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AIHAIH C(F)

AF 1= C x dU/dt
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t=A]Z}H)

Power P = p-V:c x dT/dt
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Rth,mem: }\E]a]’f‘ uﬂj]l:_]_iﬂ(?lg ZﬂE Oé,_ Xlifél'
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7F Btk 9714
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olth. welA ARy, & 4 2.5 olxltt

Rth 2
ARth = 'mem (2.5)
Rth,mem"'Rth,gr

2 fojet ARATH xyzARAT o AEHE

U
2 9 AgE Fake Zo] shssta olgA s olft xyzEt Bl A

=22 -



xyzREANA o AFGe Fat A urh 44 47 A5HRANA A
A2 wMuAY FAe ad0Ne d AT AL 7@ 5 vk ol

whE AL obdsh 2o,

In(X)
Ribmem =5 s (2.6)
In(x)
- __wro’
Ringr 2tkgrTgr (2.7)
ri=4 99 WA E, ro=9Eg ] A F
ke=Az 2o AR, T.=Ag& @B T, k,=F74% 21897

A4S 148W/mKE 238 %0] QP2 Ruymem = 49.49(C/W) 7} Hr}.
kA 9 Ae gl TS ddEEe] diste] W A 2.63 2.7

S 2 2.59 tigdste] £ ARy

=23 -
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ettt o] F 1] &

o
-1 {

5 A9 A1 LEE A&ND & AL

2 499 2x AFgs o] sl ad¥EYy ddxRL
(1000~5000W/mK), 28 F7, #H gl 77 & W4=E st
Al EH ol dS skt AlEd ol AFEE E4 54 Y Boundary

conditione ¥ 2.29F % 2.3 A3}

3 2.2 AEd o)A Boundary condition

Simulation Conditions

Ambient temperature (C) 25
Radiation temperature (C) 25
surface to surface
Radiation
Radiation to all objects
Flow regime Laminar
Gravity vector -90.8 m/52

Meshes 0.8 ~1x10°
[terations 1000
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3 2.3 AlEdelAded AH8-¥ Material 574

Material Prosperities

Density Specific heat Thermal conductivity
(kg/m") (J/kgK) (W/mK)
FR4
(PCB 1200 880 0.3
board)

Supporter 1350 1674 0.2
5102 2200 770 1.4
SiSN4 3100 700 20

Silicon 2330 660 148
Pt 21450 127 73
Graphene 2100 720 Variable

a9 2.3 @R FAd wE 49 2k AlEdoeldelt. ¢

7b A AR Sl H 5 50 ~ 80pm F9s B FAVE 104

b et d A FAAlel ey stRR AA A Al fge

A T ol et 1 @5 FEE A9 REv gashs 48 O
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gtk ok 2T RE #& ERE A B AL FAA A
Ao weAe 4 welg @ 5 ok meb] 2o 9 W )%
o Wedlth AATANN RE 2z @uude] FAZ
50umE WEE RS Bbs s Wil 34 @v wye] Bast
12 18 40 ~50pm T FE AFACIH ANT nW A9 LE

7 ke A & g QA AAaEE —-0.35C/pm oA

o | | | \\\\\‘
20 30 40 50 60 70 80

Membrane S| (um)
a9 2.3 WERIS FA mE dY 2% A=A

O9 24+ 2R dARRY mE Y 255 AEYolA Ay
ojty, d9¥2 0.25WeolH, ot A3S 1#H3te] 3|EQ lined %

0.025We 99S Q7tstaiet. T4 28BS 10 x 10mm?e] WA 9

2000W/mK F¥ 5000W/mK7MA] theFstAl At [19-24] oA
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AstalA 248 497} Q1o QAREe] B Ageelde] 25 5
4 Ang FAsY 2w delHz Agd gtk 2dHe] gl

=74 229 AS 0.256We ddo]| thste] Hu &x7F 52.7Co|H

AHAEE7F 5000W/mK 4 © Hi 6.15C &% 742 a9= gt

)]
(=]

6.15 °C

e 2E (O
=
o]

=
(=]

1000 2000 3000 4000 5000
EHEL (W/mK)

O 24 O] dAERe] W 449 2% AlEdeld

g2
rr
o)
0

At 1pem HEH Spem7bA JEEFFow, g IdHAEEE=
2000W/mK= A&y, 71 ¢ 27L& 138 249 st} 1 3o]

N a2k A H 257F 52.7CoA AL 2] FA7F Su
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N LE oL X #Hols
(H|A~E A X}+PCB Board)

dT
U2 ojx WEg pVe—— = Powery, — Poweroy (2.10)

dt
2] 2,103 k. 7] Powery,> 3IEE Bl dgEHE Joule Ho
¥l Powerg SlHOlA E8e do] PCB7FA] ALHo AAdFE
lste] WU ks ds Augth. wheRF At EIERE Powerin—
Powerg & 0°] H™A AJARIS] i o] Wskg Al 07F HaL A
AHo] 2 WsE QA v B2 S A ET] Sl Powerin =
Joule ¥ 002 FH =IHFE 257F "HolA 7] Al&eh=d A7+

of oJ& o] wAUrjr =z

T . s
pVedL = ~Power,, = ~ANT-T)7} B¢ Ha12 4 gtk
471 AL AR WHo| HEE B wge 9 A Ba 24 4n
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9} PCB board7} @t} T+ HAE A2 = PCB board? &%7} &
v Tiz 7] 25|t

9 AE o]l &ste] B H =g AZkE etk HAE 4% PCB
board, 774 1A BF H&3fof s}, A9k PCB board®] 37}

HAE 22k g9l FAR 2o F-ujeo Blskoe] of 70u) 7] wiel

S~

PCB board?] 734 T Algke] 71 Aujzolm 7} @ A7,
o5 7|32 #HoRE Hd RC 3 Z9 transient response time =2
transistor® 7|A capacitor® <3 AAAES S uf s =

capacitor’} 2384 839 transient response time©]u A A 7F

2 AReA HE 23 bk @ ¢ A

2.1.2 A2EAF 4 test 2 A

LEE S0 27l Ads 2R datels

rlr
of\
to
<
12
ok
tlo
ol
ol

F
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Test &A= 7|2F o2 4 3]

M
2
|\
P>

Abob ZARE vE A A=
aRe] JAAREA QFgkrhe Zlolth 4914 slelHelA F 47he] A
A5 2AE AR e dEl O Fell shutel 2AE test AR AR

dtol TCR 5745 skt
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2.2.1 133 AAF

CVDE 448 280e AA BEA 24 2§77 g8 Be 2

A el E T A 3 Qlek b REE WS Wet AL

o7 AFA EAS zZte= 89S DI waterol HojA HiEA A2k ¢
of &¥ & A% FA(EE Hot plateE °] &) 07 3F AL A Q3o

2718 AAsE BHelnh o WHe Y AAaAw Ash A2

ofstth= whilol vk whEbd Wet WS tiAleh A Wi Eo] oz

J=d °o]5 A3 W Roll to Roll HH[29], Z8H AAFS 9]

N
)
A
;O

&3 W [30], Hot Pressing[31]& ©] &3 W ol 3lth[29-34].
Hgt ZujE 54 AkS Jestd @Fo 1A B oE v|gew
Ar 4 Fo] FHE 48] BESHA Fstal g2zt = F

ol Hekslr] sl Az A EH2w A9 (PMMA, PDMS) & AAF2
2 39S FHIAG[30]. PMMAL AAS T4 AEEZC] go|st
k= 7oz HAE & opAlEe s Al AAYE 7Hesty] wEel

A aApA el wo] o] 8- Al 9= daelth. PDMSE | #ofA

=34 -



BoREY AAY EANE 24 A8e] sbeste, ded Hof w2
EOPRORE G s8] AAPE Bss] Wi A4 Al Jbs

Shths Aol Atk sAm FA® Lam A Pl B84 e

TRT - |

Graphene [ Graphene ]

Si Substrate | Si Substrate |

13 2.8 TRT % Hot pressings ©| &3t 5742 2 AAF Y

TRT |

Hot pressing W& TRTE o] -&3}¢]
7bstel S AAF A 4 Qle WHlolth[31]. Hot pressing W
< Yok AA O 2RSS AAF Al F 9o wol Ay 9Fgo] 9]

¥ &L WA 2k dde] #sstAl ZheiA Y] wiiEel AR e

-

ArE & FHAA 53kt A RF Hot pressing 'H-S o] g3t A

2

A= obA 74 mono—layerolA few—layer ¥ola F7AEL 1T
B =R e FAL 2938 AAE 98 Hot pressing Y-S o] &
st om =4 AAbel HAe7] o] kA 500nm T8 FAE 1 E S

2 Ax A¥Es Agesith. AL a#H¥e A7l 10 x

10mm*E zh=vh, F78 288 A4 e AEd CVD gy ow
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Ni 29 del 4% 1 FAL 2ANS &4 A4L olgstel Ni 59

N
N
ol
o
>
ofo
ol
v
I
hc)
k]
=L
>
ek
=<
e
o
&
!
k)
[N
=
2
A
3
o
S
=

700sccm, 104) & sh=dl 1L ol EHd Folgls FEoly HAE
= AAst] FAL 2HAY FFAES FAATIZ] QEA ol tH31].
a9 2% 2.88F o] Hot pressing FHIE ol&ste] o SFasith
ol Hot pressing &7 AA AlZE, &%, st 37HAE AEE & F

A, E 249 #Zo] 2 7HAE splitste] HAF AgES ¥ ekl

do] Artdths & AT 4 9lrh 6000kg ol dHES
7bsbd glol#7h sEFE oM, 10 x 10mm® AEe 2 A3 Al 1000kg

atgolA sEH T
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¥ 2.4 TRT ¥ Hot Pressings ©]83%F A} v

49 22

g Az, . }
#1] 60 [ 130 300~600 BE
#2] 60 [ 130 700~1100 BEH 4
#3] 60 | 130 3100~4100 BEH 4T
#4] 90 | 130 600~1000 70%
#5| 70 | 130 500(10s), 600 (40s)~1100 90%
#6| 50 | 130 600(20s) ~1000 30%
#7] 70 | 130 500(10s), 600 (40s)~1100 A (TRT 2%)
#8] 70 | 130 500(10s), 600 (40s)~1100 A5 (TRT 2%)
#9| 70 | 130 500(10s), 600 (40s)~1100 Az (go]s &)
#10] 70 | 130 500(10s), 600 (40s)~1100 95%
#11] 70 | 130 500(10s), 600 (40s)~1100 100%
500(10s), 600 (40s~50s).
#1270 130 700~1100(55) 80%
500(10s), 600 (40s~50s),
#13| 70 | 130 e R 100%
500(10s),600 (405~50s),
#14| 70 | 130 N 100%
#15 70 | 130 6000~6400 100%
#16| 70 | 130 6000~6400 A (slo]% &)
#17] 70 | 130 900~1000 EET RS
2900~1200 .
#18| 80 | 130 (55 BHOT 10009 ) |53 3H/80%,90%,3%
A%, 8
#1090 90 | 130 | 2700~3300(10s), 3300~3500 | o-oie o
3600 (5s), 3700(10s), e
R 3800~3900(85s) /100%,80%,100%
A= 3
#21/ 120 130 4200~4400 3.5, 3t

/100%,100%,100%
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#20 7 #21
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% 2.9% 500nm FA9 ¥4 18P Hot pressing WH o=

A4 & 5 olulA] oft,

19 2.10 Scotch Tape Test

Hot pressing WWoz A" 500nm F72 I21d¥dAS A &

Scotch tape peeling® 28 Ay 79 2.107 o] edge HET £4

<
N
s
s
il
do

shlatleh, Bt o T2 2 Azt 34 X3 A
= e AFSHA Hed old AR 2#j¥o] 7o w WolA
U7tAY gk S o7 ZHelA]= delamination @2Fo] dojupA] ¢kgt7]
of F¥EE Fotthe S gA ok AAF @ FA 1A
S Raman 48 AR 1 A37F 18 2.119]t} Hot pressing

AA & g el EAC G peak(1570cm ) ¢k 2D peak (2670cm™Y)
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ol
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4
32
rlr

go] £l LdHA YREE FAT 5 Ak

Intensity (a.u.)

Raman Shift (cm™)
79 2,11 239 dAF & Raman &4 Ay

2.2.2 144 P4

AL 2dEE AEAVIE AR Al Ao de st

SAlel He A71A AFE Wejshd ¢ A B

offt
sV
ol
.t
PN
1o
=
&

714 53] wol JgatHel AHgEI 9 Flip Chip H7)AL S =
L oAAE A TN TSV AHEET o9 g AT A Al

bumpZt AREEH=H o= VA AIE AHdF= T FARA

o

o

ol

o] Biol FAE zHo] AAtEo] o AYH NS W

14

rir
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Ak webd FAe 2d® A4 Foadn ey el A5 19

20p¢m, ZH4 20 pem= BumpZF @A E I Q17| wZel FHA HA3E(CD)

2

20pmE 29 AEYe HAMZoz Aot 1yd dE F4

T+ Hot pressing= ©]€3to] AALE F7 500nme F+4% 183

ggeidtt. ® 2.6v 19 HHEIY Ade & AHEE AHEE,

|

R Mgt He A gEdg el gl

_1
o
3

X 2.5 el AREE A

AHEE AR
A Z 3 AL g T EA
L
A7Z5214 A7Z5214 — negative PR
135 u) _
AZ4620 AZ4620 — positive PR
Aligner Karl—suss | MA—6 Wavelength 365nm 2134
Oxford RIE 80 | 9l 200(W), O, Gas flow :
RIE etcher
Instrument | Plus 100(sccm) 7V&

JE JAd HAFES Y38l O, gas® <F, Chamber?] 7%}, A7 A7F

- 4] -




Line&Space®} Arrays W1 dy Ag e AFE-E i),

$20/zm

O 212 299 dE @A Al AbeE S|

g R GHS S8l ofdl 1" 2ol Ha AE 20umE e

WaaE ol gate] 1wy

ok

e ARGt o W AEE A

PR(AZ5214, AZ4620)& AHEstSith AZ5214+= 193 AAF & 7Y

e A9 YT grobd(Loum) E® AR/ #Aue] FA7 9
aoE AR Sl ANE =BE 1 @ Ak 1AM AZ5214

e

O R AZ4620S AREEE o, PRy} 1o A7 e

ki

3oy Double coating(AZ46202 F7 20um) WHS o] g&ste] =%

2 A

Ptk

ol

19 2132 PR o]&3t] g 3= W F ojmA ot
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71238 +PR(AZ4620)

i B

% 2,13 A T 18

Ptk

S

2.7 449

ST
i

—_
fite)
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Power 0, Ar Chamber | 212} AZF bR

(W) (sccm) | (scem) | 714 (Torr) (min)

150 10 - 0.01 30 AZ5214
150 30 - 0.03 20 AZ5214
150 50 50 0.1 20 AZ5214
150 50 50 0.1 20 AZ5214
150 50 30 0.08 20 AZ5214
150 60 30 0.08 15 AZ4620
150 70 30 0.08 20 AZ4620
150 70 30 0.07 20 AZ4620
150 70 30 0.055 20 AZ4620
200 70 30 0.055 20 AZ4620

AFEI A Q2 Yol P32 1ol Qlthrt Az # Holth. #huk
A A3E B Ply P2 ©49 EAS ¢ 4 %+ G peak, 2D
peaks & F 9low Oyl D peako] =i HAAHFOE 7]&7]|7F Udth=

Aol B AA 7} (amorphous carbon)o]gt o AXIc} o]gd v FA

- 44 -
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FHEE 274 20nm/min A T2 FA3] Ghoh olge v Y g2
o] A7l= Mg Z olft= AR 1dide] O 9 Ar ZEk=viE go

AA B BhA o] A B A Thte] A E Y] ol
T T aHE 2] A ETE ol v A ghEo] A E=
ol g7t Hid 1 1o vdTe A 29 A g At
g F 7 Qo] vk 2 A ad oA wlE substrate’t 3¢
A JAY F3Aqvkd 23 A WE substrate} #Zo] 3]ojx AA
U A3t o149 metal substrate®] A7} sbe] @lo]l & 4 9l
ohomEek a9 A B F 9F 1000CeA] drow Yshe A
o] & o] BN S ABFATE ke o] FFSEA &
etk aga a2 AAF R AT A & T I S0
AUtk olgl st o] & lste] H] FA FHEo] B Eo] 1§ 2.148F o]

B A7 FelE P Aoy e dAe] ¢ ol Wik P3z

P4t 2hut 24 Ayrt vk oz wol gewo] A7 ®l AS &
T STt
- 45 -
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G peak

12000 = Point 1 Point 2
10000 —Point3  ——Point4
D peak
8000 l 2D peak —»
6000
4000
o LM:
. , , ,
1000 1500 2000 2500 3000
a9 214 299 A2 & (a) A oluA], (b) BHEY

AatQon, 1 A3 % 269 AH @ BEY A7 21g A HI)

a

o

o}
2.15= e " e ARk olvj Aotk B mpel o] 7
3

Rkl

1>

ZF o] B A7) Hglom e Folu &Bol7E = A=

Qlsk At} A over—etch® Q3o A g HEo] =4

X
_IN_,
o

2
o

gaolsk 4= 13t} Power 150W, Oy 70scem, Ar 30scem, 0.055
TorrellA Z2e|¥ o] AZ2+8-8 120nm/min ©o)W F74L 283 @ 7359

AeH]= 10:30]
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Al 2+

(d) &12F £(X200) (e) 212t 2(X1000)

% 2.15 283 Y A HAn]g o]u]A

A}
[\
w
12
i
>
i
o,
|\

% =2} Fabrication

[\o
[\
o
H
e
Mr
>
Jm
o
e
oX
X

Z} Fabrication

4914 pERY) (11D Se1AE ARgslglom, & o] fo]ef

o o BA 5P AA7 AZECh @ owe A% 49T 9 F

AolA e FUsgor], F 209 AGe AP A B4

g 2Abe

X

(f) 212t =(X1000)

Sty WEA FEAv) AT KISTS Micro/Nano

Fabrication CenterZ o]&3lo] A &%, 249 vfpAaE o] L35S

omf 3We] w3 ¥FS ATt % 282 4 24t 54
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arf Aol AR guE P

=4

oJt}.

E 27 4 ¥4 54

54 54 AR Azl AFEE A
AHEE AR
2wy (A Z23]AD FH| 54
2 ]
A7Z5214 A7Z5214—Negative PR
7 3g-at
AZ4620 AZ4620—Positive PR
Aligner MA -6 (Karl—suss) Wavelength 365nm 2133
RIE 80 Plus
RIE etcher Si, SiOy, SisNy, &% 217t 7Hs
(Oxford Instrument)
SiO4, Low stress SigN, =Haf
PECVD 310PC(STS) ]
=2 7t
Deep Si Versaline (PLASMA 5pemyFy #FFZ7HA Si A 7Z;
etcher —THERM) V5
Metal MHS—-1500 (37
Cr, Mo, Ti, Cu, Al, W, Ni, Pt
Sputter +)/SME — ]
=2 s
(A& /KIST) 200E (ULVAC)
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(a) Si;N, 2 200nm S & b) Ti/Pt(20nm/100nm) &=,  (c) Si0, & 1um S,
oI HE2ZHA IHE Y HE Y

(f) 01T S o (€) SIS J2HE FA () SA0ITH S SHH Al
450pm 12t 300nm S, MHEY
ad 216 1A 4 A 54 54 24 3 25k

a9 2169 ¥AHZELEE AHEW (@9d Z94 # 493 p
RSl Agl & 9ol PECVD SisN, @2 200nm S &3k}, SisN, 2
SIE &AM 9L A2 Alelo] 74 HAAS Y&l AFEEHAT o

(b) Ti/Pt Lift off &5 9?18l Negative 7Hg2Ql AZ52145 ARG}

w3} AL MEAE Ti/PtE 2H2F 20nm/100nmo. & AHE|How =
Zskt), o] 7|4 Tixs Pt =22 939 adhesion layer® AREE Ut}

548 % dAoly 52 silver paste 59 AFAFS FAE wF
T AZE 2t Aol T Wil A714 AdS AA 7] SleEl F

71 100nm= S &3F3lth Ti/PtE 52 § Lift off 385 3ste] 3]

B &EEAAE HEgdstgdtt. (¢) PECVD Si0, @& 1uxum =& 3o},
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Si0, B FAE LAEat SlE, REAMS A714 2AS 9dst] F

nY

gt T - Si0p WEHY v geoR (DAY ol 5l

o Aluminum= 300nm SZ3t=d 1 o)f+ HWBYQ X2 E wE7)

L
KA

fstol el dleols Sl WS A4S w npaa S 8] 98
Aolt} PRoO|Y Si0, WS AR AME 7bsskA R 450um 2 Z2HS @l
oF ati 10x10mm*e] H& W& 2 zbsof s17] el a2 714

N7} A AZEA e Al hAAE AMSETH Al S22 F dEY @,

i

(&) FAX 1dde d 24 54 54 24 T = sIH&2EAA

/Si0, BF 2lo] Hot pressing 2 TRTZ o] &3to] AA} st} TA4L 1

[
&£
R
1o
rp
ox
tlo
A
X
K
ol
N
Ho
%
>,
o
£
=)
Y
=)
o
K
Pl
g
1o
12

=

ol 50xm WEFA] A 5 Q7] it T 2HAS AAF
S A A A7HE s
HEEA] 345 29 & wiringS 93te] Pt pad @2mm x 2mm) ©l|

Silver Paste (ELCOAT, P—100) & ©]&3}o] wiring= Stt}. Pto] A

o] 357 wjfo] 7 thelto Z Silver pastE AFEEFATE wire 2}

R

Pt pad7} 718402 Z A4 = 4 Q%% Silver pasteE ZXI|F

80C Hot plateol 4] 1A]7F =<t A3A 71

3

- 50 -



¥ 2.8 Aol dAdHE F4 A

REE

=

45.83nm

52.05nm

Al
A KXLO]
25

=Lk
A A}
#0|2
o|o|x
(200HH)

el
S

A=l
A X}FO|

25

511.57nm

5.23um

=Lk
A A}
#0|2
o|o| X
(2004H)
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I 2.8& ¥l AEH 5 Silver pasteE o] £35lo] wiringo] 7FA <
289 o B EA =4 2xto|th 50nme FAE RS HdAF 3
AFMZ o] &3l FAE =43 A3 45.83nme} 52.05nm7F Yo

™ 500nm, 5xm% FAL 1IHAL Alpha step= ©| &3t FAE

e

dakelar ZH2 511.57nm, 5.23 pm ot} JAAE FAR TEE o

o2& B 50nme §£HE FAE 2@l T4 A52 S A
Ao r WHajrkes 2S5 Fd + Ak 50nm AL 21#¥Ee A

ArteE = Y T TRTE AAsE oA TRTe g7 14

o

¢

o] EA w7t oy 3tell 7ol MGt 500nme] AL 1A
Az 2 S QAR 5 pme] 7L e 22 A9 A ok 50%
AEr Hvk ol AAkEE B2Ho AR FAR a#9e] 54
o7 gk oz sttt IHAN Si £ S0, T HEHS
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Abstract

Analysis of Heat Transfer
Characteristics of single chip
using thick graphene

Woongkyu Choi

Department of Electrical Engineering
and Computer Sicence

The Graduate School

Seoul National University

As rapid advances in ICs integration level, thermal management
of ICs is a critical design issue because even a small increase in
temperature of ICs reduces lifetime. For solving thermal issue in
ICs, many different methods have been reported such as micro
fluidic channel, thermoelectric cooler, etc. Although these methods

provide good efficiency for cooling ICs but they take up a large chip
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size and also they have disadvantages in complicated fabrication,
difficult encapsulation.

Heat spreader using high thermal conductivity materials is a good
approach for solving thermal problems in ICs. Carbon allotropes
such as CNT, Diamond have a good thermal conductivity, especially
graphene, in the range of 2000W/mK to 5000W/mK.

In this thesis, stacked thick graphene has to be considered as heat
spreader in single—chip. For knowing the heat spreading
characteristic of stacked thick graphene, Heat Spreading
Measurement Device i1s designed and fabricated by ISRC, Seoul
Nation University and Nano Fab, KIST. The heat spreading
measurement device is 30 x 30mm® and it has 10 x 10mm?
membrane structure which is 50 #m thickness. The stacked thick
graphene is transferred on membrane by using Hot pressing and
Thermal Release Tape (TRT).

Measurement environment is made based on JEDEC Standard.
Heat source and temperature sensor are resistances made by
platinum. 50nm, 500nm, 5 #m thick graphene is transferred and
measurement is conducted. The result is 50nm—1.0TC, 500nm-—

1.5C, 5xm—9.06C. In future work, 3D IC(5 stacked IC) simulation
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with thick graphene is conducted and 11.42C cooling effect at hot

spot is demonstrated.

Keywords : Thick graphene, graphene transfer, heat spreader
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