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K-Band 0.5W. GaAs MESFET
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Slabline Transistor Holder

Transistor Holder (with side removed)
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RING P OUT (W) GAIN {dB) EFF 'DC{A)
AN 0.284 3.56 0.304 0.095
0] 0.28) 3.52 0.304 0.093
s] 0.274 3.41 0.300 0.091

0.5 W Power MESFET Load-Pull Measurement.
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NETWORK
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FET

NETWORK

—O— 00
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I. CONVENTIONAL ONE-SIGNAL S-PARAMETER MEASUREMENT
+ MEASURE S]] UNDER LARGE SIGNAL CONDITIONS
« ITERATE TO ESTABLISH DESIRED INPUT LEVEL
« DESIGN MATCHING NETWORK (IMN) FOR FET INPUT

ZS =50 Q

v IMN

FET

50 Q
NETWORK

IT. TWO-SIGNAL S-PARAMETER MEASUREMENT
« INSTALL IMN AND MEASURE 511 TO DETERMINE INPUT MATCH
+ MEASURE 522 UNDER LARGE SIGNAL CONDITIONS
» DESIGN OUTPUT MATCHING NETWORK
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O LOAD-PULL DATA
O S-PARAMETER DATA

Comparison of Load-Pull and S-Parameter Data.
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POWER OUTPUT (W)
T T T T T T

1

POWER-ADDED
EFFICIENCY (%)

b

GAIN (dB)

_llJ_Lll_LlllLL_LlllJ

O FIX TUNED MICROSTRIP CIRCUIT (10 FETs)
0O MAXIMUM POWER }
A MAXIMUM EFFICIENCY

1
1

=
) .

LOAD-PULL DATA
USING TUNEABLE
SLABLINE CIRCUIT
(14 FETs)

FREQUENCY (GHz )

0.5 W FET Performance Versus Frequency.
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Performance of Slabline and Microstrip Amplifiers.
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Conclusion

K-Band Receiver Development

® [ OW-NOISE FET CHARACTERIZATION TECHNIQUES
® RIDGE-TRANSFORMER WAVEGUIDE/MICROSTRIP TRANSISTION
® | OW NOISE AMPLIFIER:

4.5 pB NOISE FIGURE WITH 6 pB OF GAIN

K-Band Transmitter Development

® GaAs POWER MESFETS
0.5 W POWER QUTPUT AT 207 POWER-ADDED EFFICIENCY

o LARGE SIGNAL FET CHARACTERIZATICN TECHNIQUES
LOAD-PULL/TWO-SIGNAL S-PARAMETERS

o FET PERFORMANCE EVALUATED IM SLABLINE AND MICROSTRIP
CIRCUITRY

o COMPLETE AMPLIFIFR STAGE |
0.4 W POWER ONTPUT/15% EFFICIENCY/3.0 pB GAIN

Countinuing Developement
o HIGH-GAIN (8 pB) 0,1 W FETS

® HIGH-POWER 1.0 W FETS
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DESIGN AND OPTIMIZATION OF LOW NOISE AND POWER
FETs FOR EHF APPLICATIONS

Hughes Aircraft
H. Yamasaki

(Document not available)
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HIGH PERFORMANCE LOW COST MIXERS
FOR COMMUNICATION APPLICATIONS

HUGHES AIRCRAFT

H. Yamasaki

(Document not availabie)

FRLCBUING Faulk blabK-d0T F1.EHD
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IMPATT POWER BUILDING BLOCKS FOR 20 GHz
SPACEBORNE TRANSMIT AMPLIFIER

LNR Communications

H. C. Okean

FALORWING Fak bLaiKeNOT FX
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IMPATT POWER BUILDING BLOCKS FOR 20 GHz

SPACEBORNE TRANSMIT AMPLIFIER

by

J. Asmus, Y. Cho, J. deGruyl, A. Giannakopoulos
and
H.C., Okean

presented at:

EHF SATCOM Technology Workshop
San Diego, California
August, 1981
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IMPATT POWER BUILDING BLOCKS FOR 20 GHz

SPACEBORNE TRANSMIT AMPLIFIER*

by

J. Asmus, Y. Cho, J. deGruyl, A. Giannakopoulos
and
H.C, Okean
LNR Communications, Inc.

Single-stage circulator coupled IMPATT "building block™
constituents of a 20 GHz solid state power amplifier (SSPA)
currently under development for spaceborne downlink transmitter
usage has been demonstrated as providing w»1.25 to 1.5W RF
pover output at 3 to 5 dB operating gain over a 1 GHz bandwicdth.
Using either commercially available or recently developed in-
house GaAs Schottky Read-profile IMPATT diodes, DC/RF power
added efficiencies of 11 to 15 percent were achieved. A two
stage IMPATT driver amplifier with similar RF output pcwer

capability exhibited 13 + 0.5 dB operating gain over a 1 GH: band-

width., A companion 20 GHz FET driver preamplifier is also
under development. Extension of the above to the development

of a "full-up” 20W IMPATT transmitter is currently in progress.

*This cffort is sponsored in part by NASA Lewis Research
Centes and the Air Iorce Avionics Laboratory under Contracts

No. NAS3-22491 and F33615-80C-1182, respectively.
43
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IN-BOUSE K-BAND IMPATT DIODE DEVELOPMENT STATUS

TYPE:

« GaAs MODIFIED READ-PROFILE (LHL)

- SINGLE DRIFT

SUMMARY OF RESULTS TO DATE

- FREQUENCY GHz 16~-18 18-20

(TEST OSC.)
« DC/RF EFFICIENCY~PERCENT 15-20 10-15
e THERMAL RESISTANCE °C/W 20 20-22

LNR .
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19 19.5 20 205 2i 215 22
FREQUENCY —GHz —=

TYPICAL EXTERNAL PORT ISOLATION OF BREADBOARD K-BAND
6 - PORT CIRCULATOR

~>——— |SOLATION - ¢8

g B
L
I \,/

INSERTION LOSS/ PASS = 0.25d8
i i L 1

9 95 20 205 2i 21.5 22
FREQUENCY - GHz

TYPICAL INTERJUNCTION ISOLATION OF BREADBOARD K-BAND
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INTEGRATED TWO-STAGE K-BAND IMPATT AMPLIFIER
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FREQUENCY ~ GHz ~——»

INPUT DRIVE LEVEL : 4 17 dBm
OPERATING GAIN COMPRESSION RATIO: 0.2dB/dB

DC POWER 7 STAGE: 6W
(4 COMM. AVAIL. )

MEASURED PERFORMANCE
OF

TWO-STAGE IMPATT PREAMPLIFIER
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IMPATT DEVICE ®POWER ADDED EFFICIENCY : 18 % (MAX)

RF POWER OUTPUT— dBm
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P =100mW Pe=400) m'N
Gp = 41CH2) 3 = 41GRe) Vo 0D W (TYR)

-

. INJECTION ' BAND
a RBSMD - LOCKED | VSVE e TP T
05CILLATOR 4%-45 GN2)

Reb PO
(5 M¥ 7)

WPUT
\S0LATOR

S-BAND WPHT
(2-4 GM:)

FUNCTION AL BLOCK DWOGRAM OF S/ BAND  POWER
UPCONVUERTER

LNR
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LOCK
STATUS
DET/SEARCH
W F GEN
STABILIZED
Q-BAND RF OUTPUT
r—> GUNN 0SC > R
(vco) ><
LOOP
AMP/LPF
\ 5 MHz DIVIDER VHF
® —-DET ‘ IFA
| = J6 HARMONIC
MIXER

BUFFER C-~BAND
, AMPLIFIER > PLO
1 ULTRA -STABLE
REF INPUT

(frer = SMHZ)

FUNCTIONAL BLOCK DIAGRAM OF THE Q-BAND PHASE LOCKED SOURCE
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- Input frequency range
« Pump frequency

« Output frequency range

; + Upper sideband output power
< Passband output ripple

\ . Lower sideband rejection
+ S-band input power
+ Q-band pump power

‘ » S<band input VSWR

é ) - Q-band output VSWR

- Q-band PLO output power

* . Projected ILO output power
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MEASURED POWER UPCONVERTER CHARACTERISTICS

2-4 GHz
41 GHz
43-45 GHz

95mW (avg.)

2 dB max. (P-P)

2 40 dB
100mw
400mW
1.3:1 (max)
1.5:1 (max)
105mwW

4 50mwW




PHASE~LOCK
Q-BAND
INPUT P,

BLock

«ltp
Q

4

STABILIZED

FREE RUNNING
IMPATT 0SC

Q-BAND
PUMP Pp

fp, Q

-:-p‘-’— SAtop-p (DRIFT)

a) CIRCULATOR COUPLED IMPATT OSCILLATOR

PHASE-LOCKED
Q- BAND
INPUT P,

INPUT
ISOLATOR |

3 daB
HYBR?

D

6 DO

6DO

OUTPUT STABILIZED
isoLAToR—® o -BAND
| PUMP P,

b) HYBRID COUPLED GUNN DIODE OSCILLATORS

ALTERNATIVE
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INJECTION LOCKED OSCILLATOR CONFIGURATIONS
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BAND CUTPUT POWER
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;, OUT
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9

40

iatnisgirioms aasiapeaiy

R

INPUT SIGNAL DRIVE LEVEL! 50 mwW {MIN)
CIRCUIT LOSSES: Lu=1.26 (1.OdD)
MINIMUM REQD MINIMUA REQ
PUMPED VARACTOZ A+—" N PUMP POWER
CUTOFF ERE o
L o E— Py
eod /] \ 35D MW
GH=Z
"700/ — —— S 200 mW
00 NOGOMNVYE ;
GHz BALANCED VARACTORS: '
CJO = |-OP‘F
VB T |5V
f, =-Fp+f5l
2.0 25 3.0 35 4.0

SIGNAL INPUT FREQUENCY 5 (GR:)

THEORETICAL
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»

PERFORMANCE ALS OF HIGH POWER S

« Input frequency range

» Pump fregquency

° Output frequency range (USB)
+« Upper sideband output power
-« Passband output ripple

* Lower -sideband rejection

* S-band input power

» Q-~band pump

* Q~band pump power

+ Pump source phase locked loop (PLL)
bandwidth

« Reference input frequency

« Pump source FM noise within
PLL BW of carrier (fm 20 KHZ)
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=BAND UPCONVERTER

2-4 GHz

41 GHz

43-45 GHz
100mW (Nom.)
+1.5 B (Max.)
40 4B (Min.)
100mwW (Max.)

self-contained phase
@ 41 GHz

300mW (Nom.)

20 KHz (Nom.)

S MH2

8.2 x 103 N\ fres.
(rms Hz// MZ)

COMMLINCATIONS
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HIGH POWER S/Q BAND SATCOM UPLINK TRANSMITTER UNCONVERTER

LNR Communications
H. C. Okean
FRLCEVIWG FaGR bLANK-3OT Fii
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HIGH POWER S/Q BAND SATCOM UPLINK
TRANSMITTER UPCONVERTER
BY

H. DeGruyl, H.C. Okean and L.J. Steffek

Presented At
EHF SATCOM TECHNOLOGY WORKSHOP

San Diego, California
August, 1981
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HIGH POWER S/Q BAND SATCOM UPLINK
TRANSMITTER UPCONVERTER*
by

H. deGruyl, H.C. Okean and L.J. Steffek
LNR Communications, Inc.

A 100mW output S-to~Q band varactor upper sideband up-
converter (USUC), including sssociated phase locked solid state
Q-band pump source, is being developed for use in the 44 GHz
uplink transmitter sections of the 44/26 GHz Navy SATCOM ground
terminals. Utilizing a balanced pair of in-house GaAs Schottky
varactors embedded in a composite waveguide/TEM structure, said
USUC translates a 2 GHz wide digitally modulated signal spectrum
from the 2-4 GHz input to the 43-45 GHz upper sideband output
bands. At 400 mW pump power at 41 GHz and 50 mW signal input
level, the upper sideband output power ranges between 60 and
110 mW over 43-45 GHz, with better than 40 dB lower sideband

rejection.

*This effort was sponsored by the Naval Ocean Systems

Center under Contract No. N00123-79-C-1529,
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DEVELOPMENT STATUS FOR A 20 GHz FET
SPACECRAFT TRANSMITTER

Texas Instruments

V. Sokolov
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16-Way

Waveguide

|N-.kDivider

Waveguide-to- . fs Waveguide~to-
Microstrip Amplifier Microstrip 1
Waveguide-to- - Wavequide-to-
Microstrip 2 Amplifier 2 Microstrip 2

.
[ ]
.
Waveguide-to- Amplifier 16 Wavegquide-to-

Microstrip 16

Microstrip 16

16-Way
Waveguide

Combiner

-

|

|

|

|

|
i
v

|

|

|

L

Amplifier Module
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Block Diagram of General Design Approach
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Input
Quad

16 Outputs

D WR-51 Flange and E-Bend

{3 wR-51 Flange

gE I WR-5)1 Magic Tee with Loaded Fourth Port

Block Diagram of Power Divider/Combiner
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RT/duroid

Waveguide

Ridge at Front of Substrate

(a)

Balun

Antipodal Fin Line
—\ Substrate

rd

k- AN

| S

(b)

A Low-Loss Transltion from Waveguide to Microstrip

3 (a) Outline of the sutstrate
inserted in the waveguide. (b) Position of the
’ planar circuit In the waveguide.
:
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. ~o L-q Microstrip
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~—o r Ground Plane
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