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Abstract In this research, design optimization was investigated using the finite element analysis and the optimal design
technique based on the PQRSM algorithm to minimize the thermal deformation of IGZO oxide in a target module in
which IGZO oxide and a copper backplate are bonded to each other. In order to apply the optimal design technique in
conjunction with finite element analysis, the x-coordinate of lower supports and upper fixed boards used as design
valuables, and the optimal design was performed to minimize the thermal displacement of IGZO materials as the objective
function. After the optimization process, the thermal displacement within IGZO oxide could be reduced to 42 % comparing
with the initial model. The result is thought to be useful in the industry as it can reduce the thermal deformation of target
oxides materials only by changing the position of the subsidiary materials during the bonding process.

Key words Thermal deformation, Oxide sputtering targets, Ceramic-metal bonding, Thermal displacement, Finite element
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Fig. 1. Top view (top) and side view (bottom) of IGZO target module.
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Table 1
Structural parameters and materials of the target module

Target module Size [unit: mm]

Materials
Width  Height Thickness
Metal backplate 3000 230 2 Cu
Oxide target 13248 200 10 1GZO
Support 17 250 3 SUS405
Fixed board 300 300 5 SUS405
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Fig. 2. Design optimization procedure with 2D & 3D finite
element analysis.
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Table 2
Materials properties used in finite element analysis
Young’s modulus e Density Thermal conductivity
[GPa] Poisson’s ratio [g/em’] [W/(m-K)] CTE [1/K]
Cu 120 0.34 8.96 401.0 16.5x10°°
IGZO[5] 137 0.36 5.60 8.0 43x10°
SUS405 203 0.265 8.00 16.3 153107




Thermal displacement minimization of an oxide target for bonding process by finite element analysis and optimal design 211

F3kel7] 98l zt AAMFES COMSOL multiphysics
FAE[7PIM BF westele] gy, 22k ke s
gH/HO] e 1;].& 7L7L94 Odu:]a‘ﬂ 7:14. E]]o]E lé—-% =
Asek o) Ak 33 e s T2 PIANOLS)
o} f3ka s &4 F=291 COMSOL multiphysics = 1
&ote] Y=ot

%7] 2doxe] 458 9 GHPS At A3 Fig
33 o]l 95 IGZO Ml & FatollA gwde] A
%%_ﬂﬁi—rﬂ Ho 0.161 mme] IHFS HAich o] &
Hy o] F9= 1GZ0 e HJTOH Eb?—‘i S Aol
WAE 7PsAdo] Atk B Alall Zgd g 2E T
Z1e] A9 F IGZO e Tlxm %ﬂ W Zg o] E
AeYel o EF£SZ XA Q7] wlitel] =9

AAT IGZO BFl E5-olA B dwidgo] vehd
Zo=E JH

IGZ0®| WS Haslelr] fls Al A
EWE S PQRSM ¥ElE 7Wke] HHAEA 7L
2 A3} g 7%+ Fig. 4%} 7o] 27| -‘%lil ojH] SR
W) Lol A9 239.84mm, L8 A
L9 A9 -15. 14mm o]l %*Ml - I@EH Tl,
T, T, T,9 7<% 27 -183.93 mm, 367.67 mm,
101.50 mm, 242.43 mm °©]5& 7% 1GZO 2ksl= el
o] Hoj GHE S AL ¢ Avks AFE AU
BE RN xHRE AANTstste] AR wE
o 01:(4_)_'/:‘:_ x-F}3E 9] ok(+)_g] weko] 922 o]%S
AuEl S xR 509 WER dFo=
o] o5& oulgit}- HAAA old 7] RYA F
Bl F QEZ0| X3 IGZO Bl 22 & Hi
F9lolA Aol Eridge] DAY 7] wiel] o]E sl

—_—

TTHBR)|

...........................

.......................................................................

.....................................................................................

..................................................................................

x 102 [mm]

14
12
10

0.18
0.16 |
0.14
0.12
0.10
0.08
0.06
0.04
0.02

0.00 1 i N f L
0.0 0.5 1.0 1.5 2.0 25

x-coordinate of oxide target [m]

Y‘—.N

Thermal displacement [mm]

Fig. 3. 3D surface plot of thermal displacement (top) and cal-
culated thermal displacement of IGZO targets from the initial
model (bottom).
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Fig. 4. Top view of the target module after design optimization process.
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Fig. 5. 3D surface plot of thermal displacement (top) and com-
parison of calculated thermal displacement curves within IGZO
targets after design optimization.
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