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Design and Fabrication of 200W SSPA in Ka-band

Ju-Heun Lee*!, Hyo-Chul Kim**, Heung-Rae Cho*’, Deok-Jae Lee*!, Se-Hwan An**,
y g
Man-Hee Lee**?, Ji-Han Joo***, and Hong-Rak Kim***
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2 =M 10Ws MMICY Tqunction 23 8way Hielve] Ad7]E A&dt AZHE 100Ww
SSPA 241 E 2-way wtolulE] AF3ld 200Ws SSPAR A Zshs A4S stk Ka Y HA5A Alx
oA 128, JAE AT TF7] A7 ASH R ofFoAE JheH, B BN £ 7A HE
£ Zte TWTA(Traveling Wava Tube Amplifier)E thA|st7] 918l AtiZ o2 a7|7F #a FARS7E &old
HIEAE AF $Z7190 SSPA(Solid State Power Amplifier)7} 17591tk SSPAE= TWTAC HI&| @l 44
ZYo] W] ol 2 FYS I Al AL, nEE] AY VeS R Ik £ =74 AR
¥ SSPAT 20dB ©]do] ¥HAF &4 1dB o3t AUEE S 2 8way Tk HloludE] ARV]E o] 83t
100W5 SSPAZ Al2tsti, 19.9dBS) WHAF 43} 05dB oo Ad<EaS Zhe 2-way =aHd vlolUg] A%
715 83t 200Ws SSPAR A== SiTt.

Abstract

In this paper, a study was conducted to combining two 100W class SSPA produced by applying a 10W class
MMIC T-junction combining and an 8-way binary combiner to manufacture 200W class SSPA. While research on
amplifiers for high power and integration in Ka-band satellite communication systems continues, semiconductor-type
combining amplifiers SSPA(Solid State Power Amplifier), which are relatively small and easy to maintain, have been
studied to replace TWTA(Traveling Wava Tube Amplifier) with warm-up time and high maintenance. SSPA requires
low-loss, high-efficiency combining techniques to meet high output because it has lower single device output than
TWTA. The SSPA produced in this paper produces 100W class SSPA using an 8-way waveguide binary combiner with
a reflection loss of 20dB or more and an insertion loss of 1dB or less, a 2-way waveguide binary combiner with a
reflection loss of 19.9 dB and insertion loss of 0.5 dB or less was applied to fabricate it as a 200W class SSPA.
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Table 1. Ka band high power amplifier previous study

results[3]-5]

ltem Ref.[3] Refl4] Ref[5]
Freq.(GHz) 29~-31 29~31 35~36
Output power(dBm) 442 47 492
Duty(%) - 2% 20
Pulse width - 4us 0.2~100
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Table 2. Electrical properties of semiconductor devices(6l[7]

Property Si [GaAs| SiC | GaN
Energy GaP (eV) 111 | 143| 32 | 34
Critical electric field (MV/em) | 06 | 05 | 30 | 35
Charge density (#x1x1013cm?) | 03 | 03 | 04 | 1
Thermal conductivity (W/cr/K) | 15 | 05 | 49 | 15

Mobility (cm?/V/s) 1,300 |6,000| 600 | 1,500
Saturation velocity (x 107cmy/s)| 1 131 2 |27
Max. temperature(C) 300 | 300 | 600 | 700

AHEE 10WE F4F8F GaN MMIC A|F AL

¥ 3% 2.

# 3. GaN MMIC M&E AR
Table 3. GaN MMIC product specification

Parameter Specification
Frequency Ka band
Psat 10W =
Small signal gain 17.0dB.
Large signal gain 12.0dB
vd 24V
Idg 700mA

A=t
H7xE "IANZ F de BE MBS A8
3, PCB 729 T-junction 2715 T3l 20w &
g3 FASHATh8]9] 18 74 EES 3D AlE
goldS sl A3kt
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Fig. 1. High power amplification module structure
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Table 4. Waveguide binary combiner specifications

Parameter Specifications
Passband Ka band
Insertion loss 0.80B Max. (Split loss : 9.00B)
Return loss 150B Min.
Amplitude balance + 0.3dB
Phase balance + 5°
Isolation 10dB Min.

1% 2& uHolug A9 AEgold mdg
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a7 2. Duk dioludz| Z&| AlgelolMd 2EE[)
Fig. 2. Modeling of the waveguide binary combiner{1]
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Fig. 3. Simulation result of the waveguide binary
combiner{1]
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Tvp E-Field

Component: Abs

30 Maximum [%/m]: 13, 42e+03

30 Max, Position: =23, -0,45 35
Frequency:

Phaze: o

(a) fi GHz

15625

Component: Abz

30 Maximum [%/m]: 13. 20e+03

30 Max, Position: -2,3,-045 35
Frequency:

Fhase: o

(b) fc GHz

15825

Type: " E-Field

Component: abs

30 Maximum [VAml: 13.10e+03

3D Max, Position —-2.3, 0,45, 3.5
Freguency:

Fhase: a

(c) fy GHz
J% 4 M3 ZE| A E=[1]
Fig. 4. E-field distribution in the power combiner{1]
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Table 5. Power rating of waveguide binary combiner{1]

. Discharge
Freq.(GHz) Electric field T —
fi 1058 X 10"3 V/m 804.0W
fc 107.2 X 10"3 V/m 783.1W
T 96.69 X 10"3 V/m 962.6W

T3l AR Y vl e o)l
< A AEdold AHE g
He Ha ﬁ‘ro}oq = G E!
EAME el AE
sted AAIE Alzts }S’iﬁ‘r[l

ll. SSPA T2ME &t

31 1£HZELS
1Y FEEES IOW:L GaN  MMIC W&
T-junction® & A% & Rt HMIV|E Fa =3k

e RER Hdﬁk‘& W0WF %—%
o

~129dBE ;%9.111, %a AEL 40dBm oo
10WE BH8le e Bl

# 6. GaN MMIC EHE A" Z3}
Table 6. GaN MMIC single unit test results

Delta freq. B
(GHz] 10 | -02 0 +0.2 | +1.0

Pin [aBm] 214 | 280 | 278 | 2712 | 28
Pout [0Bm] | 40.1 | 40.1 | 402 | 40.1 | 402
Gain [dB] 127 | 121 | 124 | 129 | 122

L ma ma

Pre Amp. Isolator

T-junction 27| 2 A&} vialed 23 AR
ojty. ARE3HA %L% TEE TS Stk AIF

A%k =

% 6. ZEHET| Ux| & PCB T-junction Z&7|
Fig. 6. Mode transition integrated PCB T-junction combiner

F 7. T-Junction Z87| AlY Azt
Table 7. T-Junction combiner test results

Parameter Specification Test data
Pass band Ka band -
Insertion loss_1 0.65
Insertion loss_2 0.9d8 max. 0.48
Retun loss 13.0dB Min. 248
Amplitude balance + 0.30B +0.09
Phase balance 5 2

Driver Amp.

AN i rpe
o

vy = H =
== T'__OH—II:—

a8 7. &35
Fig. 7. Main amplifier module decomposition diagram

Pout

Isolator GaN MMIC

3%l 5 GaN MMIC EHE Al #ME
Fig. 5. GaN MMIC single unit test composition diagram
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Fig. 8. Main amplifier module production shape

X8 F ZEZ=E AY Z23

Table 8. Main amplification module test results

Delta freq. [GHz] | -1.0 | -0.3 0] +0.3 | +1.0
Pin[dBm] 282 | 2718 | 2715 | 269 | 282

Pout[dBm] 425 | 425 | 425 | 425 | 425
GainldB] 143 | 147 | 150 | 156 | 153

32 8-way Tutt diol4z| ZAEY

a7 9. Tup dioluz| ZE|[1]
Fig. 9. Waveguide binary combiner{1]

S EFWA(Flange)= =A FE 4%
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ST SAA ¥e TEE FTUE 3T 274
AL 19 100 YERASITH

22! 10, 8-way Tizt Hloldz] Ze[1]
Fig. 10. 8-way waveguide binary combiner(1]
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Fig. 11. Measurement result of the waveguide combiner{1]

33 100W= SSPA

10WH 128 ZZ2E g7f9 o2 Agslr] 9
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J&l 12, 100W= SSPA HZF & A
Fig. 12. 100 class SSPA production shape

E 9 100W= SSPA =d A1}
Table 9. 100W class SSPA measurement results

Delta freq. [GHzZl | 05 | 03 | 0 | +0.3 | 05
PoulldBmI SSP | 55 | 511 | 513 | 511 | 513
A #1
Pout[dBm]_SSP
A # 505 | 51.1 | 512 | 51.3 | 502
dBm ——SSPAH1 =——=SSPA #2
55
53

49

47

-0.5 -03 -0.1 0 0.1 0.3 0.5
Delta Freq. [GHz]

J&l 13, 100W= SSPA =8 Z 1}
Fig. 13. 100W class SSPA measurement results
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gat7] sl =2 Ay 5o "Basith 2-way A
719 N A 9 AR Fge E 10 B 19
140l Yepf AT

10, 2-way Z&7| AlY Zof
Table 10. 2-way combiner test results

Parameter Specification Test data
Pass band Ka band -
Insertion loss_1 0.50B Max. 0.45
Insertion loss_ 2 | (split loss : 3.0dB) 0.12
Return loss 15.0dB Min. 19.9
Isolation 150B Min. 16.5

a2 14, 2-way 27| HMZ d4
Fig. 14. 2-way combiner production shape
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3] 3D Al Bl R A3 st
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Ar)E 2 A2 H4sE] Y8 slole B
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| 100W SSPA |

200W
2-Way Combiner

200W
2-Way Divider

& 15, 200W= SSPA Esll T
Fig. 15. 200W class SSPA exploded view

a7 16, 200W= SSPA X & & A
Fig. 16. 200W class SSPA production shape
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Table 11. 200W class SSPA test results

Delta freq. [GHz] | -05 | -0.3 0 +0.3 | +05
PinldBm] 20 | 20 | -100| 20 | 20
PoutldBm] 530 | 533 | 532 | 535 | 532
Gain[dB] 550 | 553 | 632 | 555 | 552
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