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An analysis on Micro—Channel Cooling and Optimal Design for

Insulate Gate Bipolar Transistors (IGBT)

Student: Chun-Chieh Chen Advisor: Pro. Jenn-Der Lin

Abstract

This study purposes to investigate in detail the heat transfer at various
values of Reynolds number, flow channel height and width, and channel
spacing of double-tier and triple--tier flow channels, in order to achieve optimal
design for heat dissipation of Insulate Gate Bipolar Transistors (IGBT). In
practice, the divergence and/or convergence of fluid flows may occur in the
micro-fluidic system, especially at the entrance and outlet of the channel
structure of the systems, and the bubbles may be formed which will
subsequently lead to significant decrease in the heat dissipation. In this study,
we also address the issue of the bubbles formation in the micro-fluidic system,
so that we may prevent the bubbles formation in the optimal design of heat
dissipation for IGBT. We design the experiments in three different angles of
convergence cannels and visualize the formation of the bubbles in channel
structure. The results show that the multi-layer micro-fluidic structure,
compared to the traditional single-layer micro-channel heat sink, may reduce
the thermal resistance by at least 15%. At the ratio (y) of three-tier structure of
micro-flow channel width and spacing equal to 0.8; the heat resistance is the
lowest. While the chips are too dense, the heat transfer rate would be
depressed. The experimental results also show that at the convergence angle
of the flow channel at the intersection equal to 240°, the volume of the bubble
formed in the channel structure would be the largest.

Key Words: Insulate Gate Bipolar Transistors ~ heat dissipation ~ Micro-channel heat

sink,
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£ 3% XH¥>x7 8 (Metal Oxide Semiconductor Field Transistor,

MOSFET) ¥ 4% 1+ 7 & % (Bipolar Junction Transistor, BJT) i gk
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M7 % u(micro—electro-mechanical systems » MEMS) 7 gt
A S Mk Suft 4 (micro system technology) » H B # g ¥ &
FEA(1960 £ b AR EEL )R 1959 E 2 WP EE £ ¢ 1
% % TThere’ s plenty of room at the bottom & 48 ## > 7
AT S BaA A 0 @ T ict% B(micromachines) | - %

i 1978 #F R =t AN ARFENF G E DY R F R A
#2 4 1982 #g 4 7 F Lo T up L 4k (silicon as a
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Low ARRHICHER P 5s 4 ¢ 2 (Thermal Management)

Hirp FEFIERGRF ooy THREE T A E0 fn

BErAlin- PHI VAR5 I RT3 A0 E S s AR

CREAEER AR T d TR S N KRR E o e AR e fRAT

FRAEBBE ] TAE L RBREH A DN AT -

tez % ehe 2 ¥ R RORE RO P M7 Y 0 1T ROE
AP R AR FIR O T AR RO RS M R B G
FlM k2 BTy Rt R B L [18] i 2 B G s 1k
a3 23 2 R R IGBT S w2 e gty N F R
EEA AT & 0 Sk 3 (T 3 IGBT 42 B8 » ¥ & f- bk v %
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AP ARG RSP Mg i IGBT e 2 5 0
St iR 2T o [GBT e B vl 2 B2 8 175 Wk B
Fl4o@ 2-1 #67 » BHE < Hard 2-1 %07 « B K ehm s A e o R
A R IBT f ¥ 0 FATHHEY A A S S R 8
My A (silicon) » ~# T 2 Z Al kR o d F 2T RE
% 4F (copper) ~ ¥ 1 48(AIN) ~ 45 (copper) » A8 2 5 52 Bk
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s Ik Sl A

P45 (p7)=0 (2-1)



%(ph)JrV(phV):V-[(k+kt)VT]+Sh (2-3)
HY g4 $ < 4 (Body Force) » p % # it & 4 (Static Pressure) °
r % 4 %% (Stress Tensor) ;=y{(V\7+V\7T)—§V~\7I} [ FH =

5% € (Unit Tensor) » F4% # 2_/k38 (Source Term) » Sn % %k » h %

%o
R

AFE Y AP B R  HE  T REBAHY L E S 7
BiRe 3R E R R R RAS AN T L

W AR

V-V =0 (2-4)
LI o 32
pV~(‘—)=—d—P+,uV2\7 (2—5)
dx
e EE"_ = ﬁi;‘,\‘
pv-(hV)=v-(kvT) (2-6)

O HEEN o FlE s G oo S 2N 5

V-(kvT)=0 (2-7)
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e 2 v Voo aTS
‘m‘h’%’ﬂﬁ |8 ‘7}—7; F\'—;]'Egﬁjlk 3 = iz ‘éﬁ‘ - SEZO

11



oTy

y:O, —k —:O R
oy
oT
y:Ly ) —E' X, Z é‘— IGBT EIHB 114 e‘?‘? £ s ays =q0
oT
= —k.—3=0
z=0, oz ’
z=L. , —k, 9Ts g
0z

AEMSRHL A6 AR FEE R VRS R

447 %

k!

Ts,r:Tf,r
T T (28)
*on" "on T

it 2 TR A FMof AGMoTEARER  T£2 e o

2-4 # 2 (Thermal Resistance, Rth) T_&

KR 2R A BUIGBT e B 2 A 6 0 FUFRE K

FB B BRA G AECEORE B R RS RF
Bilpr H s T ,;;z_;f#%%]m,q,_\iﬂlm,,“ % 4o T
Tmax _Tin
I:ch = (2_9)

HY Toax 5 IGBT & ¥+ 2. 8B 8 R > Tin BMiEZ T RER Q

E'J;’* [GBT BB HL’%?&E‘_ °
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25 sim AN 2 @ FIE A AR FlE Rk
PO RE AR S B F RPN LB RE

gt s PR T | F SRR O~ AL ARV LB T TSt ol

* X * * Z
vV X =— y =L Z =—
Ui, Dh Dh Dh

* 2* 22 « 1T-T * k
V = th V = Dh V T = In k e
’ ’ Tw _Tin ’ kf

=0 (2-10)

£ F]= v S AR

vV (2-11)

Mo Ao X =0, U=
Vo=
w =
2, N 22 * L *
PO T Ry X=X Gu*_o
D, OX

V?WﬁV}=1 v (kvT) (2-12)
F Az m F] oAy B AR

0=v"-(v'T) (2-13)

13



g F]E 2 St e st o AT IR T 2 g Bl Rk
Re, _ PinDy % % #%# (Reynolds number) , (2-14)
' 7
D, AP | . ..
5 h - - B =¥ 3 (friction factor ), (2-15)
u,D ini D ar- BY/>
Pe, = nh Plini Py L =Reg-Pr | 4R 2 %4 #(Peclet number).
a U a
(2-16)
A DR ARTIE S FRAPT L BMER B AL
2(H, -W
Dh: ( ch ch) (2_17)
Hch +Wch
LRERZ S ERE LN HBRMILE TR T
* Rth T _T
Rth _ max in (2‘18)
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¥ % #EdoR

ARG 4% CFD-RC #0485 #7 5 1 & - 2k [GBT Aficinif
BT AR o HOR OB - T A L2 B AR L (1) AR

}} 17 ﬁf‘"'] ik <R }\\:—fi—k)f ilj ;

gh‘(

(Pre-Processing) » i & 1 i%
(2) A 45 Ff2(Solve) » 2 & B & PR e FLe - Bk if

2R MR AR 2 3T 25 (3) 18 A2 (Post-Processing)
ARMAREEVURY CBAAFEANERD K o H Y

o fede® 3-1 717 o

3-1 # a2

CFD-RC 12 GEOM sz = Bimigdr 1 2 e fer 2] » 2577 T 1Y
poodkeaE 2 IGBT ™ 2 fronsg fum S e ] 0 AR i g o B
T ERFIBRERE N RAAR KLY T

PR R g R ARITR Y P A G 0 MR IRE 2 R

3-2 #f3A 4%
CFD-RC ehsfefih B2 38 ¥ S 41 A f A g7 - L 4k
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B AR S AT B ARSY 0 S R SRR A2
(Discretization Equations) @ #%%& r2 SIMPLEC(Semi-Implicit
Method for Pressure-Linked Equation Consistent)& & j# &&
Hom/R4 ~ @ BHFER RS 3 EARICE 3-2 977 - it

R fES AT G A S

3-2-1 4> 425¢
AT AR Fd i RN RE - B A R A TR o
PIFE R AL AR AR He TR A VA A A N e
§p¢v-dA=§r¢v¢-dA+Ls¢dv (3-1)
He g2 ELAPM BB vVEAZAPE > Ad G o BNET, 44
Fcthdi o S, & IRIE o
FB-DTER PR RS enE - BirdIHA o - Rz 4

FBLG B 0 N (3-1) 7 s TN

N faces _ N faces N
> pvid A= D T,(VE), - A +SV (3-2)
f f

B0 N e e o B0 B0 g R BB SR DY E o p7 A R

b

BoOFRILE ARG fhifie R (V) 5 Verte finEE
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¢ B A LTI TEFREY e > ¥ (3-2)5N g, B F
- HPGEEEY wenfE o E* R 2 (upwind scheme) 17 i #c o
-5 o N (3-2) M ARE R A RSP s F]ptiE- At
75N F LT 5L
ap¢zzanb¢nb +b (3_3>
nb
H 4 TR b dp AT R B 8, 2 A, AT g B g M T ik

#co b 2 RIE o

3-2-2 SIMPLEC Algorithm

BABFIREB PR IR AN GEREY > nB gy s

>

AR PR RGP ERRERRDE AR

1. B A PXivsgp) -

2. E-PXF »dF 2 AN KT AR ik B B uk > vEE wko

3. RF Pk ks ke Wk 3 R RS ARsN > FpE s

RAEERY B P HMEHAGE U YV oW Ak

B F T I R B RS AT A

P=P*+P’ (3-4)
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% 2-1 IGBT #-& & 3R~ it &

IGBT #i & 3%~ 2 = =t (mm)
[GBT 9. 8%9. 8%0. 5
Diode x5, 5%0. 7
Solder 0.05
copper 59*26%0. 2
AIN 59*26%0. 4

22 AR

e %R a3 Foid ik

o (kg/m"3) (J/kg-K) (W/m-K)
Silicon 2330 700 148
AIN 3260 740 170
Copper 8933 385 400
solder 30
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F 4-5 R Rl

Pt 1,573, 120 1,655, 072 FZ£ ()
e
IGBT # & & % 308. 684 398. 685 0.000279
& R (K
Mg o T 0.97170 0.97170 0
2 R (n/s)
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K& 4 £ (kPa)
2 4-6 HONERTH AT
e PR VA 08 i
3 (kg/m"3) (J/kg-K) (W/m-K)
Aluminum 2707 903 237
Copper 8933 385 400
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carbide
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Syringe pump




B 5-3 MRkt L2 3R

B 5-4 & 0.08 ml/min 2 § ¢ & hBAR("im & A& 120 )
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10.5 ms 15.5 ms 17.5 ms

B 5-5 & 0.16 ml/min 2 § ¢ & HBAR("m & & 120 )

11.5 ms 12.5 ms

B 5-6 %% 0.32 ml/min 2 # /& & RiEA(Eim& B 1207 )
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23 ms 33 ms 37 ms

B 5-7 & 0.08 ml/min 2 § ¢ & HBAR("im & A& 180 )

16 ms 20 ms 22 mS

B 5-8 ii & 0.16 ml/min 2 § ¢ & hiBAR("/m & & 180 )
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10 ms 11 ms

B 5-9 & 0.32 ml/min 2 § ¢ & huBAR("/m & A& 180 )

21 ms 31 ms 34 ms

B 5-10 7= & 0.08 ml/min 2 § & & RiEse("in & & 240 )
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17 ms 22 ms 25 ms

B 5-11 7+ 0.16 ml/min 2 5 ;& & REA(®in & & 240 )

11 ms 14 ms 16 ms

B 5-12 5= 0.32 ml/min 2. § & & RiEfe("in & & 240 )

60



(a) 2 33 K40 4 105877

(b)  10%E 4533 i -4 f8 /& 114. 906~

(c) 50%fF #7% % :4&/8 & 123. 681

B 5-13 = &k & FWE% % ¥ PDMS 2 # L4579 &
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17.5 ms 21.5 ms 22.5 ms
Bl o-14 nkz kR 10%®im & & 120 2 5 2 ¢ RiEse

G 0.32 ml/min)

8.5 ms 11.5 ms 13 ms

B O-10 k2 Bagk R 10%%im & & 180 2 4 /¢ ¢ RiEse

' 0.32 ml/min)
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11.5 ms 14 ms 15.5 ms

B O-16 k2 A kR 10% s & & 240 2 5 ¢ ¢ RiEsE

G 0.32 ml/min)

23 ms 29.5 ms 32 ms
Bl 5-17 /ndz Bk R D0% i & B 120 2 # 52 ¢ RiEs

' 0.32 ml/min)
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17 ms 22.5 ms 25.5 ms

B O-18 k2 BaE kR S0% A in & & 180 2 4 /¢ ¢ RiEsE

G 0.32 ml/min)

20 ms 26 ms 29.5 ms
B O-19 a8z EaEk R 0% tin & & 240 2 5 /¢ ¢ R

g 0.32 ml/min)
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