% to 10% and 10% to 90% trans-
mission. The bias conditions are + 10 mA/ - 10 Volts,

5. T_is the minority carrier lifetime measured with ;= 10 mA, Is =
6mA, recovering to — 3 mA.

6. Diode dissipative loss can be represented as a shunt resistance
across the junction capacitance. Data presented for 3.0 GHz, zero
bias.

7. Typical cw thermal impedance in package 023-001.

8. Thediodes listed are representative of a standard product line.
Diodes with different or more stringent specifications are available on
request. In particular, the variation of series resistance with current
can be tailored to meet almost any need. To assist the circuit
designer, Table 1 summarizes some of the trade-offs involved in
switching diode design.
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PIN, NIP Switching Diode Multi-Junction Chips

Features

* Low Capacitance .........ccccceeecirciiiiniriceenn, .02pF
¢ Low Forward Resistance ........................ 1.50hms
e Fast SWitChing ........cccovvimirnee s 10-20ns

Low Thermal Resistance
Full Area Bonding Metal
Silicon Dioxide Passivation

Description

Designed especially for hybrid microwave circuit
applications, these PIN, NIP Diodes are single chip
devices which contain several junctions.

More important than the advantage of saving space
from the high packing density is the improved perfor-
mance gained by utilizing devices with closely matched
characteristics which result from the close proximity of
the junctions of the wafer.

These devices are passivated using thermally grown
silicon dioxide with gold metallization covering the mesa
surface providing maximum bonding area. Alpha’s PIN,
NIP Chips are available in 2, 4, 6, and 8 junction
configurations.

Applications

The multi-junction PIN (NIP) when mounted on the
common arm of a multi-throw switching section, serves
as the series diode for each of the ports. In the “off”
state, the low capacitance of the diode provides high
isolation between ports. In the “on” state, the forward-
biased resistance of the diode is low enough to provide
low insertion loss. Switching between the two states can
be accomplished in 10-20 ns depending upon the type
selected.

The physical proximity of the junctions compared to
a wavelength at the intended frequency of use makes
the device look like a true point junction. This reduces
undesirable parasitic effects which can result from the
interconnection of several discrete devices. The low
thermal resistance achieved through this approach pro-
duces a device usable for applications where the power
dissipation of beam-lead equivalents might be
exceeded.

Absolute Maximum
Ratings

Reverse Working Voltage .........c..cccoeccvvveen. 100 Volts
Storage Temperature ................. —65°Cto +175°C.

Operating Temperature —65°Cto +125°C.
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PIN, NIP Switching Diode Muilti-Junction Chips

Electrical Specifications (T, =25° C)

Vi Min. c@ Rs Max.
Model Polarity @ 10uA @50V @20mA T, Typ.® Ts Typ.“®
Number Designation (Volts) (pF) (Ohms) (ns) (ns)
CSP-9200 100 .015-.03 3.5 100 20
CSP-9210 PIN 100 .03-.05 2.5 125 20
CSP-9220 100 .05-.07 1.8 150 20
CSN-9250 100 .015-.03 3.5 100 20
CSN-9260 NIP 100 .03-.05 25 125 20
CSN-9270 100 .05-.07 1.8 150 20

Notes:

-

. Vgis measured at 10uA.

2. Cjis measured at 1 MHz at ~ 50V bias.
3. T.is the minority carrier lifetime measured with ;= 10 mA.

I, = 6 mA recoveringto — 3 mA.
4. T;is the rf switching time from 90% to 10% and 10% to 90% transmission. The bias conditions are + 10 mA 10 volts.
5. The diodes listed here are representative of a standard product line. Diodes with different or more stringent specifications are available on request.

Typical Application

SP4T Switching Section Outline Drawing
]
.001(.02) MIN. DIA
2 . /) R
f' G20 %gpMM) ¥ — R
" B
put Shunt Pin . :
Series — T T
NIP
B
3 012 r\gg& M )
[ | " e Efg:)MM) —
4
r_c;ﬁ 005 (.13 MM)
)

Multi Junction
NIP

SP4T Switch

3-21




Low Cost — Low Inductance
Double Slug PIN Diodes

Features

¢ Hermetically Sealed

0.6 nH Inductance

300 Volt Breakdown

0.5to 1.2 pF Capacitance
Series Resistance to .25 Ohms
Improved Thermal Resistance

Types

¢ DSB3608 Series
¢ DSB3609 Series

Description

The Alpha DSB 3608 and 3609 series of low cost PIN
diodes are passivated PIN chips bonded between two
dumet slugs, and sealed within a sleeve of high tem-
perature glass for hermeticity and mechanical strength.
This full area bonding technique eliminates the para-
sitic inductance of a bonding strap, and also provides
maximum heat transfer from the chip.

Notes

1. Parasitic inductance depends on the circuit
mounting environment, such as the length of
exposed leads, proximity to ground, and so on.
For reference, the values quoted by Alpha are
measured in a 50 ohm coaxial line, with a center
conductor diameter of .050 inches.

Electrical Specifications

2. Thermal impedance depends upon mounting:

°C/Watt suspended| °C/Watt, one end
Type in air soldered to heat sink
3608-02 240 200
3609-01 200 160

Applications

These diodes may be used in applications presently
satisfied by conventional glass packaged diodes.

Parasitic capacitance is higher than ina conventional
glass package, but is no higher than many commonly
used ceramic packages. Typical applications for these
diodes include low to medium power puised or CW
switches, phase shifters, and attenuators.

Crso® Rs® Rs® T Package

Model Number 'S (Max.) (5mA) (100 mA) (Min. ns) Outline
DSB3608-01 100 0.6 5.0typ 1.0 max 600 420-001
DSB3608-02 100 1.0 0.7 max 0.4typ 100 420-001
DSB3608-03 150 1.5 1.5typ 1.0 max 800 420-001
DSB3608-04 150 2.0 0.7 max 0.4typ 400 420-001
DSB3608-05 300 1.0 — 1.4 max 1,000 420-001
DSB3609-01 300 1.0 — 1.4 max 1,000 421-001

Notes:

AWK =

. Voltage breakdown is measured at 10 microamps reverse current.
. Capacitance is measured at 1 MHz, and includes package capacitance.
. Series resistance is measured at 500 MHz.

- Minority carrier lifetime is measured with 10 mA forward, 6 mA reverse, recovering to 3 mA.
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Features

* Large Resistance Range
¢ Low Series Resistance

* Low Harmonic Distortion
¢ Low Capacitance

Types

¢ DSB6419 Series

Description

The forward biased resistance of a PIN diode is deter-
mined by the magnitude of the bias current. These
devices are specifically designed so that the resistance
can be varied over a wide range of current (1A to 100
mA). The resistance is nearly log-linear with current over
this range providing a wide variation in resistance from
10,000 ohms or more at the low current end to 2-4 ohms
or less, depending on the device type.

Applications

These devices are designed for use in current con-
trolled attenuator and modulator applications. They can
also be used for electronically tuned filters, phase shif-
ter, and switch applications.

The low capacitance allows their use well into the
microwave region. These devices also have a long life-
time and thick intrinsic region allowing their use at fre-
quencies as low as 1 MHz with low distortion. Several
levels of resistance (10-100 ohms at 1 mA) are available
in the series allowing flexibility of design.

Electrical Specifications’

Typical High Low Series
Resistance Resistance Resistance T2 Cr Vs Resistance
1.0mA 10.0pA 20.0mA =10 mA - 50V la=10pA 100 mA
Part 100 MHz 100 MHz 100 MHz lr=6 mA 1.0 MHz — 100 MHz
Numbers ohms ohms (Min.) ohms (Max.) ns (Min.) pF (Max.) volts (Min.) ohms (Max.)
DSB6419-52 15 800 — 800 0.3 100 1.5
DSB6419-53 20 1100 — 800 0.3 100 1.5
DSB6419-55 25 1200 — 800 0.3 100 1.5
DSB6419-59 40 1500 8.0 1000 0.4 100 25
DSB6419-61 60 1500 — 1300 0.4 100 35
1N5767% 40 1000 8.0 1000 0.4 100 25

Notes:

1. The diodes listed are representative of a standard product line. These devices are also available in many of the ceramic microwave packages
for applications where package parasitics are of concern. Chips are also available.

2. T, isthe minority carrier lifetime.

3. 1N5767, additional specifications: Iy @ — 50V = 1.0 pA Max.; Ve @ 100 mA =1.0 V Max.
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Current Controlled Attenuator Diodes

Series Resistance vs. Forward Current

Series Resistance — ohms
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Limiter Diodes

Features

* |LowestLoss

4 kW Coarse Limiters

200 Watt Midrange Limiters
10 mW Clean-Up Limiters

Types

CLA3131 Series
e CLA3132 Series
CLA3133 Series
CLA3134 Series
CLA3135 Series

Description

Alpha Industries has pioneered the microwave limiter
diode. Because all phases of manufacture, from design,
through epitaxy, to the finished device are specifically
tailoredtothis application, Alpha limiters have lower loss,
greater bandwidth and faster turn-on time than equiv-
alent competitive diodes.

The Alpha CLA3131, 3132, 3133, 3134, and 3135
series of thin base limiter diodes will provide passive
receiver protection over the entire range of frequencies
from 100 MHz to beyond 20 GHz.

These diodes are PIN silicon devices with a thin
intrinsic region, typically 2 microns for the CLA3131 and
3134, 4 microns for the CLA3132 and 3135, and 15
microns for the CLA3133 series. They operate as a
power dependent variable resistance, through mecha-
nisms of charge injection and storage, similar to rectifi-
cation, when used in microwave circuitry as shown in
Figure 1a. The different “I” region thicknesses and
capacitances provide variable threshold and leakage
power levels and power handling capability. The
CLA3133series, whichcan handle incident pulses of up
to 4 kW for 1 us, are used as ““coarse” prelimiters, with
the thinner diodes used as clean-up or “fine” limiters to
reduce the leakage power to as low as 10 mW for pro-
tecting the most sensitive receivers.

At receive signal levels these diodes behave at low
capacitances, even at zero bias. Loss of 0.3 dB at 18
GHz is typical.

In addition to the passive operation as shown in Fig-
ure 1a, the diodes can be used as quasi-active limiters
(Figure 1b), with a Schottky barrier detector diode pro-
viding DC currentto the PIN, and as active PIN switches
for STC modes (see Figure 1c), while simultaneously
providing the passive limiting mode.

The CLA3131 and 3132 limiter diodes are con-
structed in a passivated flat-chip configuration and are
available in a basic chip form or encapsulated in a vari-
ety of Alpha glass or ceramic packages, a few of which
are shown.

Limiter diodes with lower capacitance values, to 0.08
pF, constructed with a passivated mesa configuration,
are available in the CLLA3134 and 3135 series. The mesa
devices offer low C;, and therefore broader bandwidth,
lower loss, and faster response, at slightly reduced
power. These diodes are also available in chip or pack-
age form, and represent the ultimate in limiter perfor-
mance, not approached by other manufacturers.

The CLA3133 diodes (highest power) are available in
both planar and mesa construction.

DOT Diameter
Model (Typ.) Typical
Number inches mm Chip Style

CLA3131-01 0.0015 0.04 149-801,802,806
CLA3131-02 0.0025 0.06 149-801,802
CLA3131-03 0.0035 0.09 149-801,802
CLA3132-01 0.002 0.05 149-801,802
CLA3132-02 0.003 0.75 149-801,802
CLA3132-03 0.0045 0.11 149-801,802
CLA3133-01 0.003 0.75 149-802,150-802
CLA3133-02 0.004 0.10 149-802,150-802
CLA3133-03 0.005 0.12 149-802,150-802
CLA3134-01 0.001 0.02 150-806
CLA3134-02 0.0015 0.04 150-806
CLA3135-01 0.0015 0.04 150-806
CLA3135-02 0.0025 0.06 150-801
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Limiter Diodes

The diagrams in Figures 2a and 2b illustrate the fun-
damental structures of dicdes mounted in a 50 ohm
microstrip circuit. The diode characteristics listed in the
table refer to chips mounted in such a circuit. The
designer can use these parameters in modeling the chip
in any package, provided overall package parasitics are
considered. Additional information detailing limiter
package parasitics are considered. Additional infor-
mation detailing limiter package parasitics and bonding
and handling methods are contained in Alpha applica-
tion notes.

Basic Application

When designing microstrip limiters the bonding wire
length and diameter, in conjunction with the chip capac-
itance, form alow pass filter. (See Figure 3). Line lengths
of (¢, and ¢,) are varied to provide broadband matching
and flat leakage characteristics. Typically, ¢, and ¢, are
on the order of 0.1 A. In Figure 1a, the CLA3133 chip
provides about 20 dB attenuation, reducinga 1 kW input
to 10 watts. The CLA3132 reduces this to 100 mW and
the 3131 to about 20 mW.

During the rise time of the incident pulse, the diodes
behave in the following manner. The CLA3131, due to
its thin “I” region, is the first to change to a low imped-
ance. Experiments indicate that the 3131 reaches the
10 dB isolation point in about 1 ns and 20 dB in 1.5 ns
with an incident power of 10 watts. The CLA3132 takes
about 4 ns and the 3133 about 50 ns. Consequently, the
CLA3131 provides protection during the initial stages of
pulse rise time, with the thicker diodes progressively
“turningon” as the power increases. With proper spac-
ing (¢4 and 1 ,), the “on” diodes reflect highimpedances
to the upstream diodes, reducing the turn-on time for
those diodes and insuring that essentially all of the inci-
dent power is reflected by the input diode, preventing
burnout of the thinner diodes. Atthe end ofthe pulse the
process reverses, and the diodes “recover” to the high
impedance state; the free charge which was injected
intothe “I” region by the incident power leaks off through
the ground return and additionally isreduced by internal
recombination. With a ground return, recovery time is
on the order of 50 ns. With a high impedance return, for
example the circuit of Figure 1b, the Schottky diode
recovers or “opens” in practically zero time, and inter-
nal recombination, on the order of several diode life-
times, isthe only available mechanism for recovery. This
recovery time can be long — on the order of 1ps for the
CLA3133 series. The shunt resistor Rz minimizes this
problem. One hundred ohms will approximately double
the recovery time, compared to a short circuit.

When the Schottky diode is directly coupled to the
transmission line, in cascade after the coarse limiter,
the leakage power will be less than if a zero chm ground
return were used. If the Schottky is decoupled too much,
the leakage power increases, owing to the high DC
impedance of a Schottky. Similarly, a 3.0 ohm ground
return causes an increase of about 3 dB in leakage
power compared to a zero ohm return.

GROUNC
RETURN
<19

CLA3131

RECEIVER

g : CLA3133 #CLAMS?#

Figure 1a. Cascaded Limiter Design
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Figure 1b. Quasi-active Limiter
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Figure 2a and b. Typical Microstrip Design
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Limiter Diodes

COIL FOR GROUND RETURN

Figure 2d. High Power Equivalent Circuit
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Limiter Diodes

Chip Electrical Parameters

Rs
V, c T R @ 6.3
Model Typ Top M SToTmA - GTOmA Typ Typ Pow Typ
Number v) (pf) (pf) @) @) ©) (°CIw) (°C/W) (ns)
CLA3131-01 20-45 0.20 0.15 15 5.0 2000 20 100 5
CLA3131-02 0.50 0.30 1.2 4.5 1000 12 80 10
CLA3131-03 0.70 0.50 1.0 4.0 1000 10 55 10
CLA3132-01 45-75 0.20 0.15 15 4.0 2000 15 80 10
CLA3132-02 0.50 0.30 1.2 3.5 1000 10 60 15
CLA3132-03 0.70 0.50 1.0 3.0 1000 6 40 20
CLA3133-01 120-180 0.20 0.15 1.5 3.5 2000 1.2 40 50
CLA3133-02 0.60 0.30 1.0 3.0 1000 0.5 20 50
CLAS3133-03 0.80 0.50 0.5 3.0 1000 0.3 15 100
CLA3134-01 15-30 0.12 0.10 2.0 4.0 3000 30 120 5
CLA3134-02 0.20 0.15 1.5 3.0 2000 20 80 5
CLA3135-01 30-60 0.12 0.10 2.0 4.0 3000 20 100 7
CLA3135-02 0.20 0.15 1.5 4.0 2000 15 70 7
Limiter Performance Ratings
Peak
Pin Leakage!®
Max. Threshold® Pout Insertion Loss® cwé Recovery®
Model @1.0.us Typ Typ Typ Power In Time, Typ
Number (dBm) (dB) (dBm) (dBm) Max. (W) (ns)
CLA3131-01 +50 + 10 +22 0.1 2 10
CLA3131-02 +53 +10 +24 0.2 3 10
CLA3131-03 + 56 +10 +25 0.2 4 10
CLA3132-01 +53 +15 +27 0.1 3 20
CLA3132-02 + 56 +15 +29 0.2 4 20
CLA3132-03 +59 +15 +31 0.2 5 20
CLA3133-01 + 60 +20 +39 0.1 5 50
CLA3133-02 +63 +20 + 41 0.2 10 50
CLA3133-03 +66 +20 +44 0.2 15 50
CLA3134-01 +47 +7 +19 0.1 2 5
CLA3134-02 +50 +7 +22 0.1 3 5
CLA3135-01 +47 +12 +24 0.1 3 10
CLA3135-02 + 50 +12 +27 0.1 4 10

Add six digit package or chip style designation to model number.

NOTE:

Not all chip styles are available in all series. Typically,
CLA3131, 3132 are 149-801, 802, or 806

CLA3134, 3135 are 150-801, 802, or 806

CLA 3133 are 150-801, 802, and 149-801, 802.

EXAMPLE:

Package style

CLA3131-01 -

Basic model number

[waz] on

Chip

CLA3132-03 -

Basic model number

Notes:

1.
2.

3.
4.

No

Series resistance measured at 500 MHz.

Chip loss can be represented as a resistance in shunt with the junction capacitance. Figure 4 indicates typical variation with frequency. Data shown are for 10 GHz for
0.15and 0.30 pF chips, 5 GHz for 0.50 pF chips. Reflective loss is shown in Figure 3, and is included. Loss is measured at — 10 dBm input.

Pulsed thermal impedance is given for a 1 us pulse. Figure 5 shows typical variation for longer pulse lengths. CW thermal impedance presumes infinite heat sink.
Threshold input power produces 1 dB increase in insertion loss. Figure 6 shows typical leakage power curves. Data taken for 1.0 GHz. Figure 7 shows typical variation
with frequency.

Note that CW power and average power are not synonymous. Power ratings are computed in terms of a peak junction temperature of 200°C, for short pulses, an aver-
age junction temperature of 125°C, and an ambient of 25°C. Duty factor 0.001 assumed for maximum pulse power input. Figure 8 shows power derating with tempera-
ture.

Recovery time is measured with ground return (less than 1.0 ohm) to 1 dB excess loss.

. Limiter diodes with higher capacitance and/or higher breakdown voltage for very high power applications are available on request.
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Switch and Limiter Modules

Features

¢ Stripline Mount
¢ Switch and Limiter Functions Through 12 GHz

6
LOSS,

dB

Description

This series of modules consists of a single PIN diode
shunt mounted in a 50Q2 hermetically sealed package.
These modules cover the 0.5 to 12 GHz frequency range
and are available using the chips shown in the Low
Power PIN/NIP Switching and Attenuator Diodes, and
Limiter Diodes catalog pages.

1.20

.5GHz

Figure 1. Switch Loss and VSWR
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INPUT POWER (dBm)
Flgure 3. TYPICAL LIMITING CHARACTERISTICS

WITH ZERO OHM GROUND RETURN

Typical switch characteristics are shown in Figures 1
and 2, using chip CSB 7003-02. Figures 3 and 4 show
typical performance using limiter chips (chip style CLA
3134-01).

Please call or write for additional information on your
particular requirement. Designs up to 18 GHz are pres-
ently under development. Designs with beryllia insula-
tors for high power series configured modules are now
available.
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Figure 2. Switch Isolation
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Figure 4. Limiter Loss and VSWR Zero Bias
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“T” Attenuator Module

Features

¢ |deal for Microstrip/Stripline Use
e Multifunction
¢ Monolithic Array

Description

Alpha’s “T” attenuator module is of monolithic array
construction, utilizing multiple beam-lead diode junc-
tions. Its use of nitride and oxide passivations results in

Electrical Characteristics
(Module 400-001 — Typical)®

ahighly reliable device. The module is supplied in a vari- Switching
ety ofresin-encapsulated packages for use in microstrip l -
inli icati i i i i nsertion
or strlpl!ne a}ppllcatlons,'or it can bg sqpplled in chip Frequency L oss Isolation®
form. It is suitable for switching applications as well as (GHz) dB (Max.) ~dB(Min.)
for attenuating. 130 15 50
R t, 3.0-4.0 2.0 50
Operating Temperature ................ -55°Cto +150°C Attenuation
Power Handling ..........coococeeeiivininiiiceee e 250 mwW Frequency | Attenuation® | Flatness VSWR
(GHz) dB dB Max. Max.
- . - — (4)
Attenuator Configurations 139 20 = 120
Type Number Package Style Notes: 1. +50mAarm 1 (series), O bias arm 2 (shunt).
DAA5125 276-032 2. +50mA arm 3 (shunt), 0 bias arm 1 (series).
3. See Figure 1 for typical biasing conditions.
DAAS5126 400-001 4 Upto1.5GHz, 2.0 Max. up to 3.0 GHz.
5
6

[5] O——D'_‘L'—'—D‘—O (2
200 pF

o oL
276-032

. 200 pF
—>+ —t
400-00t

S T DF 1
i 200 pF _L — GND

. Typical carrier lifetime — 150 nanoseconds.
. Additional performance data available from factory.
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“T” Attenuator Module
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Figure 1. RF Attenuation vs. Bias Current

3-31



Application Note 80200: PIN Diode Basics

I. Introduction

The PIN diode, in comparison with other microwave
semiconductor devices, is fairly easy to understand.
This makes it possible to reduce complex behavior to
simple terms and enables the microwave engineer to
grasp the operating principles and design details of this
family of devices.

We do not attempt to describe the many possible
microwave circuits in which PIN diodes are used.
Rather, we attempt to explain the behavior of the diode
in all aspects, giving the facts and some of the theory
behind the facts. We offer the circuit designer the
opportunity to understand the PIN, so that he can
understand its behavior in his circuits. We assume the
reader knows the circuit equations; to that knowledge
we hope to add diode equations.

Most of the material presented consists of general-
ized data on and explanations of the behavior of PIN
diodes; we conclude with a brief description of circuit
performance, test methods, and some hints on proper
PIN specification writing.

The user can then evaluate the trade-offs involved in
diode design and performance and be able to select the
most nearly optimum diode from the wide range of
diodes offered.

ll. Basic Theory —
Variable Resistance

intrinsic or “pure” silicon as it can be grown in alab-
oratory is an almost lossless dielectric. Some of its
physical properties are listed below:

Dielectric Constant 12

(Relative)

Dielectric Strength 400 V/Mil approx.
Specific Density 23

Specific Heat .72 joules/gm/°C
Thermal Conductivity 1.5 watts/cm°C
Resistivity 300,000 ohm/cm

Since a PIN diode is valuable essentially because it
is a variable resistor, let us concentrate initially on the
resistivity. Consider a volume comparable to a typical
PIN diode chip, say 20 Mil diameter and 2 Mils thick.
This chip has a DC resistance of about .75 megohm.
High resistivity in any material indicates that most of the
likely carriers of electric charge, electrons and holes, are
tightly held in the crystal lattice and cannot “conduct.”

Inreal life there are impurities, typically boron, which
cannot be segregated out of the crystal. Such impuri-
ties contribute carriers, holes or electrons, which are not
very tightly bound to the lattice and therefore lower the
resistivity of the silicon.

Through various techniques we can adjust the level
of impurities, called “dopants,” to produce resistivities
ranging from 10 K ohm/cm (for good PIN diodes)to .001
ohm/cm (for substrates).

If the impurity adds “electrons” to the crystal, it is
called a “donor”; if it adds a “hole,” it is called an
“acceptor.” Boron adds holes, hence it is an acceptor,
and the silicon plus boron combination is called “P-
type,” or “positive,” because it has an excess of posi-
tive carriers. Phosphorus, on the other hand, is a
“donor,” adding electrons, and the corresponding mix
is “N-type,” or negative.

There are many concepts, important to the physicist
but notto the diode user, that elaborate upon the impact
of the impurities on the behavior of the silicon. These
can be studied, e.g., in reference 1. The more carriers
added, the lower the resistivity.

If one wished to vary the resistance of a given diode,
in principle he could bring it to a semiconductor labo-
ratory, add or subtract carriers as desired, and perhaps
even make the process reversible. However, this is a
slow, expensive, and impractical way to make a variable
resistor; one would be better advised to take a wrench
and a soldering iron and replace a component.

The PIN diode derives its value from the fact that the
free charge carrier concentration in the silicon, and
hence the resistance, can be varied electronically by
means of current from a simple bias supply. This can be
done rapidly, nanoseconds in some cases, reversibly,
repeatibly, and accurately. The thing that makes this
possible is called a “junction,” the interface between the
relatively pure silicon in the middle of a PIN diode (“I”
means intrinsic) and the heavily doped layers on either
end, P*,andN*. The P* region is rich in holes; the N*
is richin electrons. Both of these regions have low resis-
tance. The | region is the variable resistive element in
the diode (see Figure 1). In the absence of any external
bias, internal effects within the crystal keep the charges
fixed; the resistance of the I region is high.

N+

PIN Chip NIP Chip

Note: Chips and diodes of either PIN or NIP polarity are
generally available for any application. The only basic
difference is the polarity of the heat sink end of the
diode.

Figure 1. General Outline of PIN Diode
Construction
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Application Note 80200: PIN Diode Basics

When the P* region (anode) is biased positively with
respect to the N* region (cathode), the interface poten-
tial “barrier” is overcome, and DC current flows in the
form of holes streaming from P* toward N*, with elec-
trons moving in the opposite direction; we say that free
carriers have been injected into the | region. The resis-
tance of the | region becomes low.

The number of free carriers within the | region deter-
mines the resistivity of the region and thus the resis-
tance of the diode.

Consider “one hole” and “one electron” drifting in
opposite directions in the | region under the impetus of
the applied field. Under certain conditions imperfec-
tions in the silicon may cause these carriers to recom-
bine. They are no longer available to constitute current
or to lower the resistivity of the | region.

it can be shown that the amount of *recombination”
between holes and electrons that continuously takes
place in a semiconductor is governed by a property of
the lattice called “lifetime.” In fact lifetime is defined as
the reciprocal of recombination rate.

Thus Qg = Qg exp( — t/T,) where Qg is the total amount
of free charge “stored” in the | region, and T, is the life-
time, or the mean time between recombination events.
In steady state condition the bias supply must deliver
current to maintain constant Qg. The required current
is:

Q.d

S

dt

_QS
= TL

ldc

or Q = IdcT,,dropping the minus sign.

Ignoring some details which are not crucial to this
note, we can now calculate the resistance of a given
diode, of area “A” and thickness “W”. (“W” stands for
“base width,” the width or thickness of the intrinsic
layer). The P* and N regions have essentially zero
resistance, as they are very heavily doped.

The resistivity of a given material is inversely propor-
tional to the number of free carriers, N, and the mobility
(not quite the same as velocity) of the carriers. Thus

1
©= QN+ pP)
both holes and electrons, u,, W, are mobilities of elec-
trons and holes, and N, P, numbers of electrons and
holes. Simplifying, @ = C/Q.d, where C is a collection of
constants, and Q.d the stored charge density (numbers
per unit volume). For our piece of silicon, volume is

, Where q is the electronic charge of

Q
WA, andQd=—>. The resistivity:o = CW&, and
WA Qq
2
the resistance is: R =@ﬂ= cw
STEA T g T,

This is the first fundamental equation in PIN diode
theory.?

Rigorous analysis shows:

2Ktiq ... W e w
R= Sinh Tan~'[Sinh
I (2\/DTL ISinh 5 /o, ]>
K =Boltzmann’s
constant,

For most PIN diodes
WI/DT, is less than
unity, and the equation
simplifies to the simple
expression above.

T =Temperature, Kelvin,
D = Diffusion coefficient

= UKT
q

Typical data on R; as a function of bias current are
shown in Figure 2. A wide range of design choices is
available, as the data indicate. Many combinations of W
and T, have been developed to satisfy the full range of
applications.

500.0 T

A = Low TL’ Thick,
Attenuator Diode

B = Thick, High T
Switching Diode

C=Low T, Thin
Attenuator Diode

D = High T, Thin,
Switching Diode

E = Beam Lead

100.0

0.1

1.0 10.0 100.0

Bias Current, mA

Figure 2. Typical Series Resistance as a Function
of Bias, (1 GHz2)

lll. Breakdown Voltage,
Capacitance, Q Factor

The previous section on R, explained how a PIN can
become a low resistance, or a ““short.” This paragraph
will describe the other state — a high impedance, oran
“open.” Clearly the better PIN diode is the one that has
the better on-off ratio at the frequency and power level
of interest.
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if we return to the undoped or intrinsic | region, we
notethatitis an almostlossless dielectric. Assuchithas
a dielectric strength of about 400 volts per Mil, and all
PiN diodes have aparameter called Vb, breakdown volt-
age, whichis adirect measure of the width of the I region.
Voltage in excess of this parameter results in a rapid
increase in current flow (called avalanche current). Fig-
ure 20illustratesthe | — V characteristics of PINs. When
the negative bias voltage is beiow the bulk breakdown
of the | region, a few nanoamps will be drawn. As Vb is
approached, the leakage current increases, often grad-
uvally, as is exaggerated in the curve. This current is pri-
marily caused by less than perfect diode fabrication,
although there is some contribution from temperature.
Typically the leakage current occurs at the periphery of
theregion. Forthis reason various “passivation” mate-
rials (silicon dioxide, silicon nitride, hard glass) are grown
or deposited to protect and stabilize this surface and
minimize leakage. These techniques have been well
advanced over the years, and PIN diode reliability
improved as a result.

Most diodes are specified in terms of minimum Vb for
anominal leakage, usually 10 microamps.

It will be noted later that RF voltage swings in excess
of the rated Vb are permitted, for the mechanisms caus-
ing leakage current do not always respond at RF fre-
quencies. However, bulk breakdown is effectively
instantaneous, and that voltage should never be
exceeded.

The next characteristic of our “open” circuit is the
capacitance. In simplest form the capacitance of a PIN
is determined by the area and width of the | region and
the dielectric constant of silicon; however, we have dis-
cussedthe factthat intrinsic does contain some carriers
and therefore has some conductivity. An E field could
not exist unless all these carrieres were swept out, or
depleted.

Application of a reverse bias accomplishes this. At
zero bias the excess carriers on either side of the junc-
tion are separed, held apart, by “built in” fields. This is
the contact potential, about 0.5 volts for silicon. If there
areonly afew excess carriersinthe I region, this “poten-
tial” can separate the charges more easily. The junction
“widens” inthe sensethat, startingatthe P* and linter-
face, there is a region of no free carriers, called the
“depletion zone.” Beyond this depletion zone the |
region stili contains the free chargesit started with. With
the application of reverse bias the depletion zone wid-
ens. Eventually, at a bias equal to a so-called “punch-
through” voltage (Vpr), the depletion zone fills the entire
I region. At this voltage the 1 MHz capacitance bottoms
outandthe diode Qreaches its maximum. Figure 3illus-
trates the equivalent circuit of the | region before punch-
through.

—

S—

R ‘o

o—inv— —
Contacts
Depleted R
]

Undepleted

Figure 3. Equivalent Circuit of | Region Before
Punch-Through

Some very interesting facts can be derived from this
model. Consider the undepleted region; this is a lossy
dielectric consisting of a volume (Area A, length ¢ ), of
silicon of permittivity 12 and resistivity . The capaci-
tanceis
123?, and the admittance is 27r(12i70A). The resis-

tanceis o?¢/A and the conductance Alg.

Atvery low frequencies the undepleted zone looks like
apure resistor. At very high frequencies itlooks like lossy
capacitor. The “crossover” frequency depends on the
resistivity of the | region material. For ¢ of 160 chm/cm
the frequency is 1 GHz. Higher resistivity is generally
used for PINs, say 1000 ohm/cm, and the crossover fre-
quency is 160 MHz.

Diode manufacturers measure junction capacitance
at 1 MHz; clearly, whatis measured is the depletion zone
capacitance.

If the | region thickness is W and the depletion width
X4, the undpleted region is (W — X,).

The capacitance of the depleted zone is, proportion-

aily,

1. 1
X, of the undepleted, WX X,

The 1 MHz capacitance as a function of reverse bias
is seen in Figure 4.

10.0 T T T T
A = Zero Punch thru PIN, Thin
Low Voltage 1
B = 200.Voit PIN
C = Thick PIN
w i l
; |
@
5 1.0 \ —
st \ Punch-Thru
8 \ Capacitance
0% 5 \\ Values from ]
e~ c .05 to 1.0 pF
8 Generally
A ‘ Available for
all Types
A gk i 1
0 10 100

Reverse Bias, Volts

Figure 4. Typical 1 MHz Capacitance
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The 1 MHz capacitance decreases with bias until
“punch-through” where X; = W. However, at micro- c
wave frequencies well above the crossover the junction
looks like two capacitors in series. | |

Cd Cu 1
Cr=Cdscu®W

i.e., the microwave capacitance tends to be constant, o— —0
independent of X, and bias voltage.

However, since the undepleted zone is lossy, an
increase in reverse bias up tothe punch-through voltage AN
reduces the loss. Shunt

At any given frequency the equivalent network can
now be drawn as Figure 5.

R, is now the equivalent series resistance of the un- : fr e b £ ; A
depleted region. Typical R, data is shown in Figure 6. Figure 7. Simplified Equivalent Circuit, Shunt

An alternate equivalent network is shown in Figure 7,

and typical R shunt data are shown in Figure 8.
A good way to understand the effects of series resis- 10K
tance is to observe the insertion loss of a PIN chip shunt | B10CH | “TioGH:
mounted in a 50-ohm line, as shown in Figure 9. /_ﬂﬁt“i ~~ C18GHz
B 18 z /]
//*’_ e
" -~ A 18 GHz
c g L
R J R O K[ < <
[o] \% o ' A = Thin PIN
o 4 T Cy=.15pF
s B = 200 Volt PIN
Ve C,=.15pF
4 C = Thick PIN
/ Cy=.15pF
N AK o
Figure 5. Simplified Equivalent Circuit, Series 0 10 10
Reverse Bias, Volts

Figure 8. Reverse Shunt Resistance, R,

500.0

A =200 Volt PIN
Cy= .16 pF

A B = Thin PIN
C,=.15pF /
0.5
o
100.0 ,Le‘o?"
®-

- © 03
.g ° . _\0\1 - J
[¢] 6500 MHz g [ S A0
> 3 2 - °’
* . / P /
et — -
- A = Thin PIN

10.0
0.1 C,.15pF —|
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\ &
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1ol 4y
0 ! 10. 100.
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Figure 9. Insertion Loss vs. Frequency

Figure 6. Reverse Series Resistance, R,
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An accepted way to include reverse loss in the figure
of merit of a PIN is to write

1
Q= s VRsRVG

where R; and R, are measured under the expected for-
ward and reverse bias conditions at the frequency of
interest.

The punch-through voltage is a function of the resis-
tivity and thickness of the | region. Itis advisable to mea-
sure loss as a function of bias voltage and RF voltage to
determine if the correct diode has been selected for your
application.*

Incidentally, if you are working with PIN or NIP chips
which do not have an opaque covering, please be
advised that PIN diodes are photosensitive. Incident
light causes photo-generation of carriers in the | region,
and insertion loss will rise.

IV. Thermal Impedance,
Peak and CW

As is well known, semiconductor devices cannot be
operated reliably at elevated temperatures. Silicon PIN
diodes are no exception. In the forward bias mode the
junction should not exceed 250°C. In reverse bias the
limitation is about 175°C. At higher temperatures not
only do the physical properties change sufficiently to
influence performance, but the metals used in contact-
ing the silicon to the package can diffuse, or even melt,
destroying the diode. Since we know that the diode has
resistive losses in any state, and assuming we can cal-
culate or estimate the amount of power that will be dis-
sipated in the silicon, we now need to understand the
thermal properties of the diode in order to be able to cal-
culate the junction temperature.

It is reasonable to assume that all energy dissipation
occurs in the I region. Let us consider the various ther-
mal paths between this region and the ultimate heat
sink.

Assoon as power is dissipated, the temperature rises
according tothe volume, density and specific heat of the
material. As temperature rises energy flows from the |
regioninto the chip substrate. The time required for heat
toflowis called the thermaltime constant, and for silicon
this is about 16 microsec per mil squared. For example,
ifthe I region andsubstrate are 1 and 3 mils thick respec-
tively, it will take about 16 microsec for the energy to
begin to flow into the substrate and about 250 microsec
to flow to the heat sink, or whatever the chip is bonded
to. Ifitis bonded, say, to a copper pedestal, the next time
constant is about 6 microsec per mil squared.

microamp.

If all this sounds confusing, consider this: For short
pulses of energy, under 16 microsec for a one mil |
region, the only thing that counts is the thermal capacity
of the silicon. For longer and longer pulses the various
thermal resistances, from | region to substrate, sub-
strate to pedestal, pedestal to heat sink, all getinvolved,
and the junction temperature rises.

For various PIN diodes, curves of thermal imped-
ance vs. pulse length are shown in Figure 10.

100.0

A
/B‘ /—_
10.0 / —
[
0/

L~
A =60 Volt
Cy=.15pF
B= 150 Voit

CJ=.15DF |
C =150 Volt
C,= .50 pF
D =500 Volt
C;=.8pF

N

Pulsed Thermal Impedance °C /Watt

< 04

10 104 1073

Pulse Length, Sec.

10° cw

Figure 10. Thermal Impedance as a Function of
Pulse Length

In computing junction temperature, T,, a conserva-
tive approach is to compute pulse rise, add to it the aver-
age rise, and then add the heat sink temperature.

If this indicates anything approaching 150°C or so, it
is advisable to measure T, to avoid reliability problems.
The primary problem is that you are unsure how much
power the diode is dissipating.

Temperature is measured by using the forward volt-
age drop at low current, since just about all PINs have a
temperature coefficient of about —1.80 millivolt/
degrees C at 1 mA forward. (For maximum accuracy
each diode type should be calibrated in an oven.)

In a typical pulsed application you operate the diode
under normal bias conditions; at the end of the RF pulse
quickly switch to a 1 mA reference current and monitor
V1t on an oscilloscope. You must switch within a few
microseconds, so that the junction does not cool appre-
ciably during this period. Also, you must carefully syn-
chronize RF and switching pulses, etc.

When done correctly, the scope data look like Figure
1.

Note: At frequencies below crossover, and for thin I-region diodes, the effective junction capacitance can increase substantially at low forward bias, on the order of 1 to 200
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Transients

/\

Diode Vo

VF Trace as Diode Cools

' @——— Lowest VF' Highest Temferature

1/prf
Time After Incident Power Pulse

Figure 11. Diode Junction Interpulse Cooling

If everything is done correctly, the switching interval
can be made much shorter than the | region time con-
stant, so that extrapolation is hardly necessary.

V. RF Voltage and
Current Limitations

The discourse on thermal impedance implies an
obvious fact: “Don’t try to handle so much RF power
that the diode melts.” There are other not-so-obvious
limitations which you may encounter. Essentially, these
can be understood as follows: The ideal PIN diode has
an RF impedance determined entirely by the bias, and
this impedance must be linear, independent of RF volt-
age, or current amplitude. In principle this condition is
met because of the relatively long “time constant” —
lifetime of electronic charges in the | region.

if the diode is in the “open” mode, it generally takes
much longer than an RF cycletoinject carriers and lower
the impedance. The normal limitation on RF voltage,
then, is breakdown. The maximum negative RF volt-
age, added to the negative bias, must be less than the
true bulk breakdown of the | region. In the case of high
voltage PINs (500-1200 volts or more), the rated Vg is
somewhat less than bulk breakdown, and you can
exceed the rating somewhat. Care must be taken,
because excess voltage will cause noise, harmonics
and possible failure.

When the RF voitage goes positive, large excursions
into the forward bias direction are permitted. For exam-
ple, usinga 1000-volt diode with 100 volts of reverse bias,
an RF swing of 600 volts (for a net 500 volts positive)
can be tolerated at S band with no perceptible change
in impedance. However, a mechanism for change is

present. The high forward voltage does inject charge
intothe | region, but not through it, owing to the diffusion
and drift times involved. As one raises power or lowers
frequency or uses a thinner | region, the quantity and
diffusion of injected charges is sufficient to cause some
recombination in the | region, somewhat akin to “recti-
fication””; a net DC forward current flows. This is mani-
fested in a lower impedance and increased loss, har-
monics, temperature rise and failure.

Since a high power application requires a thick |
region, the switching time is increased. The basic rule
is: you cannot switch high power fast. The definitions of
“high” and “fast” are leftto the systems engineers and
the diode designers. However, even 10 watts is high
when you want to switch in 10 nanoseconds at 3GHz.

The “self-biasing” mechanism is exploited by delib-
erately making thin PIN diodes, as thin as 2 microns
(about 0.1 mil). These work well as limiters; at an input
of 100 watts R; is driven under 1 ohm. Suffice it to say
that for a high power switching application, extensive
testing is necessary to establish proper bias conditions
and to choose the right diode.

In the forward bias, or “‘shorted” mode, it is easier to
assign some numbers to the problem. Negative RF cur-
rentcan pass through the PIN diode only because of the
stored free charge in the | region. If too much charge is
withdrawn during a half cycle, theimpedancerises, and
harmonics, loss and temperature rise with it.

The RF charge withdrawn, for a peak RF currentip at
frequency f, is:

Q¢ = I

Remembering that the total DC stored charge is:
Qe =lgcTL

we note that the fraction of charge withdrawn and the
corresponding fractional increase in series resistance
is:

Q¢ |p ARg

Qg lgorfT, R,

For most microwave applications even megawatts of
peak power can be handled without runninginto a prob-
lem from this mechanism.

The problem arises at low frequency, especially for
attenuators, where the DC bias is restricted to small val-
ues and R; is higher. The CATV industry has required
development of a new family of PIN diodes character-
ized mainly by thick | regions and low lifetime. The thick
| region allows the desired range of R, to be met with
adequate values of bias current. The low lifetime per-
mits modulation of R, at acceptable high frequencies.
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The compromises required here are fairly delicate.
You want the diode impedance to respond to a high fre-
quency modulating signal, and you also want R, to be
independent of the carrier. The first requires a low life-
time thin diode, the second a long lifetime thick diode.

If your calculations on AR, indicate a possible prob-
lem, make some harmonic measurements, for harmon-
ics are amore sensitive aspectof this phenomenonthan
increased loss.

For those of you interested in high frequency modu-
lation you should be aware that lifetime is a limiting fac-
tor, for R is a function of stored charge, not current.

Thus: ig = 4Qd) + Qd
dt T
T id

which leads to Qd(W) = ‘WT-
L

where w =27 times the modulating frequency.

VI. Switching
Considerations

This section will not attempt to present a detailed dis-
cussion on switching. If further information is desired,
see Reference 3.

Switching refers to changing the state of the | region
from “no stored charge,” high impedance, to “lots of
stored charge,” lowimpedance and vice versa. The PIN
diode has its value over, say, a rotary vane attenuator,
because the switching times can be as low as nano-
seconds.

We will discussthe diode and driver circuitry together,
for either can be the critical element in determining
speed.

Consider a PIN diode and a typical driver circuit.
When the system calls for a change in state, the logic
command is applied to the driver. There is delay time in
the driver, in the passive components as well as in the
transistors, before the voltage at Point A (see Figure 12)
begins to change. There is a further delay before that
voltage has stabilized. Most diode switching measure-
ments are measured with the time reference being the
50% point of the (Point A) command waveform.

The diode begins to respond immediately, but there
is a delay before the RF impedance begins to change.
It is the change in impedance that causes the RF state
to switch.

In determining the proper design of driver and diode
for your application, you must carefully consider the dif-
ferences between delay and “RF switch” times.

*5 +5

510 2K onbeean

O =T

gt
100 510
= 100 | PIN
TTL L| 72 %Diode
2K 2N22 $ 10k 1
. Iy =10mA

Figure 12. SPST Switch Driver for 10 ns
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Figure 13. PIN Diode Switching Waveforms

Most data sheets refer to “RF switch” time only, but
it is the total time that is important in many applications
— including driver delay, driver rise time, PIN diode
delay and, finally, PIN impedance switching time.

The PIN diode contributions can be understood by
referring to Figure 13.

The command waveforms shown are required for the
fastesttotal switchingtimes and are delivered by drivers
similar to the simple schematic shown in Figure 12.

REVERSE TO FORWARD

Inthe high impedance state the I-V characteristics are
inductive. This can be considered a function of the fact
thatthe I region mustbecome flooded with stored charge
before the current (and RF impedance) stabilizes.
Accordingly, the driver must deliver a current spike with
substantial overvoltage. The capacitor paralleling the
output dropping resistor is called a “speed-up” capac-
itor and provides the spike.

Typical total switching time can be on the order of 2
to 10% of the specified diode lifetime and in general is
much faster than switching in the other direction, from
forward to reverse.
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FORWARD TO REVERSE

In this mode the problem is to extract the stored
charge rapidly. Once again the solution is areverse cur-
rent spike coupled with a moderately high reverse bias
voltage, with reverse current on the order of 10 to 20
times forward bias,

I/l,=.10t0 .05 or less

The “charge storage delay” will be 5 to 10% of the
lifetime. Additionally the actual “RF switchingtime” will
be minimized by a large negative bias and/or by a low
forward bias.

BIAS CIRCUITRY

It is advisable to design the bias circuit to have the
same characteristic impedance as the RF line to mini-
mize reflections and ringing. Extraneous capacitance,
in the form of blocking and by-pass elements, must not
be excessive. Atypical 60 + pF bypassin a 50-ohm RF
circuit produces a 3.0 nanosecond rise time. A few of
these make it impossible to exploit the fastest PINs.

Vil. Temperature Effects
on Forward

Resistance

GENERAL

Junctiontemperature plays animportantrolein deter-
mining diode reliability. However, diode electrical pa-
rameters are also influenced.

For example, at temperatures above 100°C, reverse
leakage current begins to rise, and at 150°C a “10
nanoamp” reverse current becomes as high at 1
microamp.

Reverse biasloss increases with temperature, due to
thermally induced generation of hole electron pairs in
the | region. This loss can be significant above 150°C,
especially at low reverse bias.

Carrier lifetime increases with temperature, owing to
reduced charge mobility, and fewer recombinations.

Microwave capacitance changes only slightly, and
duetothermal expansion (a few parts per million per °C)
1 MHz capacitance can change substantially, as much
as + 1000 ppm/°C near zero bias, owing to a change in
the junction contact potential, at the rate of —2.3 mV/
°C.

Itis this change in contact potential which causes the
most significant parameter change in a PIN diode. The
forward voltage, V;, corresponding to a fixed DC current
l;, decreases with temperature. Table 1 shows typical
values of TC V; (temperature coefficient of V) for a vari-
ety of PIN diodes. The coefficient varies with forward
current: at very low current (density), the coefficient is
near — 2.3 mV/°C; at high current (density), the coeffi-
cient approaches - 1.15 mV/°C.

Table 1. Typical Temperature Coefficients of V,

Diode Type: 1000 volt 500 volt 200 volt 60 volt

1.0 pf .5 pf 15 pf .10 pf
TCVp at 1 mA -23 -20 -1.8 -15
mv/°C

An empirical estimate of TC V; can be obtained from
Figure 14, which shows TC V; as an approximate func-
tion of V,at 1 mA. For accurate work, a given diode type
should be calibrated for TC V.

§

of V
°c

at 1 mA, Miliivoits/

Temparature Coefficient

—

| L |
600 700 800

]
500

vy at 1 ma (25°C), Miltivolts

Figure 14. Empirical TCV, as a Function of V, of Vy

SERIES RESISTANCE

Figure 2 indicated typical curves of R as a function
of I; at constant current. Two conflicting mechanisms
influence temperature behavior; first, as temperature
rises, lifetime increases, allowing a greater carrier con-
centration, and lowering R,. Secondly, however, at
higher temperature charge mobility decreases, raising
R.. The net result of these competing phenomena is a
function of diode design, bias current, RF power level,
and frequency.

Figure 15 shows unlabelled curves of R vs. temper-
ature with bias as a parameter.
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Figure 15. Series Resistance vs. Temperature
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Figure 16. V; vs. | for Various PIN Diodes

Notice that the curves do imply constant | — which
is where the TC V;comes in. If your bias supply is a low
impedance circuit (in the direction of constant E;), you
will find that |; increases rapidly with temperature, and
R will decrease. This can be a problem in switches,
especially at low temperatures and a disaster in atten-
uators, with fixed attenuation, which might imply fixed
R; at a relatively high value.

Figure 16 shows V, vs. |; for a variety of diodes, all at
25°C. Mentally superimpose a change in effective V; of
over + 150 mV (—-2.0x +75°C), and you can see that
l; varies by orders of magnitude when constant V; is
applied. A typical fast switching diode (the 300 volt, 15
pF curve) will draw 10 mA at 850 mV at 25°C. At the
same Vi, at - 55°C it will draw about 500 microamp; at
+100°C, |y will be 200 mA.

VIil. Diode Selection/
Design Trade-Offs

The previous sections are summarized in part by
Table 2 below which indicates the performance or
design tradeoffs involved in selecting a PIN diode.

Table 2. Trade-Off Considerations

Fast

Low Thermal
Imped

High
Power
High
Thick
Large

Low Reverse
Loss

Low Low Forward
C.

Diode Design

Low
Thin
Small
High

Lifetime

| Layer Width
Area
Resistivity

High
Thin
Large

Thick
Large

Thick
Small
High

Large
High

None of the design parameters is totally independent
of the others, but the chart is a moderately good over-
view of design possibilities. Typical of the indepen-
dence is the lack of a “specification” for | layer width for
low reverse loss; for low power, zero reverse bias appli-
cations a thin | layer is possible and desired. For high
power a thick layer is mandatory.

Consider also that low capacitance is possible with
large area thick diodes as well as with small area thin
devices.

The requisites for fast switching and high power are
mutually exclusive, as expected.

IX. Measurement of PIN
Diode Parameters

RESISTANCE

It is well established that the resistance parameters
of a PIN diode or chip cannot properly be measured at
DC or submicrowave frequencies. There are several fre-
quency dependent elements — contacts, undepleted |
region, etc. — responsible for this fact. As a conse-
quence suitable techniques for microwave frequency
evaluation have been developed.

The most common technique uses slotted line mea-
surements from 500 MHz to 9 GHz. It is quite accurate
for all PIN and most silicon varactors (intrinsic losses
in the line make it unsuitable for very high Q diodes, say
fc above 350 GHz); it is easy to use, fast, economical,
and when suitably maintained, quite reproducible and
repeatable.

A description of the method requires first a model of
atypical packaged diode, shown in Figure 17.

Here: R is a fixed “contact” resistance; R, is a vari-
able series resistance. C, is the chip or junction capac-
itance; L and Cr are the package parasitics; L, is the
inductance of the bonding wire.
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Figure 17. Packaged Diode Equivalent Network

Figure 18. Equivalent Network for Slotted Line
Holder

The chip parameters we wish to ascertain are R, and
R;, or R and C,, and we must do the measurements in
the presence of L, Lyand Cr. Accordingly, we must allow
for those parasitics.

It can be shown that any impedance Z; terminating a
coaxial line can be represented as shown in Figure 18.

By measuring diodes of known junction capacitance,
we “calibrate” the diode holder by evaluating the con-
stants of the transformation.

The equations relating the transformation constants
and the terminating Z;, and including line losses, are
straightforward and ultimately reduce to a set of com-
puter printouts which yield C, and R, true junction
parameters, when position of minimum and VSWR are
known.

Measurements made at one microwave frequency
can generally be extrapolated to other frequencies with
fair accuracy.

a) C, — quite accurately.

b) Rg — forward biased — from 500 MHz to 3 GHz,
an increase of perhaps 0.1 to 0.2 ohm is common;
from 3 to 10 GHz, a similar increase has been
observed but is not felt to be universal. Some evi-
dence says that there is no frequency dependence
of Rsupto atleast 20 GHz. It depends on the diode
design.

¢) Ry — reverse bias; at low values of bias below
punch-through there is a substantial decrease in
Ry with increasing frequency. This is the most
frequency and power dependent elementina PIN,
and it is advisable to make definitive loss-mea-
surements under intended application conditions.

In general it is found that measurements at, say, 500
MHz or 3 GHz correlate with higher frequencies for the
purpose of production tests, but this is not universally
true, especially when the application is in Ku-band or
above.

Finally, remember that the junction parameters are
often signal level dependent, especially for thin | region
diodes. A useful technique with a slotted line is to inject
the signal into the probe with a mixer/detector on the
other end of the line. This maximizes sensitivity while
minimizing signal level at the diode; a signal level of
about —20dBm is generally satisfactory.

CAPACITANCE

1 MHz capacitance at punch-through has been
shown equal to microwave capacitance in numerous
experiments. Thus, capacitance of a PIN in either chip
or package is measured conveniently with Boonton
meters or bridges at 1t MHz and voltage levels under 50—
80 millivolts. For chips, a shielded cable connects the
instrument to a probe which contacts the metallized
junction. The bottom of the chip is grounded. The meter
is nulied with the probe just removed from the junction
to minimize error.

For packaged diodes two philosophies exist in the
industry. Alpha uses grounded, shielded enclosures to
minimize the fringing capacitance across the package
and from package to ground. This yields a more rigor-
ously correct “diode” capacitance, for it eliminates
fringe capacitance which can differ substantially de-
pending upon mounting procedures. The circuit
designer must allow for fringing in his designs. Values
are on the order of .02 to .05 pF.

The capacitance is measured over a range of bias
voltage to determine the voltage at which the 1 layer
reaches through and the capacitance bottoms out.
Control ofthe resistivity of the | layer, or lack of it, is man-
ifested by variation of the punch-through voltage.

LIFETIME

Inasmuch as we derived a stored charge number from
a definition of lifetime, it follows that a measurement of
stored charge should be sufficient to determine lifetime.
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However, it has been found more useful to know the
switching transient behavior of the diode, thereby mea-
suring both lifetime and dynamic video resistance. The
circuit of Figure 19 is used; the diode is forward biased,
usuallyto 10 mA, and the negative current to 6 mA(l/l, =
1.7). Internal recombination is a factor, and it can be
shown that if Tr is the time required for the negative cur-
rent to decrease to 3 mA (50% recovery), we have:

Ta=Tn( +1/1) =T,

The current waveform is shown in Figure 19.

i “1g
o
T

PULSE wo () aure
GENERATOR i 2008 SAMPLER
1000 out HEAD HP 1804 SCOPE
ATTEN
TH = 28 pS HP 18154 PLUG 'N

» O “PBas2a WP 18174 Lod

HP BO03A -
ov:
INPUT AT|
M :

PSR

Figure 19. Minority Carrier Lifetime, 1, Test Circuit

Often the “tail” of the waveform is so distorted that
the 50% point is hard to determine accurately; never-
theless, it has been generally agreedin the industry that
this method of measuring lifetime, to the extent that one
observes the entire waveform, i.e., the 10%, 20%, 50%,
80%, and 90% recovery times, is a better way to predict
diode behavior than stored charge alone.

If stored charge only is desired, a different method is
employed. With aforward bias of 10 mA the reverse bias
pulse voltage is adjusted for negative current of some
200 mA. The negative current is integrated and pre-
sented as a DC voltage, of dimensions “charge per unit
time.” Knowing the pulse rate, we derive:

T Qs
L™ (P.R.F.) (10 mA)

With an I/l ratio of .05 the stored charge is removed

inabout .05 T, and internal recombination is negligible.

VOLTAGE BREAKDOWN, Vg

DC voltage breakdown is measured on standard
curve tracers and is usually read at the 10 microamp
point. Due to the possibility of thermally induced nega-
tive resistance, it is advisable to use a 100K to 1 Meg.
limiting resistor located close to the diode. Also, inci-
dent light will cause increased leakage current.

The reverse |-V trace, exaggerated, looks like Fig-
ure 20.

B ————\/  Reverse

1007 A
10HA

I
Avalanche 1

Breakdown

Figure 20. Reverse Current in PIN Diode,
Exaggerated

A properly fabricated diode will exhibit almost no
“leakage” current (at 25°C — typically less than 100
nanoamps) until within a few volts of breakdown. The
“knee” from “low” to “high” leakage should be on the
order of one or two percent of Vg. The knee will appear
“sharp” and will also be stable; it will not *“push out” to
higher voltage or “pull-in” to lower. There will also be no
hash or noise visible on the trace.

The breakdown curve will have low impedance and
for low voltage (e.g., less than 500 volts) will be the true
bulk breakdown of the | region. For high voltage PINs
there can be extraneous current paths at the interface
between junction and passivation or within the silicon.
These are stable leakage paths which determine the
catalog rating of the diode but which do not always
determine the peak RF voltage that can be applied
across the diode. Bulk (avalanche) breakdown, not
always seen on a curve tracer, is the limiting parameter.

FORWARD VOLTAGE, V;

Veis rarely specified except in very loose fashion, pri-
marily to provide another pre- and post-screening test.
If we measure it, we use a curve tracer.

The V—I; characteristics of PIN diodes vary substan-
tially with design. Typical voltage for 1 mA currentrange
from 600 millivolts for large area, high voltage diodes to
800 millivolts for thin, low voltage limiter diodes. Within
a given design variation from wafer to wafer is typically
+ 25 millivolts and on a given wafer about + 15 milli-
volts. If your application involves DC-paralleled PIN
diodes, and near equal values of R are required, imply-
ing near equal forward bias, you should make this a key
point in your specification.
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X. How To Specify a PIN
Diode

Based onthe material already presented in this appli-
cation note, the following hints should help in specifying
a PIN diode.

1. R, forward series resistance. If your design is fro-
zen, ask for R;to be measured atthe intended bias
level. In return, please accept 500 MHz as the
measurement frequency. If the diodes are to be
operated in DC-parallel, the specification should
require a tight relationship between V; and I, or
even V; and R;. Be sure to consider temperature
effects.

. Capacitance — specify 1 MHz capacitance at
punch-through, as this will be the “microwave”
capacitance. Measurements at lower bias, or at
zero bias, are of limited significance unless your
application is at a very low frequency.

. Reverse Bias Loss — specify measurement at 3
or9 GHz, at your bias. This will be at low level, and
the answer will be in form of equivalent parallel
resistance. Do not ask for high power data, for such
test stations are not normally available.

. Voltage Breakdown — specify the 10 microamp
point and some interim point, say 1A or 100 pA,
at 80% of V;. Also, specify | layer width, but after
you have selected a diode and wish only to insure
that the production units are similar.

. Lifetime — if your switching requirements are
severe and you have had difficulty in completing
your driver design, you should tie down this
parameter. Insist on recovery time measurement
with a particular reverse current waveform. That
is, specify the 20%, 50%, 80%, and 90% recov-
ery times. The manufacturer will complain, but
ultimately a compromise will be accepted that
insures that production diodes are as required.

. Thermal Impedance — if you properly control Vg,
| layer thickness and junction capacitance, the
pulsed impedance need not be measured. How-
ever, youmustinsure thaton a packaged diode the
chip is well soldered to the pedestal. You can do
this by specifying the CW thermal impedance.

. Forward Voltage — if DC parallel diodes are
involved, you may need a tight V; spec to insure
similarity. Again, consider temperature.

. For numerous situations it is expedient to ask us
to make isolation and loss measurements in a suit-
able fixture. The best correlation will be achieved
if we can use the circuit that you use in your
system.

In all of the above testing we strive to include appro-
priate guard bands, etc. Realistically, there are always
a few tenths of a dB, or so, variance between our mea-
surements and yours.

XI. Simple Circuit
Performance Charts

Figures 21 and 22 refer to chips shunt mounted in 50-
ohm microstrip. Figure 23 refers to series mounted
diodes. Figure 21 shows isolation as a function of diode
series resistance R;. Figure 22 shows isolation as a
function of diode spacing for a shunt pair of 1.0 ohm
diodes, and a series pair of diodes with Xc = —j2500.
Figure 20 shows isolation vs. frequency and capaci-
tance for a series diode. Here the advantage of the low
capacitance (.02 pF) of Alpha beam-lead PIN diodes is
quite apparent.
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I. Introduction

Microwave limiter diodes are used to prevent burn-
out in power sensitive components such as mixers,
detectors and amplifiers. The limiter senses and then
rejects power levels that would resultin permanentdam-
age to these devices. Some of the important character-
istics of limiter diodes are low insertion loss, medium to
high power handling capability, fast recovery time and
solid state reliability. Limiter diodes are normally oper-
ated in the passive mode (no external bias) but can be
biased for special applications such as raising or low-
ering the limiting threshold or for use as fast switches
and STC attenuators. Another possible applicationisin
leveling operations where the limiter is used to eliminate
large RF amplitude fluctuations.

The purpose of this application note is to present a
non-rigorous analysis of the operational characteristics
of a semiconductor limiter diode and to show how and
why these characteristics change with power require-
ments, frequency and temperature. It is hoped that the
information presented in the following pages will assist
the system engineer in designing limiters that will sat-
isfactorily meet his requirements.

Il. The PIN Limiter Diode

GENERAL CHARACTERISTICS

A forward biased PIN diode behaves like a variable
resistor at microwave frequencies. This property is uti-
lized for controlling RF power. Figure 1 shows typical R,
vs. bias data for a variety of PIN diode designs.

Thick
Attenuator

, ohms

R

[ Thick,
Long Lifetime, _—
Switch
01 A 1.0
Bias Current, mA

I )
100 100 1000

Figure 1. Rs vs. Bias Current for PIN Diodes

The limiter diode is an extremely fast responding sil-
icon PIN diode that behaves as a variable resistance
under large signal excitation. Through mechanisms of
charge injection and charge storage in a thin intrinsic
(high resistance) | region, the diode P-N junction con-
trols the microwave resistance in response to the micro-
wave signal level. Diodes with | regions of under 2
microns (.00008 inches) respond to input power on the
order of 10 milliwatts. Thicker | region design produces
limiters with high power dissipation capability, and com-
binations of diodes with different | regions are used to

provide simultaneously high power handling and low
level limiting.

Limiter diodes are available in chip form for use in
wide-band microwave integrated circuits, as well as in
avariety of stripline, glass and metal/ceramic packages.

A PIN limiter diode is a PIN diode with a very thin |
region (low voltage breakdown) and very low minority
carrier lifetime T..* These design features allow the
diode to be driven into forward conduction by an inci-
dent RF signal and to develop its own “Bias Current”
through processes akin to rectification. (A ground return
is necessary to provide a current path). Thus, the diode
can be used as a passive power limiter, whence it
derives its name.

The limiter diode chip consists of a high resistivity
region, the | layer, sandwiched between heavily doped
low resistivity P* and N* contact regions.

There are two basic ways of making limiter diodes,
and the simplified models described below will aid in
further discussion of their properties.

The method of diode fabrication that Alpha feels is
optimum for most applicationsis the Flat-Chip construc-
tion shown in Figure 2a. In this design, starting with a
low resistivity N* contact, a high resistivity | layer is
grown epitaxially. The doping density and thickness of
this | region epi-layer are process variables that are used
to develop the various types of limiters. On top of the |
layer a small area is diffused with P* (anode) dopant to
define the junction area and also establishacontact. The
area of the P region is a major design variable. A sili-
con-oxide silicon-nitride passivation layer covers the
exposed surface of the | region, resulting in a high reli-
ability product.

The second fabrication technique is the mesa con-
struction shown in Figure 2b. The processes are quite
similar to those used in the Flat-Chip approach, except
that the volume of | region surrounding the junction as
defined by the P* region is removed by etching. This
results in lower fringe capacitance for the mesa diode
but at the expense of higher transient thermal imped-
ance, for in the Flat-Chip design some of the peak
energy dissipated can flow quickly into the surrounding
silicon, resulting in increased power handling. Silicon
oxide passivation is used on mesa diodes.

/—Anode Anode
P+ f [P+ \
|
P, N+ ﬁ
/Substrate Substrate
a) Flat-Chip b) Mesa

Figure 2. Flat-Chip Mesa Construction

*See Alpha Application Note 80200, “PIN Diode Basics.”
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Inaddition to extra capacitance the Flat-Chip designs
have higher series resistance (R;) at lower bias currents
due to fringing effects on current flow.

Alpha makes both type of limiters; we generally rec-
ommend Flat-Chip except where extremely low capac-
itance is absolutely essential.

Inasmuch as limiter applications range from milliwatt
to kilowatt and from low to high microwave frequencies,
a variety of diodes have been developed, optimized for
each application.

in order to provide leakage power on the order of + 10
dBm or so, the limiter must have a very low threshold;
that is, it must be able to respond to a milliwatt signal.

This requires a very thin | region, 1 to 2 microns. If we
then add the requirement that this diode operates at 18
GHz, it must have a junction capacitance under 0.15 pF.
Since capacitance is proportional to area and inversely
proportional to | layer width, we need a verytiny junction,
about .0015 inches in diameter. We now have a diode
that limits well at the desired signal level, but it can’t
operate at high power. Even 200 watts incident for 1
microsec dissipates enough energy to raise the junction
temperature considerably; consequently, for high power
requirements the first consideration is thermal. We must
have enough volume and area of silicon so that pulse
heating is reasonable. For a given capacitance this
requires thicker and thicker | regions and correspond-
ingly larger area.

Diodes with | regions in the order of 1 and 2 mils have
beenused aslimiters, butmost applications require from
2to 15 microns.

Asthe | region becomes larger, the ability of the diode
to limit decreases, and threshold and leakage power
increase. A 15 micron diode, for example, doesn’t do
anything until the incident power exceeds 100 milliwatts.

The inherent trade-off in diode design (high power
handling ability causes high leakage power) neces-
sitates the use of limiter diodes of each extreme — a
thick input “coarse” diode to reflect most of the power,
and a thin “clean-up” diode to provide the desired low
leakage.

Table 1 lists some of the characteristics of typical lim-
iter diodes.

SIMPLE LIMITER CIRCUITS

Consider a single limiter diode shunt-mounted on a
microwave transmission line, with a ground return.

For power levels below the limiting theshold there is
no rectification of the RF voltage, and the diode is in its
zero bias state. Thisis the low loss condition of the diode.
The junction capacitance of the diode is the significant
factor that determines its maximum operating fre-
quency. A capacitance shunting a transmissionlineis a
one element low pass filter with a cutoff frequency that
is dependent on the value of the capacitance. Figure 3
illustrates the VSWR vs. frequency response for three
values of junction capacitance shunting a 50 ohmtrans-
missionline. Asis shown, the uncompensated diode has
alimited operating range.

This problem is compounded when more than one
diode is used. To increase the usable frequency range
of the diode the junction capacitance must be tuned.

Table 1. Typical Characteristics of Limiter Diodes

Voltage Breakdown(! | Capacitance(@ | Peak Power(3)| Threshold® | Leakage(s
Base Width | Diameter volts pf watts dBm dBm
microns inches Ve C,y P Py P

2 0015 30 15 100 +10 +22

2 .0025 30 .30 200 +10 +24

2 .0035 30 .50 400 +10 +25

4 .002 60 A5 150 +15 +28

4 .003 60 .30 300 +15 +30

4 0045 60 .50 600 + 15 +32

15 .003 150 15 1kw +20 +39
15 004 150 .30 2kw +20 +41
15 .005 150 .50 4kw +20 +44

o
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.30pF

/“-- _____ .15pF |

0 12 14 16 18
Frequency (GHz)

VSWR

Figure 3. Typical VSWR For Untuned Shunt Diodes

Figure 4. Typical VSWR for Low Pass Filters

3-46




Application Note 80300: Characteristics of
Semiconductor Limiter Diodes

Thisis done by adding series inductance to form a three
element low pass filter. Figure 4 illustrates the VSWR
vs. frequency response of such a filter using capaci-
tances of .15, .30 and .50 pF.

1. Voltage breakdown is determined by | region thick-
ness and the dielectric strength of silicon, about
400 volts per mil.

2. Junction capacitance is measured at 1 MHz; see
section below on insertion loss.

3. 1 microsecond pulse, .001 duty.

4. Threshold is defined as the power input producing
1dB extra loss above insertion loss.

5. Leakage power at maximum power input.

At power levels above the limiting threshold the
diode respondstothe RF voltage. Duringthe positive
half cycles of the voltage waveform charge isinjected
into the diode. If a low resistance DC return path is
present, a self bias control current will be generated.
Whenthe voltage swingbecomes negative, the diode
discharges only some of the stored charge, main-
taining the current flow. The accumulation of charge
controls the effective RF resistance of the diode.

Experiments at X Band have demonstrated thatthe
netaccumulation of stored charge inthe | region, and
the consequent reduction in Rg, requires only a few
RF cycles to reach saturation. At 10 watts incident a
30 volt device (I region approximately 2 microns)
reaches 10dB isolation (Rsabout 10ohms)in 1 nano-
sec and 20 dB (3 ohms) in 1.5 nanosec. Thicker |
region diodes, designed for higher power handling
capability, require more time, about 4 nanosec for a
60 volt, 4 micron diode, and 50 nanosec fora 150 volt,
15 micron diode.

As Rg is lowered, the transmitted signal is atten-
uated. A portion of this attenuated power is absorbed
by the diode, and the remainder is reflected back
toward the source. A semiconductor limiter is reflec-
tive by nature and has a high VSWR when in the lim-
iting state. The percentage of incident power that is
absorbed by the diode depends on the value of Rg
and is a maximum when Rg is 25 ohms (in a 50 ohm
system). The attenuation and percent of incident
power dissipated for a PIN diode as a function of its
effective RF resistance are shown in Figure 5.

LIMITING THRESHOLD AND LEAKAGE POWER

Limiting threshold is defined as the input power at
which a limiter has 1 dB additional insertion loss over
its 0 dBm value (1 dB compression). The threshold
power level is dependent on the RF frequency and
the thickness of the | region. It can be significantly
controlled by application of positive or negative bias
to the diode.
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Figure 5. Isolation and Percentage Power
Dissipated vs. Diode Resistance
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Figure 9. Leakage Power vs. Temperature for 50
Watts Peak Input Power, 30 Volt Limiter
Diode

As the incident power level is increased above the
limiting threshold, more charge is injected into the
diodes, which results in a lower effective RF re-
sistance. Essentially, the limiter behaves like a
power sensitive variable attenuator that adjusts its
attenuation level to keep the output power relatively
constant.

Figures 6aand 6b show typical leakage power curves
for various diodes.

Proper design of the DC return is essential. An ideal
DC return path has no appreciable resistance. Excess
resistance will increase the leakage power. This effect
is shown in Figure 7 for a resistance of 3.3 ohms. Good
RF-choke ground returns may be made using magnet
wire (about 2 mils diameter), with about 20 to 40 turns
wound on a 20-30 mil diameter. Resonances can occur
but can generally be eliminated by minor adjustment.
Excess inductance in this choke can delay current flow
in the diode and produce a leakage spike.

There are applications where resistance in the DC
returnis required, such as when an external bias supply
applies a small forward voltage across the diode termi-
nals (Figure 8). This results in a lower theshold power at
the expense of insertion loss. Negative bias can be used
to raise the threshold and reduce insertion loss. The
threshold RF voltage increases rapidly with negative
bias, as does the leakage power. | region width is a key
variable in predicting the effects of bias; experimenta-
tion is necessary.

Increased ambient temperatures will produce an
increase in attenuation and a subsequent decrease in
leakage power. Figure 9 demonstrates a typical leakage
power change over temperature.

INSERTION LOSS

In addition to any reflective loss that might arise from
the chip or diode loading of the circuit there is dissipa-
tive loss within the chip itself. This loss is caused by
essentially constant contact resistance at the top and
bottom of the chip and package plus dielectric lossesin
the | region. Typical zero bias loss at X-Band is under
0.2dB.

If we refer to a simple physical picture of the active
portion of the chip, Figure 10, we see the | region sand-
wiched between P* and N* heavily doped low resis-
tance contacts.

Junction

-— Xm

P+

| £ Region

Figure 10. Idealized Limiter Structure
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Within the | region, built-in “contact voltage” at the
junction establishes a so-called depletion width, X,
which is usually not as wide as the total | region. Within
the depleted zone there are no free charges, and that
volume is essentially a lossless capacitor. In the unde-
pleted zone there can exist free carriers which contrib-
ute to a volume resistivity of the | layer, typically more
than 100 ohm/cm. ’

At low frequency, say the 1 MHz at which junction
capacitance is measured, the reactance of the capaci-
tance of the undepleted zone is effectively shunted by
conductance, and only the capacitance of the depleted
zone is measured. Inasmuch as the width X, increases
with negative bias, the “1 MHz” capacitance de-
creases. Figure 11 shows typical C-V plots. The lowest
value of C; occurs where X, equals the width W of the |
region.

At the microwave frequencies, especially above the
dielectric relaxation frequency of the undepleted | region
(where 21tfC, = —F1T-), the total capacitance is Cy and C,

u

in a series with some loss caused by R,. It can be shown
that C,=C4C,/Ca+C, = W

for any value of X, the chip junction capacitance tends
to be constant, independent of bias.

The subscripts “u” and “d” correspond to “unde-
pleted” and “depleted” zones. A good limiter diode has
azero punch-through, which means that X,, at zero bias
is equal to the width of the | region. When this is true,
the | region contributes no loss. Good limiter diodes
achieve zero punch-through by a combination of high
resistivity, so that X, at zero bias is large, and a very thin
I region, so that W is less than X,,. In practice punch-
through is never achieved atzerobutat — 1 or — 2 volts.

Although the | region Q is an increasing function of
frequency, fixed contact resistances produce increas-
ing loss with frequency. Figure 12 shows typical zero
bias loss, including reflective loss, for a variety of limiter
chips. Application of one or two volts negative bias
reduces the loss by some 10 or 20% (in dB).

A good measure of alow loss chip is a ratio of junction
capacitance at zero bias to the minimum capacitance
at punch-through. Thus, C,o/Cpr < 1.3is an indicator of
high resistivity, low loss processing. Another measure
isthe equivalent parallel resistance, Rp, measured at S-
band using slotted line techniques. Zero bias loss is
increased at temperatures above 100°C, typically dou-
bling at 150°C.

POWER HANDLING CAPABILITY

The primary cause of failure of semiconductor
devices is temperature, and the limiter diode is no
exception. Duetoirreversible changes alongthe silicon/
passivation interfaces or in the contact metal/silicon
interfaces, junctiontemperaturesin excess of 250°C are

10.0 T 1 1 T
A = Zero Punch thru Limiter
B = 200 Volt PIN
_ C = Thick PIN
w
=
g
o
LN
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o
ZE \\ (o
s [ — Punch-thru Capacitance
- \ B values from .05 to 1.0 pF
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0 all tlypes
s
0 10 100
Reverse Bias, Volts

Figure 11. Typical C-V Curves 1 MHz
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Figure 12. Typical Diode Insertion Loss vs.
Frequency, Zero Bias, — 10 dBm Input

to be avoided. For pulsed applications the peak pulse
temperature can reach as high as 300°C with no appar-
ent degradation over extended periods, but exceptions
like this must be established experimentally for each
application.

The junction temperature is dependent upon peak
and average power dissipated, the thermal impedance
of the chip and the heat sink interfaces and the ambient
temperature. A conservative equation for junction tem-
perature is:

T,=Pq0p+Py0d+P 6hs+T,

where l5d and Isd are peak and average power dissipa-
tion; Bp is the transient thermal impedance of the chip
at maximum pulse length; 8d and 6hs are the CW or
average thermal impedances of the chip, heat sink and
allinterfaces, and T, is the heat sink temperature.

(This equation is of marginal utility unless you can
obtain a good estimate of power dissipated in the junc-
tion — not in the circuit or contacts to the diode.)
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Pulsed thermal impedance is readily calculated, and
data for various chips are presented in Figure 13. CW
impedance is rather easy to measure; see Alpha Appli-
cation Note 80200, “PIN Diode Basics.”

100.0

10.0

Pulsed Thermal Impedance °C/Watt

gt
17

1.0 10.0 100.0 cw

Pulse Length, usec

Figure 13. Pulsed Thermal Impedance

For very short pulses the energy dissipated is con-
fined to the | region volume, and the temperature rises
linearly with time. Thus, Bp, the transient thermal
impedance, rises linearly with pulse length. At some
greater puise length the energy has time to diffuse out
of the | region into the contacts on top and bottom and,
inthe case of Flat-Chip construction, into the silicon sur-
roundingthe junction. Inthis mode — or “Time Regime”
— the temperature rises as the square root of time; 6,
increases as the square root of pulse length. Finally, at
some time when the energy has diffused to the metal
and to the heat sink, a limiting (maximum) value of tem-
perature is obtained. This corresponds to the CW or
average thermal impedance, 8.

The pulse lengths corresponding to the various
regimes depend upon | region design, primarily thick-
ness.

Fora2micron 30 volt limiter the linear regime is under
200 nanosec, and the CW thermal impedance is
reached near 10 microsec. For a 15 micron, 150 volt lim-
iter the linear regime exists up to some 10 microsec, and
CW s reached in about 1 millisec.*

Because of uncertainties in the calculation of peak
temperature itis always advisable to experiment slowly
and carefully to determine the limiting and/or power
handling capability of any limiter diode you wish to use.
Agood design has a “guaranteedto burn-out” level that
is at least 3 dB above system requirements.

For best reliability design for peak junction tempera-
ture under 250°C, even 200°C, and average junction
temperature under 150°C. Instant failure will occur at
around 350°C.

*For reference, relevant properties of silicon are: density 2.3 gm/cm®; spe-

cific heat .72 joules/gm/°C thermal conductivity at 25°C is 1.5 watt/cm?/
cm/°C.

Thermal conductivity drops rapidly with temperature:
at 100°C, K=1.08, and at 300°C it is 0.65. Thus, ther-
mal runaway is always a possibility.

MORE COMPLICATED LIMITER CIRCUITS
Multiple Diodes For Higher Power Handling
If in the intended application the combination of

peak power and pulse length exceeds the rated lim-
itations for a given diode, immediate possible solu-
tions are to use two or more similar chips in parallel
(parallel here means specifically at the same electri-
cal plane, see Figure 14) or to use a single chip of
greater capacitance.
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Figure 14. Chips in Parallel

Under low level insertion loss conditions the two
options are more or less interchangeable. Under high
power, however, two parallel chips will always yield a
lower temperature, or higher power handling, than
will a single chip of twice capacitance. This is
because the series resistance and pulsed thermal
impedance of the larger chip are not related to capac-
itance (area) but are more closely related to diameter
(periphery), as most of the electrical and thermal
resistance of the chips lies in the “spreading resis-
tance” at the interface between the very tiny active |
region and the heavily doped substrate.

Thus, doubling capacitance by doubling area
reduces R; and Bp by the square root of 2. As a con-
sequence the division of RF current by using two
chips is the dominating advantage. Power handiing
increases by a factor of 4.

In using multiple chips there is always the question
of RF impedance under high power conditions. How
well do the diodes share the current? Due to inherent
variables in processing no two chips can ever truly
beidentified as “identical” except by actual test. The
most practical way out of this dilemmais to use chips
from the same wafer, with voltage breakdown and
capacitance as equal as possible.
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Dissimilar Diodes in Cascade

We pointed out earlier that limiter chips designed
for high power have inherently high leakage power.
To obtain low leakage with high power input capabil-
ity, it is necessary to use chips of each extreme.

Figure 15 shows a typical 3 chip limiter using chips
of 3 different | regions. With .15pF chips this design
will handle 1kw peak, 1 microsec, with about 20-60
mW leakage from 2.0 to 18 GHz.
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Duringtherise time of theincident pulse the diodes
behave in the following manner. The 30 volt chip, due
toits thin | region, is the first to change a low imped-
ance. Experiments indicate that this chip reaches the
10 dB isolation point in about 1 nsand20dBin 1.5
ns with an incident power of 10 watts. The 60 volt
takes about 4 ns, and the 150 volt about 50 ns. Con-
sequently, the 30 volt provides protection during the
initial stages of pulse rise time, with the thicker diodes
progressively “turning on” as the power increases.
With proper spacing (L, and L;) the “on” diodes
reflect high impedance to the upstream diodes,
reducing the turn-on time for those diodes and insur-
ing that essentially all of the incident power is
reflected by the input diode, preventing burnout of
the thinner diodes.

The spacings between diodes, while not critical,
must be carefully considered, for they tend to deter-
mine the variation of leakage with frequency, the
VSWR of the circuit and the power handling.

This can readily be seen from inspection of Figure
16, showing isolation vs. spacing for a pair of 1 chm
diodes. At zero or A/2 spacing the diodes are in par-
allel, the net R; is 0.5 ohm, and 34 dB of isolation
results. At A/4 spacing the high impedance pro-
duced by the second diode, at the plane of the first
diode, adds another 28 dB of isolation.

Interms of RF current sharing, at zero or A/2 spac-
ing each diode gets half the current; at A/4 the input
diode gets all of the current.

In the case of passive limiters, where the Rg of the
diode is dependent upon the magnitude of RF
(power)impressed upon it, the situation is more com-
plex. If the input diode is a 150 volt high power unit,
the second diode is a 30 volt clean-up unit, and the
spacing is zero or A/2, the thin diode turns on long
before the thick diode. This causes a voltage mini-
mum to occur at the thick diode and prevents the thick
diode from ever turning on. With a 1kw signal the
second diode will fail quickly. With A/4 spacing the
30 volt diode turns on during the pulse rise time and
reflects a voltage maximum at the 150 volt diode,
enhancing turn on of the input diode. By the time the
input reaches 1kw, the input diode is fully on, and
“all” of the current and energy is reflected by the
input.

Figure 16 indicates that moderately adequate
spacingis between .05\ and .45A. This allows almost
a decade in band width, and 2-18 GHz devices are
common.

Detector Driven Limiters

In some applications the lowest leakage power that
can be obtained using the thinnest possible limiters
is too high. This essentially comes from the fact that
we are asking the diode to perform two functions: 1)
to “detect” or “rectify” alow level signal and 2)to use
the rectified current to drive itself to a low Rs. These
functions are inherently incompatible, and in order to
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Figure 17. Detector Driven Limiter

getlimiting to, say, 0to 10dB dBm, itis necessary to
separate the functions by using diodes optimized for
each.

We thus have the circuit shown in Figure 17.

The detector chip can be incorporated into the
transmission line, using the same L-C network
designs, or it can be decoupled from the line as
desired. In either case the detector develops voltage
and current which forward bias the limiter to low Rg.
When the detector is “on-line,” isolation is provided
not only by the limiter but also by the detector, which
at 0 dBM has an Rg on the order of 10-25 ohms. (At
receive signal levels, e.g., — 40 dBm, the detector is
a good low loss capacitor, with good VSWR and low
insertion loss.)

Atypical voltage output curve for Schottky barrier
and point contact diodes is presented in Figure 18,
for a load impedance of 1,000 ohms.

Typical limiter diodes have V;-|;characteristics as
shown in Figure 19. Series resistance at 1.0 mAison
the order of 3 ohms for limiter diodes.

The bias supplied by the detector provides isola-
tion in two ways: 1) by lowering the measured small
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Figure 19. Typical V; - |, Curve for Limiter Diode

signal Rs of the limiter and 2) by enhancing the ability
of the limiter to generate its own bias. (See Figures 1
and8.)

If the detector is decoupled from the line, and the
RF power detected is too low (e.g., — 10 dBm), the
leakage power may increase over the level possible
with passive operation with a ground return. This is
because of the high Rg of the detector which reduces
the “rectified” current in the limiter.

Quasi-Active Limiters

The limiters discussed thus far are entirely pas-
sivé, in the sense that no external source of control
power is involved. Another form of limiter utilizes
external power, but the operation is still entirely con-
trolled by the incoming RF, which justifies the term
“quasi-active”. A “fully-active” limiter controlled by
external logic is a switch.

Active limiters can be used to provide leakage
power levels that are beyond the threshold capability
of passive devices.
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Figure 23. Generalized Response of Limiter Diode
Figure 20 shows one form of quasi-active limiter

using a video amplifier to provide limiter bias current. SPIKE LEAKAGE, FLAT LEAKAGE,

This approach is limited in response time, but does RECOVERY TIME
find some applications. Leakage
A better approach is to use an Off-Line RF ampli- a) SINGLE DIODE

fier. (See Figure 21.) The RF amplifier, which has the
full system bandwidth and perhaps 40 dB gain, does
not have to be low noise, linear, or expensive.
Depending on the application there are circuit prob-
lems associated with this approach, but they are not
insurmountable.

To provide normal receiver protection a conven-
tional limiter precedes this active limiter; the high
VSWR of this pre-limiter, interacting with the low-level
limiter, can produce flatness problems in wide band
systems, especially for leveling rather than protec-
tion circuits. An alternate approach puts the direc-
tional coupler after the final limiter.

STC Attenuator — Limiters

Forvarious applications alimiter diode can be used
to provide passive receiver protection and STC
attenuator function simultaneously, as indicated in
Figure 22. The Schottky diode provides a low imped-
ance return, and the shunt resistor Rz minimizes
recovery time, as will be explained in the following
section.

Consider Figure 23, which is a generalized sketch
of the output response of a limiter as a function of
time, assuming a zero rise time input of 100 watts in
the case of a 30 volt (2 micron) limiter chip.

The limiter diode does have spike leakage, the
period at the beginning of the pulse when the diode
is changing from a high impedance to a low resis-
tance. Duringthistime the outputis very nearly equal
to the input. The thin diode, processed optimally for
fast response, begins to have appreciable isolation
in less than 0.5 nanosec and at 1 nanosec provides
over 10 dB isolation. At perhaps 1.5 nanosec the iso-
lation is 20 dB. In 2 or 3 nanosec CW conditions are
reached, about 28 dB isolation.

in this unrealistic example, the “spike amplitude”
is 100 watts; the “spike duration,” 3 dB width, is less
than 1 nanosec; the “spike energy” is 1 erg. The “flat
leakage” is the leakage power of the CW or steady
state condition, about 150 milliwatts.

Spike amplitudes of 100 watts will burn outany kind
of low noise receiver.' The diode limiter as described
will not be satisfactory. Each of the following three
steps may be taken to try to alleviate this problem.

e Be more realistic in your appraisal of the expected
rise time of the input pulse. Transmitter rise times
oflessthanone nanosecond arerare, yeteventhis
rise time will allow the limiter diodes to respond
sufficiently to limit the spike amplitude to 10 watts.

'Anand & Moroney — Microwave Mixer and Detector Diodes — Proc
IEEE-Vol. 59, No. 8, August 1971.
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¢ Tryto obtain even thinner diodes. | regions as thin
as .4 microns can be made, but due to small area
they are very hard to handle as chips; they can be
mounted into standard low parasitic metal ceramic
packages.

* Try a high voltage Schottky Barrier diode by itself
in the transmission line. Due to high series resis-
tance flat isolation will not be high, but the Schottky
will respond faster than the limiter. Two Schottkies
of opposite polarity but with a ground return are
appropriate.?

b) TWO DIODE LIMITER

The curve of Figure 24 can be used todescribe the
behavior of a 2 diode limiter consisting of a “coarse”
15 micron diode followed by athin 2 micron diode 0.1A
downstream, with an input of 1 kw and with a 50
nanosec rise time.

In the first 5 nanosec the thin diode does all the
work. With an input (at that moment) of 100 watts the
thin diode is almost fully “on,” and the leakage is
about 1 watt; at 10 nanosec the input has risen to 200
watts, and if the thin diode were alone, the leakage
would rise to about 2 watts. However, the thick diode
is finally waking up, and the leakage will reach a max-
imum on the rough order of 2 watts. At 50 nanosec
the input diode is fairly saturated, and the leakage
drops to some 500 milliwatts. At 100 nanosec both
diodes are saturated, and the final flat leakage is
about 100 milliwatts.

Figure 25 shows flat leakage for two such diode
limiters.

In case 1 the input diode may be too thick or the
line spacing too small, and the input diode does not
contribute isolation at a low enough input; thus the
“overshoot.” In case 2 the input is optimally chosen.

At sufficiently high input power both diodes are
saturated to the lowest Rs, and output power rises
linearly. Burn-out may be imminent.

For pulses with finite rise and fall times an over-
shoot can appear as a “spike” on the leading and
trailing pulse edges (see Figure 26).

Because of these considerations itis necessary to
specify the flatleakage response of a multi-diode lim-
iter at all input power levels from zero to the system
maximum, not just at the maximum.

Recovery Time

Following the incident RF pulse there is a finite
measurable period of time during which the limiter
chips are returning to the high impedance, low loss
state. The “free charge” which accumulated in the |
region and was responsible for lowering the resis-
tance must be totally removed.

“Design of Schottky Diode Limiters — Kurihara et al; Electronics & Com-
munications in Japan, Vol. 57B, No. 5, 1974
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Figure 26. Effects of Overshoot on Pulse Edges

Withinthe | region, inthe absence of external drive,
internal recombination of the holes and electrons
takes place at a rate reciprocal to the minority carrier
lifetime. A limiter diode has a lifetime on the order of
510 100 nanosec depending upon thickness, capac-
itance and processing. This mechanism for recovery
is quite slow, and for the charge to decay to 1% of the
charge present under high power conditions takes
about 4.5 lifetimes. Since 1% still corresponds to
perhaps 100ohm Rg, lossiis still excessive, and since
4.5 lifetimes for a thick diode is about 450 nanosec,
recovery is lengthy if internal recombination alone is
involved.
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Fortunately, a second, much faster, mechanism
exists — discharge through a return current path.
With a zero ohm ground return, recovery time (mea-
suredto 1 dBexcessloss)isabout 1 lifetime, and with
a 100 ohm return, recovery time is about 2 lifetimes.

if the limiter circuit employs a Schottky, either as a
“limiter” or as a “ground return,” the Schottky
recovers almost instantly, and the PIN limiter does
not have a ground return — recovery time will be long.
A resistor in shunt with the Schottky (Figure 22)
solves this problem at the expense of either Schottky
current or bias current. Design compromise may be
necessary in establishing the value of this resistor.
The inductance of the ground return, as mentioned
earlier, influences both spike leakage and recovery
time. For minimum spike the time constant (RL) of
the ground return-limiter circuit mustbe lessthanthe
pulse rise time.

Moreover, when the inductance is high, voltage
impulses generated by the inductance when the RF
power ceases will tend to forward bias the limiter
diode and delay recovery time.

If the application involves fixed pulse lengths, the
circuit of Figure 22 can be modified by replacing Rg
with alarge inductance, with RL (Schottky R)roughly
equal to the pulse length. Initially, all Schottky cur-
rent flows to the limiter and the spike is minimized,;
duringthe pulse some Schottky current flows through
the choke, raising leakage power only marginally; at
the end of the pulse the Schottky ceases to supply

current, and the choke develops a negative L i—i

impulse which helps to withdraw the charge stored
in the limiter.

When the limiter diode junction temperature
exceeds 150°C, the low level insertion loss increases
noticeably. At200°C an additional 1 dB or so may be
seen. Consequently, in high power limiter applica-
tions where the diodes are being stressed thermally,
temperature rise constitutes another increase in
recovery time; insertion loss is not minimized until
the junction cools.

The junction thermal time constant, for the bulk of
the cooling curve, is about 100 nanosec for 2 micron,
400 nanosec for 4 micron, and 5 microsec for 15
micron limiter diodes. Clearly, temperature can be
the dominating factor in recovery time in high power
limiters, which prompts another simple experiment
to be done during development of any limiter circuit.
Measure recovery time as a function of input power;
these data, plus measurements of burn-out power,
will give excellent reference points from which you
can estimate junction temperature and infer diode
reliability.

HARMONICS

Even an externally biased PIN diode generates har-
monics, if the bias current or the frequency is low or the
RF power high. This is caused by “partial recovery” of
the diode during the reverse cycle of the RF current.
“Negative” current can flow through the junction only
by extracting some of the free charge that was injected
by the bias and/or by the positive RF current.

For a PIN diode with long minority carrier lifetime and
external bias, harmonic 60 to — 80 dBc are possible
even at 20 MHz. The limiter diode, on the other hand,
has low lifetime and consequently low stored charge;
harmonics are greater. Figure 27 shows harmonic gen-
eration for a pair of 30 volt limiters at 2 GHz. At higher
power levels the diode becomes more saturated, and
the harmonics drop off.
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Figure 27. Typical Harmonic Generation of
Limiter Diode

DESIGN EXAMPLE

Tocomplete this note we shall design a solid state lim-
iter that is needed by the marine radar market — 5 kil-
owatt peak, 1.5 micro-second, .001 Duty, X Band. (Al-
though the market would probably want waveguide, we
will use coax, since the microwave circuitry is easier to
understand.)

Looking at Table 1 we note that no single diode listed
will work. On the other hand it appears that a 0.3 pF 15
micron diode can handle 2 kw for 1 microsec. If we use
two of these in parallel, we raise this to 8 kw for 1 micro-
sec or 4 kw for 2 microsec. Unfortunately, this totals 0.6
pF, which is too much for 10 GHz even with a narrow
band restriction. These diodes could be used, not in
parallel, but A/2 apart. However, current division might
impose too much of a strain on the input diode. We thus
put two 0.15 pF diodes in the input and two more from
the same lot at the half wave point down stream. The .15
pF 15 micron chip can handle 1 kw for 1 microsec.
Assuming perfect current division 4 diodes raise power
handling by 16, or 8 kw for about 2 microsec. There now
appears to be an adequate safety margin.
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Insertion loss of these 4 diodes will be about 0.4 dB
and flat leakage power about 50 watts. We now add
clean-up limiters down stream, A/4 from the second
stage of high power input diodes. A pair of 60 volt .15 pF
chips will probably be needed to handle the spike that
gets by the input, perhaps 2 kw for 100 nanosec.

Finally, we put one 2 micron diode to handle the spike
that gets by the 60 volt diode, perhaps 1 kw for 5 nano-
sec, and keep the flat leakage down to about 100 mw.

We thus wind up with 7 chips, about .7 dB diode loss,
and we are ready for high power test.

The firstthing we discover is that thin microstrip is not
ideal for high power. We need about 20 mil thick duroid
to avoid arcing and reduce circuit losses.

Next, we find that the voltage maxima upstream of the
input diodes correspond to 20 kw peak, and our transi-
tions and connectors begin to arc. This can be handled
by using HN connectors and half-inch coax.

Once we learn how to use packaged diodes in wave-
guide, using tuned chokes as sketched in Figure 28, we
find that we can obtain a zero to 5 percent band, using
the same complement of 7 chips in standard metal
ceramic packages. Achieving close spacing is difficult
due to choke dimensions, and this restricts bandwidth.
Thus, this limiter has not yet been developed.

Adjustable Post
- A‘//Tunable Choke

7777777, F';fﬁjl{m

Figure 28. Typical Waveguide Mount, Packaged
Limiter Diode

Chip Electrical Parameters

Hints:
1. Could anything be done at high power using Fin-Line?
2. Two .15 pF chips can be assembled in one package.

Let’s calculate the temperature rise of the 4 input
diodes; again, assume we are in 50 ohm microstrip, so
that we know the chip current. At 5 kilowatts assume
peak line currentis

Each diode gets 8 amperes. If each chip is driven to an
R; of 2.0 ohms (not fully saturated), it will dissipate

The peak thermal impedance for 1 microsec is tab-
ulated at 1.2°C/watt. For the 1.5 microsec pulse, 8p is
1.8°C/watt. Thus, the peak junction temperature is 64
(1.8)=115°C. The average power dissipation at .001
Duty is 64 milliwatts.

With an ambient temperature of 60°C we find a peak
junction temperature of 175°C. In view of the conserv-
ative assumptions, this sounds reasonable.

3. Once we begin working in waveguide, we discover
that we can use a junction capacitance as highas 0.7
pt, and still cover the marine radar band. This solves
the handling problem.

4. Itis possible to use thick PIN diodes, with breakdown
voltages over 500 volts, as coarse limiters. The spike
energy is low enough for medium power limiters, and
peak power input of over 20 kilowatts can be tolerated.

+ Rg Rs
Vg Cyo C6 Typ Typ R,@ 8™ Ocw gy
Model Typ Typ Max. @10 mA @1.0 mA Typ Typ Typ
Number v) (ph) (pf) @) @) @) (°C/w) (°CIW) (ns)
CLA3131-01 20-45 0.20 0.15 1.5 50 2000 20 100 5
CLA3131-02 0.50 0.30 1.2 4.5 1000 12 80 10
CLA3131-03 0.70 0.50 1.0 4.0 1000 10 55 10
CLA3132-01 45-75 0.20 0.15 1.5 40 2000 15 80 10
CLA3132-02 0.50 0.30 1.2 3.5 1000 10 60 15
CLA3132-03 0.70 0.50 1.0 3.0 1000 6 40 20
CLA3133-01 120-180 0.20 0.15 1.5 3.5 2000 1.2 40 50
CLA3133-02 0.60 0.30 1.0 3.0 1000 0.5 20 50
CLA3133-03 0.80 0.50 0.5 3.0 1000 0.3 15 100
CLA3134-01 15-30 0.12 0.10 2.0 40 3000 30 120 5
CLA3134-02 0.20 0.15 15 3.0 2000 20 80 5
CLA3135-01 30-60 0.12 0.10 2.0 40 3000 20 100 7
CLA3135-02 0.20 0.15 1.5 4.0 2000 15 70 7
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Limiter Performance Ratings

Peak
Pin Leakage'¥
Max. Threshold® Pout Insertion Loss® cw® Recovery®
Model @108 Typ Typ Typ Power in Time, Typ
Number {dBm) (dB) (dBm) (dBm) Max. (W) (ns)
CLA3131-01 +50 +10 +22 0.1 2 10
CLA3131-02 +53 +10 +24 0.2 3 10
CLA3131-03 + 56 +10 +25 0.2 4 10
CLA3132-01 +53 +15 +27 0.1 3 20
CLA3132-02 + 56 +15 +29 0.2 4 20
CLA3132-03 +59 +15 +31 0.2 5 20
CLAS3133-01 +60 +20 +39 0.1 5 50
CLA3133-02 +63 +20 +41 0.2 10 50
CLA3133-03 + 66 +20 +44 0.2 15 50
CLA3134-01 +47 +7 +19 0.1 2 5
CLA3134-02 + 50 +7 + 22 0.1 3 5
CLA3135-01 +47 +12 +24 0.1 3 10
CLA3135-02 + 50 +12 +27 0.1 4 10
NOTES:

1. Series resistance measured at 500 MHz.
2. Chip loss can be represented as a resistance in shunt with the junction capacitance.
Data shown are for 10 GHz for 0.15 and 0.30 pf chips, 5 GHz for 0.50 pf chips. Reflective loss is shown in Figure 3, and is included. Loss is measured at — 10 dBm
input.
3. Pulsed thermal impedance is given for a 1s pulse. Figure 5 shows typical variation for longer pulse lengths. CW thermal impedance presumes infinite heat sink.
4. Threshold input power produces 1 dB increase in insertion loss.
Figure 6 shows typical leakage power curves. Data taken for 1.0 GHz.
Figure 7 shows typical variation with frequency.
5. Note that CW power and average power are not synonymous. Power ratings are computed in terms of a peak junction temperature of 200°C, for short pulses, an aver-
age junction temperature of 125°C, and an ambient of 25°C. Duty factor 0.001 assumed for maximum pulse power input.
6. Recovery time is measured with ground return (less than 1.0 ohm) to 1 dB excess loss.
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Silicon and GaAs Tuning Diodes

Silicon Tuning Diode

Selection Guide

In general, high capacitance tuning diodes (either
abrupt or hyperabrupt) are characterized by low Q’s,
which limit them to operation at below microwave fre-
quencies. The following is meant to be a rough guide for
the design engineer. Please consult the factory for more
detailed information.

Frequency of Operation

Device Family 100-500 MHz 500 MHz-3.5GHz 3.5 GHz-5GHz 5-7 GHz 7-10 GHz
Hyperabrupt — 6510 Series X
Hyperabrupt — 6520 Series X
Hyperabrupt — 6530 Series X
Hyperabrupt — DKV4105
& 4109 Series X X
Hyperabrupt — 6550 Series X X
Abrupt — 90 volt,
DVH6790-07 through
DVH6790-20 Series X
Abrupt — 90 volt, DVH6790-03 to 05 X X
Abrupt — 60 volt, DVH6760-03
through 17 X X
Abrupt — 60 volt, DVH6760-17
through 25 X X
Abrupt — 45 volt, DVH6740-01
through 19 X X X
Abrupt — 30 volt, DVH6730-01
through 19 X X X
Abrupt — 30 voit, DVH6730-19
through 27 X X
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Microwave Tuning Diodes and Chips

Features

Highest Q Values Available

Widest Range of Capacitance, Voltage,
and Package Styles

Low Post-Tuning Drift

High Stability, Low Leakage

Meet All MIL-STD-750 Requirements

Types

¢ DVH6700 Series
e CVH2000 Series

Description

Alpha abrupt-junction tuning varactors are of the epi-
taxial, mesadesign and have a high density silicon diox-
ide passivation. This passivation, in conjunction with
other processes, results in high reliability, low leakage
current, and low post-tuning drift. To minimize series
resistance and provide chips capable of being bonded
in a wide variety of packages using conventional bond-
ingtechniques, tightly controlled metallization on the top
and back surfaces of the chip is utilized.

Variations from square law are minimized while
maintaining high tuning ratios and highest Q by a careful
selection of epitaxial silicon and by anode diffusions that
are computer controlled. All diodes are available in a
wide selection of packages or in chip form. See Section
8 for a complete selection of standard packages.

Applications

Tuning diodes are offered in a large selection of
capacitance ranges. Alpha also has hyperabrupt tuning
diodes for those applications requiring larger capaci-
tances, wider tuning ranges and linear frequency ver-
sus voltage tuning at slightly lower Q. For tuning appli-
cations above Ku-band Alpha has a series of GaAs
tuning diodes with exceptionally high Q.

Silicon abrupt junction tuning varactors are ideally
suited for frequency tuning applications through Ku-
band. They may also be used for tuning filters, phase
shifters, oscillators, up-converters and low order multi-
pliers. Typical C; (Total Capacitance — includes pack-
age) and C, (Junction Capacitance) curves are shown
on Figures 1and 2.
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Figure 1. Total Capacitance vs. Applied Voltage
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Microwave Tuning Diodes and Chips
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Figure 2. Junction Capacitance vs. Applied
Voltage

Diode Q is dependent on several factors. Highest Q
is obtained from low breakdown voltage and low capac-
itance diodes; Q decreases as either breakdown volt-
age or capacitance is increased. In addition, Q, being
an inverse function of capacitance and series resis-
tance, increases with reverse bias. Typical Qvs. reverse
bias curves for several diodes of different C; values are
shown in Figure 3. A typical schematic representation
of a packaged High Qtuning varactor is shown in Figure
4. Usually the L (package series inductance) and C,
(package parallel capacitance) can be designed into
most circuits. The junction capacitance of abrupt junc-
tion diodes is given by the following equation.

Co
1+

Cv)=

Vin
Go) .

Where:
Ci(V) = Junction capacitance at reverse voltage, V
Co = Junction capacitance at V=0

V = Applied reverse voltage

¢ = Contact potential of the diode =0.8 V

n = Slope of C — V curve when plotted on log-log

paper;
n=.47 for actual devices: n=.50 for the ideal
case.

The total capacitance of a packaged diode is thus
Cr(V)=Cp+Cy(V)

where C; is the package stray capacitance.

If C(V) is large compared with Cp, no degradation of
the diode tuning ratio due to package parasitics is
observed. However, if Cp and C{(V) are of the same order,
a substantial decrease in tuning ratio will occur. This is
clearly seen by comparing the C; and Cy vs. voltage
curves in Figures 1 and 2.

See Application Note 80000 in Section 7 for sug-
gested handiing and bonding procedures for diode
chips.

40 CT4 =0.6 pF

CT4=15pF
Crga=39pF

7

AN

D o w -

20 30 40 50 60

Vapp—Applied—Voitage

10

Figure 3. Typical Q vs. Applied Voltage Abrupt
Junction Tuning Diode Q Normalized to
QatV=4Vdc

S [

Ls = Package inductance
CP = Package capacitance

j = Diode junction capacitance
R

i Diode series resistance

Figure 4. Typical Schematic Representation of a
Packaged Tuning Varactor
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Microwave Tuning Diodes and Chips

Extra High Q DVH6700 Series

Ordering Information
6700 Series
Maximum Ratings Example:
Operating Temperature Range Top — 65°Cto +125°C Desired Device Specification
Storage Temperature Range T - 65°Cto +175°C Ver=45V Cy,=3.3pF Pkg.=135
Reverse Voltage Vi same as rated Vg Resultant Type Number DVHE742-11
30 Volt Series 45 Volt Series 60 Volt Series 90 Voit Series
DVH6730 099-001 Pkg | DVH6740 099-001 Pkg | DVH6760 099-001 Pkg | DVH6790 099-001 Pkg
DVH6731 023-001 Pkg | DVH6741 023-001 Pkg | DVH6761 023-001 Pkg | DVH6791 023-001 Pkg
DVH6732 135-001 Pkg | DVH6742 135-001 Pkg | DVH6762 135-001 Pkg | DVH6792 135-001 Pkg
DVH6700 DVH6733 168-001 Pkg | DVH6743 168-001 Pkg | DVH6763 168-001 Pkg | DVH6793 168-001 Pkg
EXTRAHIGHQ DVH6734 168-801Pkg | DVH6744 168-801 Pkg | DVH6764 168-801 Pkg | DVH6794 168-801 Pkg
Suffix Q_® Q_2 Q2 Q. ®
Cr(pP)"" Number Cro/Cra0 50 MHz Cro/Cras 50 MHz C10/Creo 50 MHz Cro/Crso 50 MHz
0.4 o1 2.2 5000 23 3000
0.6 02 2.7 5000 2.8 3000
0.8 03 3.2 4800 33 2800 3.8 2100 4.2 1000
1.0 04 3.5 4800 3.9 2800 43 2100 47 1000
12 05 3.8 4600 43 2600 46 2100 5.2 900
1.5 07 4.0 4400 4.6 2400 5.1 2000 57 900
1.8 08 4.1 4200 49 2300 5.4 2000 6.2 900
2.2 09 4.1 4000 5.1 2200 5.6 2000 6.5 850
2.7 10 4.2 3800 5.2 2200 5.8 1900 6.8 850
33 1" 4.2 3600 53 2100 6.0 1800 71 850
3.9 13 4.2 3400 5.4 2000 6.2 1700 7.3 800
47 14 4.2 3200 54 2000 6.4 1600 7.5 800
5.6 15 43 3000 5.5 1900 6.6 1500 7.7 800
6.8 16 4.3 2800 5.6 1800 6.7 1400 7.8 750
8.2 17 43 2600 5.7 1700 6.8 1300 7.9 750
10 19 44 2400 58 1600 6.8 1200 8.0 750
12 20 4.4 2200 6.9 1100 8.1 700
15 21 44 2000 7.0 1000 8.2 700
18 22 44 1800 7.0 1000
22 23 45 1600 7.0 950
27 25 4.5 1400 7.0 950
33 26 4.5 1400
39 27 45 1200

Notes:

1. Capacitance tolerance is + 10% except + 20% for 0.4 and 0.6 pF. 099 package diodes measured in shielded holder, C,; = 0.07 pF.
2. Qspecified Vg =4V, 50 MHz equivalent from 1 GHz or 100 MHz measurement.

3. Minimum Vgg (Breakdown Voltage) at |z = 10pA.
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Microwave Tuning Diodes and Chips

Extra High Q CVH2000 Series Chips

Maximum Ratings

Operating Temperature Range Top —65° to +125°C
Storage Temperature Range Tg g -65° to +175°C
Reverse Voltage Vg same as rated V

Ordering Information

2000 Series

Example:

Desired Chip Specification

C;—4 Volts =8.2 pF Vg = 60 Volts
Resultant Part Number CVH-2060-17

TYPE CVH2030 TYPE CVH2045 TYPE CVH2060 TYPE CVH2090
CVH2000 30 Volt Series(® 45 Volt Series® 60 Volt Series® 90 Volt Series®
Extra High Q tuning ratiol® tuning ratio® tuning ratio tuning ratio®
Chips 4.5:1 min 6:1 min 7.5:1 min 8.7:1 min
C,-av Suffix Chip Chip Chip Chip
(pF)n Number Style Q_, Style Q_,@ Style Q_2 Style Q_42

0.4 01 150-801 5000 150-801 3000

0.6 02 150-801 5000 150-801 3000

0.8 03 150-801 4800 150-801 2800 150-801 2100 150-801 1000
1.0 04 150-801 4800 150-801 2800 150-801 2100 150-801 1000
1.2 05 150-801 4600 150-801 2600 150-801 2100 150-801 900
1.5 07 150-801 4400 150-801 2400 150-801 2000 150-802 900
1.8 08 150-801 4200 150-801 2300 150-801 2000 150-802 850
2.2 09 150-801 4000 150-801 2200 150-802 2000 150-802 850
2.7 10 150-801 3800 150-802 2200 150-802 1900 150-802 850
3.3 11 150-802 3600 150-802 2100 150-802 1800 150-802 850
3.9 13 150-802 3400 150-802 2000 150-802 1700 150-802 800
47 14 150-802 3200 1560-802 2000 150-802 1600 150-802 800
5.6 15 150-802 3000 150-802 1900 150-802 1500 150-802 800
6.8 16 150-802 2800 150-802 1800 150-802 1400 150-802 750
8.2 17 150-802 2600 150-802 1700 150-802 1300 150-803 750
10 19 150-802 2400 150-802 1600 150-802 1200 150-803 750
12 20 150-802 2200 150-803 1100 150-803 700
15 21 150-803 2000 150-803 1000 150-803 700
18 22 150-803 1800 150-803 1000

22 23 150-803 1600 150-803 950

27 25 150-803 1400 150-803 950

33 26 150-803 1400 150-805 900

39 27 150-803 1200 150-805 900

Notes:

1. Capacitance tolerance is + 10% except + 20% for 0.4 and 0.6 pF.
2. Qspecified Vg =4V, 50 MHz equivalent from 1 GHz or 100 MHz measurement.

3. Minimum Vg, (Breakdown Voltage) at 10pA.

4. Tuning ratio equals the capacitance at 0 Volts divided by the capacitance at the specified breakdown voltage.
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VHF-UHF Tuning Diodes

Features

e HighQ

¢ Large Tuning Range

¢ Standard Capacitance Tolerances — 10%, 5%, 2%
Computer Matched for Tracking (optional)

Low Leakage Current

Meet All MIL-STD-750 Requirements

Types

* 30 Volt Series
(1N5461A,B,C — 1N5476A,B,C)
(1N5441A,B,C -— 1N5456A,B,C)
* 60 Volt Series
(1N5139 — 1N5148)
(1N5139A — 1N5148A)

Description

Alpha VHF-UHF tuning diodes are diffused epitaxial
planar-passivated devices housed in the standard
Alpha 099-001 glass package (DO-7). Low leakage cur-
rentis inherent in this process. Shallow diffusions com-
bined with a high degree of control of epitaxial layer dop-
ing uniformity results in devices with near abrupt
junctions. High Q is maintained by optimizing active
layer resistance and by careful control of the metalliza-
tion process. The devices are also available in chip form
and are suitable for mounting into circuits using Au-Sn
solder. The top contact can be readily bonded with gold
wire or ribbon using conventional thermocompression
bonding techniques.

30 Volt Series

;ectrical Characteristics (T, = 25°C or as noted)

Applications

These devices are designed for electronic tuning
applications in the VHF-UHF region to replace mechan-
ical tuners. They can also be used for other frequency
control applications or for low power harmonic genera-
tion applications. The devices can be matched for
capacitance at several bias voltages using computer-
aided testing and supplied in multi-unit matched sets.

Maximum Ratings

Parameter Symbol Value Units
Reverse Voltage Va Same as Vg Volts
Device Dissipation @ 400 mw
Ty = 25°C
Derate above 25°C Py 2.67 mw/°C
Junction Temperature Tj 175 °C
Storage Temperature Tstg -65to0 +200 °C
Range

Parameter Test Conditions Symbol Min | Max Units

Reverse Breakdown Voltage Iz = 10uAdc Ver 30 — Vde

Reverse Leakage Current Vp = 25Vdc. T, = 25°C [ — 0.02 HAdc
Vg = 25Vdc. T, = 150°C — 20

Diode Capacitance Temperature Vg =4.0Vdc.f = 1.0MHz TC, —_ 400 ppm/°C

Coefficient

60 Volt Series
Electrical Characteristics (T, = 25°C or as noted)

Parameter Test Conditions Symbol Min | Max Units

Reverse Breakdown Voltage la = 10pAde Ven 60 — Vdec

Reverse Leakage Current Vg = 55Vdc. T, = 25°C In — 0.02 uHAdc
Vg = 55Vdc. T, = 150°C — 20

Diode Capacitance Temperature Vp = 4.0Vdc.f = 1.0MHz TC, — 300 ppm/°C

Coefficient




VHF-UHF Tuning Diodes

30 VOLT SERIES
C1, Diode Capacitance' a
Device |Vg=4.0Vdc,f=1.0MHz TR, Tuning Ratio Vp=4.0Vdc
pF Cr2/Cry=1.0 MHz f=50 MHz
Nom
+ 10% Min Max Min
1N5461A 6.8 2.7 3.1 600
1N5462A 8.2 2.8 3.1 600
1N5463A 10.0 2.8 3.1 550
1N5464A 12.0 2.8 3.1 550
1N5465A 15.0 2.8 3.1 550
1N5466A 18.0 2.9 3.1 500
1N5467A 20.0 29 3.1 500
1N5468A 22.0 2.9 3.2 500
1N5469A 27.0 29 3.2 500
1N5470A 33.0 29 3.2 500
1N5471A 39.0 29 3.2 450
1N5472A 47.0 2.9 3.2 400
1N5473A 56.0 29 3.3 300
1N5474A 68.0 2.9 33 250
1N5475A 82.0 2.9 3.3 225
1N5476A 100.0 2.9 3.3 200
1N5441A 6.8 25 3.1 450
1N5442A 8.2 25 3.1 450
1N5443A 10.0 26 3.1 400
1N5444A 12.0 2.6 3.1 400
1N5445A 15.0 2.6 3.1 400
1N5446A 18.0 26 31 350
1N5447A 20.0 2.6 3.1 350
1N5448A 22.0 2.6 3.2 350
1N5449A 27.0 26 3.2 350
1N5450A 33.0 26 3.2 350
1N5451A 33.0 2.6 3.2 300
1N5452A 47.0 2.6 3.2 250
1N5453A 56.0 2.6 3.3 200
1N5454A 68.0 2.7 3.3 175
1N5455A 82.0 2.7 3.3 175
1N5456A 100.0 2.7 3.3 175
60 VOLT SERIES
C;, Diode Capacitance TR, Tuning Ratio Q
Device Ve=4Vdc,f=1MHz C14/Crso Vg=4Vdc.
pF f=1MHz f=50 MHz
Nom Min Typ Min
1N5139 6.8 2.7 2.9 350
1N5140 10.0 2.8 3.0 300
1N5141 12.0 2.8 3.0 300
1N5142 15.0 2.8 3.0 250
1N5143 18.0 2.8 3.0 250
1N5144 22.0 3.2 3.4 200
1N5145 27.0 3.2 3.4 200
1N5146 33.0 3.2 34 200
1N5147 39.0 3.2 34 200
1N5148 47.0 3.2 3.4 200
Notes:

1. Substitute subscript B for + 5% or C for + 2% tolerance on Cr,.
2. Add subscript A for + 5% tolerance on Cr,.

3. Qis calculated from values of C and G measured on Boonton 33A admittance bridge using the formula
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Microwave Hyperabrupt Tuning Diodes
DKV6550 Series

Features

¢ QOctave Frequency Tuning from 0 to 10 Volts
e +1.5% Linearity for a 1.7:1 Tuning Ratio without
Compensation Network

Type

e DKV 6550 Series

Description

Alpha microwave hyperabrupt diodes are designed
for linear wideband tuning of microwave filters, reso-
nators and local oscillators. Linear tuning, not possible
with conventional abrupt-junction tuning diodes, is

These diodes are available in most of the Alpha
ceramic and glass packages. They can be supplied in
chip form or mounted on a variety of chip carriers. All
chips are passivated with silicon dioxide for high relia-
bility, low leakage current and low post tuning drift.

The characteristics of the model DKV6550 diodes in
the standard Alpha 023-001 ceramic package (Cp = 0.17
pF) are shown in Figures 1, 2 and 3.

accomplished by maintaining an accurate silicon dop- Abso’ute Maximum
ing profile using ion-implantation precision control -
techniques. Rat’ngs
The DKV6550 series hyperabrupt diodes offer wide
bandwidth linear tuning with low bias voltage. For exam- Symbol Parameter Value Unit
ple a 20-volt hyperabrupt diode can provide the same VR | Reverse Voltage 22 Volts
tuning variation as a 90-voit abrupt-junction diode, as ' Forward Current 50 mAdc
illustrated in Figure 3. Po | Power Dissipation 250 mw
When capacitance and tuning ratio values are equal, (Ta=25"C)
ahyperabruptdiode will have aQ(measured at — 4 volts, T Junction Temperature | -65t0 +125] °C
50 MHz) approximately /2 to /3 that of an abrupt-junc- Tsys | Storage Temperature | —55to +175§ °C
tion diode. This inherent Q reduction is often out-
weighed by the advantages of linearity and low bias
requirements of hyperabrupt diodes.
Electrical Characteristics at 25°C (Package Outline 023-001)
Symbol VBR IR CT Q
Parameter Reverse Break- | Reverse Loakage Diode Capacitance Figure of Merit
down Voltage Current (Cp=0.17pF)
Unit Vpc nApe pF
Test Condition 1p = 10sAdc Vg =20 Vdc f=1MHz f=50 MHz
Vr=4Vdec Va=20Vdc Vg=4Vdc
Ty:;;:,‘;:::;;or Tyr:o:::ng;z;or Min. Max. Min. Max. Min. Max. Min.
DKV6550A CKV2010-19 22 50 .90 1.10 .35 .45 500
DKV6550B CKV2010-20 22 50 1.35 1.65 .45 .55 500
DKV6550C CKV2010-21 22 50 1.80 2.20 55 .70 400
DKV6550D CKV2010-22 22 50 2.70 3.30 .70 .90 400
DKV6550E CKV2010-23 22 50 4.50 5.50 1.00 1.30 400




Microwave Hyperabrupt Tuning Diodes
DKV6550 Series
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Hyperabrupt Tuning Varactors, DKV6510 Series

Features

* Medium to High Frequency Operation
¢ Guaranteed 10:1 Tuning Ratio from 2 to 10 Volts
* Qof 800 at 1 MHz Typical

Description Absolute Maximum
Alpha uses ion implantation to provide this series of H

hyperabrupt tuning diodes with closely controlled char- Rat’ n g S

acteristics. The highly reproducible capacitance versus Symbol Parameter Value Unit

voltage behavior of this family permits Alpha to supply Vm_ | Reverse Voltage Same as Van

matched sets and also assures the customer of long- Ir | Forward Current £0 mAdo

term availability of parts having uniform electrical prop- Po | Power Dissipation 250 mw

erties. Passivated, hermetically sealed construction (Ta=25°C)

allows their use under the most adverse conditions, both T, | Junction Temperature | —55to +125 | °C

in commercial equipment and in high reliability space Teig | Storage Temperature | -55t0 +175 | °C

and military applications.

Applications

Designer oriented families offer types selected and :
tested with each customer’s application in mind. Pre-
mium units DKV6510B and DKV6515B through 200
DKV6518B tune up to 30 MHz with frequency ratios as
high as 4 to 1 and can be used up to 300 MHz in oscil- \
lators. Alpha’s DKV6510A and DKV6515A through 100 \
80—
(1] \
a0

400
300

DKV6518A diodes tune over 4 to 1 frequency ratios up
to 10MHz and are also ideal for wide deviation voltage-
tuned crystal oscillators. The DKV6510 and DKV6515
through DKV6518 series are suited to applications

DIODE CAPACITANCE, Cy (pf}

DKV-6518B

where economy is a prime consideration and may be o= \
used as replacements for devices which are not ion- 2 OKV_65178 _|
implanted, with, in most cases, performance advan- -\ AN

tages. Low frequency oscillators, voltage-tuned filters, N
VCXO/TCXO modules, and frequency/phase modula- wl {"‘.“'“
tors using Alpha’s DKV6510 series achieve new levels 8l OKV-65158
of frequency swing and linearity. 6 DKV-G5108

e

REVERSE VOLTAGE, Vg (Vde}

"

Figure 1. Typical Capacitance vs. Tuning Voltage
(Ta = 25°C)
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Hyperabrupt Tuning Varactors, DKV6510 Series
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Hyperabrupt Tuning Varactors, DKV6510 Series
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Electrical Characteristics (T,=25°C)

DKV6510 SERIES
Symbol Ver In Cr Ta
Reverse Reverse
Parameter Br L o Diode Capacitance Tuning Ratio
Voitage Current
Unit Vdc nAdc pf
Test f=1MHz f=1MHz
Conditions In=10p Adc Va=10Vde |[Vg=1.25Vdc| Vg=2Vdc Va=7Vdc | Vp=10Vde [C(1.25v)/C(7v)| C(2v)/C(10v)
Type Number
for 099 Type Number Min. Max. Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.
Package for Chip(1)
DKV6510 CKV2020-01 12 1000 45 4 10
DKV6510A CKV2020-02 12 100 45 75 4 7 10 17
DKV6510B CKV2020-03 12 50 45 75 4 7 10 17
DKV6515 CKV2020-04 12 1000 100 13 10
DKVB515A CKV2020-05 12 100 100 150 8 13 10 17.5
DKV65158 CKV2020-06 12 50 100 | 150 8 | 13 10 | 175
DKV6516 CKV2020-07 12 1000 140 18 10
DKVE516A CKVvV2020-08 12 100 140 210 1 18 10 17
DKV65168 CKv2020-09 12 50 140 | 210 " 18 0 |7
DKV6517 CKV2020-10 12 1000 180 22 10
DKV6517A CKV2020-11 12 100 180 270 14 22 10 17
DKV65178 CKV2020-12 12 50 180 270 14 22 10 17
DKV6518(2) CKV2020-13 12 2000 450 40 12
DKV6518A CKV2020-14 12 200 450 550 25 40 12 20
DKV65188 CKV2020-15 12 100 450 550 25 40 12 20
Symbol Q Package
Figure
Parameter of
Merit
Unit = 1MHz
Test
Conditions Va=1.25Vdc Vp=2Vdc
Type Number
for 099 Type Number Min. Min.
Package for Chip(")
DKVE510 CKV2020-01 500 099
DKV6510A CKV2020-02 500 099
DKV6510B CKV2020-03 750 099
DKV6515 CKV2020-04 200 099
DKV6515A CKV2020-05 200 099
DKV6515B CKV2020-06 500 099
DKV6516 CKV2020-07 200 099
DKV6E516A CKV2020-08 200 099
DKV65168 CKV2020-09 500 099
DKV6517 CKV2020-10 200 099
DKVE517A CKV2020-11 200 099
DKV65178 CKV2020-12 500 099
DKV6518(2) CKV2020-13 150 287
DKVE518A CKV2020-14 150 287
DKV6518B CKV2020-15 300 287
Notes:
1. Chip styles

CKV2020-01 through 06 are 149-803
CKV2020-07 through 12 are 149-804.
2. DKV6518 seies are in 287-001 outline.
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Features

High to Very High Frequency Operation

* Capacitance Values of 20 pF to 200 pF at 4 Volts
* Octave Tuning from 4 to 20 Volts

* Linear Frequency vs. Voltage Characteristics

Description

Alpha uses ion implantation to provide this series of
hyperabrupt tuning diodes with closely controlled char-
acteristics. The highly-reproducible capacitance ver-
sus voltage behavior of this family permits Alphato sup-
ply matched sets and also assures the customer of a
long-term availability of parts having uniform electrical
properties. Passivated, hermetically sealed construc-
tion allows their use under the most adverse conditions,
both in commercial equipment and in high reliability
space and military applications.

Applications

Designer oriented families offer types selected and
tested with each customer’s application in mind. Pre-
mium units DKV6520B through DKV6525B, and their
corresponding close-tolerance units having a “D” suf-
fix, are ideal for octave tuning up to 500 MHz. When
tuned from 8 to 20 volts of reverse bias, they offer very
high Q values and excellent large signal handiing capa-
bilites, along with a 2 to 1 capacitance ratio. Alpha’s
DKV6520A through DKV6525A, and the close-toler-
ance versions having a “C” suffix, give superior straight
line frequency versus voltage characteristics when tun-
ing wide deviation crystal circuits or when varying LC
tanks over a 1.5 to 1 frequency ratio. They excel as fre-
quency or phase modulators, for which purpose the
customers can also substitute the DKV6520 through
DKV6525 series when minimum cost is of prime impor-
tance. All devices typically handle one-volt rms signals
at intermodulation/cross-modulation distortion levels of
1% orless.

Absolute Maximum
Ratings
Symbol Parameter Value Unit
Vg Reverse Voltage Same as Vgg
I3 Forward Current 50 mAdc
Pp Power Dissipation 250 mw
(TA=25°C)
Ty Junction Temperature | —55to +125 °C
Tsig Storage Temperature —55to +175 °C
400
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Hyperabrupt Tuning Varactors, DKV6520 Series
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Hyperabrupt Tuning Varactors, DKV6520 Series
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Electrical Characteristics (T, = 25°C)

Symbol Ver ™ Cr Tr
Reverse Reverse
Parameter Breakdown Leakage Diode Capacitance Tuning Ratio
Voltage Current
Unit Vdc nAdc eF
Va=6 | Va=10 | Vq=20 T=1MHz f=1MHz
Conditions Ir=10u Adc Vdc Vdc Vde Vp=2.5Vdc Vp=4Vdc Vp=8Vdc Vp=20Vdc | C(4v)/C(8v) | C(4v)/C(20v)
Type Number
for 099 Type Number Min. Max. Max. Max. Min. | Max. | Min. [ Max. { Min. | Max Min. | Max. [ Min. | Max Min. | Max.
Package for Chip(1)
DKV6520 CKV2020-16 8 250 25 29 18 22
DKV6520A CKV2020-17 15 100 18 22 75 | 1056 17 29
DKV65208 CKV2020-18 22 100 18 22 75 | 105 3.1 39 4.6 71
DKV6520C CKV2020-19 15 100 19 21 7.8 9.2 20 27
DKV6520D CKV2020-20 22 100 19 21 7.8 9.2 3.1 39 [ 20 27 48 6.8
DKV6522 CKV2020-21 8 250 62 72 45 55
DKV6522A CKV2020-22 15 100 45 55 18 25 18 3.1
DKV65228 CKV2020-23 22 100 a5 55 18 25 73 9.2 49 75
DKV8522C CKV2020-24 15 100 475| 525| 184 216 2.2 2.8
DKV8522D CKV2020-25 22 100 475| 525 | 18.4 216 7.3 9.2 22 28 52 8.9
DKV6523 CKV2020-26 8 250 135 160 | 100 120
DKV8523A CKV2020-27 15 100 100 120 39 55 1.8 3.1
DKV8523B CKV2020-28 22 100 100 120 39 55 16 20 50 75
DKV6523C CKV2020-29 15 100 10451 1155 | 41.4 48.6 215 28
DKV8523D CKV2020-30 22 100 1045 | 1155 | 41.4 486 | 16 20 215 28 5.2 73
DKV6524 CKV2020-31 8 500 195 225 | 140 170
DKV6524A CKV2020-32 15 500 140 170 55 80 17 31
DKV65248 CKV2020-33 22 500 140 170 55 80 225 28 5.0 76
DKV6524C CKV2020-34 15 500 147 163 598 70.2 2.1 2.8
DKV6524D CKV2020-35 22 500 147 163 59.8 702 225 28 21 28 52 72
DKV6525 CKV2020-36 8 500 250 290
DKV6525A CKV2020-37 15 500 180 220 70 105 17 31
DKV65258 CKV2020-38 22 500 180 220 70 105 29 36 5.0 76
DKV6525C CKV2020-39 15 500 190 210 78 92 2.0 27
DKVE525D CKV2020-40 22 500 190 210 78 92 29 36 20 27 53 7.3
Symbol Q Package
Parameter Figure
of
Merit
Unit
Test =50 MHz
Conditions Va=4Vdc
Type Number
for 099 Type Number Min.
for Chip("
DKV6520 CKV2020-16 150 089
DKV6520A CKV2020-17 300 099
DKV65208 CKV2020-18 300 099
DKV6520C CKV2020-19 300 099
DKV65200 CKV2020-20 300 099
DKV6522 CKV2020-21 100 099
DKV6522A CKV2020-22 200 098
DKV65228 CKV2020-23 200 099
DKV6522C CKV2020-24 200 099
DKV6522D CKV2020-25 200 099
DKV6523 CKV2020-26 65 099
DKVE523A CKV2020-27 125 099
DKV6523B CKV2020-28 125 099 !
DKV6523C CKV2020-29 125 099
DKV6523D CKV2020-30 125 089
DKVE524 CKV2020-31 50 099
DKVE6524A CKV2020-32 100 099
DKV65248 CKV2020-33 100 099
DKV6524C CKV2020-34 100 099
DKV6524D CKV2020-35 100 099
DKVE525 CKV2020-36 45 099
DKV6525A CKV2020-37 90 099
DKV65258 CKV2020-38 90 099
DKV6525C CKV2020-39 90 089
DKV6525D CKV2020-40 90 099
Note:
1. Chip styles

CKV2020-16 through 25 are 149-802
CKV2020-26 through 30 are 149-803
CKV2020-31 through 40 are 149-804.
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Hyperabrupt Tuning Varactors, DKV6530 Series

Features

¢ VHF to UHF Operation

¢ Guaranteed Minimum Q Values

¢ Qctave Tuning from 3 to 20 Volts

» Linear Frequency vs. Voltage Characteristics

Description Absolute Maximum

Alpha uses ion implantation to provide this series of 1
hyperabrupt tuning diodes with closely controlled char- Rat’ n g S
acteristics. The highly-reproducible capacitance ver-
sus voltage behavior of this family permits Alpha to
supply matched sets and also assures the customer

of a long-term availability of devices having uniform F'f Eorwa';,cu,"e:’.t 50 mAde
electrical properties. Passivated, hermetically sealed o |y 250 mwW
construction allows their use under the most adverse
conditions, both in commercial equipment and in high
reliability space and military applications.

Applications

Designer oriented families offer types selected and
tested with each customer’s application in mind. Pre- |
mium units DKV6533C and DKV6534C, and their cor- 0 D
responding close-tolerance units having an “F” suffix, 20 N
are ideal for octave tuning up to 800 MHz. When tuned ~—— \
from 8 to 20 volts of reverse bias, they offer a 2 to 1 — DKV-6533C
capacitance ratio, very high Q values, and excellent
large signal handling capabilities. Diodes DKV6533B,
E and DKV6534B, E are suitable for similar applications
up to 500 MHz. Alpha’s hyperabrupt tuning diodes are
ideal for straight line frequency versus voltage applica-
tions in crystal or LC tuned circuits as well as for fre- 3 AN
quency or phase modulators, for which the customer \
may substitute the DKV6533 or DKV6534 devices when z
minimum cost is of prime importance. All devices typi-
cally handle one-voit rms signals with less than 1%

intermodulation or cross-modulation distortion. 1 2 3 4 6 810 20 30
REVERSE VOLTAGE, Vg (vde)

Symbol Parameter Value Unit
Vg Reverse Voltage Same as Vg

T, Junction Temperature | —55to +125 °C
Tsig | Storage Temperature -551t0 +175 °C

40 I

DIODE CAPACITANCE, Cy (pf)
o
L

Figure 1. Typical Capacitance vs. Tuning Voltage
(Ta=25°C)
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Hyperabrupt Tuning Varactors, DKV6530 Series
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Hyperabrupt Tuning Varactors, DKV6530 Series
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Electrical Characteristics (T, = 25°C)

DKV6530 SERIES
Symbol Ver Ir Cr
Reverse Reverse
Parameter Breakdown Leakage Diode Capacitance
Voltage Current
Unit Vde nAdc pF
Test Vp=6 | VR=10 | vg=20 f=1MHz
Conditions lr=10p Adc vde vde Vdc [vg=1.25vde| Ver=3Vdc VR=8Vdc | Va=20Vdc
Type Number
for 099 Type Number Min. Max. Max. Max. Min. | Max. | Min. | Max Min Max Min. | Max
Package for Chip(1
DKV6533 CKV2020-41 8 250 14 175 | 105 | 125
DKV6533A CKV2020-42 15 100 105 | 125 43 5.7
DKV65338 CKV2020-43 22 100 105 | 125 4.3 57 1 20 24
DKV6533C CKV2020-44 22 100 10.5 12.5 4.3 57 2.0 23
DKV6533D CKV2020-45 15 100 109 | 125 46 5.4
DKV6533E CKV2020-46 22 100 109 | 121 4.6 5.4 2.0 24
DKV6533F CKV2020-47 22 100 109 121 4.6 54 2.0 2.3
DKV6534 CKV2020-48 8 250 34 42 25 31
DKV6534A CKV2020-49 15 100 25 31 10 135
DKV6534B CKV2020-50 22 100 25 31 10 13.5 4.5 5.3
DKV6534C CKV2020-51 22 100 25 31 10 13.5 45 5.1
DKV6534D CKV2020-52 15 100 265 | 295 | 1 13
DKV6534E CKV2020-53 22 100 265 | 295 1" 13 4.5 53
DKV6534F CKV2020-54 22 100 265 | 295 | 11 13 4.5 5.1
Symbol Ta Q Package
Parameter Tuning Ratio Fi%l'"e
- Merit
Unit
Test f=1MHz f = 50 MHz
Conditions C(3v)/C(8v) | C(3v)/C(20v) Vr=3Vdc
Type Number
for 099 Type Number Min. | Max. | Min. | Max. Min.
Package for Chip(1)
DKV6533 CKV2020-41 200 099
DKV6533A CKV2020-42 1.8 2.9 300 099
DKV6533B CKV2020-43 4.4 6.3 300 099
DKV6533C CKV2020-44 4.6 6.3 450 099
DKV6533D CKV2020-45 20 2.6 300 099
DKV6533E CKV2020-46 2.0 2.6 45 6.1 300 09¢
DKV6533F CKV2020-47 20 26 4.7 6.1 450 099
DKV6534 CKV2020-48 150 099
DKV6534A CKV2020-49 1.8 3.1 200 099
DKV65348 CKV2020-50 47 6.9 200 099
DKV6534C CKV2020-51 49 6.9 300 099
DKV6534D CKV2020-52 2.0 2.7 200 099
DKVE534E CKV2020-53 2.0 2.7 5.0 6.6 200 099
DKV6534F CKV2020-54 2.0 27 5.2 6.6 300 099
Note:

1. Chip styles CKV2020-41 through 54 are 149-802.
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Hyperabrupt Tuning Varactors
DKV4105 & 4109 Series

Features

¢ Direct Replacement for Motorola, Siemens, and
ITT BB105 & MV109 Types

¢ Highest Q Possible

¢ Reproducible C vs. V Characteristics

¢ Available in All Standard Packages

¢ Available in Many Capacitance Ranges

Description Absolute Maximum Ratings
Alpha uses ion implantation to provide this series of \sly’“b°' ;a’ametsr - ‘3’;'“" :/’“I':S
hyperabrupt tuning diodes with closely controlled char- N Forwmnd Care | 500 hiv4
acteristics. The highly-reproducible capacitance ver- Py Power Dissipation
sus voltage behavior of this family permits Alpha to sup- T STA =t.25°C) 400 mw
ply matched sets and also assures the customer of a ! Temperature 5510 +125 | °C
long-term availability of devices having uniform electri- Ters Storage .
cal properties. Passivated, hermetically sealed con- Temperature ~55t0 +175 | °C

struction allows their use under the most adverse con-
ditions, both in commercial equipment and in high
reliability space and military applications.

Applications

Alpha’s DKV4105 and 4109 units are high reliability, 100
glass encapsulated replacements for the Motorola, Sie-
mens, and ITT BB105 & MV109 type units. Alpha’s
devices use low cost, high reliability glass instead of
plastic, which is commonly used in these other devices.
Alpha’s hyperabrupt tuning diodes are ideal for straight

/I 1/

line frequency vs. voltage applications in crystal or LO o 20
tuned circuits as well as for frequency or phase modu- C ~
lators. 3] ™
z 10
< g \
=
Qs
o DKV-4109
S 4
; I
DKV-4105
2
1
1 2 34 6 810 20 304050 100

REVERSE VOLTAGE (VOLTS)

Figure 1. Typical Capacitance vs. Tuning Voltage
(Ta=25°C)
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Hyperabrupt Tuning Varactors
DKV4105 & 4109 Series

Electrical Characteristics (T, =25°C)

DKV4105 & 4109 Series
Parameter DKV-4105 DKV-4109
Capacitance (— 25V) 1.8t0 2.8pF 5.0106.0pF
Capacitance Ratio C1(3V) 4.0t06.0pF 5.0pF Min.

C+(25V)

Reverse Breakdown Voltage 30V Min. 30V Min.
(In = 10uA)
Reverse Leakage Current 50nA Max. 50nA Max.
(Vg = —28V)
Temperature Coefficient of Capacitance 400ppm Max. 400ppm Max.
(VR = 3V,f = 1MHz)
Diode Q (Vg = 3V, 300 Min. 300 Min.
f = 50MHz)
Series Inductance (L) 5.0nH Max. 5.0nH Max.

CH3V,
NOTE: Corresponding chip styles are CKV 2105 for DKV 4105, and CKV 2109 for DKV 4109. A, B and G versions, which are grouped by ranges of the 6%55\)/_) ratio, are
available from Alpha on special order. Call the factory for details.
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High-“Q” GaAs Tuning Diode Chips

Features

¢ High “Q” —4,000to 15,000

¢ Wide Tuning Capacitance Variation:4/1 and 6/1 Typical
¢ Low Leakage — Nitride-Oxide Passivated

¢ Xthrough Ka-Band

Types

* CVE7800 (25 Volt Series)
* CVE7900 (45 Volt Series)

Description

Alpha now offers passivated abrupt gallium arsenide
tuning diodes in chip form. The passivation, in conjunc-
tion with other processes, resuilts in high reliability and
leakage currents less than 10 nanoamps. Variations
from square law are minimized while maintaining high
tuning ratios and highest Q by a careful selection of epi-
taxial GaAs, and by anode diffusions that are tightly
controlled.

Mechanical Details

All chip lots are characterized for Q_, in our 023-001
package. They are also put on burn-in to check the reli-
ability of the lot. During assembly the diodes are tested
for die shear and strap pull strength. The die have bond-
able gold contacts on both sides. Special barrier under-
lying metals are used to prevent gallium migration and
subsequent oxidation of the anode bond surface. Pull
strengths meet MIL-STD-750. Mesasizes vary from 1.6
to 4.5 mil diameter depending on the capacitance.
Anode bond diameters vary from 1.4to 3.5 mils. Die size
i5.010” nominal. Epoxy or gold-germanium solder is the
recommended die attach technique.

For strap bonding athermocompression bond should
be made. The passivation is nitride-oxide deposited by
the latest plasma techniques. This passivation extends
over the top surface of the mesa (see Figure 1). Care
must be taken to use a strap bond tool smaller than the
passivation opening to avoid cracking the dielectric.
Note that the gold surface will be brighter in the anode
bond area. See Table | for suggested bond force and
temperature.

Ultrasonic bonding may be used on the larger diam-
eter high capacitance diodes. For further details on
bonding see Application Note 80000 in Section 7.

Chips can also be offered with various straps
attached. They also may be mounted on various metal
or ceramic carriers for some microstrip applications.
Consult factory for more information.

Applications

These GaAs chips are ideally suited for frequency
tuning applications from X through Ka band. They may
be used to tune filters, phase shifters, Gunn-Impatt-
transistor oscillators, upconverters, and low order
multipliers.

Elimination of the package parasitics allows a lower
breakdown voltage and a higher Q diode to be used for
a given bandwidth specification. This will result in less
insertion loss and lower noise operation. For very high
frequency application, i.e., Ka-band and above, a chip
is essential for all butthe narrowest band specifications.

For circuitsin U, V, and Wband, beam-lead varactors
may be offered in the future. Consult the factory for more
information.
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High-“Q” GaAs Tuning Diode Chips

Model Number

Model Number CVE 7800 CVE 7900
25 Volt Series!” 45 Volt Series™
GaAs Abrupt High “Q” Chips ClCu™ = 3.71 Co/Cus? = 611
Suffix @ @
Letter Co C_, Q_4(50 MHz) Q_ (50 MHz)
A 4-6 .20 15,000 10,000
B .6-.8 .35 13,000 9,000
C .8-1.0 .45 12,000 8,000
D 1.0-15 .60 10,000 7,000
E 1.5-2.0 .90 7,500 6,000
F 2.0-2.5 1.10 6,500 5,500
G 2.5-3.0 1.40 5,600 5,000
H 3.0-4.0 1.75 4,300 4,200
Notes:

Add suffix letter to Alpha Mode! Number to specify desired Electrical Characteristics.
"Voltage breakdown is specified at 10 pA. Higher voltage breakdown is available on request.
2A 10% capacitance tolerance is standard. Specify goal capacitance if different limits are needed when ordering. Tighter tolerances are available on request.

3C/Cys is the typical capacitance ratio when the chip is biased from zero volts to the breakdown voltage.

*The Q of the chip lot is characterized at — 4 volts using a resonant cavity between 1-2GHz. The Q is then extrapolated down to 50MHz assuming a constant series

resistance.

Outline Drawing

Figure 1
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Chip Style | DimA | DimL | DimT | DimA | DimL | DimT
Min. | Nom. | Nom. | Min. | Nom. | Nom.
150-808 .0012 | .010 .005 .030 25 A3
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Features

¢ 50% Higher “Q” Than Comparable Silicon Diodes
* Wide Tuning Ratio

¢ High Reliability and Space Qualified

Types

¢ DVEA4550 Series
s DVEA4570 Series

Description

The Alpha line of gallium arsenide tuning diodes
offers the circuit designer expanded capability. The
extremely high-Q and superior tuning ratio of these
diodes allow tunable oscillators and filters to be built with
lower loss and broader bandwidth. The diodes are par-
ticularly useful for tuning Gunn and Impatt oscillators.

Thediode Qis measured in awell characterized high-
Q cavity with an unloaded cavity Q of 1500 in the 1to 2
GHz range. A block diagram of the test set-up is shown
in Figure 1. The test cavity is shown in Figure 2.

AplotofQ_,at 1.0 GHz versus C;_,in Figure 3com-
pares the Alpha gallium arsenide diodes with available
silicon diodes.

Electrical Characteristics Min (V" = 25 Volts)

All packaged Alpha gallium arsenide tuning varac-
tors are electrically burned-in prior to final measure-
ment. A special variation of this diode family is the only
space-qualified, high-reliability varactor available today
and is used in the ESRO European satellite program.

Environmental Capability

Thermal Shock —-195.8°Cto + 100°C

Centrifuge 20,000 G
Gross Leak Test 10~% atm — cc/sec
Fine Leak Test 10~% atm - cc/sec

High Temperature Storage 200°C
High Temperature Power
Burn-In 100°C, 1,50 mA, 16 hrs.

Reverse Leakage Current 50 nA

Model Number

Cro® Cro? Q. ® Q_, Suffix Alpha Model Number Package Style
(pF) Crve @50 MHz @1 GHz Letter DVE4551 023-001
0406 | 15 15,000 750 A BvEaSs2 Brrped
0.6-0.8 1.85 13,000 650 B DVE4576 350-001
0.8-1.0 2.15 12,000 600 C DVE4555 290-001
1.0-1.5 2.35 10,000 500 D
1.5-2.0 2.85 7,500 375 E
2.0-25 2.95 6,500 325 F Note: Add suffix letter to Alpha Model Number to specify desired
2.5-3.0 3.1 5,500 275 G Electrical Characterisitics
3.0-4.0 3.3 4,300 215 H
Notes:

1. Voltage breakdown is specified at 10pA. Higher voltage breakdowns are available on request.

2.

3. _Cr

CTVB

A 10% capacitance tolerance is standard. Specify goal capacitance when ordering. Tighter tolerances are available on request.

is the minimum total capacitance ratio which includes the package capacitance that is normally 0.2 pF. The ratio for diode model DVE4554 may be some-

what lower than specified due to the higher stray capacitance of the 092 package. A typical capacitance versus voltage plot appears in Figure 4.

. Extrapolated down to 50 MHz.

the 048-001, 067-001, 084-001, 093-001, 082-001, 092-001,

. Model DVE6956 is used when ordering diodes in a package style not listed in the table. Using the Alpha diode catalog as a reference, you can order these diodes in

135-001, 158-001, 168-001, 237-001, 247-001, 304-001 and 305-001 package styles. See ORDERING INFORMATION.
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High-“Q” GaAs 25 Volt Series Tuning Diodes
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High-“Q” GaAs 45 Volt Series Tuning Diodes

Features

¢ 100% Higher “Q” Than Comparable Silicon Diodes
¢ Wide Tuning Ratio

¢ High Reliability and Space Qualified

Type All packaged Alpha gallium arsenide tuning varac-
tors are electrically burned-in prior to final measure-
¢ DVE6950 Series ment. A special variation of this diode family is the only
- - space-qualified, high-reliability varactor available today
Descrlpt’on and is used in the ESRO European satellite program.
The Alpha line of gallium arsenide tuning diodes i ili
offers the circuit desi%ner expanded capab?lity. The E nvironmen ta’ Cap ab I I I ty
extremely high-Q and superior tuning ratio of these Thermal Shock —195.8°Cto +100°C
diodes allow tunabile oscillators and filters to be built with Centrifuge 20,000G
lower loss and broader bandwidth. The diodes are par- Gross Leak Test 10~%atm — cc/sec
ticularly useful for tuning Gunn and Impatt oscillators. Fine Leak Test 10~%atm — cc/sec
Thediode Qis measured in a well characterized high- High Temperature Storage 200°C
Q cavity with an unloaded cavity Q of 1500 in the 1 to 2 High Temperature Power
GHz range. A block diagram of the test set-up is shown Burn-In 100°C, |50 mA, 16 hrs.
in Figure 1. The test cavity is shown in Figure 2.
Aplotof Q_,at 1.0 GHz versus Cy_, in Figure 3 com- Reverse Leakage Current 50 nA
pares the Alpha gallium arsenide diodes with available
silicon diodes.
Electrical Characteristics Min (V5" = 45 Volts) M Odel N um ber
Cio? Cro® Q. Q. Suffix Alpha Model Number Package Style
(pF) Cre | @50MHz | @1GHz Letter Btllgggg; 353_881
0.4-0.6 2.0 10,000 500 A DVE6953 320-001
0.6-0.8 2.3 9,000 450 B DVE6954 350-001
0.8-1.0 2.7 8,000 400 c DVE6955 290-001
1.0-1.5 3.0 7,000 350 D DVEB956 Various®
ég:gg gg g'ggg ggg E Note: Add suffix letter to Alpha Model Number to specify desired
2530 4.95 5:000 250 G Electrical Characterisitics
3.0-4.0 4.30 4,500 225 H
4,0-5.0 4.35 4,300 215 J
5.0-6.0 4.40 4,000 200 K
Notes:

1. Voltage breakdown is specified at 10uA. Higher voltage breakdowns are available on request.

2. A 10% capacitance tolerance is standard. Specify goal capacitance when ordering. Tighter tolerances are available on request.

3 Lo is the minimum total capacitance ratio which includes the package capacitance that is normaily 0.2 pF. The ratio for diode model DVE4554 may be some-
TVE

what lower than specified due to the higher stray capacitance of the 092 package. A typical capacitance versus voltage plot appears in Figure 4.

4. Extrapolated down to 50 MHz.

5. Model DVE6956 is used when ordering diodes in a package style not listed in the table. Using the Alpha diode catalog as a reference, you can order these diodes in
the 048-001, 067-001, 084-001, 093-001, 082-001, 092-001,
135-001, 158-001, 168-001, 237-001, 247-001, 304-001 and 305-001 package styles. See ORDERING INFORMATION.
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SWEEP GENERATOR | _ | DIRECTIONAL
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ALPHA #13128
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Figure 1. Quality Factory “Q” Test Set-Up
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Figure 2. Test Cavity
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Application Note 80500: Tuning Diodes

I. Introduction

In recent years continuous development of tuning
varactors — voltage controlled capacitors — together
with increased commercial and military use has led to
substantial improvement in Q, reproducibility and reli-
ability. Concurrently, new techniques for producing and
controlling a hyperabrupt dopant profile in the semi-
conductor permit the capacitance-voltage law to be
much faster than the classical square root or cube root
behavior.

Current tuning varactor materials include silicon and
gallium arsenide; silicon is favored for lower cost and
lower Q applications from HF through microwave fre-
quencies. Hyperabrupt varactors, also of silicon, are
finding large application in commercial television tuner
applications, where their high tuning ratios, linear
tuning and low cost are needed. New developments
include low capacitance hyperabrupts for microwave
applications.

Gallium arsenide is used when high operating fre-
quencydictates the highest Q possible, asin parametric
amplifiers and millimeter multipliers.

This application note will acquaint the reader with tun-
ing varactors: how they work, and what they can or can-
not be expected to do in an electronic circuit. The basic
properties of a tuning diode will be described in terms
of the parameters that manufacturers use in character-
izing them. The following topics will also be addressed:

a) Capacitance ratio with respect to voltage and volt-
age breakdown;

b) Qasafunction of design and operating conditions;

c) Stability — leakage current, temperature coeffi-
cient, and Post Tuning Drift;

d) Distortion Products;
e) Packaging Parasitics;

f) Applications — Suggestions on how to specify a
varactor.

ll. Device Physics

INTRODUCTION

All junction diodes are made up of the same physical
parts: a P-Njunction, a carefully controlled epitaxial layer
and a very low resistance substrate. These parts are
shown in Figure 2-1. No matter what type of junction
device we are discussing — a tuning diode, a step
recovery diode or aPIN diode —these parts are all pres-
ent; the main difference between these devices is the
resistivity and thickness of the epitaxial layer. Tuning
diodes and multiplier diodes need epitaxial layers where
both the resistivity and the thickness are carefully
controlled.

N-Type
Epitaxial
Layer

N+
Substrate

p+
Diffusion

Figure 2-1.

ABRUPT JUNCTION

An abrupt junction diode is one in which the P*, dif-
fused, region of the diode is much more highly doped
than the epitaxial layer. Also, the high doping drops to
the doping level of the epitaxial layer in a distance that
is short compared to the epitaxial layer thickness, and
the doping level of the epitaxial layer is constant over its
thickness. This is shown in Figure 2-2, with the corre-
sponding C-V curve in Figure 2-3. When these require-
ments are satisfied, the diode capacity, diode area, epi-
taxial layer doping level and diode voltage are related by
the following equation:

C(V)

A

N n
K<V + w)
where

C(V) = capacitance of the diode at voltage V
A =area of the diode
N = doping level of the epitaxial layer
V = voltage applied to the diode
» = built in potential of the diode; (.6-.8 volts)
n = slope of diode C-V curve; n= ~ 0.5 for an
abrupt junction diode
K = constant

21

10
1020

.3)

P+

19

10
10'8

17

10

Doping Density N {cm

16

10

15

10

Distance from Silicon Surface X

Figure 2-2. N-X Abrupt Junction Diode
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Figure 2-3. Capacitance vs. Total Junction Bias for
Abrupt Diode

As a consequence of the physical properties of a PN
junction a depletion layer is formed between the P and
N regions whose width depends upon the voltage
applied to the diode. The capacitance of the diode is
inversely proportional to the width of the depletion layer,

i.e.C ~gi. In addition, the series resistance of the diode

is propo?tional to the width of the undepleted epitaxial
layer. Thus, as diode reverse bias is increased, the
depletion layer increases, causing a decrease in capac-
itance and adecrease in series resistance. As the diode
reverse bias is increased further, a point is reached
where the electric field caused by the reverse bias
reaches a critical level, and current through the diode
increases rapidly; this is the breakdown voltage of the
diode. If, at the breakdown voltage, the epitaxial layer is
not completely depleted, the diode will have excessive
series resistance. Conversely, if the epitaxial layer is
depleted before the breakdown voltage is reached, no
further capacitance decrease occurs after the total
depletion, and a condition called “punch through”
occurs.

While, inthe ideal case, voltage breakdown will occur
just as the epitaxial layer is totally depleted, this seldom
occurs in practice, and we generally have a condition of
either punch through or excess series resistance.

LINEARLY GRADED JUNCTION

If, instead of the junction profile shown in Figure 2-2,
we have a P* type region and an N type region whose
doping levels increase linearly with distance from the
PN junction as shown in Figure 2-4, with its correspond-
ing C-V curve in Figure 2-5, we then have what s called
a linearly graded junction diode. This diode follows
Equation 2-1 with the exception that the exponent n is
equal to 1/3. This means that, for a given voltage
change, the linearly graded junction will have a smaller
capacitance change than an abrupt junction diode.
Since, in most cases, the designer is looking for the
maximum capacitance change obtainable, the linearly
graded junctionis not used as atuningdiode. This struc-
ture found its greatest use several years ago asa “cube
law” multiplier, but even this use has decreased as new
structures have been developed.

o 2x10'®
£
8
2
z
2 P \ /N
& 1x10'°
; N | /
H
=3
[a]
0

Distance from Silicon Surface X

Figure 2-4. N-X Linearly Graded Junction

Junction Capacitance C (pF)

1 2 4 6 810 2 4 6 8 t00

Total Junction Bias V + ¢ (Vdc}

Figure 2-5. Capacitance vs. Total Junction Bias for
Linearly Graded Junction
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HYPERABRUPT JUNCTION

The hyperabrupt diode provides a greater capaci-
tance change than the abrupt junction diode for a given
voltage change, as well as alinear frequency vs. voltage
characteristic over a limited voltage range. The struc-
ture of the hyperabrupt diode is shown in Figure 2-6 and
can be seen to be an abrupt junction diode with an addi-
tional, increased, doping level at the PN junction. This
diode also follows Equation 2-1 with the exception that
nis now a function of voltage and is generally in the range
of 0.5 to 2. A typical curve of n vs. voltage is shown in
Figure 2-7.
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o Distance from Silicon Surface X

Figure 2-6. N-X Hyperabrupt Junction
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Figure 2-7 n vs. Reverse Voltage DKV6520 Series

The C-V curve in a hyperabrupt diode is shown in Fig-
ure 2-8 and is seento start at a high value of capacitance
per unit area at low bias (high epitaxial doping) and
changeto alower value of capacitance per unit area (low
epitaxial doping) at high bias. The details of the curve
depend on details of the shape of the more highly doped
region near the PN junction.

10 p
8 P
6
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8 4
T 4 S~
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i L -
o 2
[}
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e o .
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8 10} \
Q o n
% “l— -
2 ©
8 F -
4
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= ~
2| i A 11 1 L 14 | 1
1 2 3 6 10 20 30
Reverse Voltage, Vg (Vdc)

Figure 2-8. Capacitance vs. Junction Bias for
Hyperabrupt Diode

Unfortunately, with a hyperabrupt diode, you must
settle for a lower Q than an abrupt junction diode with
the same breakdown voltage and same capacitance at
four volts.

It should be noted that any diode which has an nvalue
that exceeds 0.5 at any bias voltage is, by definition, a
hyperabrupt diode. Thus, the hyperabrupt diode family
can have an infinite number of different C-V curves.
Since the abrupt junction diode has a well defined C-V
curve, the capacitance value at one voltage is sufficient
to define the capacitance at any other voltage. This is
not the case for the hyperabrupt diode. In order to ade-
quately define the C-V characteristics of a hyperabrupt
diode, two and sometimes three points on the curve
must be specified.
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SILICON vs. GALLIUM ARSENIDE

Everything mentioned so far applies to both silicon
and gallium arsenide (GaAs) diodes. The main differ-
ence between silicon and GaAs from a user’s point of
view is that higher Q can be obtained from GaAs
devices. This is due to the lower resistivity of GaAs for
a given doping level N. The resistivity of the epitaxial
layer, or substrate, of a diode is given by the following
equation:

where
@ isthe resistivity
N is the doping level of the layer
e is the charge on an electron
H is the mobility of the charge carriers in the layer.

Gallium arsenide has a mobility about four times that
of silicon and, thus, a lower resistivity and higher Q for
agiven dopi?g level N. Since diode capacitance is pro-
portional tovN, independent of resistivity, a silicon diode
and a GaAs diode of equal area and doping will have a
capacitance difference proportional to the square root
ofthedielectric constantratio. This givesthe GaAs diode
a five percent higher capacitance and is thus of little
practical significance. The penalty paid for using GaAs
is an unpassivated diode and a more expensive diode
dueto higher material and processing costs. Ifthe higher
Q of the GaAs device is not really needed, a substantial
price saving will be obtained by using a silicon device.

PLANAR vs. MESA CONSTRUCTION

The two basic construction techniques used to man-
ufacture tuning diodes are planar and mesa; a cross
section of each of these devices is shown in Figure 2-9.
The planar process, which is the backbone of the inte-
grated circuit industry, lends itself to large volume pro-
duction techniques and is the one used for the “1N”
series of tuning diodes. Mesa processing, on the other
hand, requires more processing steps and is generally
done on a wafer-by-wafer basis. This results in a more
costly process and thus a more expensive diode. All
microwave tuning diodes are of mesa design because
of greatly higher Q. Due to the relatively small radius of
curvature atthe junction edge of a planar diode the elec-
tric field in this area is greater than the electric field in
the center, flat, portions of the junction. As a result the
breakdown voltage of the diode is determined by both
the epitaxial resistivity and the radius of curvature of the
junction edge. Thus, for a given breakdown voitage a
planar diode must use higher resistivity epitaxial mate-
rial than a mesa diode which has a completely flat junc-
tion. The end resultis thatthe planar diode has agreater
series resistance than a mesa diode for the same
capacitance and breakdown voltage, and thus lower Q.

Ohmic Contact Oxide

P+
N Epi

J\

High
Field
Region

N+ Substrate

Ohmic Contact:

Planar Construction

Ohmic Contact

r{Oxide

N—]

+

N Epi

J)

7

N+ Substrate

Ohmic Contact

Mesa Construction

Figure 2-9. Cross Sections of Planar and Mesa
Devices

lll. Capacitance

CAPACITANCE MEASUREMENTS

Inthe section on device physics we describedthe var-
ious tuning “laws” obtained from varactors. In this sec-
tion we will indicate how capacitance is measured and
define a few new terms and problems pertinent to the
subject.

Capacitance is measured at 1 MHz, and numerous
experiments have shown that the junction capacitance
is constant with frequency. A 1 MHz capacitance bridge
or meter must operate with a low signal voltage to avoid
errors due to the non-linear properties of the varactor;
typically, about 15 millivolts rms is recommended. A
balanced measuring circuit must be used in order that
capacitance to ground of the associated cables, hold-
ers, etc. will be irrelevant. This introduces the first
problem.

In any real, physical, environment the electric fields
across any capacitor “fringe” away from the active or
dielectric material into the surrounding space and are
terminated on nearby or remote conductors. This con-
tributes to something called “fringe” capacitance and
is inherent to any capacitor. Some of this fringe is prop-
erly associated with the dielectric chip, as Figure 3-1
indicates. Clearly, the fringing fields shown here,
because they exist (and cannot be reduced in any prac-
tical way) for all environments, are properly considered
as part of the junction capacitance.
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Junction—\

Figure 3-1. Inherent Chip Fringe Capacitance

Now, consider an erroneous measurement of chip
capacitance, as shown in Figure 3-2. Here the probes
used to contact the chip cause extra capacitance Cy. In
this exaggerated example it is possible for Cx to exceed
C,. As a consequence it is necessary to minimize or
eliminate capacitance introduced by the measuring
probes. In chip measurements one obvious technique
is to use a whisker as the top probe.

[ Top Probe of Bridge

Bottom Probe J

Figure 3-2. Stray Capacitance from Improper
Measurement

Let’s now take the chip and mount it in one of the many
metal-ceramic packages available (see Figure 3-3).

Metal ==
\
¢ 1 1
C
[ - = / Cs \
/
/
AL
LV 4
Metal

Figure 3-3. Stray Capacitance for Packaged Diode

We have added the following items:
1) A metal pedestal upon which the chip rests.

2) Bonding wires, or straps, to contact the top of the
chip.

3) A ceramic envelope (almost always Alumina,
€. =10).

4) Various pieces of metal, copper or Kovar, to her-
metically seal the package and provide mounting
prongs.

We have also added capacitance:
1) Cs, from the straps to the pedestal and the base.
2) C¢, the ceramic capacitance.

3) More fringing Cr from the top of the package to the
bottom and to the surrounding environment.

The strap and ceramic contributions are inherent to
the package and are generally lumped together as Cp.
The fringe capacitance, because it is dependent upon
the exact method of mounting the package and the
mechanical (conductive or dielectric) environment, is
not inherent to the package and accordingly cannot be
included in the diode specification. This capacitance is
subject to control by the user, not the manufacturer.

Therefore, when the capacitance of the packaged,
tuning varactors is measured, a so-called ““fringe free”
holder is used. See Figure 3-4.

The fringing fields are on ground and, since a bal-
anced system is used, are neglected.
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Holder
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Figure 3-4. Fringe Free Capacitance Measurement

We belabor this point, because it is quite often a seri-
ous point of contention between customer and manu-
facturer, especially for low C, varactors where theoreti-
cal capacitance ratios are often hard to obtain.

CAPACITANCE RATIO
Fromthe user’s pointof view ratio is simply the capac-
itance change available in his circuit. Thus, if he is tun-
ing from —4to — 45 volts, say, he defines ratio as
Cr(-4)
C(—45)

The manufacturer, however, defines C;as C; + Cp.

R= where Cyincludes C,; plus C; plus Cr.

To explore the significance of this difference let’s take
two examples, a large C, and a small C,, in chip, pack-
age and “typical” fringe situations. Both are 45 volt tun-
ing varactors.

Device CJO CJ45 Ratio
CVH-204501| 06pF | 0.1 6.0
CVH-2045-17 | 15.0pF | 25 6.0

Put both devices into our standard 023 package with
Cs (strap and ceramic) of .18 pF:

Device Cro Crss5 | Ratio
DVH-6741-02 078 | 028 | 2.75
DVH-6741-17 | 15.18 268 | 567

Notice the dropin ratio, especially for the low C, diode.
If we now add a typical 0.04 pF for external fringe capac-
itance, we get

Device Cro Cr45 | Ratio
DVH-6741-02 082 [ 032 256
DVH-6741-17 | 1522 | 2.72 | 5.60

The reduction in ratio, and thus circuit tuning capa-
bility, by the fringing fields is quite obvious and amounts
to 7% in this example.

Because of the often stringent specifications on tun-
ing ratio it is mandatory that the manufacturer and cus-
tomer clearly agree on the exact design of the holder
used to measure the varactors in question.

Having described how to measure capacitance, it is
relatively easy to describe the results. The section on
diode physics described the various types of “laws,” or
C-V curves, and we won'’t repeat. Nonetheless, several
important points must be covered.

The first is “available capacitance swing”: The laws
indicate a steadily decreasing capacitance with volt-
age, which indicate that the epi region is widening and
the electric field is increasing. (For an abrupt junction,

1
Cx N
increasing as vV, and the electric field V/W increases
asVV).
Two things can happen:

a) The junction width widens so that the entire intrin-
sic region is depleted. The capacitance bottoms
out, resulting in voltage punch-through.

b) The electric field exceeds the dielectric strength of
silicon, (or GaAs) and “solid state discharge” or
“avalanche” current is drawn.

The diode impedance drops, the varactor no longer
“varacts,” and circuit operation ceases. Moreover, if
more than a few milliamperes of current are drawn,
localized overheating may destroy the diode resultingin
breakdown voltage. All varactors are characterized for
breakdown voltage, e.g., 45 volts minimum.

The theoretical tuning varactor is designed so that the
punch-through occurs at a voltage equal to the voltage
breakdown of the diode. Logically, then, this means that
in order to obtain greater tuning ratios, itis necessary to
be able to increase the depletion layer width without
reaching punch-through or breakdown. You must have
a thicker epi region to make this possible.

Figure 3-5 shows catalog ratio values, from zero bias
to breakdown, as a function of breakdown voltage for
abrupt junction chips.

If you know your required frequency range and
capacitance ratio necessary to accomplish it, you have
fixed the minimum breakdown voltage necessary. In
the next section, on Q, we will discuss other elements
in your choice of Vg.

To complete this section, we should mention that
semiconductor processing control has been refined so
well that capacitance track to within + 1% over the full
range from zero to breakdown is now readily obtainable
in production quantities.

since the depletion zone width “W” is
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A parameter of interest to the circuit designer who is
concerned with temperature stability is the diodes tem- Figure 3-6. Temperature Coefficient of
perature coefficient of capacitance (Tcc). Unfortu- Capacitance vs. Tuning Voltage —
nately, since most data sheets give the value of Tcc at Abrupt Junction Diode

all bias voltages. This is not the case. Consider Equa-
tion 3-1, a rewritten form of Equation 2-1:

4V, it is sometimes assumed that this value applies at
1 1 1 1 1 l 1 l 1
\ DKV-6520 Series

UL

() (3-1)
CV)=—2
V) V+o)"

/
L1 1 1

250

Taking the derivative of this with respect to tempera-
ture T we have

dC(V)  +nC(O) dg

dT (V4 o)(v+o)ndT

L
|

20 \

(32

or, after substituting Equation 3-1

CZV) dS(TV) - (v_+n¢;) %Te 3)
As afirst approximation we can saythat % =-23
mV/°C over the temperature range of interest.

From Equation 3-3 we can draw the following
conclusions:

1) the temperature coefficient is inversely propor-
tional to the applied voltage, and 50

2)the temperature coefficient is directly proportional
to the diode slope, n.

For an abrupt junction diode which has a constant
value of n, (0.5), the temperature coefficient is a smooth o

Tecec= 150

LI

11 1 1

100

LI

Temperature Coefficient of Capacitance, TCC {ppm/°C)
T T 1
,/
L 1.1 1

LB

1 I 1 1 1 |

|
K 2 3 4 6 8 10
curve of the form Yto However, in the case of _ Reverse Voltage, V, (Vdc)

g11|1/111|

-

hyperabrupt diodes n is a function of voltage, and the - —
shape of the Tcc curve depends on the details of the Figure 3-7. Temperature Coefficient of
n(V) curve. A typical Tcc curve for an abrupt junction Capacitance vs. Tuning Voltage

diode is shown in Figure 3-6 and for an Alpha DKV6520 g_ A 325°C) Hyperabrupt Junction
iode
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series hyperabrupt diode in Figure 3-7. The inflectionin
the hyperabrupt Tccis due to the fact that in this voltage
range n{V) is increasing faster than 1/V, giving an
increase in Tcc. It should be also noted, however, that
over the range of the Tcc minimum the temperature
coefficient is relatively constant, and operation in this
area may be advantageous in some applications where
arestricted tuning range can be used.

IV. Q Factor or Diode
Loss

DEFINITIONS
The classical definition of the Q of any device or cir-
cuitis
- 27 Energy Stored
Energy Dissipated percycle

For a capacitor two formulations are possible.
1

Q= —
Rg 27 £ Rs C
c R
b) Parallel p Q=27 f Rp C

Clearly, the two definitions must be equal at any fre-
quency, which establishes

a) Series

Ro—— 1\
P~ (@nf2C2Rg

Inthe case of a high Q tuning diode the proper phys-
ical model is the series configuration, for the depleted
region is an almost perfectly pure capacitance, and the
undepleted region, due to its relatively low resistivity, is
almost a pure resistor in series with the capacitance.
Furthermore, the contact resistances are also clearly in
series.

Table 1. Parameters for 0.6 pF Diode

Q, then, for a tuning varactor is given by

1
Q -
(V7 27foR _,C(_y,

where fo is the operating frequency, C,_, is the junction
capacitance, and R,_y,=R(epi)+ R¢’ the sum of the
resistance of the undepleted epi and the fixed contact
resistance.

Cutoff frequency, fc, is defined as that frequency at
which Q equals unity.

1
Thus, fc P
=V ZWR(_V)C(_V)

Historically, the tuning varactor business developed
the habit of specifying Q at 50 MHz, in spite of the fact
that Q values of microwave diodes are so high that it is
almostimpossible to measure them at 50 MHz. Instead,
as discussed below, Q is measured at microwave fre-
quencies (e.g., 1-3 GHz) and related to 50 MHz by the

, . f , .
relationship Q= Q(fz)f—z, which derives
1

quickly from the assumption that fc is independent of
the measuring frequency.

Since both junction capacitance and epi resistance
are functions of the applied bias, it is not possible to cal-
culate Q as a function of bias from a measurement of
capacitance alone. Catalog specifications typically
show Q at — 4 Volts, together with the capacitance at
two or more voltages.

Relative to Q( — 4), Q increases faster than the reduc-
tionin capacitance for bias greater than 4 voltsand, con-
versely, decreases faster for bias less than 4 volts.

In the following section we will discuss the diode
design parameters that determine Q. Following this,
we will describe some elementary Q measurement
techniques.

CAUSES

In the discussion on device physics the resistivity of
the epi region was discussed, together with its impact
on punch-through and breakdown.

Forexample, Table 1 below suppliestypical resistivity
and related parameters of 0.6 pF (C,_,) diodes of differ-
ent breakdowns.

Depleted Undepleted
Breakdown Junction Epi Epi
Voltage Resistivity Diameter Epi Region V= -4V V= -4V | R Undepleted Rsp
Vg Ohm-cm Mil. Micron Micron Micron Ohm Ohm Q,
30 31 24 1.37 .54 .83 .81 .18 5200
45 .52 2.8 2.25 .73 1.52 1.86 15 2600
60 .74 3.2 3.20 .90 2.30 3.24 13 1500
90 1.25 3.7 5.27 1.21 4.06 717 10 700
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If we remember that if at any bias lower than break-
down the epiregion is not completely depleted, it follows
that the undepleted portion presents a resistance in
series with the pure capacitance of the depleted zone.
The magnitude of this “undepleted” resistance is also
shown in the table.

The entry “R spreading” (Rsp) is the series resis-
tance between the epiregion and the low resistivity sub-
strate. The calculations are for idealized cylindrical epi
regions of uniform resistivity, low resistivity contact on
the anode (top) and low resistivity substrate on the cath-
ode. This resistance is constant, independent of bias;
also shown are epi thickness and width of the depletion
zone at — 4 volt bias.

Note the substantial reduction in Q for higher voltage
diodes caused by the increased epi resistance; this is
true for any value of capacitance or type of junction. For
greater voltage breakdown the epi thickness must be
increased, which requires an increase in epi layer resis-
tivity; the higher resistivity of the undepleted zone, mul-
tiplied by the fact that it is much wider for high voltage
diodes, means the resistance increases substantially.

Consequently, a rule of thumb emerges: for maxi-
mum Q never choose a varactor with a voltage break-
down in excess of what is needed for the necessary tun-
ing range.

Table 2lists capacitance and Q for each of these chips
as a function of bias. Please remember that Q is calcu-
lated at 50 MHz.

Table 2. Q vs. Bias for 0.6 pF Diode

Table 3 rewrites the Data of Table 2 to show available
capacitance ratios between zero bias and breakdown.
The first column is the theoretical optimum, as tabu-
lated. The second column is the typical catalog speci-
fication.

If the required tuning range is an octave, requiring a
4to 1 ratio, the selection of a 30-volt varactor will result
in diode losses half those of a 60-volt diode.

The reduction in tuning ratio below theoretical optima
is caused by non-ideal junction fabrication. The junc-
tions are never perfectly abrupt.

Although the tables and numbers above refer to
abrupt junction silicon varactors, the principle applies
without exception to all types of varactors. For compar-
ison, Table 4 lists available ratios and Q values for a
number of different varactors. The high Q values for
GaAs and the low values for hyperabrupts are apparent.

One last point — the Q values and series resistance
refer to chips only. The effects of package parasitics will
be discussed later, but itis important to consider circuit
contact losses at this time.

For small capacitance diodes, e.g., Cy, = 0.6 pF, the
epi region contributes a high value of resistance and
dominates Q except at punch-through. Diode contact
losses are less significant.

Breakdown
Voltage
Vg Cyo Q) [ Cy(—4) | Q(-4) | Cy(-10) | Q(~10) | C,(—30) | Q(—30) | Cy(—45) | Q(~45) | Cy(—60) | Q(~60) | Cy(—90) | Q(—90)
30 143 | 1700 8 5200 4 10k 23 84k
45 1.43 850 6 2600 4 5k 23 20k 19 90k
60 1.43 550 6 1500 4 3k 23 9k 19 23k a7 170k
90 1.43 270 6 700 4 1.3k .23 3.5k 19 6k a7 10k 14 220k
Table 3. Capacitance Ratios — C,,/C Vg Table 4. Comparative Tuning Diodes
Breakdown Minimum Breakdown
Voltage Optimum Guaranteed Voltage Ratio
VB Ratio Ratio Q _4 Typical Type CJO Vg Q _4‘ CJolCJVB'
30 6.2 45 3000 Silicon Abrupt 1.0 30 5000 45
45 75 6.0 2500 Silicon Abrupt 25 30 4600 45
60 8.4 7.5 1400 Silicon Abrupt 5.0 30 3800 45
90 10.2 8.7 650 Gallium Arsenide
Abrupt 1.0 25 10000 3.6
Gallium Arsenide
Abrupt 5 10 17000 25
Silicon Hyperabrupt | 50.0 22 300 17.0
Silicon Hyperabrupt | 2.5 22 500 14

*Minimum guaranteed.
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For large capacitance the picture changes — dra-
matically. Table 5 lists a few 90-volt varactors of varying
capacitance, with epi resistance, spreading resistance
and Q tabulated. A presumed 0.1 ohm contact (not
manufacturer’s responsibility) is then used to calculate
the Q you will obtain:

Table 5. — 90 Volt Diodes

Repi Q(-4)
Cio (—4V) Rsp Q-4 Circuit R in circuit
1.43 717 AR 270 A 267
5.72 1.78 .06 267 A 252
22.88 .45 .03 256 A 210

In short, be especially mindful of mounting contacts
when using large capacitance varactors.

MEASUREMENTS

The measurement of Q of any product involves the
measurement of a finite amount of loss, usually quite
small, in the presence of measuring circuit losses. As
tuning varactor technology has progressed, cut-off fre-
quency has increased to the extent that the measure-
ment frequency must be in the microwave range, where
diode losses begin to exceed test equipment losses,
and accurate measurements become possible.

The two common methods used in the industry are:

1. Resonant Cavity — A half wavelength partial coax-
ial cavity with the diode terminating the re-entrant
center conductor, as shown in Figure 4-1.

2. Slotted Line — The diode is mounted at the end of
a low loss silver plated line, as in Figure 4-2.

In the resonant cavity method, the resonant fre-
quency and unloaded Q of the empty cavity are mea-
sured using power transmission to the 3 dB points and
allowing for external coupling via the input and output
probes. The diode is installed, proper bias applied, and
the new resonant frequency and loaded Q observed.

Manipulation of a few equations extracts diode Q from
these two measurements. Q at 50 MHz is then calcu-
lated, as is fc.

Typically, the cavity is silver plated invar, half wave-
length near 2 GHz, with an |.D. of 1 inch and a 75-ohm
center conductor. The coupling probes are adjusted for
about — 20to — 30 dB transmission.

There are several possible problems with this
technique:

a. Losses in the bias choke can be large and, espe-
cially if the choke is disassembled for diode instal-
lation, can be variable. This can lead to serious
error.

b. Voltage build-up at resonance can cause diode
nonlinearities, especially at low bias. A non-sym-
metric power transmission curve is an indicator of
this situation.

Inthe slotted line method, VSWR is measured, using
the 3 dB width at the minimum, and corrected for diode
holder and slotted line losses. Together with the posi-
tion of minimum, the data are reduced to chip and/or
total package reactance and loss parameters, and Q or
fc calculated.

The RF signal is injected into the probe, to reduce
signal strength atthe diode, for agiven level at the detec-
tor. This technique, plus the fact that this measurement
is nonresonant, eliminates diode non-linearity prob-
lems experienced in the cavity technique.

Bias

Bias Choke
Cavity
RF Input { O CJRF Output
l=] -— Tuning Diode
I 1
L& 5&
27| — a3 -3dB
28 33
f - f—-

RF Input
Bias
D) D
T Siotted Line C [
Probe Diode
Holder
b}
EJ:["!
C
Detector
2 o
Connector /

VSWR Meter

Figure 4-1. Resonant Cavity Q Measurement

Figure 4-2. Slotted Line Q Measurement
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Nonetheless, the slotted line approach has draw-
backs — even at a measurement frequency of 3 GHz,
the diode Q can approach that of the line, making mea-
surements inaccurate. Typical limitation is an fc of about
500 GHz for both slotted line and cavity approaches.

Alpha prefers the cavity technique, as measure-
ments can be reduced to a scope presentation of reso-
nantfrequency and 3 dB bandwidth, which makes read-
ing quite simple.

The two methods can be shown to be equivalent, and
the results correlate well. In both cases the effects of
package parasitics can be considered and diode chip
parameters extracted. This is difficult, but essential, if
an analytical understanding of diode behavior over a
wide range of frequency is required. Package parasitics
are discussed in Section VI of this note.

Once fcis determined, the Q at 50 MHz is calculated,
in keeping with tradition. The tabulated values are
always for the packaged diode, not the chip.

For large capacitance diodes, with fc sufficiently low,
Qmeasurements are taken directly at 50 MHz, using RF
admittance bridges.

V. Other Device
Parameters

REVERSE BIAS LEAKAGE CURRENT

The DC current which flows through the tuning diode
under reverse bias is an indication of the quality of pro-
cessing used in the manufacture of the device. In gen-
eral, leakage currents should be less than 20 nanoam-
peres (2 x 10° Amp.) at 90% of the breakdown voltage.
Large capacitance and therefore large junction area
devices will have higher leakage current than small
capacitance diodes.

As the junction temperature of the diode increases,
the leakage current will also increase; a good design
rule of thumb is that the leakage current will double for
every 10°C rise in junction temperature. In general, this
change in current will have a small effect on circuit per-
formance unless the bias circuit is of very high DC
impedance. The change in capacitance of the diode due
to temperature coefficient effects will almost always
over-shadow capacitance changes due to a change in
bias voltage resulting from the change in Ileakage
current. For decreasing temperature the leakage cur-
rent decreases and will have no effect on device
performance.

THERMAL RESISTANCE

In order to obtain maximum stability of tuning diode
as the power dissipated in the diode is changed, tem-
perature changes must be minimized. Thermal resis-
tance and thermal time constants depend on several
factors. Among these are geometry, thermal capacity

of the materials used, thermal conductivity of the mate-
rials used and the thermal resistance of the various
interfaces inthe package and between the package and
the heat sink.

The normal construction of a packaged tuning diode
is shown in Figure 5-1. From this figure it can be seen
that energy generated in the chip, which occurs in the
junction — epitaxial layer, must travel through the thick-
ness of the chip before it reaches the copper pedestal
on which itis mounted. It is this thermal resistance path
through the chip that accounts for the majority of the
thermal resistance of the packaged device. This resis-
tance depends upon the junction area of the device;
the larger the junction area, the smaller the thermal
resistance.

ibbon

SN

Normal Mounting

Figure 5-1. Normal Mounting

An alternate construction technique which is used to
lower the thermal resistance of a packaged device is
shownin Figure 5-2. This “flip chip” construction bonds
the junction side of the chip to the copper pedestal, thus
substantially reducing the thermal path through the chip
and therefore the thermal resistance. A reduction in
thermal resistance by a factor of two to four can be
obtained in this manner. The disadvantage of flip chip
mounting is that it is more difficult to fabricate than nor-
mal mounting and therefore imposes a price penalty on
the user. In general, flip chip mounting should only be
used where its improved thermal properties are really
needed. This rarely occurs in tuning diode applications.
Typical thermal resistance values of tuning diodes in
ceramic packages are from 20to 80°C/watt. Glass axial
lead packages may have thermal resistance values of
several hundred °C/watt and should not be used where
more than a few tenths of a watt are to be dissipated.
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Ribbon

~——
]

Flip Chip Mounting

Figure 5-2. Flip Chip Mounting

POST TUNING DRIFT

Post tuning drift (PTD}) is the change in oscillator fre-
quency with time after the tuning voltage has stabilized.
The minimization of PTD has assumed greater impor-
tance with the design of more sophisticated electronic
countermeasure systems where rapid, accurate fre-
quency changes are required.

Post tuning drift can be divided into two categories,
shortand longterm. Shortterm PTDis in the time range
oftens of nanosecondsto afew seconds, whilelongterm
PTD is in the time range of seconds to minutes, hours,
or days.

Short term PTD is mainly dependent on the thermal
properties of the diode and is improved by high Q (low
power loss) and flip chip construction. Long term PTD
depends on oxide stability and freedom of mobile charge
in the oxide. It should be noted that actual oscillation
frequency change may occur even with a perfect tuning
diode due to changes in power dissipated in the diode
asfrequencyis changed, changesin the diode heat sink
temperature and frequency changes due to other circuit
elements. As an example of what can be obtained,
Alphadiodes have exhibited less than 0.01% frequency
change for both short and long term PTD.

VI. Distortion Products

Inasmuch as nonlinear components generate har-
monics and other distortion products, an understand-
ing of this mechanism is of prime interest to the circuit
designer. In some instances the distortion products are
the desired end result of the circuit design, as in fre-
quency multipliers where the harmonics of the input sig-
nal frequency are the required output signal. For other
applications, such as in tuning diode circuits, distortion
products are extremely undesirable, and in some
instances the end product specification may set a max-
imum limit to the distortion products allowed.

CROSS MODULATION

Cross modulation is the transfer of the modulation on
one signal to another signal and is caused by third and
higher odd order nonlinearities in the transfer functions
of the device.

Rewriting Equation 2-1 we have:
CO

(+ 0

C(V) = (6-1)

where Cq = capacitance
V = applied voltage =V + v
Vo =DC applied voltage
v=AC applied voltage

then for a desired signal of

S =v,sinw,t (6-2)
and a second amplitude modulated signal of
S,=v {1+ mcos w,t)sin w,t (6-3)

it can be shown that the cross modulation, y, defined
by:

Output signal ~ v, sin w,t + y sin (W £ W)t

is found to be:

n(n + H)me,2

= 6-4
AV, + ¢)? ©4

From this equation it can be seen that cross modu-
lation is:

1. Proportional to the square of the interfering signal

2. Directly proportional to the modulating index, m

3. Independent of the desired signal strength

4. Independent of the frequencies of the desired and
interfering signals, and

5. No value of n gives zero cross modulation.

Solving Equation 6-4 for the signal level v, required to
produce cross modulation of value y we have:

_ 2Vo+eky

2= M ©3)

The interfering signal levels required to produce 1%
cross modulation from a 30% modulated interfering sig-
nal applied to an abrupt junction diode and a hypera-
brupt junction diode are shown in Figure 6-1.

From this figure it can be seen that the hyperabrupt
diode is more susceptible to cross modulation than the
abrupt junction diode in the region of maximum slope of
the hyperabrupt diode. For many applications, however,
distortion products will be generated in other devices,
such as a transistor, at signal levels considerably below
those given in Figure 6-1.
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Figure 6-1. Interfering Signal Level vs. Bias for
1% Cross Modulation-Abrupt and
Hyperabrupt (30% AM Modulation)

INTERMODULATION
Intermodulation is the production of undesired fre-
quencies of the form

Sin(2w,t — w,t) and sin(w,t — 2w,t) (6-6)
from an input signal of the form
¥(COS w4t + COS w,t) (6-7)

From an analysis similar to that done for cross mod-
ulation it can be shown that:

2
Intermodulation = nn+ W2 (6-8)
8(Vg + )2
or
Cross modulation = (2m) x Intermodulation (6-9)
HARMONIC DISTORTION

Harmonic distortion products are integral multiples of
the signal frequencies and decrease in ampiitude as the
harmonic number increases. Due to pass band consid-
erations and amplitude decrease with harmonic num-
ber, the second harmonic is the one of prime concern.
Again, it can be shown that the second harmonic, v,, of
a signal of amplitude v, is:

- n 2 .
V2—3(Vo+¢) v, (6-10)

Figure 6-2 shows the signal level required to produce
10% second harmonic distortion in an abrupt junction
and a hyperabrupt junction diode.

Again, as in the case of cross modulation, the hyper-
abrupt diode is slightly worse than the abrupt junction
diode in the region of maximum slope of the hypera-
brupt diode.
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Figure 6-2. Signal Level vs. Reverse Voltage for
10% Harmonic Distortion

REDUCTION OF DISTORTION PRODUCTS

in some cases the signal levels applied to the diode
generate distortion products larger than desirable forthe
circuit application. In this case significant reduction in
the distortion products can be achieved by using two
diodes in a back-to-back configuration, as shown in Fig-
ure 6-3. Analysis shows that the fundamental signal
components through the diodes are in phase and add,
while some distortion products are out of phase and
cancel, thus improving distortion performance.
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Figure 6-3. Back to Back Diodes

Vil. Package
Configurations and
Characteristics

The discussion thus far has dealt with the proper-
ties of the tuning varactor chip, with only token mention
of packaged diodes. Since most applications involve
packaged chips, we shall discuss the effects of
packaging.

First of all, the chief advantage of a packaged diode
over a chip is the considerable ease of handling and
installation in the circuit. Whether the package is
ceramic or glass with prong or wire leads, the package
offers a “handle” by which you can pick up the diode
and large area metallic contacts on which you can con-
nect the diode to the circuit.

Second, a package is hermetically sealed, which pro-
vides maximum protection of the chip from hostile envi-
ronments. Also, the relatively delicate “lead-bonding”
connection to the small anode contact of the chip has
been performed and guaranteed by the manufacturer,
relieving the user of this potential unreliable operation.
However, packaging also has its disadvantages.

Let us examine the RF influence of the package on
chip behavior, by referring to Figure 3-3. This happens
to show a metal-ceramic package, but functionallyitcor-
responds to a glass-leaded device also.

The external dimensions of the package create
inductance, whose magnitude depends upon the phys-
ical circuit environment (e.g., effective return path for
RF current). This inductance is effectively in series with
the parallel circuit of ceramic and chip.

The ceramic (or glass) adds capacitance. The bond-
ing wires create a new lumped inductance, directly in
series with the chip, which itself consists of a series
resistance and junction capacitance. Thereis a fringing
capacitance from bond wire to the chip-pedestal as well
astothe package cover. The whole package-chip circuit
is broken down as follows:

Figure 7-1. Equivalent Network of Packaged Diode

Lp is the package inductance, partially under user
control. Cp is package capacitance, plus fringe as may
occur, plus half of the bonding wire capacitance. L is
strap inductance. C,, R, represent the chip, plus the
other half of the bonding wire capacitance. Strap induct-
ance L, is often referred to as “excess inductance”, rel-
ative to the inductance of a solid metal slug of the same
external dimensions as the package. (The inductance
of the solid metal “diode” is L;.)

The behavior with frequency of this network can get
quite complicated.

Briefly:

1. Well below series resonance (L; and C,) C, adds
directly to C; the Q of the diode (not the chip) is
increased, but tuning ratio is reduced accordingly.

2. Near series resonance the effective resistance
increases considerably, and the diode Q drops
drastically. Most users avoid operation here.

3. Above series resonance there is a parallel reso-
nance of the Cp and the chip-L, branch. Q rises,
but the diode acts as a variable inductance, not
variable capacitance.

4. Higher still in frequency there is a second

resonance, between L, and Cp. The diode is
capacitive.

For the mathematically inclined it is possible to
reduce the complex actual network to a simpler
equivalent network, with elements almost indepen-
dent of frequency over a narrow band (5—-10%).

Thus, Figure 7-1 reduces to 7-2.
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Ls where: Ls=Lp+Lj/D
Rs = Rj/D
Cj + C
cs - : i +Cp .
1+w? CiCp (Rj2 + w? L,2)
R N

c
D=1 +t:;— W? 1jCp)2 +w? G2 R?

Figure 7-2. Diode Equivalent Circuit

In deriving this equivalent network, we have equated
both Z(w) and S%(w@ of the actual network.

Dimensions and values of the parasitic elements for
avariety of packages are contained in our package data
sheet. You may consider Table 6 below which lists a few
packages.

Table 6
Typical First
Series Resonance|

L" C |L®| C,=1.0pF
Package Style | nH | pF | nH GHz
023-001 4 | 18| 5 7
048-001 24 1 27| .3 9
082-001 d210 .20 17 12
290-001 10 12| .10 16
075-001 (Glass)| .75 | .06 {1.0 5
Notes:

e

. Lp varies with mounting environment. The values listed correspond to the
diode mounted in a 50-ohm coaxial line with inner conductor of the same
diameter as the ceramic or glass envelope. Thus, Ly = 4.2 h, where h is
height of envelope in inches, and L is in nanohenries. [In a General Radio
slotted line, GROOOLB, with a center conductor of 0.244" , the 0.023 pack-
age Lp becomes 0.75 nH, indicating the substantial effects of mounting
environment.} The package end prongs are “buried” in the circuit.

2. L varies with strap bonding technique & wire dimension and internal

package construction. The values given are typical.

VIll. Applications
How to specify a tuning diode:

* Assuming that your applicationis sufficiently specified
and can be analyzed mathematically, you must deter-
mine the capacitance, the tuning ratio and minimum
Q of the required diode.

* Be sure to consider distortion, which may help you
define the minimum bias voltage you will use.

* Knowing the lowest bias voltage and tuning ratio, you
have effectively fixed Vg (for abrupt junctions). You
have then approximately fixed Q.

* Review the various catalogs of available diodes to find
if you can satisfy your requirements.

* Review the mechanical configuration of your circuit,
and find a package that will be compatible.

¢ Calculate the effects of package parasitics, and see if
the diode (chip) still satisfies you.

* Assuming youcan’tquite get adiode that works, either
in ratio or Q, consider a variation from catalog specs.

Catalog specifications reflect both manufacturing
guard bands and conservatism. In order to maintain a
reasonable price structure, it is necessary to offer
diodes with both Q and capacitance ratio below the the-
oretical optima, in order that the values quoted can be
guaranteed. Tighter specifications can often be ac-
cepted by the manufacturer.

Furthermore, design deviations from “ideal” can pro-
vide higher Q or higher ratio.

The mathematically ideal tuning varactor is designed
so that punch-through occurs at a voltage exactly equal
to voltage breakdown, with both being just greater than
the catalograting of the diode. In reallife, however, since
in many applications theoretical tuning performance is
not required out to breakdown, an improvement in Q is
obtained by allowing punch-through to occur before
breakdown. Consequently, if in your application you
need higher Q and can sacrifice tuning ratio, this is gen-
erally possible. Similarly, if you need greater ratio and
can accept lower Q, such diodes are also available
within, of course, the constraints of the square law
and Vg.

Please consult Alpha.

Finally, we present two circuits:

¢ |Inthe section on distortion we discussed back-to-back
diodes, to reduce distortion products. Figure 8-1
sketches such a circuit and the corresponding diode
package.

Bias

]

Package 168 — Dual Anode

Figure 8-1. Back to Back Diode Package
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* We mentioned linear tuning for hyperabrupts. Figure
8-2 shows curves for a simple tank circuit, using a
DKV6550B hyperabrupt and an abrupt junction,
DVH6791, a 90 voit diode.

Both are C,_ 1.24 pF, mounted in a package 023-
001 (Cr = .18), and 0.1 pF stray capacitanceis assumed.

24

]
22 é DKV65508
Hyperabrupt |1
20 —T" DVHE791

1.6 / A 1
14 // I I <5 "3:-
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Abrupt
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Cyq=142pF

cstray =0.1 pF

VH
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Figure 8-2. Frequency Ratio vs. Voltage for
Hyperabrupt and Abrupt Diodes
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Gunn Diodes and Modules
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Quick Reference List: Gunn Diodes,
Gunn Oscillators and Motion Detectors

Frequency Band X Band Ku Band K Band Ka Band U Band V & W Bands
8.2-12.4 GHz 12.4-18 GHz 18-26.5 GHz 26.5-40 GHz 40-60 GHz 60-100 GHz
yor
mion Type Number | Page | Type Number | Page | Type Number | Page | Type Number | Page | Type Number Page | Type Number | Page
Lowest Cost Gunn Diodes DGB8081 4-7 | DGB8131 48 | DGB8091 4-9
DGB8181 47 | DGB8231 48 | DGB8191 4-9
DGB8281 4-7 DGB8141 49
DGBB8381 47
DGB8121 47
DGB8221 4-7
Low Cost Gunn Diodes DGB8122 47 | DGB8132 4-8 | DGB80%4 4-9 | DGB8054 4-10 | DGB8064 4-11
DGB8123 4-7 | DGBB8133 48 | DGB8095 49 | DGB8055 4-10 { DGB8065 41
DGB8124 4-7 | DGB8134 4-8 | DGB8194 4-9 ; DGBB056 4-10 | DGB8066 4-11
DGB8125 47 | DGB8135 48 | DGB8195 49 | DGBB8154 4-10 | DGB8164 4-11
DGB8222 4-7 | DGB8232 4-8 | DGB8291 4.9 | DGB8155 4-10 | DGB8165 4-1
DGB8223 4-7 | DGB8233 4-8 | DGBB8294 49 | DGB8156 4-10 | DGB8166 4-11
DGB8224 4-7 | DGB8234 48 | DGB8295 49
DGB8225 4-7 | DGB8235 48 | DGB8144 4-9
DGB8145 49
DGB8244 4-9
DGB8245 49
Lowest Cost C.W. GOS2572 4-27
Oscillators GOS2573 427
Low Cost C.W. Oscillator GOS2573 4-27
Lowest Cost C.W. Motion GOS2580 4-15
Detector
Low Cost Motion Detectors GOS2583 4-17
GOS2581 4-19
Low Cost Pulsed GOS2569 4-29
Oscillators GOS2570 4-29
Frequency Band X Band Ku Band K Band Ka Band U Band V & W Bands
8.2-12.4 GHz 12.4-18 GHz 18-26.5 GHz 26.5-40 GHz 40-60 GHz 60-100 GHz
C ry or
Amlon Type Number | Page | Type Number | Page | Type Number | Page | Type Number | Page | Type Number | Page | Type Number | Page
Motion Detector Gunn DGB8081 4-7 DGB8091 49
Diodes for intrusion Alarms DGB8181 4-7 DGB81a1 49
and Door Openers DGB8281 4-7 DGB8291 49
DGB8381 4-7
Motion Detector Modules GOS2580 4-15
for Intrusion Alarms and GOS2581 4-19
Door Openers GOSs2583 4-17
GOS2579 4-19
GOS2578 4-19
Self Detect Gunn GOS2572 4-27

Oscillators for Door Opener
Applications

Very Low Current C.W.
Motion Detector Module

Low Current C.W. Motion
Detector Module

Pulsed Motion Detector
Module

Pulsed Motion Detector
Modules with Electronic
Circuitry

C.W. Gunn Oscillators

GOS2573 4-27
GOS2569 4-29
GOS82570 4-29

GOSs2583 4-17

GOS2580 4-15

GOS2581 4-19

GOS2578 4-19
GOS2579 4-19

GOS2572 4-27
G0OS§2573 427
GOS2574 4-27
GOS2575 4-27
GOS2576 4-27
GOS2577 4-27
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Quick Reference List: Gunn Diodes,
Gunn Oscillators and Motion Detectors

Frequency Band CBand X Band Ku Band K Band Ka Band U Band V & W Bands
4-8.2 GHz 8.2-12.4 GHz 12.4-18 GHz 18-26.5 GHz 26.5-40 GHz 40-60 GHz 60-100 GHz
Catog or
Appl IYon Type Number | Page | Type Number | Page | Type Number | Page | Type Number | Page | Type Number | Page | Type Number | Page | Type Number | Page
Pulsed Gunn Oscillators GOS2569 429
GOS2570 4-29
GOS2571 429
GOS2584 4-29
GOS2585 4-29
Pulsed Gunn Oscillators GOS2566 4-29
with Integral Pulse G0OS2567 429
Modulator GOS2568 4-29
GOS2588 429
GOS2587 4-29 N
Very Low Current C.W. DGB8081 47 DGB8091 4-9
Gunn Diodes
Pulsed Gunn Diodes Low Inquire Inquire Inquire Inquire Inquire
Power
Pulsed Gunn Diodes High | Inquire Inquire Inquire Inquire Inquire
Power
Radar Detector Locat DGB8121 47 DGB8091 49
Oscillator DGB8221 47 DGB8191 49
DGB8381 47
DGB8081 47
DGB8181 47
DGB8281 47
Radar Detector Receiver Inquire Inquire
Head
Frequency Band CBand X Band Ku Band K Band Ka Band U Band V & WBands
4-8.2GHz 8.2-12.4 GHz 12.4-18 GHz 18-26.5 GHz 26.5-40 GHz 40-60 GHz 60-100 GHz
cmm or
Application Type Number | Page | Type Number | Page | Type Number | Page | Type Number | Page | Type Number | Page | Type Number | Page | Type Number | Page
Wideband YIG Tuned DGB9214 4-6 | DGB9224 47 | DGB9234 4-9 | DGB9244 4-10 | DGB9254 4-11
Oscillator Gunn Diodes DGB9215 46 | DGB9225 47 | DGB9235 49 | DGB9245 4-10 | DGB9255 4-11
DGB9314 46 | DGB9324 48 | DGB9236 49 | DGB9246 4-10 | DGB9256 411
DGBY315 46 | DGB9325 48 | DGB9334 49 |DGB9344 4-10 | DGB9354 411
DGB9414 46 | DGB9424 4-8 | DGB9Y335 49 | DGBY3M4S5 4-10 | DGB9355 41
DGB9415 46 | DGB9425 48 | DGB9336 49 | DGB9346 4-10 { DGB9356 4-11
DGB9514 46 |DGB9524 48 [DGB9434 49 [DGB9444 4-10
DGB9515 46 | DGB9525 4-8 | DGB9435 49 [ DGB9445 410
DGB9624 48 | DGB9436 49 | DGBY446 410
DGB9625 48 | DGBY534 49 | DGBY544 4-10
DGB9535 49 | DGBYS4S 4-10
DGB9546 4-10
Wideband V.C.O. Gunn DGB9211 4.6 | DGB9221 4.7 | DGB9234 49 | DGB9244 410 | DGB9254 41
Diodes DGBY212 46 | DGB9222 47 | DGB9235 4-9 | DGB9245 4-10 | DGB9Y255 4-11
DGBY213 46 | DGB9223 4.7 | DGB9236 49 | DGB9246 4-10 | DGBY256 41
DGBY214 46 (DGB9224 47 | DGB9334 4-9 | DGB9344 4-10 { DGB9354 411
DGB9215 46 | DGB9225 47 [DGB9335 49 [DGB9345 4-10 | DGBY355 4-11
DGB93N 4-6 | DGB9321 4-8 | DGBY336 49 | DGB9346 4-10 | DGBY356 4-11
DGB9312 46 |{DGB9322 48 (DGB9434 49 [ DGB9444 4-10
DGB9313 46 | DGB9323 48 | DGBY9435 49 | DGB9445 410
DGBY314 46 | DGBY324 48 | DGB9436 49 | DGBY446 410
DGB9315 46 (DGB9325 48 | DGB9534 4-9 | DGB9544 4-10
DGB9411 46 | DGB9421 48 |(DGBYS35 49 | DGBYS45 410
DGB9412 46 | DGB9422 48 DGB9546 410
DGB9413 46 | DGB%423 48
DGB9414 46 | DGB9424 48
DGB9415 46 | DGB9425 48
DGB9512 4-6 | DGB9522 48
DGB9513 46 | DGBY9523 48
DGBY514 46 | DGBY524 48
DGB9515 4-6 | DGBY525 48
DGB9612 46 |DGB9622 48
DGB9613 46 (DGB9623 4-8
DGB9624 48
DGBY625 4-8
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Quick Reference List: Gunn Diodes,

Gunn Oscillators and Motion Detectors

Frequency Band CBand X Band Ku Band K Band Ka Band U Band V & W Bands
cat 4-8.2GHz 8.2-12,4 GHz 12.4-18 GHz 18-26.5 GHz 26.5-40 GHz 40-60 GHz 60-100 GHz
or
Appelﬁ:.;r'Xon Type Number | Page | Type Number | Page | Type Number | Page | Type Number | Page | Type Number | Page | Type Number | Page | Type Number | Page
Parametric Amplifier Pump DGB8454 4-10 | DGB8466 4-11
Gunn Diodes DGB8455 4-10 | DGB8566 41
DGB8456 4-10 | DGB8666 411
DGB8554 4-10 | DGB8766 4-11
DGB8555 4-10
DGB8556 4-10
DGB8654 4-11
DGB8655 4-11
DGB8656 4-11
DGB8754 4-11
DGB8755 4-11
DGB8756 a1
Local Oscillator Gunn DGB8211 45 | DGB8081 4-7 | DGB8131 48 | DGB8091 49 | DGB8054 4-10 DGB8076 4-11
Diode: DGB8212 45 | DGB8181 4.7 | DGB8132 4-8 | DGB8094 4.9 | DGBBO55 4-10 DGB8176 4-11
DGB8213 45 | DGB8281 4-7 | DGB8133 4-8 | DGBB09S 4.9 | DGBB056 4-10 DGB8276 4-1
DGB8214 4.5 | DGB838t 47 | DGB8134 4-8 | DGB8191 4.9 | DGB8154 4-10 DGB8376 4-1
DGB8215 4-5 | DGB8121 4-7 | DGB8135 4-8 | DGB8194 49 | DGB8155 4-10
DGB8311 4-5 | DGB8122 47 | DGB8231 4-8 | DGB8195 49 | DGB8156 4-10
DGB8312 45 | DGB8123 4-7 {DGB8232 48 | DGB8291 49 | DGB8254 4-10
DGB8313 4-5 | DGB8124 4-7 | DGB8233 4-8 | DGB8294 49 | DGB8255 4-10
DGB8314 4-5 | DGB8125 4-7 | DGB8234 48 | DGB8295 4-9 | DGBB256 4-10
DGB8315 45 | DGB8221 4-7 | DGB8235 4-8 | DGB8141 49 | DGB8354 4-10
DGB8222 4-7 | DGB8331 4-8 | DGB8144 4.9 | DGB8355 4-10
DGB8223 4-7 | DGB8332 48 [DGB8145 49 | DGB8356 4-10
DGB8224 4-7 | DGB8334 4-8 | DGB8241 49
DGB8225 47 {0GB8335 4-8 ) DGB8244 49
DGB8321 47 DGB8245 4-9
DGB8322 4-7 DGB8344 4-10
DGB8323 47 DGB8345 4-10
DGB8324 4-7 DGB8346 4-10
DGB8325 4-7
Frequency Band C Band X Band Ku Band K Band Ka Band U Band V & W Bands
4-8.2GHz 8.2-12.4GHz 12.4-18 GHz 18-26.5 GHz 26.5-40 GHz 40-60 GHz 60-100 GHz
Cate?o or
Application Type Number | Page | Type Number | Page | Type Number | Page | Type Number | Page | Type Number | Page | Type Number | Page | Type Number | Page
Communication Transmitter | DGB8612 46 | DGB8622 4-7 | DGB8531 4-8 | DGB8544 4-10
C.W. Gunn Diodes DGB8613 4-6 | DGB8623 47 | DGB8532 4-8 | DGB8545 4-10
DGB8614 4-6 | DGB8624 4.7 1 DGB8533 4-8 | DGBB546 4-10
DGB8615 46 | DGBB625 47 | DGB8534 4-8 | DGBB644 4-10
DGB8712 4-6 | DGB8722 4-7 | DGB8535 4-8 | DGBB645 4-10
DGB8713 46 (DGB8723 47 [DGB8632 4-9 | DGB8646 4-10
DGB8714 46 [DGB8724 47 | DGB8633 49 | DGB8744 4-10
DGB8715 46 | DGB8725 4.7 | DGBB634 49 | DGB8745 4-10
DGB8g12 46 | DGB8822 4-7 | DGB8635 49
DGB8813 46 |DGB8823 47 |DGB8732 49
DGB8g12 4-6 | DGB8922 47 | DGB8733 49
DGB8913 46 | DGB8923 4-7 1 DGB8734 49
DGB8012 46 | DGB8082 4-7 | DGB8735 49
DGB8013 46 |DGB8083 4.7 | DGB8832 49
0Gast12 4% | DGB8Ys2 47 {DGB8833 49
DGB8113 46 | DGB89YB3 4.7 | DGB8834 49
DGB8835 49
DGB8932 4-9
DGB8933 4-9
DGBB8934 49
DGB8935 49
Millimeter Wave DGB8454 4-10 | DGBB366 41
Communications DGBB455 4-10 | DGB8466 41
Transmitter Gunn Diodes DGBB456 410 | DGB8566 41
DGBB554 4-10 { DGB8666 4-11
DGB8555 4-10 | DGB8766 41
DGB8556 4-10
DGB8654 411
DGB8655 411
DGB8656 41
DGB8754 41
DGBB8755 41
DGB8756 41
[P)ylsed Transmitter Gunn Inquire Inquire inquire Inquire Inquire Inquire Inquire




Gunn Diodes

Features

Spot Frequency or Wideband Operation
Choice of Package Styles
Range of Microwave Power Qutputs

High Reliability

Special Screening to Customer Requirements
Available

Specific Types for Low Cost Commercial Applications

Description

Gunn devices are solid state components which are
used to generate energy at microwave frequencies from
a DC power input.

Alpha Gunn diodes are produced from epitaxial gal-
lium arsenide grown in Alpha’s own in-house epitaxy
facility. This sheet describes both the performance of
low power, low cost devices suitable for high volume
commercial applications as well as high power diodes.
Devices for the lowest power applications are produced
in a nonflip configuration; that is with the active layer
uppermost in the package, requiring the heat sink to be

biased as the anode. A flip device construction is used
for the higher power diodes in which the active layer is
bonded close tothe package heat sink for optimumther-
mal performance. Such devices require the heat sink to
be biased as the cathode.

The tables below list standard device types with per-
formance data applicable to their operation in Alpha crit-
ically coupled test cavities. To accommodate alterna-
tive requirements, special devices may also be
manufactured and tested against other specifications
in customer supplied cavities. Please inquire.

C.W. GUNN DEVICES FOR C-BAND (5-8.2 GHz)

Operating Operating
Specified Min. C.W. urrent Voltage .
Frgquency1 Output®? Typical Typical Heat Sink Package
Type (GH2) (mWw) (mA) (\))] Polarity Style
DGB8211 5-8.2 20 = 150 12 Cathode 023-001
DGB8212 5-8.2 20 150 12 Cathode 158-001
DGB8213 5-8.2 20 150 12 Cathode 188-001
DGB8214 5-8.2 20 150 12 Cathode 315-001
DGB8215 5-8.2 20 150 12 Cathode 305-001
DGB8311 5-8.2 50 200 12 Cathode 023-001
DGB8312 5-8.2 50 200 12 Cathode 158-001
DGB8313 5-8.2 50 200 12 Cathode 188-001
DGB8314 5-8.2 50 200 12 Cathode 315-001
DGB8315 5-8.2 50 200 12 Cathode 305-001
DGB8411 5-8.2 100 300 12 Cathode 023-001
DGB8412 5-8.2 100 300 12 Cathode 158-001
DGB8413 5-8.2 100 300 12 Cathode 188-001
DGB8414 5-8.2 100 300 12 Cathode 315-001
DGB8415 5-8.2 100 300 12 Cathode 305-001
DGB8511 5-8.2 200 500 12 Cathode 023-001
DGB8512 5-8.2 200 500 12 Cathode 158-001
DGB8513 5-8.2 200 500 12 Cathode 188-001
DGB8514 5-8.2 200 500 12 Cathode 315-001
DGB8515 5-8.2 200 500 12 Cathode 305-001
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Gunn Diodes

C.W. GUNN DEVICES FOR C-BAND (5-8.2 GHz) (cont.)

Ogoratlng Operating
Specified Min.C.W. urrent Voltage

Fm%uency‘ Output’* Typical Typical Heat Sink Package

Type (GHz) (mW) (maA) RI) Polarity® Style*

DGB8612 5-8.2 300 700 12 Cathode 156-001

DGB8613 5-8.2 300 700 12 Cathode 188-001

DGB8614 5-8.2 300 700 12 Cathode 315-001

DGB8615 5-8.2 300 700 12 Cathode 305-001

DGB8712 5-8.2 400 900 12 Cathode 158-001

DGB8713 5-8.2 400 900 12 Cathode 188-001

DGB8714 5-8.2 400 900 12 Cathode 315-001

DGB8715 5-8.2 400 900 12 Cathode 305-001

DGB8812 5-8.2 500 1100 12 Cathode 158-001

DGB8813 5-8.2 500 1100 12 Cathode 188-001

DGB8912 5-8.2 600 1250 12 Cathode 158-001

DGB8913 5-8.2 600 1250 12 Cathode 188-001

DGB8012 5-8.2 700 1450 12 Cathode 158-001

DGB8013 5-8.2 700 1450 12 Cathode 188-001

DGB8112 5-8.2 800 1650 12 Cathode 156-001

DGB8113 582 800 1650 12 Cathode 188-001

DGB9211 FULLBAND 20 250 9-17 Cathode 023-001
5-8.2

DGB9212 FUIgl:gAND 20 250 9-17 Cathode 158-001
2

DGB9213 FULLBAND 20 250 9-17 Cathode 188-001
5-8.2

DGB9214 FULLBAZ\ND 20 250 9-17 Cathode 315-001
5-8.

DGB9215 FULLBI;ND 20 250 9-17 Cathode 305-001
5-8.

DGB9311 FULLBAND 50 350 9-17 Cathode 023-001
5-8.2

DGB9312 FULLBAND 50 350 9-17 Cathode 158-001
5-8.2

DGB9313 FULLBQND 50 350 9-17 Cathode 188-001
5-8.

DGB9314 FULLB;;ND 50 350 9-17 Cathode 315-001
5-8.

DGB9315 FULLBAND 50 350 9-17 Cathode 305-001
5-8.2

DGB9411 FULLB/;ND 100 500 9-17 Cathode 023-001
5-8.

DGB9412 FULLgI;ND 100 500 9-17 Cathode 158-001
5-8.

DGB9413 FULLBAND 100 500 9-17 Cathode 188-001
5-8.2

DGB9414 FULLBI;ND 100 500 9-17 Cathode 315-001
5-8.

DGB9415 FULngND 100 500 9-17 Cathode 305-001
5-8.

DGB9512 FULLS_EIEND 200 900 9-17 Cathode 158-001

DGB9513 FUIél_.géND 200 900 9-17 Cathode 188-001

DGBY514 FUlél:gl;ND 200 900 9-17 Cathode 315-001

DGB9515 FULLaaéND 200 900 9-17 Cathode 305-001
5-8.

DGB9612 FULLg;;ND 300 1200 9-17 Cathode 158-001
5-8.

DGB9613 FUIE_.,l_.gzND 300 1200 9-17 Cathode 188-001




Gunn Diodes

C.W. GUNN DEVICES FOR X-BAND (8.2-12.4 GHz2)

Operating Operating
Specified Min.C.W. urrent Voltage
Frezxency‘ Output®*® Typical Typical Heat Sink Package
Type (GHz) (mwW) (mA) ) Polarity® Style

DGB8081 9.3-10.9 5 40 8 Anode 023-001
DGB8181 9.3-10.9 10 80 8 Anode 023-001
DGB8281 9.3-10.9 20 . 110 8 Anode 023-001
DGB8381 8.2-12.4 30 140 8 Anode 023-001
DGB8121 8.2-9.3 & 10 80 8 Anode 023-001

10.9-12.4
DGB8122 8.2-12.4 10 80 8 Anode 158-001
DGB8123 8.2-12.4 10 80 8 Anode 188-001
DGB8124 8.2-12.4 10 80 8 Anode 315-001
DGB8125 8.2-12.4 10 80 8 Anode 305-001
DGB8221 8.2-9.3& 20 110 8 Anode 023-001

10.9-12.4
DGB8222 8.2-12.4 20 110 8 Anode 158-001
DGB8223 8.2-12.4 20 110 8 Anode 188-001
DGB8224 8.2-12.4 20 110 8 Anode 315-001
DGB8225 8.2-12.4 20 110 8 Anode 305-001
DGB8321 8.2-12.4 50 200 10 Cathode 023-001
DGB8322 8.2-12.4 50 200 10 Cathode 158-001
DGB8323 8.2-12.4 50 200 10 Cathode 188-001
DGB8324 8.2-12.4 50 200 10 Cathode 315-001
DGB8325 8.2-12.4 50 200 10 Cathode 305-001
DGB8421 8.2-12.4 100 300 10 Cathode 023-001
DGB8422 8.2-12.4 100 300 10 Cathode 158-001
DGB8423 8.2-12.4 100 300 10 Cathode 188-001
DGB8424 8.2-12.4 100 300 10 Cathode 315-001
DGB8425 8.2-12.4 100 300 10 Cathode 305-001
DGB8521 8.2-12.4 200 600 10 Cathode 023-001
DGB8522 8.2-12.4 200 600 10 Cathode 158-001
DGB8523 8.2-12.4 200 600 10 Cathode 188-001
DGB8524 8.2-12.4 200 600 10 Cathode 315-001
DGB8525 8.2-12.4 200 600 10 Cathode 305-001
DGB8622 8.2-12.4 300 800 10 Cathode 158-001
DGB8623 8.2-12.4 300 800 10 Cathode 188-001
DGB8624 8.2-124 300 800 10 Cathode 315-001
DGB8625 8.2-12.4 300 800 10 Cathode 305-001
DGB8722 8.2-12.4 400 1050 10 Cathode 158-001
DGB8723 8.2-12.4 400 1050 10 Cathode 188-001
DGB8724 8.2-12.4 400 1050 10 Cathode 315-001
DGB8725 8.2-12.4 400 1050 10 Cathode 305-001
DGB8822 8.2-12.4 500 1300 10 Cathode 158-001
DGB8823 8.2-12.4 500 1300 10 Cathode 188-001
DGB8922 8.2-12.4 600 1550 10 Cathode 158-001
DGB8923 8.2-12.4 600 1550 10 Cathode 188-001
DGB8082 8.2-12.4 700 1750 10 Cathode 158-001
DGB8083 8.2-12.4 700 1750 10 Cathode 188-001
DGB8982 8.2-11.0 800 1850 10 Cathode 158-001
DGB8983 8.2-11.0 800 1850 10 Cathode 188-001
DGB9221 FULLBAND 20 300 7-14 Cathode 023-001

8.2-12.4
DGB9222 FULLBAND 20 300 7-14 Cathode 158-001

8.2-12.4
DGB9223 FULLBAND 20 300 7-14 Cathode 188-001

8.2-12.4
DGB9224 FULLBAND 20 300 7-14 Cathode 315-001

8.2-12.4
DGB9225 FULLBAND 20 300 7-14 Cathode 305-001

8.2-12.4
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Gunn Diodes

C.W. GUNN DEVICES FOR X-BAND (8.2-12.4 GHz) (cont.)

Operating Operating
Specified Min. C.W. Current Voltage
Frequency’ Output®? Typical Typical Heat Sink Package
Type (GHz) (mw) (mA) v) Polarity® Style*
DGB9321 FULLBAND 50 450 7-14 Cathode 023-001
8.2-12.4
DGB9322 FULLBAND 50 450 7-14 Cathode 158-001
8.2-12.4
DGB9323 FULLBAND 50 450 7-14 Cathode 188-001
8.2-12.4
DGB9324 FULLBAND 50 450 7-14 Cathode 315-001
8.2-12.4
DGB9325 FULLBAND 50 450 7-14 Cathode 305-001
8.2-12.4
DGB9421 FULLBAND 100 600 7-14 Cathode 023-001
8.2-12.4
DGB9422 FULLBAND 100 600 7-14 Cathode 158-001
8.2-12.4
DGB9423 FULLBAND 100 600 7-14 Cathode 188-001
8.2-12.4
DGB9424 FULLBAND 100 600 7-14 Cathode 315-001
8.2-12.4
DGB9425 FULLBAND 100 600 7-14 Cathode 305-001
8.2-12.4
DGB9522 FULLBAND 200 1050 7-14 Cathode 158-001
8.2-12.4
DGB9523 FULLBAND 200 1050 7-14 Cathode 188-001
8.2-12.4
DGB9524 FULLBAND 200 1050 7-14 Cathode 315-001
8.2-12.4
DGB9525 FULLBAND 200 1050 7-14 Cathode 305-001
8.2-124
DGB9622 FULLBAND 300 1250 7-14 Cathode 158-001
8.2-12.4
DGB9623 FULLBAND 300 1250 7-14 Cathode 188-001
8.2-124
DGB9624 FULLBAND 300 1250 7-14 Cathode 315-001
8.2-12.4
DGB9625 FULLBAND 300 1250 7-14 Cathode 305-001
8.2-12.4
C.W. GUNN DEVICES FOR Ku-BAND (12.4-18 GHz)
Operating Operating
Specified Min.C.W. urrent Voltage
Frequency' Output®? Typical Typical Heat Sink Package
Type (GH2) (mw) (mA) ) Polarity® Style
DGB8131 12.4-18 10 95 7 Anode 023-001
DGB8132 12.4-16 10 95 7 Anode 158-001
DGB8133 12.4-16 10 95 7 Anode 188-001
DGB8134 12.4-18 10 95 7 Anode 315-001
DGB8135 12.4-18 10 95 7 Anode 305-001
DGB8231 12.4-18 20 125 7 Anode 023-001
DGB8232 12.4-16 20 125 7 Anode 158-001
DGB8233 12.4-16 20 125 7 Anode 188-001
DGB8234 12.4-18 20 125 7 Anode 315-001
DGB8235 12.4-18 20 125 7 Anode 305-001
DGB8331 12.4-18 50 260 8 Cathode 023-001
DGB8332 12.4-16 50 260 8 Cathode 158-001
DGB8333 12.4-16 50 260 8 Cathode 188-001
DGB8334 12.4-18 50 260 8 Cathode 315-001
DGB8335 12.4-18 50 260 8 Cathode 305-001
DGB8431 12.4-18 100 400 8 Cathode 023-001
DGB8432 12.4-16 100 400 8 Cathode 158-001
DGB8433 12.4-16 100 400 8 Cathode 188-001
DGB8434 12.4-18 100 400 8 Cathode 315-001
DGB8435 12.4-18 100 400 8 Cathode 305-001
DGB8531 12.4-18 200 700 8 Cathode 023-001
DGB8532 12.4-16 200 700 8 Cathode 158-001
DGB8533 12.4-16 200 700 8 Cathode 188-001
DGB8534 12.4-18 200 700 8 Cathode 315-001
DGB8535 12.4-18 200 700 8 Cathode 305-001
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Gunn Diodes

C.W. GUNN DEVICES FOR Ku-BAND (12.4-18 GHz) (cont.)

Operating Operating
Specified Min. C.W. Current Voltage
Frequency’ Output®?® Typical Typical Heat Sink Package
Type (GH2) (mW) (mA) V) Polarity® Style*
DGB8632 12.4-16 300 1000 8 Cathode 158-001
DGB8633 12.4-16 300 1000 8 Cathode 188-001
DGB8634 12.4-18 300 1000 8 Cathode 315-001
DGB8635 12.4-18 300 1000 8 Cathode 305-601
DGB8732 12.4-16 400 1300 8 Cathode 158-001
DGB8733 12.4-16 400 1300 8 Cathode 188-001
DGB8734 12.4-18 400 1300 8 Cathode 315-001
DGB8735 12.4-18 400 1300 8 Cathode 305-001
DGB8832 12.4-16 500 1550 8 Cathode 158-001
DGB8833 12.4-16 500 15650 8 Cathode 188-001
DGB8834 12.4-18 500 1550 8 Cathode 315-001
DGB8835 12.4-18 500 1550 8 Cathode 305-001
DGB8932 12.4-15 600 1750 8 Cathode 158-001
DGB8933 12.4-15 600 1750 8 Cathode 188-001
DGB8934 12.4-15 600 1750 8 Cathode 315-001
DGB8935 12.4-15 600 1750 8 Cathode 305-001
DGB9234 FULLBAND 20 360 6-12 Cathode 315-001
- 12.4-18
DGB9235 FULLBAND 20 360 6-12 Cathode 305-001
12.4-18
DGB9236 FULLBAND 20 360 6-12 Cathode 296-001
12.4-18
DGB9334 FULLBAND 50 520 6-12 Cathode 315-001
12.4-18
DGB9335 FULLBAND 50 520 6-12 Cathode 305-001
12.4-18
DGB9336 FULLBAND 50 520 6-12 Cathode 296-001
12.4-18
DGB9434 FULLBAND 100 720 6-12 Cathode 315-001
12.4-18
DGB9435 FULLBAND 100 720 6-12 Cathode 305-001
12.4-18
DGB9436 FULLBAND 100 720 6-12 Cathode 296-001
12.4-18
DGB9534 FULLBAND 200 1050 6-12 Cathode 315-001
12.4-18
DGB9535 FULLBAND 200 1050 6-12 Cathode 305-001
12.4-18
C.W. GUNN DEVICES FOR K-BAND (18-26.5 GHz)
Operating Operating
Specified Min.C.W. Current Voltage
Frequency' Output’? Typical Typical Heat Sink Package
Type (GHz) (mW) (mA) v) Polarity® Style
DGB803H 23.5-24.5 5 70 5 Anode 023-001
DGB8094 23.5-24.5 5 70 5 Anode 315-001
DGB8095 23.5-24.5 5 70 5 Anode 305-001
DGB8191 23.5-24.5 10 110 5 Anode 023-001
DGB8194 23.5-24.5 10 110 5 Anode 315-001
DGB8195 23.5-24.5 10 110 5 Anode 305-001
DGB8291 23.5-24.5 20 175 5 Anode 023-001
DGB8294 23.5-24.5 20 175 5 Anode 315-001
DGB8295 23.5-245 20 175 5 Anode 305-001
DGB8141 18-23.5& 10 120 5 Anode 023-001
24.5-26.5
DGB8144 18-23.5& 10 120 5 Anode 315-001
24.5-26.5
DGB8145 18-23.5 & 10 120 5 Anode 305-001
24.5-26.5
DGB8241 18-23.5& 20 185 Anode 023-001
24.5-26.5
DGB8244 18-23.5 & 20 185 Anode 315-001
24.5-26.5
DGB8245 18-23.5 & 20 185 5 Anode 305-001
5
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Gunn Diodes

C.W. GUNN DEVICES FOR K-BAND (18-26.5 GHz) (cont.)

Operating Operating
Specified Min.C.W. urrent Voltage
Fm%uency1 Output?® Typical Typical Heat Sink Package
Type (GHz) (mw) (mA) ) Polarity® Style
DGB8344 18-26.5 50 300 6 Cathode 315-001
DGB8345 18-26.5 50 300 6 Cathode 305-001
DGB8346 18-26.5 50 300 6 Cathode 296-001
DGB8444 18-26.5 100 550 6 Cathode 315-001
DGB8445 18-26.5 100 550 6 Cathode 305-001
DGB8446 18-26.5 100 550 6 Cathode 296-001
DGB8544 18-26.5 200 900 6 Cathode 315-001
DGB8545 18-26.5 200 900 6 Cathode 305-001
DGB8546 18-26.5 200 900 6 Cathode 296-001
DGB8644 18-26.5 300 1250 6 Cathode 315-001
DGB8645 18-26.5 300 1250 6 Cathode 305-001
DGB8646 18-26.5 300 1250 6 Cathode 296-001
DGB8744 18-26.5 400 1600 6 Cathode 315-001
DGB8745 18-26.5 400 1600 6 Cathode 305-001
DGB9244 FULLBAND 20 400 4-8 Cathode 315-001
18-26.5
DGB9245 FULLBAND 20 400 4-8 Cathode 305-001
18-26.5
DGB9246 FULLBAND 20 400 4-8 Cathode 296-001
18-26.5
DGB9344 FULLBAND 50 600 4-8 Cathode 315-001
18-26.5
DGB8345 FULLBAND 50 600 4-8 Cathode 305-001
18-26.5
DGB9346 FULLBAND 50 600 4-8 Cathode 296-001
18-26.5
DGB9444 FULLBAND 100 950 4-8 Cathode 315-001
18-26.5
DGB9445 FULLBAND 100 950 4-8 Cathode 305-001
18-26.5
DGB9446 FULLBAND 100 950 4-8 Cathode 296-001
18-26.5
DGBY544 FULLBAND 200 1250 4-8 Cathode 315-001
18-26.5
DGB9545 FULLBAND 200 1250 4-8 Cathode 305-001
18-26.5
DGB9546 FULLBAND 200 1250 4-8 Cathode 296-001
18-26.5
C.W. GUNN DEVICES FOR Ka-BAND (26.5-40 GHz)
Operating Operating
Specified Min. C.W. urrent Voltage
Frequency' Output?® Typical Typical Heat Sink Package
Type (GHz) (mW) (mA) V) Polarity® Style*
DGB8054 26.5-40 5 100 4 Anode 315-001
DGB8055 26.5-40 5 100 4 Anode 305-001
DGB8056 26.5-40 5 100 4 Anode 296-001
DGB8154 26.5-40 10 175 4 Anode 315-001
DGB8155 26.5-40 10 175 4 Anode 305-001
DGB8156 26.5-40 10 175 4 Anode 296-001
DGB8254 26.5-40 20 280 5 Cathode 315-001
DGB8255 26.5-40 20 280 5 Cathode 305-001
DGB8256 26.5-40 20 280 5 Cathode 296-001
DGB8354 26.5-35 50 380 5 Cathode 315-001
DGB8355 26.5-35 50 380 5 Cathode 305-001
DGB8356 26.5-40 50 380 5 Cathode 296-001
DGB8454 26.5-35 100 650 5 Cathode 315-001
DGB8455 26.5-35 100 650 5 Cathode 305-001
DGB8456 26.5-40 100 650 5 Cathode 296-001
DGB8554 26.5-35 150 950 5 Cathode 315-001
DGB8555 26.5-35 150 950 5 Cathode 305-001
DGB8556 26.5-40 150 950 5 Cathode 296-001
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Gunn Diodes

C.W. GUNN DEVICES FOR Ka-BAND (26.5-40 GHz) (cont.)

Operating Operating
Specified Min. C.W. urrent Voltage
Freg:ency‘ Output?® Typical Typical Heat Sink Pac
Type (GHz) (mWw) (mA) ) Polarity® Style'
DGB8654 26.5-35 200 1300 5 Cathode 315-001
DGB8655 26.5-35 200 1300 5 Cathode 305-001
DGB8656 26.5-40 200 1300 5 Cathode 296-001
DGB8754 26.5-35 225 1400 5 Cathode 315-001
DGB8755 26.5-35 225 1400 5 Cathode 305-001
DGB8756 26.5-40 225 1400 5 Cathode 296-001
DGB9254 FULLBAND 20 500 4-7 Cathode 315-001
26.5-35
DGB9255 FULLBAND 20 500 4-7 Cathode 305-001
26.5-35
DGB9256 FULLBAND 20 500 4-7 Cathode 296-001
26.5-40
DGB9354 FULLBAND 50 800 4-7 Cathode 315-001
26.5-35
DGB9355 FULLBAND 50 800 4-7 Cathode 305-001
26.5-35
DGB9356 FULLBAND 50 800 4-7 Cathode 296-001
26.5-40
C.W. GUNN DEVICES FOR U-BAND (40-60 GH2)
Operating Operating
Specified Min. C.W. urrent Voitage
Frequency' Output® ° Typical Typical Heat Sink Package
Type (GHz2) (mw) (mA) V) Polarity® Style*
DGB8064 40-50 5 140 3 Anode 315-001
DGB8065 40-50 5 140 3 Anode 305-001
DGB8066 40-60 5 140 3 Anode 296-001
DGB8164 40-50 10 250 3 Anode 315-001
DGB8165 40-50 10 250 3 Anode 305-001
DGB8166 40-60 10 250 3 Anode 286-001
DGB8266 40-60 20 400 4 Cathode 296-001
D(GB8366 40-60 50 600 4 Cathode 296-001
DGB8466 40-50 75 750 4 Cathode 296-001
DGB8566 40-50 100 950 4 Cathode 296-001
DGB8666 40-50 125 1100 4 Cathode 296-001
DGB8766 40-50 150 1300 4 Cathode 296-001
C.W. devices for 60-100 GHz are available. Consult
the factory for your specific requirement. For exam-
ple:
DGB8076 94GHz 5 600 4 Cathode 296-001
DGB8176 94GHz 10 750 4 Cathode 296-001
DGB8276 94GHz 15 900 4 Cathode 296-001
DGB8376 94GHz 20 950 4 Cathode 296-001
Notes:

1. The required operating frequency (or in the case of wide band types, the frequency range) must be specified when ordering. The specification of any unnecessarily
wide frequency range will result in unnecessary expenditure.

2. The power output is measured at a single frequency (except for wide band units) in a critically coupled Alpha test cavity at 25°C. Alpha may agree to undertake special
testing in a customer cavity if required.

3. The standard catalog range of Alpha Gunn devices are tested under C.W. conditions. For certain pulse applications, alternative device types are available. Consult the
factory.

4. Alternative package styles are available and should be requested as specials at the time of ordering.

5. Devices with cathode heat sink are burned in for 24 hours as standard.
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Gunn Diodes

Absolute Maximum
Ratings

Operating Temperature
—40°Cto +85°C for standard types

Storage Temperature
—55°Cto +100°C

Operating Voltage
Eachdiode isindividually rated by Alpha with respect
to operating voltage. Application of bias voltage in
excess of this value may lead to a degradation in per-
formance.

Gunn Device Packages

Several different package types are offered to suit dif-
ferent requirements.

Thermal Resistance. In general, unless the pack-
age heat sink is to be soldered into position, the lowest
thermal resistance is offered by the package styles
which incorporate threaded heat sink. However, for
lower power applications and particularly where prod-
uct assembly time must be minimized, a package with
a plain pin heat sink such as the 023-001 will be pre-
ferred.

Frequency Band. Each package style necessarily
incorporates certain parasitic reactances (see Figure 1).
In general, the magnitude of these reactances is
reduced with the choice of a smaller package type.
Hence the more robust, larger, package styles are nor-
mally specified for operation in the lower frequency
bands. The smaller, lower parasitic reactance types are
used for the higher frequency bands.

Magnetically Tuned Circuits. For applications
involving YIG tuned oscillators the user should bear in
mindthatthe package types 023-001, 158-001, and 188-
001 have Kovar in their construction. These are there-
fore not suitable for Y1G tuned oscillator applications.

Application Notes

Gunn devices act as converters of DC to microwave
energy using the negative resistance characteristics of
bulk gallium arsenide. The cavities in which these
devices are operated often appear deceptively simple.
It should be the aim of the cavity designer not merely to
design a cavity which enables the Gunn device to oper-
ate to the designer’s specifications, but the designer
should also aim to produce a cavity which will operate
just as successfully with other devices from the same
manufacturing batch and indeed other batches of
devices. Generally, most oscillators are best designed
with some sort of adjustable matching element to facil-
itate this. Successful Gunn oscillator designs require the
understanding of device operation and microwave cir-
cuit theory, together with experience and a willingness
to experiment. For example, the negative resistance of
aGunn device is not restricted to a single frequency, but

exists over a band of frequencies when a suitable bias
voltage is applied. These devices are therefore capable
of producing oscillations in the bias circuit in the VHF
range which are normally suppressed by a suitable
choice of bias line impedance. Normally a relatively low
impedance quasi constant voltage source is used
together with a capacitor (typically 0.047 uF) connected
directly across the terminal of the microwave cavity from
the bias line to cavity ground. The design of the micro-
wave circuit can significantly affect the susceptibility of
a unit to bias circuit oscillations and also significantly
influence the diode turn on voltage. (The turnon voltage
V... is the voltage at which the device produces single
frequency microwave power free from bias circuit oscil-
lations and at a frequency which can be pushed without
discontinuity to the operating frequency at the operating
voltage V,, merely by increasing the bias fromV, , to V,.)

As shownin Figure 2, at the threshold voltage the cur-
rent drain is at a maximum. Typically, the threshold
current |, may be expected to be 30% more than the
operating current ;. In addition, both I, and |, increase
as the temperature is decreased and therefore power
supplies should be designed with this in mind. ltis also
desirable that the Gunn oscillator power supply should
have a low ripple content, particularly if the application
requires the oscillator to have good noise performance.
Power supply ripple will, in general, degrade the inherent
AM and FM noise performance of the Gunn oscillator.

Care must be taken to ensure that the packaged
diodes are provided with an adequate heat sink so that
the temperature rise of the package above the heat sink
is limited to only a few °C.

The equivalentcircuit of the packaged diode is shown
in Figure 1. The Gunn device chip may be represented
as a negative resistance in parallel with a capacitance
and a small positive resistance in series with these.
Additionally, when incorporated into a package struc-
ture of whatever type, a seriesinductance and a parallel
capacitative reactance are introduced. In general, the
magnitude of these parasitic reactances is reduced with
the choice of a smaller package. Hence, although the
larger package types are offered in the lower frequency
bands, higher frequency diodes are only available inthe
smaller lower parasitic reactance packages.

Typical curves showing the general characteristics of
Gunn devices operated in various cavities and at var-
ious frequencies are shown in Figures 210 8.

Gunn Oscillators

Alpha’s Semiconductor Division also designs and
manufactures a range of oscillator products incorporat-
ing Alpha Gunn devices.

Standard products include fixed frequency and tune-
able oscillators and modules designed for use in micro-
wave motion detection systems.

Inquiries are also invited for oscillator products notin
our standard range.
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Gunn Diodes
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C.W. Motion Detector Module

Features

e LowCost

High Reliability

High Sensitivity

Designed to Meet FCC Regulations
Low Voltage Operation

¢ Low Current

Type

e GOS2580
Description

The Alpha Industries Type GOS2580 Motion Detec-
tor Module is a microwave transmit and receive unit
which is designed for motion sensing and speed mea-
surement applications. Through the use of the Doppler
shift principle, an audio output is obtained whose fre-
quency is proportional to the velocity of the target
towards or away from the module.

The module features both low cost and high reliability
construction.

The Type GOS2580 Motion Detector Module incor-
porates an Alpha Industries Gunn diode mounted in a
waveguide cavity which acts as the transmitter and local
oscillator, together with an Alpha Schottky barrier mixer
diode for the receiver.

This module is designed to meet FCC requirements.

Applications

The Alpha Industries Type GOS2580 Motion Detec-
tor Module is designed for application in the fields of
motion detection and speed sensing including:

Intrusion Alarms

Automatic Door Openers

Speed and Rotation Measurement Systems
Obstruction Warning Systems

Contactless Vibration Measurement
Counting/Process Control

Traffic Signal Actuators

Automatic lllumination Systems

Electrical Characteristics
at 25°C

TRANSMITTER

Frequency ...........cc.... fixed, in range 9.47-10.7 GHz

Power Output .................... 5mW Min. 10.4-10.7 GHz
4mW Min. 9.47-10.4 GHz

Operating Voltage ....... + 8V (Cavity ground negative)

OperatingCurrent ..........cccoeiiininneens 80mA Typical

U.S.A. operation 10.525 GHz — The module is
designed to meet FCC regulations in respect of fre-
quency, power output, frequency stability, harmonic and
Spurious emissions.

Other countries — Special versions exist for opera-
tion at frequencies in the range 9.47 - 10.7 GHz to meet
alternative frequency allocation requirements.

RECEIVER
The receiver sensitivity will depend upon the IF band-
width chosen.
Sensitivity in an IF
Bandwidth 1 Hzto

TOKHZ .o — 100 dBc Typical
Noise for an IF Band-
width 1Hzto 10KHz ..., 10 uV Max

ENVIRONMENTAL CHARACTERISTICS
Operating Temperature Range —401t0 +70°C

The module is unaffected by the presence of mag-
netic fields.
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C.W. Motion Detector Module

MECHANICAL CHARACTERISTICS
Transmitter Bias Input Connector ............... Solder pin

Receiver IF Output Connector
Microwave Output

................... Solder pin
...................... Mates with standard

UG39/U style flanges.

GOS 2580 Operational Schematic

+8vV

BIAS

ANTENNA

TARGET

T

|F AMPLIFIER

Microwave Motion Detector Module

Notes:

1.

The module is supplied with a capacitor fitted
between the Gunn bias terminal and ground to sup-
press bias circuit oscillations.

. The mixer output terminal is fitted with a 12KQ load

resistor. This module has been designed to feed an
IF amplifier system incorporating a D.C. blocking
capacitor.

. Themoduleis supplied with a shorting link across the

mixer to protect it from the effects of static charge.
This shorting link should be left in position until after
all wiring assembly work is complete.

. For a transmitter frequency of 10.525 GHz the Dop-

pler frequency obtained is 31.39 Hz for each mile per
hour of radial velocity (i.e., velocity towards or away
from the transmitting antenna).

5. The detection range obtained will depend on the size

and reflectivity of the target, the signal to noise ratio
required and the antenna gain.

6. The motion detector module mates with standard

UG39/U flange fittings. Thus, many antenna types
may be used with this module. For long range appli-
cations, a high gain antenna will be preferred, while
for volume protection where alarge angular coverage
is needed, a low gain antenna will be fitted as
required.

Note that for some applications it may not be neces-
sary to fit a separate antenna.

7. The transmitter frequency is factory preset. The

required operating frequency must be specified when
ordering.

Outline Drawing
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Low Current Drain

C.W. Motion Detector Module

Features

Very Low Current Drain

Low Cost

High Reliability

High Sensitivity

Designed to Meet FCC Regulations
Low Voltage Operation

Type

s GOS2583

Description

The Alpha Industries Type GOS2583 Motion Detec-
tor Module is a microwave transmit and receive unit
which is designed for motion sensing and speed mea-
surement applications. Through the use of the Doppler
shift principle, an audio output is obtained whose fre-
quency is proportional to the velocity of the target
towards or away from the module.

The module features both low cost and high reliability
construction.

The Type GOS2583 Motion Detector Module incor-
porates an Alpha Industries Gunn diode mounted in a
waveguide cavity which acts as the transmitter and local
oscillator, together with an Aipha Schottky barrier mixer
diode for the receiver.

This module is designed to meet FCC requirements.

Applications

The Alpha Industries Type GOS2583 Motion Detec-
tor Module is designed for application in the fields of
motion detection and speed sensing including:

Intrusion Alarms

Automatic Door Openers

Speed and Rotation Measurement Systems
Obstruction Warning Systems

Contactless Vibration Measurement
Counting/Process Control

Traffic Signal Actuators

Automatic lllumination Systems

Electrical Characteristics
at 25°C

TRANSMITTER

Frequency ..........c..c.c.... fixed, in range 10.4-10.7 GHz
Power Output ................. 2.5mW Min. 10.4-10.7 GHz
Operating Voltage ....... + 8V (Cavity ground negative)
Operating Current ......c..o.coceeeiiiiiiinninne 40mA Typical

U.S.A. operation 10.525 GHz — The module is
designed to meet FCC regulations in respect of fre-
quency, power output, frequency stability, harmonic and
spurious emissions.

Other countries — Special versions exist for opera-
tion at frequencies in the range 10.4 — 10.7 GHz to meet
alternative frequency allocation requirements.

RECEIVER
The receiver sensitivity will depend upon the IF band-
width chosen.

Sensitivity in an IF
Bandwidth 1 Hz to

T0OKHZ .o — 97 dBc Typical
Noise for an IF Band-

width1 Hzto 10KHz ..., 10 pV Max.
ENVIRONMENTAL CHARACTERISTICS

Operating Temperature Range ........... —40to +70°C

The module is unaffected by the presence of mag-
netic fields.
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Low Current Drain
C.W. Motion Detector Module

MECHANICAL CHARACTERISTICS

Transmitter Bias Input Connector
Receiver IF Output Connector
Microwave Output

Solder pin
Solder pin
...................... Mates with standard

UG39/U style flanges.

G0OS2583 Operational Schematic

+8V

BIAS

ANTENNA

|
|
|
|
|
i TARGET
|
I
!
|

IF AMPLIFIER

Microwave Motion Detector Module

Notes:

1

. The module is supplied with a capacitor fitted

between the Gunn bias terminal and ground to sup-
press bias circuit oscillations.

. The mixer output terminal is fitted with a 12KQ load

resistor. This module has been designed to feed an
IF amplifier system incorporating a D.C. blocking
capacitor.

. The module is supplied with ashortinglink across the

mixer to protect it from the effects of static charge.
This shorting link should be left in position until after
all wiring assembly work is complete.

. For a transmitter frequency of 10.525 GHz the Dop-

pler frequency obtained is 31.39 Hz for each mile per
hour of radial velocity (i.e., velocity towards or away
from the transmitting antenna).

5. The detection range obtained will depend on the size

and reflectivity of the target, the signal to noise ratio
required and the antenna gain.

6. The motion detector module mates with standard

UG39/U flange fittings. Thus, many antenna types
may be used with this module. For long range appli-
cations, a high gain antenna will be preferred, while
for volume protection where a large angular coverage
is needed, a low gain antenna will be fitted as
required.
Note that for some applications it may not be neces-
sary to fit a separate antenna.

. The transmitter frequency is factory preset. The
required operating frequency must be specified when
ordering.

Outline Drawing
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Pulsed Motion Detector Modules

Features

Very Low Average Current Drain
Low Cost

High Reliability

High Sensitivity

Designed to Meet FCC Regulations
Low Voltage Operation

Types

¢ GOS2581

e GOS2579 (with Integral Pulse Modulator)

e G0OS2578 (with Integral Pulse Modulator and Signal
Processing)

Description

The Alpha Industries Type GOS2581 Pulsed Motion
Detector Module is a microwave transmit and receive
unit which is designed for motion sensing and speed
measurement applications. Throughthe use of the Dop-
pler shift principle, an audio output is obtained whose
frequency is proportional to the velocity of the target
towards or away from the module.

The module features both low cost and high reliability
construction.

The Type GOS2581 Motion Detector Module incor-
porates an Alpha Industries Gunn diode mounted in a
waveguide cavity which acts as the transmitter and local
oscillator, together with an Alpha Schottky barrier mixer
diode for the receiver.

The Type GOS2579 module combines a GOS2581
pulsed motion detector module with an integral pulse
modulator for driving the transmitter.

The Type GOS2578 module combines a GOS2581
pulsed motion detector together with an integral pulse
modulator and signal processing circuits with both
sample and hold and amplification functions.

These modules are designed to meet FCC require-
ments.

Applications

The Alpha Industries GOS2581, G0OS2578,
G0S2579 Pulsed Motion Detector Modules are
designed for application in the fields of motion detection
and speed sensing including:

Intrusion Alarms

Automatic Door Openers

Speed and Rotation Measurement Systems
Obstruction Warning Systems

Contactless Vibration Measurement
Counting/Process Control

Traffic Signal Actuators

Automatic illumination Systems

GOS2581 Electrical
Characteristics at 25°C

TRANSMITTER (for 1% duty cycle)

Frequency Fixed, in Range 9.47-10.7 GHz

Power Output Peak ........... 9 mW Min. 10.4-10.7 GHz
6 mW Min. 9.47-10.4 GHz

Operating Voltage (pulsed) . + 9V (8 V Also Available)

Polarity .......cccccovrenireiiiinnnnn. Cavity Ground Negative
Pulse Width ..o 20ps Typical
DUty CyCle ..ovvieieecreecee e 1% Typical

(A wide range of pulse widths and duty cycles may be
used.)

Operating Current
(average for 1% duty cycle) ................. 1.3 mA Typical
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Pulsed Motion Detector Modules

U.S.A. operation 10.525 GHz — The module is
designed to meet FCC regulations in respect of fre-
quency, power output, frequency stability, harmonic and
spurious emissions.

Other countries — Special versions exist for opera-
tion at frequencies in the range 9.47 - 10.7 GHz to meet
alternative frequency allocation requirements.

RECEIVER
The receiver sensitivity will depend upon the IF band-
width chosen.

Sensitivity in an IF

Bandwidth1 Hzto 10KHz ............... — 95 dBc Typical
Noise for an IF bandwidth
THzZtO10KHZ ... 10 pV Max

ENVIRONMENTAL CHARACTERISTICS

Operating Temperature Range —30to +70°C
The module is unaffected by the presence of mag-

netic fields.

MECHANICAL CHARACTERISTICS

Notes:

1. The mixer output terminal is fitted with a 12KQ load
resistor. This module has been designed to feed an
IF amplifier system incorporating a D.C. block.

. The module is supplied with ashorting link across the
mixer to protect it from the effects of static charge.
This shorting link should be left in position until after
all wiring assembly work is complete.

. For a transmitter frequency of 10.525 GHz the
Doppler frequency obtained is 31.39 Hz foreach mile
per hour of radial velocity (i.e., velocity towards or
away from the transmitting antenna).

. The detection range obtained will depend on the size
and reflectivity of the target, the signal to noise ratio
required and the antenna gain.

. The motion detector module mates with standard
UG39/U flange fittings. Thus, many antenna types
may be used with this module. For long range
applications, a high gain antenna will be preferred,
while for volume protection where a large angular
coverage is needed, a low gain antenna will be fitted
as required.

Note that for some applications it may not be

Transmitter Bias input Connector ............... Solder pin necessary to fit a separate antenna.
Receiver IF Output Connector ................... Solder pin 6. The transmitter frequency is factory preset. The
Microwave Output ...................... Mates with standard required operating frequency must be specified when
UG39/U Style Flanges. ordering.
Outli wi
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Microwave Sensor Module Type MSM10000

Features

e FCC Certified

» Detects Both Metallic and Non-Metallic Objects
¢ High Sensitivity — Range Up To 8 Feet

¢ Can Be Adjusted To “See Through” Some Materials
* Narrow Detection Beam

¢ Unaffected By Ambient Contaminants

¢ Complete Signal Conditioning Circuitry

¢ All Solid State For Maximum Reliability

* Wide Input Voltage Range

¢ High Electrical Noise Rejection

* Extremely Low Power Consumption

* Wide Operating Temperature Range

* Rugged Construction

¢ Plug-In Module

H H Rugged construction, wide supply range, high elec-

D escri p t’ on trical noise immunity, wide operating temperature range

The MSM10000 module contains a microwave trans- and contaminant rejection make this module ideal for
mitter/receiver and signal conditioning electronics for use in industrial environments.
non-contact motion sensing. The MSM10000 module is designed for ease of incor-

The microwave portion of the unit incorporates a poration in standard industrial enclosures. The horn
Gunn diode mounted in waveguide cavity which acts as antenna is protected by a window to seal out contami-
both a transmitter and receiver. The output of this oscil- nants. The unit plugs into a standard printed circuit
lator is focused by an integral horn antenna into a nar- board connector and is secured by four mounting
row beam and any object moving throughthisbeamcan screws on the antenna flange. In addition, mounting
be detected. The microwave energy is virtually unaf- ears are provided on the rear of the module for guide
fected by dirt, grease, or other contaminants, making pins.
the unit suitable for use in industrial environments with . - .
a minimum of maintenance. Typ’cal A ppl'cat’ons

The signal conditioning circuitry contains the power Parts Counting
supply, amplifiers, comparator, hold-off and output Process Control

switch to drive the oscillator and convert the detected
output into a useful control signal. The power supply
allows the module to operate with a wide range of input
voltages and provides the high electrical noise rejection
required by the industrial environment. The amplifier
and comparator sections convert the detected low level
outputto a useable signal. The sensitivity of this section
is controlled by a single external potentiometer so that
objects of various sizes, densities and ranges from the
transmitter can be selectively detected. It is possible to
detect, for example, whether a metallic object is in a
cardboard box or not. The hold-off circuitry allows
adjustment of the length of the output pulse with one
external potentiometer. This regulates the time between
output signals and is used to eliminate multiple signals
from one object. The output driver is a solid state switch
to ground which is short circuit protected.

The input voltage range and extremely low current
requirements allow great flexibility of use. Simple power
supplies, connection to existing supplies, or two-wire
supply/output connections are possible.

Container Fill Monitoring

Die Ejection Monitoring
Obstruction Warning Systems
Automatic Door Openers
Intrusion Alarms

Limit Switch
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Microwave Sensor Module Type MSM10000

ELECTRICAL SPECIFICATIONS
input Voltage + 1410 + 26 Volts
Operating Current 500 Microamperes Max.
350 Microamperes Typ.
Frequency 10.525 GHz +/-25 MHz
Control Output OFF +60Vdc Max. @ 10pA
ON 2.5V Max. @ 500 mA
Comparator Output  OFF + 10V Min. @ 100 pA
ON + .5V Max. @ 100 pA
Analog Output Nom. +7V
Bandwidth 1-15Hz
Sensitivity *Depends on density, size, and
distance to detected object
Hold-Off 50msto 1 sec.
Warm-Up Time 15 Sec. Max. after application of
power.
Beamwidth 11 x 18 Degrees (- 3dB)
FCC Regulations This module meets FCC regu-

Mating Connector

lations with respect to fre-
quency, power output, stability,
harmonic and spurious emis-
sions.

Amphenol
225-20621-4-01(117) or equiva-
lent. (See Figure 1 for PIN des-
ignations)

MECHANICAL SPECIFICATIONS

Operating
Temperature Range
Weight

Dimensions

Humidity
Construction

Mounting

—40to + 85 Degrees Celcius
11b.

3.25" x 3.25" x 4.25"

(See Outline — Drawing

Figure 2)

0 to 95% Relative

Body — Cast Aluminum

PC BD — FR4 Epoxy Glass
Window — Lexan (TM)

4 — 150" Holes In Corners Of
Flange

2 —.125" Holes In Brackets On
Rear

(See Figure 12 and Figure 13)

*Please contact the plant for further information

1470 287
¥int +11.6V TEST POINT

[ ) S

|

|

! POWER

! |neauLaton ’ .
i | s FUTER T
Vig-

) :

Block Diagram
MSM 10000

HOLD OFF

i1

1 MEGOHM

VIN*

M@ |-z
° ol
S

Ne @
® (@|coMPaRaTon

ouTPUT
o' |@ @ OUT:UT

CONNECTOR:
AMPHENOL

225-20621-4-01 (117)
(OR EQUIVALENT

SENSITIVITY

AU1 MEGOHM

Figure 1 PIN Connections

SIDE VIEW BACK

-l 812

125

o

TOP VIEW

Figure 2. Mechanical Outline
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Microwave Sensor Module Type MSM10000

Application Notes

EXTERNAL COMPONENTS

Control Potentiometers

The MSM1000 module is easily incorporated in
control systems with a minimum of external compo-
nents. Only two potentiometers are necessary for
basic operation. One of these controls the sensitivity
of the unit and the other controls the hold-off time
(length of output pulse). Both of these potentiome-
ters can be 1 megohm, industrial quality devices and
should be mounted as close as possible to the con-
nector to minimize noise interference. if it is neces-
saryto locate them more than 4 inches from the mod-
ule, then the leads should be shielded.

Sensitivity Adjustment

The sensitivity adjustment allows a wide range of
objects to be detected. This control can be easily
adjusted to the minimum level necessary to see the
object, so that spurious detections will not occur. In
some cases, such as detecting objects inside con-
tainers, this adjustment may be critical. In these
applications, a multiturn potentiometer or a fixed
resistor in series with a lower value pot may be used
to make the adjustment easier (see Figure 3). The
value of this potentiometer can be between 10
kilohms and 5 megohms although values higher than
1 megohm will cause an increase in turn-on time.

Hold-off Adjustment

The hold-off circuitry effectively stretches the out-
put pulse lengthto eliminate multiple signals fromone
object. This is a retriggerable delay which is variable
between 100 milliseconds minimum and 1 second
maximum by means of the hold-off potentiometer. If
it is necessary to increase this time, an external
capacitor can be added between pins 7 & 2 on the
module connector (see figure 4). This capacitor
should not exceed 100 microfarads. To decrease the
minimum hold-off time an external resistor can be
added between pins 3 & 4 on the module connector
(see Figure 4). This resistor should not be less than
10 kilohms minimum.

POWER SUPPLY AND OUTPUT
CONFIGURATIONS

Power Supply

The MSM10000 module is designed to operate
with a wide range of input voltages (14 to 26 volts dc)
and low current (500 microamperes). Filters and reg-
ulatorsinthe module reduce the requirements on the
external power source and allow simple power sup-
plies to be used. The design of the circuitry maxi-
mizes the rejection of electrical noise found in the
industrial environment. Therefore, any existing DC
supply which meets the voltage range can be used

HOLD-OFF

SELECT TO CENTER
ADJUSTMENT AROUND

Ra { RANGE DESIRED
I Ry +RA +R2 = 10K TO SMEG

Figure 3. Reducing Sensitivity Adjustment Range

.
ADD RESISTOR | vin l
(10 KOHM MIN.)
TO DECREASE $ é
MINIMUM Cj 4 ADD CAPACITOR (1004t MAX) TO
HOLD-OFF TIME + INCREASE MAXIMUM HOLD-OFF TIME
0) @._
>
HOLD-OFF 2':"56 ® &1
@
10
SENSITVITY |1MEG ? QIP
= +
OUTPUT

Figure 4. Varying Maximum — Minimum Hold-Off
Times

with minimal loading by the module. If it is not feasi-
ble to use such a source, a simple supply such as is
shown in Figure 5 is sufficient to power the module.
Here, only a transformer supplying 12.6 to 15 VAC
and a single rectifier are necessary since the module
itself provides the filtering required.

Turn-on Time
The unit requires up to 15 seconds to stabilize after
the application of power. Objects passing through the
beam will not be detected during this time and all sig-
nals from the module should be ignored.

Output Configurations
Figure 5 shows the module driving a relay in an
external device. Note, that in this case, a diode must
be placed across the relay to eliminate inductive volt-
age spikes when the relay turns off. This relay may
be of any size as long as the coil current does not
exceed 0.5 ampere.
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Microwave Sensor Module Type MSM10000

In some applications, it is desirable to electrically
isolate the module from the control system. Figure 6
shows such a connection. Here an external filter
capacitor must be added to the power supply to

account for the increased current drawn by the opti- Mdoor ‘

cal isolator. JJ—"%“&:}HE ri-vovac “y L
Figure 7 shows a two-wire system where the same < ; x_}

wires are used to supply power to the unit and to ﬂﬂ};———w

transmit the output. When nothingis being detected, Ty i =

the current drawn by the module is insufficienttoturn E -

on the optical isolator. When an object is detected,
however, the output turns on drawing more current
through resistor R1. The value of this resistor should

be chosen so that the extra current will turn on the
optical isolator and trigger the control logic. This . .
technique minimizes tgh% wire runs necegssary to  Figure5. Simple Power Supply
install the modules in a control system.

Figure 8 shows the module being used as the
detector head for a counter. The low current require-
ment of the module makes it feasible to operate from

two 9 volt batteries. The counter/display driver is
made by Intersil Inc. (part number ICM72241PL) and
the display is a liquid crystal type made by AND Inc.

(part number FE0206). oot y é'
comparator OUtPUt 50-60 Nz:}“{;;-HVAC wou ; ' Y LOGIC
The comparator output from pin 9 of the module )°PT5°°U=LE"
connector is a high level (11V) if nothing is being o )
detected, and a low level if the detection threshold is ‘E{ L

exceeded. This output precedes the hold-off cir-
cuitry, (see block diagram) and, therefore, can gen- *
erate multiple triggers for each object detected. The
output is driven from a CMOS gate and should be
buffered if the designer intends to use this output.

Analog Output Figure 6. Isolated System
The analog output is taken from the amplifier
stages before the comparator (see block diagram).
This output has a nominal value of + 7V and a max-
imum swing of 10V peak to peak, depending on the
detected input. It will also exhibit some drift with tem-

perature and operating conditions which are com-
pensated by the comparator circuitry, so that if the
designer intends to use this output, AC coupling is .
recommended. The ampilifier is capable of driving a 1O +a8y

10 kilohm load with no degradation in performance, % 10 t0aic
but care should be taken to shield the ieads to avoid )

noise coupling.

OPTOCOUPLER

+ 11.5 Volt Test Point
The + 11.5 volttest pointis used for test purposes
and for decreasing the minimum hold-off time only.
It should not be used as a power source for external
circuitry in the system since this may seriously

—F
ple

i

degrade the regulation and noise rejection of the

module. Figure 7. 2-Wire System
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Microwave Sensor Module Type MSM10000

MICROWAVE RADIATION PATTERN &
SENSITIVITY

Radiation Pattern 2- 9V BATTERIES
The radiation pattern from the MSM10000 module
is shown in Figures 9 & 10. Note that the pattern has

a narrower beam in the horizontal plane than in the % 7

vertical. This allows the designer some flexibility in 5{:";99 " DISPLAY DRNVER

the application of the unit. If it is necessary to detect % G

small objects on a conveyer belt, the module should e 5;-" ResEr

be mounted so that they pass horizontally through
the beam. If wider coverage is necessary, for exam-
ple in a door opener application, the module should
be rotated 90 degrees so that the objects encounter
the wider pattern. .

To eliminate false triggering, an object which has Figure 8. Battery Powered Counter
been detected must have left the beam before the
next object enters it. This limits the effective spacing
between objects to 2 inches minimum.

The microwave energy will be reflected by most
materials which have a density greater than air. As
the density decreases, however, an object becomes
more and more difficult to detect. Foam materials and
paper, for example, may require the maximum gain
setting, while metal objects will require much less
sensitivity. An advantage of this is that some objects
may be detected inside cardboard and foam ship-
ping containers as a final check before shipment. In
effect, the detector can ““see-through” the box. This
effect may be used to count parts traveling through
a plastic shute or, depending on the density, liquid in
a plastic pipe without any physical contact.

The sensor module depends on motion through
the radiation pattern for operation and, therefore, is
rate dependent. The maximum rate has been set by
the amplifier bandwidth at 10 objects/second. In most
cases, this will be sufficient since it is very difficult to
move an object 2 inches (the beam width) in 1/10 of
a second. The minimum rate is, normally, not a con-
cern because some edge or irregularity of an object
will cause a detected frequency component in the
amplifier bandwidth. This minimum rate does, how-
ever, allow the module to reject stationary walls and
frameworks.

Because the sensoris amotion detector, care must
be exercised in the mounting of the module so that
vibration of the unit does not cause false outputs. If
the unit is allowed to vibrate and the beam is being 18°
reflected from a stationary object, the module will
detect this as movement in its field. In many appli-
cations, this response can be corrected by reducing
the sensitivity control, but in some situations vibra-
tion damping mountings may be necessary.

Aithough the unit has a limited range, in some
crowded factory environments the unit may false trig-
ger on objects beyond the intended target range. In
this case, an absorptive shield should be used. Con-
ductive foam, such as is made by the 3M company,
is recommended for this application. Other absorb-
ers made specifically for microwave applications are Figure 10. Beam Pattern — Vertical

Figure 9. Beam Pattern — Horizontal
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Microwave Sensor Module Type MSM10000

available from companies such as Emerson and
Cummings. Metal sheeting could be used also for
this shield but will be much more susceptible to vibra-
tionsinceitwill actas a reflector and not an absorber.

or misuse. The warranties stated herein are in lieu of
all other warranties expressed or implied, and Alpha
neither assumes nor authorizes another person to
assume for it any other liability. Alpha shall not be lia-

ble for special or consequential damages of any
nature with respect to any products or services sold

FCC REGULATIONS or rendered hereunder.
Qualification
The Federal Communications Commission
imposes strict requirements on radiating sources g v

such as the MSM10000. This unit is tested to and
meets these requirements, which include operating
frequency and stability, harmonic and spurious gen-
eration and power output. Any external guides or
windows placedin front ofthe antennaorany change
in the antenna itself will require re-evaluation with
respect to these requirements. The MSM10000
module has been designed, therefore, to be mounted

with antenna output on the OUTSIDE of any enclo- B o | II°
sure which the OEM user may add, and the radiation S
pattern has been optimized for use in the majority of

[} [

applications. Any customer-requested changes will
require a lengthy requalification process.

MOUNTING CONFIGURATION Figure 11. Mounting Example

The MSM10000 module is designed to allow the
maximum flexibility in mounting configurations. ltcan
be easily removed for servicing if required from the
outside of its protective box. An example is shown in
Figure 11. Here the MSM 10000 is inserted from the
outside of the box, the printed circuit board plugged
into the mating connector on a mother board which
contains the power supply and control potentiome- l
ters, and is bolted to the face of the box with 4 #6-32 ;
UNC-2B screws through the antenna flange. Guide l
pins onthe mother board supportthe rear ofthe mod- ®
ule or #4-40 UNC-2B screws may be used. The box e 2055 — |
shown is a standard oil tight JIC box manufac- DRILL & TAP
tured by HOFFMAN ENGINEERING Co. (part s-32 UNC
#AB6044CH). Figure 12 shows the recommended
panel opening and Figure 13 shows the location of
the rear mounting holes.

F 2878 — ™

‘ 2.625

®——

Figure 12. Panel Cut-Out

WARRANTY
Alpha warrants that the products delivered here-
under will be in substantial conformity with the spec-

ifications and will be free of defects in material and —» 812 R
workmanship. Alpha’s obligation under this warranty -——— e —
shall be limited to (at its option) repairing, replacing, [fl |

or granting a credit at the prices invoiced at the time

of shipment for any modules which shall within 90 211;?_ R:':AES

days after shipment be returned to the factory of ori-
gin, transportation charges prepaid, which are deter-
mined to Alpha’s satisfaction to be defective. This
warranty shall not apply to any modules which have
been repaired or altered, except by Alpha, or which
have been subjected to physical or electrical abuse

Figure 13. Rear Mounting Holes
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Low Cost C.W. X-Band Gunn Oscillator

Features

e Low Cost

+ High Reliability

¢ Low Voltage Operation

Range of Power Levels Available

Types
o GOS2572, 2573, 2574
s GOS2575, 2576, 2577

Description

The Alpha Industries GOS2572, 2573 and 2574 are
very low cost fixed frequency X-Band oscillators. These
incorporate an Alpha Industries non-flip Gunn device
mounted in a waveguide cavity. These oscillators are
significantly decoupled forimproved frequency stability
and immunity to the effects of load mismatch. A har-
monic suppression circuit is incorporated so that FCC
requirements may be met with an appropriate antenna.

The GOS2575, 2576 and 2577 fixed frequency X-
Band oscillators incorporate an Alpha industries flip
Gunn device mounted in a waveguide cavity. These
should be used where the power output of the GOS2574
is insufficient. This series of oscillators is also decou-

Applications

Automatic Door Opener

Speed and Rotation Measurement
Obstruction Warning

Contactless Vibration Measurement
Counting and Process Control
Automatic lllumination

Receiver Local Oscillator
Transmitters

ENVIRONMENTAL CHARACTERISTICS
Operating Temperature Range ........... —40to +70°C
The cavity body finish is a chromate passivation.

MECHANICAL CHARACTERISTICS

pled for improved frequency stability and immunity to Bias Input Connector ............cccocvvviienicenenn. Solder Pin
the effects of load mismatch. Microwave Output .........ccoceeeee. Mates with standard
UG39/U style flange
Electrical Characteristics
Type Number GOS2572 GOS2573 GOS2574 GOS2575 GOS2576 GOS2577
Frequency GHz
(see note 1) 10.525 10.525 10.525 10.525 10.525 10.525
| Power Output (mW Min.) | 5 | 10 | 20 l 50 | 75 | 100 |
t Operating Current r ' * ’ ' / '
mA typical 60 100 170 300 400 500
‘ Operating Voltage \ ‘ ‘ ‘ ’ l ‘
V typical 8 8 8 10 10 10
l Bias Polarity ‘ positive I positive l positive . positive l positive | positive |

Note:

1. The frequency is preset at the factory. Other frequencies are available, please inquire.
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Low Cost C.W. X-Band Gunn Oscillator

Outline Drawing
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Features

Very Low Average Current Drain
High Reliability

Low Voltage Operation

Range of Power Levels Available
Designed to Meet FCC Regulations

Types

e G0S2569, 2570, 2571, 2584, & 2585
* G0OS2566, 2567, 2568, 2586, & 2587
(with Integral Pulse Modulator)

(GOS 2569, 2570, 2571, 2584 and 2585, respectively)
together with a pulse modulator for driving the Gunn
device.

Applications

Descrlpt’on * Automatic Door Opener
. ¢ Obstruction Warning

The Alpha Industries GOS2569, and GOS2570 are e Counting and Process Control
very low cost pulsed X-Band oscillators. These incor- ¢ Automatic lllumination
porate an Alpha Industries non-flip Gunn device e Transmitters
mounted in a waveguide cavity. These oscillators are e Security System Fences
significantly decoupled for improved frequency stability « Distance Measurement
and immunity to the effects of load mismatch. A har- e Radar

monic suppression circuit is incorporated so that FCC
requirements may be met with an appropriate choice of
pulse width, duty cycle, and antenna.

MECHANICAL CHARACTERISTICS

The GOS2571, 2584 and 2685 fixed frequency X- Bias Input Connector .........cc.cceeeeiinieennenne. Solder Pin
Band pulsed oscillatorsincorporate an Alpha Industries Microwave Qutput ...........c....c.... Mates with Standard
flip Gunn device mounted in a waveguide cavity. These UG39/U style flange

should be used where the power output of the GOS 2570
is insufficient. This series of oscillators is also decou-
pled for improved frequency stability and immunity to
the effects of load mismatch.

The GOS2566, 2567, 2568, 2586 and 2587 pulsed
X-Band sources combine a pulsed Gunn oscillator

ENVIRONMENTAL CHARACTERISTICS
Operating Temperature Range ........... - 20to +70°C
The cavity body finish is a chromate passivation.

Electrical Characteristics

Type Number GOS2569 GOS2570 GOS2571 GO0S2584 GO0S2585
Frequency GHz

(see note 1) 10.525 10.525 10.525 10.525 10.525
Power Output (mW Min.) 10 20 50 100 200
Pulse Width (typical)

uS (see Note 2) 10 10 10 10 10
Duty Cycle (typical)

(see Note 2) 1% 1% 1% 1% 1%
Operating Current (ave. for

1% duty cycle) typ.mA 1.0 1.4 2.2 4.0 8.0
Operating Voltage pulsed V 9 (8 also available) 9(8 also available) 10-14 10-14 10-14
Bias Polarity positive positive positive positive positive

Note:

1. The frequency is preset at the factory. Other frequencies are available, please inquire

2. A wide range of pulse widths and duty cycles may be used.
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Low Cost Pulsed X-Band Gunn Oscillators

Outline Drawing
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High Cutoff GaAs Parametric Amplifier

Varactor Diodes

Features

* Highest Cutoff Frequencies Available, from 900 to
1300 GHz

* More Accurate and Reliable Characterization

g

Description

The Alpha DVE6722 and DVE6810 series gallium
arsenide parametric amplifier varactor diodes offer the
user the highest cutoff frequencies available in the
microwave industry today. To obtain the high cutoff fre-
quency and capacitance nonlinearity, a P* material is

diffused into a very thin layer of N type material, with a

flat doping profile, on an N* substrate.

Diode frequency cutoff is measured as a function of
junction capacitance usingthe “Deloach” method." The
Deloach measurement technique eliminates holder
losses that are present in the conventional “Houlding”
method. With the Deloach method, a direct measure-
ment of diode cutoff to low junction capacitance values
can be obtained.

Burn-in

All GaAs varactors are subjected to burn-in screen-
ing prior to final measurements. Typical burn-in for: C
= 0.3pFis:60Hz,|, = 30mA.V, = 2.5V (500hm load)
at 100°C, 16 hrs.

Measurement

Test Circuit Diagram

Reduced
Waveguide
Cavity

Signal

Receiver
Generator

Attenuator

Power

Qutput Signal

Notes:

1. Deloach, “A New Microwave Measurement Tech-
nique to Characterize Diodes and an 800 Gc Cutoff
Frequency Varactor at Zero Volts Bias.” IEEE Trans-
actions on Microwave Theory and Technique, Jan-
uary, 1964, pp. 15-20.

Signal is applied to diode at series resonance fre-
quency of diode:

1
fo=
07 2xJL Cy
. Power transmission loss ratio, T, is measured at fre-

quencies f; and f, at which power transmitted to
receiver is twice that at resonance.

f, 1,
2
(t1—13) (1 “%)

quency for packaged diode in the Deloach holder.

Calculatefy = . This s the cutoff fre-
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High Cutoff GaAs Parametric Amplifier
Varactor Diodes

General Characteristics (By min(!) = 10 volts)

Package 290-001
Cip? fco® fc (-6 V)@

MODEL pt Min. Min. ANC; (-6 V)49
NUMBER Min. | Max. | GHz GHz Min.
DVE6810A | 0.35 | 0.40 360 820 0.555
DVE6810B | 0.30 | 0.35 400 900 0.551
DVE6810C | 0.25 | 0.30 440 1000 0.547
DVE6810D | 020 | 0.25 490 1070 0.537
DVE6S10E | 0.15 | 0.20 570 1230 0.519
DVE6810F | 0.10 | 0.15 620 1300 0.500

Package 082-001
Cio? fco® | fc(-6V)®

MODEL pf Min. Min. AN Cj(—6WV4S
NUMBER Min. | Max. | GHz GHz Min.
DVE6722A | 0.35 | 0.40 360 815 0.545
DVE6722B | 0.30 | 0.35 400 890 0.541
DVE6722C | 0.25 | 0.30 440 970 0.534
DVE6722D | 0.20 | 0.25 490 1050 0.526
DVE6722E | 0.15 | 0.20 570 1200 0.507
DVE6722F | 0.10 | 0.15 620 1270 0.487

Notes to General Characteristics:

1

2.

. Breakdown voltage, (By) is measured at 10A reverse

current.

Total Capacitance is measured at 1 MHz and 0 bias.
Junction Capacitance (C)) is calculated by subtract-
ing the typical package capacitance from the total
capacitance. Capacitance selectionto + 0.025pFis
standard.

. fco measured by Deloach method:

fc(—6V) =fco x C/C{( - 6V)

This compares with the Houldingmeasurementinthe
Alpha test fixture for C,,=0.4 pF and fco
Deloach = 360 GHz while fco Houlding = 270 GHz.

Parametric Amplifier Diode Design Choice
Parametric amplifier diodes can be chosen for appli-
cation using the table below as a guide. The idler fre-
quency is chosen according to the mode of resonance
— series or parallel at idler frequency:

fidler = f pump — fsignal

fpump = pump frequency

fsignal = signal frequency to be amplified

4.AnG(~6V)=Cp=C(-6Y)

i0
Log Cjvs.log(V + ¢)gives best fit to straight line for
=1.2V.

5. The method used for calculating junction capaci-

tance includes ribbon stray capacitance as part of Cy,.
This stray value is larger for the 082-001and An C;_¢
is therefore less than for the 290-001 outline.

Series' Parallel®
Resonance Resonance
C, Frequency Frequency Product
gggkage QE GHz GHz Numbers
C,=.2pF | 4 15 31 6810A, 4557-01-08
L,=.2nH | .3 21 33 6810B,C
4557-11-26
2 24 36 6810D,E
290
C,=.1pF | .3 21 58 67228,C
4558-01-08
L,=.10nH | .2 24 62 6722D,E
A 32 70 6722F

'These values correspond to observed Deloach resonance frequencies

*Calculated using equation: f

Lel
T
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Features

* High Gain and Low Noise Temperature

¢ Deloach and Houlding Measurements Insure
Reproducibility

¢ High Reliability and Space Qualified

¢ | ow Temperature Performance

Description

By controlling the epitaxial material doping level and
profile, Alpha diffused gallium arsenide parametric
amplifier diodes provide low series resistance to low
temperatures (20°K) and large capacitance swing with
applied bias for optimum bandwidth.

Environmental Capability

Thermal ShockK...........c.cuveee.. —195.8°Cto + 100°C
Centrifuge........ccooveeiiiinnnnnne. 20,000G

Gross Leak Test ........occv...... 10 5cclsec

Fine Leak TeSt......ccovveeereennns 10~ % cclsec

High Temperature Storage.....200°C

Frequency cutoff in this data presentation is mea-
sured using the Houlding method.

DVE 4556 Series

Volitage Breakdown

Burn-in

All GaAs varactors are subjected to burn-in screen-

ing prior to final measurements: typical burn-in for C,,
= 0.3pFis:60Hz, I, = 30 mA. V, = 2.5V (50 ohm
load) at 100°C, 16 hrs.

Vg"=6volts

Package Outline: 023-001

Minimum Junction Capacitance Range, C @ (pF)
Fe_sV(GHz) .3-.35 35-.4 A4-.45 .45-.55 55-.65 65-.8 8-1.0 1.0-1.2
200 DVEA4556-01 DVE4556-11 DVEA4556-21 DVEA4556-31 DVE4556-41 DVE4556-51 DVE4556-61 DVE4556-71
250 DVE4556-02 DVE4556-12 | DVE4556-22 | DVE4556-32 DVE4556-42 | DVE4556-52 | DVE4556-62
300 DVEA4556-03 DVE4556-13 | DVE4556-23 | DVE4556-33 | DVE4556-43 | DVE4556-53
350 DVE4556-04 | DVE4556-14 | DVE4556-24 | DVEA4556-34 | DVE4556-44
400 DVE4556-05 | DVE4556-15 | DVE4556-25 | DVE4556-35
450 DVE4556-06 | DVE4556-16 | DVE4556-26
500 DVE4556-07 DVEA4556-17
550 DVE4556-08
Power pissipation, Pr@t25°C) ... .o 200 mW . . Cjo
OperatingTemperature .............c..oooeeannnns +175°CMax.(Ty) Capacitance Ratio C—jS =20
DVE 4557 Series
Voltage Breakdown V=6 volts Package Outline: 082-001
Minimum Junction Capacitance Range, C,,? (pF)
Fc_e"(GHz) 3-.35 .35-.4 4-.45 .45-.55 .55-.65 65-.8 8-1.0 1.0-1.2
200 DVEA4557-01 DVE4557-11 DVE4557-21 DVEA4557-31 DVE4557-41 DVE4557-51 DVEA4557-61 DVE4557-71
250 DVE4557-02 | DVE4557-12 DVE4557-22 | DVE4557-32 DVE4557-42 | DVE4557-52 DVEA4557-62
300 DVE4557-03 | DVE4557-13 | DVE4557-23 | DVE4557-33 | DVE4557-43 | DVE4557-53 ,
350 DVEA4557-04 | DVE4557-14 | DVE4557-24 | DVE4557-34 | DVE4557-44
400 DVE4557-05 | DVE4557-15 | DVE4557-25 | DVE4557-35
450 DVE4557-06 | DVE4557-16 | DVEA4557-26
500 DVE4557-07 DVEA4557-17
550 DVE4557-08
g%'!f&?n'zs-r'gﬁfé‘é?aﬁf r?t.z.s. .(?) ........... Capacitance Ratio go., 2.0

Cig™

4-33



GaAs Parametric Amplifier Varactors

DVE 4558 Series
Voltage Breakdown

V,("=6volts

Package Outline: 290-001

Minimum Junction Capacitance Range, C ;@ (pF)

Fc_*(GH2) .3-.35 .35-.4 4-.45 .45-.55 .55-.65 .65-.8 .8-1.0 1.0-1.2
200 DVE4558-01 | DVE4558-11 | DVE4558-21 | DVE4558-31 | DVE4568-41 | DVE4558-51 | DVE4558-61 | DVE4558-71
250 DVE4558-02 | DVE4558-12 | DVE4558-22 | DVE4558-32 | DVE4558-42 | DVE4558-52 | DVE4558-62
300 DVE4558-03 | DVE4558-13 | DVE4558-23 | DVE4558-33 | DVE4558-43 | DVE4558-53
350 DVE4558-04 | DVE4558-14 | DVE4558-24 | DVE4558-34 | DVE4558-44
400 DVE4558-05 | DVE4558:15 | DVE4558-25 | DVE4558-35
450 DVE4558-06 | DVE4558-16 | DVE4558-26
500 DVE4558-07 | DVE4558-17
550 DVE4558-08

g%i’f&ﬁl;?é’;‘@?;&ﬁftfs. .C.:) ......................................... +175°C 533'3% Capacitance Ratio G050

DVE 5337 Series

Low Temperature (4.2°K) Varactors

Ci6=

from the total capacitance. Capacitance selection to + 0.025 is standard.

Various other package styles are available upon request.
3. Frequency cutoff is quoted for measurement by Houlding method.

Voltage Breakdown V ('=6volts Package Outline: 023-001
Type Fc_s(GHz) | F?(GHz) | C,® Range
D5337-00 150 65 0.3-1.0
D5337-06 150 85 0.3-0.7
D5337-12 150 110 0.3-05
Notes

1. Breakdown Voltage (Vg) is measured at 10uA reverse current.
2. Total Capacitance is measured at 1 MHz and O bias. Junction Capaci-
tance (C)) is calculated by subtracting the typical package capacitance

Technical Note on Frequency Cutoff
Measurement — A Brief Description

Frequency cutoff measurements using the Deloach
method of measurement as well as the Houlding method
are available. The Deloach measurement technique
eliminates holder losses present in the conventional
Houlding method at capacitance below 0.3pF. Above
0.3pF, the Houlding method is accurate.

The Deloach method also gives the packaged diode
resonance frequency, F,, as a direct measurement. F,
can be effectively used as an indication of diode series

and parallel resonance comparing consistency withina
production lot and for lot to lot performance.

A comparison of Deloach frequency cutoff-vs.-
Houlding is shown in Figure 1. We find

Fc Deloach = 1.4 at

Fc Houlding Co=0-4pF
In Figure 2, Deloach resonance frequency vs. junction
capacitance is shown.
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GaAs Parametric Amplifier Varactors

Performance Curves
400 1()0z
350 _ so-
£ |
e \
:;é 300 u® 20 \
2 N
-g 20 10 [ LIS ("
= 61 02 05 1.0 2. 5.0
uo_‘o 200 y 4 Cyo tpt)
Figure 2. Deloach Resonant Frequency vs C,,
15‘j£ (082 Outline)
L/ 1 L J_
0773850 200 250 300 350 400

Fc' Houlding Method

Figure 1. Frequency Cutoff — Deloach vs
Houlding Method (C,, = 0.4pF)

Deloach Method

‘ p Reduced
ignal Attenuator [ Waveguide t—1 Receiver
Generator Cavi
avity
{k
§
&
Output Signal
Photograph of Deloach Cavities
Notes:
1. Deloach, “A New Microwave Measurement Tech- 3. Power transmission loss ratio, T, is measured at fre-
nique to Characterize Diodes and an 800 G¢ Cutoff quencies f; and f, at which power transmitted to
Frequency Varactor at Zero Volts Bias.” IEEE Trans- receiver is twice that at resonance.
actions on Microwave Theory and Technique, Janu- £ f
ary, 1964, pp. 15-20. 4, Calculatefc, = 2 - Thisisthe cutoff fre-
2. Signal is applied to diode at series resonance fre- {f1—fx) J1 —%
quency of diode: 1 quency for packaged diode in the Deloach holder.
fo= ——
| 0% 22VL Cyy Fc_sis calculated by: fo_g = 15, x Cuo

| o
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GaAs Parametric Amplifier Varactors

Houlding Method

Signal Variable
Source DC Power
atFm Supply

; ; Reduced Height
Receiver Directional Movable E-H Diode
Coupler Short Tuner Holder
2 2 . . .
1 A A“ = Signal power with movable short in
2 22 waveguide
r A°T AZ[2? _ s, o _ ]
= Signal power with diode bias at -% volit.
Procedure Em )
1. Measure test diode for Coand C;_ . 4. Calculate fc, (GHz) = Cr —
2. Match diode in Houlding circuit using E-H tuner with S / r 1
0 volts bias applied.
3. Bias diode to — 12 volts and measure the reflection where Fm = 10 GHz.
coefficient, I, caused by the change in diode imped- 5. Calculate fo _g = feo % e 0
ance. -6
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Features

¢ High Gain at Low Pump Power
¢ Low Noise

¢ High Reliability

Description

The Alpha series of silicon parametric amplifier var-
actors are of the diffused mesa design, utilizing an N”
diffused layer into heavily doped P type material. The
mesa is contacted by a thermocompression bonded
gold ribbon.

The superior beta (B) of these diodes imparts high
gain to the amplifier even at low pump power. The high
figure of merit (Fc) of these varactors makes them ide-
ally suited for broadband and low noise applications.

This series of varactors denoted by type numbers
5046, 5371 and 5146 has been expanded to include
higher cutoff types. The high cutoff types are offered in
the 290 outline.

Environmental Capability

Centrifuge 20,000G
Gross Leak Test 107%~ cc/sec
Fine Leak Test 10~8 - cc/sec
High Temperature Storage  200°C

High Temperature Burn-in ~ 100°C, 10 mA, 16 hrs.
Maximum Reverse Leakage 10nA

082 Outline
vs(z) F C_3v(3) Fe- 39 Fcov(il) cJ(5) B(G)
Type (V) | (GHz) (GHz) | (GH2) (pF)
Number | Min. Min. Min. Min. | Min. Max. | Min.
D5146A 55 100 85 60 0.3 1.0 8
D51468 5.5 125 10 70 0.3 0.7 8
D5146C 5.5 150 130 80 0.3 0.7 7
D5146D 55 175 150 90 0.3 0.6 6
D5146E 55 150 100 90 0.3 0.8 3
D5146F 55 200 130 120 0.3 0.7 3
D5146G 5.5 250 160 150 0.3 0.5 3
D5146H 5.5 300 190 180 0.2 | 040 3
Power Dissipation, Pr(at 25°C) ..........cociiiiiiiiiciiin e, 300mW
Operation TeMPEerature..............ccccvoeeireirieriniie et ieiens +175°C
290 Outline
Vg | Fe-3v@® | Fie-3% | FOV® c g®
Type V) | (GH2) (GHz) | (GH2) (pF)

Number | Min. Min. Min. Min. | Min. Max. | Min
DVD-5001 55 250 160 150 03 | 05 3
DVD-5001A | 5.5 300 190 180 0.2 | 0.40 3

Power Dissipation, Pr(at 25°C) ........cccoiiiiiciiiin e, 100mwW
Operation TeMPEratUre.............cccouiririieiieiirin e sne e, +175°C

1. Power dissipation is for continuous operation at 10 GHz.

2. Breakdown Voltage (V) is measured 10pA reverse current.

3. Cutoff Frequency (F¢) at specified bias is calculated from Q measured at
10.0 GHz, multiplied by 10.0 GHz.

4. Figure of merit F'¢ is the difference in cutoff between — 3V reverse and 1pA

Fie=Fe@-3V }3_51

5. Total Capacitance is measured at IMHz and 0 bias.
Junction Capacitance (C,) is calculated by subtracting the package
capacitance from the total capacitance.
Capacitance selection to + .05 pF is standard.

6. B is the ratio of the capacitance at 1pA to the capacitance at — 3V.

Current
cteristics o
Characteristi
023 Outline
VB(2) F c_av(ﬁ) Flc- 3(‘) Fcov(ﬁ) CJ(S) B(G)
Type | (V) | (GHz) | (GHz) | (GH2) | () forward.

Number | Min. Min. Min. Min. Min. Max. | Min.

D5371A 55 100 85 60 0.3 1.0 8

D53718 55 125 110 70 0.3 0.7 8

D5371C 55 150 130 80 0.3 0.7 7

D5371D 55 175 150 90 0.3 0.6 6

D5046 55 150 100 90 0.3 0.8 3

D5046A 5.5 200 130 120 0.3 0.7 3

D50468 55 250 160 150 0.3 0.5 3

D5046C 5.5 300 190 180 0.2 0.40 3
Power Dissipation, Pr{(at 25°C) ..........oceeminieniiniiiec i 300mwW
Operation TEMPeratUre.............cccoverieeierenrarstnsnrs e +175°C

4.37






Section 5
Silicon and GaAs Multiplier and
Step Recovery Diodes

Silicon and GaAs Multiplier and Step Recovery Diodes

¢ Step Recovery Diodes, Multichip SRD and SRD Chips ........cocriiiriiciee it eitee st sre et stn e assee s seeeesea s 5-2
¢ A-Mode Multiplier Diodes, Multichip A-Mode Diodes, A-MOAE ChIPS .....c.veeicirriiierieeeis st 5-6
¢ GaAs Multiplier Diodes for MIilImeter WAVES............oociiii ittt et a e e eee e eie e e s s e brae e e sre e e e e nareas 5-11
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Step Recovery Diodes, Multichip SRD
and SRD Chips

Features

¢ |ow Transition Time
¢ High Cutoff Frequency
¢ High Reliability

Description

Alpha Step Recovery Diodes (SRD) are oxide passi-
vated, epitaxial silicon mesa designs. Careful attention
to diffusion profiles makes these diodes an ideal choice
for high order multiplier circuits. They are available in a
broad range of packages or in chip form for those who
wish to bond SRDs into their own circuits. Also, multi-
chip packaged devices are available for high power
applications.

Application

There are basically four types of multiplier devices in
common usage: 1) the resistive multiplier, 2) the varac-
tor (square law or tuning diode) muittiplier, 3) the A-Mode
multiplier, and 4) the SRD. The resistive multiplier, typ-
ically a Schottky diode, is for low order, low power use
and has low efficiency. Varactor multipliers are princi-
pally used as doublers or up-converters (N = 2), while
A-Mode multiplier diodes are used on N < 4 multipliers.
The SRD can also be used on N < 4 multipliers, but its
main use is in high order (N > 4) multipliers and comb
generators where high efficiency is required. Alpha has
a complete line of multiplier diodes for each case men-
tioned above (consult factory).

When an SRD is driven into forward conduction on
one half of the RF cycle, the diode stores charge and
appears as a low impedance.

On the second half of the cycle, the diode conducts
untilthe stored charge is removed and then switches off
very rapidly at a speed governed by the transition time,

T
In general it is desirable that the minority carrier life-
time (1) be greater than 10 times the period of the input
frequency, while the transition time (T+) should be less
than the period of the output frequency. Figures 2 and
3 are graphs which can be used to easily determine the
limiting values of T and T. Test circuits to determine T

and Ty are shown in Figures 4 and 5. For optimum per-
formance an ideal SRD will be a punch-through device
at zero volts (any increase in reverse bias above zero
volts will not decrease capacitance) but will have a highly
non-linear capacitance increase as the diode is forward
biased. In actual practice a step recovery diode will not
be zero punch-through but will have C,,/C ;< 1.4. This
can be clearly seen in Figure 1. SRDs are highly effi-
cient, and idlers are not needed although, if used, may
further increase efficiency. A typical SRD circuit is
shown in Figure 6.

100
so[
60|
40t
20\ Square Law
g
[T \
L8 6 \ A-Mode
8 4
c
£
BT
)
(S
8
~6F Step Recovery
4
2+
'1m (i’ | I 1 — 1 L 1
T v ° - ¢ ¢ § 338
Applied Voitage — Volts

Figure 1. Capacitance vs Applied Voltage for
Square Law and A-Mode Multipliers and
Step Recovery Diodes




Step Recovery Diodes, Multichip SRD
and SRD Chips

When higher microwave power is desired, the normal

SRD may not be useable, since the necessary break- ”

down voltages may be too high for the transition time ﬁ

required. Alpha has solved this problem by using the

multichip approach. The use of two chips provides Sharon R optof e [o] sumen |
improvement in both average power handling and peak R I N B e
power handling capability. The chips are electrically in - p = HHA Lot w e o]

series and thermally in parallel, giving lower thermal
resistance than chips which are in series both electri-
cally and thermally. Average power is increased
because, for a given RF reactance, each chip can have
twice the capacitance of the equivalent singie chip
device. Thisresultsin afourtime increase intotal device
area and, hence, in average power handling capability.

100
-
5 l
5 0
<
5 >0 ]
zé in
2=
8 ;- PULSE s00
£ 510k GENERATOR 048 SAMPLER
E E HEAD HP =180A SCOPE
= £ P J‘L ATTN TR < 28pS HP 218154 PLUG-IN
% He = HP MOD.
3% 84924
25 HP $215A 187a
‘e
5
1.0 1 OV —mmmmm -an
0.1 1.0 10 INPUT PULSE
‘ u F e F - H 100 nS:
nput Frequency,F in {GHz) ® OUTPUT PULSE
ov AT®
_4 |’-'a <1ns

Figure2. 7vsFin
Figure 5. Transition Time, Ty, Test Set-Up

1000
Output Filter
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23 Ralrras e / wor o [ wgmm. [L ]
O —e i m—ee. . =
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Step Recovery Diodes, Multichip SRD

and SRD Chips

Step Recovery Diodes 023-001 Package

Vit 7@ e O1h Fc_e® Typical Typical
Type (Volts Cy_g®@ (ns) (ps) (°C/Watt) (GHz) Input Freq. | Output Freq.

Number Min. [(:13] Min. Max. Typ. Min. (GH2) (GHz)
DVB6100A 15 .25-.50 10 70 60 300
DvB6100B 15 .50-1.0 10 70 40 300 0.5-3.0 9.0-18.0
DVB6100C 15 1.0-1.5 10 70 . 30 300
DVB6101A 30 .25-.50 10 100 60 300
DvB61018 30 50-.75 10 100 45 300
DVB6101C 30 .75-1.00 10 100 40 300 0.5-3.0 5.0-15.0
DVB6101D 30 1.00-1.25 10 100 35 300
DVB6101E 30 1.25-1.50 10 100 30 300
DVB6102A 45 .5-1.0 25 200 50 250
DVB6102B 45 1.0-1.5 25 200 40 250
DvVB6102C 45 1.5-2.0 25 200 30 250 .25-1.5 2.0-7.5
DVB6102D 45 2.0-3.0 25 200 25 250
DVB6103A 60 5-1.0 60 300 30 150
DvB6103B 60 1.0-15 60 300 25 150
DVB6103C 60 1.5-2.0 60 300 20 150 .10-1.0 1.3-4.0
DVB6103D 60 2.0-3.0 60 300 15 150
DVB6104A 75 1.5-3.5 100 400 15 125
DVB6104B 75 35-5.5 100 400 15 125
DVB6104C 75 55-7.5 100 400 10 125 0.5-.75 .75-3.0
DVB6104D 75 7.5-10.0 100 400 10 125

Step Recovery Diode Chips
Typical Typical
vpi? 7 T4 Fc_e® Input Output
Type (Volts) C)_g? (ns) (ps) (GH2) Freq Freq Chip
Number Min. (pF) Min. Max. Min. (GH2) (GH2) Style
CVB1015A 0.25-0.50 150-806
cvB1015B 15 0.50-1.0 10 70 300 0.5-3.0 9.0-18.0 150-801
CVB1015C 1.0-1.5 150-801
CVB1030A 0.25-0.50 150-801
CVvB1030B 30 0.50-1.0 10 100 300 0.5-3.0 5.0-15.0 150-801
CcvB1030C 1.0-1.5 150-801
CvB1045B 0.50-1.0 150-801
CVB1045D 45 1.0-2.0 25 200 250 .25-1.5 2.0-75 150-802
CVB1045E 2.0-3.0 150-802
Notes

1
2
3
4
5

. Measuredat Iy = 10 pA

. Measured at 1 MHz, Vg = 6 volts
. Measuredat | = 10mA, |z = 6 mA (see Figure 4)
. Measured at Vy = 10 volts, I- = 10 mA (see Figure 5)

. MeasuredatF = 1GHz, Vi = 6volts




Step Recovery Diodes, Multichip SRD
and SRD Chips

2 CHIP—023-001 Package

3) @) (5) Typical | Typical
(1) (2) T Ty Own Fcs Input Output
Type Vg Cig (ns) (ps) (°Clwatt) | (GH2) Freq. Freq.
Number (Volts) (plF) Min. Max. Max. Min. (GH2) (GH2)
DVB6850A .25-.50 35
DVB6850B 30 .50-1.0 10 80 25 250 0.5-3.0 | 9.0-18.0
DVB6850C 1.0-1.5 20
DVB6851A .25-.50 35
DVB6851B 60 .50-1.0 10 100 25 250 0.5-3.0 | 5.0-15.0
DVB6851C 1.0-15 20
DVB6852A 0.5-1.0 30
DvVB6852B 90 1.0-1.5 25 200 25 225 .25-15 2.0-7.5
DVB6852C 1.5-2.0 20
2 CHIP—017-001 Package
DVB6860A 0.5-1.0 30
DVB6860B 90 1.0-15 25 250 25 225 25-15 | 2.0-6.0
DVB6860C 1.5-2.0 20
DVB6861A 0.5-1.0 18
DVB6861B 120 1.0-1.5 60 350 15 125 0.1-1.0 | 1.2-4.0
DVB6861C 1.5-2.0 12
DVB6862A 1.5-3.5 10
DVB6862B 150 3.5-5.5 100 450 10 100 .05-75 | .75-25
3 CHIP—017-001 Package*
DVB6870A 0.5-1.0 20
DVB6870B 135 1.0-15 25 300 15 220 25-1.5 1.5-5.0
| DVB6870C 1.5-2.0 10
DVB6871A 0.5-1.0 10
DVB6871B 180 1.0-1.5 60 400 8 120 0.1-1.0 1.0-3.0
DvVB6871C 1.5-2.0 6
DVB6872A 1.5-3.5 7
DVB6872B 225 3.5-5.5 100 500 6 100 .05-.75 | .75-2.0
Notes

1. Measuredatlz = 10 yA

2. Measured at 1 MHz, V; = 6 volts

3. Measuredatlz = 10mA, |5 = 6 mA (see Figure 4)

4. Measured at Vs = 10 volts, Iz = 10 mA (see Figure 5)

5. MeasuredatF = 1GHz, Vi = 6volts

*Four chip versions available for some combinations of Vgand C, ¢
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A-Mode Multiplier Diodes, Multichip A-Mode
Diodes, A-Mode Chips

Features
» High Efficiency
¢ High Power Handling Capability
¢ High Reliability

Description

Alpha A-Mode diodes are oxide passivated, epitaxial
silicon mesa designs. Careful attention to diffusion pro-
files makes these diodes an ideal choice for low order
muitiplier circuits. They are available in a broad range
of packages or in chip form for those who wish to bond
A-Modes into their own circuits. In addition, multichip
packaged devices are available for high power
applications.

Application

There are basically four types of multiplier devices in
common usage: 1) the resistive multiplier, 2) the varac-
tor (square law or tuning diode) muiltiplier, 3) the A-Mode,
and 4) the step recovery diode. The resistive multiplier
(typically a Schottky diode) is for low order, low power
and has low efficiency. Varactor multipliers are used as
doublers or up converters (N = 2), while A-Modes are
principally used when high power, high efficiency and
wide bandwidth (10 to 20%) is required. The step recov-
ery diode is used mainly for high order (N = 4) multipli-
cation and as a comb generator. Alpha has a complete
line of multiplier diodes for each case mentioned above
(consult factory).

The Alpha A-Mode diode combines the characteris-
tics of the step recovery diode and the square law var-
actor to optimize performance in low order multiplica-
tion. In operation the A-Mode diode is driven into forward
conduction to use the charge storage characteristics of
the step recovery diode, but it also uses the reactance
change of the square law device to give good bandwidth
in low order operation.

In general it is desirable that the minority carrier life-
time (1) be greater than ten times the period of the input
frequency, while the transition time (T;) should be less
than the period of the output frequency. Figures 2 and
3 are graphs which can be used to easily determine the

limiting values of T and T. Test circuits to determine T
and Ty are shown in Figures 4 and 5.

For optimum performance an ideal A-Mode will be a
punch-through device at minus 10 volts (anyincrease in
reverse bias above minus 10 volts will not decrease
capacitance significantly), but will have a highly non-
linear capacitance increase as the diode is biased
toward zero volts. This can be clearly seen in Figure 1.
A-Mode diodes are highly efficient, and circuits with 10
to 2% bandwidth are possible. Idlers are needed for
N> 2. A typical A-Mode circuit is shown in Figure 6.
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A-Mode Multiplier Diodes, Multichip A-Mode

Diodes, A-Mode Chips

When higher microwave poweris desired, the normal
A-Mode may not be usable, since the necessary break-
down voltage may be too high for the transition time
required. Alpha has solved this problem by using the
multichip approach shown in Figure 7. The use of two
chips provides improvement in both average power
handling and peak power handling capability. For the
construction shown on the left side of Figure 7, the chips
are electrically in series and thermally in parallel, giving
lower thermal resistance than chips which are in series
both electrically and thermally. Average power is
increased because, for a given rf reactance, each chip
can have twice the capacitance of the equivalent single
chip device. This results in a four times increase in the
device area and in average power handling, compared
to asingle chip.

Alpha will be glad to discuss your multiplier needs
and suggest a suitable device for your particular
requirements.
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A-Mode Multiplier Diodes, Multichip A-Mode
Diodes, A-Mode Chips

Bias Network Idier Circuit Output Filter

High Pass Matching Impulse Output
Filter Section Generator Matching Section 1
A

—————————
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Figure 6. Typical A Mode Multiplier
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Figure 7. Multichip Packages
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A-Mode Multiplier Diodes, Multichip A-Mode
Diodes, A-Mode Chips

A-Mode Multiplier Diodes

Typical
Reverse Junction Minority Efficiency Thermal
Breakdown | Capacitance Cutoff Carrler Transition Output asa Resistance
Type Package | Voltage at —6V & |Frequency(? | Lifetime® Time® Frequency Tripler® Max.
Number Style Min. (V) 1 MHz (pF) | Min. (GHz) Min. (ns) Max. (ps) | Range (GH2) % (°CIW)
DVAE735A 023 30 0.25-0.5 200 10 150 12.0-15.0 30 75
DVA6735B 023 30 0.5-1.0 200 10 150 8.0-12.0 35 50
DVA6735C 023 45 0.5-1.0 175 20 200 8.0-12.0 40 50
DVA6735D 023 45 1.0-15 160 25 200 5.0-8.0 50 25
DVAB736A 158 60 1.5-2.5 150 60 400 5.0-8.0 45 15
DVA6736B 158 75 1.5-3.0 150 100 750 5.0-7.0 45 15
DVA6736C 158 75 3.0-6.0 120 100 1000 2.0-5.0 50 13
DVA6736D 158 100 5-10 90 150 2000 1.0-2.0 55 11
DVA6737A 117 100 10-15 90 150 2000 0.5-1.0 55 10
DVAB737B 117 125 5-10 60 200 3000 1.0-2.0 65 7
DVA6737C 117 125 10-15 60 200 3000 0.5-1.0 60 7
DVAB737D 117 150 10-20 40 250 5000 0.5-1.0 60 6
DVA6737E 117 175 15-25 20 300 8000 0.5-1.0 65 5
A-Mode Chips
Typical
Reverse Junction Minority Efficiency
Breakdown | Capacitance Cutoff Carrier Transition Output asa
Type Package Voltage at —6V & | Frequency(V | Lifetime® Time® Frequency Tripler®

Number Style Min. (V) 1 MHz (pF) | Min.(GH2) Min. (ns) Max. (ps) | Range (GHz2) %

CVA1116A | 150-801 30 0.25-0.5 200 10 150 12.0-15.0 30

CVA1116B | 150-801 30 0.5-1.0 200 10 150 8.0-120 35

CVA1116C | 150-802 45 0.5-1.0 175 20 200 8.0-12.0 40

CVA1116D | 150-802 45 1.0-15 160 25 200 5.0-8.0 50

CVA1116E | 150-802 60 1.56-2.5 150 60 400 5.0-8.0 45

CVA1116F | 150-802 75 1.5-3.0 150 100 750 5.0-7.0 45

CVA1116G | 150-802 75 3.0-6.0 120 100 1000 2.0-5.0 50

Notes:

1. MeasuredatVy = -6 Volts

2. Measured in Circuit of Figure 5; Ir = 10mA, Iy = 6mA

3. Measured in Circuit of Figure 4; Ir = 10 mA, Vi = 10 Volts

4. Typical values for use as guidelines in circuit design. These diodes are recommended for multiplication ratios of 2, 3, and 4.




A-Mode Multiplier Diodes, Multichip A-Mode
Diodes, A-Mode Chips

Multiplier A-Mode Diodes (2-Chip)

Type Reverse Junction Minority Output Available | Efficiency | Maximum
Number |Breakdown |Capacitance Cutoff Carrier Transition | Frequency | Output asa Thermal
(023-001 Voltage at —12V | Frequency(! | Lifetime(@ Time(® Range Power Tripler® | Resistance

Package) Min. (V) (pF) Min. (GH2) Min. (ns) Max. (ps) (GH2) (W) (%) (°CIW)
DVA6738A 60 0.3-0.5 180 10 150 9.0-13.0 1 30 50
DVA6738B 90 0.5-1.0 150 30 300 7.0-10.0 5 45 22
DVA6738C 90 1.0-15 145 30 300 7.0-9.0 5 45 20
DVA6738D 120 1.0-1.5 140 50 400 5.5-8.0 6 50 18
DVAG6738E 120 1.5-2.5 120 60 500 5.0-8.0 7 50 15
DVA6738F 120 2.5-3.5 120 60 700 3.0-5.0 10 50 13
DVA6738G 150 4.0-5.0 70 100 1000 2.0-4.0 20 55 11
DVA6738H 150 8.0-10.0 50 100 1000 1.0-2.5 35 65 7

Notes:

1. Measured atV,; = — 12 Volts

2. Measured in Circuit of Figure 5; I = 10mA, I = 6 mA

3. Measured in Circuit of Figure 4; I = 10maA, Vg = 10 Volts

4. Typical values for use as guidelines in circuit design. These diodes are recommended for multiplication ratios of 2, 3, and 4.

Muiltichip A-Mode Diodes (3 Chip)

Reverse Junction Minority Output Available | Efficiency | Maximum
Breakdown | Capacitance Cutoff Carrier | Transition | Frequency Output as a Thermal

Type Package | Voltage at ~18V  [Frequency()|Lifetime?| Time® Range Power Triplerd | Resistance

Number Style Min. (V) (pF) Min. (GHz) | Min. (ns) | Max. (ps) {GH2) W) (%) (°CIW)
DVA4580A | 367-001 135 0.8-1.3 150 20 300 7.0-9.0 7 45 19
DVA4580B | 367-001 180 1.0-15 140 50 400 5.5-9.0 8 50 16
DVA4580C | 367-001 180 1.5-25 120 50 500 5.0-8.0 10 50 13
DVA4580D | 367-001 180 2.5-35 120 50 700 3.0-5.0 15 50 11
DVA4580E | 367-001 225 4.0-5.0 70 100 2000 2.0-4.0 30 55 10
DVA4580F | 367-001 225 8.0-10.0 50 100 2000 1.0-2.5 50 65 6
DVA6739A | 017-001 135 0.8-1.3 150 20 300 7.0-9.0 7 45 19
DVA6739B | 017-001 180 1.0-1.5 140 80 400 5.5-9.0 8 50 16
DVA6739C | 017-001 180 1.5-25 120 50 500 5.0-8.0 10 50 13
DVA6739D | 017-001 180 2.5-3.5 120 50 700 3.0-5.0 15 50 11
DVAB739E | 017-001 225 4.0-5.0 70 100 2000 2.0-4.0 30 55 10
DVA6739F | 017-001 225 8.0-10.0 50 100 2000 1.0-25 50 65 6

Notes:

1. MeasuredatV; = — 18 Voits
2. Measured in Circuit of Figure 5; Ir = 10mA, I = 6 mA

3. Measured in Circuit of Figure 4; I- = 10 mA, Vg = 10 Volts
4. Typical values for use as guidelines in circuit design. These diodes are recommended for multiplication ratios of 2, 3, and 4.
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Features
¢ Efficient Multiplication to 94 GHz

* Millimeter Wave Packages
¢ High Reliability and Space Qualified

Description

Alipha offers a line of Gallium Arsenide multiplier var-
actors specifically designed for low order multiplication
at high output frequencies. These varactors are dif-
fused junction epitaxial devices (mesa structure). The
circuit designer can take advantage of the diode’s high
capacitance swing to generate the needed harmonics
in doubler and tripler circuits.

These diodes may be used to double, triple, or quad-

rior dimensions as the 082 but has a cathode prong to
permit good heat sinking), and the 290 outline which

has been used in doubling to 94 GHz and tripling to 130
GHz.

Performance Data

Typical doubler performance is as follows:

ruple the frequency output of Gunn or FET oscillators to Fou Py Cpo
produce outputs from 20 to 90 GHz. Alpha’s Millimeter Package | GHz Mw % (Typ.) Ve
Wave Division has successfully used them to fabricate ggg 00 200 50 5 35
millimeter wave phase shifters, modulators and upcon- 082 '
verters as well as multiplier signal sources. 067
The diodes are offered in the 023 outline for applica- 082 40 150 40 3 25
tion up to 35 GHz output, the 067 outline for application 290
up to 60 GHz output (the 067 outline has the same inte- 290 80 40 25 15 15
Package Outline: 023-001
Ve"'(min) 10 Volts 20 Volts 30 Volts 40 Volts
Cx2 (pF) 0.3-0.35]| 0.3-0.45| .3-.6 6-1.0 | .3-.45 .3-.6 .6-1.0 .3-.6 .6-1.0 | 0.3-0.6 | 0.6-1.0
P;® (max) 200mW | 250mW | 250mW | 300 mW | 250 mW | 300mW | 350mW | 300 mW | 400 mW | 350 mW | 400 mW
Fc-sw(GHz)
200 D5244-06 | D5254-06 D5245-06 | D5255-06 | D5246-06 | D5256-06 | D5249-06 | D5259-06
250 D5244-12 | D5254-12 D5245-12 | D5255-12 | D5246-12 | D5256-12 | D5249-12
300 D5244-18 | D5254-18 D5245-18 | D5255-18 | D5246-18 D5249-18
350 D5244-24 D5245-24 D5246-24 D5249-24
400 D5244-30 D5245-30 D5246-30
450 D5244-36 D5245-36
500 D5244-42
550 D5244-48
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GaAs Multiplier Diodes for Millimeter Waves

Package Outline: 067-001

Ve'"(min) 10 Volts 20 Volts 30 Volts 40 Volts
C.x? (pF) 0.3-0.35| 0.3-0.45] .3-.6 .6-1.0 | .3-.45 .3-.6 .6-1.0 .3-.6 .6-1.0 | 0.3-0.6 | 0.6-1.0
P, (max) 200mW | 250mW | 250 mW | 300mW | 250 mW | 300mW | 350 mW | 300mW | 400mW | 350 mW | 400 mW
Fc - 5(‘)(GHZ)
200 D5002-06 | D5005-06 D5006-06 | D5007-06 | D5008-06 | D5009-06 | D5018-06 | D5019-06
250 D5002-12 | D5005-12 D5006-12 | D5007-12 | D5008-12 | D5008-12 | D5018-12
300 D5002-18 | D5005-18 D5006-18 | D5007-18 | D5008-18 D5018-18
350 D5002-24 D5006-24 D5008-24 D5018-24
400 D5002-30 D5006-30 D5008-30
450 D5002-36 D5006-36
500 D5002-42
550 D5002-48
Package Outline: 290-001
Vg'"(min) 10 Volts 20 Volts 30 Volts
C.'? (pF) 0.1-0.2 2-3 0.3-0.6 0.1-0.2 2-3 0.3-0.6 0.1-0.2 2-3 0.3-0.6
P, (max) 150 mW 200 mW 250 mW 200 mW 250 mW 300 mW 200 mW 250 mW 300 mW
Fc1sw(GHz)
400 DVF4559-01| DVF4559-05| DVF4559-11 | DVF4559-21 DVF4559-25| DVF4559-31| DVF4559-41 | DVF4559-44| DVF4559-51
450 DVF4559-02] DVF4559-06 DVF4559-22| DVF4559-26 DVF4559-42
500 DVF4559-03| DVF4559-07 DVF4559-23 DVF4559-43
550 DVF4559-04 DVF4559-24
Notes:

1. Breakdown Voltage (V) is measured at 10 microamps reverse current.

2. Total Capacitance is measured at 1 MHz and 0 bias. Junction Capacitance (C) is calculated by subtracting the typical package capacitance from the total capacitance.
Capacitance selection to = 0.025 pF is standard. Specify C,, center value
i

* Self resonant frequency may be calculated from Fo=

where L is the series inductance.

. . R,
* Series resistance may be calculated from S

2T,

= 2FcC,

3. P{(max) is maximum dissipated power at room temperature for the average capacitance range. At maximum dissipated power, junction temperature is 175°C.
4. Frequency Cutoff (Fc) of the diodes is measured by Houlding technique. Deloach measurements are available and are utilized for characterizing low capacitance
diodes. See GaAs Parametric Amplifier Varactor data sheet for Technical Note on Freguency Cutoff Measurement.

Burn-in

A special variation of this diode family is the only

Environmental Capability

Thermal Shock..........ccu........ —195.8°Cto + 100°C

Centrifuge...........coocveuneen. 20,000G space-qualified, high reliability varactor available today
Gross Leak Test..................... 10~°—cc/sec and is used on the ESRO European satellite program.

Fine Leak Test.........ccccu....... 10~% - cc/sec All GaAs varactors are subjected to burn-in screen-
High Temperature Storage.....200°C ing prior to final measurements: typical burn-in for

Cy=0.3 pF is: 60 Hz, |,=30mA, V,=2.5 V (50 ohm
load) at 100°C, 16 hours.
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Chip MIS Capacitors

Features

¢ High Reliability Silicon Oxide-Nitride Dielectric

¢ Low Loss — Typically 0.04 dB in a 50 Ohm System
* Operation Through 26 GHz

Wide Temperature Operation: — 55°C to 200°C

Types

* SC9002 Series
e SC9103 Series

Description

MIS Chip Capacitors are thin film devices which
feature small size and very high Q making them ideal
for hybrid microelectronic applications at microwave
frequencies.

The SC9002 series have circular metallic top con-
tacts, while the SC9103 series have rectangular metallic
top contacts. The latter are especially useful when chip
size must be minimized. The periphery of the rectan-
gular contact is typically two mils from the edge of the
die. When the capacitor chip is placed close to an adja-
cent substrate, the lead inductance can be reduced to
avery low value.

The devices have a dielectric composed of thermally
grown silicon dioxide over which a layer of silicon nitride
is deposited. This dielectric possesses a low tempera-
ture coefficient of capacitance, very high insulation
resistance (typically > 10" ohms), and low dissipation
factor. The devices also exhibit excellent long term sta-
bility making them suitable for high reliability applica-
tions. The capacitors have a high dielectric breakdown
which permits the use of thin dielectrics resultingin large
capacitance on a small area.

The plated gold metallization on the top face of the
chip extends over the entire active area of the device.
Gold wire can be readily thermocompression bonded to
this metallization or gold ribbon may be used where low
inductance is a requirement. The back side of the chip
isalso gold metallized andis readily solderable. Custom
parts can be made having special values of capaci-
tance or working voltage. Special metallization geom-
etries or chip sizes can also be made available upon
request.

Applications

Chip and beam-lead MIS capacitors are used exten-
sively in hybrid microwave circuits. Applicationsinclude
d-c blocking and RF bypassing. They can also be used
as fixed capacitance tuning elements in filters, oscilla-
tors and matching networks. Chip or beam-lead devices
may be used for series microstrip circuits using alumina
substrates while chip devices are preferred for teflon
fiberglass microstrip where lead flexibility is desired.
Chip devices are likewise preferred for shunt mounting.
See Application Note 80000 in Section 7 for recom-
mended handling and bonding procedures.

Electrical Characteristics

Capacitance Range' ..........cccoovveen.... 0.5 to 1000 pF
Temperature Coefficient ............... 50 ppm/°C Typical
Capacitance Tolerance? .............cococveeeevcevnnne. +20%
Operating Temperature ................... -55°Ct0200°C
Dielectric Withstanding Voltage ................... 100 Volts
Insulation Resistance ............... 10° Megohms Typical




Chip MIS Capacitors

Tests on typical MIS capacitors at L- and S-band show
insertion loss to be one-half to one-third that of equiva-
lent porcelain type capacitors, without any of the asso-
ciated resonance problems. Power tests indicate that
the only limitation is the actual breakdown voltage of the
device (see datasection). Atypicalinsertion loss versus
frequency graph is shown in Figure 1. These data are
taken from an actual test circuit with series mounted
beam-iead or chip capacitors on a 50-ohm microstrip
transmission line. The apparent higher loss at lower fre-
quencies on the lower capacitance units is strictly due
to the capacitive reactance of the capacitor. A typical
circuit application is shown in Figure 2.

10.0
1 pF
@ 10
° -
2 -
- o \82 pF\
j=
Q |-
3 4706 \ 100 pF
c .10pF47p
- -
100 pF 1-47 pF
1 1 1 1 1 -
o1 2 6 10 14 18
Frequency {GHz}

Figure 1. Typical Insertion Loss vs. Frequency
(50 ohm System)

Bias Bias

Output

Figure 2. Typical SPDT Switch

C,. C4—Chip or Beam Lead MIS Capacitor
C,, C3—Chip MIS Capacitor
D,, D,—DSG6474 Beam Lead PIN Diode

Type Number Package Style Capacitance (pF)
SC 9002AM 149-801 0.5-10

SC 9103 AM 149-816 5-1.

SC 90028M 149-801 10-22

SC 9103BM 149-816 0-2.
SC9002CM 149-801

SC 9103CM 149-816 22-47

SC 9002DM 149-801

SC 9103DM 149-816 5.6 + 20%
SC 9002EM 149-802

SC 9103EM 149-816 6.8 + 20%
SC 9002FM 149-802

SC 9103FM 149-817 8.2 + 20%
SC 9002GM 149-802

SC 9103GM 149-817 10.0 + 20%
SC9002HM 149-803

SC 9103HM 149-817 15.0 + 20%
SC 9002JM 149-803

SC 9103JM 149-817 22.0 + 20%
SC 9002KM 149-805

SC 9103KM 149-818 33.0 + 20%
SC9002LM 149-805

SC 9103LM 149-818 47.0 + 20%
SC 9002MM 149-805

SC 9103MM 149-818 68.0 + 20%
SC 9002NM 149-806

SC 9103NM 149-817 100.0 + 20%
SC 90020M 149-806

SC91030M 149-819 150.0 + 20%
SC 9002PM 149-806

SC9103PM 149-820 220.0 + 20%
SC 9103QM 149-821 330.0 + 20%
SC 9103RM 149-822 500.0 + 20%
SC 9103SM 149-822 750.0 + 20%
SC9103TM 149-822 1000.0 + 20%
Notes:

1. Capacitance measured at 1 MHz, other values available; consult factory.
2. Closer tolerances available on request.

C, C,— Chip or Beam-Lead MIS Capacitor
C,, C3 — Chip MIS Capacitor
D,, D, — DSG6474 Beam-Lead PIN Diode
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Chip MIS Capacitors

Outline Drawings
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Binary Trimming Capacitors (MIS)

Features

¢ High Reliability Silicon Oxide-Nitride Dielectric

* Low Loss — Typically 0.04 dB in a 50 Ohm System
¢ QOperation Through 26 GHz

¢ Wide Temperature Operation: —55°C to 200°C

Types

e SC9020/22/24 Series

Description

Four capacitors are provided on a single chip, binary
weighted, to give 15 different values of capacitance by
selective interconnection. These chips are designed for
low inductance microwave applications and have the
following features:

¢ Each individual capacitor is accessible from chip
edge.

* Connection of two or more capacitors can always be
made via a short ribbon at a central point.

The trimming capacitor is an MIS thin film device
which has a dielectric composed of thermally grown sil-
icon dioxide over which alayer of silicon nitride is depos-
ited. This dielectric possesses a low temperature coef-
ficient of capacitance, very high insulation resistance
(typically > 10'2 ohms), and low dissipation factor. The
device also exhibits excellent long term stability making
it suitable for high reliability applications. The capacitor
has a high dielectric breakdown which permits the use
ofthin dielectrics resultingin large capacitance inasmail
area.

The plated gold metallization on the top face of the
chip extends over most of the top surface. Gold wire can
be readily thermocompression bonded to this metalli-
zation. The back side of the chip is also gold metallized
and is readily solderable. Custom parts can be made
having special values of capacitance or working volt-
age. Special metallization geometries or chip sizes can
also be made available upon request.

Specifications
Dielectric Withstanding Voltage ........... 100 Volts Min.
Insulation Resistance ............... 10° Megohms Typical
Operating Temperature Range ........ —-55°C t0200°C
Temperature Coefficient, Typ. ......c..cccce. 50 ppm/°C
CapacitancCe ..........c.cccceveeev it Per Table
Capacitance Tolerance .............ccccovvcceicnaennen, +20%
Max.
Available  Capacitance
Capacitance Capacitance Steps Package
Type No. (pF) (pF) (pF) Style
sC 0.25,0.50, 3.75 0.25 428-801
9020A 1.0,2.0
SC 0.50,1.0, 7.5 0.50 428-801
9020B 2.0,4.0
SC 1.0,2.0, 15 1.0 428-801
9020C 4.0,8.0
SC 0.75,1.5, 11.25 0.75 428-802
90224 3.0,6.0
sC 1.5,3.0, 225 15 428-802
90228 6.0,12.0
SC 3.0,6.0, 45 3.0 428-802
9022C 12.0,24.0
SC 2.0,4.0, 30 2.0 428-803
9024A 8.0,16.0
sC 4.0,8.0, 60 4.0 428-803
90248 16.0,32.0
SC 6.0,12.0, 90 6.0 428-803
9024C 24.0,48.0




Binary Trimming Capacitors (MIS)

Outline Drawings
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FET Chip Mounting Capacitors (MIS)

Features

High Reliability

¢ LowLoss

Operation through 26 GHz
Wide Temperature Operation

Types

e SC9016
s SC9017

Description

The FET Chip Mounting Capacitor is an MIS thin film
device which features small size and very high Q mak-
ing it ideal for hybrid microelectronic applications at
microwave frequencies.

The device has a dielectric composed of thermally
grown silicon dioxide over which a layer of silicon nitride
is deposited. This dielectric possesses a low tempera-
ture coefficient of capacitance, very high insulation
resistance (typically > 10'2 ohms), and low dissipation
factor. The device also exhibits excellent long term sta-
bifity making it suitable for high reliability applications.
The capacitor has a high dielectric breakdown which
permits the use of thin dielectrics resulting in large
capacitance in a small area.

The plated gold metallization on the top face of the
chip extends over most of the top surface. Gold wire can
be readily thermocompression bonded to this metalli-
zation. The back side of the chip is also gold metallized
and is readily solderable. Custom parts can be made
having special values of capacitance or working volt-
age. Special metallization geometries or chip sizes can
also be made available upon request.

Specifications

Capacitance .........ccocveecrnie i 100 pF
Capacitance Tolerance ............cccccccevnnvionnnnne +20%
Temperature Coefficient, Typ. .........ccceeee 50 ppm/°C
Operating Temperature Range ........ —55°Ct0200°C
Dielectric Withstanding Voltage .................... 50 Volts

Applications

The capacitor is designed to serve as acarrier for FET
amplifier chips. As shown in Figure 1, whenthe FET chip
is mounted directly onto the top metal pad of the capac-
itor, the gate and drain pads are on the same level as the
top of the alumina circuit. Therefore, short wire lengths
can be used to minimize the lead inductance. The
SC9016 is a 10 mil thick chip designed for 15 mil thick
alumina, while the SC9017 is a 20 mil thick chip
designed for 25 mil thick alumina. When the FET chip
is mounted directly onto the top metal pad of the capac-
itor, the source pads on the FET chip can be wire bonded
tothe same metal pads, which accomplishes RF bypass
to ground via the capacitor.

Alumina

(.015 or .025)
FET Source
Wires
Gate

|
Circuit

FET Chip/
Mounting

Capacitor

.010 or .020 E .015 or .025

t t

Alumina
(.015 or .025)

e
Drain
Circuit

-

Source
Wires

Figure 1




FET Chip Mounting Capacitors (MIS)

Schematic Diagram Outline Drawing
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DRAIN e T

o

(iI?
GATE I , _’
| = >

P
] ¥
DlM‘“A”

gz

MOUNTING

SOURCE
......
l FET CHIP
-

CAPACITOR
ForFET | For Alumina
Chip Substrate
Type No.| Style Dim “A” | Thickness | Thickness
SC-9016( 411-801 0.010 0.005 0.015
SC-9017| 411-802 0.020 0.005 0.025
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Beam Lead MIS Capacitors

Features

+ High Reliability Silicon Oxide — Nitride Dielectric
e Low Loss — Typically 0.04 dB in a 50 ohm System
* Operation Through 26 GHz

e Wide Temperature Operation: —55°C to 200°C

Type

¢ SC 9001 Series
Description

Alpha oxide-nitride dielectric microwave capacitors
are available in beam-lead form for ease in mounting.
Very high-Q and small size make this family of capaci-
tors ideally suited for microwave applications.

These capacitors have a silicon dioxide-nitride die-
lectric to assure high reliability and stability as well as
low loss at microwave frequencies.

Other size variations, voltage breakdown and capac-
itance values are available on request.

Electrical Characteristics

Capacitance Range' .............cccevveevnnee. 0.5to0 100 pF
Temperature Coefficient ............... 50 ppm/°C Typical
Capacitance Tolerance?® .............cccceccevvurvrennne. +20%
Operating Temperature ................... —55°C to 200°C
Dielectric Withstanding Voltage .................... 50 Volts
Insulation Resistance ............... 10° Megohms Typical

Applications

Beam-lead MIS capacitors are used extensively in
microwave circuits. Applications include matching net-
works, bypass, blocking, and coupling capacitors and
tuning elements in filters. Ease of mounting makes
beam-lead devices particularly attractive for series
microstrip circuits usingalumina and quartz dielectrics.
The use of beam-lead devices on flexible soft sub-
strates is not recommended due to the high probability
of device fracture and failure when the substrate moves
during mounting or temperature cycling.

The low inductance of these devices insures that the
series resonant frequency will be above X-band, and
hence, ripple-free broad band response is assured. A
mounted beam-lead capacitor is shown in Figure 1.

See Application Note 80000 in Section 7 for recom-
mended handling and bonding procedures for beam-
lead devices.

Type Capacitance
Number (pF) Style
SC-9001A 05to 1.0 300-801
SC-90018 1.0to 2.2 300-801
S§C-9001C 22tod7 300-801
SC-9001DM 56 * 20% 300-801
SC-S001EM 6.8 £ 20% 300-801
SC-9001FM 8.2 £ 20% 300-801
SC-9001GM 10 + 20% 300-803
SC-9001HM 15 + 20% 300-803
SC-9001JM 22 = 20% 300-803
SC-9001KM 33 + 20% 300-803
SC-9001LM 47 = 20% 300-803
SC-9001MM 68 + 20% 300-804
SC-9001NM 82 = 20% 300-804
SC-90010M 100 + 20% 300-804

Notes:
1. Capacitance measured at 1 MHz, other values available; consult factory.
2. Closer tolerances available on request.




Beam-Lead MIS Capacitors

A typical application is shown in Figure 2. MIS capaci-
tors are frequently used in this type of circuit. Tests on
typical MIS capacitors at L- and S-band show insertion
loss to be one-half to one-third that of equivalent por-
celain type capacitors, without any of the associated
resonance problems. Power tests indicate that the only
limitation is the dielectric withstanding voltage of the
device(see data section). Atypical insertion loss versus
frequency graph is shown in Figure 3.

Figure 1. Photograph of a B-L Cap Mounted (Style
300-803)

Bias Bias

Output

Figure 2. Typical SPDT Switch

Outline Drawings
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Figure 3. Typical Insertion Loss vs. Frequency
(50 ohm System)
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Millimeter Wave

Beam-Lead MIS Capacitors

Features

¢ Miniature Beam-Lead Compatible with Thin
Microstrip Lines

High Reliability Silicon Oxide-Nitride Dielectric
* High Series Resonance — Operation through
100 GHz

High Q — Extremely Low Loss

Wide Temperature Operation: — 55°C to 200°C

Type

e SC9100 Series

Description

Alpha oxide-nitride dielectric microwave capacitors
are available in beam-lead form for ease in mountingon
sapphire and quartz circuits. The very high Q and small
size make this product ideally suited to millimeter
applications.

The width of the beam of this capacitor is 3 mil. This
minimizes discontinuities on millimeter wave circuits
which typically have 50 ohm transmission lines of sim-
ilar size.

Applications

Beam-lead MIS capacitors are used extensively in
microwave circuits where a series capacitance is indi-
cated. Applications include matching networks, block-
ing, bypass, and coupling capacitors, as well as tuning
elements infilters. The lowinductance and capacitance
of this series insures that the series resonant frequency
will be close to 100 GHz. Hence, ripple-free response is
assured.

A particularly useful result of beam-lead processing
is that the devices have uniform electrical characteris-
tics. This is especially desirable in the production of mil-
limeter circuits where series inductance and capaci-
tance must be tightly controlled. There is an additional
advantage in the elimination of having to utilize chipand
wire techniques in the assembly sequence. Such oper-
ations generally disrupt the work flow by requiring at
least two pieces of assembly equipment.

Electrical Characteristics

Capacitance Range .........ccccocccoeeeeennnen. 0.1to1.5pF
Temperature Coefficient ................ 50ppm/°C Typical
Operating Temperature ................... —-55°Ct0200°C

Dielectric Withstanding Voltage .................... 50 Volts
Insulation Resistance ............... 10° Megohms Typical
Series Inductance ........ccccceeeevreennnnen, 0.02nH Typical
Type Number Capacitance Style

SC9100-01 dto 8 300-807
SC9100-02 3to 5 300-807
S$C9100-03 bSto 7 300-807
SC9100-04 Jto 9 300-807
SC9100-05 9to1.1 300-807
SC9100-06 1.1101.3 300-807
SC9100-07 1.3t01.5 300-807

Note: The capacitance and the dielectric withstanding
voltage are measured on 100% of the units. Data can
be made available on request for a nominal charge.
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Millimeter Wave
Beam-Lead MIS Capacitors

Mounting Procedures Outline Drawing

The recommended mounting procedure for these

devices is thermocompression bonding on a hard sur-
face. The capacitor has a 3 x 3 mil solid gold beam sur-
face on each side of the device for bonding. The capac- 004 ( 10mm)
itor can easily be picked up by placing a hot bondingtool 1203 (.0amm) 0008 {01 MAX.
(350-450°C) on one of the gold beams. A two mil diam- e (oor™) ['
eter, flat tungsten carbide tool is recommended . Force 7 r/ SooLED I
should be about 50 grams. Afterthe deviceispickedup | | 4+ 2ees
by the tool, it can easily be transferred to the desired % (3%
bonding position. The capacitoris designedto be placed s i I
across a 5-8 mil wide gap printed on a transmission line. o
Note that the gap on the capacitor is located in the cen- '
ter of the silicon body. l- Y
ES):EK:ON
e (B)
.0045 (.11mm)
Max
._L 0055 (.14mm)
MAX.
300-807
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Section 7
Bonding Methods, Testing
Procedures, and High Reliability Capabilities

Bonding Methods, Testing Procedures, and High Reliability Capabilities

» Bonding Methods: Diode Chips, Beam-Lead Diodes and CaAPACILONS ...veeiivieciiieeeiei e 7-2
* Reliability Testing and Screening of SEMICONAUCTONS ... 7-6
* High Reliability Diodes for Space and Military APPUCALIONS. ...ttt 7-11
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Application Note 80000: Bonding Methods:
Diode Chips, Beam-Lead Diodes, and Capacitors

Diode Chips

HANDLING

Alpha chips are shipped in plastic chip trays contain-
ing up to 400 individual devices. The chips may be
removed from the tray and positioned for inspection or
bonding using tweezers or a vacuum pickup. Particular
care must be exercised to avoid any mechanical dam-
age to the active junction area when handling chips. In
addition, if tweezers are used, care must be taken to
avoid excessive force which might result in nicks or
cracks.

Special handling precautions are also required to
avoid electrical damage by static discharge. For pack-
age opening instructions see Figure 4.

DIE ATTACH

The recommended method for attaching Alpha sem-
iconductor chips to substrates is by means of a solder
preform or silver epoxy. Basically this method involves
the use of the preform or epoxy to form a joint between
the gold metallized base of the chip and the metallized
areaofthe substrate. Recommended preform materials
are: Gold (80%) — Tin (20%); Gold (89.5%) — Gallium
(0.5%) — Germanium (10%); or Gold (90%) — Ger-
manium (10%). These are available from Alpha Met-
als*, Jersey City, New Jersey. Recommended silver
epoxy is Epo-tek H31D Single Component from Epoxy
Technology Inc.

PROCEDURE (SEE FIGURE 1)

The substrate may be heated directly by placement
on a heater strip or hot plate. Resistance heating may
also be used, in which case the localized heat is sup-
plied by passing current through the appropriate metal-
lized portion of the substrate by use of two contact elec-
trodes. Hotgas heatingmay also be used, inwhich case
the localized heat is supplied by a jet flow of heated form-
ing gas or nitrogen.

Temperatures of approximately 280°C for gold-tin,
350°C for gold-gallium-germanium and 380°C for gold-
germaniumare recommended. A 100°C bake for 1 hour
is recommended for silver epoxy.

Inert
Atmosphere

Metallized

Gold Dot Chip

Metallized
Gold Back —] - Solder
Contact iy — Preform
Ceramic
Substrate

A

7
Strip Heater or Hot Plate

Figure 1. Die Attach Procedure

“Alpha Metals is not related in any way to Aipha Industries.

Exact temperatures should be determined empiri-
cally for the particular conditions at hand. The bonding
should be done in an atmosphere of nitrogen or forming
gas. Both solder preform and chip may best be handled
by means of a vacuum pickup. A preform is placed on
the desired location of the substrate followed by the chip.
Appropriate force is maintained between substrate and
chip while the preform meits and wets both substrate
metallization and chip. The force, approximately 50
grams, is maintained until the preform solidifies. Cool-
ing may be accelerated through use of a blast of inert
gas.

LEAD BONDING

Wire or ribbon leads should be attached to the chip
and the substrate by use of thermocompression bond-
ing. As with the beam-lead devices, this method involves
pressing the gold lead against the gold metallized area
on the chip or substrate under proper conditions of heat
pressure and scrub to effect a bond.

PROCEDURE (SEE FIGURE 2)

Gold should be used for the iead wire or ribbon.
Though either ball bonding or wedge bonding may be
used, the latter is generally preferred since smaller bond
areas are possible with consequent less parasitic
capacitance. The bonding tool is tungsten carbide, and
the detail tip design is dependent upon the dimensions
of the lead material to be bonded. A tip temperature of
350°C to 400°C with approximately 50 grams pressure
is recommended. This temperature may be reduced by
heating the substrate to 325°C or using ultrasonics for
ascrub. Generally, a satisfactory bond is attained with
a bonding time of 2-3 seconds. Optimum conditions
should be determined by trial and error to adjust for dif-
ferencesin chip configurations, substrate condition and
other variables.

Heated
Tip

FLAT-CHIP

MESA

Figure 2. Lead Bonding Procedure

EQUIPMENT

Equipment for die attachment and lead bonding is
commercially available from several manufacturers and
varies in sophistication from laboratory setups to auto-
mated machines.




Application Note 80000: Bonding Methods:

Diode Chips, Beam-Lead Diodes, and Capacitors

Beam-Lead Diodes
and Capacitors

Due to their small size beam-lead devices are fragile
and should be handled with extreme care. The individ-
ual plastic packages should be handled and opened
carefully, so that no undue mechanical strain is applied
to the packaged device. It is recommended that the
beam-lead devices be handled through use of a vac-
uum pencil using an appropriate size vacuum needle to
handle beam-lead chips or a pointed wooden stick such
as a sharpened Q-tip or match. The device will adhere
to the point and can easily be removed from the con-
tainer and positioned accurately for bonding without
damage. Such handling should be done under a binoc-
ular microscope with magnification in the range of 20X
to 30X.

Special handling precautions are also required to
avoid electrical damage, such as static discharge. For
Bubble pack package opening instructions see Fig-
ure 5.

BONDING

Alpha beam-lead devices can best be bonded to sub-
strates by means of thermocompression bonding.
Essentially this type of bonding involves pressing the
gold beam of the device against the gold plated metal-
lized substrate under proper conditions of heat and
pressure so that a metallurgical bonded joint between
the two occurs.

PROCEDURE

The beam-lead devices to be bonded should be
placed on a clean, hard surface such as a microscope
slide. Itis recommended that the beam side of the device
be down so that this side will be towards the substrate
when bonded. The device can be picked up by pressing
lightly against one beam with the heated tip. The sub-
strate can then be appropriately positioned under the tip
and the device brought down againstthe substrate, with
proper pressure applied by means of the weld head.

A bonding tip temperature in the 350°C to 450°C
range is recommended along with a bonding force of 50
to 70 grams. The bonding time is in the range of 2to 3
seconds. Optimum bonding conditions should be
determined by trial and error to compensate for slight
variations in the condition of the substrate, bonding tip,
and the type of device being bonded. (See Figure 3.)

Figure 3. Photograph of a Bonded Beam-Lead
Capacitor

EQUIPMENT

The heat and pressure are obtained through use of a
silicon carbide bonding tip with a radius of two to three
mils. Such an itemis available from several commercial
sources. In order to supply the required tip-travel and
apply proper pressure, a standard miniature weld head
can be used. Also available is a heated wedge shank
which is held by the weld head and in turn holds the tip
and supplies heat to it. The wedge shank is heated by
means of a simple AC power supply or a pulse type
heated tool.

SUBSTRATE

For optimum bonding a gold plated surface at least
100 microinches thick is necessary. Although it is pos-
sible to bond to relatively soft metallized substrate mate-
rial such as epoxy-fiberglass, etc., optimum bonding
occurs when a hard material such as ceramic can
be used.

QUALITY

If a good bond has been obtained, it is impossible to
separate the beam-lead device from the metallized sub-
strate without damage. If the device is destructively
removed, the beam will tear away, leaving the bonded
portion attached to the substrate. In bonding the high
value capacitors, it is important that the bond be made
at the ends of the beams.




Application Note 80000: Bonding Methods:
Diode Chips, Beam-Lead Diodes, and Capacitors

- )

1. Place package on table top. There are two interlock- Remove both plastic fasteners.
ing fasteners. Turn package so that interlocking side
is facing down.

2. Grip one section of the plastic fasteners; with thumbs
hold package when applying force.

3. Pull one plastic fastener from package.

Remove lid from waffle. Remove chip from waffle at work station with vacuum
pick-up.

Figure 4. Diode Chip Waffle Package
Opening Instructions
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Application Note 80000: Bonding Methods:
Diode Chips, Beam-Lead Diodes, and Capacitors

Beam-Lead Packaging

Alpha beam-iead diodes and capacitors are shipped
in various package styles depending upon the custom-
er’s preference. See Beam-Lead Diodes and Capaci-
tors Bonding Procedure (page 7-3) for proper device
handling.

TYPE 1 (GEL-PAK)

This is a 2" x 2" black plastic conductive box. The
beam-leads are mounted on a gel-coated glass slide.
The devices are covered with a piece of lint-free release
paper, on top of which is placed a piece of anti-static
plastic film. The glass slide and paper are held down
by a rubber clip which runs along the perimeter of the
box. The cover of the box is snapped shut and taped
to prevent opening during shipment.

COVER OF BOX
RUBBER CLIP

ANTI-STATIC
PLASTIC FILM

LINT FREE PAPER

DEVICES

COVER OF BOX

Drawing #1

TYPE 2 (GEL-PAK)

For larger beam-leads, a piece of foam is substituted
for the rubber clips to ensure that devices will not be
released from the gel during shipment.

TYPE 3

Some customers prefer shipment of beam-leads on
glass slides without gel. In this case, a glass slide is
taped to the bottom of a 2" x 3" plastic box, and the
units are placed on the glass slide. Pieces of lint-free
release paper and anti-static plastic film are placed on
top of the glass slides. Three pieces of anti-static foam
are placed within the box as a filler to prevent the
devices from moving. The box is snapped shut and
taped to prevent movement during shipment. The lower
part of the box is clear to allow the incoming inspection
groups to count the units without opening the box. The
upper part of the box is black conductive plastic mate-
rial.

BLACK COVER OF BOX

ANTI-STATIC
PLASTIC FILM

GLASS SLIDE
CLEAR PLASTIC COVER OF BOX

Drawing #2

CAUTION: Care must be taken in removing foam, film,
and lint-free release paper, because if units
fall off the glass slide they may get stuck
to tape.

One advantage of this packaging is that the devices
can be transferred directly from the glass slide to the
circuit.

The sequence is as follows:

1. Open the box.

Carefully remove the foam, plastic and release
paper.

Use an X-acto knife to cut the tape holding the glass
slide and beam-lead devices.

A hot bonding tool may then be used to pick up the
beam-lead from the glass slide and place it directly
across the gap in the circuit.

2
3
4.
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Reliability Testing and Screening of

Semiconductors

l. Introduction

This article describes the use of screening tests to
improve the reliability of microwave diodes. Screening
is a special form of 100% testing that is growing in use
because of increased requirements for reliability of mil-
itary and space vehicle systems.

To be most effective, screening tests should be part
of a complete reliability effort which includes sound
device design, high standards of workmanship during
processing and assembly, and accurate documenta-
tion of customer and internal testing and reporting
requirements.

Alpha Industries has the experience, personnel and
facilities required to implement the compiete reliability
effort required for reliable devices.

Il. Types of Testing

Since a specific test may be performed for a variety
of reasons, the most frequently performed categories of
testing are described below.

QUALITY CONFORMANCE TESTING

The most common type of testing of semiconductors
is quality conformance testing (also called lot accep-
tance testing). This is testing performed on a large sam-
ple or on 100% of the lot to determine that the devices
in the lot meet critical electrical and mechanical dimen-
sional requirements. In MIL type specifications the
essential electrical requirements (Group A Tests) are
supplemented by various environmental tests (Group B
and C Tests) with smaller sample sizes required as part
of quality conformance testing. These Group B and
Group C Tests measure the capability of the device
to operate satisfactorily after exposure to environ-
mental stresses such as temperature cycling, shock,
vibration, etc.

QUALIFICATION TESTING

A second basic type of testing is qualification testing.
This type of testing is used to determine that the man-
ufacturer of a device can supply devices that meet the
full electrical and environmental capability require-
ments of the customer’s specification. In MIL type spec-
ifications this testing is required before a device manu-
facturer is placed on a QPL (Qualified Products List). In
MIL type specifications periodic requalification may be
required after interruptions in production or after spec-
ified time intervals. The actual tests performed are the
same Group A, B and C Tests mentioned above in lot
quality conformance testing. However, the sample sizes
are usually larger in qualification testing and additional
tests not normally performed as part of quality confor-
mance testing may be required.

SCREENING

The third basic type of testing is variously called
screening, preconditioning, reliability testing or burn-in.
The purpose of this testing is to eliminate marginal
devices that might be field failures. The assumptions
behind screening tests are two-fold. The first assump-
tion is that under operating conditions there are many
failuresin alot, relatively speaking, in the first few hours
of operation. After this initial period (called infant mor-
tality) there are few failures over a long period of opera-
tion(called constant failure rate period). Atthe end of the
device life the failure rate rises again. The combination
of declining initial failure rate, constant failure rate and
increasing failurerate at end of life resultinwhatis called
the “bath-tub curve.”

The second assumption behind screening tests is
that the characteristics of a lot of devices will not be uni-
form. Ifthe lotis subjected to an appropriate stress level
for some screening test such as constant acceleration,
a percentage of devices will be destroyed. If the same
screening testis then repeated at the same stress level,
a much smaller percentage of devices (zero devices in
the ideal case) will fail after the second test. The stress
level may be chosen because it represents a worst case
field environment. Usually, however, it is chosen on the
basis of experience with device capability. Forexample,
itis known that well bonded semiconductor devices will
withstand 20,000 G constant acceleration. Therefore,
any devices that fail at this stress level are considered
to be faulty in workmanship and therefore are not suit-
able for critical use. (These substandard devices are
called “sports” or “mavericks” because they are dif-
ferent from the remainder of the lot).

Both of the assumptions behind screening (early fail-
ures and lot non-uniformity) have been verified for many
different kinds of stresses applied to many different
kinds of devices. Consequently, screening tests are
increasingly used for devices intended for critical uses.
Most new MIL specifications (JAN-TX specifications)
incorporate screening requirements.

CHOICE OF SCREENING TESTS

There is no universal screening test or sequence of
tests. A test that is very effective on some types of de-
vices may be ineffective or even destructive on others.

The screening tests to be used for a particular device
depend on device design and construction, the type of
application and environmental conditions, and the crit-
icalness of the application to mission success. For
example, the screeningtests used for adevice intended
for a non-redundant circuit in a long operating life un-
manned space vehicle will be much more extensive than
the screening tests used for a device intended for field
replaceable sockets in ground based equipment.

There are certain sequences of screening tests that
arewidely used. MIL-S-19500, the general specification




Reliability Testing and Screening of
Semiconductors

for diodes and transistors, has preferred screening
sequences of increasing severity for JAN-TX, JAN-TXV
and the new JANS types. MIL-STD-883, the military
standard for test methods for hybrid circuits also con-
tains preferred sequences of screening tests which have
been used for discrete devices.

lll. Types of Screening
Tests

The various screening tests can be grouped by the
nature of the tests and the characteristics of the device
they are designed to evaluate. These groupings are:

Thermal Tests (Including Burn-In)

Mechanical Tests (e.g., Constant Acceleration)
Package Integrity Tests (e.g., Leak Test)

Visual and Radiographic Examination

The various tests with comments on their application
and limitations are described below.

THERMAL TESTS

The rationale behind thermal screening tests is that
applied temperature and/or electrical stress wili cause
latent defects such as poor semiconductor passivation
or metallization to become actual defects.

High Temperature Storage/Stabilization Bake

High temperature storage is a simple form of accel-
erated life testing. The time is usually 24 to 96 hours in
non-operating condition. This test is consequently inex-
pensive to perform and is usually included in screening
cycles. The temperature used varies from 100°C to
200°C depending on device construction. Higher tem-
peratures, provided they are within device capability, will
be more effective than lower temperatures in detecting
marginal devices.

Temperature Cycle/Thermal Shock

This test consists of subjecting devices to repeated
alternate exposures to high and low temperature. Nor-
mally the devices are kept in air, but on some devices
— particularly those with glass bodies — the devices
may beimmersed alternately in hotand coldliquids. The
repeated rapid change in temperature (usually —65°C
to + 150°C in air or 0°C to 100°C in liquid) will cause
mechanical stresses in glass to metal or ceramic to
metal package seals and deterioration in semiconduc-
tor metallization and bonding. Temperature cycling
should therefore be followed by package leak testing as
well as electrical testing.

Burn-In

For most devices burn-in is the most meaningful test.
it may be done at room temperature or at high temper-
ature. The type of electrical stress applied depends on

the device. Commonly used burn-in conditions are
steady state reverse voltage (often called HTRB-High
Temperature Reverse Bias), steady state forward cur-
rent, or an AC signal consisting of forward current and
reverse voltage (usually switched at a 60 Hz rate for
economy of testing).

The burn-in period will vary from 24 hours to 1,000
hours. On tests with longer burn-in periods the devices
are usually read at intermediate points in time. The test
results are then examined to see that the expected phe-
nomenon of early failure or infant mortality is actually
taking place. In other words, the percentage of failures
occurring or the change in device electrical character-
istics should be less in the second period of burn-inthan
in the first period of burn-in.

MECHANICAL STRESS TESTS

Mechanical stress tests subject devices to a high
mechanical stress which may destroy semiconductor
bonds or cause other damage.

Constant Acceleration

Thisis the mostwidely used mechanical test. Usually
it is applied to one axis of the device for one minute at a
stress level of 20,000 G’s or higher. This test is not a
simulation of ordinary field environments where only a
few G’s of acceleration may be experienced. ltis, rather,
aworkmanship test. Experience indicates that devices
with good bonds will successfully withstand exposure
to high G levels, and devices with poor bonds will not.

The constant acceleration test has two limitations.
The first is that as devices are made smaller in volume
and mass the effect of constant acceleration becomes
diminished, and the test is less effective. The second
limitation is that some devices such as pressure con-
stant diodes have no bond to the semiconductor. The
constant acceleration test, if used on these devices, is
ineffective or even destructive.

Vibration Tests

Vibration tests are performed on devices in the oper-
ating or non-operating mode and with a variety of vibra-
tion conditions — variable sinusoidal frequency, ran-
dom frequency or fixed frequency (known as vibration
fatigue). Monitored vibration will detect temporary
changes in mechanical structure of a device butis very
expensive to perform because of instrumentation
requirements and testing procedures.

Because of their small mass and dimensions, micro-
wave semiconductors are capable of withstanding,
without change, any ordinary field vibration environ-
ments. Therefore, vibration is not commonly used in
screening.

Shock Tests
Mechanical shock (typically consisting of 0.5t0 1.0
millisecond pulses of 500 to 1500 G level) is occasion-
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ally used as a screening test. It is particularly suitable
for evaluating the mechanical ruggedness of pressure
contact devices, in place of the constant acceleration
test used on bonded devices.

PACKAGE INTEGRITY TESTS

Leak testing is the most common screening test for
device packages. Normally, both fine and gross leak
tests are performed on packaged devices. However,
glass bodied devices usually fail on gross leak test or
not at all. Therefore, fine leak testing is not necessary
for less critical applications of these devices.

Leak testing requires careful consideration of the
available test methods in order to be effective. The two
fine leak test methods use radioactive gas or helium as
tracer gas. The radioactive gas method is more sensi-
tive but requires AEC licensed equipment and person-
nel that most semiconductor companies do not have in
house. The helium gas method s, therefore, commonly
used. Helium leak testing cannot be used with epoxy
sealed units or with some types of ceramics which
absorb the helium tracer gas and cause spurious test
results.

Gross leak test methods include various hot liquids
and penetrant dyes. Penetrant dyes are suitable for
glass bodied devices, and the heated fluorocarbon
method is most suitable for opaque devices.

Allleak testing relies on the storage of a tracer fluid or
gas in the internal cavity of the device being tested. As
semiconductor device packages become smaller the
sensitivity of the leak test is decreased. With cavity-less
devices such as encapsulated beam-lead diodes, no
leak testing can be done.

Leak testing is most appropriate for devices with high
resistivity semiconductor material such as PIN devices
or high voltage breakdown devices. Low resistivity or low
voltage devices such as point contact and Schottky
diodes do not require leak testing for most applications.

Leak testing should be done in the screening cycle
after mechanical and thermal cycle tests so that pack-
age damage may be detected. With cavity-less or small
cavity devices, a substitute for leak testing is moisture
resistance testing. Since this is a destructive test, it
can only be done on a sample basis. However, a rela-
tively smail sample can provide an indication of the
package integrity on a device lot intended for a critical
application.

PHYSICAL INSPECTION

Visual inspection before sealing (orimmediately after
sealingfor glass bodied devices)is one of the most com-
monly used screening tests. This testis being added to
new MIL specifications (JAN-TXV) and is required on
many new programs. Although there are elaborate
inspection criteria specified in the test methods of MIL-
STD-750 and MIL-STD-883, these criteria are not writ-
ten specifically for microwave devices. For maximum

value of precap visual inspection, a set of criteria
designed for the specific device should be prepared and
approved by both supplier and user before inspection of
the devices. Visual inspection willindicate general qual-
ity of workmanship as well as the presence of any poten-
tial defects such as loose conductive material or foreign
matter that might cause semiconductor deterioration
after sealing.

Radiographic Examination

An alternate or supplement to precap visual inspec-
tion is radiographic examination. This method is valu-
able in that there is a record of the inspection results.
For many devices the method lacks sensitivity. This is
particularly true of devices with small cavities and self-
contained heat sinks where the opaque heat sink mate-
rial masks the cavity. Since silicon is transparent to X-
rays, bonds to the silicon cannot be readily examined.
Solder, gold and other high density materials show up
readily, and the detection of such material in a loose .
condition is a principal goal of this type of inspection.

SEM Inspection

A special type of physical examination is performed
withthe scanning electron microscope (SEM). This test
method is destructive, but it is valuable in evaluating
metallization characteristics of sample semiconductor
chips for wafer approval. The SEM method of exami-
nation is also valuable in failure analysis of devices for
observation and recording of defects.

IV. Individual Device
Rejection Criteria
After Testing

For some tests such as leak testing or radiographic
testing, inspection criteria are included in the test
method. Most other test methods will require an electri-
cal test to be performed after the environmental stress.

“The choice of tests governs the sensitivity and expense

of the tests. The simplest criterion is that of Go-No-Go
testing to fixed limits after stress testing. The basic
assumption is that devices will be either good devices
or catastrophic failures.

A more sophisticated criterion is noting the change in
one or more electrical parameters of a device tested
before and after the environmental stress and discard-
ing those devices that change more than a predeter-
mined amount (or delta limit). The assumption here is
that some devices in the lot will change significantly but
not catastrophically. When only a few devices from the
lot change, they should be rejected because they stil
are different from the rest of the lot, even though they
still meet the electrical limits of the basic specification.
Theincreaseintestsensitivity is matched by anincrease
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in test cost, because all devices must retain identity
through the testing cycle, and electrical test measure-
ments must be recorded. A theoretical defect of this cri-
terion is that if there is not extensive knowledge of the
device being tested, the delta limit may be too tight, thus
rejecting good, stable devices, or too loose and thus
accepting poor, unstable devices. A refinement of the
delta method suitable for large lots undergoing screen-
ing tests for critical applications is to determine delta cri-
teria based on the behavior of the lot being tested. Such
a method requires close monitoring of test results dur-
ingthe test program as well as extensive experience with
the device being tested.

V. Lot Rejection Criteria
After Testing

Rejection criteria for individual devices within a lot
were discussed above. Another criterion that is often
used is to specify an allowable percentage failure of the
lot and reject all lots with more than the allowed per-
centage of failures. This percentage is known as a PDA
(Percent Defective Allowed).

A PDA may be applied to a single test such as burn-
inor asequence of tests. Sometimes there are PDAs for
individual tests and a relaxed PDA for the overall
sequence of tests. The assumption behind the PDA cri-
terion is that good devices from a lot with a high per-
centage of defects are potentially less reliable than good
devices from a lot with a low percentage of defects. The
difficulty with this criterion is determining what the PDA
shouldbe. Itis usually set arbitrarily and modified by test
experience if necessary.

Probably the most appropriate use of the PDA crite-
rion is the use of a relaxed PDA after initial submission
to a stress such as burn-in and a tightened PDA for
rejected lots resubmitted to the same stress. The lower
failure rate requirement for the second submission
makes it mandatory that the devices have a decreasing
failure rate, which is the true indication of successful
screening.

VI. Test Sequence

The sequence of screeningtestsis critical andis usu-
ally specified in MIL type specifications. The sequence
specified in MIL-S-19500 for example is (1) Precap Vis-
ual Inspection (2) Thermal Stress (Stabilization Bake,
Temperature Cycle) (3) Mechanical Stress (Constant
Acceleration) (4) Seal Test (5) Burn-In and (6) Radi-
ographic and External Visual Examination.

The rationale for this sequence is that mechanical
stress should be applied after any structural weakening
due to thermal stress. Leak testing should monitor the
effects of thermal and mechanical stresses on the
devices. Final physical examination of the device should
be after all other testing.

Vil. Semiconductor Chip
Screening

Unmounted semiconductor chips are screened for
the same reasons as discrete diodes. The 100%
screening tests that are performed on chips are limited
in number for two reasons. First, since the chips are
unmounted, no screening tests are necessary for pack-
age characteristic tests. Therefore, diode package leak
tests or mechanical tests such as constant acceleration
are not required. Second, because of the difficulty of
making good electrical contact to unmounted chips,
burn-in cannot be performed.

The standard 100% chip screening tests are, there-
fore, stabilization bake, temperature cycle, and visual
inspection. Test conditions are the same as described
above for discrete diodes.

In addition to the 100% testing on individual chips,
there may be tests performed on a sample basis. These
tests are destructive and are done to evaluate the wafer
from which a particular lot of chips is taken. Wafer eval-
uation tests include electrical tests, chip mountability
tests and life tests. Electrical tests include such mea-
surements as high frequency performance, which can-
not be readily or accurately measured on chips. A sam-
ple of chips is mounted in diode packages in order to
make these measurements.

Chip mountability tests are made in order to insure
that the chips may be securely bonded to the substrate
and that wire or ribbon may be bonded to the diode chip
junction area. These tests are performed by mounting
the chips on a test substrate and then determining the
breaking strength of the chip to substrate or ribbon to
chip bond.

Life tests such as HTRB may be performed on asam-
ple of chips by mounting them in diode packages. The
discrete diode packages are readily handled during the
operating life test, and electrical measurements are
easily made. The life test results on the sample of chips
can then be used to predict the performance of that lot
of chips in actual use.

Vill. Screening Cycles for
Specific Devices

The screening cycle for a specific device should be
specified only after consideration of many factors. The
application will determine the reliability level needed, the
level of environmental stresses expected and the fea-
sibility of replacementin case of failure. The design and
construction of the device will determine what potential
failure mechanisms must be monitored. For example,
screening cycles will vary depending on whether the
device is a gallium arsenide Gunn diode, a beam-lead
Schottky diode, a PIN diode or a point contact diode.
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Alpha Industries has prepared recommended
screening cycles for general use for a wide variety of
microwave semiconductor devices. The recommended
screening cycles are based on over 15 years of high reli-
ability diode screening experience on American and
European space programs and many missile and
aerospace programs. Alpha Industries’ engineers will
be pleased to review customer program and application
requirements to tailor screening procedures to exact
customer needs at minimum cost.

IX. Alpha Facilities and
Experience

Alpha Industries has complete in-house equipment
for screening and burn-in of all types of microwave
diodes. This capability insures complete testing and
rapid and economical handling of customer screening
requirements.

Alpha engineering and quality assurance personnel
are experienced in the testing of Alpha’s complete line

‘of microwave diode types. This experience is readily

available to customers extending from initial specifying
of screening cyclestofinal testreportsin special format.
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Introduction

Alpha Industries, Inc. has been a major supplier of
microwave devices, components, and subsystems for
high-reliability space and missile programs for over 15
years. Alpha’s reputation for meeting stringent military
requirements has enabled the company to participate
in the growth of space business.

Alpha’s large, professional staff includes personnel
with experience in semiconductor wafer preparation,
device assembly, and electrical and environmental test-
ing. A team consisting of the necessary disciplines is
available to determine the manufacturing procedure
and testing requirements of the customer application.
This customer service ensures delivery of Alpha’s prod-
ucts with the highest reliability.

Reliability Testing and
Screening Procedures

Screening tests are used to verify the reliability of
microwave products. Screening is a special form of
100% testing that is growing in use because of
increased requirements for reliability of military and
space vehicle systems. To be most effective, screening
tests should be a part of a complete reliability effort that
includes sound device design, high standards of work-
manship during processing and assembly, and accu-
rate documentation of customer and internal testing and
reporting requirements.

TESTING

A specific test may be performed for a variety of rea-
sons. There are several categories of tests that can be
performed. The most frequently performed categories
of testing are described below.

Quality Conformance Testing

Quality conformance testing, also called lot accep-
tance testing, is performed on a large sample of the lot
to determine whether the devices in the lot meet critical
electrical and mechanical requirements. In MIL Tests,
specifications of the essential electrical requirements
(Group A Tests) are supplemented by various environ-
mental tests (Group B and C Tests) with smaller sample
sizes required as part of quality conformance testing.

These group B and C Tests measure the capability of
the device to operate satisfactorily after exposure to
environmental stresses such as temperature cycling,
shock, and vibration. These test conditions are simula-
tions of potential or accelerated field environments.

Qualification Testing

Qualification testing is used to determine whether a
device can meet electrical and environmental require-
ments of the customer specifications. This testing is
required before a device manufacturer is placed on a
Qualified Products List (QPL). The tests are performed
on larger sample sizes and additional tests may be
required.

SCREENING

Screening (also called pre-conditioning, reliability
testing, or burn-in) is performed to eliminate marginal
devices that might result in field failures. There are two
assumptions considered during screening tests:

Early Failures: Inthe initial operation period of equip-
ment, there is a higher rate of component failures. The
surviving components have significantly lower rates in
the subsequent operation.

Non-Uniformity of devices within a lot: The char-
acteristics of devices within a lot may vary one from
another. When a lot of devices is subjected to a screen-
ing test such as constant acceleration, a small percent-
age of the lot may show significant changes in char-
acteristics. These devices, called ‘“Mavericks” or
“Sports”, are considered potential long term failures
and are not suitable for critical use.

Both of the assumptions behind screening tests have
been verified for many different types of stresses and
devices. Screening tests are increasingly performed on
devices intended for critical uses. Most new MIL spec-
ifications incorporate screening requirements. There is
no universal set of screening tests. The device design,
construction, type and importance of the application,
andthe environmental conditions in use are considered
when choosing a screening test sequence. Screening
procedures include:

e Thermal Tests

* Mechanical Tests

¢ Package Integrity Tests

» Visual Inspection and Radiographic Examination

The screening cycle for a specific device should be
specified only after consideration of the many factors
mentioned. Alpha Industries’ experienced staff has pre-
pared recommended screening cycles for general use
in a wide variety of microwave devices. The recom-
mended screening cycles are based on experience with
high-reliability products in American and European
space programs. Alpha’s engineers will provide con-
sultation to review the customer program and device
application, manufacturing procedure, and testing
requirements.
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Facilities and Testing
Equipment

Alpha Industries has in-plant facilities for performing
all standard electrical tests for microwave diodes, milli-
meter wave products, and other microwave compo-
nents. Alpha also has extensive environmental and
screening test equipment. This equipment allows 100%
JANTXV* type screening, the most widely used
screening test sequence in American aerospace pro-
grams, to be performed in-house. Alpha’s capabilities
ensure complete control over testing procedures. Sam-
ple environmental tests for lot acceptance are also per-
formed in-house.

Certain special equipment, such as radiographic
equipment and PIND testing, is not available at Alpha.

Tests requiring such equipment are performed at out-
side laboratories specializing in this type of testing.
These laboratories are certified by the American gov-
ernment for such testing. When testing is performed
at labs, all data is recorded and analyzed by Alpha
personnel.

Test equipment available for burn-in screening and
operational life tests include circuits for reverse voltage,
forward current, or 60Hz forward and reverse com-
bined. These electrical stresses can be applied atroom
temperature or elevated temperature as required. The
choices offered allow for tests most suitable according
to device characteristics and circuit application.

*JANTXV Semiconductor Screening Test Sequence
1) Pre-Seal Visual Inspection

2) Stabilization Bake After Sealing

3) Temperature Cycling

4) Constant Acceleration

5) Leak Test

6) Electrical Test on Critical Parameters

7) Electrical Burn-in

8) Electrical Retest on Parameters

Screening, quality conformance testing, and qualifica-
tion testing are performed at Alpha according to the fol-
lowing military standards:

e MIL-STD-202 * MIL-STD-810
o MIL-STD-453 e MIL-STD-883
* MIL-STD-454 * MIL-S-19500
* MIL-STD-461 * MIL-M-38510
* MIL-STD-462 * MIL-I-45208
* MIL-STD-750 * MIL-Q-9858A
¢ MIL-STD-781 ¢ DOD-D-1000
e MIL-STD-785 . . - .
The equipment available at Alpha Industries is listed in
Table 1.
TABLE 1 TESTING, SCREENING, AND INSPECTION METHODS
METHOD SCREENING PROCEDURES IN-HOUSE APP. LAB
1038 Burn-In X
1051 Thermal-Shock (Temperature Cycling) X
1071 Hermetic Seal X
2006 Constant Acceleration X
2052 Particle Impact Noise Detection X
2074 Visual Pre Cap Inspection X
2076 Radiographs X
2081 Forward Instability Shock X
2082 Backward Instability Vibration X
EMI X
Thermal-Vacuum X
Sinusoidal Vibration X
METHOD LOT EVALUATION PROCEDURES IN-HOUSE APP.LAB
1001 Barometric Pressure X
1021 Moisture Resistance X
1027 Operationai Life X
1032 Storage Life X
1041 Salt Atmosphere X
1056 Thermal Shock (Glass Strain) X
2016 Mechanical Shock X
2017 Die Shear Test X
2026 Solderability X
1037 Bond Strength Test X
2046 Vibration Fatigue X
2056 Vibration Variable Frequency X
2077 Scanning Electron Microscope X
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Semiconductor Division
Capabilities

Alpha’s Semiconductor Division has supplied devices
for high-reliability space and missile programs for over
a decade. These programs include both Silicon and
Gallium Arsenide (GaAs) semiconductor material.
Many types of diode packages such as ceramic body,
stripline construction, and beam-lead devices have
been tested. In addition, diodes have been tested for all
types of microwave frequency circuit functions such as
mixers, detectors, tuning of oscillators, paramps, mul-
tipliers, limiters, harmonics generation, and noise
sources. Alpha’s experience with such a wide variety of
devices on critical programs indicates its ability to fab-
ricate and test microwave diodes for any high-reliability
program required.

Unmounted Semiconductor Device Screening

The screening tests performed on unmounted semi-
conductor chips are limited in number in comparison to
the tests for other devices. Since the chips are
unmounted, no screening tests are necessary for pack-
age characteristic tests. Diode package leak tests or
mechanical tests are not required. Burn-in is also not
performed on unmounted chips because of the diffi-
culty of making good electrical contact. The standard
100% chip screening tests are stabilization bake, tem-
perature cycling, and visual inspection. In addition to the
testingof individual chips, there may be tests performed
on a sample basis to evaluate the wafer taken from a
particular lot. These tests are destructive in nature.
Wafer evaluation tests include electrical tests, chip
mountability, and life tests.

Electrical tests include measurements such as high-
frequency performance. Since high-frequency perfor-
mance cannot be accurately measured on chips, a
sample of chips is mounted in diode packages to make
these measurements. Chip mountability tests are done
to ensure that the chips are securely bonded to the diode
chip junction area. The breaking strength of the chip-to-
substrate or ribbon-to-chip bonds is determined when
the chips are mounted on a test substrate.

Life tests may be performed on a sample of chips by
mounting them in diode packages. The discrete diode

packages are readily handled during the operational life
test and electrical measurements are easily made. The
life test results on the same sample of chips can then be
used to predict the performance of that lot of chips in
actual use.

Screening cycles will vary depending on whether the
device is a Gallium Arsenide Gunn diode, a beam-lead
Schottky diode, a PIN diode, or a point contact diode.
During wafer processing, device assembly, and test
phases, Alpha’s professional team monitors the oper-
ations and test resulits.

Reliability for Epoxied Beam-Lead Packages

The reliability of the epoxied beam-lead devices may
be characterized by the applicable methods and pro-
cedures contained in the military semiconductor spec-
ifications, MIL-S-19500, MIL-STD-750, and MIL-STD-
202. These specifications call out the conditions of
mechanical, thermal, and other environmental tests
common to semiconductor products. The subject
devices have been designed to withstand the reliability
levels of the above mentioned conditions, where appro-
priate to the particular device in question.

Field Information

Alpha has been supplying epoxied beam-lead
devices in large quantities since 1970. Epoxied beam-
lead devices have been used in a variety of applications
where a high degree of reliability is required, includ-
ing satellite equipment. Alpha has received no infor-
mation to date of any field failures concerning these
applications.

Temperature and Humidity

The following test summary shows the results of tem-
perature and humidity testing on both epoxied and une-
poxied ceramic mounted beam-lead devices. It should
be noted that the 20,000 hour data on high temperature
storage resultsin a Mean Time Between Failure (MTBF)
of 175,000 hours (at 90% confidence levels) for both
epoxied and unepoxied devices calculated separately
or 350,000 hours for both groups combined.

Table 2 illustrates Semiconductor
Summaries.

Life Test
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TABLE 2 Semiconductor Life Test Summaries
Device Type Device Type Totat Life Test
Number Hours Accumulated
High Temp. Operating
Storage Life Life
DMF4007-9 Beam-Lead Schottky 386,000 383,000
0 failures 3 failures
DMF6106-83 Bonded Schottky 80,000 80,000
0 failures 0 failures
D5092-71 Point Contact Diode 309,540 _
0 failures
DLA4721-98 PIN Limiter 32,000 45,000
0O failures 0 failures
DvB6145-85 Step Recovery Diode 110,000 110,000
0 failures 0 failures
DVH6178-27 Silicon Tuning Diode 43,520 18,360
1 failure 1 failure
DKV6520-59 Hyperabrupt Tuning Diode 6,120 17,760
1 failure O failures
DMA6081-96 Noise Diode Silicon 6,000 6,000
0 failures 0 failures
DVEA4558-89 Paramp Multiplier Gallium Arsenide ___ 62,000
0 failures
DVE4550-81 Tuning Diode Gallium Arsenide _ 12,000
0 failures
SC9001- Beam-Lead Capacitor o 28,704
0 failures

Technological Information

The metallization on the silicon, i.e. the barrier metall,
is evaporated titanium. Covering the evaporated tita-
niumis a film of molybdenum followed by a layer of gold.
For certain specialized applications where different bar-
rier heights are desired, molybdenum-gold or platinum-
titanium-molybdenum-goid may be used.

The basic passivation or protective layer is silicon
nitride. Alpha beam-lead Schottky diodes are basically
planar devices. The beam-lead devices are bonded to
the substrate by means of thermo-compression bond-
ing. This type of bonding involves pressing the gold
beam of the devices against the gold plated metallized
substrate under controlled conditions of heat and pres-
sure. This process causes an intermolecular bonded
joint between the two devices to occur.

The protective covering used with mounted beam-
lead Schottky diodes is epoxy. The epoxy is a two part
system designated as XR-54 and manufactured espe-
cially for Alpha Industries by Fenwal Incorporated, Ash-

land, MA 10721. The black coloring material is manu-
factured by Plastic Molders Supply Company, 74 Fourth
Ave., Fanwood, N.J. and is designated as type MS-
4640E. The black coloring material is added to the epoxy
at the time of mixing.

Failure Modes

The most commonly experienced failure mode is
degradation of reverse breakdown voltage. This is usu-
ally caused by damage due to application of excessive
voltage as a result of mishandling.

The excess voltage may be caused by static dis-
charge or by transients after the devices have been
installed in the equipment. This problem is common to
all high-frequency mixer and detector diodes. If the
damage is severe, degradation of noise figure will also
occur.

Table 3 illustrates test summaries for beam-lead
Schottky quads D5847 mounted on ceramic substrate-
epoxied.
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TABLE 3 Test Summary: Beam-Lead Schottky Quads D5847 Mounted on Substrates

Subgroup Test Sequences Conditions Qty Tested Qty Failed
1 Temperature Cycle -65C to +150C 60 0
MIL-STD-750 110 Cycles
Method 1051F
Moisture Resistance 10 Days 60 1
MIL-STD-202
Method 106

Beam-Lead Schottky Diode D5827A Mounted On Ceramic Substrate-Epoxied

1 Temperature Cycle ~65Cto +150C 15 0
MIL-STD-750 110 Cycles
Method 105
Moisture Resistance 10 Days 15 0
MIL-STD-202
Method 106

2 High Temperature 150C 20 0
Storage** 20,000 hours

Beam-Lead Schottky Diode D5827 A Mounted On Ceramic Substrate-Epoxied

1 Temperature Cycle —-65Cto +150C 18 0
MIL-STD-750
Method 1051F
Moisture Resistance 10 Days 18 0
MIL-STD-202
Method 106

2 High Temperature 150C 20 0
Storage™” 20,000 hours

**Read at intermediate points with no failures.

Alpha Industriesis an active participantin military and Table 5 explains the numerous programs and capabili-
space programs requiring high-reliability capabilities. ties in which Alpha has been involved.
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TABLE 4
Program Participation and Capabilities

Semiconductor Division

Program Material Diode Construction Function

ECS/OTS GaAs Ceramic Body Multiplier
Metal Terminals

ECS/OTS GaAs Ceramic Body Paramp
Metal Terminals

ECS/OTS GaAs Ceramic Body Flexible Tuning Diode
Leads Welded On Terminal

ECS/OTS Silicon Ceramic Body Schottky Mixer Diode
Metal Terminals

G STAR GaAs Ceramic Body Multiplier
Metal Terminals

G STAR GaAs Ceramic Body Paramp
Metal Terminals

HARPOON Silicon Ceramic Body Limiter
Metal Terminals

SIRIOS Silicon Glass Body Hyperabrupt
Axial Leads Tuning Diode

MINUTEMAN Silicon Glass Body Hyperabrupt
Axial Leads Tuning Diodes

HARM Silicon Beam-Lead PIN Diode

MINUTEMAN Silicon Beam-Lead Schottky Mixer
Mounted Diode

BATSON Silicon Glass Body Noise Diodes
Axial Leads

HARM Silicon Glass Body Tuning Diode
Axial Leads

BATSON Silicon Glass Body Schottky Diode
Axial Leads High Voltage

AUSSET Silicon Ceramic Body Step Recovery

INTELSAT Metal Terminals Diode

CLASSIFIED Silicon Beam-Lead Capacitor

CLASSIFIED Silicon Ceramic Body PIN Diode
Metal Terminals

CLASSIFIED Silicon Beam-Lead PIN Diode
Mounted in Ceramic

CLASSIFIED Siticon Giass Body Step Recovery
Axial Leads Diode

CLASSIFIED Silicon Chip Mounted on Limiter
Ceramic Substrate

CLASSIFIED Silicon Glass Body Point Contact
Axial Leads Mixer Diode

CLASSIFIED Silicon Ceramic Body Schottky Mixer
Metal Terminals Diode

CLASSIFIED Silicon Glass Body Hyperabrupt

Metal Terminals

Tuning Varactor
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Alpha Microwave Diode Packages

* Outline Drawings (listed numerically, with inch/mm dimensions and package parasitics)............cccoccoerirnneninnniee 8-2
» Package Silhouettes (actual size silhouettes with corresponding package NUMDErS)...........c.ccconiimiininninciine. 8-28
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Outline Drawings

The following outline drawings show the most commonly used Alpha microwave diode packages. The outlines are listed

numerically by package number, and dimensions are listed in both inches and millimeters. Package parasitics are also
listed where applicable.
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CAPACITOR /(::gluno LG ZENER DIODE
ISTOR TUNING G
TUNING SCREW p / TuNiNG GROUND LU
s 5.72) Aal RESISTOR
33?)(5' ) ¥ - Y'l | S S
330 330(8.38 i 1
K - L &) I 425 (10.80) 225(5.72)
T
U 1.625
LA 1.80(45.72) 1.80(45.72) | @
1.70(43.18) 1.70{43.18) - 1220 o
o 1.31(3327) = i (31.00)
i 583 (14.81) M .610(15.49)
— MIXER ‘
OUTPUT
PIN

] }4—1 40110‘T6-)_—'—
A L
i

h
076(1.93) DIA 1250
] P \ e T

07601 9DIA . _ 1250
lPl.é:S. < .75)7
§e %) N s

1425 oo i 13.35705
(iﬁi‘i LGF—QQ» i?%‘a‘( ' )
! 967-001

967-002

Note: Millimeters in parentheses.
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Package Silhouettes

The silhouettes on the following pages are actual size, and their corresponding package style numbers are provided merely
as an aid for choosing the proper package for your needs. Alpha has unique manufacturing skills and new product capa-
bilities, as well as complete facilities for fabrication of special package designs and for solving special mounting problems.

Call the factory for further information.
Open Packages 30MIL (OD) Ceramic —

L] a
Low Parasitic
Actual Alpha
Size Package
Actual Alpha
Size Package
'1 176-001
. 417-001
- 176-801
- 304-001
176-002
- 290-001
i 179-001
50MIL (OD) — Low
- 75001 002 Inductance
Actual Alpha
Size Package
- 184-001
- 084-001
b4 184-804
-+ 082-001
T 253-001
¥ 067-001
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Package Silhouettes

50MIL (OD) Ceramic —

8OMIL (OD) — Low

Low Capacitance Inductance
Actual Alpha Actual Alpha
Size Package Size Package
" 247-001 - 048-001
a 237-001 '.' 248-001
* 350-001 ¥ 093-001
¥ 320-001 "' 092-001

414-001
- 247-802
r 247-805
- 247-807

80OMIL (OD) — Low

Capacitance
Actual Alpha
Size Package
'. 168-001
* 119-001
' 135-001
"' 023001‘
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Package Silhouettes

8OMIL (OD) — Low Screw-Thread Packages
Capacitance (cont.)

Actual Alpha

Size Package

' 013-001 & 296-001

' 207-001 A 305-001
.

168-801 K 315-001

«— 168-802  § 158-001

' 367-001 t 188-001

Lower Frequency — High x 118001
Power Packages
Size. Package ' e

240-001

|
* 116-001

017-001
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Package Silhouettes

Glass Packages
Actual Alpha
Size Package
e —

420-001

— - 421-001
—- 075-001

— 062-001
—_-_— 099-001
- 287-001

50 Ohm Broadband

High Power Multi-Throw
Packages

Actual Alpha

Size Package
H 424-901
423-901
423-902

50MIL Square Ceramic

Actual Alpha
Pac kages Size Package
295-011

Actual Alpha
Size Package

—— 197-001 | 295-012

l 190-001 | 295-xxx

* 375-001 —+— 418-038

(8 leads)
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Package Silhouettes

100MIL (OD) Ceramic
Actual Alpha
Size Package
—— 130-011
_?_ 131-012
+ 132-xxx
-+— 313-002

Hermetically Sealed —
70MIL Square
Actual Alpha
Size Package
—- 404-011

I 404-012

+ 404-002

Hermetically Sealed —
110 MIL Diagonal

Actual Alpha
Size Package

o 364-011

| 364-012

+ 364-002
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Package Silhouettes

Hermetically Sealed — Fiberglass
100MIL Square
Actual Alpha
Size Package
Actual Alpha
Size Package
. 337-xxx
—— 325-011
— 401-040
—T_ 325-012
T Attenuator
-'+— 325-xxx
Actual Alpha
Size Package
‘+ 400-001
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Section 9
Index

¢ All devices in this catalog are listed alphanumerically in the following index, with their corresponding page number.

Part Page Part Page Part Page
Numbers Numbers Numbers Numbers Numbers Numbers
1N1132 2-52 1N23GR 2-53 1N415CMR 2-53
1N1132M 2-52 1N23H 2-53 1N415D 2-53
1N1132MR 2-52 1N23HM 2-53 1N415DM 2-53
1N1132R 2-52 1N23HMR 2-53 1N415DMR 2-53
1N149 2-53 1N23HR 2-53 1N415E 2-53
1N149M 2-53 1N23WE 2-53 1N415EM 2-53
1N149MR 2-53 1N23WEM 2-53 1N415EMR 2-53
1N149R 2-53 1N23WEMR 2-53 1N415F 2-53
1N1611 2-56 1N23WG 2-53 1N415FM 2-53
1N1611A 2-56 1N23WGM 2-53 1N415FMR 2-53
1N1611AR 2-56 1N23WGMR 2-53 1N415G 2-53
1N1611B 2-56 1N2510 2-53 1N415GM 2-53
tN1611BR 2-56 1N2510M 2-53 1N415GMR 2-53
1N1611R 2-56 1N2510MR 2-53 1N415H 2-53
1N21C 2-52 1N2510R 2-53 1N415HM 2-53
1N21CM 2-52 1N26 2-54 1N415HMR 2-53
1N21CMR 2-52 1N26A 2-54 1N416C 2-52
1N21CR 2-52 IN26AM 2-54 1N416CM 2-52
1N21D 2-52 1N26AMR 2-54 1N416CMR 2-52
1N21DM 2-52 1N26AR 2-54 1N416D 2-52
1N21DMR 2-52 1N26B 2-54 1N416DM 2-52
1N21DR 2-52 1N26BM 2-54 1N416DMR 2-52
1N21E 2-52 1N26BMR 2-54 1N416E 2-52
1N21EM 2-52 1N26BR 2-54 1N416EM 2-52
1N21EMR 2-52 1N26C 2-54 1N416EMR 2-52
1N21ER 2-52 1N26CM 2-54 1N416F 2-52
IN21F 2-52 1N26CMR 2-54 1N416FM 2-52
1N21FM 2-52 1N26CR 2-54 1N416FMR 2-52
1N21FMR 2-52 1N26M 2-54 1N416G 2-52
1N21FR 2-52 1N26MR 2-54 1N416GM 2-52
1IN21G 2-52 1N26R 2-54 1N416GMR 2-52
1N21GM 2-52 1N3205 2-54 1N4603 2-54
1N21GMR 2-52 1N3205M 2-54 1N4603M 2-54
1N21GR 2-52 1N3205MR 2-54 1N4603MR 2-54
1N21WE 2-52 1N3205R 2-54 1N4603R 2-54
1N21WEM 2-52 1N358 2-56 1N4604 2-54
1N21WEMR 2-52 1N358A 2-56 1N4604M 2-54
1N21WG 2-52 1N358AR 2-56 1N4604MR 2-54
TN21WGM 2-52 1N358R 2-56 1N4604R 2-54
1IN21WGMR 2-52 1N3655 2-52 1N4605 2-54
1N23C 2-53 1N3655A 2-52 1N4605M 2-54
1N23CM 2-53 1N3655AM 2-52 1N4605MR 2-54
1N23CMR 2-53 1N3655AMR 2-52 1N4605R 2-54
1N23CR 2-53 1N3655B 2-52 1N5139 3-64
1N23D 2-53 1N3655BM 2-52 1N5140 3-64
1N23DM 2-53 1N3655BMR 2-52 1N5141 3-64
1N23DMR 2-53 1N3655M 2-52 1N5142 3-64
1N23DR 2-53 1N3655MR 2-52 1N5143 3-64
1N23E 2-53 1N3745 2-53 1N5144 3-64
1N23EM 2-53 1N3745M 2-53 1N5145 3-64
1N23EMR 2-53 1N3745MR 2-53 1N5146 3-64
1N23ER 2-53 1N3746 2-53 1N5147 3-64
1N23F 2-53 1N3746M 2-53 1N5148 3-64
1N23FM 2-53 1N3746MR 2-53 1N53 2-54
1N23FMR 2-53 1N3747 2-53 1N53A 2-54
1N23FR 2-53 1N3747M 2-53 1NS53AM 2-54
1N23G 2-53 1N3747MR 2-53 1N5S3AMR 2-54
1N23GM 2-53 1N415C 2-53 1N53AR 2-54
1N23GMR 2-53 1N415CM 2-53 1N53B 2-54
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Index

Part
Numbers

1N53BM
1TN53BMR
1N53BR
1N53D
1N53DM
1N53DMR
1N53DR
1N53M
1N53MR
1N53R
1N5441A
T1N5442A
1N5443A
1N5444A
1N5445A
1N5446A
1N5447A
1N5448A
1N5449A
TN5450A
1N5451A
TN5452A
TN5453A
1N5454A
1N5455A
1N5456A
1N5461A
1N5462A
TN5463A
1N5464A
TN5465A
1N5466A
1N5467A
1N5468A
TN5469A
TN5470A
TN5471A
TN5472A
1N5473A
1NS474A
1N5475A
1N5476A
1N5767
1N788B
1N78BM
1N78BMR
1N78BR
1N78C
1N78CM
1N78CMR
1N78CR
1N78D
1N78DM
1N78DMR
1N78DR
1N78E
1N78EM
1N78EMR
1N78ER

Page
Numbers
2-54
2-54
2-54
2-54
2-54
2-54
2-54
2-54
2-54
2-54
3-64
3-64
3-64
3-64
3-64
3-64
3-64
3-64
3-64
3-64
3-64
3-64
3-64
3-64
3-64
3-64
3-64
3-64
3-64
3-64
3-64
3-64
3-64
3-64
3-64
3-64
3-64
3-64
3-64
3-64
3-64
3-64
3-23
2-54
2-54
2-54
2-54
2-54
2-54
2-54
2-54
2-54
2-54
2-54
2-54
2-54
2-54
2-54
2-54

Part
Numbers

1N78F
1N78FM
1N78FMR
1N78FR
1N78G
1N78GM
1N78GMR
1N78GR
1N830
TN830A
TN831
TN831A
1N831AM
1N8318
1N831BM
1N831C
1N831CM
TN831M
1N832
1N832A
1N832AM
1N832B
1N832BM
1N832C
1N832CM
TN832M
1N833
TN833A
CDB7605
CDB7606
CDC7609
CDC7609A
CDC7609B
CDC7609C
CDC7609D
CKV2010-19
CKV2010-20
CKV2010-21
CKV2010-22
CKV2010-23
CKV2020-01
CKV2020-02
CKV2020-03
CKV2020-04
CKV2020-05
CKV2020-06
CKV2020-07
CKV2020-08
CKV2020-09
CKV2020-10
CKV2020-11
CKV2020-12
CKV2020-13
CKV2020-14
CKV2020-15
CKV2020-16
CKV2020-17
CKV2020-18
CKV2020-19

Page
Numbers
2-54
2-54
2-54
2-54
2-54
2-54
2-54
2-54
2-56
2-56
2-52
2-52
2-52
2-52
2-52
2-52
2-52
2-52
2-53
2-53
2-53
2-53
2-53
2-53
2-53
2-53
2-56
2-56
2-39
2-39
2-45
2-45
2-45
2-45
2-45
3-65
3-65
3-65
3-65
3-65
3-69
3-69
3-69
3-69
3-69
3-69
3-69
3-69
3-69
3-69
3-69
3-69
3-69
3-69
3-69
3-72
3-72
3-72
3-72

Part
Numbers
CKV2020-20
CKV2020-21
CKV2020-22
CKV2020-23
CKV?2020-25
CKV2020-26
CKV2020-27
CKV2020-28
CKV2020-29
CKV2020-30
CKV2020-31
CKV2020-32
CKV2020-33
CKV?2020-34
CKV2020-35
CKV2020-36
CKV2020-37
CKV2020-38
CKV2020-39
CKV2020-40
CKV2020-41
CKV2020-42
CKV2020-43
CKV2020-44
CKV2020-45
CKV2020-46
CKV2020-47
CKV2020-48
CKV2020-49
CKV2020-50
CKV2020-51
CKV2020-52
CKV2020-53
CKV2020-54
CLA3131
CLA3131-01
CLA3131-02
CLA3131-03
CLA3132
CLA3132-01
CLA3132-02
CLA3132-03
CLA3133
CLA3133-01
CLA3133-02
CLA3133-03
CLA3134
CLA3134-01
CLA3134-02

CLA3135
CLA3135-01
CLA3135-02
CMB7601
CMB7602
CMK7703
CMK7703A
CMK7704
CMK7704A
CMK7705

Page
Numbers
3-72
3-72
3-72
3-72
3-72
3-72
3-72
3-72
3-72
3-72
3-72
3-72
3-72
3-72
3-72
3-72
3-72
3-72
3-72
3-72
3-75
3-75
3-75
3-75
3-75
3-75
3-75
3-75
3-75
3-75
3-75
3-75
3-75
3-75
3-25
3-25

3-25 .
3-25
3-25
3-25
3-25
3-25
3-25
3-25
3-25
3-25
3-25
3-25
3-25
3-25
3-25
3-25
2-32
2-32
2-13
2-13
2-13
2-13
2-13




Index

Part
Numbers

CMK7705A
CSA7205
CSA7205A
CSA7205B
CSA7205C
CSB7002-01
CSB7002-02
CSB7002-03
CSB7002-04
CS8B7002-05
CSB7002-06
CSB7002-07
CSB7003-01
CSB7003-02
CSB7003-03
CSB7003-04
CSB7151-01
CSB7152-01
CSB7156-01
CSB7201-01
CSsB7201-02
CSB7201-03
CSB7401-01
CSB7401-02
CSB7401-03
CSM7301-01
CSM7301-02
CSM7301-03
CSM7301-04
CSM7301-05
CSM7301-06
CSN9250
CSN9260
CSN9270
CSP9200
CSP9210
CSP9220
CVA1116A
CVA1116B
CVA1116C
CVA1116D
CVA1116E
CVA1116F
CVA1116G
CVB1015A
CvB1015B
CvB1015C
CVB1030A
CvB1030B
CcvB1030C
CvB1045B
CvB1045D
CVB1045E
CVE7800
CVE7900
CVH2000
CVH2030
CVH2045
CVH2060

Page

Numbers

2-13
3-13
3-13
3-13
3-13
3-19
3-19
3-19
3-19
3-19
3-19
3-19
3-19
3-19
3-19
3-19
3-14
3-14
3-14
3-19
3-19
3-19
3-19
3-19
3-19
3-19
3-19
3-19
3-19
3-19
3-19
3-21
3-21
3-21
3-21
3-21
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Numbers

CVH2090
D5002-06
D5002-12
D5002-18
D5002-24
D5002-30
D5002-36
D5002-42
D5002-48
D5005-06
D5005-12
D5005-18
D5006-06
D5006-12
D5006-18
D5006-24
D5006-30
D5006-36
D5007-06
D5007-12
D5007-18
D5008-06
D5008-12
D5008-18
D5008-24
D5008-30
D5009-06
D5009-12
D5018-06
D5018-12
D5018-18
D5018-24
D5019-06
D5046
D5046A
D50468
D5046C
D5146A
D51468
D5146C
D5146D
D5146E
D5146F
D5146G
D5146H
D5151
D5151A
D5244-06
D5244-12
D5244-18
D5244-24
D5244-30
D5244-36
D5244-42
D5244-48
D5245-06
D5245-12
D5245-18
D5245-24
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Numbers
D5245-30
D5245-36
D5246-06
D5246-12
D5246-18
D5246-24
D5246-30
D5249-06
D5249-12
D5249-18
D5249-24
D5254-06
D5254-12
D5254-18
D5255-06
D5255-12
D5255-18
D5256-06
D5256-12
D5259-06
D5337-00
D5337-06
D5337-12
D5371A
D53718B
D5371C
D5371D
DAA5125
DAA5126
DDA4072
DDA4072A
DDA4072B
DDA5012
DDA5036
DDA5090
DDAS5090A
DDA5093
DDAS5093A
DDA5233
DDA5236
DDA5360
DDA5360R
DDA5361
DDA5361R
DDA5362
DDA5363
DDA5363R
DDA5364
DDA5365
DDAS5365R
DDA5366
DDA5367
DDA5367R
DDA5368
DDA5638
DDAS638R
DDAG6797
DDB3221
DDB3263

Page
Numbers
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5-11
5-11
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Index

Part
Numbers

DDB3265
DDB3266
DDB3267
DDB3268
DDB3269
DDB4393
DDB4503
DDB4504
DDB4517
DDB4517A
DDB4719
DDB5098
DDB6673
DDB6673Y
DDC4561
DDC4561A
DDC4561B
DDC4561C
DDC4561D
DDC4562
DDC4562A
DDC45628B
DDC4562C
DDC4562D
DDC4563
DDC4563A
DDC4563B
DDC4563C
DDC4563D
DDC4564
DDCA4564A
DDC4564B
DDC4564C
DDC4564D
DDC4565
DDC4565A
DDC4565B
DDC4565C
DDC4565D
DDC4582
DDCA4582A
DDC45828
DDC4582C
DDC4582D
DDC4717
DDCA4717A
DDC4717B
DDC4717C
DDC4717D
DDC4722
DDC4722A
DDC4722B
DDC4722C
DDC4722D
DDC6980
DDC6980A
DDC6980B
DDC6980C
DDC6980D

Page
Numbers
2-39
2-39
2-39
2-39
2-39
2-39
2-39
2-39
2-39
2-39
2-39
2-39
2-39
2-39
2-44
2-44
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Part
Numbers
DDL6672
DDL6672A
DDL6725
DGB8012
DGB8013
DGB8054
DGB8055
DGB8056
DGB8064
DGB8065
DGB8066
DGB8076
DGB8081
DGB8082
DGB8083
DGB8091
DGB8094
DGB8095
DGB8112
DGB8113
DGB8121
DGB8122
DGB8123
DGB8124
DGB8125
DGB8131
DGB8132
DGB8133
DGB8134
DGB8135
DGB8141
DGB8144
DGB8145
DGB8154
DGB8155
DGB8156
DGB8164
DGB8165
DGB8166
DGB8176
DGB8181
DGB8191

'‘DGB8194

DGB8195
DGB8211
DGB8212
DGB8213
DGB8214
DGB8215
DGB8221
DGB8222
DGB8223
DGB8224
DGB8225
DGB8231
DGB8232
DGB8233
DGB8234
DGB8235

Page
Numbers
2-39
2-39
2-39
4-6
4-6
4-10
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4-10
4-11
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Numbers

DGB8241
DGB8244
DGB8245
DGB8254
DGB8255
DGB8256
DGB8266
DGB8276
DGB8281
DGB8291
DGB8294
DGB8295
DGB8311
DGB8312
DGB8313
DGB8314
DGB8315
DGB8321
DGB8322
DGB8323
DGB8324
DGB8325
DGB8331
DGB8332
DGB8333
DGB8334
DGB8335
DGB8344
DGB8345
DGB8346
DGB8354
DGB8355
DGB8356
DGB8366
DGB8376
DGB8381
DGB8411
DGB8412
DGB8413
DGB8414
DGB8415
DGB8421
DGB8422
DGB8423
DGB8424
DGB8425
DGB8431
DGB8432
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DGB8434
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DGB8444
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Index

Part Page Part Page Part Page
Numbers Numbers Numbers Numbers Numbers Numbers
DGB8512 4-5 DGB8813 4-6 DGB9415 4-6
DGB8513 4-5 DGB8822 4-7 DGB9421 4-8
DGB8514 4-5 DGB8823 4-7 DGB9422 4-8
DGB8515 4-5 DGB8832 4-9 DGB9423 4-8
DGB8521 4-7 DGB8833 4-9 DGB9424 4-8
DGB8522 4-7 DGB8834 4-9 DGB9425 4-8
DGB8523 4-7 DGB8835 4-9 DGB9434 4-9
DGB8524 4-7 DGB8912 4-6 DGBY9435 4-9
DGB8525 4-7 DGB8913 4-6 DGB9436 4-9
DGB8531 4-8 DGB8922 4-7 DGB9444 4-10
DGB8532 4-8 DGB8923 4-7 DGB9445 4-10
DGB8533 4-8 DGB8932 4-9 DGB9446 4-10
DGB8534 4-8 DGB8933 4-9 DGB9512 4-6
DGB8535 4-8 DGB8934 4-9 DGB9513 4-6
DGB8544 4-10 DGB8935 4-9 DGBY514 4-6
DGB8545 4-10 DGB8982 4-7 DGB9515 4-6
DGB8546 4-10 DGB8983 4-7 DGB9522 4-8
DGB8554 4-10 DGB9211 4-6 DGB9523 4-8
DGB8555 4-10 DGB9212 4-6 DGB9524 4-8
DGB8556 4-10 DGB9213 4-6 DGB9525 4-8
DGB8566 4-11 DGB9214 4-6 DGB9534 4-9
DGB8612 4-6 DGB9215 4-6 DGB9535 4-9
DGB8613 4-6 DGB9221 4-7 DGB9544 4-10
DGB8614 4-6 DGB9222 4-7 DGB9545 4-10
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Warranty/Ordering Information

How to Order

Orders may be placed with our local field sales representatives, listed later in this section, or with the Semiconductor
Division’s sales department at:

Alpha Industries — Semiconductor Division
20 Sylvan Road

Woburn, Massachusetts 01801

Telephone: (617) 935-5150

TWX: 710-393-1236

TELEX: 949436

Correct ordering information speeds delivery. When ordering, please specify type or model numbers and product name.
For example, “Type XXX, Beam-Lead Schottky Barrier Diodes,” or “Model XXX, Beam-Lead PIN Diodes.” Be sure to
include the prefix or suffix on type or model numbers to identify special versions of the product.

Terms and Conditions of Sale

The minimum order accepted by Alphais $50.00 on OEM and distributor orders; all others, export and government, are
$100.00 minimum. On all orders, payment is due net 30 days following date of shipment. Taxes are notincluded in Alpha’s
prices. Foreign payments and terms are arranged on an individual basis by Alpha’s International Marketing Department.

Shipments

Shipments to destinations within the United States and overseas made directly from the factory are billed F.O.B. Woburn,
Mass.

Warranty Provisions

Alpha products are warranted to be free of defects in materials or manufacture and to conform to the applicable published
ratings and characteristics in effect at the time of shipment. Alpha’s liability under such warranty is limited to replacing or
repairing, at our option, any goods found to be defective in said respects, which are returned to us, transportation prepaid.
In no event shall Alpha be liable for collateral or consequential damages. This warranty shall not apply to any products
which have been subjected to misuse, improper installation, repair, alteration, neglect, accident, inundation, fire, or operation
outside the published maximum ratings. Alpha shall have the right of final determination in regard to the cause and existence
of any defect under this warranty.

Repairs or Replacements

In accordance with the conditions of the Warranty Statement, all defective units should be returned to the factory whether
repairable or not, so that we may avoid a continuation of the defect in future production runs or in new product designs.

Service

Alpha welcomes the opportunity to work with you. Realizing that service is the keystone of any lasting and mutually
rewarding business relationship, we will spare no effort to assure your complete satisfaction.
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North American Sales Offices &
Representatives

UNITED STATES

Maine, New Hampshire,
Vermont, Connecticut, Rhode
Island, Massachusetts
Alpha Industries, Inc.

New England Sales

2 Courthouse Lane, Unit 4
Courthouse Square
Office Park It

Chelmsford, MA 01824
(617) 937-1820

TWX: 710-321-0020

New York City, Long island,
Northern New Jersey except
for Fort Monmouth &
Picatinny Arsenal

Trionic Associates

320 Northern Blvd.

Great Neck, L.I., NY 11020
(516) 466-2300

TWX: 510-223-0834

Trionic Associates
24 Red Barn Lane
Randolph, NJ 07869
(201) 361-1596

Trionic Associates
P.O. Box 71

Colts Neck, NJ 07722
(201) 466-2300

CDB Associates

675 West Jericho Turnpike
Huntington, L.I., NY 11743
(516) 692-5200

TWX: 510-226-2770

Picatinny Arsenal, NJ
William Kauf

Bldg. 6B, Foxwood Estates
288 Mount Tabor Road
Morris Plains, NJ 07950
(201) 539-9201

Fort Monmouth, NJ

Marketing Services Associates,
Inc.

Crystal Brook Professional
Building

Route 35

Eatontown, NJ 07724

(209) 389-1311

Upstate New York
Ossmann Instruments
6666 Old Collamer Road
East Syracuse, NY 13057
(315) 437-7052

TWX: 710-541-1523

Southern New Jersey, East-
ern Penngylvania & Delaware
Omni Sales

1014 Bethiehem Pike
Erdenheim, PA 19118

(215) 233-4600

TWX: 510-661-9170

Maryland, Virginia, West Vir-
ginia, Washington, DC &
Eastern Tennessee
Burgin-Kreh Associates, Inc.
7000 Security Bivd.,

Suite 330

Baltimore, MD 21207

(301) 265-8500

TWX: 710-862-1450

Burgin-Kreh Associates, Inc.
P.O. Box 4455

8314 Timberlake Road
Lynchburg, VA 24502

(804) 239-2626

TWX: 710-871-1529

Western Pennsylvania & Ohio
Rixan Associates

5062 Wadsworth Road

Dayton, OH 45414

(513) 278-4216

Wright Patterson AFB, Ohio
LEA Marketing

5899 Huberville Avenue
Dayton, OH 45431

(513) 254-2659

(513) 962-4271

Florida, Alabama, Georgia,
Tennessee, Mississippi,
North Carolina & South Caro-
lina

Alpha South, Inc.

1100 Cleveland St.,

Suite 202

Clearwater, FL 33515

(813) 461-6455

TWX: 810-866-4103

Alpha South

5932 Hugh Howel! Road,
Suite A3

Stone Mountain, GA 30087
(404) 498-2267

SparTech Associates
2115 Palm Bay Road, N.E.
Suite 4

Paim Bay, FL 32905

(305) 727-8045

Minnesota, North &

South Dakota

Loren Green Associates
6225 University Avenue, N.E.
Minneapolis, MN 55432
(612) 571-6666

Indiana & Kentucky
Technology Marketing Corp.
(TMC)

599 Industrial Drive

Carmel, IN 46032

(317) 844-8462

TWX: 910-997-0194

Technology Marketing Corp.
(TMC)

3428 West Taylor Street
Fort Wayne, IN 46804

(219) 432-5553

TWX: 910-997-0195

Technology Marketing Corp.
(TMC)

8819 Roman Court

P.O. Box 91147

Louisville, KY 40291

(502) 499-7808

TWX: 810-535-3757

ilinois, Michigan &
Wisconsin

R-Tek

645 First Bank Drive
Palatine, IL 60067
(312) 991-4404
TWX: 910-693-0993

R-Tek, inc.

6752 Covington Creek Trl.
Fort Wayne, IN 46804
(219) 432-8783

lowa

C.H. Horn & Associates
Executive Plaza Bidg.
4403 First Avenue, S.E.
Cedar Rapids, |A 52402
(319) 393-8703

TWX: 910-525-1331

Idaho, Montana & Wyoming
Alpha Industries, Inc.

20 Sylvan Road

Woburn, MA 01801

(617) 935-5150

Nebraska, Kansas & Missouri
Electri-Rep

7070 West 107th Street,

Suite 160

Overland Park, KS 66212

(913) 649-2168

TWX: 910-749-4077

Electri-Rep

8 Progress Parkway
Maryland Heights, MO
(314) 878-8209

Texas, Oklahoma, Arkansas
& Louisiana except El Paso,
X

Technical Marketing, inc.
3320 Wiley Post Road
Carroliton, TX 75006

(214) 387-3601

TWX: 910-860-5158

Technical Marketing, Inc.
76430 Hillcroft, Suite 104
Houston, TX 77081

(713) 777-9228

Technical Marketing, Inc.
9027 Northgate Bivd.,
Suite 140

Austin, TX 78758

(512) 835-0064

Arizona, New Mexico &
ElPaso, TX

Semper Fi Sales, Inc.

7905 East Greenway Road,
Suite 201

Scottsdale, AZ 85260

(602) 991-4601

Telex: 249903

Colorado & Utah
Herb Bass Associates
5225 North 51st Street
Boulder, CO 80301
(303) 530-7509

TWX: 103-499-3249

Herb Bass Associates
2406 Woodhollow Way
Bountiful, UT 84010
(801) 295-7100

TWX: 103-499-1594

Washington & Oregon
Quadra Sales

2651 151st Place, N.E.
Redmond, WA 98052
(206) 883-3550

TWX: 910-449-2592

Northern California & Nevada
Alpha Industries, Inc.

10011 North Foothill Bivd.,
Suite 103

Cupertino, CA 95014

(408) 446-5333

TWX: 910-338-7629

Southern California
Alpha Industries, Inc.
9841 Airport Bivd.,
Suite 920

Los Angeles, CA 90045
(213) 642-4940

Telex: 751923

Cain Technology, Inc.
11701 Mississippi Avenue
Los Angeles, CA 90025
(213) 477-9054

TWX: 910-342-7574

Cain Technology
1046-1 North Tustin
Orange, CA 92667
(714) 997-7311
TWX: 910-593-1632

CANADA

Vitel Electronics

3300 Cote Vertu, Suite 203
St. Laurent, Quebec
Canada H4R 2B7

(514) 331-7393

TWX: 610-421-3124

Vitel Electronics
5945 Airport Road,
Suite 180
Mississauga, Ontario
Canada L4V 1R9
(416) 676-9720
TWX: 610-492-2528

Vitel Electronics
4019 Carling Ave.,
Suite 301

Kanata, Ontario
Canada K2K 2A3
(613) 592-0090




International Sales Offices* & Distributors

Australia

Benmar International Pty. Ltd.
Level 59, MLC Centre

Martin Place G.P.O. Box 4048

Sydney, N.S.W.

2001

Australia

Contact: E.J. Pietor
Telex: 790-23917
Tele: 61-2-233-7939
Belgium

Stoops Trading
Molenheidebaan 77
B-2970 Boortmeerbeek
Belgium

Contact: W. Stoops
Telex: 846-63365
Tele: 32-15-614505
Denmark

C-88as

Kokkedal Industripark 42A
Kokkedal DK-2980

Denmark

Contact: C. Mueller
Telex: 855-41198
Tele: 45-2-244888
England*

Alpha Industries (USA) Ltd.
66/68 Chapel St.

Marlow

Bucks SL71DE

England

Contact: J. Hallatt
Telex: 846331

Tele: (06284)75562
Finland

QY Atomica AB

P.O.Box 22

Espoo

02171 Espoo 17

Finland

Contact: K. Swanlijung
Telex: 358-0-423533
Tele: 358-0-423533
France

Millimondes

14 Avenue du General Leclerc
92350 Le Plessis Robinson
France

Contact: M. Bapteste
Telex: 842-202965
Tele: 33-1-537-1230

Germany*

Alpha Industries GmbH
Berenter Strasse 20 A

D 8000 Munchen 81

West Germany

Contact: E.Renz
Telex: 841-5213581
Tele: 49-89-932012
Holland

Datron by

Dodaarslaan 16
1241 XJ Kortenhoef

Holland

Contact: H. Boogaard
Telex: 844-43943
Tele: 31-35-60834
India

Inde Associates

P.O. Box 332

806 Gurdev Nagar
Ludhiana 141 001

India

Contact: R. Kumar
Telex: 953-0386340
Tele: 91-37031
Israel

Independent Foreign Trade
and Development Co., Ltd.

Merkazim Building

Maskit Street

Industrial Zone

P.O. Box 416

Herzlia “B” 46103

Israel

Contact: U. Weltsch

Telex: 922-33387

Tele: 972-52-556356

Italy

Microelit S.R.L.

Via Paolo Uccello, 8

00148 Milano

Italy

Contact: L. Schiavello
Telex: 843-334284
Tele: 39-2-4690444 (Milan)
39-2-4695337 (Milan)
39-6-890892 (Rome)
39-6-898243 (Rome)

Japan (Not Microelectronics)
Sogo Electronics
3-13-15 Minami Karasuyama

Setagaya-Ku Tokyo 157
Japan

Contact: S. Kazama
Telex: 781-232-4786
Tele: 81-3-3095442

Japan (Microelectronics-only)
I.T.E.
6-18-10 Okusawa

Setagaya-Ky Tokyo 158
Japan

Contact: S. Kameda
Telex: J229511 FUJIBO
Tele: 03-702-2166
Korea

Vision Trading Company
CPO Box 10347

Seoul

Korea

Contact: J.H. Yoo
Telex: K23231
Tele: 783-8138/9
New Zealand

AWA New Zealand Ltd.

Wineera Drive
P.O. Box 50248

Porirua

New Zealand

Contact: P.J. Gilgen
Telex: 791-31001
Tele: 64-6-375069
Norway

Elektronix A/S

Odinsgt 21

P.O. Box 3008-Elisenberg
Oslo

Norway

Contact: R. Myklebust
Telex: 856-72738
Tele: 02-56-71-40

Peoples Republic of China
Solidfort Industries Limited
Suite 1004 Dominion Centre
59 Queen’s Road East

Hong Kong

Contact: A.C.W.Tsang
Telex: 76562 SALTIHX
Tele: 5-299323

South Africa

Urardu Electronics (PTY) Ltd.
P.O. Box 30323, Sunnyside
Pretoria 0132

South Africa

Contact: A. Manuelian
Telex: 960-30581
Tele: 27-12-985233
Spain

Amitron S.A.

Avenida Valladolid, 47-A
28008 Madrid

Spain

Contact: H. Poio
Telex: 45550

Tele: (1)247-93-13
Sweden

Naxab

Hemvérnsgatan Il

Box 4115

Solna S 171 04

Sweden

Contact: G. Svenander
Telex: 854-17912
Tele: 46-8-985140
Switzerland

Kontron Electronic AG
Bernerstrasse-Dued 169
Postfach

Zuerich 8048

Switzerland

Contact: W. Arnold
Telex: 845-822195
Tele: 41-1-435-41-11

Taiwan
Luxen Technology Corporation
P.O. Box 96-87

Taipei

Taiwan, R.O.C.

Contact: H. Yang
Telex: 785-12105
Tele: 886-7513733
Yugoslavia

Belram S.A.

Avenue Des Mimosas, 83
Brussels 1150

Belgium

Contact: D.G. Papic
Telex: 846-21790
Tele: 32-2-733-33-32
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