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FXIDOF /JISLE, HNA, KOH, TMAH, EDP

]
SE FE AESELL 2 Ao S42 Jl=ctd FHEE =5t2H20)

(1) HNA(HF, HNO3, CH3COOH)
HNA= isotropic etchingll AlE%= etchant2 HF2F HNOjz, CH3;COOHZ
S22 F2HECH HNOs= Silicon2 &3tAlIle S42 JtAl D U1, HFS
fluoride ion2 &0d JI=8t silicon compound@! H.SIFgE MASHCE.
CH3COOHE= HNO3JF NO30ILF NO»Z Z2dlicts 2d2 21, siliconl &gt
of AEMcz 2Z0ote 422 USHF= JEZ SHTHN04 ©2N0y).
F

CH3COOHIE 8lE B0 = NOJt (L& MMK FAI 4201 H ==L

HF (49%) HE | HNG, 2 CHLCO0H
2 (1201 c %) ¥
@, 12 — - S
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24 Lot Ajzto| Hsich,

E=H ECH Y e

T DEgdo] ME 47
CH,CDOH HM O (6.5 %) s H U8 Az

HF-HNO; #| etchantol] 2/ 42| 82| Swi 4z}

Etch rate@ 22l XM (P4AH|)D silicon dopinglll J&k= &
SiO.E BlnH e =
Light dopingE Z <2 heavily doped region2CH 1508 B & HCIH A2
=l 80l s2loioF StCt.

(2) KOH

QBN OZ anisotropic etchantZ2Mel EAS JIXLD JUSMH, 72T, 15
wt.% KOHOIM ZICH etch rate@! 55um/h2l S&E Jt&ICH KOH 2Xts 2
Ol MIHE AEHOILE, Z2DI12 &HotH W2H H,0E E48HCH 20| oH
BIS0l & LU 2= S40l UAAHA, &It SItotH 2 =52 450
BldISHO! etch rateO] ZA8HCH 20 wt.% OIGHHIAM = HEHOl HELD =X &
= BFH20] M2ICH OetAM wet etchingAl LBHEC=Z 40 wt.%2 EXHZS
ArES Sttt

FE  alkali  0l2(E38l NAHDZES  ZSolXl 2= ammonium
hydroxide(NH4sOH) EE= “quaternary ammonium” compoundsE AIE06t)| &
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x10" cm™ 0|42 doping SZ0IAME etch rate0l 223l
ULE. 0IAH 2 doping0l 0l & HAWAM= silicon HH
O =0 &0l S=H=SAHAM, AtSBES0 2o MA G

2 OI2XH XDl [H=OICk.
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IPA(Isopropyl alcohol)& &&5!1 &g m (111)2 (100
=] ACt= AHOICE WE =03 IPAZE &EIIotAl 2& 40
wt.% KOHS &< (111)13F (100)2t2] Heidl= 80IA =0, IPAZ ZE3H A2
Ol=0le= < 34 &I =L

OtXI& 2=z EDPLE TMAHY%HS=Z Az ¢ s Al 2=
(111)30] IS IHRe s EXCZ 2 £ UL 0|28 EHS 0l=06t0d

Micro Mirror& Bt= [l silicon2 KOH etching=2 0| &8tCh.
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(3)TMAH(Tetramethyl Ammonium Hydroxide)
Anisotropic etchant2 M, ammonia—-based etchant2| & Q! slow etch rate,
hillock formation, Jt€ H=S i =256l ammonia gasit

23t 1o Ammonia—-based etchantl] HE2 2 AtEE L.

TMAH= EDPECH ot&GtD EHIMMEZ A0l A2E= AS UXE = UL
4Lt 1.0x10" cm™ 0142 boron-doping®ll CHAHAl 212t0 =2iXle A
&0 UL "HlwA gtol MHCH.

Alkali hydroxidesE At&EotAl Role R0 23 EOPEL TMAHE O &
S 8tCt.

Lt EH XX0| AZE D (100):(111)2] HE4H|IF alkali hydroxides & Ch
LEBSCH 90T, 10~40 wt.%0llA 10~3501 =utotd AlAs&E
0.5~1.5um/min0ICt. LEtNOZ2 =TI =0tKSH A2t o8 &) &
ASHCH U etch rateOl LHEXIZ2 2 2 X2H0I & &S trade-off b 0l R O
MHOF BtCH. Tabatall =20 2lotH HEH HED|IQF A2Al Al =42 trade
offot™ 10 wt.%Jt Y otCt 0 L.

—EDP(Ethylene Diamine Pyrochatechol)

EDP, &= EPW(Ethylene Diamine Pyrochatechol Water)2t) &tCH O™ S
H MEZNH A2l 2AH0| Zotd LAHOIHA fIEdtL], anisotropic
etchingOll M QICt Silicon2l doping X0 M2t 888 HIOt HAX= S

£



JFXID UL
(100):(111)2] Heid|= Alkali hydroxides A2tHSBCH M Z2 3
X8t heavy p-type dopingAl2l &EiH|l= 1S ALt EDP A2 ALE Al
maskZ= SiOp, SigNg, Au, Cr, Ag, Cu, Ta S0l AIE&EH AlE &2l =0l=
SHE JtXNLD UCH ItE E2 Al A=2201 400:1(Al:(100)Si)oILE S Ct.

EDP etchant= & 20 reflux condenser& BtE Al AFE0HOF OFL,

P22 IC A 25 HFANAE AISSHN 280
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[4] JI& &E&0l= direct bondingt anodic bonding0] ULCH 22 Hln &
H5t2H(10).

(1) Direct wafer bonding

1000C &2 N2UMd A& waferllel 20l 280ICH Hydration2 Ol
2o waferJt bonding®lJl &0 H= 1N=21 gapE 2H=0 bondingE &
2otk =RotH ot= particleE= MHot= cleaning & hydrations  etCt.
Hydration® surfacelil wafer& MZ XU =10 == JiotH hydration
bonding= 8tCt. & wafer= 22| furnacellAl &= 2HCHA S TN
H2t = Rl S silicon wafer HetE 22 6HH bondingE Ct. Bonding
0 2t &0 Top wafer= wet etching0ILI mechanical grinding, £= =M™
9| polishingE SoilAl A Bt= = UL

[ ] Contact and

- anneal Thin top wafer
- Hydrate surfaces

lllustrating the direct fusion bonding of two silicon wafers

(2)Anodic Bonding

silicon wafer2t glassesE &J|&Ql Hagt= Sof bondinge I AtESE L.
Anodic bondingl HHLIS2 glasses WRUH U= sodium ions2 8&
b 20| UCH Pyrex 7740 glass= silicondt Hl=xst SWHEZ ot= A0l
HELZ anodic bonding2l =ME 2 0|&=Ct. Silicon wafer AOI0ll pyrex
7740 glassE =1 500C2o A2z JtEotHAKN  silicon  wafer0l
300~700Ve MES HO =0 glassl HHCZL2H sodium ionE 0l SAl
H glass EHO0| M net negative charge)t &6t = ol =Ct.



Silicon
== (Glass

-

Apparatus for anodic bonding of silicon to glass

222 charge® silicon wafer?t 22 charge® glasse| HHCOZRH 0l
0| HZotd 220l Z26HH D, D22 HUHXE 2oF g8ctH =L
BondingAlOll= OFXl Mats LU HZof =2 AXHe 2EH 0|42 MF
b BtEAl S2H &30 AlZ2H0l XLt bonding0l 22 & H K= CAl 022
SHALCH M0l =20tk =oAL HES Ols=2 €& 0l&429 M=t

S22 Al RotH &S bonding0l M= OISO XXl &H =Tt

footing, scalloping®l CHol A Jl=at2H10).

(1) Bosch Ab2l Deep RIE &4
Deep RIE(Z&A 0|2 Al2Hgt Deep Reactive lon Etching2l 2F0{Z glow
dischargell O|&E F ot polymeric e & At2tel st=tAQl WX 2=
HMSICH 2=22] plasma S& 2 polymeric material® depositiondt MHZ
OIFHAICH Bt o=z & designedE plasma chemistryJt deposition &2 Ct
MoAN Z2&E= 20 UA=0 Brol, BoschIt JH& S deep RIE 282 etchant
Z2H2 polymer depositoin0l A &t & ACEH.

[

a

Deep RIE process

@ PR OIL} Si02 &= SiIN £ OtAZ ArE &L

(2 C4F8 plasma £ 0/&¢8t polymer deposition Bt SF6 plasma € 0|&
polymer2t Siel BtS4d 0|24A2ES W2 BH=6tC}.

QA2 HEUAM SF6 plasma 2 &&=z QIgH BIE®H2l polymerdt 20|
HA Si HH0l EHLEL], OI0HAM Siol 20l gtH |, B8HZ polymer 2

2otz =& A0 0[F0 &ICH
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(2) micro loading effects

A20E=E HEAHS FO00 Tt A2 F2I0F Ect
A= sas Zethh. H28H0 8455, s =2
SFa= JbADE WA LD CHAL A28 JFADE =
2J] E0| o282 0|& &0l Z45HCH

Fig. Microloading effect

(3)Footing effects

Toppled structures

Silicon

BIES4 0l2 AABE0AM, 8M6tE Y= 0l=201 =& A2 ™A HteH
of BAEHME CHUH, & A2 H 04 2OoUX &1, HIEe dHo=Z
AM2E 0 E0Ile &2 LSttt 0l20] EHMA =SSt EAHA
charging Ol 20{LIL], 0l Qo YAtel= 0I20] 8oz EAHLII= A
0 &olez2 AKX LD ULH Footing effect 2 QClol =& JIS2 BIEHO|
2td LM A 22H S22 &elol €

Ol Dl flof ZHA AU S== BIEE0 20t SI1& St



(3)Scalloping

trench.
DREI H&EOU A polymerE 20D , Seflts Si & A2 & I HtEH =
gt OtLIet polymer 2 E3EX = FUHCZE 2 A=A, 0l
polymerdt S&&H S2H 2Cl FH2 polymer2 ESHH 0IF A2 Wt
UM =2 B SXotH O 0y Z0IX &0 ZOotJAA =L 0ledd
ol gr=Ece 9o J2D 20| #& Ats gpoz IR Bl g
SO LIEtLIA EIC Ol scalloping Ol2t StCH. S MNLXl Ol 2| @8t
38 Jl=2 MHEEX ZotULt
[6] Positive PR 2 AI83dt= B2 Negative PRE MEot= <, S8t
photo mask & AISSCIH HHE &©HEHO RX=0| S4E=XE I (BH,
ZFHE)2Z DA 22s ES6eHTE)
Negative Photoresist Positive Photoresist
ot | L) UVUQMHHH
Mask with — | Mask with —
opaque patterns — opaque patterns —
. . RN ESNRNNNNNNNN
Oxidized Oxidized -
wafer \\// wafer \V/
Exposed regions Exposed regions
hecome insoluble remain soluble
I .
After development After development
and posthake and postbake
After etching After etching

Resist is removed

Photo of features etched in

silicon with DRIE. Mote that
the slender trench etches at
a slower rate than the wider

Resist is removed
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[7] Lift off 2E M etching 2& S HID3ID
cH7H).

Re-entrant photo resist

Evaporation

Wafer with photoresist

photoresist

Directional evaporation

Etching

Strip resist and

lift oft metal Strip resist

<L.ift-off> <Etching>
Lift— off 382 HM SHO HAIHO| ¢t2Z QE0| &l Photoresist I &
= folH <0 &= s =, 5= =cl1) photoresistE HIHGHH & ot
= oo Z&LE Hlle MBS HEO. BHHE etching &2 HO0IH <
H 252 U dHe=z Zel = photoresist IHEHE 9tE1 0|E etch
mask&Z AIE06tH ==& etching & = photoresistE HMHol= UE = A

MM Jote =25 das =0



[8]Stony formula | &=
JlEo] Holl 282 0lA = S E9] A
((dJr + a’.)/?.)F,r =.M,r +M,
»  AEYADL 8O FSHCZRE MENY o2 EFSICID 51H,

E{(RidlZ)G—RB} _ Ed
RO 2R

O,.,=
. Ol AsA A0 Hgss U F
y o dw Ed'w
M=2["ow =¥
sL [ ( ]M' 6 I2R
’ - 0l Z 4 S0l §EotH

§ o M,=E,d’w/12R, M,=Ed’ w/12R
" -  0lAZ HY F9 Adl cigatw.
': (d,+d) DF, =|E,d +E,d w/12R
. Jlmol %2 o sAcn aw _ _ Fp 1 Ed?
Stony formula J} 20f A C}. o= dfw 6R d,

2 2
W=§Wmax X2 °|il HE i: d w o=
2 L. 3L, P dx ?
TEE 1 |d 2W|_ 3w, (L, —X)
p dXZ ‘ I—C O]E]'

(b) A3 W& ofef Ao ot & 5 gt}
AR/R=r,0, + .0, =m0, +Vr,0, =7x107° x 57 x10° + 0.06 x (—6) x10™"° x 57 x10° = 0.0378
->3.78%



