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Summary

Silicon micromachining technology can be used to build micromechanical
sensors and actuators by using tools derived from standard integrated
cireuits(IC) processing. Processing developed for micromachining can also be
used to add functions to IC. It is necessary to study the material, structure
and property of a silicon micromachimning technique and device based on it

For the undercutting etches presented in this thesis, 3, 5 and 10 weight
percent of TMAH(tetrmethylammonium hydroxide) solution, with 16 grames
per liter of dissolved silicic acid, and 2 grames per liter of ammonium
persulfate were used TMAH concentration and combination of etchants
provide repeatable etch properties, does not attack exposed aluminum or silicon
dioxode, and provides smooth (100) silicon surfaces. The main advantage of
TMAH-hased solution is their full compatibility with IC technologies.

Various types of diaphragms are fabricated by silicon anisotropic etching.
TMAH solution by dissolving silicon powder or silicic acid is used as etchant.
The etch rate of (100) oriented silicon crystal planes is increased linearly with
decreasing the concentration of TMAH solution and increasing TMAH solution
temperature. And etch pits of silicon surface are decreased with increasing
TMAH solution of concentration or the solution doped with silicon or silicic
acid, in combination with persulfate used as an additive, therefore silicon or
silicic acid doped TMAH  solution is a useful post-processing etchant.
TMAH solution has a reasonable etch rate, is selective to aluminum, silicon
dioxide and silicon nitride, and most importantly, is safe to use and easy to
dispose of.

This method enables new applications for micromachining, is currently

underway to evaluate the use of these micromachining techniques.



I.A4 2

AL 7R e veA AA e 70dd AR 4FH AAM9 A
g AlZte 23ty 80dd] Fute]F gl v A 71-E (micromachining) 71€ 43
o gl st Hel o JHA VS RAEE TG Z2H MM, £ JAF
3271 &A A" & Hon-chip) 2rtE AlAM(smart sensor) 7| & LA R
o oo)a g AA Zle wEA YHIHNZ T 7l o839 AR T F e
22 42¥3 9 AR JHEdtn, AsAE HZE AMY A4 WAL 5 A
scug AAM9 n4eHrt ZhEatth ol @ Al Wyl vEA FJH HEe d
T AzFAS Zo|l JHHR AZRTA 7led AT 7leg €8T HEA
upo]l A2 AAMel W A7t €23 AP gUck
Aol HMA 71EL NMEA JHIR Jleo] FHE olFL Yo mlojazn
A & AAZFE el s 7] AlE Y. £EF CMOS(complementary metal
oxide semiconductor) &4 7l<=olut EF ulo]ZE e (bipolar) FA 71&€d ZT8A
°o] e ¥ EAFAY dF RS 9 AIEZE @3] o TR U
(Moser & 1991). ©|g3t 4252 t}ololX H(diaphragm), B A (bridge) ¥ A
B ¥ (cantilever) HE] ] Abstetoluy} @Ay A& F2=E FHolglen HdM
A, 7h=AA, AN Es AFAM F vpolaz AN §80] F2F J¥E
st lrH(Lenggenhager %, 1992),(Qiu ¥, 1995), (Kalvester T 1994), (baltes
and Moser, 1993),(Jaeggi % 1992). BI=A AH2E A=FA 7l&d] wA7lLF
ZlEe] FEEH AT HAEEZY oyl BLE FEA FE o83y
deol® Ae & 9 dAgv=E F3 &2 o] 7] FEo rALAE 2Y¥E F
Al HAew olgA wE AL “¢ A ) Al(micromechanical) &2}"2} ek A
deme 9P, 23y AL, w5, IV 9 ZIHE =P obg {, ¢4
R 7SR AA T oole OEd Gxe AYE oA o] &FHI v I 4
2 HAZEE 7leg ol§3td dd 7lg A A% AN F& gyl AXE
TAY 7 Ae FY 48 A FEE AL Aok A2 vAAE 71ee 1t



olZZ MM, mlelag F Z ulo]az Al2de fulelA AL A Fas
g AEL )&% HAZF rle FoA AT o4 Az V&L 34T
nfola R A HFoolE(actuator) B AA¥ T MEMS(micro electron
mechanical system)(Mehregany, 1993) 7io] "4 E71dd YA lazZA HT
of s A7t APH gk HAF e AR A4 TA vled 9y
T3 FARY 2Pl & F oy wjg FE AV|E VA= AAdAC|n 7
A +2 AFe] 7Hsdit
dubx oz wAzbE 7lee ¥a(bulk) WAZE 71EH} E W (surface) WA7}
T 7ER /Y A uAZE Ve A EE 2R ES BHEA dY93E,
Y, %9, ¥4, 28ln A 5 T%sich(Hesketh and Harrison, 1994), ¥
a uAZHE 7led 54¢ dHesE 48 donERH HYES AA%Y 3
Y F2E REE JIgEA 92 AdeE 479 Jlzg T2 U o] Tl
olWd 47k A5 JMYSAARE AlFAFHP oM olsp A T L v
7HE F2E AYE 43 e dAZd FF HAU A" FAtold FAEHA
ok wb, B rARE 7l Zlee Bdd 2 HAY AAE 9 $& o
£3te] mAZA tutelAEE AFste 7leZ2HA W(beam), ¥l (bearing) P
A AHrotor) T & A A TH(Sze, 1994). B2 W AZLF 7124 wATRe] A
Wl 714 F838ta FHAEA AHEEE 42 71e2 ZA F4 2ZH(wet etch)
B A4 4Z(dry etch) o2 g F Atk 447404 da e AHgHE 47
|92 FA(sotropic) A2t 847 o]8A (anisotropic) 42} &N o2 s &
dow Eege FE A Lo 2xd wld HZrEe] wWgdEg. @24
He oM oA Az fdo ALL vlA7tE @ AU dFdoHE Ax
de 8T 71eF9 shite|o
AF7A Vg wol o]4d A2zt £ EDP (ethylenediamine pyrocatechol)
(M.P.Wu &, 1986) &< ¥ KOH (potassium hydroxide)(E.D.Pahk %, 1985) &
AL Az A vhAaa HEe] FRAZo] Fasu on YAE FHuHE 2
fdon e BEsol stna Ity or Lozl BE CMOSTAY EF ul



o)Zd ITAHEL Hgsted Ao A/ Hu vk o) FH viaza AP
2 dFE 4 g9 B3 BAE HZ3H7]) st AZ Rt AL
TMAH (tetramethyl ammonium hydroxide) & %-& ©]-8% olta zteo) #F
ATzt s AYsn gtk TMAH S0 A2 2& A7 BE FAol vt
T8 @ Fo FE vz FE ¢F0E $LS BRI AT FUHHQA Hol
flo] 4Z& 4 glgel A2 Bud v ivh(Schakenberg 5,1991) AF ol%
q Aoz HIZd HNWE AHEEI e TMAH £9& S £% &
Si(OH).E 7t Al 4FelE 24 WAS XA @ o] Ut o8 ol&-8
o AxFHPe) EF BY WEA Lzl oy A4S #¥ 4 s AHE o
Ack. 2y Si BE SiOH).E A7tgoezsm 436w Az g 932 A
AdER 2y TMAH &94 wsiA AZgo] dolAle #A-R 4z Hd9 ¥
2 gyoz A7 ¥we Puxe AL e ARE BY

2 eRAAE BEA FHo) vhrY Fo FH claagAa gy B
o B3 FAE HFEH7 AT F7HAQA He] fe] Az ¥ & e Si ¥Y E
£ Si(OH)d(silicic acid)’t #7+e TMAH &) wia] AT 59 th(Schakenberg
%,1991). °] A% et HZge Az 9 47 gy BANE @) 9
3} AW BAAA APODS (ammonium peroxydisulfate)E& HAAHF Hrlsto
TMAH+S8i+APODS Z+= TMAH+Si(OH)s+APODS §99 A oy 4
54% 9% 44 4 5HY IS A B ok TMAH+S &
© TMAH+Si(OH)s &<l W3] 4Z4go] /Mg 2d#E ¥Act TMAH &4
@7te] oo ¥ 2de] 3 AY} vAILE v1e TH AHRo] JHEdt
Si ¥ SiOH)o A7 J& 5% wdd ¢FrEd i Adgnzt Fo
e 47 S99 HE Boh ¢tAstm Az wa FEE A4 EL JMFE
T AU ©1E T A2 IAH Hold TFAHS 2= TMAH+SI *
TMAH+Si(OH)a+ APODS &9 SA4d] #Aste ulelaAR A &84& %
APl oy A4 24 AASATh
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II. o] &

A FEE 1947d EWRAE EHE o]F FHolA AHL Awdty, 1
AFAEI e o] WA 1097] B2 EWFA2HZ o]Folzl 2R A 3
2 (ULSIL ultra large scaled IC)E 9=t FFo2 WAddde. A AdE&=
A BE A aztels WEA £4do] o]fHa vt PEH EFS A7HL
2 F4% ddAe FAAEY 4EE AYn e ER(EHQ BEEEe
Ah), 2 2 2 59 oy 234 "t HV)H 5L 2A ¥FAH F QUch
BtEo)] Bdo] 2t olH @ SA Wi tgd 7ise]l 2FHE A AAE v
EE f QoA wtmA Z3o] PYHaAr) Hu vk BE, 43T /T 4AE
€ AYZ de Tl HAARE AR £A4& TEE d oA F Haw &
Z o)t

aAZFE AU EY VB2 FHURQ A Ed9 dE o) v dEEe
BARE 14902 HAge) 4749 HApst sl 47k dA 0l & Jie) A9 E
e FH8 409 429 FTREAGE o AT YEHE o) FEH o)F F 3}
U7t b8 EeE 449 dAEE A9 AAMsst Bl A -8 WEA)
HoAA(p-8 wEA) ot B ©d AATRE e Ao AARAHY 7
£ tololZ= Folv a9 13 A} dEL F£3 HFS Atold e
BEA A% stvteld ZAA He AAHE e 1A= EFold &
T MEA &7 Azd AREA PIHSA AMEHT e dEELS 44 A
g F71F =& A AHE AHTHSI0)S AT A2 A 5
Hog dAsL A7Hozes A9 §AH4E #32 Uk

A E delvs nexe] tdA a2 & 4§ A 54 Sgog AP
GEY HYELZA, o] A WL nARER 7)) AzAAY JAY 44, &
A E A o FEE Foh AYPEL Y dyA WE H(1.2eV)S /A X g
71 ol Wi 12(200C BEAAAME 247 F4E 4 Aok



Silicon atoms terahedrally
bonded

.¢_ Substitutional impurity

+-

Fig 1. Crystalline silicon has diamond structure.

a9 2& dEAY 4EE9 2AWE bz o] aPM xF, yE 2 &
BFoR AAste HWe AAE JGEYUAT 100) B A HEE FoA ¥
AR ZApes Afelw, (110) WL T AY HE2H Tz, (111) B A
el #AREFI BT wxpsE ot



A2 deoly B9 dde H73 g AAscd Be 9% 13g
<100>3 &< ZHA e B daM = g os vuwy Aoy <111>we
EHL @A =(activahon)7t ¥ A EF& F& ZErvh 9 2o A AAE
o2 AT o] tolol = AR FXE 7R <100> HEol g ALEL
<110> BEFAM ®rp 2F Fom o] F ubgre <111> ¥ B Holx 10
Hj ool ofF Ee AZHE-& kA a 9lth(Ristic, 1994).

CRYSTAL
PLANE

[100 ] DIRECTION

Fig. 2. Typical crystal planes of silicon.



2.1 AYE v AAF 7l

ALY WANE 71€9 BHL sigoziy Muzorn AYEE AAse
Atk el mAZtF e ZA 42 AT 71ed BYW ALY Ve
EFE 4 gled, nMstF 7lEd AMSHE BEEL O34 AdE, 99,
fra, 24 a2z A&EY § dusc o 38 €3 uAsbE Zled B9 o)
AZEE 71€E JeEhiideh 28 39 ¥a §AZE Ve 5dd gy
FA4E SoldEZRE 4dEe AANY 3AY F2E Y=E VIEEA @aA
A E A4 712E T Utk o] 7l&L oFA AZtdg spEHA S
AMARHA T, o) A LA & HANFE 7)ES 9 3@ Fe] HHS 4
A EE A2 FAHAY AFE F Aleldl FAEH, Az ut o
7bA wagel NALAE A2 ¢ Aok E2 wANE e uATEEe A
o 71t Fastn FHYHA AHEEE A Jgolt. Az JEL AA F4
Aztat A Aoz e 4 Ut A AR ngme 4E AMEER ol
T3 YAt gou gL TARSY EAE g% 29 ¢S Fude
9 A7 Sl

B R RS Z)ed V199 ¥ SEHHAY 43g wegEg o4
@ " AsE 712 3 A (sacrificial layer)2 ©)&3tdd w A7 A7 71EE A
Zete Z1golth wolaR AA F9 17|F3E MEMS Azte) oM Fag
Az FRo2 HYZ AFLE st HHZ i T2RAE 7|Bozie o
+ o 71E9 AAZ AR E HZGFoeM wA J7E AFEE €2 29
3(b)e 2ok ol g EW vAJE JlEe W, vy AR 5L YN
Abg-E o Zch,

E 12 93 vA7E 71ed EW UAZE 71ed Haddt @3 aAntE
Zlee FARE AL AHLEAR W nAF slEdAE EddEe
AHEEle B n 7S 7)1ed EAE o2 PSG(phosphorsilicate glass) £&
Si0:& ol-gdth MA wA7tF 71eL vy & 9 ;o) 271§ V=EH)

r]r



_,Sacriﬁcial layer

Si-sub Si-sub
(100) (100)

I

Cantilever Micromechanical

(111)

(a) (b)

Fig. 3. (a) Bulk micromachining, (b) surface micromachining

AbgEtARE B U7 1€ ¢ ome] Fxn, AP 2 o o)
o AzA da vA7tE vledAe Ad A% Fd I B o sbssiAg
9 wAZbE Ve AW FA 2tk 93 nAstE Nee A
wet HZ4He oA Az ol ALEEE utw, FW uA s

A Azt Apgdr.

VNee F2



Table 1. Bulk vs. surface micromachining

Features Bulk micromachining Surface micromachining
Core Sili Polysil
ilicon olysilicon
material y
Sacrificial '
——————— PSG(Si02)
layer
- . Large(typical cavity dimemsions - Smallthigh precision controlled
Size by thickness of the film. typical
are several hundred ¢ m) . ,
dimensions are several zm)
+ Single side  processing(front
- Single or double side
_ side)
processing (front and back side)
. Selectivity 1n material etching
- Selectivity in matenal etching
Processing | + Etching . isotropic
Etching: anisotropic (dependent
factors - Residual stress in films

on crystal onentation)
- Etch stops

+ Patterning

( depends on deposition,

doping, annealing )

- 10 -




22 A ol A7
&4 Aol A Eol ALERE Azt AL S04 A g4 oA

7 ooz By 4 ok BEE BES 42 g9 250 way Az4E

SEERES
1100> SiO, Mask

Si substrate

(a)

100>

Si substrate

(b)

Fig. 4. Wet etching chemically etched hole geometries which are commonly
used in micromechanical devices (a) Isotropic etching with

agitation, (b) Isotropic etchingwithout agitation.
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T 474E 2AFe A FAHYC) o= HeRE FUdY £EE YT
217}l 0 2 = HF(hydrofluoric acid), HNOs(nitric acid) ¥ HNA(HF +HNO; +C
Hi:COOH(acetic acid)) §°] vk 28 4= U4 AZHddA 42 @ ddely,
(@ A7 g9 v 2% EFHF 448E Holx YAD (bdAe d4F
g Azt gl JARE A Y A ES Holu gk FAT FHY Ad
A 9 (undercutting)® 2] WA el A7l oy %A AGd& FF vAF
7)ol A ALt

nAZEE 7L YA AAdgRgE o)y A4S wo] ALEEith &
oliAd AL WS Ztn HdEE AYgHos F4 Aste FHLE 1960
Ao RE 1970dW 2ol Bt 22U o] Zlgd FEF A i@
elAlE 1970\ ) oA 1980 ZofAef H|EFH At (Ristic, 1994),(Gardner,
1994) 4 oA HZE A4 §4L At BHo] HEstE HFgoR A%
e WHoR WAV F2E dEdcd & #¥E vy, 42 7k 4%
AR Z2 Ao A&EEe M F4E¢ TAFY shtenh
AHF oty AL AW W dT HEE AAE, EEE =HAR

& HZE, 9oF vpo]oX(bias)d] & T EdM AFAL HFAA w7}
HELEAN ALEE & ok olwky AZtde Azbgo] A2z Z2A Wik 2
A et 71240 44 7HAZ e, 4] 2AAAN 11DEY A
€2 v}E ZE ZAWERD @& AZAES /AR AF4gdh ojAE &gl
A Z dolno 2AYIEN NI Fol7] dEclGn delA Qivh AR
o YA HZre At dHAA e Yxe Faoltt (Hesketh and Harrison,
1994), (Merlos & 1993).

0¥ 58 F FF dol¥e AG REE R 51 gt do|He d¥E %
utea2 REFHL, x=E3d 990 A, <100>%FE 7R E el gl
A AHZEe a9 5@dA HE (11D)¥E vt AgEs, <100>7 <111>33A
olel BALEE 54747 9 71&71€ ZHA I Azto] AP <U1>HFE THHE
dleol# e Aee 28 5MNAAYE (111)FL 2 Bgke]n] FL& 3 u](aspect

- 42 -



4.7° Si substrate

(a)

<110>

Si substrate

(b)
(100)

ol £
(HD—
\

(c)

Fig. 5. Anisotropic etching on (a) (100) surface, (b) (110) surface (c) top view
schematics of the (100) surface,

- 18 -



ratio)g 7HAZ AZtEnt I¥ 5(0)% 23 5@E A 2 474 2dE JvE
d Zolth §9} ZL FAIE AV o] fF R HEdo] tolelgE A F&E
7HAm <100>2 % g AZ4EL <110>WHNA 2ok 25 go9 o] F ¥
e <UI>WEFAM Hrh Hojm 108 oo ofF w& AZ4ES 7HA7] dE
o] th(Ristic, 1994). A& o¥Ad Azt HAE AMY 72 AFE YN v
% F83H, YHIHZ AxFTAAA AHEEE Yz o A 7)zdA A
2do YL 7M5dtA 37 Hstd 7€ FAVIETHY 284S g4 8.4
olty. T oY@ UL HA AMEHI e HAAeze Y tEEAE
@t

A oAy Az fNo2F  Hydrazine £9, EDP(ethylenediamine
pyrocatechol) &9, KOH(potassium hydroxide) €9, CsOH(cesium hydroxide)
£, NH OH €9 ¥ TMAH(tetramethyl ammonium hydroxide) &9 o] 3l
ot (Wu and Ko, 1987), (Wu %5, 1986), (Seidel %, 1990). oA Azt Z o)
KOH #9492 & 42 EAA @& 548 Yz QoA 713 A A
|53 AT Si/S510:.8 HZHE w7t B3, o] FA o] &(K+)¢ o Wi &4
oltd A7 F R A E3AFL sk e T JHAZ FAAY /A4
TA7F 91 (Camon and Moktadir, 1995). Hydrazine &7 EDP €99 AH$=
4o S0 BT AMe FAFT AAE An Jdem, CsOH §49
B¥< ¥L 713 Wi oj2go] dth(Yam F, 1991). NHiOH £ 4L o|L2q|
Fastn YA FAF T80l A oA AFddoezs Aoy 54
o] #31 YFo] Yr FWL A7/t oFkE @30 AUt TMAH 492 EDP
AT FALE SHE AYEA, Bt st A wE 79 4388 7}
A9 JHYZ TZH Hold T84S AT 7Mdo) s 9HdE Az
AHMerlose 5, 1993), (Acero &, 1995). &t=|qt o] Azt £4Ee A olu
4 Az FAH 25 WNE AMEHI ged, A7) £ AUz gk 2
= olEd A oy e 2ol YEAY S tEF EHL FAH A
o] th(Kurt, 1982).

-14 -



Table 2. Comparison of properites of various anisotropic etchants

(Kurt.1982)
Si Etch Rate , ) .
Etchant 80T Si02 Aluminum | Relative CMOS
[Ref.]: ) selectiviy | selectivity | safety |compatibility
(¢m/min)
KOH 2 L L High N
(20wt.%) o o 8 °
Ammonium Yes(with
hydroxide 05 High ES’S_V)V‘ High Yes
(3.7wt %) '
Hydrazine Yes(with Very
2 High Y
(35wt.%) 8 Si) Low s
EDP 1.2 High Yes Low Yes
TMAH o CRAT Yes(with Hish -
(2wt.%) ‘ £ si) g s

e odE 42 S0 B YwAQY AelRo A 47 WSS v
o

Eld Zolg,
Si \ Si \ / OH

S1; +20H S +2e’cond (1)
Si Si OH

AL HAhd 449 HAAE AAA Jvh BLAH0)9 OH oo da

_15...



£9 dangling o] A HEAN F A daes A=dE FUE. ol &
42 A & 4 (2) Si(OH:el o%3te Az AEY Si-Sid 2%
2 7HeAY dEE FEEE 247 A8 AAHY Fol23 fHo

-+

si oH si OH
1 \ / 1 \ /
. —_— . + 2e’cond (2)
Si Si
s Non si- N om
S oH |
1 \ /
Sl +20H_ —_— Sl(OH)tl + SiSohd (3)
s Nom

AR QA PHE AT F¥EL F A9 OH o234 utgsie] 7+
el degE SgEQ Si(OH).E A4 #th SiOH)E e oa) nA Td 9
of Ad€Ert 2y %€ pH 3 AL AAA Si(OHwE A Zo] whed
o}

Si(OH), 2 SiO,(OH); ~+2H™ (4)
2H* + 20H———» 2H,0 (5)
4H,0+4e —— » 4H,0” (6)

- 16 -



4H,0~——» 4(OH)” +4H — 4(OH)™ +2H, (7

Si+20H™ +2H,0 —» Si0,(OH); ~ +2H, (8)

4 G)6) 2 DAL AYAAT BRAZ ALHe Hs OH ol&e B4
Aoh ol%A FHE OH oL S UAE £3A7AA S BAL &4 7Hs
SiONOH); "] FHl2Z AAHNN A7ko] APt o] FHE 4 @)elA Yehy
T g

-17 -



. A<tE TMAH 843 A71Ed & A& 47

TMAH &2 KOH &9 H3|A &de] pH7t ZA3d 4% &0 7
o PFAHA GobA (1000 AGBAX ¢4 dAE FAY & Jot. TMAH
o] HeI& A7t 4FuEE AF4ER gv A dgd Fd AL
2L FAS AAA GUME BE Tl Y WMEA &zt o|WA o] 7}
etk @A 7 g3 2eolx e EDP 499 A stdA wAdgE F7)7)
¢ Fraisteg kAo fFelsior st @Al vk TMAH €949 3 $+ EDP
43 A 2L A 54¢ AUEAE EDP $948 1 tAstte FWAN
TMAH &¢] fejsich, 22322 EDP €43 FARE 44 SA4& Avds &
ot AR Azt wE #Ye AAES AW AFIN2 FAH Held 2@
& zZe TMAH €9& d9ste] 48]& o34 4% &3 ch(Ristic, 1994).

pHe FTxd mE &FulE F4(corrosion)2 Pourbaixel 2ja] AF LHxF
AH(M. Pourbax, 1996). 8 62 Pourbaix Theloladl oz gZujFe] %= A
A9 24 pHOlAME B Z(passivation)® X T @718 45 A E R4gL B
oli Yt 1Y 644 & & AUKRel pH 8~129 FEME &FHE A g
A e o8 Fie AN AT st wgste @Fn
v AU7tEe 99E 45 Ravte) d48S 87 gRolt. TMAH &4
A GFRuE Rew S A% dIste A2 Hrld % Y™ 5 Ao
2O (102 42L& &qP22H S99 pHIt Z4EY dFvFe n3
A At BYEE Holu gl

Si+20H - Si(OH);*+4e” 9)

Si(OH):* +4e” +4H,0 — Si(OH):™ +2H, (10)

- 18 -



Potential{V) Relative to
Standarc Hydrogen Electrode

1.2

0.8 c
0.4 F D;glr“l - Cor=osion

0 r vation
-0.4 1
-0.8 [
_1.2 -
_1.8 =

—Z.0 Immunity \\\J

-2.4r

| IS S N 1 pH

| |
0248 8101214

Fig. 6. A simplhfied Pourbaix diagram showing aluminum corrosion behavior
as a function of pH and electrochemical potential at 25 (P.Scheitzer,

1969).

99 Agex TMAH €942 = me AAQE ATy g3 vadBA
AdE o Uvt 2¥y 72 HHEY ¥4 TMAH £49 sreotel 4AAAE o
B Aoltk 22y TMAH -§9o] fohd 4229 Hote w3 siA Ran.
ksl TMAH &9 280 d7 Al §99 pHg2 #A=H, o7& ¥

_19_



3 Adeiede] OH o) 2o] ZAHWA Hest F4e] B3 FaH7] fEolr) o=
A A zhge] i)

KOH &<} vlwstd TMAH €9 sto] AL <100>47F del e ¥
9 A4S FAE  AS A=R A} AT 44 g94o] pH 130)3Y A
dzt Al A% P o3 Eo] wig ARA H9 A7 BHY FHEe 2
b @AY ol Y2 A Eo] TMAH £ 24 A A1) o] &
< FaAEE AN AHd uFdFHW HdYyd FU9 FEFH Hduiaz
(pseudo-masking)E HAs ™, 138 8& 3wt% TMAH £ 2zt A] =29
AYE (11D 2del 2 g4 Roln ot A Bo] 2o A7 &9 3
A KOH §H4% we A7t 2xoMEe =58 FA3c)

>

Silicon Cone, (g1)

140
120 '
100 A
80
60

0 5 10 15 20 25 30
TMAH Cone, (wt, 25)

Fig. 7. The amount of dissolved silicon required to passivates exposed
aluminum for various TMAH concentrations(Schakenberg %, 1991).
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KOH &9 A4 =2 AL Fas7] 943 358 F7MAA AFS 32
a7t ZAaERAM 6 22 EA(footprint)S FAANIY Ax AFo] ARA|=
0 2es e AlZMdwell time)S A #e2n W HHE F4 st PHS
Abggth, 2y KOH& e 48 845 glol7] 9% 848 52 2 ¢4Y
stell A A&zt 7t X8t Aeiejop sted] PAEA F4 stag g Al EAZ

Hog §Wd Fxrt aF=H" gr)de] g EFolnz f¥dve ZAAS
ZE3 gt TMAH €94 239 Zod AhE #Z4AAA T AFo nFHe
A& Tob 59 FPAS AAY $ dod, oA HYET ZdH F4
(weting angle)& WHEA A Hr}, o] H3 AW A4As Hssoh 28y

TMAH &<o] AW AR H7te ol U 983 2Y 7= Yk

bk OOLE

Fig 8 SEM photograph of top view of a silicon hillock which appeared after
etching using 3wt.% of TMAH solution in deionized water (7<%,
1996)
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8 £0] FC_129 &2 H7MEd oJsixs 42 FA7 dojue 9o 7
T &y fgde 240 o J Fi AFol Fo ARE FAAH F
1ot mA 7)A Ao #HAE AL 4 gleng HFE AW FHA Mo
gasit A BAANZE Z238F A43AY KiS:0s(potassium peroxydisulfate),
Naz5;0s (disodium peroxydisulfate), (NHg)»S:0s (diammonium peroxydisulfate)
o) sltk o] Al 7}A F K& Na2 X33 peroxydisulfates <FA A o] x|t
o] 4 o]&o] 2]3 MOSFETY AolE AsEHoz il FEHAY Y 4
49 d9le] HEz2 CMOS Axd FAect 2dAM thd Pl HolAn
BE A A Ao g dae) QAW 4t o2& #{REHA @7 o
2o MOS Alzolw AT APODS((NH:25:08)0E ALE@ & gt APODST
22 gfo) Hrleted AREAl MlaA kA3 HI|A] BEd FAE A7 9
€ AHE Feoh

S,05% + 2e”% & 2507 (11)
2 (ADE ol T AW A Hrbd @mE uwgAelth aHRZ AYE B E
Si(OH)7} #7FY TMAH £90] AW 8AAZ APODSE Al48d AW Az

FA0) 7HEsly HZtE H ¢FuE, Si0: ¥ SiNgo| dHE Ahgurt Fo &
BAoy Arlsted A€ FHS A A
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V.4 ¥

4.1 A7 ¥ 44 2 A

2 dFoAe A4 W5 mE A vad €4 AdE A% axgd 4
g o] gHT lom SNy B Si0: =] NON(SiNg/SIOSisNd 7= AALE
Zre gololZPg AHEHHATH NON Fx9 Zd=e 437 A% 7oz
AR W] (100), Bl A o] 2~302 - cen, A 0] 544, FHA7t 610~640mY F2&7}
THE p¥ AYE deolHE ALsd TMAH+SI+APODS %+ TMAH+
Si(OH)1+APODS &ellA el 4zt 54-& EAMafc 4, 42 7198 9
NONTZe A uwuhg H2317] 95, 780°ColH LPCVD(low pressure
chemical vapor deposition) ¥ oE SimNZE L 43t 2z 1500A% 23593,
F3tel Si02% L APCVD(atmospheric pressure chemical vapor deposition)¥ &
o] 43t 4000A F A3t SiO3F SiNgF: FA9 §te] 7000A0] HA &4
A=A HHE HF @ HAFE AT o9 o] FAE NON Ed%
Hell ALZ N2 FHE T3 AQE FANAG DYDY FA4ZLGE HE
of 7bdA AHE3ldd NON Ao deg F4T § A2 o A4E 9
3t NON ZA 9 rjolot L P& A s ch.

238 9% SiaNy(1500A)/Si02(4000A)/S13N¢(15004) A% AAAH g A&
718 flo] CVDIAE o]&3te] FAE § NON B2 g thojoj=dh A= T4
& BoF3 I E ], 199).

2 47 E F FFY MES £9l8AT deZ He] NON A% 725
Zhe tolofx g 9o Al¥E HYE ALE, HHE AT Fd 474 Hgs
9 ERAHE H971Es de 29 109 vh2a AW AEsden 1d 112
SFoE O o Az g R BS 4o g A9E A &FuE
Aol Zolzt MOSFETE AH&3t% ot
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LPCVD nitride dep(150nm)

Q110 dep(ao
p-Si Substr SiNy ep(. _nm)
: LPCVD nitride dep(150nm)

Double side PR

R Photolithography

Nitride dry etch

Oxide wet etch
Nitride dry etch
PR strip

Silicon antisotropic etch

Fig. 9. Cross-sectional structure of insulator diaphragm using

front-side silicon anisotropic etching techniques.
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0

|

Q00O C0o0 oo

Fig 10. Test patterns for silicon anisotropic etching (3000zm X 3000zm)

Al/
o~

Fig 11 MOSFET for Al protection properties, Al thickness:1.2/m,

Gate size: W/L=40m/20zm.
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42 472 ¥4

a9 128 2 23 A8E AYE oA 43I AXNE RYFa U+ ¢

ze]

=,
g

AdE PYREXE AH&atdlen WAZAE 283t ghgzed A4y g5
A3 A FAMAG RS NGEr) fstd 2xwEst o +0.02TY A
zZhe 824 Z(Model WB-31D, Jeio Tech Co)E Al&slgon A4 2t
SEAE ALt SA8HY vk Ee] &% 300m AEeolH AvlE 2
A2 delFy a7 deolHE AMRE ¢ dv A2 4k 2™ 129
o] A7 AR E o] 8sled TMAHE N ot 49 3R

Thermometer

Condenser ﬂ/ Controll
ontroller
\ ]L_é,a Box

Cooling -—->|—_—[: jﬂ Drain
Water

Etching
Solution

—> _Witer

Silicon Wafer

Fig. 12. Aparratus of silicon anisotropic etching system.
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9ol A7} £ o] gt HFoX: WA TMAH &4 =8 dA&A
fFrAE oM 2xwste] g 2zt W, g4 2= dAYSA FAT
HelAl TMAH £9¢ Fxxge m& Agg e 2ztg ¥, AR
TMAH &9 Hg& F25 H7tgedel A4E ¥st € 5 4, 4 4
27E 2T fA S5i10.2 ¥ 43 BHY APODS H7MA A7 wite FHs
Ao =3 H2E dEY gdd AR dF PP e A Uy 9 G
FHE BT

AgM A g7 g AE TMAH (Aldrich AHAl, 10wt.%) &48 @ol49%
st 3wt%, 5wt% R 10wt%e HAE AR AMGEAY Si ¥
(Aldrich  ARAl, 325mesh, 99%), Silicic acid (Aldrich AFA|, <20m, 99.9% °]7)
% APODS (Sigma AMAl, 99.2%)& AR % TMAH &9 H7tste] 42z §4S
A 231 oh
5wt.2% TMAH &9 gJeld 6g2 Si B2S H7bstAch de| 2L dol9, =
dold =Zez 7MY & o oY ASL &M fHNed F AP
o] delm® b A My or Si BEg AAAY S 23e don =7
2ok §46A FelHH, olHF AN AdEHe w2 vtEe B2 G AF
(bubbling)& AT}, o] & FAt7] s Hl@y @& 259 45TAA &3
ANAT AT s B S A A3 S Ratum Do) B 5o ¥4
Se AP vk 2@A Si A SiOH.E Hstgezs AgE Ed-deol
FHE Y e WAl Ak B AFAME #HE T 169 Si(OH)E &3
AT BES AAs] 9% AYW E4A=2E TMAH+SI = TMAH+
Si(OH)4 & el A"2~5g/De] APODSE AHAF H7Istsivh. APODSE 84 4]
7171 913 w3 51&2 85Tl 2B H(Stimng)E )83t &t

=73 Ax2e= FE FulA(Bx60 Olympus Co) B AR o)A (S-2460N,
Japan) 5§ AMEEIAR, AZtE W B4 R A7 Ae)E S
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51 TMAH £99& ol83 2z} 54
2y 132 dholotza @ AE)HY TR ¥ U@ FRE 23 gE A¥EL

& AARYE Aolth AA 27)E 3000mx3000melth 29 138 (1)~
©F W Eoel mE 42 543 NZES F4y) AT YFolo

(7)

Fig. 13 SEM photograph of test pattern.
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3¥ M7= BTAA Swt% TMAH €99 Si (6g/) %+ Si(OH)a (16g/1)E
#4718 §4% o goAo] APODS(2g/E 27 H7t @ 8ol @ A2ge
Z7h bl Zolt o] A¥ANM WrhE W mE 474Ee 23d 23, Si
Brhe SIOH) #7HA 42HEo] AHEE 2ol vk TMAH $alo] Si 2

60 - 85T, Swt.%
50- I
0 I I

S|+APODS Si{CH), S\(OH)4+APODS
Dopant

¥ -3
o
]

(5]
o
1

Etch Rate (un'hr)

N
o
1

-
o
]

Fig. 14 Etch charactensitics of p-type (100) silicon in TMAH(5wt %)
solutions with dissolved Si(6g/1), Si(6g/1)+ APODS(Zg/1),
SHOH)4(16¢/1) and Si(OH)s(16g/1)+ APODS(2g/1) at 8T
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S A B Ay i ANE JA) A8 46T ALE FARY FHARA
o} o] B4 &3 AN A7k §7] vigd] e EF Fo] YD ot Y
Zgel Az 2 ER Ao T8 AAQY ddo] fvh ¢ ¥ls) Si(OHMS 3
74N e gaEE AgED glo] At ®¥ S B =& Si(OH)O
Ad GA4AQ APODSE #Hrtgegs Aztge] MAES &4 ANt

a9 15€ 85T A TMAH+SI(OH), (16g/1) + APODS(2g/1) &4 TMAH &

| TMAH s SI(OH), + APODS. 85T
35

30

25 - 2

]
20 -

“
g
] A
A
~

156 1

Ecth Rate {ishr)

10 - -

LI B SN LS S AR e S | T

2 3 4 6 6 7 8 9 10 11
Concentration of TMAH Solution {wt.%)

Fig. 15. Etch rate vs. various concentration of TMAH solutions with dissolved
silicic acid(16g/1) and APODS(2g/1) characteristics of p-type (100)

silicon at 85TC.
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do] 25 747 3,5 10 wt%E B & FAE W] L& S dF 4F
A7HE Holx vt YwkF o ¢4 TMAH 24N e gL FE7}
GEFE 25V} 54T E AP e 0

A 9o Ao BA 3wt.% TMAH €99 4zt&e 5wt.% TMAH Rrth
S8 B & vt olAL A4AR A o Heloh AHARA L 72 6
FL I3 BYd QeH, ARFA ArvEE BE 5 g

2 (12)o) A o]y Az gdoA HO0E ¢4 Si-Si 2¢L wAdz] Si-He
Si-OHE vHETH H:09 OH o 9% ALy wge A7ZF & &31d + 3
= FEY Si(OH)2(0 g B4 3o}

Si+2H20+2OH~ e 2H2+ SZ(OH}z( O_)g (12)

AT o]23 @ 47t Si(OH)(0 )2 FHE AASH Hzo] QYA 24
9] OH o} 2& A9 Si ¥AE F3A71EA Sif £HS 49,

Sif +2(0H™) — Si OH), (13)

o] OH 0| &5 & B0l o8 dad Edol ¥ o4 47 st AL wHsin
Ayl e Asee AW FAXARNT o)AL ERA fd BFoolr), o
A @4L 4FES FAaA72 AT AFEEE TIHNA HGE AAANY
. A= 3wt.% TMAH+Si(OH)+APODS £9¢ %¥%7F 5wt% TMAH+
SIOH)s+APODS & ETH A2 ge) Azxd AAL Hurid Si(OH). 7t A7MEL
2N A g Adggo) A= A4 A ¢ Wit ol E A
shebe 2 (14)9 Zo] 49 Aoz At FAHHL.
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29 162 TMAHGWL%)+ Si(OH)4(16g/1) + APODS(2g/1) &M 2E(80T,
85T, 90T)9) WHE FUL W 42E WHE AT A L5 FAYS
g 4780 275t YNAA BAL YL ¢ F Uk ol W AZES 4%
g0 Bmo) 1% e BAE Gehdn gl

s | swt% TMAH + si(OH), + APODS
30
£ 25
Lo
2
& 20-
=
2 T
w45
|
10
i ]
5 71T T r 1T 7T

80 82 84 86 88 90
Temperature (C)

Fig. 16. Etch rate vs various temperature characteristic in the TMAH(5wt.%)
+ silicic acid (16g/1) + APODS(2g/1) for p-type (100) silicon etch,
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219 1794 E TMAH(5wt.%) + Si(OH)a(16g/1) + APODS(2g/1) & o] AR L=
85CoAM HZ+& P& o zt AP W AZE AAE Kolx U H7IA
zZt FEo @ Azte e AEe] RgHd #Ad A dAT ;e Roln By
2 ¢ F AT 3wt% &9 TZAA Z HEe HIAL o 53mvhrolH
Swt %2 &4 FEANE 63m/hr, 10wt.% &JoAlME 36m/mhre] g& Holx
At Heath 52 80C, TMAH 4wt.% F=olA 54m/hre] A Z4E& Evia B
2 %ot drh(Hesketh and Harrison, 1994). 5wt.% £d9] s TojA g 2zt go)
64m/hr& 2 Hesketh 5ol B3 Y TMAH 4wt.% FZoAo dx ) o3t

29 182 ¢Fnlwe FAZ 1.2me)n, AelE HWol(W)dl Heo|(L)7} 40m/ 20

70
65 = .
L \'/’.__._.___.H\“./’.-“ - .\'
i ] Tl 3wt.°/0
E w —e—b5wt%
E ] —a—10Wt.%
ﬁ 50-' . " .F#.H.\./
r 45 -
2
W 404
35 - b A RS S
30 . | . I : , : : f
0 2 4 6 8 10
pattern

Fig. 17. Etch rate vs TMAH(Gwt.%)+Si6g/1), Si(OH)«(16g/)+ APODS(2g
/1), p-type (100) silicon etch.
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2 Ald-& MOSFETY Apzlelt}

2" 1990M= 29 189] MOSFETE o] 439 TMAH (wt %)+Si(4g/]) &9
ol TMAH 8949 sx9 27z &z Wzld th& MOSFETS 4FwE W
Aol Al 9%E B71E @nA ApRelt, o] A3 TMAH &9 ¥=7t
Swt.2% o]stell M= dZAE uish o] AFHE M) oW FFE m A=A &k
o Z#v TMAH 499 FZ71 10wt %ol e &FuF wjade] Bi=lx 23
= ALE yuytew 27t Eopdld wel dRuFe Az Axe) F=gy
o 4G 842 F& vk 4R ES E4A7E 990 Hy, ¢RuEe T
7ol =& &F¥E ABFANOH)E AT o Agae advtz L9
A A(15)8 2ol ¥eH™ AOH) & F4 g},

Fig, 18 Test pattern MOSFET’s photograph.
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AlOH)s+OH™ < AKOH), (15)

A&HQ OH ol¢ol Z7HWA AICH)L 7h 27had. oA 27uy &4¢
FAAAG oleg gat A7 AYE FRN AYPE Lesieh WL
o @FuE A% wete] YyHol wattel A 7] WEold 4 (16)%
A (e ANEe SAYORA STuFe BET A WEAE o
n vt

Si + 20H - Si(OH);? + de” (16)
Si(OH)S* +4e” +4H,0 — Si( OH):™ +2H, (17
TMAHGwWt, %) + SitOH)a(16g/1) + APODS(2g/1) & Aol Aol 2z sied 7
glo] 94T AZ4EL 48 F Jdor FES 250 gi#f ¥R E4S B
t} EE AW g4A9 APODSE Hrbgto =24 AF ot Si(OH) e 3

A HMuth 47480 AN R AxTiNe] A4 ¥ 9 Y4 TAH
& 7jasel Bk F3F 42 EWS 98+ A9tk
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80C 85T 90T

80C 8T 90T
(b) TMAH 5wt %

30T 87T 90T
(c) TMAH 10wt %

Fig 19. Photograph of etched MOSFET in the (a) TMAH(3wt.%)/Si(10g/),

(b) TMAH (bwt.%)/Si(18g/1), (¢) TMAH (10wt.%)/Si(37g/1) solution
at 80,85,90C, respectively.
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52 WE mgd mE A7 BF R A 54

oldby A Zbelol o g Bl ol EFo] RGL Az weh AAAe ¥
a7z gdo) osf AAET Y 202 ZY) ©E AAF Avisk RY
upe} 2jzk 2 ko] Eely A Az A vehd Hde] 48 23 ¢

100)

(10(1

(111)
111)

(a) (b)

Fig. 20. (a) A square opening oriented <100> directions of as <110> wafer
yields a pyramidal pit with [111] side wall (b) The point of
intersection of the <lll>planes is deeper, and a flat-bottomed

pit can be created by stopping the etch
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(10

# (111) /

@:

il

(c) (d)

Fig. 20. (c¢) a rectangular opening on the same wafer gives V-shaped groove

(d) etching a wafer that has a different surface orientation,

BRIt 2" 202)E ZA ™) (10009 (1IDAA W) FALE e 273 4
T A% AXA =ed Fem=ge Fol AAFHAG aY 0= Y
0@EY 383 € JAA4EY 47348 4498w (11)HFe] TAHo) o 2
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A HAN 7 AAH Dt deld] T3zl Aol Azte] FAH 1 ¥
o] AL 547 9 ZHAAIAE ol Fm Hed vl (flat-bottom)d] HE RYE e
272 299 38 20 Q00E i vz 0 PR AAgE e Az
Ad A% A7 ge9e vy HEg g43AG 29 20d)E 10007 (110) 2H
del i WPFHel MR oY AA4Fd A AFE T BEL uE BA
drakg ThAE dels e we Azte] MPPS Holx vk AN FAY
o] (10009 (111) fle1AYd A9, A9 2zt3ge (111) A S we 547 2
Aztark ol ol 1 200 vehd Zrg Y 4= AR BFe A
dio) AA WY R A7 Zo] s UMY VAV UL e ¢F Ao

a9 212 374A A AW H®e] Azke) wE Zho) AYPLE RAP & 1Pe
2 Yehd Aotk 52 24 AR 2ok 7] g2 fyd ue A7
B gake] By g A7 A R Ed dES 4 5 Atk 9714 (10004 ]
W 89 ok NzpFo] Aztde w (111)03de] 9dg 2 E5¥ e 4
ALY Eol AR e RS do)w EHe To @y ohg o
ol = BAUT o§714 oA Hzol ARHE B¢ BAY TR 52 2
G AAztRorel AR wet Az o) A2 tEs ¢+ Qo
AnHon N7 S4e & HZde A4 =5 dYoEVe 442EY
=, 47 oo pHS 2L 84 F 9 kX9 Gge] UAv} wekM A $
of mE ol AZHe AZtE WY EFE dgsrle AH A¥ATH (100)
ZAAY oA AZE (111) "ol 2o Hls] F&atA AP, o 100ARE
o] 2ZHE 9 zto]E Reolx vk olA-2 (100)HT (111)H 22k 547" 2 4]
Zs= g]lel Bk (1100 | (10007 (11DYWe] FXHAEY AAEE Zevh
R o] Hzte] el AHE ol <100>FH <111>#Ee] delHE
Bo] AMEEY, A oW A §do 93 PYAHE E9 HEHE A 9
g 2 gt ofvgt solw ®Hel AA Wo] s A= Az P x@
YA 1AL Zn A45ng gy 44 A o4& 4 guh

fr
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BEFORE ETCH
—l
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E - (a)

(b)

(c)

LN

Fig. 21 Oxide cantilever can be formed by undercutting an oxide etching

mask. (a) before etch, (b),(c) and (d) progressive etched patterns

with time.
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a9y 2204 2Y 287HA= 85CAA TMAHGGWEL%) +siliic acid (16g/1) +AP
ODSRe/MY HZ4dL ALgte] 19 139 AEE HES 243 NON da%e
Azboele] thd A Aol ARez A7 Ay #AAW L PFE yehd Aol
I¥ 2% B2dAY volojZ o] Azte] wE Az A8 A ¢ Ay UHgE
VGERR @rl7 Abzleld 29 22(b)e AR BEAE REANA HZpe) o] Fox
a2 22(c) R 22(d)eh ol 4R AR e wel 4zo] JPPS Ko
aogivk 29 22(e)e AR WAl 84 de] AA Wygoz A4e] JPIF S
bl Zeoldh, 2@ 22(f)E 3AIZE 30% Bt Alzst Foff vehd 2848 tho)o}
Zgo] AxEN A AR elt),

¥ 23 £F HRAY dolefzPo 2 IF 23MNA ¢ F AR BME ¥
Toll A Azbol zegslol Hap T 23(c)et 23(d)ol 83A¥e AR Ww¥oR HZ
o] Xegdct ¢ 23(e)e Az A g 9 e gAY AAAL w
AzhEvh, 29 23(f)= 3A% 300l Ad F AZ4d RYE SEME Abxlojn,
2% 249Me dolde] AART ofFy wEe] £9 A¢ Ay Aygang 4
Bg vErd Zeloh 17 24(h)E 2] Ao AL ehd Aol A
A Azbo]l el wal 29 24(c) 24(d)N AN A 2B FYT kel 4
T HZol A9 olFHAA du Ut vtR AARY disf o2 Wkl o)
Me g AZo] YHL ULS &+ Aok FET N3] 22 H 44
Azto]l @ F F €L ME 2uA €& a9 24(DNA Bejn gith

¥ 25% dold AAwdn A7 AgHgE v Aojck 1y 26(b)el 27
HZtAM @ = dxeol AREA M2 o E W) tiE] o] W AR
o] Aol wl 1 25(c)9t B(d)NM B 83 e AA wakeg Aziyw 7
Adst 2 me B "l diiMye Aol olfoixx ¥z 4. a3
25(e)= Azol gk vEld Fojut, A Azt F mye zoke ¥
25(f)ek 7ol 479 TAE o] Fxu Yth

a9 26€ oY 239 #AME dHEoz BIAY wuidd AAUN e TE
F7h dgleltt O 26(b)e AM A REF shed) EREM 2 zhe] o
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Folx A 29 26(c) 26(c)% o] dAY WEFoR APHA &d AHA
a9 2603 e FA3E BAth 29 26(e)e HZel IYHe HEFS ATk
a9 272 AAEF HFYIEAN AL FA AR & LAY HYy Az
PRA-E Jepd Aotk LAPY HEe ZAATN AZo| A £ HYF 4
e Y A5 Ae Ado) glow, AT Yo hE ZMY FERAT
A zto] MYHE Rolu A,
39 28 7% 2%FH A7) wE A7 RokE vEhd Aotk 1% 28(h)
g 28(c)E AZeo] WAL debd Ao 4789 =AY FEE e A4
08 AZ7 F4E AZo] & o]Fo An, 44 F 27| BAY] ¥ 28(d)
oM Ay Td3 Ao AZo] FHPS ¢ & AN+
F 3 AT Ry ZAHL] W we FAHY RIS HAE Ao
Aot 2L A dojojxy, 284 R e AW T2 F HAG Aol AT
HE9 Az g& 3 2F7F 71AFHA AHo A9 gl Y3 F2E e
WA 448 2R} FAE ¥ £ IZQ BFAME IAYHA o
M2 vhg 2N A&l Aol AP & 5 Jdrk o] 2HAZ A WA F
HE AAE HfME oA Gt ofet BA Yo mE 2 Wae
EOE dE B9 gt gloh

to

Table 3. The relation between opening, surface orientation, and structure

Opening Surface Stracture
(Window) Orientation
Square <100> Pyraridal pit or truncated pit
Retangular <100> Rectangular pit (trench)
Circle <100> Pyramidal pit
Arbitrarily shaped <100> Rectangle pit

close pattern
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(a) (b)

(c) (d)
(e) (f)

Fig 22. Etching prodecure of bridge type diaphragm in the TMAH(Gwt.%)+s1li
icic acid(16g/1)+APODS(2g/1) solution at 85°C with times (a) 0.5hr, (b)
lhr, (c) 1.5hr, (d) 2hr, (e)Test pattern with etching direction on the
diaphragm, (f) Fully etched shape (3.5hr).

- 43 -



(a) (b)

(c) (d)

(e) (f)
Fig. 23 Etching prodecure of bridge type diaphragm in the TMAH(5wt.%)+sili

icic acid(16g/1)+APODS(2g/1) solution at 85C with times (a) 0.5hr, (b)
lhr, (c) 1.5hr, (d) 2hr, (e)Test pattern with etching direction on the
diaphragm, (f) Fully etched shape (3.5hr).
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(a) (b)

{(c) (d

(e) (f)

Fig. 24. Etching prodecure of bridge type diaphragm in the TMAH(Gwt. %)+sili
icic acid(16g/1)+APODS(2g/1) solution at 85C with times (a) 0.5hr, (b)
1hr, (e) 15hr, (d) 2hr, (e)Test pattern with etching direction on the
diaphragm, (f) Fully etched shape (3.5hr).
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(a)

{c) (@)

(e) (f)

Fig. 25 Etching prodecure of bridge type diaphragm in the TMAHGwt.%)+sili
icic acid(16g/1)+APODS(2g/1) solution at 85°C with times (a) 0.5hr, (b)
lhr, (c) 1.5hr, (d) 2hr, (e)Test pattern with etching direction on the
diaphragm, (f) Fully etched shape (3.5hr).
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(a) (b

(c) ()

(e) 0
Fig 26. Etching prodecure of bridge type diaphragm in the TMAH(5wt.96)+sili

icic acid(16g/1)+APODS(2g/1) solution at 85C with times (a) 0.5hr, (b)
1hr, (c) 1.5hr, (d) 2hr, (e)Test pattern with etching direction on the
diaphragm, (f) Fully etched shape (3.5hr).
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(a)

(c) (d)

Fig 27. Etching prodecure of L type diaphragm in the TMAH(G5wt %)+sili
icic acid(16g/1)+APODS(2g/1) solution at 85°C with times (a) 0.5hr, (b)
1hr, (¢) 15hr, (d) 2hr, (e)Test pattern with etching direction on the
diaphragm, (f) Fully etched shape (3.5hr)
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(b}

{c)

(d)

Fig. 28 Etching prodecure of cross type diaphragm in the TMAH(5wt.2%)+sih
icic acid(16g/1)+APODS(2g/1) solution at 85C with times (a) 0.5hr, (b)
lhr, (¢) 1.5hr, (d) 2Zhr, (e)Test pattern with etching direction on the
diaphragm, (f) Fully etched shape (3.5hr).
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