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Summary

The micro thermal sensors described in this paper were fabricated by using
silicon micromachining techniques and platinum thin film. In order to develop
semiconductor thermal sensors with better performance, it 1s necessary to
study the material, structure and property of a silicon micromachining
technique and device based on it.

Insulator diaphregm can be fabricated by silicon anisotropic etching. TMAH
(tetramethvl ammonium hydroxide) solution is used as etchant. The main
advantage of. TMAH-based solutions is their full compatibility with IC
technologies. The etch rate of (100) oriented silicon crystal planes was
increased linearly with decreasing the TMAH solution concentration and
increasing TMAH solution temperature. And etch pits of silicon surface were
decreased with increasing TMAH solution concentration.

Mask pattern layout and process design of the micro thermal sensor are
performed by using standard nMOS process techniques. The chip, size 1s
1.5mm % 2.1mm, is composed of a heater and a temperature detector.

Micro heater and temperature detector were fabricated using platinum thin
films deposited by R.F. sputtering and patterned by lift-off method. And the
operational characteristics of the heater and temperature detector are measured.
Finally, micro gas-flow sensor and vaccum sensor are fabricated and their

operational characteristics were measured.



AP Z+E Betgoly ERS AEE Poled &
(714 AE 5)og vl ols % AAT FAFY 5 v 2AE TIO
MAE $2] Azto]l 23 AUE 7] #zAVIHol e Y& wHy FE A=
A NS Betsty #Ase Foz =2 o
oM @ A ¢ PAH HE 2AENE FEE T U

H7 44d B AN BE A Roolld vlolaz AFEY H&EH U
AA. AE ARA] Az shEv] 2 g gErvek e Ha 717l
Aggoz sd 1 FeAo]l FokAdA, AR AZFTH vled vlMtE
(micromachining) 71&< &8% vE olojag Ao g d7e 25 2
g A44s A g

A 7lee wea HAHsg Az2TAH VIEd vlAZEE 71Ee] HriHo A
2 2z} &£x9 ojuAolY BEE FEate]l 5 ol&5d soj Aol 7ol
U £ 2 mgrs S3oge 9 7hA 849 A AxE 29 5 A S
qom 7, ¢ L NHEE A 5o olgH Uk EF HTE o] & AA
MeA 9% AzEHe AHG LY F UL HAE vMztE 71EE o1&
sted @ 7|H Aol 253 MM Fe trls AME FEE F dE F A9
A RS 7HA L Ao

2 BF CMOS EFAH7Izold EF vlolZel FAH7I&H 840 e €
EdAFAL A7 e 93 AE7F W3] o]F oA JH(Moser & 1991).
o218t AE L Tolofzal B3z ¥ WElY Feie) Aoy &¢FAY 4

= 72z2 Hogith FHoz # AYHn F&Fol W e P27 7Hest
o olgsh p2E FRHQY LTHiRE AT 5 AoH HAN AN, 7hEF

F A4 2 mRde 44 59 G4 S8 oW AUS T 5

rir
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ol tHLenggenhager 1992). (Qiu 5 1995), (Kalvester & 1994), (Baltes and
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Moser, 1993), (Jaeggi & 1992).

YA B o2t BE Aokl UM Fo AL uhf TRV dF
o 25 A& A7 AT =YL YT ALH gon, A de
AFgEln e e 2 2x7A 8A4ELS 4 dEd g ArixdyH, 9FY,
Z 2 A& A(RTD : resistance thermometer device), EMA2E T o 712 F
F7h A o] FoME exo) M2 F&o] AIAY WIHE FH3}e F2AHY
Ae o2 Fesol vis T8, A, P A F AE hed 2= 9
7 WAV 238 ofy: JAH FHY Fe oFEn uriete WHE

2=

Atk 53 WF-zeAgANE AP LA

P
K

r
flo

ex

o

HollA QA7) ol NG YL o3 Y, AUy ¢
8 Zo] A&ty A nexel Wg ZYS ol &3H7) W A
Jol Umn] UM ¢ Zdol B2 Az7te] 2853, ALY BT
7kl ©Ae] Utk 2y vty wg-Ze g ol 22 EAYE MZ
g 4 gon 2¥3} n43d ¥ A7HAR7E 7 st Meijer and Voorwinder,
1991), (Regtien, 1990), (McGee, 1988).

A7t AgE FF AMdle g8 kA F/7F AR EHEF AAe v
=4 Aset FAHE ol&sd 1 HA AHY F U= £F
olfr2 dgHH AME ulolaz MM} ulMizty FokdlA ARSE FF AAM
o] hEES A AFaiet g5yl € WA FH Fo nRIIHA okl
2 2890 =3 U4 AME HI 77 AR eE AR F
A7len od7tE 71 we2 o8 7hA F2 A7 Az AtHEsashi,
1991), (Yoon and Wise, 1992). €& 3713 Ac 44 % BEAE o] 88d &
A A7), ¢EHEE P HHALRE FF7) 9sA Bol AxH U €4
Zr)gekA e WAGAE B 1982, Joham H. Huijsing §ol ##7F 71¥<
A4 A o Jo Jd A LeAE 71EZ 3t BJTE o8& #2332
2 AHEEHA F5S 2AE F dE FHVE RGBT F&9 Nobuyuki

Tanaka $°] 1987do] gwrxo g Atgse A 718 didle R=E7E R

o
~

Jjm
>

R



o gl AtgshAM FE Y Fo| fAd 2EE FHIe &= Ao FFo] A
o pAzA YEE ZFHAS AsHch 19873, FF9 Tong Qin-Yi Tl
CCT(constant chip temperature)¥2l& o] &35 CMOS #&%EHAE L7033

Fex s YA 71 Yol Baz HE vtE EWA2EY W 4w
2R g 7tIdd ALY F45S FAHse Aolth 1991d M. Esashi

= AR 718 olgdd AT §% P FRZYVE AT LR 3

oo

2
»
flo

rE
i
uli

o 28)m H2oE 19939 D. Moser 5°] CMOS &3 7% vlA7tE 718

Nl

ol g3ted n-poly/p-poly FAUNE Azsln ANEAE ol §3 25T WA
We A7E LESE 5 AUUE 0|88 AT Sol w3 VYR Y
e Aoz we &5 AAsY, MM

|
ARSEE ¥olvl st HEe o Hze] aydAG AFA M W

O

o] o8 ¥ 4 z}&alol EDP(ethvlene diamine pyrocatechol) &< 3 KOH(potassi
-um hydroxide)& & AA #HzZ A nfaz Pele] FAHH] Q3 o]
HAE 2% utetg AzgooeRE BEsol g gty oez o4Hy ®E
CMOSZEAolU EF uwolZatx4g #&3ted Add #AZ Hx U ol
3 EAE 5oz A Yl RE FAH] niREd Fo £W rix3A
Ha 4 wgS ¥EEr] 9 Fr1EHQ mhe] glo] deE 474E ¥+ 8l
= TMAH(tetramethyl ammonium hvdroxide)-& <ol gt #&o] HZT BuHx
el Lenggenhager 5 1994).

2 E=FME AZ FHo vimy dEdtn A0l war, TLAME
ety oz bgsted e AZE AHE3tAE Adge]l WA ¥ FHE R1
Qe WIS ALE3l AYPZ vlHE vl wed JAHIR Az 3P7IE
S $83 vlojag FAME ARG ©E ST 7IAHA Bl ¢
& NON(SEHNSSIO/SiN 729 =g LPCVD ¥ APCVDYE ©] &3t
AglE sloatel dA4stn ZAH 2 98 548 FAGIS =8 49& uA

HES 9% AelE ojwd Aoz HIe WM AHEHIT e TMAH
gl o) tg 712 AWL AT o) WL T £ =BolA A4 A



3 A olga Azte 98 TMAH 4zele] 238 AASG 220 @3y
vte ol g3tel vlo|ag

ATk NON 7o A% chololmaz wuler sEe} LTS s
o vlolzz FHNE AZEL olE shafd WMl AT AN S8 B

bt

SE 3 LAV AN 1 T 54E 248
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0. 7lxol&
1. €M AM(Thermal Sensors)

AMEL =A A7)-2A A M(self-generating sensor)$t WE  AA
(modulating sensor)Z /& + UTh 7|4 AWM ZAe UAHPNEE FH
d MY P BAH ol2RE £HAZ JTE IAED FHH 253 4TY
AEd gx e € MUY GENEH YEse ¢S ddEd 228 o
P AMES FA Y ojud MIAE PR3A] For T A(offset) §1°]
A dEHA AV-EA MMZE HAd B AAM, &4 A A X (true
rms) ¥ 9 vlo]a 2 A Fol Aok ¥ME A AHAe, dYHLE

=
HES AAde d AdYdL G2 HZEY. 283 JTE 2Ase € 1Y

2

o

v ARAE NHEEed SHLLEE RASE ¥ JAHSE At vlejaz A
cole #gue ey AR He e Joule

Z AN dEJ /F AM
AE AME BYHA FEL 4y AEg Wolso 1 NEE Y Y5 W
B3, oA A FES A /5 HHQ MIzE WBAIE Ve S
o F, SAMEL G459 A 7HA #BE AAAM FEAPG. FA ¥ GFHY
37 @ 5802 WEH EA 4 5859 ¥Wile 943 U3 WM 2% Ao
2 v, vpAgo R o] 2% o =271 3 Al o) M7IE
2 Yebdth(Sze, 1994).
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N(input power)
|

' Us

(signal voltage)

Temp.
detector|

Heater |  omemp-

Physical factor

(gas flow, pressure) Heat flow é

Fig. 1. Block diagram of thermal sensor system.

a9 18 vlolmz sE 3 LEuAvIE F48 MY B35 telade
M A EA9YE 2402 HaFD Utk A4 54 devlEse
s e wAzZ BREG. & Axde duA BYozry 58 9o I
SAHE 25 2/} ARHEM, o L5 F7FE WASE FE 23
M3 UE Boldch

Al AN 2E SE AE WY U 943 A3 N9 818

S=U./N (V/W) (1

3 go] verd 4 glen Axe) BA B4E ¢ & A
AAHz AZFAD olHAE 718 ol g5t A cholobx Yol Au

o

J ANE TS A9olE AEd I FEAZ A B B 9

“ (<]

5
82 =€t Oudheusden®} Huijsing(1990), Oudheusden®} Herwaarden(1990)
So o3 A7d AYE deEe FuhHFze R Axg &4d g o
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o 7EE AME7) Y8 NOGSIENSSIO) EE NON(SHNSSIONSIENG T3 28
Fzol B AAA tojopzd T WBHI F& ojfstn UAtkVelklein,

1990), (Klonz and Weimann, 1989). @ ¥ xgo] @ Hdnog @ B3 729

Y+ ok
st e AT olotz AL w 2
e B2 842 Fo A dololzye gawvtoz el YW of

i

Ug 7td% 2 eEZARE At NAHY AAY dgw dof shmg §

d

7427} ARbElE Z2AE UhEdte FAIR A Z}stool doh
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2. g¥g o|m

AL &t ot Yojue oduAg olFelztn & F Utk e
2AANY T EA Aold 2xayt EAEE W= FAgo]l dojdn
(Incropera and Dewitt, 1993). €2 7}A 729t 4% &3 §3 o] B I3
3tg ololmz Aol a3 giolth oA MEX HHE ol dEA 4
22 HPrdas)liMe Jouled WAl o8 A °l& & AW 2P HA
A 9 & Ao ¥y 2R glo] e &2 & F U

slolzgz FAAMME UoiA FALe 7jRHA FHE AE, thF L Hilo)
o3t gAYZ ol AY¥ &£ Utk AdAHog g AU LZEFXE 9
A 7 geje] GHgel o Moz Aojso mald & Fuo AL
e Hegde Auxzgoz Ry ¢H3 Az £ AohSwart and
Nathan, 1994), (Sze, 1994), (Crary, 1987).

[«

¥

1) A =(Conduction)

AnE AT Ye FAY Ffde Ex9 &5 = AH FEA Ao,
&9 Afde A olFd osld medM AL FHoZ AU @ F
ex Fujol g ouix] AL AxH o FHE) JlRHALe 49y dF
of 2A3t BiotZHE fFAHNOY YutHozE IR F ol&H sHA
Arge zZg2a Fel2ei8A Joseph Fourierdl 93] AP=HAH A=(AUA
$2h& BAA F Fourierd Holl 95l & wPoz e Axd 4% JULTEL
AFol AT WH} 2 LPe) 25718719 Fol v dE W, Y
029 43 EL Fourierd Aol 23l

Q,=—kA% keallh T= W 2)



0)(:% =—k% kcallh - m T W 3)

kR
rir

£ #o12tHChapman, 1984). 4714 Q= B4 AE % 9 4%z <&
Aggoln, ¢, v ¥ gz dE Y A(heat flux)i ot vlAdTF ke
229 AAE &(thermal conductivity)el2t 3ted &4 ¥ &g zeo 4 (2)
o} Qo THPY L9 HiE FAGo] 4 xIFoF dojd W g lEE Q)
7} kel &g A &7 fsiMeldt &, Fol %o 1o dojud 1 B
o2 257t izt stmg §T/ox7t €9 g A Hol e Ao Y
" 29 2ao PAl g (EE Q)7 ¥ e ZA Eo

oA 23 WM Az o8 dAGL dgH g YvAEI EAx WY
o o} FojRch,

oT

V(v +qg =cp 77 (4.a)
L
2, g _co 6T _ 18T
VT+k ot o : (4.b)

A7NM k¢, p D B BEF 2EFFIN, ke 39 ¥ (W/mK), ¢
= agAdg o HHW/m), & @Y ART NE(ke-K), e EE
(kg/m), TE €%, 2811 o& FAEEo] &% i vlE Yehhe I
& (m'/s)E JeEr PR H(Swart and Nathan, 1992).

4 4blM o7t e R FREE] Ab, AU CIFHEst M2 AY
2he "ggo] AtE AL vk d§Fo] Ate Re BAWE olFdc

g FolA Ao o] 2 B FFH 2 B 2EE F5ATIEH 20

l'
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o, 299 ¥ 49 g& P ALHA 9o,

2) i F(Convection)

FHZE A o Ee 2 WS 2E 9 449 DHMEEY 257 geEw §
Holl gt FA HHEE ARZ FAY TAEH Alole] Fo] HYHEY)
o] d¥E 7IFE WFHL It dF WL FF5AY $FoFHE Yoy
© Az Agg delde 2ozX duae AT iy SEH AAS A
ol Hedd T R g0l W EE HILI P QR 3o os ¢l
AHoz TG, o] FHG 7175 A F(forced convection)2t: R&tc}
o), FAlel EFo] 2% Tyl &) HAT FA Y o o A} ©
Al d&do] ¢H3 Axgodd amy WY 717 E 29Ad F(natural
convection)2}t 3 FcHSwart 5 1991).

ol ¥ %2 dFol o3 Mg YutH e oS g

fr

Q=hA(T~T) (W) (6)

714 ke EHY AF(heat-transfer coefficient)o]n), WHFANE X3t
7hAl sEelEi gl E@T Av =7t T,%0 H@e EAH(meln T,&
FrHe &= & Yeldch

T8 T ARvIHZA Nusselt 7 FF tiFol 2§ AL Abs
71 A3 AHEET, oo o] Podr

N,=hL_|k (7

A7l LE 8M9 S4¢ Jehe dololt A% ke fAS tupe]x 25
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ol A Jetude gelulg o] Wl &3y,
Tel2 #AE HAL wet s=2E ZHF(aminar flow)He FAY AL,

1/3
nx) =0.33 2P

(Re )" (W/m' - K) 8
4714 P, ZAE(Prandt) F, Re, & U8 A% FolE=Z(Reynolds) 3,
ke 9HE&E YepdD

FERo] T20o] obd AS, @A AfE 2o Egsit fA7 aggoz 3
E0x JHAstd. EUS we) oo Holxe FRH A wge ge
ZoHHE AL AZH L x=0 o},

q(x)zf hix, r )igg(gdr (W/m) 9
0 T
HAg H2AE2E FFA et 99 HBe g AL A5 h(x, )=

k(P)l/3

h(x, r)=0.332——"— (Re,)'"*

[1_( Tl/x)3/4]l/3 (10)

@5t (turbulent flow)oll et dxg A4 h(x, r)=

k( »)

h(x, v )=0.0296 ——= (Re,)"®

[1—<r1/x)3“]”3 (an

o2 vyed # Aok



e 225 AddFE A 7HA @A droAed, dRd7iA "2
Wolo] HAYE FAc U dF D S48 g9Fh, FF R dFoIT sy
o @AM Ee wAlze) DA e thgel Grashof F2ta A FAHA gl
oj &gt

Gri.=gB (T~ T.)LYv? (12)

Grashof & Aol g 2ol n &g orlsiyl, L& EHSY 54 Lol g

v 94

fkg/m - s), vE BHA AFlmYs] B e 7t2o] IBF ASK "

il
L
Auj
rE
£ B

3) B Al (Radiation)
EAlZ E8 F£AL Stefan-Boltzmann Y Ho) 23td ZAH=H, A Pi]
of s E & 2ol 78 & Uk

Qa= € 0 (TH=TL) (13)

714 & BEW BALE, ot Stefan-Boltzmann 44 & WebATh

o
2% T T 5 B Atole] &4 EAlm#e th&d do

= o (Ti- TY) (14)
Grad2= ] e +1/e,—1 A

_13_



m AZ vAZtE 7=

AalZ olq7tE 71&e vle)aE MM, vlolag ¢ R vholAR AlLEY
ool 2~ ML e ZFosith nA7tE 71Ee e ety Azg ol §F
ARAAZ 2R 7)e3 vz 3o zgedy & & Jdow we e A7
2 7R = Axpgdoln 1AM FE Aol shgsith dvtHez vlATHE
&e Babuk) ClAE e BW UAZEE V&2 2RE £ AT P4
e 7)eold AHEHE 2HEe oAA A, Zol(polymers), fral, &,
g Aehe(ceramics) 5 th¥stth(Hesketh and Harrison, 1994).

Mo u 47t 7S E¥e woz AW dolnziE HEg AAst

o 309 TEE s /&M BAR AT Add 712E FI At o

I

71&e ol Azgads Mrausdry Ao ol A A & v
A7be 7z AdE 24 £ deZd FAHAY Agd FAold B
z9 s 71e 24 W(beam), M

o) 2l (bearing) @ 3] A zt(rotor) 52 FAsHATHSze. 1994).
1. &l2|2 olgrM Azt

W3 o7t e J)e2d nATE AR g Fostn FHAAsA AEH
S glo) A7 Agold AA FAAZRH ANNzZez UE F Atk 447
A A @o AlgsE  Aztgde  SwA(sotropic) AAE&AI}  olEA
(anisotropic) AzZtgdoz Us £ 3dod E&EEY ¥ES Azt g ool 2o
welr Azhgo] Wt
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Aol oigh A4 1970d ] HolA 19803t Z oA oF v] %= ch(Ristic, 1994),

&4 2@ olwa Azt vl @ #9E Jlgolw, ofd A 28 HNE

o] Aol HaF vAMZtE Fx2E HEscd AHESHE 7MY F83
shipol ot

A& ojgAd Azt (1) AW W dig HadFE AL4E, (2) BE+E &3
Ao W& A7tgE, (3) Y dlolo] A(bias)e HE Tol &3 xFHA 4
7+ 2 Wty Fogn AL F g oA Aztele Aztgo] MglEe A
A ekl A o Este 71EAA AAE vHADn oy, MeEY FANA
{(111)8e] AztgL & & Z2AHEE 2o @& AZ4EL 7HX 1 Azt o
RE Baigo]l Ha& dolHe AA W) i o7l fFoletn LA
A og oty Azt dzte] dHAH gt Wxo FFoit
(Hesketh and Harrison, 1994), (Merlos & 1993).

aY 2v F FF dolHe AL 2Y¢E RAF T gl delHe UdRE A7
ntA32 BEHD =F3E FF0] AztEnh <100>%EE 7= dolHedl o]
A Azbe a9 2@dA Y 1IDPE wel A5, 100> <111>%3 A}
ol9] AAEE 5474 "9 7]€7)E 7RI A Zto] AP <110>%FE A&
ool AsE ¥ 2edAd HFE (AIDEL 3 wigoln & F Yy
(aspect ratio)& 7HAl 1 A ZtEoh. 9o} T2 AU AYle olfEE HeEol
Gololes 24 TxE AHAs <1004l B HZAEE <L0>PAA 2
o 25 w0 of F whde 23 111>WFoA Hoh Hojx 10u] o]4Fe] o}

F ¥ HZ4EE 77 9 Zold(Ristic, 1994).

o}
oX
of
i)

32
£
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<100>

<111>

Si  Surface

(a)

SlOz

—_— <]111>
Si  Surface

(b)

<110>

Fig. 2. Anisotropic etching of silicon. (a) <100> wafer surface

orientation, (b) <110> wafer surface orlentation
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we AT ojwA Azte NPT MM TE AZE JAM e Fas,
2 MzFHAA AEHE Aol ol WA Az EolM i YHe
RE AA5eAl s7] fetd J1E FR71eNe] sR4e WM gyl 1

ot olelg 2AE WA AES T e olwy AzdozE YA sssAe

a)
B

3

Alg] & o|utA Alzbg ol o 2+ hydrazines& ), EDP(ethylenediamine pyroc
-atechol)® %, KOH(potassium hydroxide)& <, CsOH(cesium hydroxide)& %,
NH:,OH& % % TMAH(tetramethyl ammonium hydroxide)& < o] <AtHWu
and Ko 1987), (Wu 5 1986), (Seidel & 1990). '

KOH& 4 £& Az 33 2 S48 AU oA 73 B HstA A
53 AT SYSI0Y AZtE vzt R 3 ol A ol &(K)e o HE FA
ol Azt ¥ 2 A B FAHE FYHol e F IAHYRE FFAY s84
o E#7F tHCamon and Moktadir, 1995). Hydrazine®& %3 EDP& 2] 73 %
v §odo] SA4o] Bt AA FHE 4HAES AU Yder, CsOHE A
Bee w2 7tE dFol o2 go] Ack(Yam T 1991). £§ NHOHE YL o]
o Fastn YA FAHA @l e oW AGdoz AHAHJYoY &
ol ¥ ¥Eo] Qv BEFE 2717 oy 2 E 7K1z A9 TMAHE o
& EDP9 #AHg 548 AYEAM, Bt} tdsn Azto] w2t #dF A ES
7HA A2 FAH Hold 84 & 7HAAT 7HFHo] oe ¢HE HA 2
A (Merlos 5 1993), (Acero 5 1995). & X9t o]lE AzZtgASL2 A E o)y
A AZEE AR 25 R1iE] AMREH T glow, Ay EAE AU U

l

_17_



2. TMAHS A& 0S8 &2|Z o|ury 42

TMAH& #& KOH&Hel blsjr &b pH7 YEo] Ao FAH
Al oA (100) Azl Aol FaudE ZAE 5= ok £ TMAHE A9
A =% 3 2FrEe At ¥v 42 4 7Y dEn e ¥
b= A Aape) ojwbAd Al zto] rhgdtth. EJF EDP&

S 7HEAl SR E 707 ol S FastnR otddl folso st ©y
Feu TMAH& el 49 EDPRAR 7o 22 E4& AUUME EDP
Lolno ¢HsicdE FHAA TMAHS N0 feldth 28|22 EDPEA &
Abgh 548 AUWAM B Qbdstn Az wel #Ad Az7tES e 33
32 TAN Hold TS JMAE TMAHE RS Hdsie] dad oA 4
7} 8% thH(Ristic, 1994).

ojutad Azt Ay AAHWo] (100), p&, 4~6 2 -cm9] HFES A A
Z deolHE Agadd. A E deolHE mA00T)ANM FA4s FHE §
s oF 6200A 9 4bslebg AAAZG. A o AR A} FHE Fs =
gAs, 25wt.% w5 TMAHS € A(Aldrich 8841 E o83t %
CxRigtel g ol Az 548 AEsidd 19 32 TMAHT &4 4z
EAQL BFE7) A& A A8 "oz AA Zrvle 3000mm X 3000mmo]
o, tolop =y Fxot WEHY FZ T oFd Hele AVIE 231 Je vix
=

Fee welFm gt

ol
B
ok
il

2
e OE
)
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Fig. 3. Test pattern for silicon anisotropic etching with

various concentration of TMAH solutions.

Y 4t B AES 98 SdsA ne - ARG A oA ARHEAE X2
ogF3 gk wgzo| HAL PYREXE At&ston WZAAAE A3t v
%9 Nz $58 FYHA FAANAG VI E 7ML} Aot 2=
37} oF +002Ce HA}E e 3324 ZF(Model WB-31D, Jeio Tech Co)E At
gagon A4 25 & 22AE AR AT HEx AFHY
% 200m AEolw A7lE 29X HAYE delHy 2 dolHE A8 +
qE 2712 st
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Thermometer

Condenser
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Fig. 4. Apparatus of silicon anisotropic etching system.
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3. @3 % 23

24 5= 948 TMAH we%s ol el 2£& 80C, 85T, 0C2 #2 ¥
st e o Hele A7 WHE voFi At
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Fig. 5. Etch rate vs temperature characteristics of p-type (100) silicon

for various TMAH concentration{wt.% in water).
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A WEE FUS o LEwsd mE deEe AREL welFy g

gol AgAM TMAHS &9 58 YA #Astn 258 ¥
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Fig. 6. Etch rate vs TMAH concentration characteristics of p-type

(100) silicon at various etch temperature.
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/Wt %72 Swt% Ao R ¥stE FuAM Agade] Az g g =Y A
& HoFi ok A7lelA te” F A R0C R dASA SRS Ay A
TMAHT &9 F=dsto @2 Aztgo] Wad o o “a” A
8T o] TMAHF &9 Frwslol upiz #)7tio] W E ¥olF3 Jup x
b tat EAI: 90CE dASHA HAF el TMAHSF &) 5 5 slhof
ud AztEe| ¥stE voFy o

o] el 228 dASA FAF deold TMAHSE N sl
WE A4Es FAT 23 25 dAE o HEd 1000Wd Wi HAEe
TMAHF 849 Fr7t 3wt%7hA Zadel we} Moz Z73S & & 9l
At

Hesketh & 807, TMAH 4wt %% oM 54um/hrel 221§ S woltky B
g vt ok (Hesketh and Harrison, 1994). £33 Merlos & 70~90°C 7 %]
Hshel 15~25wt. %72 TMAHS &0 suwsle] W 4ztgs 433 A
A Zbgol of 12~44m/br AEolm, %7t F7hgel wet 2y vEs @A
of e} Aztgo]l Frhgtctn B 13 uh 9lth(Merlos 5 1993).

= AYPoMe 80T, 3wt.%7HA TMAHF S Ao} 58 vt 3olM Age Ax
TMAH 3wt%% oAl A zt&o] oF 55um/hr2 Hesketh So] B &fld TMAH
dwt%E el el AaEet oft & Aztgo] FAHUL. £I} 252 80T
AT ¥ 15~2Bwt.% 7 A st WwE Azt 23~37m/hrZ Merlos &
o] Bud 23~32m/hr#t Ao AAFTE ¢ F YU

Hel Z3& LS Ristic, Hesketh, Merlos 5ol 2@t TMAH+& %9 55 9
TR WE F4 Ao} AZELS Ui Ao)rt YUY Ao dXEE 5
4E 2ol F AR (Ristic 5 1994).
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Fig. 7. SEM photograph of etching patterns of insolation film

(90T, 10wt.2% TMAH water sloution).

Fig. 8. SEM photograph of top view of a silicon hillock which appeared after

etching using 3wt.%6 of TMAH sloution in water.
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50 pzm

(a)

(b)

Fig. 9. SEM photographs of p-type silicon (100) surface etched at 8C with
various TMAH concentration: (a)3wt.% ;(b)5wt.% of TMAH solution

n water.
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(d)

Fig. 9. SEM photographs of p-type silicon (100) surface etched at 85C with
various TMAH concentration: (c)10wt.2% ;(d)15wt.% of TMAH solution

In water.



(f)

Fig. 9. SEM photographs of p-type silicon (100) surface etched at 85C with
various TMAH concentration: (e)20wt.% ;(f)25wt.% of TMAH solution

In water.
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V. vlolzz AMAe Az FHEA

1. NON #+x=¢9| Cjojoj =8 ¥ Y

stz SIE(BUHIS AHAXNE ol§E LA A2PE sEelN wad
Qzne FHE7 20z f% 4 Siol 4E dY WsEo] LERAY)
o ol pAsolor g SHAM LELA/ IR AHAANF ol §E vlol
22 QdAEe) BES 27407017 et SEHS @A B uteld
4 apeho] e Fasith 1ed gy EY A% tholozy rze HaE Wy
A olgsh: FAMSE HFe Be FAES ¥ vay FAE AR
of AbE Wl sEe) @A Awro] $48A i e A UE P xS
aujzeo] 2A7 By 3 SEHA AW Fo| HelE si@olt H7A 5
Satal 9z fAE7] gEol AA Lxpavle A

FrzAdel 2EY Aol A% 4$¢ vlAA ok w3
o ERe5E fA87] Aol B§Bol Mo He zAdms AxTEE
oz A Do olgd eiRgel 43 AU A§FS e

= s o2
ok 140 W/m - Ko GAEEE zte A2 718 didld Edxxrt 8448 932
SixN,2H Si0.2e) 22 AMEE R 2tk 2y SiNs 2 Sionnhe AEE 7%

of AFAEHA P GEF2EHAE 44 YEHWER ol FHAY Tdy
2t JAHoz dAE WEAAY Az} odTh AN $8L AT AU
o F1AH AHAL MAEI) A SiNoH S0 ZFOE o Fo1R NO
2 NON 72Z9 "do Fo| Agse] ¢hDintner 5 1993), (Volklein, 1990).

ZFo]7] 98l Aol F4E HYHE 7/ FEE oY
A Azt e ol g3t @HE] Azsn A doloT A JAl o, 2z
A9 9e A e fA43 AelAgle $el Bud vt ltkKlonz and
Weimann, 1989), (Velklein and wiegand, 1990).
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Si;N,

LPCVD nitride dep(150nm)

8101 10 dep(300
p-Si Substrate SiN . ep( nm)
YN LPCVD nitride dep(150nm)
N
:== . Double side PR
:’ Si PR

i Photolithography

Si Oxide wet etch
Nitride dry etch

‘ — — Silicon antisotropic etch

\ diaphn{m(600nm) /

Fig. 10. Cross-sectional structure of insulator diaphragm using

front-side silicon anisotropic etching techniques.
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Fig. 11. Stress-deflection characteristics of SisNy/ LTO/SizNy/Si

substrate after wet oxidation.
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Fig. 12. Stress-temperature characteristics of SisNy/APCVD
-deposited LTO/SisNy insulator.
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2. 9S4 3E 2EAXIIY AE

sleke Zaa Yo ® 1S o] B 2z
in, 229 % FAE o 5000A, ZE4 7)

Ah FH47140M 307 F

Table 1. RF sputtering conditions for platinum thin films

Deposition conditions Remarks

Working Pressure 2x10* torr

Ar/O: Ratio Pure Ar
RF Power 1kV, 15mA
Depostion Rate 25A/min
Substrate Temperature no heating

H2A) g 2Ex

st A

APty oz PToIHA ZHE 248 2goz s o

HE E33tn e REHAZEZL FAR & AdlA 2317 gE2d 54 4

pu—

< T NI Ay 4ol ol aEE § =FddAME lift-off H-E

& A3 st cHElliott, 1982).
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Fig. 13. Current-voltage characteristics of platinum thin film heater

with applied voltage of 0~4V at 1 x10 * torr.
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Fig. 14. Resistance of platinum thin film temperature detector as a
function of heater input power up to 400mW at pressure of

10 * Torr.
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Fig. 15 Relationship between temperature and resistance of a

platinum thin film temperature detector.
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3. olo|a= MM AE

sholzz Wl walnal sEe LR LEPA/NZ FHH| o
o BE e welvh ool WA # Mg % UYaEH 2o FHwee o

SAY gAR ez Yo gAe #AHEe ol &l AMAY £ Urh 2°
A7l Aew wigurul (&g olgaAY AR HeEE o3 n-poly
Si/p-poly Si @HAUNE o] &8 5 At (Moser and Baltes, 1993). ¥ 3
o] 7by 714 W wtetE A s A E eSS Z859 volaR AR
CLI P IR S [PS =i g e
28 16 ¥ o =RoA Hzg MM Az FAHES ded Aot WA ¥
A7 =89 pd. (100), 4~6482 emel Al dolHE z|#or o] A 4% ]
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sttt t1 thS Aol 9o wgubers. o 5000AF AR F A ¥ lift-offY S
o] &3tad wiutul el S AT WEFutel ES FAHg F 500Ce HA
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Silicon wafer
p-type, (100) 4-6 Q - cm

NON insulating layer
(LPCVD, APCVD)

Deposition of platinum thin film
RF sputtering
(5000 A, lift off method)

Annealing process
(500 TC, Nj, 30min)

Silicon anisotropic etching
(90 T, 10wt.% TMAH solution)

Packaging / Measurements

Fig. 16. Fabrication process of a thermal sensors
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Fig. 17. SEM photograph for the thin insulating diaphragm of micro

thermal sensor using platinum thin film.
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Fig. 18. Measurement system for micro thermal sensors.
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Fig.

Sensor Resistance (Ohm)
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19. Resistance response of temperature detector of the micro gas flow
sensor on the various gas flow-rate from Osccm to 500scem

(ambient gas:N-).
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Fig. 20. Resistance response of micro gas-flow sensor

on the various heater power.
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Fig. 216. Response of temperature detector of the micro gas-flow sensor on
the various oxvgen gas composition to helium gas from 0 mol.% to

18 mol.%.
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22. Response of temperature detector of the micro vacuum sensor
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