26 6 Vol.26 No.6

2005 6 CHINESE JOURNAL OF SEMICONDUCTORS June 2005
1 1 2,
Yitshak Zohar f
1 S
% )
10° . , s s
EEACC: 2180B
: TN820. 8% 3 A 1 0253-4177(2005) 06-1239-06
1 [4] [5]
( ),
[6]
[1] )
[7.8]

(8]

[2] 1 ”

(9]

3l , (counter sealing metal ,

CsM)

post-CMOS MEMS
Yitshak Zohar , MEMS
) MEMS
T ,Email :eemwong @ee. ust. hk
2004-10-21 ,2005-02-27 (€2005



1240 26

) . 2
Dage 4000 T
. 30M Pa, MIL-
STD-883D , 2019. 5 . “ - -
CsSM . " . (1) (
, 1(a) , - (2)
: ( 1(b)),
(a) S n{\\(l}%ﬁ% ®) mj}ﬁm 1(c) A Finite element modeling
I direction Fixed anchors Sensing direction 1000 © analyical
N':_ Laterally driven switch|
2
=
100
Contact-electrode E AVertically driven switch
Contact Gap x B .
electrode & i L 1 1 1 1 1
200 300 400 500 600 700 800 900
L/pm
1 (@ ;(b) ;(0)

Fig.1 Designsof the micro-switches (a) Verticaly driven; (b) Lateraly driven; (c) Analytica and smulated
results of the efective spring constants

m k
F : 192
’ k= EL— (4)
ml).( = . B X - kx + F (1) (2n - 1) Lsugpen + Liix
n 7 Liix
B
; L supen .
‘: " ANSYS
, Vt.
, Vit (1)
( 1(q)). , (3)
w= f @ @
" ' 3
_192El )
k = L3 (3) | °
E o ,
L 2
20 @ : 209
( 1(b)). G - »
03 m



6 : 1241

2(a)) , SO . =1 2) . & m.
. L eaRonal
CSM / : Copper Gleam 2001. 40mA/ cm?
m CSM( 2(c)).
0 3m, , , Neutronex 309 50
2m, . 3 & m/h.
Xo. , Bm , ( 2(d).
; 2 m )
. : ( 2(e).
: / : ,
(30nm/ 100nm) ( 2(b)). ( 2@). 3(a ,(b)

TiW/Cu:seed layer TiW/Cu:seed layer

for sealing wall _for interconnection
TiW/Au TiW/Cu:seed
/ layer TiW/Au

.«PECVD
Device wafer oxide

(a) \Thermal Lid wafer

oxide
TiW/Au:seed ©
Two ‘ayizs of Aljayer for device Flectroplating solder

Phogoresist\\_Electroplating
N Cu for USM
=

S

Electroplating
Cu for (IDSM Photoresist

(h)
Solder bump for Solder bump for
interconnection sealing wall

s

©
Electroplating Au for
the bean of the device

(®
d Reflow and flip

(d)
Electroplating Au for e
the mass of the device k=

RN P BB T
st Pttty
& dppk d 46 R Gt €

Reflow and @
packaging

Fig.2 Schematic process flow for the fabrication and
packaging of inertia micro-switches

3 (@ ; (b) ; (0
rian AZ UTP92
Clariant UTR9 Fig.3 Fabricated and packaged devices (a) Vertical-
! ly driven; (b) Lateraly driven;(c) Devices packaged u-
, 700r/ min

sng glass lids
3 m . (AZ400K H20



26

1242
=49kg/s?
1.0 F 7=290nm
/ ( 2(g), 5 Tm L m=5.12x10kg
08|
(under-bump metal , | v=[2gH I
UBM) , /I (Snes Phs7) , 0.6
m T b
( 2(h). 04 - | Mass
Shipley Ronetch PS oz k
/ L ;
i) 0 -(a) 1 n 1 1 E " 1 _7_I
UBM ( 2 (I)) . 0.5 1.0 1.5 2.0 2.5
Hicm
' 0.65 A Measured
220 3(c) o60f T —Analyleal 1202
-
0.551 Lpm  kikg-s?)
% 050f 250 77
& ! 290 49
4 < 0451 350 28
040 |
Vi 035 3
(b
1K 3V 03l
240 260 280 300 320 340 360
Lipm
H
' 0.55F I _A*%If:f;fltll‘ggl m=6.5x10‘8kg
B. 4(a) 0.50 - Lipm  k(kg-s?)
= [ 570 286
B H , H Iem v 045t 650 203
2cm B O 1. B 05 g | 780 110
= 040F
H Vi L
4(b) ,(c) 035)
030 r(c) L 1 L I3
' 550 600 650 700 750 800
L/um
4 (a) B H
' 5 :(b) (0
’ Fig.4 Threshold velocity test by drop hammer (a)
( 5(), 5(b) B | T
ependence of the contact rate B on hammer height H;
f (b) Verticaly driven;(c) Laterally driven
) B ( Bmax)
1 2 Bmax Dage 4000T
6.2 7 9kHz. 7% 0. 1mm/s.
1/ 2 B 50 45 m
0. 4kHz, 1. Ok Hz ( 6(), 30M Pa,
( 6(b)).

CsMm



1243

L(a) Upper:switch response  /=6.18 kHz B=I
Lower:Accelerometer respons

Vv
O = W s w;
T

-0.6 04 -02 0 02 04 06

1.0 [(b) _ wumszmsnn fora)
I Vertically .’ /;/
0,8 driven Laterally /
/ driven 0O
5 0.6 » Ef‘
3 f------- - - ey
[ 04} /Af~1 okHzt &7 r,D
i 0. 4kHz
0.2 f ./ \. l‘
o
0 l [
- EhREE [ ] | |uuiua] [w)u]s]
1 N R R |
5000 6000 7000 8000

JHz
; (b)

Fig.5 Shaker test (@) Responseof vertically driven switch on natural frequency ; (b) Dependence of switch

contact rate on shaker frequency

30 @

25
r Plastic deformation

20

Critical shear stress for failure

Shear stress/MPa
s

1 1 1 | PR | P | P |
0 05 1.0 15 20 25 30 35 40
Displacement/mm

6 (a) 300 m

50

(V)]
40

30,_— .\'—'/\.\__./—'
20}

10 -

Critical shear stress/MPa

PIE NS N R NS T W SN U S N N UOe I

0
0 100 200 300 400 500
Width of sealing wall/um

; (b)

Fig.6 Solder bonding strength test (a) Typical stress displacement characteristic of a 30U m wide sealing

wall ; (b) Critical shear stress versus width of sealing wall

MIL-STD-883, 1014
3

6h

1
Table 1 Fine leak test results of the sealed cavity her-

meticity

/L / (mbar - L - s 1) / (mbar - L - s 1)
0.5x10-© (1.81 2.97) x10-° 3.41x10°7
1.1x10° 8 (2.35 5.92) x10°° 3.47x10°7
1.5x10°8 (1.92 6.01) x10-° 3.26x10°7

lntcrconnectlon
S

/ J )

Fg.7 Schematic diagram of the Van der Pauw struc-
ture for interconnection res stance measurement



1244 26

( <220 ) International Symposium on Advanced Packaging Materias,
2001:1
[ 4] Loeche B. Thick layer redsts for surface micromachining. J
! Micromech Microeng,2000,10:108
[ 5] Ruythooren W ,Attenborough K ,Beerten S. Hectrodepositon
30M Pa. for the synthess of microsystems. J Micromech Microeng,
. 2000,10:101
“ ” [6] Engedmann G, Ehrmann O, SmonJ. Fabrication of high
depthrto-width aspect ratio microstructures. MEMS’ 92,
1992:93
[ 7] MaW ,Zohar Y ,Wong M. Desgn and characterization of iner-
tiaactivated electrical micro-switchesfabricated and packaged
using low temperature photores st molded metal el ectropl ating

[1] Michadis S, Timme H J,Wycisk M. Additive electroplating technology.J Micromech Microeng ,2003,13:892
technology as a post-CMOS process for the production of [8] MaWLi G,Zohar Y. Fabrication and packaging of inertia mi-
MEMSS acceleration-threshold switchesfor transportation ap- cro-switch using metalelectroplating technology. MEMS 03,
plications.J Micromech Microeng,2000,10:120 2003:610

[2] Zhang Zhengyuan,Wen Zhiyu,Xu Shiliu. RF MEMS switch [9] Tilmans H A C,Van de Peer M D J ,Beyne E. Theindent re-
on poly-slicon substrate. Chinese Journal of Semiconductors, flow sedling (IRS) technique —a method for the fabrication
2002 ,23:914 of sealed cavities for MEMS devices. J Microelectromech

[3] Glleo K.Overview of new packages,material s and processes. Syst ,2000,9(2) :206

Fabrication and Packaging of an Inertia Electrical Micro Switch Using
L ow Temperature Metal- Electroplating Technol ogy

Ma We' , Yitshak Zohar' , and Wong Man*''

(1 Department of Mechanical Engineering, Hong Kong University of Science and Technology, Hongkong, China)

(2 Department of Electrical and Electronic Engineering, Hong Kong University of Science and Technology, Hongkong, China)

Abstract : Presented in this paper is a separate and norrinterfering photores st-molded , metal-electroplating technology for the
low-temperature fabrication and packaging of inertia electrical micro-switch. The low temperature process of the electroplating
technology allows eventual modular integration and wafer-level packaging of the micro-switches on active substrates containing
pre-fabricated electronic signal-processing circuits. The height of the inertia micro-switch and that of its cavity are independently
controlled. Metal leads are provided for eectrical access to the sealed cavities. The switches are designed usng a smple but ac-
curate lumped spring-mass model. Un-encapsulated switches making over 100 million contacts are demonstrated in room ambi-
ent.Both the strength and the hermeticity of the sealed cavity are tested and reported.
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