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Design of Wide Band 80 W Solid State Power Amplifier Using GaN HEMT
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Wy 7IHE st AAE AESEE B dAERES Super CMC(S-CMC) 7l 2lofel %Eﬂ‘f% —“&%’(eutecnc
bonding) 34 & 7]t 80 Wi 5= FHGITE AZE FS 80 W AEF5H7] SHAH, F2 F3 A
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Abstract

This paper describes the design & fabrication and measurement results of a wide band(S to C band) 80 W solid state power ampli-
fier(SSPA) using a GaN HEMT. The SSPA is fabricated with wide band impedance matching topology in a balanced combined configuration
using two GaN HEMT bare dies and with a super CMC(S-CMC) structure with high thermal conductivity using the eutectic bonding carrier
packaging method. The wide band 80 W SSPA, with 42 dBm CW input power injection at operation frequency, demonstrated performance
with an average output power of 81.4 W, an average power addition efficiency(PAE) of 36.65%, and an average power gain of 7.1 dB.
Furthermore, with 41 dBm CW input power injection at 4.5 GHz frequency, it had a peak output power of 121.9 W, a maximum PAE
of 49.16 %, and a maximum power gain of 9.86 dB. To verify the applicability to an electronic warfare jammer, the designed 120 W RF
SSPA module was implemented and measured by combining two such wide band 80 W SSPAs in a 90° hybrid coupled power configuration.
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H 1. CG2H80060D GaN HEMT Bare Die 2 EA4
Table 1. CG2H80060D GaN HEMT Bare Die main chara-

cteristics.

Form

Discrete bare die

Die thickness

100 #m(GaN on Sic)

Frequency range

up to 8 GHz Operation

Saturated power(Py,)

60 W(@4 GHz)

. . 15 dB @ 4 GHz,
Small signal gain 12 dB % % GHz
Drain efficiency(DE) 65 % @ 60 W
Operation drain-source voltage 2V
Gate quiescent voltage 2B’V
(V=28 'V, Ipg=500 mA)
Drain-source breakdown voltage 120 vV
Maximum drain current 6 A
Operation junction temperature 225 °C
B2 3% 80 Ww HEFH7] dA =%

Table 2. Design goals of wide band 80 W SSPA.

Frequency(GHz) 20~6.5
Saturated output power(W) > 80 (49 dBm)
Gain(dB) > 17
Power added efficiency (%, PAE) > 20
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Table 3. Optimum source and load impedances of the GaN

HEMT Bare Die(CG2H80060D) device using source-
pull/load-pull simulation.

Frequency(GHz) 20 45 6.5
Z'S, source impedance(%2) | 0.77473.88 | 0.8+70.65 |0.81—0.27
ZL, load impedance(%) | 5.28+72.04 | 3.43+53.10 | 2.13+2.46

P W 64.6 63.1 574

dBm 48.1 48.0 47.59

P;,(dBm) 36.0 36.0 36.0
Power gain(dB) 12.1 12.0 11.59
PAE(%) 60.1 61.7 59.33
$»1(dB) 21.9 19.55 16.45
Si(dB) —1.07 —4.95 —4.57
$(dB) —1.53 —348 —7.55
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Table 4. Heat transfer coefficient of power amplifier
carrier composition and materials for thermal

5. ATCAF €50y 7188 2498 A4
Table 5. High power metalization of ATC company

Alumina PCB.
Met'ahza- ApPhca- Attachment Metalization Typical
tion tion method value
TiW 300 to 1,000 A| 500
High Pb/SN, Au 3000 to 5,000 A :i;g?lo

power/low | Au/Sn

management.
Composition k(W/mK)
Aluminum 205
W90Cul0 180
CuW
W75Cu25 220
CuMo Mo50Cu50 250
CMC C‘(llNllol)C“ 250~305(direction: Z-XY)
CPC CuMoT0Cw:CU | 35 340 direction: Z-XY)
(1:4:1)
Cu:Mo:Cu:Mo:Cu L
S-CMC (Mo 10 %) 335~369(direction: Z-XY)
Aluminum diamond 500
Silver diamond 700
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supply | bonding min.
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of the wide band 80 W SSPA.
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Table 6. Comparison of measured results of the fabricated
wide band 80 W SSPA and previously published
SSPA results.

This work |Ref. [12]|Ref. [13]|Ref. [14]|Ref. [15]
Frequency N _ _ N N
(GHz] 20~6.5 10.85~54/2.0~6.0|2.0~6.0 | 2.5~6.0
Fractional
105. 145. 1 1 2.
BW(%) 05.8 5.6 00 00 823
Power gain
7.1 8 16 22 20.5
[dB]
Pow [W] 81.4 25 39 31.6 44.5
PAE [%] 36.65 45 40 30 36
Vps [V] 28 30 32 28 30
Pulse/CW Cw CW CW CW CwW
Amplifier ((lﬁ:frl;e HMIC |Packaged | Packaged | Packaged
type baredic) (discrete)| MMIC | MMIC | MMIC
Over
: 2
Size [mm”] 484 1,000 230 231 197
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band 120 W RF SSPA module, (b) Measured(
dash) & calculated prediction(dot) CW output per-
formance of the wide band 120 W RF SSPA
module with frequency variation at 45 dBm input
power.
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