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Abstract

Thermal management is very important for the success of high density circuit
design in LTCC. To realized more accurate thermal analysis for structure design, a
series of simple thermal resistance measurement by laser flash method and
parametric numerical analysis have been carried out. The design of via filled
material would be useful in thermal management of power devices.
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1. Introduction
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2 @FlAME Laser Flash MetodE &-83to LTCC/Thermal Via , Thermal PADE =&
g A dg Ef3A AEE AFstd dAEEE ZFAH3AGD. ol HdE A €
A=z SAd nxe EFAY F2AJ 4FE #BFIHom =3, FEM(Finite
Element Modelling) Al E&#o]A& TaA A3 Azte/mlol Fxo] o dwE a7 E 3
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T, 71E9 AR AEH AN FPF 22X AN o2E B8t Thermal Via
Holed) 72 g J&2 FHZHog A5HYom Thermal Via Hole® Array A5l
W& 43 Hole Pitche 9% % Hole SizeZ W3ld W& dAEE RAEE A 2
I Junctié)n Temperature® ©]43l9 Junction-to-Ambient Thermal Resistance(8ja)E&
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2. Experiment
2-1. Laser Flash MethodS &-&3% dALx9 &4
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a : Thermal diffusivity, k: Thermal Conductivity, Cp: Specific Heat, p: Density

Instantaneous Pulse

2A 25

s Temperature Increase To + AT(t)

Initiaémperature To

Thickness L

a9 1. Laser Flash Method

2-2. FEM <& #&3 nlo}e] dut& 814
Agtal/vg B3 Al ol ALE43 EAX & Tableldl Yetidt. £ dFdAeE
Chipoll A/l AR3stE A 1 W2 7HE8d 1, AduiF 249 o ois] sisdh
Thermal Via Hole #1419] HolE 93] Chip, Al#tY REZ M2 APE 722 M4
t}. Heat Source, Package®} BoardAtolol £A3l+ Clearance ¥ FUiF AAZAH R
&3 . @ Heat Source : Chipe TopH#oA Heato] A4 ©dk. @ onvection :
Board®] EWOA T LR F7 HEFHo glemaz x| ATt Convectiono] Azt

@ Adiabatic : Package EWAE dEHo JolA Convectiono] FAdHA &
o222 ChipdlA 2AE d& W= A] PackageE E33t9 BoardolA 982 @Hitxojzl
o} @ SymmetryE 1833t}

Table 1. Material Property

Mol | TP Condietiy | Tieg Capeicy | Dergiy

Chip Silicon 150 703 2330

Ceramic LTCC 1.97 - -
Thermal Via Ag 419 234 10491

2-3. LTCC/Via EgA oA 9] Az
LTCC /Via £&Ae 9599 £ 22 €Y Az, F2 AAF A o wepdd, HF ¢

Ad A4S AA AFRstH. A0 A2 " vlol € Thermal Pad A2 &+ Ags
A3 9. LTCC 7139 Small(0.14mm), Large(0.2mm)e] Hlo}E o] L3ld &9 g
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3. Results and Discussidn

Hlol7} WA= LTCC 7139 Thermal Impedancest QAEE 54 B4
Z1gtoll EAste Hlole= IC7T Xt AR HAA MH9 R W YFoz @ wEL F
BAIZIY, Z1g Y] EHAEEE Hlote] dxrt ARFE FUHY dAERE

EFEY HHoz d=dr)

Thermal Impedancet T3 Fo] Aolsn v FA7 F7184E dAEE} A
g F2, @Ws "o AAgsE Frhen

t

T kA
B A= Thermal ImpedanceE 7AA7]7] 9&iA wHlote] W ZE Z7AZd it
dARE EAM vXE= %S AFEFAG. vlo} X Z71o] u}etA Laser Flash Method
& ol&dA FAHE AFde 53 2

(8: thermal impedance t: 71857, A: 7|#9¥ 3 k: Thermal Conductivity)

Only Via Thermal PAD/Via
Bjojd & (W/mT) (W/mT) =3 A
Small Via Large Via Small Via | Large Via

3% - 3 - 40 15

6% 6 4 32 64 27

9% 9 7 53 72 40

18% 19 22 67 103 77
dobk WAR 7@ ARE dlobn EAY Aol e 2o dAEE g RPS
Thermal PADE A A2l 7]1#S Small Viag X2 Ao ¢ HAF FAE S
e e™ Large HlolY] S0 EFHARUE & &S Jepin doh £ AF94] Al

Zg 719e €dEEE 103(W/mT)e &S e

FEM(Finite Element Modelling) 34] : Thermal Via Hole Array /5ol 3 A3 &
a4 JeERAT ()9 (b) 28l (¢)= Thermal Via Hole Array?t 247} 2x2, 6x6,
12x1291 -l dl$ Heat Fluxe] X & debd 2dolth (a)(b)(c) &Ze] ASo ZH
A Ho A4 LEE 64, 50, 49C°) Y Junction-to-Ambient Thermal Resistance(8ja)
© 335, 281, 27.101Ath ()9 (b)ol 2] Heat Fluxel el Aol dZAS Ao]& Holy,
Array /N7t EolE5E W& 947 28 BAFa gk AW (b9} (0)F Bz}
o BW Array /157t £°1U = Heat Flux X9 ol A9 &A% ¥&

Alg#d ol A=} Chip B3 ¢l Thermal Via Holeo] EA48tE= 6x69 W7AXT gja &
o] BN, 1 °1d9 Array /AFAE A9 WErt qdsith welA Chip B3 <A
9] Thermal Via Hole Array 7|14t €d<o] IA 94&S vxxg 1 WA v £A43}
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(a) (b) (©)

¢ 2.  Thermal Via ¢ Arrayel 9%

Thermal Via Hole Pitch®}Junction-to-Ambient Thermal Resistance(Bja)el]l 3 a#H =S
3% 3o JErdAT  (a),b)(c) ZZe FSo aRHQ Ay dF L& 55 51, 61T
013 Junction-to-Ambient Thermal Resistance(8ja)E 33.5, 29..8, 39.70] k. I Pitch7}
1.0¢ d7tXE @49 %ol FolAa YAT, I oY "W 238 §4sA Aol 2

oA Y& BAF Ytk

(a) (b) ()

293, Thermal Via Hole ¢ ¥xo] 3
Via Hole Size7} 0 ~ 0.5mm7+2] & w9 Junction-to-Ambient Thermal Resistance(qja)
ol ¥istE 1% 40 YErdITh 2219 A E e} w3 A 0.15mm7HA| & gja’t w3 A
ZAEI, O oJFREE AFHoE vt A ASE RG F Y
Figure 4. Junction-to-Ambient Thermal Impedance Properties according to Size of
thermal via hole pitch (a) and size(b).

4. Conclusion

Hlol7h £3E LTCC 7188 542 2437 AsA o} Q=g WaN 718 A%
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