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ABSTRACT

This paper describes a novel MEMS integration technique on a CMOS chip. MEMS integration on CMOS circuit
has many advantages in view of manufacturing cost and reliability. The surface topography of a CMOS chip from a
commercial foundry has 0.9 um bumps due to the conformal coating on aluminum interconnect patterns, which are used
for addressing each MEMS element individuatly. Therefore, it is necessary to achieve a flat mirror-like CMOS chip for
the microelectromechanical system (MEMS) such as micro mirror array. Such CMOS chip needs an additional thickness
of the dielectric passivation layer to ease the subsequent planarization process. To overcome a temperature limit from the
aluminum thermal degradation, this study uses RF sputtering of silicon nitride at low temperature and then polishes the
CMOS chip together with the surrounding dummy pieces to define a polishing plane. Planarization reduces 0.9 pum of
the bumps to less than 25 nm.
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u] M) 7] Al(micromechanical) TFZES A|o]3}7] (Texas Instrument)®} on-off TFE% vulo]aE uly
AN 2 FF 324 gojo]E " (wire bonding) o] & o} (micromirror array)= X3 FF IC 44A
502 dZ%E #7)A (packaging) TS F4 3 MEMS °|t}? CMOS 2& % IC £ 37}l
MEMS A7 Adste g £, =) B3 T DR FE AFE 571 Ak A (chip)
e Yt 2 F& A3 e AF Yot B a71el cMos LAY MEMS EA, ER Azt
s9 & 812l° Ha Y} u&kN, MEMS & AA 8§24 B 5 dBe Rol A x9
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47 2 J1g Eolw sy el E 71 9
o 3, FHPoE] "HX] o] w2 Hi
MEMS 9] dA3}= A {-dAZF(dielectric layer) Het
3}H(planarization), 3 H]°](v1a) o ¥4 2 44
F N2 A TEHAZE = (spinning)e] 34
7} mElgojer &k z8i, CMOS YEvE
(aluminum) ¥jAH-2 450°C ©]/doll A &3} (degradation)
He Aol o, & FAHE A}’

CMOS e Hestd gk 7&9 d3e F
2 2% FH"Y(spin coating) T F7} Y ZdH
(polymen) & ©]&3l= W] AlxRHe] g} E3),
HE]H ¥ E(multichip module) A&t ALE5 o] &
Wl ZA}o] 2 2 B el (Benzocyclobutene, BCB)<  200-
250°C 9] W& AexE /AT e AHE 3
=, & 79 Si0/BCB/SIO, & °] &3t 5%

ol3te] s} oAt A& A7t AU 2,
FAL 20 BX W&o FH grig] £2 o
2] = (edge-bid)7} 471 oj@&o] AT} BCB &
ol 2 d3EE= 28 um 9 H TH a3
£ 60 nm 742 ZAAFR TS U0 H(nanometer)
718} vt g4AS AntsiE(pad)d) 9@ A 3
3} 3 et 3l(chemical mechanical planarization, CMP)
= HZ IC AheA e 1 JAHe 2A 7143
o sith® oE 9 Ze)4 e E(polysilicon) MEMS
CMP 7} AZHoz ogHolxY’ &3, EAX
(trench)E o] H(wafer) ol AT o} EAZH
Qroll ZE A & E(polysilicon) MEMS & HA A} &3}
I, BHEZE H$3, CMP = WHoE CMOS
YAE MEMS & AF3e HHE AFHAGS
o] Wye Hersld MEMS o1 ¢l CcMOS
E ¥4 TR ARFOEN, 129 MEMS
g T de AHo IAR, FPHo =T
MEMS ¢} CMOS Wix|&A €th. B =&oAE,
CMOS # §d nlojaz ‘3'] 2] o @ ol(micro mirror
array) @< MEMS 7XEE 3oz A3 7] 9
g3 ANLEA, AL FF, Fgst Yldgd o
ANE Jl&d.

=
92

2.CMOS §f 3T =

3717} 4 mm * 4 mm ¢ CMOS 3 <]
o 14 REL E&HU} e 459y #-
(pattern)¥ 2 918 G+ FA(dielectric)y EA 2] K
Z Z(passivation layer) 2.2 FHo] o}t I FHE

P11 e

H]—\:g’
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7pgate] o %
T E(pad) o % FHE-o] MEMS
BEZF 9902 FAS ok
4 v]oj & (via-hole)S o] vlete] &
e A dth

% (bonding)
A 2 g

Fig. 1 CMOS chip with interconnecting via-holes

% 2 9] 9x2 30 (atomic force microscope,
AFM)® 54 A+ F ZH FHE Z BHA
F3 Ak 1 9¥ A4S R, 9 H HEFo
Eol < 0.9 um, E°] 16 ym 451 A3 B35S
"olA Eeiush Uk oA ol FFmE
AG ol Ho) 23 Fatolg, U
CMOS ¢ H3ZF9 F4L 4Fuy HE ol
WA A71He HAEHE A AEE tolA
o] = (silicon dioxide, Si0,)E 0.8 pm A X F&3}1,
I $lol AeE Yo]Egto] =(silicon nitride, Si;Ny)
Fag AYE YolEgel=EE 9F #FH o
ZRE HHE to|SAlol=g RHEE 98E
ghet,

BEFe 83& F&59 EEHALZE =X
(spinning)E& O1@A i, FEFd FE AI}S

=2
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Fig. 2 AFM measurement of the bumps on a CMOS
chip; (a) 3-D image (b) Section profile

3. N2 5% BN

B B Z(passivation layer)d] =7 0.9 pm & F
o 3 Best AL gsiy 2 4KV £ES
oz FZHHJ} wEA, CMOS o &FulEddl 9
s FA F31A, o FAL BEFE =L A
ggsie}l, gut¥ o R chemical vaporized deposition
(CVD)= H& A}o)<] 7)F(void, or bubble)®] §1°]
B35S TR PHE ¢8A g 57,
plasma enhanced chemical deposition (PECVD)S 1
AL E4og A3 Fad Bo] AHEH ¢
g2 zed, 71F0] Hlo] Eo UdF ArYeE,

SO
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Beh3l Fo) 2 F& FHLE v ES A o
H(etching)@ Aol7] W&o, A& F FTHo=
N EAS 7RI Q= RF 23 E 2 (sputtering) %
ol 9% 4 B4

31 284

CMOS 39 434 2& AFS 1IH
HA AT dojgAtol=e HEE UolEgol=
o] RF 29 HY ZTA 258 zA}sgch 19 3
9] A=, Plasma-Therm 790® 3}, o2&
(argon) 75 sccm, RF &8 351W, 29E¥ £27] 2
Z ¢Ee 5107 Tor & A& E9E
(clean room) & =%+ 21°C ©|%lx, +AH Z=
zulE A7) A3 2 9 b A¥EPES A
AR 2= Uifd 23E SEAE o433
EFA4%Act 2 £ F9o ¥ 25 H4¥E golH
Aoz A E 26°C, AEE YolEgo)=d
sl A 23°C 7} H Aok

™
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Mo e Sificon Dioxide
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< 100 1
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g %9 ' Silicon Nitrid
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Fig. 3 Temperature characteristic in RF sputtering

310 B %9 §F 25+ A E golSilel=
o dEiME 156°C, B volEole uis|
e 75°C 7 A9tk 2k 100 B Felle 2571 &
A By Lxo Eddly, 2 oFdE F2 2%
E A w2 Ad As oF 10% ol
9] By 2% HUX7L TAEA) wetA, o] 49
ZA4 g8 ¢FvlE €3 71 =< 450 °C
Boe e 34 XM 7 ANE IS
F7} 3}

3.2 Z2§ (deposition rate)
268 2387 52 ¥ FA 2T A
Yoz zABYT AY Fde £E 54 AY
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oM 2l FU3A 315} 242 £ F2 A E thol
Satol=el HFE FAE F 1 dAMe Zo] 3243
nm Rt FY AH WA 2 39 FHE 3o
I #HAEFes 7 A, AF FAEL 134
nm/min Rth AR 5 Ao i3 FHo) A gkel W
AL 227 nm o8 HAEY 7%oltk. BFE WA
2 104nm o2 HAgY 3.1%0]c}

Table 1 Sputter thickness of silicon dioxide

1* scan 2" scan Mean
Sample

(nm) (nm) (nm)

1 3197 3165 3181

2 3227 3215 3221

3 3287 3305 3296

4 3352 3392 3372

5 3267 3025 3146

Mean 3266 3220 3243
F2e75 % T¢ FH F AYE YolE
giol=o] T EXoltt. 5Y AW A 3 3

| =y

Hg FA%= 763 nm Qth AH 7
A H9E 70 nm &2 HE
el 9%oltt. 5 HAGS 18nm 2F HFFY
24% FFIUN, HE FFEL 10.2 nm/min F T},

Table 2 Sputter thickness of silicon nitride

lsl 2nd 3rd
Mean
Sample | scan | scan | scan (nm)
(om) | (nm) | (nm)
1 753 740 765 753
2 778 763 725 755
3 773 760 733 755
4 778 740 775 764
5 763 750 758 757
6 773 775 788 779
7 793 770 775 780
Mean 773 757 760 763

Yol Eatol=oll TjsiA

e

221

o) APeel 27 ZFUHY HAE 1.1x107
Torr 94 3.2x107 Torr ©)AT} 28 A E 11.4
nm/min, 280 -9l 4= 9.1 nm/min & EH &S 7] E

a5ich.

Thickness (nm}

g B EEHH

Time (min)

& 1

Fig. 4 Sputter thickness of silicon nitride with time

wolthrt WA +ste Aol BEHqAch

&S
oL Y39 FA 259 FE FAN FAA
S 2t QE AoR BAAG E3I 450 o F
Z M E 9.3 nmymin & AHE B
4. HEIZ 23

4.1 A EE=x|

AY AAE O 5 g o] 9% %
(orbital motion)dt= WO ZA  ¢dnl =

(polishing pad)®} 3 F&AF(quil)7} 314 & o]F
g Aoz A Utk AA 100 mm, F7A 8
mm & e F4 S AL g2E ALE
st RAsnA, 1 FEdg F FERP nF
ot E3, FFRE B EQE(ball joint) 71T
E 7HAL YdoiA, FEwg dvt sz A3
DR w7} . fde 7Pl delE
ol # ZZ(dummy pieces, Z7]: 10 mm * 10mm) 8
MNE BATh )AL FFR AAY FAE B4
o, Hol| o] FYFHA FEE 3= ans}
AR, BZJE 7]Fe §ad felge] vt o
E & oFse EFY d¥E FAE) A%

Aol At
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Glass plate

CMOS die Dummy pieces

Polishing Pad.
fLapping plate

<>

Fig. 5 Schematic diagram of the planarization equipment

4.2 21 (apping)

Eo| Ao]A(height gage)S o] &3ty Fajwe
BYP=E Fetslr] Y3, Fuk Yo FAWs F
IA o 74 EEE S35 53 25, 19
6(a) & Zo] BA FZF FA EXE JIA|Y,
I E9E 45 um & IR E AL & Ve g}
el HEe HEe M cMos F R
FAZE ¢ 20um °|39 2 AL AT

=

(a) Glass plate (b) After attaching  (¢) After lapping

Fig. 6 Height measurements (in pm) of glass plate,
CMOS chip, and silicon pieces

ALS-E g9 FA HAER A8A, FJH He
22 B9 Fo FAE, 29 6p)olAs 2ol &
ARz EXHW, 1 HE RZE Aol
xol A7 12 pm 7HA F7FekRek. mpEkA, 27)9
e we) A £x¢ 22 e AUE UER
5 % (lapping)yS 3t Avt YA 27]E 3 um
5 pm ¢ LFoY (ALO; YE o] &3tk 9
T AAY AAE o E, A8E 27450 3y
o HHUG o]EUW, 4F A9 B ZQE(ball
joint) 7] FE A3 A, Ar} sj=e] F2Q HHo
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2 #5% 48 E¥E 48 71 9k 9% ¥
A 2% 6(c)s 22 FA X E 4. d¥=
Z7Z} Aboly Tl A= 55 um ©)3, I 6(a)9)
frelge] A9 FARE 54 23X E AAd F
% cMos F& dvl AR Fol R34
ALstne @Bl AN AFAHA I
¥t 25, 7FgAE e deEe) ¥
e H7e]l 80omm A A& ok, 3
9 AAEE BWg JIFSE 007 pm/mm ©jTh
o)A freElwe wigwAg AE 27
ARl AANEE WIF Ao H AAE AB S
AXNA gkopz, TE FUL 7L 71 Y
A, CMOS 3 AAo Herst HAoAe FIYx
Lk} A 7}l stk

A

Ky
2l
il

g Dol
(B do X oo of

4.3 #2|4 (polishing)

Agol aM, AH AR Qe B
A7t + um FFoE Hu Zay FHoE A
gol Wastth olRe Ygolae] de 23R
(seratch) & W33, Qv A=e] g2o) wWE
¥ 54¢ o8% BuHE &7 AL Aol 5
wAY gES JtEA et dse] WEe 29

Deflection on the
glass plate 2

r Deflection on the
0 r e lappirig plate

5t o
Pl —0’/;/‘74.’—4

14 18 22 26 23
Pressure (psi)

Deflection(um)
2
L]
N,

Fig. 7 Pad deflection under polishing pressure

a8 5 o Bx FRAAN FEge] 4¥€E 7}
3Hd, frEjea Ant =g B dnt EEHE
(pad on lapping plate)7} &7 ol 2 ol &3}, ule}
A, olFFe AhF zpo|gte] vl Ao
g Wy oyl Ao dnt A &E AR
(pressure gage) 30 psi o)Al F-E8]HL2 40 uym °]F 3=
Etol, dAul ZYCIEE 55 um ofHE o] F3R
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ot welA, dAnt =9 WMYFLE 345 pm 0 A
&8 22 psi dlAE 2 AYEFo] 14 um oAt 2
=, A8 FE 273 CMOS A Atojoll 4 um o @
27 Jolx, Avl H=e] HEFoR AdA F9
anprt tede & 7 ek

¥, A dAvpgol B3 AF L FPs}
Aok 4R 27) 50 nm 9] Qe kilica) AvkeY

(slurry), 1= ZHolE 2 AF 70 ippm, 2F +%
8l AW E(spindle) 3| AF 40 rpm & AH§-3}3ATH

& 20 psi I 22 psi ol H3hA 20 £ Anp3 &
I FA B3E ZA3Ach 20 psi ol A 0.13
pum/min, 18] 3L 22 psi o t3]AE 0.23 pm/min 9
artES 47 4o Fed ¢l o et
L& & Aol§ Beth

w8 JRe) =7 FolA 4 MY FZur A
& YolEgo=E AHEHYA FY ZHo=
antElict. A&l HF 4 um AvkEE B¢
A& YolEgol=E 125 um oA 1.5 pm & &
ug 71E3gth 29 EHE AEE YolEr)o]
== A& vls) o 1349 He AvfES
I gE Aoz BT

e

“.
L . Soen siae
7 Soan rate

A ED.000 weidiv
; ¥ 6f sauptos

8. 000 mddiv N
Bata soate S00.0 tw “«w

ﬂ%l‘;

X om

Fig. 8 AFM image of the interconnect area after
planarization

CMOS ol 22 pm FA9 Agl& volEF o]
=g 2HH3 ¥ A& 243 F gBsqich
PR HdElE 27E9 Folv CMOS HET
lum A 7 um A= 2 EXE 23 9t 30
o Zgdg 3 Fo CMOS Feo HEHE AFM
& o] &3l AR FE3e AH/E 1Y 8
et Zo] wlojE FRi a2 Hesl [
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0.9um oA EAAA7] 25nm ©}38le S BT}
2HE FANAY 2¢ A A|(step coverage)d
AgliA el woj&e] FRHo2E Ao HIyE
velEgtel=e] dsid AYHEE & St Aok
a9 9 & A5 ¥4 3718 04 CMos
29 800 pm HHNAM &4 AZ, 2o H
w3 g0 AT & 7 Yok

CMOS Susface Before Plararizadion
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$oan [ireckion (wn)

(a) Before planarization

Palished Silican Nitrida Ouer CMCS

_ b8
E 1]}
E 04
[
802
Do T T T
¥4 ] 400 00 80
Sean Direction ()

(b) After planarization
Fig. 9 Surface profile of a CMOS die

g F3kg o] 83 A e ¥ &
71& ©]4&M 2mm* 1.6 mm 2] MEMS 7} ©A42
Aol disiA S EAH3UT 2™ 10 oA,
8HE 7IEAEE X WA E 73 m o EE
el 27t dol d&S & F7F Uz, FU1F
Q1 8389 A7) 9F 20 nm oY, vl dFulE
o] HIALE W3t Ao 22X AFM ZAAE A}o
7ZF th Y 8o 2E 41mm o B2 FNe 23
FAHAY. 25 A YL A HE Y3
sj=9 7PgAtElol A o W2 WEn 7R
19 g 27t s A w el 73Rk
FEol o] Bol &F4de] d AR FAHA.
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A AAe FAE He B AT RolNE S
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- E
= PR ol
am} ome 3 H
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Fig. 10 Surface profile of a CMOS die after planarization
5. W= 7.

2 =FdAME vlolaz® ve T2 MEMS &
CMOS F YoM Ao FA3}sl7] 93 A

ME2A, AL F23% Pl g8 d7aQd. 8

AR 2AE AL FH 22E 70 nm FEL
2 nHud AFAHQ ARE 4yt CMOS gAY
MEMS £ 3lME 2 =F9 dF 9dx u)o
Z A 3 foMe MEMS FEE FA 59
i AFE PeF o
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