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Abgract Reddud dresesin thin films are dways a mgor concern in micromechining techrology. In dedgn, fabrication and
packagng processes of MBMS, resdud dresses dl through operae as an irfluentid factor. The derivation of reddud dresesin thin
films is consdered in thispaper , and ome measurements are introduced. The Soney formula and its extensons, are discussed to cacu-
late reddud dresesin thinfilms. Reddud dresses dfect mechanica behavior of microgructures grondy , such as buckling and adhe-

don of microbeams.
Key words Micro-dectro-mechanical sysem; Residual gresses; Thin films; Buckling; Adhesion; Resonant frequency

Correspondent :  ZHAO Yapu, Email : yzhao @nm. imech. ac. cn, Fax: +86-10-62561284
The funding for this project was provided by a subproject of 973 Project” entitted MOEMS. Contract (No. G19990331103) .

Manuscript received 20010627 , in revised form 20010828.

1
(MBVS IC(Inte- ,
grate drcuit) ,
MBVS , (3]
11
; 21 ) € :J'[orf(T) -a(T]dT (D)
(MBVY IC a | ¢ | .
' Hooke' s ,
’ on=| —E ¢ ©)
, th 1-v) th
1 E V
[1.2]
, HJE{
1
2 1
, (extrin- Fg.1 Edge didocation by latice
ismetch
dc dress) (intrindc gtress) mTed

* 20010627 ,20010828 (973) —_— (G19990331103)



394

2001

(as- &)/a,

| _BE|x-a |_E |A
Gi_[l-VJ a _[1-VJ Lg )

a ,X - a
7A ’Lg
5]
GPa,
GPa
, THD
5] ,
P=(dp/dn)i(ne - ny) (4
(dp/dn).
, Mo Ny J
(dp/dn), \
3
3.1 Soney
Soney[e]
E| _t
o =TV .6n (5
f S ot T
1 E V
Soney )
, Joney
17
1t <ts
2) E= E
3) )

4) 1
5)
6) 1
Soney
3.2
MBMVIS ,
Soney
n
Soney 8]
1 1 1 _|1-v| 6
r1+l’2+ +I’n_[ EJsti(o-fltfl—'_
Otatis +  +0¢,t,) (6)
1,2, ,n o
; (5)
3.3
2,1 ts )
, , 0.(r,2)
0‘%([‘,2),
u(r.2 :—2(1_EV2) [ (r,2)" +€a (1,2)" +
e (r,2€m(r,2)] (7)
8rr 8% ] 3
Er=uU(r) - aw'(r) +&€, (8a)
g =u(nN/r- aw (r)/r+€, (8b)
(8a) (8b) €m ,u(r)
w(r)

2(Fg.2)

wir) wir)+w'(rydr

dr

3
Fg.3 The extensond drain arisng from rotetion of
the subgrate midplane



23 4

395

u(r)  wi(r)
u(r) =€qr+€, w(r) =K r’/2 (9)
€ s K
(9 (8, (8 (7, €
K
R tf+ts/2
VEo.K) = ZITJ’OJ'_tJ2 U(r,2) rdrdz  (10)
OV/&E,=0,0V/XK =0
_E&En 1+
Y Im[1+ Im(4 +61 +41%) +I4m2] (11)
I = t/ts, ,m=E/E
t <t (I -0)
(11) Soney
, m=1 1=0.1 ,Joney 30 %
[9]
3.4
Soney ,
, 4
( )

(@
(@) Microcartilever before release

=

(b)
(b) Curved-up of microcarntilever dter release

[

(c)
(c) Curved-down of microcantilever dter release

4
Fg.4 Microcartilever with a sress gradient before and &ter release

Owa = iok[vﬂ k (12)
z ,t
k=1 ( )
0 =0, J_rt/—zzol (13)
(13

—t/2

—t/2 ﬁ —t/2
N % % ) Ol-l
(o) (e} + -0, [e)
12 2 2
z z z

(a
(a) Tendle gress gradient through film thickness

—1/2 -1/2 -1/2
-0
(e e} ! )
e ’ e + o0
1/2 12 12

(b)
(b) Conpressve dress gradient through film thickness
5 ( )
FHg.5 Qadient didribution of resdua gress through
film thickness (firg order gpproximetion)

4
, MBMS
MBVIS ,
MBMIS
(Mi-
cro- rotati ng- sructures) o1
X (]
X
X



396

2001

4.1

0.0 ree
ol Amorphous layer
= |
=024 D———
v
& Tension \
5 0.4 3 —_
73 ?ll leJ —a—
3
' ' Stoney F 0.6 | '—H//
. [12] g 0.8 4 '_H/l—«
Krulevitch I
LPVCD S \
( ) = oLo4  EMA A
6 'H% Compression Poly-Si
, 605 127 Si0,
T T T T T
’ ’ =200 -100 0 100 200 300 400 500
630 700 , , J¥ 77 Stress/MPa
) 1 7 ( 605 )
Fg.7 Sressprdfile o the polyslicon film a 605
) Cd, 0, , 0.0
’ i 0.2 4 Compression
B 3 B A
£ 04 HF
605 650 5 |
Z 064 | Poly-Si HH
1 3 /
s}
=
7 0.2um , 2 081
0
, 0.2um # 10
' E 1.2 4
600 : # — =
LPCVD 147 }sio,
T T T T T T
, -600 -500 -400 -300 -200 -100 0
(TE\A) J¥ 77 Stress/ MPa
, 8 ( 650 )
Fig.8 Sressprdfile o the polyslicon film a 650
4.2 X
630 | ( X
8) TEM
700 104 m X
600 g o HLRL J7 Tension
400 BI’EI}:]
§ 200 2dsn@ = a (14)
7 0
i ( d A )
)
8
E ~200 8
400 g
~6004 8 FEJZ 1 Compression , ;
T T T T T T T T T T y y
600 610 620 630 640 650 660 670 680 690 700
JTARIEE Deposition temperature/ C ’
X PvD
6 - (

Fg.6 Rilydlioon film dressvs. depostion tenperature



23 4 : 397

Macrostrain{Type 1) ( &y W Ey ).

% t

(111)Texture (‘_ill'ain h(mlndary 1 4V v
& jnteractions €y == —0,9 nzllJ - =0, 40),) (15)
Argon atoms (Type 111) E E
(Type 1) O, 84’ SlIJ
Point defects ( hkl)
(Type I1)
(100)Texture
: - d
€y = gu (16)
do
dy €y ('hki)
; do (hki)
9 PD (14) (15) (1)
Fg.9 Shenstic o the three types df latice d dortions found
: at E T 0(By)
n PVD thinfilms = . =
| | 9+= - 51 +v) 180™" % od Y v (17)
’ __ _E T _9(By)
K= - S +v) 180®t00 M=oy
! £¢ - s-nzlp ﬁlp - anqJ
) M (O
lab X B4 X
X X
X 1
sy ,
) , MBEMS X
10
0,02 Os (] X Ni Ti
X 1
10 823 K
, X Fig.10 Sressand dran gateson the 1 NITi
suface of gpecimen
Ni Ti Ni Ti
(a Euerian (b) ,
(a) Open Eulerian crade (b) Area detector
11 X
Fg.11 X-ray dffraction sygems
( -2 C c 0 lectronic Publi Il rig eserved. tp://w cnki



2001

398
1 NTi
Tab.1 NiTifilm sressvs. film depostion thickness
No. fm /GPa
1 2.4 0.337
2 5.0 0.215
3 6.45 0.069
4 8.0 0.138
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Tab.2 Residual gresesin TiC thin films with different

types o sed subgrate

/MPa
1 - 2950 - 1559
2 - 2852 - 974
3 - 2707 - 1453
4 - 2563 - 2266
5 - 294 - 2653
6 - 2586 - 3116
7 - 2727 - 2360
8 - 2178 - 1643
9 - 2163 - 1538
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