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Abstract: The chemical and mechanical polishing (CMP) process has already been applied to micro-e-
lectro-mechanical systems (MEMSs), and it has become an indispensable and key technology for de-
veloping high-quality micro- and nano-devices. The introduction of zonal backing pressure and end
point detection during the CMP process can not only guarantee a within-wafer nonuniformity of less
than 5 %, but it can also effectively minimize polish defects, including dishing and erosion. The appli-
cation of CMP to MEMS is more challenging in terms of complexity, target selection, and surface
quality, compared to its application to semiconductors. Together with the self-developed CMP process

for silicon, dielectric layers, quartz, germanium, platinum, and polymers, the application of CMP
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technology in the MEMS field is discussed and elaborated in detail. The experimental results show

that when the CMP process is combined with slurry improvement and megasonic cleaning methods,

global film planarization is observed; moreover, a high-quality ultra-thin substrate, a hard free-dam-

age strain film, and a bonding surface with a surface roughness of less than 0.5 nm for low-tempera-

ture direct bonding are obtained. CMP technology allows for the effective fabrication of a high-quality

substrate and film for MEMS devices.

Key words: Chemical & Mechanical Polishing(CMP); MEMS; adjustment of zone backing pressure;

end point detection; surface roughness
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Fig.2 Zone backing pressure adjustment
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POL 80 fE JJy #fll 0% ¥, JF i A & & 9 B4 K
(H O A B Ge 3 B4 Ak, DA T £2 T 91l ' 3 =2,
SLKFMA H. O, JG 46 W pH {8 M i 5E 2y
10. 2 BEAR R 9 AAfa . ARIEAS [E] I e s T T . Ge
A4l G 3 R AE 250 ~ 450 nm/min 7] &, L 5C 5
RMS MK ZE 2. 72 nm, 1K 10(h) iR (H £ 16
5 TH AL B 2 K L 0y 4l 0% B0k, 3 2K L H. O,
KR AW HAARBIE 1 1~1.5 ¢ 1 000,78
R IO IE B Ge I HE4T 75 V6 L g
R = B Fe 1 WOk, H RMS FEK £ 0. 74 nm, 0
B 10 R,

() WY Ge WL THEEE ) 8. 11 nm

(a) Surface roughness of thinned Ge film with 8. 11 nm

(b) GOI Jy F# )t/ R MBS 2. 72 nm
(b) Polished surface roughness of GOI wafer with 2. 72 nm

nm

wm

(c) GOT J FH L FE VE MY 5 R A AL B2 0. 73 nm
(c) Surface roughness of polished and cleaned GOI

~

wafer with 0. 73 nm
K10 Ge Wiy CMP T.2
Fig. 10 CMP process for Ge film

4.3.3 MWHEEE

MEMS g — = 4~ 6 v 4 B8 i B AT 58
WD K B 4 e 2 HLE . Bk CMP TE
MEMS sl i i v, S i 45 20 o b 31 4 i )22 04 4
S, (Ao FAE Y E 4 8 MEMS #7441 &
J& i a0 P 55 B R S A AL R RE Y 1 M B e is T
Horp, 2 & e FURAE N AR 2 ] 2 1E N
Rk #E pr Al . (B2 20O ZI M2k 2 )5 .
Pt J) 8 AL A7 A5 & T AL Y 1]

K P P Dy i T CMP,
PAEF A SiO, M6 H WO A GE & H. O, 3 5
MK R ALO; #CK ARIEAF AL O; Fi
2 Pt Yy fig W 5 25 Bk 3 38 AT 45 ) AE 25~ 75 nm/
min, W& 11Ca) FR, M6 5 3R A7 78 6 8 2 4
JE L RMS Hy 2. 92 nm, A5 B % 46 Si0, i
DGR WM R R T AT 1B A2 H RMS BEIRE) 1.
02 nm, WK 11(b) Fizs,

4.4 BEW

E MEMS 28 . 18 Q0 056 4 1 56, 1 b 48 5%
T BTV I 23 T A b L A AT A B A0 U2 B AR A
S, PLAEN—FAHLREGY, BAMKN I, R
IR SE SR AL A . PLAE i MEMS 284 () 46 44
J2 AT AR 45 8 20 b 9 7 12 22 B3 o DA T 3 i
P R BRAE 2 )G B A A5 5 R R % . i BLE
WE R PT HJEE AT LIGA 10 pm DL b T 345
S SR R s S5

PIJig ik T MY AR R i b, an i 12 Ca) Jir
s R A A7 7E ST SH AR IR A, AT DL S ST
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(a) HLHL ) R TETHLRE B2 RMS {528 2. 92 nm
(a) RMS value of initial polishing surface roughness

with 2. 92 nm

5
4 nm
=10
3
e 5
= 5 0
-5
1 -10
0
0 1 2 3 4 5
m

(b) il Je 3 HOHLURE B2 RMS {H) 1. 02 nm
(b) RMS value of final polishing surface roughness
with 1. 02 nm
F 11 Pt CMP T.Z
Fig. 11 CMP process for Pt film

CMP T2 . HLHL 6 5 K 0 R FURC Ee 2
1 20~1 40 , LABH = ¥ B 19 BB R X 85 4K PL )2
PR E MG, IR R RS
Si R — B, 3 WAL, PR B4 S P
WAL, WK 12(h) fiR.,

5 CMP & K& L6 P8

CMP 2 Ak 2% R RV A o L B T ol
PSR FH A 27 8 o %) 7 30k X640 D' VS ok 9 ' 356 IS
PEAT R 48 23 B Z AR S T & R CMP HLEE Y
AR &b T PR B B B . B AL Ak 2 B A
SRS A ISR 3 ROE I I 50 S 4y SN U
R SR OGRS 1B R L e By g i D, Bk
SESUEERIRR (I R A TN B W A (!

Acq. | XYZ
Into. * CF-1

(a) MG AV PR % i
(a) Uneven surface of pre-polished PI film

Acq.
Ill?g. 1 CF-1

(b) OG5 V301 PT A5 3= i
(b) Even surface of polished PI film

Kl 12 PL#E CMP T2
Fig. 12 CMP process for PI film

LA AE T 09 5 AR 45 6, Db BT o5 S i 1L 34 ) AF
FABIH LR Z ., Rt CMP P8 B R Y 5t
& H 13 HET CMP in T 8 60 35 ) 30 15 B 78 2F
LB B . HE AR LR G A G R 4R
TR 22 B ' dile B 7 2B A ML ' 3 A v
KL F 1932 B FLAEE R AT S DT 2 = M B E CMP
AR T2 S 80 R & R oK R 4R R HL B
MEMS & 1 A [ i 41 BT X CMP T 25 (9 AN [
TR LM T CMP AR (1 1% 75 i P ) B KI5,

T3 B B R RS AR L BT KR R AE R
~H R IR BRI K A R BB T T R R
2R R R R AL & 0 B B B0Ar Bl 0 R 2=
TR/ F 8 E RS 50%77 . 75 MEMS 4
SR R R G T RN g Ry T AR AR R R 2R
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WIS A 2 W IR L g R Y 3 T 0 SR
IR R B g R OF R R T CMP 2 TR Y Bk
% B Y A AL, 50 nm REAR DL B By 4O
AR T ZEXE LA R E R g PR AT 75 oK . BT
R/NKIAR (30 nm LLR) S AR B 5T v 52 4 8 R
LG 2 CMP £ R4 )5 6 B w7 2 e iy 2R
HgLeze21)

6 % ®

(1) CMP 5520 B8 15 K 221 b 3 [] 2 i
RO R A T 20, H AT CMP 20 A 4R i (19
2 AR v b S AT/ B S B T2 (R L 3
iz F1 T MEMS 8345 BURIE v o R W il g ot 5 7
AN e UF N P BB A — TEOCHE RO . DA DX ) 9
LA 52 =N R RS R A s N W L N
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