THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. 2023 November.; 34(11), 834 ~843.

http://dx.doi.org/10.5515/KJKIEES.2023.34.11.834
ISSN 1226-3133 (Print) - ISSN 2288-226X (Online)

X9 $144 SAR $5AEE 234 ¥ 23 AA 9 AF

Design and Implementation of X-Band Transmit/Receive Module Assembly
Engineering Model for Satellite SAR Applications
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Abstract

This paper presents the design and implementation of a unit transmit/receive module assembly engineering model for satellite
synthetic aperture radar (SAR) applications. To manage hundreds or thousands of transmit/receive modules for active electronically
scanned array (AESA) applied SAR antenna efficiently, with expandability and standardization, a unit assembly is required. Before
applying requirements for satellite SAR payload applications such as EEE component selection, user LAT, and derating, an engineering
model was designed to evaluate the RF performance as a unit assembly. The transmit/receive module unit assembly includes eight
transmit/receive modules with additional functions for operating the assembly. Measurement results for the transmit/receive module
assembly included an RF output power of OO.0 dBm, 5.625°-step phase shifts, 0.5-dB step attenuations, and maximum power
consumption of 68.05 W.
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Fig. 1. Transmit/receive module assembly components.

1. $508E 2EA AEE 7S

Table 1. Transmit/receive module components functions.

Component Functions
- RF output power amplification
Transmit/ + RF receiver low noise amplification

receive module - RF transmit/receive amplitude variation

- RF transmit/receive phase variation

4:1 RF Com./Div. B’d| - RF power divider & combiner

Interface board - Receiver pulse gating circuits

- Transmitter pulse gating circuits

Analog control board . . -
5 - Transmitter capacitor bank circuits

- RF radiator path provider

Repli th ~ i
eplica path board | RF replica beam path provider

Housing (frame) - Thermal stabilization

W A 24 gating 3|25 F& MY H SR onfoff7}
7k st

4:1 RF #9124 %7](4:1 RF Com./Div. board)= 524 ¥
sh, 3 An 42 N F T N7 AR EE, 109 41
RF 229715 $FARE 410 ek RF A9 #
v % RF 74 &9 Neg gtk BAY AR HE
(replica path board)= 421 EE 871 st RF $41 &
g RS RF A 48 AEE AT, AEE RF
T ASE AEY d A2 JRHoE EA)
=]

A (replica beam)= A &gtk
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Table 2. Transmit/receive module assembly performance

requirements.
Performance specifications Value
Frequency band X-band, 0.0 [GHz]
Transmit power @ICH TRM >00 [W]
Noise figure @!CH TRM <4 [dB]
TRM attenuator variation LSB 5 [dB]
TRM phase variation LSB 5.625 [°]
Replica path coupler loss <20 [dB]
Power Dissipation @Duty 12 %, 8CH <70 [W]

H 3 *“—r/\]_:_‘g ‘r‘_u_ RF
Table 3. Transmit/receive module RF components.

Component Manufacturer Part name
Corechip OMMIC CGY2170YUH/CI1
DRA UMS CHAS5115-99F
HPA UMS CHAS8710a99F
LNA UMS CHA2110-98F
Circulator Smiths interconnect C85105/D

. TGL2217
Limiter Qorvo TGL2201

A2 AAstATh FA AR A4, RF F4 28 00W
oS $l8l UMSIit GaN 25 W+ HPA(high power
amplifien) 2 AA8IA L, $FAEE £ 2/ ¢
gk A2 225 99 circulator= 25 WE A9 §° A=
Smiths Interconnectiit 50 W= C85105/D5 A&t th+
A AR A, F5AF 4 dB olet FEE 98 UMSIit
noise figure 1.2 dB LNA(low noise amplifier)Z 417 3}%
o F7tE 5 S i QHElvelA yHE A
Active VSWR(voltage standing wave ratio)©]t}h. Active
VSWRE 55 17 Wi FXol| A Bataat 7 Fs 2
o7 WAstE WA o, o] g} Ay st FAIRE
Z WHALE RF Al57F HPAS 1 4& U &

o] WAEt7] fls 1™ 29k 7ol A 74%3(Lange
Coupler), 27| E|(limiter)Z ¥ Active VSWR H. 3 3]
ZE F7I8lSth Active VSWR H 53] 20 45 = g
HE s BARAAL Active VSWR %, $FARE 2

836
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Fig. 2. Transmlt/recelve module block diagram.
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Table 4. Transmit/receive module assembly transmit RF

budget.

Item Component (I;é)i:) (I(Egz) Acz:(.iBg)aln 21111;1;;1;
41 RF |SMA conn. | - =02 =02 -
Com./Div. Divder - —6.6 —6.8 -
board | SMP conn. | - | —025| —7.05 | -
SMP conn. - —0.25 -73 -
Corechip - 6 —-13 -
DRA - 21.8 20.5 -

TRM

HPA - 17.09 | 37.59 -
Circulator - -1 36.59 -
SMP conn. | - | —025| 3634 -
) SMP conn. | - —025] 36.09 -
Rep::::r;’ath Coupler | - | —03 | 3579 ]
SMP conn. | - —02 | 3559 -

Total - - - 35.59 00.0




H 5 $4AERE YA A RF budget
Table 5. Transmlt/recelve module assembly receive RF budget.
Item Component nput nput ;C; Output NE
(dBm) | (dBm) (dBm) | (dB)
(dB)

Replica | SMP comn. | =40 | —02 | —02 | —402 | 02
path Coupler —40.2 —03 —05 —40.5 0.5
board | Mp conn, | —40.5 | —025 | —075 | —4075 | 075

SMP comn. | —40.75 | —025 | —1 —41 1

Circulator —41 —0.7 —1.7 —41.7 1.7

Coupler | —417 | —05 | —22 | —422 | 22

Limiter —417 | —04 | —26 | —426 | 26

_ Coupler | —426 | —05 | =31 | —431 | 3.1
Limiter —431 | —04 | -35 | —435 | 35

LNA -435 | 185 15 25 | 47

LNA —25 | 185 | 335 —65 | 47

Corechip | —6.5 6 395 —05 | 472

SMP comn. | —05 | —025 | 3925 | —075 | 472

41 RF | SMPcom. | —075 | —025 | 39 -1 47
com./div. | Combiner -1 —0.6 384 —1.6 472
board | SMA comn. | —1.6 | —02 | 382 | —18 | 47
Total - - - 382 -18 | 472
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& digital controls.
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(a) Detailed replica path board circuit structure
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Fig. 6. Detailed structure and photograph of fabricated re-
plica path board.
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H6 Bod 293 vx A=

Table 6. Switch box settings upon transmit/receive cases.

Path case Switch box path specification

SW1 — Amp. — SW2 — 2:1 Com./Div. > TRM
Transmit | assembly — SW9/10 — SW8 — SW7 — SW6
— SW5

SW1 — SW3 — SW7 — SW8 — SW9/10 —
Receive |TRM assembly — 2:1 Com./Div. = SW2 — SW6

— SW5
Transmit SW1 — SW2 — TRM Assembly — 4:1
replica Com./Div. = SW4 — SW5
Receive |SWI — SW3 — SW4 — 4:1 Com./Div. = TRM
replica assembly — SW2 — SW6 — SW5

TAZAEE] 74 SWI Ak SWY/10 5 Mg g 29
AR deElol By A HES EAlLnz FES Ay
2-way HHI7IE A Hrh o]F SW2E A PNAR
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2] RMS error $143HS Btk I8 11(a)ollA B

FT A7) M AF M FFAREE 2EAY] A9
W9 F7]7F —40 dBmeo|g} 7|7} Wold S SNR

(signal to noise ratio)°] BAA= AE & F AUtk F4
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Fig. 11. Receive attenuator variation results.
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Fig. 14. Transmit RF output power measurement results.
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B 7. $57AEE YA &AF JE@Duty 12 %, 832
Table 7. Transmlt/recelve module assembly power con-

sumptions.
Voltage [V] Current [A]| Power dissipation [W]
26 (HPA) 2.26 589
7 (DRA) 0.24 1.65
3.7 (LNA) 0.48 1.78
3.3 (Corechip pos.) 1.28 422
—3 (Corechip neg.) 0.37 1.1
—4.5 (Gate bias) 0.1 0.4
Total power dissipation 68.05
Designed power dissipation 70

3} ' YA 24 Ax 2HA @9
A £2 =8 00 W, 541 YA 7h4H 5.625°, 0] & 7}
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