27 6 Vol.27 No.6
2006 6 CHINESE JOURNAL OF SEMICONDUCTORS June, 2006

(1 / s 100871)
(2 , 300072)

MEMS (micro-electro-mechanical system) NEMS(nano-electro-mechanical system)

’ s ’

s . ANSYS
s 30nm , 1. 5MPa,
DRIE(deep reactive ion etching) , .
MEMS ) s 1% .
PACC: 0710C; 0630M
: TN405 : A : 0253-4177(2006)06-1129-07
1 ’
MEMS H
[1.2]
A b
DO
A b b
[ s (
; . ). Baker™ ,
’ b
’ 50 0/0 ’
[1] . .
MEMS s (2) s
MEMS s N N
X ,
(&))
[2.3]
b ’ b b
b
’ [5] ’
* ( :50535030)

T .Email:jchen@ime. pku. edu. cn
2005-10-26 ,2005-12-28 ©2006



1130 27

) Stoney (D : (400 £
s . 10;,Lm) s ’
) el 100nm .
, 100nm 10MPa (el ,
(6] ,
( nano-electro-mechanical (D ,
system) ) )
, SEM/TEM/ , .
AFM (2) (ol Stoney .
, [7.8] . y
MEMS NEMS )
b b (
). )
, , . Preissig
, , 100mm (pg = 2.33g/cm® X 980. 7dyn/g) ,
, 20MPa, 0.5um )
( 30nm )
1. 5MPa) , 29% ; ; 220% .
2 ; ,
2.1 (3) 10 Stoney
, . . Preissig 100mm
. Stoney Lo ,
27% .
E, tt s
. = = X
ot (1—y5> 6rt D
b o 2.2
s ;E v
Stoney : . s
E £l 1 1
— s X s X _ 2
A N IT (Rl R2> @ ,
R;.R, ,
(2) ) , :
Stoney (D Stoney R

’ : MEMS 1 p,m



6 : 1131

15,m.
' # 2.3
(2) s ,
b b
, , 1 ANSYS
3 ANSYS
(3 . PreissigH'” . 1mm 15um .
, 1.12GPa 30nm Sis N, .
Z . 3
1 , ,
Z
) . 15;1m ’
s » MEMS R s 4
b
ImmXImm. 2
b
b b
, 1mmXImm ,
b .
15,m., 1/30.
1 .
N b
. b
3 ANSYS
Fig.3 Surface profiles of Type-C structure simulated
by ANSYS
25 —e— G —
T L - e -
a7 il o 20k _'_g';n':mz
—a— I
£ ISF —e—ZhH
B 1ot
=
= st
- 0_ ...........................................................................
fFu Lot SO
5k
1 L 1 L 1 L 1 L 1
. . . . 10 20 30 40 50
Fig.1 Schematic of five different test structures PR /um
4
-“"' Fig.4 Normalized stress deviation of different struc-
s tures
4 ,
P i ke B B il x ) ’ )
LHHII—IIIH'*. :—”—ﬁ . StOney
2 ’
Fig.2 Cross section of test structure ( )



27

1132
y
’ 2();LIIl
( 1%)
2.4
5 ¢ SizN,
). (a) LPCVD 300nm
SiO;  110nm SizN, KOH
;(b) ) KOH
’ . 15’_11’1’1 H (¢c)HF
Si;N, , RIE Siz N, ; (d) , Fig.6 SEM photos of structure Type-C
Siz N, ; (e)DRIE )
: (f)RIE Sis N, , ( 10X ,20X 50X )
. SEM , ’
\ - S )
. 6 SEM .
- I I -1 NIST44nm ( )
LETRE= RN E 4 RS S S R — i
Wi 2l — , Inm, ImmXIlmm
1nm, 10nm~5pm.
n , Sonmn ,
Stoney
S et [ N1 1 [ e L e o 1. 5MPa,
1

- W 0|

R L [ L
A LS E

5

T ik e
&Rl

Fig.5 Schematic fabrication processes

, Mirau

Mirau

[12]
.

Fig.7 Photography of the measuring system



1133

i
R 9
FECEY, 30nm LPCVD Si;N, 1

e Ml b 30nm LPCVD Si;N,

nﬁ:;ﬁ 30.60 80nm LPCVD Si;N,

: . )
—————— 1 VPR 270,170 70nm SiO,
P 300nm SIOZ
BGS6341

8 Mirau

Fig.8 Schematic of Mirau interferometry measuring s

system

ZO[J.m ’

LPCVD SizN, Si0,

s i

i

5 130
[HIHR

HIHA

L

| dglicren
Lozl

TTH
gLl : e
. n-.r‘ﬁ-.ﬁ A

e dorl - 7 e T
W ] Iﬁ}"’ﬂ-f EIHI ‘ i

Fig.9 Surface profiles of Type-C structure in sequence

1 LPCVD SizNy 2 SiO;
Table 1 Stress values of LPCVD SizN, Table 2 Stress values of thermal SiO,
LPCVD SizN, /GPa Thermal SiO; /GPa
1.140 -0.362
30nm 270nm
1.15 -0.473
30nm 170nm
1.09 —0.445
60nm 70nm
1.09 -0.323
80nm 300nm
, 1%,
b .
PSG. N MEMS , PECVD, \ \

[13]
’ ’



1134

27

MEMS NEMS

30nm

’ 15MP3.7

MEMS ,

(1]

(2]

’ 10/07

Liu Zutao, Huang Qing’an.Jiang Yanfeng. In-situ test struc-
tures of micromachined thin films. Measurement & Control
Technology,2002,21(7) :6(in Chinese) [ , s
. .2002,21
(7):6]
Qian Jin, Liu Cheng, Zhang Dacheng,ect al. Residual stresses
in micro-electro-mechanical systems. Journal of Mechanical
Strength,2001,23(4) :393(in Chinese) [ , s s
. ,2001,23
(4):393]

[3]

(4]

[5]

(6]

L7]

[8]

[9]

[10]

(111

[12]

[13]

Benrakkad M S, Benitez M A, Esteve J, et al. Stress measure-
ment by micro Raman spectroscopy of polycrystalline silicon
structures.J Micromech Microeng,1995,5:132
Baker S P,Nix W D. Mechanical properties of composition-
ally modulated AuzNi thin films: Nanoindentation and mi-
crocantilever deflection experiments.J Mater Res,1994,9.
3131
Nie Meng, Huang Qing’an, Li Weihua. An in-situ extracting
method for residual stresses of a multilayer film by full-field
optical measurement. Chinese Journal of Semiconductors,
2005,26(5) :1028(in Chinese) [ . MEMS

, 2005, 26
(5):1028]
Thomas M E,Hartnett M P,McKay J G. The use of surface
profilometers for the measurement of wafer curvature. J
Vacuum Science and Technology A,1988:6
Haque M A,Saif M T A. Application of MEMS force sensors
for in situ mechanical characterization of nano-scale thin
films in SEM and TEM. Sensors and Actuators (A), 2002,
(97/98) :239
Zhu Y, Barthelat F, Labossiere P E. SEM-AFM-DIC, Proc
SEM ACEEAM 2003, Session 77, Paper 155
Stoney G G. The tension of metallic films deposited by elec-
trolysis. London: Proc Roy Soc,1909,9:172
Von Preissig F J. Applicability of the classical curvature-
stress relation for thin films on plate substrates.J Appl Phys,
1989,66(9) :4262
Freund L B. Substrate curvature due to thin films mismatch
strain in the nonlinear deformation range.Journal of the Me-
chanics and Physics of Solids,2000,48:1159
Huang Yubo, Li Dachao, Hu Chunguang, et al. Mechanical
characterization of NEMS based on interferometry measure-
ment of beam deflection. ISTM,2005,3:2205
Hu Wei, Zhang Dacheng. Standard three-layer polysilicon
surface micromachining process and the design of testing
structures. Master Thesis of Peking University, 2005: 6 (in
Chinese) [

,2005.6]



6 : 1135

A Highly Sensitive Local Curvature Metrology for Internal
Stress Detection in Thin Films”~
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Abstract: Novel local curvature test structures combined with a sub-nanometer optical interferometry measurement setup are
developed to detect stresses in nanometer-scale films and ultra low stresses in thin films. Several “localized” test structures
based on the bending plate measurement method are designed to improve its sensitivity and accuracy. FEM analysis is per-
formed to calculate the deviation of boundary-introduced stress from that predicted by the Stoney formula. Optimized struc-
tures are fabricated with anisotropic etching and DRIE. Stress values obtained with this metrology are in good agreement with
those extracted by other methods,and repeatability within 1% is achieved. Stress differences as small as 1. 5MPa in the 30nm
film can be resolved. Such resolution is among the finest in the world.
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