Lecture 12

Microfabrication

— Pattern Transfer (V)
« Wet Etching

- Anisotropic Wet Etching of (100) Silicon Wafer

- Alkali Hydroxide Etchants

-  KOH

- Ammonium Hydroxide

- Tetramethyl Ammonium Hydroxide(TMAH)
- Selectivity
- Selectivity for Al
- Hydrogen Bubble

- Ethylene Diamine Pyrochatechol (EDP)

- Hydrazine

- Amine Gallates
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Alkali Hydroxide Etchants

Hydroxides of alkali metals (KOH, NaOH, CeOH, RbOH, etc.) : crystal-
orientation-dependent etchants of silicon.

Bt=S A0 CHol M= OF& =¢et0] US.
Silicon(s) + Water + Hydroxide lons -> Silicates + Hydrogen.

- HHO AelE JAIE hydroxyl Ol=1t BtEotd, A2lZ2 &tatott Ul Jiel
MO Alel2 A2 2H conduction bandi| =& =IC},

Si+ 20H- -> Si(OH),%* + 4e-
4H,0 + 4e -> 40H" + 2H,

- 22|22 =ter= Si(OH),** = LAl hydroxyl Ol=4dt BtEotH Eofld &=
stei=4t == 2t=L0h
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KOH

- Seidel : 72°C, 15 wt % KOHO| A = CH A2 =, 55 um/h.
(KOH 2 At= =0| AH= AEfOlLE, =12 oA = Hl H,0
ST SotoltH, =2 =<2 400 dldiot AA4=E01 &4
SrS0l et =01 2252
-20wt % O[ot0llAl= H£8H0l HE LD =X
-t 40wt % EH= AtEetLll.
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Temp | Etch Rate | (100)/(111) Masking Films

Formulation °C | (um/min) | Etch Ratio (etch rate)

KOH (44 g)
Water, Isopropanol (100 ml)

5105 (1.4 nm/min)

85 1.4 400:1 Si;Ny (negligible)

KOH (50 g)

Water, Isopropanol (100 ml) 30 1.0 400:1 approx. as above

KOH (10 g) - - 510, (0.7 nm/min)
Water (100 ml) 63 02510 1.0 i 5i3ﬁ4 (negligible)

Table of example alkali hydroxide etchant formulations. Note that isopropyl alcohol can be added as a
diluent to increase selectivity, as discussed below. After Petersen (1982). (continued)
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KOH

- Metal-oxide-semiconductor (MOS) EEHXI*H% M zfst= o]l x|E A& el s =
T alkali 0| 2(53[, Na")2 Z&3tA| 2= ammonium hydroxide (NH,OH)
£E = “guaternary ammonium’ compoundse A&7 oot

- Seidel : 2x101%cm 0| & 2 doplng CliAMeE AA&E0| =80 2 4.

of= Ol= <= doping0| 20| = FH0A= a2l =H

| =22&0l E0= 01/\4 ASHEES Ol 2o M A g

= MHZ &0l &1=3] Ol HAICH OlE A Jt=et M

BIS0 HOIMOR RS OHO0IR2 UCE 20| BRATE A4S

O

HEJm
(_1
w R e o

2 Jz 1 02 0¥

Price : Isopropyl alcohol (IPA)E S=o| &JtotH (111)4dt (100)HC2| HEf HIE
=OIC} IPAJ}E SlE= 40 wt.% KOHE= AMEid |7+ 8 0| =L, IPAZ Zsl AlFS
4 347} =t

- AZEEL (112)H 0] o 7 Rsteh(“mirror-like”). EDPLF TMAH o 2= A 7|
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Ammonium Hydroxide

- NH,OH (ammonium hydroxide) : CMOS integrated circuits0ff =4S Ot =.
- Kern : NH,OH (9.7% in H,0)2 (110) Silicon2| &/ 0.114m/min (6.6 #m/h )
at85~92 CT= & 2.
- Schnakenberg : 1~18 wt% NH,OH at 75 CTZ &/&.
(100) =ICH A1 2= : 30 #m/h O Lt hillockO| 0| 47|10 HHO| HA.
3.7wth at 75 C &2 o Z stirring6PE MU =& &A1t
Ay AAHUH A 1.3x 1020 cm 32| dopingAl &12F &84 H|= 8,000
- Ammonia-based etchant= & M0 X| &£ 2.

Slow etch rate, hillock formation, rapid evaporative losses of ammonia
gas(noxious) when heated.

-TMAHJt HEC = AFEE.

00| FZA|AE] 7] Y= MEMS Lect12 5



Tetramethyl Ammonium Hydroxide (TMAH)

- Tetramethyl ammonium hydroxide (TMAH, (CH;), NOH)

(1) EDPE.C} o+X
(2) MIHM 2 Al A Zto] et=A| & =+ US.
(3) 1.0 x 101 cm -3 0| &t2| boron-dopingdl CHsH A A1 20| =2{ &

(4) Bl A Zro| 4.
- Alkali hydroxides& *X| X35t= 4, EDPECt= TMAHE MS5t= &4

THY
(1) Surface morphology”+ 7 &l.
(2) (100):(111)2| MEHH| 7} alkali hydroxidesE.Ct L&
10~40 wt% at 90 COl[Al 10~35 M =, AlZt=2 0.5~1.5 um/min .

T ==
-HM o2 sEUF ZOotA[H AlZtsat ¢ HET|TF ZhA,
B H, 7| =7} Ho| 22 20 UI).
=

AFCHS|

- Tabata : 5 wt%O0i{| A 24 0]

20 Wt%Oll M 12 HE 3
EH HEY[2F A Al &S trade offSHH 10 wi%eZt X .
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Selectivities

- Selectivity for boron etch-stops
e Steinsland: 22 wt% at 90 C TMAHUG| Al 1029°cm-3 boron dopingAl &1 2= 0|
1/10=2 & 4.
25wt% at 80 C TMAH Ol M 2x102°cm= boron doping Al
Al2r=0] 1/402 & 4.

Merlos : IPA(isopropyl alcohol)£ & Jtat™ etch-stop selectivityES =& =+

50 o

- Selectivity for silicon oxide films

o Al2tZ - (0.05 ~0.25 nm/min. Silicon nitride& 2& 2 & 2| Al2tZ,
e Schnakenberg, Ristic2| HIOIEHHE E= &2l (US ).

(1) TMAHE 4 wt% Ol A= H2l AL QHEt
(2) B30l et &M £240| T2 2 2 plasma-deposited film2| A4 E =
HlW3dt)|= 0l &L
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Selectivity of TMAH

Selectivity of TMAH Etchants for Various Dielectrics versus (100) Silicon

Dielectri Selectivity Selectivity(Si-doped, 13.59/l)| Selectivity 20 wt%
Ielectric 4 wt% TMAH, 80°C 4 wt% TMAH, 80°C TMAH, 95°C
Thermal Silicon 3 3
Dloside 5.3x10 34.7 x 103 5.2x10
Low-Temperature 2.8 x 103(360C LTO)
Oxide(LTO) 1.3 x10° 4.2x10° 3.4 x 103 (360°C LTO)
PECVD Oxide 1.4 x 103 4.3 x 103 No value given
=R IR 24.4 X 108 49.3 x 108 38 X 10°
PECVD Silicon 3 3 3
Nitride 9.2 x10 18.5x 10 3.6 x 10
Schnakenberg, et Schnakenberg, et Ristic, et al.
S al. (1991) al. (1991) (1994)

Table comparing published selectivities of TMAH etchants for common dielectrics.
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Selectivity for Al

- &cdl@2 TMAHE R0 =1, Ol0 et pHIE EO0EA M Al BHE 2] A
HEHIE =00 (Y HED|= SI1), (100) A3 E =L
- Reay : %l 2 Al etching &4
250mI TMAH(AIdrich Chemical Co., Milwaukee, WI, 25 wt%), 375ml
deionized(DI) water, and 22g silicon (dissolved in solution).

HOt Z0t& [ AIOI € Al2t&l= mechanism2 Al2| 3t & passivation it
A UL
£ Al(OH), It MAg D Al Ch. J2iLt, 017 e ZatolL
23I0ME s=H0lHRE ] S0 A M- ELE HFZ HIAE L.
- Silicon doping® TMAHE® = OHE A 2022 pHIt HOtXIH, HHA E
== A& 2| aluminosilicate )} 24 & &l Ct.

o

e

HI

(continued)
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Selectivity for Al

-Tabata : SiliconS dopingot= &0l &H(NH,),CO £ = (NH)HPO,)E

SHAM pHE E =L
e 22wt% TMAHUI A pHE 130 M 122 E =, Al A IZE2 1 tn/min0f A
1 nm/min2 2 10004l 2+ A StCt,

o 10 wt% TMAHGUI Al pHE 1250 A 11.52 = S Al 34t

e B E hillocka2J|=5mAEE0| D A2=2 0.7 um/min2 Cr= it 2 L.

e TMAHUI A AI2 2 56t= mechanism2 pHE ¥ F= A0
EIH A & dot= polysilicic acidet= 2

c| & a8kl

silicon0| & oH

- Hoffamn : pHE =] %/ oH A polysilicic acidE TMAH &

e 1692 silicic acidE £ 2 25 wt% TMAH 80mI0i| DI water
or= AL
[ =

e 70C | Al 35~70 nm/min&| Al 2t=

Al 2 Ho M2 & Al ZERULE.

=13
S
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o
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Hydrogen Bubble

- M2PAl =20 2AGHH, 0 JIEIF "micromasking” SES ol Al A2 E O
hillockS Bt= Al &l Ct. HillockO| 2 OFAIS (100) A2 =0| CHES] E H &I CF.

- OxidizerE At&0oH Al ==~ bubbleO| &J|H ] S Al M Hot= 40| B4,

- Klaassen : TMAHO]| peroxydisulfate oxydizerE AtZ.

e hillock 4= A X, Silicon &£ = Silicic acidE EJIoh A Al A2 ES
S Al

e peroxydisulfatesE FJtot™H Al
masking S 0] AL XIJ] TH=20[ck2

e X[ HIA

A

o

Jim
10

2+E]

/1 O

=0 25% sJtot=Ul, OOt =4
AH

16 g/l =¢Q! silicons 22 5 wt% TMAZE 0| 5 g/l ammonium peroxydisufate
((NH,),S,0,)2 222 (2% 80 T), A2£20| 0.8 #/min0l2 Al 2+l
ZEE pHII Y X2 2 6~8AI12F 3 HE.
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Ethylene Diamine Pyrochatechol (EDP)
- EDP (&£ = EPW, ethylene diamine pyrochatechol water) : 8 2H AIE & &1
PIeotH 012 AO0|0H, doping & 0 et & &1 8IJF H &L
- (100) : (111) & E4H|= Alkali hydroxide A2f9S2(CH M 22 35 & T O|LCH.
_12iLt, heavy p-type dopingAl 2l & &1 Hl= 0 ACH.
- Reisman : 1 | ethylene diamine, 160 g pyrochatechol, 6 g pyrazine, 133ml water.

Formulation Temp Etch Rate (100)/(111) Masking Films
T “m/min Etch Rate (etch rate)
Ethylene diamine (750 ml) 2!02(?62 nm/;nin))
115 0.75 35:1 AN U7
Pyrochatechol (120 g) AU, Cr, Ag, Cu, Ta
Water (100 ml) (negligible)

Ethylene diamine (750 ml)
Pyrochatechol (120 g) 115 1.25 35:1 As above
Water (240 ml)

Table of EDP formulations, showing etch rates for silicon, (100)/(111) etch rate ratios, and
etch rates of masking films. After Petersen (1982).
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EDP Etching

- The basic chemistry of EDP etching.

lonization of Ethylenediamine

NH,(CH,),NH, + H,0 — NH,(CH,),NH; + OH "

Oxidation-Reduction (oxidation of silicon)

Si+20H +4H,0 — Si(OH);” +2H,

Chelation of Hydrous Silica

Si(OH)? +3C,H,(OH), — [Si(C,H,0,).] +6H,0
- Chelation : Chelate compound.
e Chelate 3I2= == compound
Chelate Iz0|ct= A2 1S EAt L= 0|2 2=
=2=3X02)2 EAHZ EXO0| Befrol Al A2

Chelate= J2lANHZ A2l EAHE 20| 8tLt.
(continued)
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EDP Etching

- Heavy (>7x10%°cm-3) boron doping : etch rate= 1/50=2 &2 4
(111) : (100) Al2t 2 Hl= 352 S Xl
- EDP & 219 AtZ Al MaskZ = SiO,, Si;N,, Au, Cr, Ag, Cu, Ta S0| AtE&.
2tH=2 AlS "l =010
DR 22 Al A12420] 400:1 (Al:(100)Si)0| Ct.
- Moser : &12t&-14 un/h at 70 C, 20 #m/h at 80 C, 30 4n/h at 90 C, 36 um/h at

e Post-EDP etch protocol
20s rinse in DI water, 120s dip in 5% ascorbic acid solution (vitamin C),
120s rinse in DI water, 60s dip in hexane (CgH, ).
XAl free standing structuredt BIE 0 = A2 2 X,

- EDP Al2tH2 O 2AIH0| 2ot 22400 A reflux condenserE AHEal O

ettt tH==2 IC H&a S8 Ed20A= AFsSotAl ZetLt.
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Hydrazine

- Hydrazine (N, H,)/water mixtures : anisotropic silicon etchants.
- 100 ml hydrazine (N,H,) in 100 ml water (and/or isopropanol) at 100 C :

etch rate 2 un/min, no doping dependence, masked with silicon dioxide or
aluminum.

- Mehregany : 50:50 hydrazine/water mixture
heavily antimony doped wafer at 70 ~ 120 C : 0.8 ~ 2 #m/min.
moderately doped samples at 70 ~ 120 C : 1.5 ~ 3.3 un/min.
(100) : (111) &1 2F &4 H|= KOHL} EDPE L= % L.
118 C Ol A silicon dioxide= 10 nm/h& 4! 2+ & 111, silicon nutride, Ag, Au, Ti,

TasS2 AN4=2 S A EUALH

- Al, Cu, Zn, organic polymer= hydrazine0ll ¥¢2| ==Ct.

- Hydrazine : highly corrosive, potentially explosive, requires the use of a reflux
reactor, suspect carcinogen.
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Amine Gallates

- Amine gallates : a mixture of ethanolamine (high boiling point solvent),
gallic acid, water, pyrazine, hydrogen peroxide, surfactant.
- High etch rate up to 140 #m/h on (100) Si.
- Stop at high boron concentrations (>3 x 10° cm™3, EDPE2CI &3
- Etchingdt mask= EDP& H|==otLt EDPE (= otA
FLE S HED|DF LIS,
- Linde and Austin : 100 g gallic acid, 305 ml ethanolamine,
140 ml water, 1.3g pyrazine, 0.26 ml of 10% FC-129™ surfactant
(Aldrich Chemical Co., Milwaukee, WI)
-At 118 , Al2t=2 1.7 im/min, & & H] ((100) : (111)2 50~100& L 0| C}).
- 1020 cm2 0| &+ 2| boron dopingAl &2t 0] 1/102 2 & A St

- MaskZ = silicon dioxide, silicon nitride, Au, Cr, Ag, Cu, Ta 2 =3=0|
MOICH,

- Peroxide 2t pyrazine= HotH AlZ4=E=E2 Sct)
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