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Abstract: To enhance the temperature uniformity of wafer bonding platforms for integrated
circuits, the mainstream 200 mm wafer bonding platform is selected as the subject of research,
and heating experiments are conducted on this platform. A three-dimensional heat transfer
numerical model of the bonding process is developed and validated to study the temperature
formation and distribution within the bonding platform. A simple and effective strategy is
proposed to significantly improve the temperature uniformity of the bonding platform. The
research findings reveal that the non-centrally symmetrical distribution of heating wires wound
inside the heating plate leads to uneven temperature distribution on the working surface of the
bonding platform. Without considering the alignment of high and low-temperature zones of the

upper and lower heating plates, the overall temperature uniformity of the working surface is
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3.2%, with a radial temperature uniformity of 1. 1 °C. Rotating either the upper or lower heating

plate provides spatial compensation for the distribution of high and low-temperature zones of the

two heating plates, resulting in a substantial enhancement in the temperature uniformity of the

bonding platform. Following a 50° counterclockwise rotation of the upper heating plate, the

overall temperature uniformity of the working surface of the bonding platform achieves 1. 3%,

with the radial temperature uniformity reaching 0. 3 ‘C. This research contributes to a deeper

comprehension of heat transfer and temperature distribution within the wafer bonding platform,

which is of reference significance to the fine design of bonding platforms and the improvement of

the bonding processes.

Keywords: integrated circuit; wafer bonding table; temperature uniformity; numerical simulation
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different mesh numbers
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Fig. 6 Temperature distribution of monitoring points

in working plane by numerical simulation
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Fig. 11 Temperature distribution for the improved model

Ca) A T 308 4 A

http: // zkxb. xjtu. edu. cn

451
450
449
448
447
446
445

< 444

2443

jutd
442
441
440
439
438
437
436 1 1 L 1 1 1 1

0

10 20 30 40 5.0 60 70 80 9I0 l(l)()
B /mm
(b) 78 Ivi] ¥ JBE 43 A1 1 &
B 12 B AR TR T A TR R 3 A A

Fig. 12 Temperature distribution in the working planes of

— 7&;:;,11:_7

¥
et
LL

—e—90°
—4— 180°
+—270°

T T T T T T T T T T T T35 1

improved model

XoF i e DC BE B T i B A I 38 A
Bt gk 2 fron. w7 LA B 6T O A 4 P
TR 22 G 58 | JES 1) I R X5 50 43 A 1 B B L BT L GE
SU N N N 12 S R R 1 NI AN 2 E 75 R (TR RSN
RS SR R E ¥ A . BT AR @A,
b P TR B 4 A P A R B T, R 2 b A I )
I 8.5 mm - TE AL R EE ST 3. 806 Bl ik #
1.5% 10 F 8.5 mm “F-1f Ak A 51l 3. 5%
WGHEE] 1.7 %0 0 36 TR T A5 A e TR AR ik 2 A
PE PR B TR A A R v BRI AR R 3 4] S T
CBHEAEEE L,

R 2 REITEAMAKLA G B A MR
Table 2 Temperature uniformity before and after rotating and

matching the heating plates

" i R 44559 1

BA AW 3.2%

e U i s 1.8%
;mﬁ% B L.1C
[ 1= 8.5 mm - ifi 3.8%

i~ 8.5 mm i 3.5%

A TAR 1.3%

. 8 A 4 0.8%
ﬁizg e 0.3°C
i 1 8. 5 mm V-1 1.5%

T 8.5 mm i 1.7%

FE S PR AR R B S b A R L A R A 0L
B S Y R A B R I e e D
BT A LB R R 8 ) AN (S AR B i




126 W % oz M

PN

58 &

JE R SR AR 2 L BR e B DR I 1 R AR RS
i WY L e i v AR TR A e R R A B g il X 2
e T o Rl T B B A TR TR O % X ik
] R e A AR i A 22 9 48 T 2K AR TR T I Sk A
PRIGZ o 28 28 0 K1) b e 25 3 i R 2 i T
AR T i1 5 DX S ) L 52 2 i 418 e AR T R P A0 4
X S SR A SR Sk T AR h AT RS

5 45

AR ST B B B A M o 15 B B R AP £
FHREEY ST RO, i T RS G =
Y A A 1B BB Y, JT B T B B THIEL S R B AT
BERLGIE L DL o BRI BE 5T T 85 B N BRI P
S oA R AR T REAS B R TS R
SIVERY A R AR T 3 EEEHE T .

(DHEESE T SR 5 — 4 it £ 3 R E A A
BT 5 5 T AR 8 At 0 il B 2 &) 1k oA
180, HSm I & iy 1. 9% 3 Wy & o P13 X 1oz )
Al BEAR R R ORI 22 1. 1°C, EiA R
JIr 32 S ) OB AE R S A ) T E Y BE S R F 5T
(52 5 ok A o R A R R A LR

(2) W T B 5 P9 BE IR 5 o A LA L 7
ARG G LT R G XV B A 1 AT
BN T AR P I A 22 B 28 (4 A rR 0 R RR A 5 R
I B 23 AR B AN 5] R B A5 R A T R A
e E] AR ARR 1o 0T i e T AR ARG o A, AR 1 L AR
AT R R 22 R, A A TR RE X 511N, 2 0
IR 1.1°C,

(O T8 F R Tk 5 iR 5 X 20 Pk (9 i 68
A ROR M BAASRAR AR R B R AT e e DT
A5 5 o A o R B R R P Y
il DX MR itk DX A s [ DE PR BT T80 58 i 88 349 29 1
TEARWT T B A5 K Fh ofF Lo B 2 30 5 B e 5% 50° ) s
RS AR T AR B X A MR B 1. 306, A% ) i JEE 1Y
SIVEIRE) 0.3 °C o A T BE 4 50 1k B SRR 5 0
TR B b B K AR 2 ) S T —
HAAEREX,

S 3K

[1] WU Fan, TIAN He, SHEN Yang. et al. Vertical
MoS, transistors with sub-1-nm gate lengths [J]. Na-
ture, 2022, 603(7900): 259-264.

[2] LUNDSTROM M. Moore’s law forever? [J]. Sci-
ence, 2003, 299(5604) . 210-211.

http: // zkxb. xjtu. edu. cn

[3] KAWAURA H, SAKAMOTO T, BABA T. Obser-
vation of source-to-drain direct tunneling current in 8
nm gate electrically variable shallow junction metal-ox-
ide-semiconductor field-effect transistors [ J]. Applied
Physics Letters, 2000, 76(25): 3810-3812.

[4] FRANKLIN A D. Nanomaterials in transistors: from
high-performance to thin-film applications [J]. Sci-
ence, 2015, 349(6249): aab2750.

[5] THEIS TN, SOLOMON P M. It’s time to reinvent the
transistor! [JJ. Science, 2010, 327(5973): 1600-1601.

[6] CHAU R, DOYLE B, DATTA S, et al. Integrated
nanoelectronics for the future [J]. Nature Materials,
2007, 6(11): 810-812.

(7] 1AfEH. MAS%S SiP.SoP R A [J]. BT T L
AR, 2021, 42(4): 187-191.

XIANG Weiwei. Microsystem with SiP and SoP Inte-
gration Technology [J]. Electronics Process Technolo-
gy, 2021, 42(4) . 187-191.

[8] STIEBING M, VOGEL D, STELLER W, et al
Challenges in the reliability of 3D integration using TS-
Vs [C]//2015 16th International Conference on Ther-
mal, Mechanical and Multi-Physics Simulation and Ex-
periments in Microelectronics and Microsystems. Pis-
cataway. NJ, USA: IEEE, 2015; 1-8.

(9] EfRME, F4F, VFEIF, 5. WP H SRS Mo iR

FHORBEIE IR [T]. K% 08 TR, 2018, 10(1):
67-73.
WANG Chenxi, WANG Te, XU Jikai, et al. Re-
search progress of wafer direct bonding and room-tem-
perature bonding technology [J]. Journal of Netshape
Forming Engineering, 2018, 10(1): 67-73.

[10] XUBLik. =4k F 3 makm LB AR [M]. Jb3e: fk
ol AL 2014,

(110 A4kl 1) f5 2. B R &8 = 4 55 B0 55 4 4 i 5
M O] BFTZHEAR, 2018, 39(6): 317-321.

HAO Jishan, XIANG Weiwei. 3D heterogeneous inte-
gration for micro-system and its application [J]. Elec-
tronics Process Technology, 2018, 39(6) . 317-321.

[12] Eihel, BB, & BBES BR 5 H08 7 YU R 5o
g L] HF Tl & A s, 2004, 33(7): 15-20.
GE Maichong, ZHAO Xiaodong. The advances in wa-
fer bonding and MEMS [J]. Equipment for Electronic
Products Manufacturing, 2004, 33(7) . 15-20.

[13] HWANG C G. New paradigms in the silicon industry
[C]//2006 International Electron Devices Meeting.
Piscataway, NJ, USA: IEEE, 2006 4154254.

(141 VLA HF. BL28 SOV IR B Be R GRS BE O & b i e 43
B[00, e S 4. 2020(7) : 21-22.




11 1 WRELT G R A I 50 PE T B 5T 127

B

[15]

[16]

[17]

(18]

[19]

[20]

[21]

JIANG Zhixuan. Fault analysis of temperature and
system precision nonconformity in vacuum quenching
furnace [ J]. Plant Maintenance Engineering,2020(7) ;
21-22.

. EASAL Mg R Y AR [T MR AR
1997, 25(4): 14-17.

Y1 Guang. Homogeneity of temperature in vacuum
heat treatment equipment [ J]. Journal of Materials
Engineering, 1997, 25(4): 14-17.

PRARE, BN - ] AR S, L RIAEIR - Wik, SR
3DIC TZEHA [M] Hots. R, X, #%. b
B o E T RRAE . 2016.

SUSS MicroTec SE. XBS200 wafer bonder: wafer bond-
ing platform for high-volume production [ EB/OL ].
(2023-09-23) [ 2023-11-28]. https://www. suss. com/
en/ products-solutions/ wafer-bonder/ xbs200.

A M. EVG & B4 AL 501-F A s & [EB/OL.
(2024-01-02) [ 2024-01-02]. https://www. yiqi. com/
product/detail 175605, html.

o R A R . A RS R G
e % [EB/OL]. (2024-01-02) [ 2024-01-02 J.
https://www. ersuo. com.

EWAE, MIRAR, Wra, 5. LSRN & 7e kb B
MR BRSEHE RIS (], T L2 H0R, 2021,
42(5): 267-270.

WANG Chengjun, YANG Xiaodong, JIN Liyan, et
al. Investigation on time-dependent thermal field in
vacuum blazing for thin-shell Dewar components of in-
frared detector [J]. Electronics Process Technology,
2021, 42(5) . 267-270.

AR, WrEn A, B, AF. SE TR SRR AR
TARBREZ AT [J]. Kz, 2021, 58(4): 58-62.

[22]

[23]

[24]

[25]

[26]

http: // zkxb. xjtu. edu. cn

XIE Yonggiang, JIN Liyan, YANG Xiaodong, et al.
Finite elements analysis and optimal design for the
temperature field of vacuum brazing furnace [] .
Vacuum, 2021, 58(4): 58-62.
A AR, ELAS T B R 25 A% Al AR 1Y B AR
#L [J]. ¥=5, 2013, 50(5): 38-40.
SHI Lei, XIE Yongrong. Numerical simulation of the
transient heat transfer process of vacuum heat treat-
ment furnace [J]. Vacuum, 2013, 50(5): 38-40.
THHE, k. T AMS2750E by if A 1K R B 25 1
TR HERES MR [J] TP L&k,
2015, 44(10): 42-45.
WANG Chengjun. YANG Zhaojian. Based on stand-
ard AMS2750E low-temperature vacuum welding
equipment temperature uniformity design implementa-
tion [J]. Equipment for Electronic Products Manufac-
turing, 2015, 44(10) . 42-45.
H 5. @& )2 3D B4&vh i B s A B AR R A ()]
B Tl & 4, 2013, 42(D): 5-7.
TIAN Fang. Application of wafer bonding technology in
wafer on wafer 3D package [J]. Equipment for Electronic
Products Manufacturing, 2013, 42(1): 5-7.
ERE, WHUR, BREA, 5. 3D U R E  &
PR KRR [J]. 7 L Z2H R, 2022, 43(2):
63-67.
WANG Chengjun, HU Beichen, YANG Xiaodong, et
al. Current situation and research progress of 3D inte-
gration wafer bonding equipment [ J]. Electronics
Process Technology, 2022, 43(2): 63-67.
W SCEE. AR #vy [MDL 5 . Jbat: WS E0F R,
2019,

it o)




