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Stress Simulation Analysis of Multilayer Film Deposition

Li Chang'an, Yang Mingdong, Quan Benging, Guan Weilin

Accelink Technologies Co., Ltd, Wuwhan, Hubei 430205, China

Abstract A method for simulating the intrinsic stress of thin films is proposed, and the thermal stress and the
intrinsic stress of the multilayer films during the deposition process are numerically analyzed. By introducing the
intrinsic stress coefficients and using the existing thermal stress finite element analysis program, the intrinsic stress
of the films is simulated, and the correctness of this method is verified from a theoretical perspective. The growth of
materials is simulated by using the model reconstruction and stress initialization method. The stress analysis model
of multilayer films is established. The analysis results from the engineering examples indicate that the intrinsic

stress and thermal stress of the multilayer films at each deposition stage can be conveniently simulated by using this

method and procedure.

Key words thin films; film stress; finite element; material growth

OCIS codes 310.4925; 310.3840

1 5l =

WA R Tl g AR R T R
DURR G A b 2o HE RS 0L A 2 T 5 | R AR 22 ) A il[l
SO R A BB R R O O AR
Jyid Rk 258 S 7 T 24, lﬁt,ﬁﬁ%)ﬁém;\
boR LRIV RPO s o T o L RDITE T YO ST DOE i
F 21 RE Y 52 e LAk SRR TCRR T 20 s A B 45 T il 7
NHEARERZENE L. ZRMRICB TR, & 2

Z IR MBS L NS o M B Ok . 22 TR T Y i
T3 AE AR 3 AN Sy, B WA 0 22 R IR Y
PR AT TR S TR X SRR 22 T AR 2
fagfe, HitS 2 2. A RoTaHr g #4012 B
T A N T BT R R T AT B R

Wi HE. 2017-08-22; WREMFEHED. 2017-09-30

AR T s AN BLAE AR R T3 % 22 J2 IR T 2R AT AT BR
JLII M B BIETE S RE . AR SO T AR SE PR T,
R A BROCTT 15 Sr 1 — b 22 J2 WM L ) 20 A R A6
B O3B T 20 )2 W AR A S DO B b B 1 g, 4 458
ASAE S 7 FURE S

2 LR T

TN NN ) 4% T A B AR IR 0 SR RN T FAR AR i

7'70 TN 7 Pl L5 IR R R ) AR K R B2 S
U il J3E 2 e R L AN T A R

E;

1—p

Krf E¢ A g \j”J'JIEEH%E'J%ﬁ*ﬁ%%ﬂ‘?ﬂmtk,a\

N a3 ) 2 e IO A RS 1 T ik R, T, A T 43

O —

T,
J (ay —ap)dT, @D

EERE . 2R 983, 55, Wl LRI, RN FOEH AR5 1 5 T AT 58 . E-mail: 1cal983@163.com

043101-1



55, 043101(2018)

ANSHBIFHRE

www.opticsjournal.net

J31] S B T R I ) ek B8 R 2 0

AAERE S B P AR MU B A Hoh — A
TR R AR I g 2 i AR s R B S T .
K& BE = A= B 1 B 7R 19 70 B L o7 4 A L DB
JSRH L B 3P B ) 37, 5 LR BCE R Ca—a ) /aqs
BARAE T AR AR R L AR B R/ o a o S BRI AL R
8 A R a ¢ S VTR R R, R S
e A R0 IBC A B P A B AR AR L T o0
Hoffman [ fi 5 FA st A5 70 75 5] .

E; x—a E; A
:1_/“ ; :1_#f XIZ’ (2)
b a Jp AR TC 5k A L g I B R AR R 2
e B S o R B OO TEC O B O R R (o —
a) Ay H R I ks R TBC 5 1R A 9 A
B ARl A Ry i AT IR BT L L, A R AR R

0

— M\ 7\ N\ Y
{ W i\ N\ ) W,
o | } } } }
7\ 7\ /Y /Y
o/ \, \/ (\ > N\ >,/
N\ /
NN ) /
- ) ) ) )
J O/ \ 4 - o/
substrate
l VR N\ Y\ M\
N S N U/

PT A JC BE ™ A 1 70 B0 K TE oL

Fig. 1 Edge misfit dislocation produced by lattice mismatch
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Fig. 3 Flow chart of stress analysis of multilayer films
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Table 1 Material parameters of Si

Coefficient of Young

Temperature / Poisson
thermal expansion / modulus / :
(10° K1) GPa rene
300 2.616 129.99 0.28
400 3.253 79.14 0.30
500 3.614 37.05 0.31
600 3.842 19.70 0.32
700 4,016 11.91 0.32
800 4.151 7.90 0.32
900 4.185 5.60 0.32
1000 4.258 4.17 0.32
1100 4.323 3.22 0.32
1200 4.384 2.56 0.32
1300 4,442 2.08 0.32
#2 SO, MK S
Table 2 Material parameters of SiO,
Coefficient of Young
Temperature / Poisson
thermal expansion / modulus / )
(10° K GPa rene
293 0.4 71.8 0.16
373 0.62 71.4 0.157
473 0.75 70.8 0.155
573 0.7 70.5 0.154
673 0.65 70.2 0.153
773 0.6 70.1 0.153
873 0.5 70.05 0.152

3 Bk EULEER BPSG R RIS 8
Table 3 Material parameters of titanium, SiN, , and BPSG

Coefficient of Young
. Poisson
Material ~ thermal expansion / modulus / i
ratio
(10°° K™ GPa
Titanium 8.6 116 0.32
SiN, 2.45 300 0.3
BPSG 3.43 65 0.3
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Fig. 5 Stress distribution of multilayer films at each deposition stage. (a) Oxidized SiO; films;

(b) BPSG deposition film; (c) titanium deposition film; (d) SiN, deposition film
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