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Pt Temperature Sensor &

A A Copper Interconnection
AlLO; Insulator

| Silicon Substrate

TIM(Thermal Interface Material)

Graphite Sheet
Lithium-ion battery cell

I8 2.2 2% AA g BEA77F HAE FFRo AATHE

ST}, Si0; (1.3~1.5W/m-K) A utef H]s}odAl,O5 (25~30W/m-K)& -3t

AALEE 71X]7] & ¥} g3 25 ddS sk 4= Qi) Ag&

low Ay d FAb7]e] F2S $ste] TIM(Thermal Interface
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2 =wodAs HlAFe](105n2 -m) A AFPAFol sk

Pl

TCR(Temperature Coefficient of Resistance) = 7}A|7] W&o =74
A AR og eAtE AaTow 2 4 gl WS Agegth W

= 25AAe HAEL 20pm o] F7= 100nm, ¥ Zoli= 10.04mm

1o

||

AN 5971 Adste oz AL 24 7] et

ojtt &

Frt

H) 2 8 gko] Mo oF 1/6 ©] kS 7}A = Cu(l6.8nR - m )E AFE3IGO

w dEE 500 #m, T 200nm 2 W &% AlA]ef] v]sto] 25 vl =LA

ke

AAste] WAe ARow A 24 A 94T FolwF AT
oW EAe P WA AGuE dehie s dole)x

312.5 1 9] A gH|E HQlt}

b

2.1 Pt2XA414 ¢k Cu viAde] A gH|

Pt Cu Pt/Cu # 3HH]

AR | A FA | A | A | A
(nQm) | (um) | (hm) | (nQ'm) | (um) | (nm) 312.5

105 20 100 16.8 500 200
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H#|o] A toolZ+= Ansys Icepak(ver 13.0) & AFE3slSith a8utolE

ol WE d9e Rx A oyl ' 243 ol FxelA

A2 A, 2 uelEL FAE WFR st AlEdolds st

Ak AlEEeld AA =1 2 AREE 24 S % 229 % 2.3
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Heat Source
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¥ 2.2 AEdY°]A Boundary condition

Simulation Conditions

Ambient temperature (C) 25

Turbulence

Flow regime (Standard k— e model)

Gravity vector -9.8 m/'s2
Meshes 0.8 ~1x10°
Iterations 10000

¥ 2.3 AlEHIA AFEE Material 54

Material Prosperities

Densitsy Specific heat Thermal conductivity
(kg/m") (J/kgK) (W/mK)
Silicon 2330 660 148
TIM 1600 240 8.9
Graphite 2130 720 1500/10
Lithium
Ton 2765 1394 25.7/0.794
Battery

AlEY ol A0 2= A UF7F 9l natural air cooling &7
o2 HAAFROY flow regimer YWH=ZE ANSYS Icepak® Two

equation(Standard k— e model) = AF&3Att. +F %59 A9 #A

21



EFPFAL A7 BEse] PolAe dolmx WHAS 043

g STt

dola= ¥ 3¢ Testn Yok dolz ¥ o U nE

AAL 93 dF ZH standard k— e model A= AASF p =

R EeluA ke ©@e] AT dRelyA] LAE e B ouEhdth

uzpCuk? (2.6)

0 0 -9 He) Ok _

% (Pl + - (phup) = 7= [(u + 1) x}] 4Gy — pe (2.7)
0 0 a 0

3 (Pe) + 5 - (pewy) =a—xj[(ll+g—; a_;,- + Cleka Czep— (2.8)

72y o] g HES k—e BEY BFE U C =1.44 Cpr=1.44,

€, =0.09,0,=1.0,0,=1.3% AH&%t}.

A el oluA] WA vk o] YERfRIT.
aT

(ph) +o- ul(ph +p)) = (keff ax) (2.9)

Cplit

kepr =k +-2 (2.10)

9% 259 ol TE ole wWE WAL AFHIA & 9

3to] ¥ 9= Ao Iem x lem A7) 998 A9 oM 0.5W
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() (b)
1% 2.8 #F ol HiEE ZHY &% AlEHelA

el EVE Qs E(a), 25 pme] TLEjukol EVE Sl 73 (b)
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3.1 A& «A
Bl AU LE W A BA /15 IS F2E A
5] glskel WEA FHL AHES] RAA WA Ao

U= e Y el F-Fsigith 2=AA

=

3T

3.1 Alztel ARgE ]

AgE Az R A | =d JAZIAD A5
SNTEK Sputter PSP5004(SNTEK) IGZO, Al:0Os
T2 7bs
Eckal AZ5214 AZ5214-Negative
Aligner MA-6(Karl-suss) 3 365nm w1 S

Metal Sputter

MHS-1500(+F- 331 &
SME-200E(ULVAC)

Cr, Mo, Ti, Cu, Al, W,
Ni, Pt =2 7}5
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(a) T 50nm Z*t b) Ti/Pt(20nm/100nm), (c) Back grinding tape %} 8
T|/Cu(30nm/200nm) =%t He|Z S8 CMP(50um )

—r

2= A& TE g

4

\%;4-‘4-®

(f) BHE 2] Aof A e) HIE{2| Alof TIM d) HiE{2| & 2&=
array £ g UV Ei S JzjmolE -|—|oH 3cm x4cm
IA}o}O:I Back AME _r?_z'r 37| 2 dicing

grinding tape X|7{
a9 3.1 AF A

a9 319 FAHEEEAAA (a) @ EAY ® 420 pEry Ad

Z dol¥el AlOs & 50nm T &FH AlO; 2 AlA el Ao Ab
ol9] A71d BAL A AHgHh,

& SRANZ AMEHE Ti/Pt Lift off 34S 918 AZ5214%

]
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>
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&
H

=

ok

Acetone©. 2 Lift off 345 st 2% A IEHIS &},
Ti/Pt Lift off &7 % wjHdo= AlE= Ti/Cus A =F5dS X3

st Z}ZF 30nm/200nm=E 528k Lift off 374
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o
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7l 100nm= S2stkal wjAd o s AF8-% Cu
o Af, AFS EF7] f8k 200nm=E FHA F2stt). Tie Pt, Cu
2} AlbO3%}9] adhesion®] FZ3}7] w9 adhesion layer@ AR&3tc}

362 CMP(Chemical Mechanical Polishing) #7485 ¢34
back grinding tape& F2H3tt}. Back grinding tapes= CMP &4 A] 4l
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3.2 A& A3

kM M&d T =49 (@), el G 2EAAMY A
A= o3 2o A HAR AEE dolye Aol ALO; =
Ealo] FEF 1 I vt PR OAZ52145 % 3.29

s

xS AHEste] HlHY & metal sputter FH|E 0] &3}

£

Ti/PtE Zt7ZF 20nm/100nm 28kt 1 & oldlEe] ¥olA PR
AABF] lift off FO M 2% AAES HEdeet. Td3 o=

Ti/Cu 72} 30nm/200nm &8l PRS AAsIY] 28 wjAdE

A 2351 Tk
¥ 3.2 AZ5214%F o] &3 37 A ¥ A
23 74 500 rpm 5 & 4000 rpm 35 %
AME Ho]7 95 T /210 %=
A AR =G 20 mW/s / 6.25 %
3= Ho) 3 95 C /150 %=
= WA = 20 mW/s / 22.5 %
3 Ak 6:1 AZ 300, & 3|4 /120 %
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¥ 3.3 1dFo]E AE EA

Characteristics Specifications
Withstand 100C
temperature
Thickness 0.025£0.01lmm
Density 2.1g/cm3

gl E A Eg} wiEE], 2%
£t TIM(Thermal Interface Material) & Arctic Silver AFe] Arctic
Silver 5 High—Density Polysynthetic Silver Thermal Compound&
Tujsle] AFEsFATE AFE%E Artic Silver AF2] Thermal Compound+=

HlAEdolw 8.89 W/m - K9

Abgo] 7153 TIMo|t}

AA e Aol o

EEE /B3 -50T~130T7HA
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4.1 =3 setup

AAE ke LEAAME SAsH7] flste]l Cu iAol MolexARe]
wire to board connector® AAF Xwe] FESIh 3R F
connector®] ¥} Cu wjAdoe] A54 S = contact® A 9o}A contact
2 935le] silver pasteE TXst AFoA  12A17F A A AA]
contact AZlth. Connector$} wire®] A& 9 silver pasteel 23t #
= AgE 2xAlAe Aol 9000 olide] HERE 1 JFHS 0.1%
ko g7 FAlE 4 9l Folth 4@ o FE contact A1 AF %7
200C o) 3d7HA] &ep7br] wwol i g Wi =2l o ds dod +
ATt 1Y PR A ASAA contact®] 758t silver pasted Af
&ollth. 19 4.1 connector$} silver paste® 7]¥S wiringdt A
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Y 4.2 =4 setup
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A<= (TCR: Temperature Coefficient of Resistance) 402 A3 3t

of Wz}stA vk 1P ® o3 BARNYH V|ES 2= AY

S 93 g A%, @AY AgE AF oty 289 F7o| by
s Hel, oleldt S40] ASIHEE AW LEANE S AYA

(RTD: Resistance Temperature Detector)2t &t} %7} t, [C]1Y

O

W, 55 Aol Ry (@1, =7} 4Fdt [T1Y B9 =%
ATE R, [QI dtbd TCR ¢ & v A3 2ol 73 + itk

RtZ_Rtl

o = —fz=ta (4.1)
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R=pZ (4.3)

EEAA L AT v A3 (p), Aol (L), A% x F7(A)Z e
2w Zhzke] A ks golA Axbstd 527.1Q (@30T)o.x 7H7te]
Aol A 54 ghol AA ghell wls) oF 2= & e et ole
Was 1pm olate] FAE ST A9 grain size7} AAFE] 3 7 2413
% (Mean Free Path : MFP)X.t} 2H7] o] grain boundary scatteringo] o ojit
A B[ Aol AAY] wEolv. dA e 382 s grain sizeE 7194 A
& s HE T AAT 2RAAY A 27 A glo] F4E 2k
w2 Aol M3yt AX Il grain size?] W39} A4 2] accuracy 2= A
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AP Al 0.99 o] S AR Y. theE metal sputter?] $lo] ¥
Wil 4] non—uniformity® Aot W FA ] zfo]&2 QAsle] 2L AlA

o) 27 Aol v2Y] wel 449 2k Al st= daa s ol
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sto] Rkt

T gtol EVF BabE Axbe] A9 dR/AT = 1.64 ~ 1.85(2/C),
Ze A & 22H= dR/AT = 1.66 ~ 1.78(R2/C) 2 71&715 &<l
om olE MY FAE St AtE A OE ARSI dAk o
2 OSAE e ER Az Aok ZHTtolE njRa axrh 110, §F

2 &27F 1.3Q0%7 22 shikshd 0.67T, 0.7Co|t}.

TCR = dR/dT x 1/Ro (4.4)

=99 AFAsE 919 TCR 4€ Bahol 242he A4 TCRE T3
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Abstract

Integrated Thermal
Management with Thermal

Mapping and Heat Dissipation

Wonha Jeon

Department of Electrical
And Computer Engineering
The Graduate School

Seoul National University

Every electronic device and circuit generates heat during
operation. As the industry is developing, the devices and circuits
have become miniaturized and had high performances as well as
functionalities. Therefore, the heat generated per unit volume

increases consistently. These overheated devices lead to lower
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lifetime and reliability. Additionally, the heat can cause the
malfunction of devices, so cooling technology and real—time
temperature monitoring are necessary, In order to maintain the
stable temperature.

Lithium ion battery which is used as the power of electric
vehicles has superior features: high energy density, high voltage,
low self—discharging rate, and high stability. However, this battery
1S sensitive to operating temperature and heat from chemical
reaction inside battery might affect the performance, energy
efficiency, and stability of lithium ion cell. To solve the temperature
related problem, preventing overheating by sensing the surface or
the inside of the battery, direct cooling method, and using high
thermal conduction material to efficient dissipation of the heat are
studied. In addition, for effective solution in practical application,
heat management technique, such as surface temperature mapping
and heat spreading should come by together.

This paper shows the structure containing integrated graphite
heat spreader with high heat conductivity and the sensor arrays

with surface temperature mapping to manage the surface heat of
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lithium ion battery. Through the heat transfer simulation, the
maximum and minimum temperature difference depending on the
thickness of graphite and silicon are verified. The same simulation
i1s done with and without the graphite, so that the cooling
performance of graphite is confirmed. The graphite heat spreader
decreases not only the temperature of heat source but also
temperature difference at the surface.

For temperature sensor, a platinum measurement resistor is
made through the Inter —university Semiconductor Research Center,
in Seoul National University, and, as a heat spreader, the 25 u¢m
graphite sheets are glued to the surface. The manufactured device
on the surface of battery is tested in Korea Electronics Technology
Institute, to measure the performance of heat radiation and the
temperature by discharge test. When battery discharges with 7C,
the decreased maximum temperature is 8.9TC and Also battery
interior temperature difference decreased. In conclusion, the
temperature sensor array is able to measure the temperature
distribution at the surface with high accuracy. The graphite heat

spreader increases the uniformity of the surface temperature and
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shows satisfactory cooling and heat dissipation result.

Keywords : Thermal management, Thermal mapping, Heat
dissipation, Heat transfer simulation
Student Number : 2014—21677
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