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Study on Controlling Residual Stress in Thick Copper Film
for Heat Sink Using Graphene
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Abstract: Nowadays, high-density electronic devices and component mounting have gained popularity.
Because of the heat generated from these devices, efficiency of the electronic parts is significantly lowered and
life time of these devices is considerably shortened. Therefore, it is very important to efficiently dissipate the
heat generated from the device to extend product. In this study, a copper thick film was deposited using a
sputtering technique using plasma. In addition, graphene, a two-dimensional nanomaterial, was inserted in
the form of a sandwich structure between the deposited copper (Cu) layers of various thicknesses. Through
this, a study was conducted to control the residual stress of thick copper foil deposited by sputtering. In this
study, the residual stress was measured according to the location where graphene was inserted, the treatment
method, and the transfer area. As a result, the highest residual stress reduction effect was observed when
the transfer area of graphene was about 70%. Reduction of residual stress was observed by inserting graphene
into the deposited copper thick film of various thicknesses. In addition, by increasing the number of layers
of graphene inserted, changes in residual stress were observed.
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1. INTRODUCTION SHAl EATt [2-4]. FEolA BAske D 71 Aol '
AR o8] FEFES 718 @ ATAY FE9 TlE
H A7 71w A% HHE S A7) AR §F & s ohe 5 @R o Ao TS IEA
e A Ao gl AAA HAeH, &gstet A vk [8-10]. E=F BE I A% RECY
&3, tlsst 2 A SE S8 HAt [1-5]. LED 59 895 & Qlo] 1, FHMFE 57
olf gt Azt yEEste] wEt M7 2ape] si71, A ARjAY EgE STk HaL AR oR BEo 88
FEAE, Ad7Is T Halo]l T olfE WeEN & A Y e FHlo] HA v [10,11]. wEkA HAt
AT [4-7]. B3h Axpr]ee] el wet A7|absat, of e 2] £ A 2 A8 E3LE fsixe LAbellA
7% LED(Light Emitting Diode) & %71& &83sh= & A €S w2A HIANAT= Zo] vi§ F831t. o]
73R8 71l gk dAlge] gilto] oo 9 2d HAS g WY 54 B 7ol o 7 &
o} olglgh M7 B Ve S AAE B A2 ¥ Metallized Ceramic &A1& ©] &3
FEzAze] yesle 2o WA oA ZoHA| S AR8-E  PCB(Printed Circuit Board)7} -8 HopollA dz] AFE-H
A =7] o] FA s FEAAelA B S W 3 ok A3 % 9 3EY dEve|es, dY wieA, 2}
A8 ECU &, 18 MBS AjolM = IS )
- g 2 Abol 4317] 9%+ Metallized Ceramic Substrate®] 27} Z7F
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Substrate= E&4H&3 &
Si;N, 59 Algtde 7|22 3 &4 9ol & umEt F
= 75 IS Aot Az
Ceramic Substrate®] A2t WHE FA 7HAZE FEE=
o], AMAl= 2 3420 DBC(Direct Bonded Copper)
= Ay 7l 5 FEHEY -1065°CM F A
= &74°lt}. DBC 79 =2 Uiy dHEsS 7
o HjgEA o] Setal @b BA R AlzgAe] B3¢
Stal 200 um o]t T AFS AAerI7E oJHT
[14,15]. B3t 7|3 Z717F Alsks]o]Aar, Ak (ALOs)el
T Ago] rhssithe wdol dth FHA W EEgk 3
23gor I F£o] X8H brazing IES ©]835k]
el APAET =S X (>800°C) M AT E F3
H33tE AMB(Active Metal Brazing)©] $th [16-18].
AMBe= =& B3-S TR Az FAo] Eitshe o
7PF E=rh 3 200pumolst ] AFE AYite] ofE-9m
713 Z717F Algks]o] QA AskE Mgt ovt A-8o] 7}
Sotthe ol Aok AlAl WS AFHoRE Ay
B % (Sputtering)S ©]-&-3t= WHolth. 29 HE ]85
349 739 =g vgEAo] b Fube] 2%
A7t golsiths Aol k. Egk I o] wesh T
A 2 S8 A7t ol Wtk ofe}t BE Aty 7|
8ol 7hssithe el ok 2eiv 2HEEHS o]

o o
£ T AZ 3L =2 YRy Fetzeis o]
8317] wizoll FPEdEolA Bite] Al Hlo] Ee
245 8L 7A "o [8]. ol <l 4 T ol
o] g Fug ke AT AW JWF SHOoE Qg
o] ZEh A oFE 2 SEoE ISk e ulg
A 22 54 Asrt vehdths ©o] Stk [19-22].
olgfgt TS sdstr] flste] & AFelr= Z=k=nt

+ 2B " (Sputtering) 71'"H-& ©]-&3te] ]+t
AN TrFe T F2](Cu) T Alelell
A1 22 ¥ (GrapheneyS ME=92] F+x9]
7P & A9 782 (Residual Stress)
= gaisint.
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2. EXPERIMENTAL

2.1 ATE| Z& AAH

a8 1y 2 Al FE(CwE S8 S8 AL
83 A)zsolth. AHANS AR vl EE 2lE)
g Nzdos Ble] S GTAME ARlel A}
A1 Fel ] A= Fol ols) UAeEsn 715A1A

Graphene

=

Wafer

DY B

(b)

Fig. 1. (a) schematic diagram of the system used to deposit copper
(Cu) film (b) Cyclic schematic diagram in which graphene is
transferred between deposited copper films
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sted Ar o2 o B2 TES T F IAHY
2WEY 28 9 SEEETE SUkshe ARol . AR
nH EE A9EE AJ2ES 2ER] H2Z(rotary pump),
B2 &2} 3 Z(turbo-molecular pump), HIEFEE A o] A
(baratron gauge), ©]< Al©|A] (ion gauge), Full range Al
o|X], #3 Z&7](Mass Flow Controller), %] (Chamber)
2 A= AW Hel|l Cu B o3 (wafer)s
He & ZEE HZE o843 10°Torr o 474 13}
2191 pumpings P 3}ATE o] F 7ARFE EE5H]
el Bl® B2 HZI(SHIMADZU Inc. TMP-403LM)Z
o] g3l 5x10° Torr= FAIAZT}.

2.2 JIBHE MiEH W HAL
w3 ad9 2

go el wu o] SIFHUL
B3l YA FAFOZH Cust g HolFES ¥
U2 el 93 AFEelM $e A7 F vICH)

FA2(H) 7125 FYSHA =9 viekert 22 o3
SHdshe Favhzol o) el
of F&HA Hrh. o]F X9 25
H Ful 3ol Hekso] Y g gAEe] Fu &
AAst HuA a2gd 725 4 o 2 Al
£ ©F 100x90 cm? ©]F FAE= 75um 9 FEEE
CVD quartz X3 o] XA L, H, 10sccme] 9
71014 1050°C7HA] 255 &9 §F 1AZH5<t annealing
Ak zZElES 1050°CoA] H, 10scem, CH, 20scecm
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o] 2O E 30&FS FAHUL, o]F A= H,
10scem 71014 Akl AA 2o g Wzbeiict.
o] Exr 23 Poly(methyl methacrylate)(PMMA)Z
Fgste] e 7|2 FUsA A23(3x3 em?) Cu
etchant(FeClL)yS ©]§3t 2] & F2 AASA
AAASES S8l 3] AAEE PMMAR IHT 1
¥ AEE DI water(Deionized water)Z ol W Ao
}\1 /\/_\Jl /\171— _0_ Xﬂﬂ;}"ﬂq— 1‘:;]5/_ PMMA7]' =
e a4 *1‘52 SiO, 71¥ell SIXIAI715L, ofpAllEe] ¥
o] 30&5<t X2lste] PMMAS AlASATE 28 1(b)dl
A B Qe utek o), Ak B Feo] agds &
el osll S22 ubet Alo] Skl Ajls
gl ot X&%vﬁ Hal AFE st

2372 28 &1
AZE Fel o] gHe 2] Sl
(FSM 500TC)E ©]-&-3} =
o L Sl A el 8
o 7ge] S8 sl ARSHS 2T e

=
PPl 4T P2 F8% 39 BAN

equation®]l Tty XF FHE Atete WAt
Stoney’s equation> BFEHe] BHIAIFE iR 7]
ol Algte] ©estal Helste] whdke] 2HF-8HS ALtet

=l 7P @ol ARS-ET). SFAIRE Stoney’s equation®] A
ol 2 7K 7Ho] dasitt. 4wt A E
whake] o7t wl-g- Aostar, vt FAl= 71He] FAE
o w9 Zrojopgtt. g wby @ BT 43
(homogeneous)al2L 5] (isotropic)yS 7FHoF 3FH A8
M (linear elastic) A& YERHoF gt mpR|et o2 A
A AAl AAA FEWEH $He st TS

R
=3k W] Stoney’s equations Fd FF-3HS

Aakek
T A
Stoney’s equation Ey-S
: G: —
ys eq 6f(1—vo)R

R: A#H¢Y
vs: Poisson’s ratio of substrate,
substrate, f: Thickness of film

Young’s modulus of substrate,
S: Thickness of

=&, Es:

3. RESULTS AND DISCUSSION
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Fig. 2. Change of residual stress in deposited copper film of
transferred graphene
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Fig. 3. (a) Changes in residual stress depending on the transfer
position of graphene (b) Change of residual stress according to the
transfer area of graphene
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Fig. 4. Effect of residual stress of graphene according to the
thickness of the deposited copper film
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Fig. 5. Changes in residual stress of deposited copper film
according to the number of graphene layers
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4. CONCLUSIONS
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