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ABSTRACT

Silicon micromachining technology can be used to build microsensors and actuators by using tools derived

from standard IC processing. For the silicon micromachining

the etching characteristics of tetramethyl

ammonium hydroxide (TMAH) by dissolving silicon powder or silicic acid have been studied. The 3, 5 and
10wt.% TMAH solutions, with dissolved silicon powder (6g/1) or with dissolved silicic acid(Si(OH).. 16g/1)
were used. And ammonium peroxydisulfate (APODS, 2g/1) dissolved in the solutions were also used. The etch

rates of silicon and the etched surface roughness were observed with various etching conditions. The

crystallographical aspect on the crystal orientation of silicon have been studied. With sufficiently fresh solutions,

these TMAH concentration and combination of etchants. provide repeatable etch properties, does not attack

exposed aluminum or silicon dioxode. and provide smooth (100) silicon surfaces.

Key words : silicon micromachining, MEMS, TMAH, silicic acid, APODS.
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Table 1 Comparison of properites of various anisotropic etchants

Etchant [RefJ: . etc:n/l:ﬁ)soc selesclt(i)&z'ity Qkuocmtl?:tr;l Rseal;iettl;:e conf]jal;dtg)?lity
KOH(20wt. %) 2 Low Low High No
Ammonium hydroxide(3.7wt. %) 05 High Yes(with Si) High Yes
Hydrazine(35wt. %) 2 High Yes(with Si) Very Low Yes
EDP 12 High Yes Low Yes
TMAH(2wt. %) 08 High Yes(with Si) High Yes

9 B¥e 849 §go) B UM} R
42E& AYa e, CsOH 899 ¢ w2 71
3 el ool Ak” NHOH 84 o]
st P2 FAH z@P0l A oYy 4
Zdoz Aoy 540 F2 A0 gie 4
Z Edg 4717t ¥t g@3e] Atk TMAH &
42 EDP 8943 §AI 54E AYWEA, Bg ¢
Ao Azt w2 Y AR EE JHAE YAy
2 33% Hold 1848 /AW Mo grhe
BAe A2 A’ P ® 12 g oy 4%
of 2ol HEHA §hol) FIF 5 FAG RAo)
E}ID).

m, o

£ AFoMe AXg R 2 d2E Fj@Te
Y Adg A% L5 QY ogHI Y&
SisNeZ# Si0;%e] 2oz ojRojzl NON(SisN/
Si0x/SisNy) 729 A4Y4E Ze tololmByg A}
B3’ NONFz9 A 8457 98 7
goz Zydol (100), HA Yol 2~32 - cm, HHo0)
5., FA7t 610~640mQ 47 EPE p¥ Ae
Z So|HE AMgsle] TMAH+Si+ APODS %&
TMAH +Si(OH)+APODS 89X 4z EAg
489 44 TMAH (Aldrich AH, 10wt.%)
84g o4 U Iwt. %S Swt.%9 €9
& Azsod AgsAT Si 22 (Aldrich A,
325mesh, 9%), Si(OH)4 (Aldrich AMA, <20umn, 99.9%
°]4) % APODS (Sigma AM. 99.2%)& HAZ
TMAH &4 @715t 4Z8A & AxQct

120

€ g7dAE T F7Y 488 Fv8gd da
Z ¢l NON 2g% 728 e tojopxy 99
AEE HEE A8 AGE nAtE Fol 47 W
3E % Y FHE B2 5 UAes 29 @)Y 9}
&3 A9E Agstden 128 lb)e ¢fuE ¥
o] W A2 ¥ Y BE S g LPL 9
s 4FulE wldo] Soizt MOSFETE AHg-shich
492 94 TMAHY Si 228 37188 99 4
Zg dzt 9 249 g, 24 Si(OH),E 371 A 4
Z& #g 9 Ed e, AA TMAH+Si+ APODS
E+ TMAH+Si(OH),+APODS €949 S8 43
A FAG YoM 2xsie] B Aztg W,
WA =8 A KA G4 TMAH +Si
+APODS & TMAH+Si(OH),+APODS &9
FEUS| 0E 4ZE ¥ 9 47 AP"ge B¢
g B % =g FFsA

v, £ &3 { 1%

2% 2= 85CelA TMAH 5wt.%<) &} Si
E®(6e/D) EE Si(OH)¢ (16e/DE A7ME &A%}
o] 4ot APODS(2e/E &AZ 71 8ol o
¢ 4488 74 dehd Holdh o] YN A7t
2 W 4ZEg 33 R S £2 E:
Si(OH)l APODSE 37t Al 4Z+go] =L
o, E@ Si ¥% 2o Si(OH),E A7t o o 5L
4288 2ol AUtk 47 84 TMAH 8§94l
Si £2€ 37t € 3% 529 44& 98] 9
& 45CY By Be 2xoA EHAAL o 3
T B FHYNA 87 vide] o] A Fol YA



olo|a2MM S2E #F ARIZE 0MIIS JlE

COa o5 e

RS

(a)

=
3]

(b)

ig. 1 (a) Test patterns for silicon anisotropic etching, (b} MOSFET for Al protection properties.

Al thickness : 1.2um. Gate size : W/L=40un/20um,
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Fig. 2 Etch characteristics of p-type (100)
silicon in TMAH (5wt.%) solutions
with dissolved Si(6g/1), Si(6g/1)+
APODS(2g/1), Si(OH)4(16g/1) and Si
(OH),(16g/1) + APODS(2g/1) at 85C.
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Fig. 3 Etch rate vs various concentration of

TMAH solutions with dissolved silicic
acid (168/1) and  APODS(2g/1)
characteristics of p-type (100) silicon
at 85C.
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Fig. 4 Etch rate vs various temperature
characteristics in the TMAH(5wt.%)
+silicic acid (16g/1) + APODS(2g/1)
for p-type (100) silicon etch.
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Fig. 5 Photograph of etched MOSFET in the (a) TMAH(3wt.%) +silicic acid (16g/1),
(b) TMAH(5wt.%) +silicic acid (16g/1), (¢) TMAH(10wt.%) +silicic acid (16g/1)
solutions at 80, 85 and 90°C, respectively
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Fig. 6 Etching procedure of bridge type diaphragm in the TMAH (5wt.%) + silicic 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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Fig. 7 Oxide cantilevers can be formed by undercutting an oxide etching mask. (a) before etch.
(b)., (c) and (d) progressive etched patterns with time

Table 2 The relation between Opening, Surface Orientation, and Structure

Opening Surface
(Window) orientation Structure
Square <100> Pyramidal pit or truncated pit
Retangular <100> Rectangular pit (trench)
Circle <100> Pyramidal pit
Arbitrarily shaped close <100> Rectangle pit
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