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Abstract: With the aim to fabricate nano-silicon-tips with a high aspect ratio, the effect of changing
the mask direction on tip shapes was studied. The fabrication processes for nano-silicon-tips using a
(100) single crystal silicon wafer by the anisotropic wet etching in the KOH etchant were designed.
Based on the experiment and the model of {411} crystal planes,the crystal planes of silicon tips were
analyzed. Through discussing the effect of the mask direction on tip shapes, the process parameters to
get high aspect ratio nano-silicon-tips were achieved. Experimental results indicate that silicon tips of
octahedron and tetrahedron are fabricated with changing mask directions. The direction of mask does
not affect the rapid etched crystal planes at the fixed solution concentration and temperature. Nano-
silicon-tips are formed by the anisotropic etching in 40% KOH etchant at 78 ‘C and the dry oxidation
sharpening in 3 h at 980 'C, as the square masks are aligning to the (110) direction. Experiments

show that the high aspect ratio of the tip is greater than 2, and the profiles of silicon tips are constitu-
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ted by {411} crystal planes that intersect (100) crystal planes at 76. 37°.
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Fig. 1 Fabrication procedure of silicon tips
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Fig. 3 SEM micrograph of silicon tips etched under

square masks
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Fig. 4 Model of {411} crystal planes
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(a) Mask deflects 45°
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(b) Mask deflects 15°
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Fg.6 Top views of deflected square masks(#=12 min)
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(b) Mask deflects 15°
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Fig. 7 SEM micrographs of silicon tips etched under

deflected square masks

() JIr 75 » di S R GG ol T AR 58 — w8 I T A
FORE SR AN 7 (b)) Jir 78 fik O #4568 308 oA 52 4 3L %
T S M BE AT J2 Hy {411} o T JE A B

NG ET RS B R R BEAR SRR A A
3 AN RS R T 5 S50 e 4 ol ) o ik 2 1 5 7R
RGN CLLO) & o 1] A H 6F R B/ T A fik
AR R 2R3 (110D & 1] o A3 1) 35 20 I X6 ¥

SE

(1] BEM.BFR. N6 TDSHETENERK
TREGBEHI]]. 2 % T42,2004,12(6) :603-607.
WENZY, WENZ Q, XU SH L, etal.. Vacuum
microelectronic pressure sensor [ J|. Opt. Precision
Eng. , 2004,12(6) :603-607. (in Chinese)

(2] B4, keu40, 3 k4. 5. 1T W05 IR

3.2 ERBEMNERANEE

GBI R S FETE I o DR JES ol 18 A BE [] B A0

TR i im A BETE U R T A — 2R IR
nial 8 froR

20kV X3.300 5um

{8 JEIEHERE Y k2t SEM

Fig. 8 SEM micrograph of silicon tip etched under

rectangular mask

AR SOKE S AN (411 ) G T AR AR S5 A e b
T RESR AR TE ALK e T A I B O ) 4 RE SR
TEAR B 52 o 25 R WY« A SR M B 2 ply 55 (100) T
e Ry 76, 3T (AL ) b T4 24 S e v VAR
Yok B — 2 B 5 1E 5 T8 HEAE 1) 7 1] I AN 5 e BB ol
i T Y L Rk 2R ) AR EL AN AR L (R RE IR TR & 2
A Ak I RS 1 O A o T LA A% HB DO T A T
TR R R S FEASE Ry ST Bt AS RE T Bk 2% 5 B i 75 5]
TR DORFER I T2 S8 1 IE T T HER i %
W (1100 i, 76 78 'C Wk Ry 40 %0 1) KOH ¥
WP Pl Rk 2 L 25 980 C AR 4R L AT 4% Ak
Fe=>2 By N R 9K RER RS . A SO LA K i
IRAEAL IS 0 N S DA R e A T S R R A
TR R NAT R T RAF 9 Bl P A [WR AR 19
fERA] LA ENAS [R] 9 9 oK LT

HIRHL AR N L AR BTSR[] b 4% T 42,
1997,5(2) :43-49.
XUESHF, XU Y X, LI QX, etal.. Investigation
of microfabrication of the force sensor for the atomic
force microscope [J]. Opt. and Precision Eng. ,
1997, 5(2):43-49. (in Chinese)

[3] BENJAMIN W C, TIMOTHY D S, YONGHO S

J, et al.. Low-stiffness silicon cantilevers with in-



%8l

ISP E  SL i PR RN 2 NI ALY

1869

(4]

(5]

(6]

7]

tegrated heaters and piezoresistive sensors for high-
density AFM thermo mechanical data storage [J].
Jowrnal of Microelectromechanical Systems, 1998,
7(1):69-78.

BORZENKO T, TORMEN M, HOCK V, et al..
Imprint with sharp tip stamps [J]. Microelectronic
Engineering , 2001,57-58:389-396.

B, EXM, 2.5, PT/ PZT/ PT MM I %
], kg HE T4, 2007,15(9):1404-1409.

CUI Y. MENG H B, WANG ], etal.. Microforce
sensors based on PT/ PZT/ PT thin films []J].
Opt. Precision Eng. . 2007,15(9):1404-1409. (in
Chinese)

CHEN L. Experimental study of ultra-sharp silicon
nano-tips[ J]. Solid State Communications, 2007,
143(11):553-557.

CHUNG 1], MURFETT D B, HARIZ A, et al..

EER N

B EH967 ) L LT RIEN R
$2.1989 45 F R B TR 2# g or Lo
fi7,2003 T8 [ R 7K M & J 0L B 2
TR P 26, B R TR
EHM LR EBE ML RE 5% L
AR B &l BT G 32 2 RN K i
FEAR 2 T A ) 32 A 25 ) 2 B R S5 7
H 5T . E-mail: yanc@dlut. edu. cn

AZFA9—) B R AN, 2006
AR TR N R 25 R4 2 L2 0 B oy K&
TR 2 AU TR 5 e i a0 A, &
BN By AL AR O R BF Y. E-
mail:sel365@163. com

(8]

[9]

[10]

{

Fabrication of high aspect ratio silicon micro-tips for
field emission devices [J]. Journal of Materials
Science , 1997,32(18):4999-5003.
RESNIK D, VRTACNIK D, ALJANCIC U, ezal..
Different aspect ratio pyramidal tips obtained by wet
etching of (100) and (111) silicon [J]. Microelec-
tronics Journal , 2003,34(5):591-593.
X5 AR LR R E L FL WL A BN R AFM R
BFA I T[], 4% #m e T3 K . 2006(6) :52-62.
LIU F, ZHAO G, WU Y L, et al.. Fabrication of
AFM probe tip based on self-sharpening effect [J].
Micro fabrication Technology . 2006(6):52-57. (in
Chinese)
RAVI T S, MARCUS R B, LIU D. Oxidation
sharpening of silicon tips [J]. Journal of Vacuum
Science & Technology B: Microelectronics and
Nanometer Structures, 1991,9(6):2733-2737.

B 1985 =) H L ZRA LA L2007
AR T RN 25 ol 48 32 B A5 &
AL B R R F T A AL R 2 B
A5 Az B AU A% SRS O T
I IFE . E-mail:jinsongxia(@ yahoo. cn

FARAB4L—), B LTI A BE
T EE LRI B KER TR
FRAARTIAR KRG T8
T AL, FF TR B U A SO 45
W BT 5T . E-mail: wangld@ dlut. edu.

cn

i, \3/
Ele





