\nsys

[ R8H ]

BRREEEMRERTESEIIE

[Z=PHBE*. AFE. BfERR. SKGl. BEm. RS
[FAREFE IR AT, 610036]

FERTS IR DU, BRI s OOk iy, THRERSRGBR A 2%, v 28 N ) D 5 5 Tt K
BTt Al aiLT R, EH AP RERBERKENA T, GaN B Oy 2N T TR #
PeRnzhgstds, SEHIFEMBRE BRI _ETE . AEMEEITR, ke ke
SEANRE LIRS BRI, T B A G ER AR — Rl (15 2210 AR Ansys CFX
HEAT CFD LT 3, B HATHA BT T 1 AN [RGB B 25 ) R HIGRE 70 AR E (RS

TBAIRE AR B OAE ), SRRl T2 R - A L2 58 U I B A
AL AR R B BEY GaN JFORHT GaN Dt fr, (I A A S Pk R . AT
W TEF AR X WOE TE R R RSN, ASCE T8 T Z FOANmA P AR, 8L B AT @ 2l
ARG, WSLYREE (AR OB E B G R) BEATRAEN . LA B, IS5 R A 1)y
HEER—Bhw, SRR, DRI FOEIE A AR BN — %, HRRB T & Sibr
2R -

SR, b, Ansys CFX, TEFEMURARELH, AEME

Simulation and Characterization of Si-based Micro-channel

for Module Level Cooling

[Yangyang Li, Qian Lu, Weiwei Xiang, Jian Zhang, Miaomiao Jiang, Yanming Zhang]

[Southwest China Research Institute of Electronic Equipment, 610036]

[ Abstract ]

In the field of Aerospace, Microwave modules have been increasingly complex and highly
integrated, while power dissipation and signal gain increased accordingly. To satisfying this
requirement, the third generation semiconductor high performance ICs, such as GaN chips,
have been widely used in arrayed T/R unit and power amplifier modules, leading to sharply
rise in power consumption and heat flux. Traditional cooling technologies such as natural
convection and contact-type heat conduction cannot remove heat effectively, therefore, the
forced highly efficient liquid cooling technique has been adopted. In this paper, three
dimensional computational fluid dynamic (CFD) models are developed in Ansys CFX to

understand the flow resistance characteristics, heat dissipation capacity of different kind
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microfluidic structures (Two kinds of microfluidic structures had been designed and
simulated, respectively, straight-through channel and variable cross-section channel), all
simulated microfluidic structures have been manufactured by using deep silicon etching and
Si-Si bonding. The GaN switch chip and power amplifier chip in this simulation are simplified
to block heat generation with uniform heat source surface. In order to determine the flow
state, turbulence and laminar flow effect have been taken into consideration respectively,
which were verified by thermal characteristic. To verify the simulation results, power
amplifier modules with different microfluidic structure integrated have been designed and
assembled, the liquid cooling experimental setup have been built to characterize different
kinds of microfluidic structures. The test results make a good agreement with our simulations,
proving that the CFD modeling and simulation are reasonable.

[ Keyword ] Aerospace, Microwave module, Ansys CFX, silicon-based microfluidic cooling, thermal

characterization.

T
it

AT, DTSR A e P A OGBS 7. b T /N RS S i mihAR ., mlE
W, GaN  DIRGEAEVF 2 i ZE fl el 2 R M SR, AN RST AT AR L
W, PN BB ThREBGN, 4 AVEBAOR TPk, O VIR EIFTE M TR
AN PARGUR I, B — D e B AT RAVE BEOR . FESEBR TR I, AP
THIECATT BER ] BACE - WA S A B AR B AL e B A B R A . e,
THRE BN EOR O 2T

T. Dang JF & T fud i e AR AR S A AR 2528 T AUE B TAE.[1] M. A. Arie X} H[A]
FZRUIRES T BIROE E P pi de F s o R AR BOC S AT T 2 H b0 B S 0T 9. [2]
AT TR AS RVt B A AT T AR BT, 0t He MR REEE T T ¥R . [3] ISR,
DARPA RN A I S0 H IEFE G — R (50 N A0S T Vs BEAR K, BRFESCS s
FEARRN 3] 2 N B 2 Bh VA B S5 R R BLREVA FAE F #45L [4] John Ditri et al. #F5T 7 — R
a3 A AR SR R A R TR ET7 20, 12 i S5 MR — Bl R 1 =4 % T
2. [5]

ARSIV T R OE TE RS AR SR T S A AR . R 3D itfkal 715
A RSB A R IE S5 H4 T RAIIRES « B BORGE /12 U . SCrP I DR

BeR RIS T 2B O T XA H R G R RE REBEATRAL, #5227 — Mg hIfLi
RHEA RS

BIESHE

2.1 REEE

VATION 2020 ANSYS INNOVATION CONFERENCE



\nsys

3 S LT I T R AR A T A AT A, P 1 R, B RE S A RS 2 fr
N, VUERFIERSE 25 um , YREZ) 300um.

Straight-through Variable cross-section

GaN PA

1. PURIES MR AR R

50 um
100 um uin
25um_y =
A
25um 4 100w |
: - —
55um.-—w 25 um
] ‘45 um E
Straight-through Variable cross-section 25 um

2. IRIESFRTHE

2.2 BRI R &4

XPEE AT AR, T RIRA TS R 2k, 7 EEEAT KR CFD B, M D
B B A AT AN BAT R, ASCRI SRR EAT 0 . TR RENAE: () HHTE
R £ AR X B RERI S (b) BFAUAERE e alRES N, ASFI O iE S5 R AR
IERERTAU AR . AT AR AR L A e, A5 RE AR AR

JUm BB

o DHGE R R AR FERLN A 5T,

o DU R ANORIE B A TR B ST A BEAN 9 L
o IEZHEE, TXHIWE.

CFD MM B MpilE gk . W, O SR, BMERE R, FAEBRE
PG, AR e i o AN SOOI AN HEA T 2 (DD, 5 T N AT AN R ST S5
w3,

TION 2020 ANSYS INNOVATION CONFERENCE




\nsys

Straight-through Variable cross-section
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Straight-through Variable cross-section
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