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Orthogonal design of multilayer thin film residual stress impact
on the THz micro bridge deformation

ZHENG Xing, LIU Zi-Ji*, GU De-En, GOU Jun, MA Jia-Feng, LI Wei-Zhi, WU Zhi-Ming

(State Key Laboratory of Electronic Thin Films and Integrated Devices,
University of Electronic Science and Technology of China, Chengdu 610054, China)

Abstract; Residual stress matching is critical for elimination of deformation for terahertz ( THz) mi-
crobolometer with micro-bridge structure. Finite element simulation model of micro-bridge was built
with a pixel size of 35 pwm x35 wm. Intellisuite was used for mechanics simulation based on orthogonal
experimental design. A minimum deformation of 0. 0385 pwm was obtained with an optimized stress
combination when the residual stresses of support layer, passivation layer, electrode layer, sensitive
layer and absorption layer were +200 MPa, +200 MPa, +200 MPa, 0 MPa and -400 MPa, respec-
tively. 320 x240 THz focal plane array was fabricated with the optimized stress combination. A mini-
mal deformation was achieved, which agreed well with the simulation.

Key words;: THz microbolometer, mechanical simulation, residual stress, orthogonal design of experi-
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Fig.1 (a) Simulation model and (b) diagram of THz mi-
cro-bridge unit
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Table 1 The parameters and thickness of THz microbo-
lometer material
R MR BEER(GPa) MM ®E(g/em’) JFE (nm)
Wk = NiCr 200 0.26 8.9 10
HLR 2 NiCr 200 0.26 8.9 20
SR SiN, 300 0.312 2.4 250
Hif)2 SisN, 300 0.312 2.4 100
W VO, 80 0.25 3.36 70
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Fig.2 Schematic of a multilayer thin film deformation’®’
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Table 2 The arrangement of each thin film residual stress

ZH /M BKME K
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Table 3 Simulation orthogonal array
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Fig. 4 The mean distribution of multilayer thin film each
level micro-bridge deformation

FE DAL TR AOIRAS, B AR B, B L, ol
AT AE /I, P ) DU ST A BOR B K, 3 PR g 7
22 A A P MR T 1 R A d K B AR R
R DX I P AT IO 55— 453 10 ALk RUATR 18T ) 1 )
Ak, T RIEAE e A A S v X3, TR O ff v X332
IR PE N

MU (S) R EIE 6 Frn i SR AR BliAE
JZ BUZ R W ST T AR AN 2. A 22 R RO
XHRFIE AL B2 R A, IR 6 v Rl 45 32 4% )2 1
AR T I A BT ik fie K, 3 2 A O 2R A e T AR
R, B 1R A H g R O, BRI )
R DN BE PSR (4 7 0 52 W0 B K. A SE PRl 26 T2
BT X SCHEJZ Sig N, RS ) T A A

2 EERWIE

2.1 ZEHERES&ERE AWK

IR 2 I o St A ST T R 41 o A T, TERE
BTN 7 Bs i 22 2 W8, Pl T2, R
H KLA-Tencor /3] i) FLX-2320 Ji; 71{% %54 Stoney
SFOFHERES TR FHRAE T 235

FRAE TR TS A i AR AR 25 G 1T
FEEAF N 4 87 7 1A

1
761 —v)tf[ *] - (0)
Hr B o, o, 50 NI A9 BB TR FL AR
t WA S BE Ry R DAy WEREEDURA AT (19 iy ¢
F2.
2 3(6) (TR BT T A B,

KIS KBk 2Z B A2 ] (a) TR AR W AR R /)N, (b) T AR I ff
/ON

Fig.5 The image of THz micro-bridge deformation for (a)
minimum deformation, and (b)maximun deformation

L
M)

0.9877

=
=)

=
=

0.5459

0.3223 0.3358
0.2412

MHTRASDOEM: 2 St it
s =

S
o

X#RE OERE HiE O BRE A8

Ko ZRMRmk 2z

Fig.6 The multilayer thin film range statistics

Xt 22 JEABEER I 1 RS (T) L (8) LTS
Oer = L ! ] (7)
6(1 -v,) Zti
a'efthi - z_‘ajtj
oy = —— 0 = , (8)



330 i 5 2 K% i 35 %

Horb NLiLj RJRRG NS | JRIIREIRIE 50, 95 ) )2
WENRIERE 1y o N JZ MR IR 5 o D9 22 2 905 158 10
T30y R TR S

CCTTINICr

| EEsw.

[ Jsuie

K7 ZREHREH

Fig.7 Multilayer thin film structure
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Table 4 The key processing steps of the Thz microbolometers
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Fig.8 (a) SEM image of Thz microbolometers array. (b)
Three dimension laser scanning confocal microscope image of
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