
BROADBAND LINEAR COMMUNICATIONS AMPLIFIER.(U)
OCT 80 P T HO F30602-T7-C-0189

UNCLASSIFIED RADC-TR-80-330 NL

EE-DEE' iA A DIL 
l El



11111 I.0 :111112.2i: 36
1 40 110

111111.25 116

11.4

MICROCOPY REOUINTS CHR



Odss,9WLEVYELV

BROADBAND LINEAR
oCOMMUNICATIONS AMPLIFIER

Dr. Pan" THe DC221980

[APMV PON PUSX U M IE ; SIRISUTIO UNUMITID

r~ROWE AM DWELOPMENI CENTER
Air rm Sstvu Commond

' Grlffiu Air Forc Sa Now. York 13441

80 112 75



This report has beow reviewed by the RADC Public Affairs Office (PA), M
Is releasable to the National Thchnical Informastion Service (NTIS). At NIU
It will be roleasable to the general public, Including foreign natios

RADC-TR-80-330 has been reviewed and is approved for publication.

APPROVED:

FREDERICK D. SCHHANDT
Project Engineer

APPROVED: L
FRED 1. DIAMOND,, Technical Director

Comunications and Control Division

FOR THE COMADER:

JOHN.P. Russ
Acting Chief, Plans Office

:If your address has changed or If, you wish to be remioved from the .3A=
sailing list. or if the address". is so longer emiployed by your ogistus
please notify IMC (Dc2 Griff iss APB NY 13441. This will assist use In
Uasacaluiag a cdarrmmt 08iling list.

Do not retur, Wei copy. ataft or destroys



~1 UNCLASSIFIED
SECURiTZ:;ASSIFICATION OF THIS PAGE (Whe.n Dote Entervd)

REPOT DCUMNTATON AGEREAD INSTRUCTIONS
REPOT DCUMNTATON AGEBEFORE COMPLETING FORM

BROADBAND LINEAR COMMUNICATIONS AMPLIFIER Interim eva~ts

N/. A ORmING O1G. RePORT'NUMBER

7.B nu - " a SERF(.)
F06.82-77-C-Al189ItJ

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10 10. PROGRAM ELEMENT. PROJECT. TASK
Ford Aerospace and Communications Corporation 62702F
WDL Division, 3939 Fabian Way r_124
Palo Alto CA 94303 N t_.-____________

11. CONTROLLING OFFICE NAME AND ADDRESS ITX6~i

Rome Air Development Center (DCCT) /1Octhaw L -

Criffiss AFB NY 13441 . 13. NUMBER OF PAGES

III. MONITORING AGENCY NAME &ADORESS(Ei different from, Controlling Otffice) iS. SECURITY CLASS. (of "rrreport)z

Same
IS.. DECLASSIFICATION DOWNGRADING

NIARCHEDULE
16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the Obstract entered i., Block 20. it different from, Rirp I)

Same

IS. SUPPLEMENTARY NOTES

RADC Project Engineer: Frederick D. Schmandt (DCCT)

19. K EY WORDS (Continute on reverse side itnecessry' end Identify by block nu.mber)

Amplifiers
Microwave
High Speed Digita1-_-

2nTl.r tis progral' wa-an, idntit y lc -Mlid state amplifier was

designed, fabricated, and tested. The amplifier delivers saturated
output power of 10 watt with power gain of 32 dB at 8GHz. For linear
amplification, the third order intermodulation distortion of the
amplifier is - 32 dBc at 5 watt (two-tone) output power level. The
overall DC to RF conversion efficiency is 11% at saturation with total
power consumption of 92.5 watt.

DD I ',O"7 1473 IKEDITION OF I NOV 65 1S OBSOLETE UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (Whlen Pete Entered)



The objective of this program is to develop an X-Band, 5-Watt, linear

solid state communication amplifier for line of sight radio comunication

with high data transmission efficiency. The amplifier should operate

between 7.125 GHs and 8.4 GHz with better than 30 dB gain at rated output

power.

During this program, GaAs power PET transistors manufactured by both

Fujitsu and MSC (Microwave Semiconductor Corporation) were evaluated.

MSC CHIP-PAC GaAs power FETs were chosen for the amplifier design. A

6-stage GaAs FET power amplifier was designed, manufactured, and tested.

The amplifier consists of a total number of 17 FET amplifiers with 6

amplifiers parallel-ly power combined at the final output stage to

achieve the required output power. For linear amplification, the ampli-

fier shows 33.6 dB gain with third order intermodulation products

better than 32 dB down from the carrier. The amplifier has a noise

figure of 12.9 dB at 8 GHtz. At saturation, the amplifier delivers 10

watts of output power with DC to RF conversion efficiency equal to 117..

The X-Band, 5-watt, linear solid state communication amplifier developed

under this contract has proven that GaAs Field Effect Transistor ampli-

fiers are definitely a feasible replacement for Traveling Wave Tube

Amplifiers in many applications. The linear FET amplifier exceeds

TWTA in the area of linearity, AM to PM conversion, and noise figure.

The linear FET amplifier's power output and power-added efficiency are

competitive with that of a TWTA.

Future effort in the areas of mechanical packaging, temperature compensa-

tion, and power supply are required. A complete engineering model should

be built and tested to realize an X-Band solid state amplifier for TWTA

replacemnt.
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I * INTRODUCTION

The objective of this program is to develop a X-Band, 5-watt,

linear solid state amplifier for line of sight radios with high

data transmission efficiency. The frequency of operation locates

between 7.125 GHz to 8.4 GHz.

During this program, a 6-stage FET amplifier was designed,

manufactured, and tested. The amplifier delivers saturated

output power of 10 watt with power gain of 32 dB at d GHZ. For

linear amplification, the third order intermodulation distortion

of the amplifier is -32 dBc at 5 watt (two-tone) output power

level. The overall DC to RF conversion efficiency is 11. at

saturation with total power consumption of 92.5 Watt.

Figure 1-1 is a photograph of the complete amplifier. Table 1-1

summarizes the performance of the X-Band, 5-watt linear solid

state power amplifier.

RF operating life test is being performed on the completed

amplifier. As of 9/12/80, 8903 hours have been accumulated on

the amplifier. Out of 17 power FETs, 3 FETs failed during the

life test. The failure FETs were replaced and the RF life test

program is being continued.

-1-
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II. AMPLIFIER DESIGN AND PERFORMANCE

A circuit block diagram of the X-Band, 6-Stage FET Amplifier with

input and output power level indicated is shown in Figure 2-1.

The 5-watt linear amplifier consists of two cascaded balanced low

level drivers, two cascaded balanced high level drivers, and a

three-way power combined power amplifier module. Isolator was

used in between the high level driver and power amplifier to pro-

vide the required interstage isolation. The complete amplifier

was packaged in a 19" x 12" x 5" chassis for shelf mounting. The

amplifier consists of five individual amplifier modules, power

divider, and combiner modules. Figure 2-2 shows the planar mod-

ular-configuration of the linear solid state amplifier. Individual

amplifier stages were built on carriers, and were manufactured and

tested separately before final integration.

The active device used in this amplifier is commercially available

and is Microwave Semiconductor Corporation's high power field

effect transistors MSC 88110, MSC 88104, and MSC 88102. The

CHIP-PAC Series GaAs FETs are chosen to minimize the package

parasitic effect and optimize the amplifier performance. The

manufacturer's data sheet of these power FETs is attached in

Appendix 5.1 for reference. Their electrical characteristics are

summarized in Table 2.1.

In the design of the single stage, high power, solid state

amplifier, the small signal S-parameter of the devices were

measured first. The optimum impedance contours for the high

power or high linearity operation were then obtained by the

method of substitution. Based upon the measurement result, the

linear solid state amplifiers were then designed and realized

in MIC form on alumina substrate.

-4-
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In the following sections, the circuit designs and test results

of the individual amplifier stage are discussed in detail.

2.1 Power Combining and Dividing Circuits

Due to the electrical and thermal limitation of the single solid

state device, power combination techniques are needed to increase

the output power of the solid state amplifier and to meet the

specific system requirement. In the X-Band, 5-watt linear solid

state amplifier, two different types of power combining and divid-

ing circuits were designed and used: 3 dB interdigitated quadra-

ture coupler and 3-way in-phase power combiner and divider.
2.1.1 3 dB Interdigitated Quadrature Coupler

In the power combining scheme, one of the most important building

blocks is the 3 dB quadrature coupler, which can take a variety

of forms dependent on the particular application. The quadrature

coupler has the unique property that its input impedance remains

matched even when its two split power arms are not properly

terminated, provided the reflection coefficients in both arms

are equal in amplitude and phase. This feature is particularly

advantageous when combining wide band amplifiers whose input VSWR

general is rather poor at band edge. Besides, by parallel

combining two nonlinear amplifiers, their phase distortion will

compensate each other, and improve the overall intermodulation

product of the amplifier.

Based upon the design equations for the interdigitated couplers,

the even and odd mode characteristic impedance for a 3 dB, 4

fingers coupler were calculated to be 176.2 ohm and 52.6 ohm.

The design equations are repeated here for completeness.

2 f (K-l) Yo 2 00+ o (Kl)Y + Yoo Y] (1)

00 00 oe 2

-8-
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(K-) Y - (K-i) Yoe (2)

WK-he oo + 2 Yoo Y oe +  ( Yoe

Where Y0is the characteristic admittance of the system

K is the number of the interdigitated fingers

C is the desired power coupling coefficient

Y is the even mode admittance of the coupled line

Yoo is the odd mode admittance of the coupled line

To minimize the conductor loss, the 3 dB interdigitated quadrature

couplers were fabricated on a 1" x 0.5" x 0.025" fused silica

substrate with Mo (100 A°) - Au (150 microinch) metalization. The

coupler finger spacing is 0.015" + 0.00015" after etching. The

3 dB coupler shows 0.33 dB insertion loss with better than 18 dB

isolation at 8 GHz. The frequency response of the couplers is

shown in Figure 2-3.

2.1.2 3-Way In-Phase Combiner and Splitter

The final combiner used for the X-Band, 5 watt solid state power

amplifier is a 3-way balanced Wilkinson type combiner in a

highly flexible configuration.

It is constructed in microstrip form on Teflon fiberglass of

dielectric constant of 2.3. The total loss, including connectors

is 0.25 dB across a 1 GHz bandwidth. Isolation is in excess of

28 dB between all input ports, and VSWR is 1.15:1 maximum.

The test results of the 3-way in-phase combiner is shown in

Figure 2-4. Across a 500 MHz band of interest, isolation is 30

dB and VSWR is 1.1:1. High isolation is maintained by using

half-wave transmission lines to the isolation resistors. Pict-

-9-
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ures of this combiner is shown in Figures 2-5(a) and 2-5(b).

2.2 Low Level Driver Amplifier

The low level driver amplifier consists of two parallel MSC

88102 FET amplifiers and four 3 dB interdigitated couplers.

Each FET amplifier was individually tested for optimum DC bias-

ing and RF circuit matching. Figure 2-6 shows the basic amplifier

carrier. The input and output matching circuits were constructed

on I" x 2" x 0.025" alumina substrate with Cr-Cu-Au metalization.

After individual testing, the amplifiers and couplers are then

mounted into the chassis for integration test. Figure 2-7 is a

photograph of the low level driver amplifier.

With drain bias voltage at -10 volt and gate power supply at -5

volt, the low level driver amplifier shows 14 dB gain. Figure

2-8 is an oscilloscope photograph of the frequency response of

the amplifier. Under two-tone intermodulation test, the ampli-

fier shows C/IMD (3) better than 44 dB at 4 dBm of input power

(sum of both tone signals).

2.3 High Level Driver Amplifier

The mechanical construction of the high level driver amplifier

is similar to the low level driver amplifier. The high level

driver amplifier consists of a parallel combined MSC 88104 and

a parallel combined MSC 88110. Parallel combining of GaAs PET

with quadrature hybrid improves device to device isolation,

minimizes device to device variation problems, and makes the

module integration task easier. Figure 2-9 is the circuit

block diagram of the high level driver amplifier.

Figure 2-10 shows the two-tone intermodulation test data of high

level driver amplifier. With 18 dBm input power, the amplifier

delivers 30 dBm of output power with C/IMD (3) better than 30

-12-
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3-Way In-Phase Power Combinder Circuit

Figure 2-5(a)



3 -Way In-Phase Power Combiner Chassis

Figure 2-5(b)
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.- alum

dB. Figure 2-11 is the frequency response of the high level

driver amplifier.

2.4 Power Amplifier Module

The power amplifier module uses two MSC 88110 FETs parallel

combined at output, and driven by a single stage MSC 88110.

Figure 2-12 shows the circuit block diagram and the photograph of

the power amplifier module. All the impedance matching networks

are designed on 1" x 2" x 0.025" alumina substrates using

computer optimization. Tuning is done with tabs added to the

traces as required. The pairs of amplifiers are tuned as pairs

on "drop-in" carriers to integrate with the 3 dB interdigitated

couplers. Three different solder melt temperature solders along

with wire bonding and inter-connect stress relief loops between

substrates are utilized in the module fabrication to prevent

thermal stress failures.

Extreme care was taken in the DC bias techniques to prevent

oscillation and circuit losses. Gate and drain bias circuits

are shown in Figure 2-12a. All components are on MIC in chip

form with the exception of the feed-through RFI filter. All

3 power amplifier modules are of the same mechanical construction

to minimize manufacturing costs.

Figure 2-13 shows the typical frequency response of the power

amplifier module #3. With 23.25 dBm of input power, the #3

power amplifier module delivers 32.95 dBm of output power, with

C/1D (3) equal to 40 dB. Table 2-2 sumnarizes the performance

of the three power amplifier modules at various power levels.

2.5 Mechanical Design

The individual single stage modules were mounted on flat aluminum

sub-chassis base plates to form multistage modules. The sub-

-20-
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chassis base plates were in turn bolted down to a heavy aluminum
heat-sink. The overall size of the complete amplifier measures

19 inches wide, 12 inches deep, and 5 inches high. Long lengths
of .141 semi-rigid cable were used between modules to minimize

the power combining losses. Cooling fans were installed on the

side of the chassis to remove the heat generated by the power

FETs.

The power conditioning circuit was incorporated in the amplifier.

Zener diodes were used to prevent accidental overvoltage applied

to the FET terminal. Figure 2-14 is the schematic diagram of

the power conditioning circuit.

The picture in Figure 2-15 shows an isometric view of the entire

amplifier with its top cover removed. The picture in Figure

2-16 shows the front panel view of the amplifier. The picture

in Figure 2-17 is top view of the completed amplifier.

2.6 Amplifier Integration

The amplifier integration starts with three power amplifier

modules. Due to the symmetrical design of the 3-way power

dividing and combining circuits, the phase shift introduced by

the cables and power amplifier modules is extremely critical.

Different combinations of cables and power amplifier modules

were measured and matched on the HP 8542B automatic network

analyzer to achieve phase balance between three power amplifier

modules to within 10 degrees.

The low level driver and high level driver were integrated next.

Figure 2-18 shows the frequency response of the cascaded low

level driver and high level driver. Figure 18a is the two-tone

intermodulation test result.

-26-
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2.7 Final Test Results

All the test data present in this section is for the entire power

amplifier after final integration. The general test set-up is

shown in Figure 2-19. The first curve is the RF power input vs

RF power output. The transfer characteristics of the amplifier

is shown in Figure 2-20. At I dB compression point, the amplifier

delivers 39.95 dBm of output power with 32.7 dB gain. The second

harmonic contents of the amplifier is shown on the same graph.

At saturation, the maximum 2nd harmonic content is -25.5 dBc.

With the amplifier turn off, the cold insertion loss of the

amplifier is 83 dB at 8 GHz. The overall phase shift of the

amplifier is depicted in Figure 2-21. The amplifier shows less

than 10 degree of phase shift with AM/PM conversion coefficient

better than 3 degree/dB. The maximum power consumption of the

amplifier is 92.5 watt.

Figure 2-22 shows the frequency response of amplifier and group

delay of the amplifier under small signal condition. The ampli-

fier bandwidth is 350 MHz with maximum group delay of 11 nano-

seconds.

The next curve, Figure 2-23, displays the intermodulation distor-

sion versus RF input power under two signal test condition. The

plotted C/IMD (3) is each of the third order product to each of

the signal. The intermodulation distorsion at 8 GHz is -32 dBc

at required 5 watt power output level. The plateau that occurs

at -32 dBc C/1D (3) is a result of circuit tuning and optimizing

of the FET biasing for linear operation at given power level.

Spurious outputs of amplifier were searched from DC to 18 GHz.

No spurious was found within 80 dB of the carrier output power.
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The input and output VSWR of the amplifier is 2.1 and 1.24 respect-

ively. The noise figure of the complete amplifier was measured

and plotted in Figure 2-24. At 8 GHz, the amplifier shows a noise

figure of 12.9 dB.
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III. RF LIFE TEST OF THE X-BAND, LINEAR SOLID STATE AMPLIFIER

The original amplifier development contract was amended to include

a two-year RF life test program after completion of the amplifier.

The life test program started on July 19, 1979. The chassis

temperature was set equal to 32 C. After 143 hours of continuous

operation, the power amplifier module #2 failed. Within power

amplifier module #2, the driver FET MSC 88110 and one of the

FET MSC 88110 at the output stage failed. Power Amplifier Module

#2 was removed from the amplifier chain and RF life test was
continued. On January 25, 1980, after another 4700 hours of

operation, power amplifier module #1 failed. This time, one of

the output FET MSC88110 burned out. Both module #1 and Module

#2 were replaced with new GaAs FETs. The complete amplifier was

placed back on life test April 10, 1980. As of September 12, 1980

there have been no further failures.

-41-



IV. CONCLUSIONS AND RECOM(ENDATIONS

Excellent electrical performance of the X-Band, solid state

linear amplifier has been demonstrated. The experimental model

linear solid state amplifier developed by Ford Aerospace and

Communications Corporation for RADC has proven that GaAs Field

Effect Transistors are definitely a feasible replacement for

Traveling Wave Tube Amplifiers for many applications. The FET

linear amplifier meets or exceeds TWTA performance in the areas

of Linearity, Intermodulation Distortion Products, Group Delay,
AM to PM conversion, and Noise Figure. Further effort in the

mechanical packaging, the temperature compensation circuit, and

the power supply are required. A complete engineering model

of the X-Band, linear solid state amplifier with associated power

supply circuitry should be built and tested in the near future

to realize an X-Band solid state amplifier for TWTA replacement.

The RF life test program indicates some infant mortality problems

with the MSC power FETs. Proper screening test procedures should

be established to weed out these weak devices before assembly.

A full scale reliability test program is also needed to evaluate

the reliability of GaAs power FETs under various operating condi-

tions to guarantee the long term operation of X-Band, linear

solid state amplifiers.
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V. APPENDIX

5.1 MSC GaAs Power PET Data Sheet

-43



0.05 WATT GaAs PET SHEET

The MSC "88100 series of devices are high power GaAs 0 High Linear Gain
Field Effect Transistors in Chip-carriers employing HiihPwrAd Efcey
the latest state-of-the-art technology and fabrication HghowrAddfiiey
techniques The devices are designed for linear power * Wide Dynamic Range
amplifiers and for oscillator applications up to at 0 Low Distotioni
least 15 GHz The transistors are supplied in a low-
loss, minimum parasitic, ultra miniature CHIP-PAC a Metal-Ceramic Chip-Carrier
chip carrier The GaAs FET chip is flip-chip mounted 0 Golit-Based Refractory
for minimum thermal resistance as measured by Infra- tt n
Red Scanning MicroscopeMealzto

Absolute Maximum Ratings (TA =250 C)

CHARACTERISTIC SYMBOL RATING UNITS

Drain to Source Voltage VOS 10 V
Gate to Source Voltage V6 5  -8 V
Total Dissipation PT 1 5 W
Storage Temperature Tstg -65 to -200
Operating Temperature (Channel) Tchannel -65 to -150 C

Electrical Characteristics (TA =250 C)

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS

Drain Current IDSS VDS 5V VG 0 50 90 140 mA

Transconductance G, V0 5  5V - 20 - m13

Pinch-off Voltage VP VDS 5 V - 6 - V

Output Power (a f 1l2GHi POUT VDS 8 OV, VGS 1- V 50 65 - mw

(TEST) I PN 12 d~m ____1

Typical RF Performance (TA 250 C)

PARAMETER SYMBOL @ I = 8GHz @ 10GHz @ 12GHz UNITS

Power at I dB Compression Point Pout 65 65 65 mw

Gain at 1 dB Compression Point GP 95 80 65 dB

Third Order Intercept Point IM0 3  28 28 28 dBm

I ~ j mMICROWAVE SEMiCONDUCTOR CORP.
M ini iOOCHOOL HOUSE ROAD SOMERSET N8 1 083 PHONE .201, 469 331t ?WX -110. 460410 Ttkili 633473

P-e n Li S A Spltat 80 subjec to ahing. -thou motice



Typical S- Parameters - -(Also available on COMPACT databank)

S11 S22

' 0.2 0.6 1.0 -02 06 10

7 6GHz 111

90 QP MSC 88100 1WH

S 19 0 11Z 0o0 6H 1

6G~z ~ 6OmA '

50 9 0

HANDLING AND MOUNTING RECOMMENDATIONS
FOR THE MSC 88100 SERIES (CHIP-PAC)

The CHIP- PAC series GaAs PETs are intended for power (5) A curve tracer can be used to test the PET without fear of burnout The only
genration and amplification at frequencies above 8 GHz. precautions are a reasonably good thermal path for the PET and short leads to
For frequencies below 8 6Hz. the standard hermetic PLIPAC prevent low frequency oecillations (Ferrite beads may atso help). Other than
series are recommended. these, common sense need be your only guide.
When using the CHIP- PAC one must always be mindful that () MSC GaAs PETE; are not sensitive to static discharges generated during
the chip is esposed and gross mis-handling will permanently normal handling of devices. Therefore, no special grounding of equipment and
damage the device. personnel is recommended.
It) The CHIP-PAC consists of a gold plated copper ground
plane, and two alumina standoffs The source is connected Outline Drawing: CH4IP-PAC (Preliminary)
to the ground via a flip-chip mount, while wire bonds are CS TL 0
used to attach the drain and gate of the FET to the metallized 0.090 (2.3) CAE0TYE30
standoffs The drain is identified by en ink dot 0.025 ~ 3

(2) When soldering the CHIP-PAC into a&circuit a minimum (0.6)
of flus should be used. Escess flux can condense on the chip KGOLD CERAMIC (08f
and cause degraded Performance.\\
(3) To solder the CHIP-PAC into a circuit, a temperature ofM 4 I
less than 300*C should be used. The device should not be -
held at temperature longer than needed, but in no case0oo
longer then 3 minutes.0.6

14) Wire bonds from the standoffs to the circuit can be made 111 5)
with any technique Ultrasonic. thermo-compression or /= -[ =
wedge bonds are all acceptable. the temperature limits are CHIP
the same as those above for soldering P77_______ 9____-A_____'I__

COPPER

*uuuu MICROWAVE SEMICONDUCTOR CORP.
r00SCiHOOL H4OUSE ROAD SOME RSE T N J 083 PHONE 1201, 46) 33i1 lVii N00 1104030 TELie a-liar3
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0 I 88C S02 TE-812 A

CHIP-PAC

Product Description re"rsIssue October 1'978

The MSC -88100 series" of devices are high pow.r GaAs e High Linear Power Out put
Field Effect Transistors in Chip-carriers employing 0 High Power-Added Efficiency
the latest state-of-the-art technology and fabrication
techniques. The devices are designed for linear power 0 Wide Dynamic Range
amplifiers and for oscillator applications up to at 0 Low Diafortion
least 15 GHz The transistors are supplied in a low-
loss, minimum parasitic, ultra miniature CHIP-PAC 0 Metai-Ceiramic Chip-Carrier
chip carrier The GaAs FET chip is flip-chip mounted 0 Goid-Sftrnd Refractory
for minimum thermal resistance as measured by Infra-
Red Scanning Microscope. Mts~idi

(TA z2500)

CHARACTERISTIC SYMBOL RATING UN ITS

Drain to Source Voltage VOS 10 V
Gate to Source Voltage VGS 1-8 V
Total Dissipation PT 3 2 W
Storage Temperature Tstg -65 to -200 IC
Operating Temperature (Channel) Tchannel j -65 to -150 C

(TA 2500)

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS_
Drain Current IDSS VDS = 5V- VGS =0 200 300 450 mA

Transconductance Gm V0 5  5V - 75 - M13

Pinch-off Voltage VP V0 5  5V - 6 - V

Output Power @ f =12GHz POUT VIDS= 90 V, VGS 2-2V 350 400 - mW

____________________ (TEST) PIN 21.0 dBm ____

.. . . . . (TA = 2500)

PARAMETER SYMBOL @ f =8GHz @ 10GHz @ 12GHz UNITS

Power at 1 dBI Compression Point Pout 500 500 500 mW
Gain at I d8 Compression Point Gp 8.0 65 55 dB

Third Order Intercept Point lMD3  37 37 37 dBm

immin~inMICROWAVE SEMICONOUCTOR CORP.
I DOOOL HOUSE ROAD SOMERSET NJ 0883 PHONEt201,i469 3311 TWX 1701 4804730 TELEX 833473

P-tioo U~ 5 A Specfica 0 s ii~ti to0 change . NIhi 'ipice
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FTypical S- Parameters. - -Also avaflable oi. '70MPACT -databank)

12G11

8 7ai 12OG ,9 8 6z

MSC 88102 Q

S21  6GzD 200mA i

11 ' 2 ~ 05 12

7 ZO 50

'.b0

HANDLING AND MOUNTING RECOMMENDATIONS
FOR THE MSC 88 100 SERIES (CHIP-PAC)

The CHIP-PAC series GaAs FETs; are intended for power (5) A curve tracer can be used to tet the FET without fear of burnout The only
generation arnd amolificatin at frequencssabove GD-l Precautions arei a reasonably good thermal path for the FET endshimo leads to
For frequencies below 8 6Hz. the standard hermetic FLIPAC: prevent low frequency oscillations (Ferrite beaids may also help), Other than
series are recommended, these, common sense need be your only guide
When using the CHIP-PAC, one must always be mindful that (6) MSC GaAs FETs ae not sensitive to static discharges generated during
the chip is exposed and gross mis-handling will permanently normal handling of devices. Therefore, no special grounding of equipment and
damage the device, personnel is recommended.
(1) The CHIP-PAC consists of.a gold plated copper ground Outline Drawing - CHIP-PAC (Prelimrinary)
plane, and two alumina standoffs The source is connected CS TL 0
to the ground via a flip-chip mount, while wire bonds are CS TL 0
usedto attach the drain and gete of the FETtothe metallized 0.090(2.3) I0.033
standoffs. The drain is identified by an ink dot. 0.2 _ 6.84)1

(2) When soldering the CHIP-PAC into a circuit a minimum i(0.64) G L EA I
ofliuashouldoused Excesseflux can condense on the chip GL EA I
anduecause degraded performance.

131 To adde the CHIP-PAC into a circuit, a temperature of

lees than 300*C should be uaed. The device should not be
longear than 3 minutes. 0.0ZJ60D

f4l Wire bonds from the standoffs to the circuit can be made
with ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ( 5)y tehiu/lrsnc tan-ofrs no

wedge bonds are all acceptable, the temperature limits are C I
the same as those above for soldering I_______A_______'t______

COPPER

I~l MICROWAVE SEMICONDUCTOR CORP.I DCr1001 HOUSE ROAD SOMERSET N J 09873 PHIONE 12019 46C 3311 190517101 4180,1130 TfLEX 533413



HIHPO E DATAA

F'roduct~~1. WATTpto aWA FET *"ISHEEOTobr17

Product~~ Lowrpto IsistOcobtion7

least 15 GHz The transistors are supplied in a low-
toss, minimum parasitic. ultra miniature CHIP-PAC * Metal-Ceramic Chip-Carrier
chip carrier The GaAs FET chip is flip-chip mounted Godos Rfatr
for minimum thermal resistance as measured by Infra- GodBsdRfatr
Red Scanning Microscope M~talliztion

~ -t~~-(TA = 250 C)

CHARACTERISTIC SYMBOL RATING UNITS

Drain to Source Voltage VDS 10 V
Gate to Source Voltage VGS -8V
Total Dissipation PT 6.4 W
Storage Temperature Tstg -65 to -200
Operating Temperature (Channel) Tchannel -65 to -150

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Drain Current IDSS VDS 5V. VGS =0 500 700 900 mA
Transconductance Gm VDS 5V - 140 - ?
Pinch-off Voltage V p VDS= 5V - 6 - V

Output Power @ f -12GHz POUT VDS 9OV. VGS -- 2V 800 1000 MIN
(TEST) I PN - 24 5 dBm____

y -. ~t R ~c nv~.-~s*~'(TA=025
0 C)

[PARAMETER SYMBOL -@ I= 8GHz @ 10GHz @ 12GHz UNITS

Power at 1 dB Compression Point Pout 1 0 1 0 1 0 W
Gain at 1 dB Compression Point G p 70 65 50 d1B[Third Order Intercept Point IMD3  39 39 39 d~rn

immII-III MICROWAVE SEMICONOUCTOR CORP.
U E IIIIII P&. 10OSiNOOL HOUSE ROAD SOMERSET N J 08873 PiHONE 4201' 469 3311 Twii 0101 4804i30 TELEX 533473

P,,nhs.n L!S A Spo,'raion-s svbieci it criig - fimn ..u
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Typical 5-Parameters - -(Also ava,lable on COMPACT 'datbankl

S'l S22

12GGHz

G_7 2 0 6 10 2 06 1

- 6Gi-z \

W MSC 88104

W ~ VDS 8 .OV

S21 'D 500mA S12

03 09 151 2-1 075 12

HANDLING AND MOUNTING RECOMMENDATIONS
FOR THE MSC 88 100 SERIES (CHIP-PAC)

The CHIP-PAC series GaAs FETs are intended for Power (5) A curve tracer can be used to test the FET without fear of burnout The only
generation and amplification at frequencies above 8 GHz precautions are a reasonably good thermal path for the PET and short leads to
For frequencies below 8 GI~r. the standard hermetic FLIPAC prevent low frequency oscillations (Ferrite beads may also help) Other than
series are recommended. these, common sense need be your only guide
When using the CHIP- PAC. one must always be mindful that (6) MSC GaAs FETs are not sensitive to static discharges generated during
the Chip is exposed and gross mis-handling will permanently normal handling of devices. Therefore, no special grounding of equipment and
damage the device personnel is recommended.
il) The CHfIP PAC consists of a gold plated Copper ground D a ig CI-A Peiiay
plane, and two alumina standoffs The source is connected Outline D a ig:CI-A Peiiay

?the ground via a flip-chip mount, while wire bonds are CASE STYLE 100
used toattach the drain and gate of the FETto the metallized 0.090 (2.3)
standoffs The drain is identified by an ink dot .02-4L.3.
(2) When soldering the CHIP- PAC into a circuit a minimum 106) GOLD CERAMIC 1708)
of flux should be used Escess flus can condense on the chip______________________
and cause degraded performance1
131 To solder the CIP-PAC into a circuit, a temperature of I
less than 300*C should be usedr The device should not be In~
held at temperature longer than needed, but in no case I06
longer than 3 minutes0.6
(4) Wire bonds from the standoffs to the circuit can be madej (15 /with any technique Ultrasonic, thermo-compression or ;p
wedge bonds are all acceptable. the temperature limits are ,] CHIP
the same as those above for soldering______________________

COPPER

mbrnimMICROWAVE SEMICONDUCTOR CORP.
00 SC HOOl iiOIi~f CROAU SOFA lis R 1TN 1 08 il3 PHOho 1201 4b9~ 311 T iX1 10 4S0 4 30 11LL 531
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5.2 Operating Instructions for the Linear Solid State Amplifier

The following operating instructions and precautions are pre-

sented here in order to prevent operational damage to the Linear

Solid State Amplifier. Although Solid State FET amplifiers offer

increased life time and reliability over TWTA's, they are unfor-

giving to associated equipment failure and to human errors. A

power supply conditioning circuit is built into the amplifier to

prevent failures due to untimely power line outages. The instruc-

tions listed below are necessary good engineering practices to

prevent damage due to human or associated equipment failures.

1. Two DC power supplies are required. One for +10 volts

(nom.) at 10 amps (min.) and the other for -6 volts (nom.)

at 1/2 amp (min.).

2. Always turn on the negative (-6 volts) power supplies

BEFORE the positive (+10 volts) power "ON" supply.

3. Check out both power supplies for any oscillations from

no load up to full rated loads. This should include their

turn-on and turn-off oscillations in case of AC line

intermittant failure. No oscillations should be present.

4. Upon initial turn-on of amplifier, reset power supplies

for correct voltages. Reset voltage of -6 volt supply

first.

5. Never turn-on amplifier with RF input signal applied.

(This is only a safety measure and is not necessarily
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mandatory.)

6. Maximum power input for linear operation is +2 dBm. Absol-

ute maximm RF power input is +10 dBm. (Due to the linear

optimization techniques designed into the amplifier, no

input limiter is provided). The above mentioned linear

power level limits are for RMS RF power as measured by a

power meter of continuous multi-tone and single tone

signals.

7. Nominal RF output levels are 5 watts linear (-32 dB DID,

2-tone) and 10 Watts saturated single signal or narrow

band FM.

8. Design center frequency is 8 GHz.

9. A fan is supplied to blow air across the heat sink fins

located on the bottom. Use this or an equivalent

fan at all times that the amplifier is "ON".

10. A plexiglass top is provided to allow viewing of the MIC

circuitry without endangering the tuned circuitry to curious

probing.

11. Power supply leads of #18 Ga wire or larger should be used.

Space lugs should be used at the rear power input terminal

of the amplifier. Separate common return wires IMST be

used for each of the two power supplies.

12. Always load the output with a reasonably good RF load at

the operating frequencies.

-51-



5.3 LIST OF ABBREVIATIONS AND SYMBOLS

FET Field Effect Transistor

GaAs Gallium Arsenide

IMD Intermodulation Distortion

VSWR Voltage Standing Wave Ratio

D.C. Direct Current

TWTA Traveling Wave Tube Amplifier

MHz Megahertz

GHz Gigahertz

RF Radio Frequency
Pin Input pout

Pout Output power

Efficiency

SAT Saturated

Delta, Change

IA' Omega, 2 times frequency

t time

Idc Direct current

dB Decibel
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