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Local Anodization on Si surface Using Scanning Probe Microscope;
Effects of Tip Voltage, Deflection Setpoint, and Tip Velocity on Line Height
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Abstract: The effects of tip voltage, deflection setpoint, and tip velocity on height of SiO, line drawn by local anod-
ization on Si wafer using scanning probe microscope were investigated. No local anodization was detected at smaller
than -3 V of tip voltage. The line height increased at rate of 0.47 nm/V when the tip voltage is stronger than -3 V
at 1 um/s tip velocity. From deflection setpoint, mechanical force between tip and substrate could be calculated and
the threshold force was 12~18 nN. The height of anodized SiO, lines is independent of the magnitude of force above
the threshold force. The line height decreased as increasing the tip velocity and limited to 0.7 nm at -5V tip voltage.
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Fig. 1. An example of SPM tip-induced pattern on Si by local anodization. Image size is 3 um X3 um. Anodization was done with tip voltage of

-5V and tip velocity of 1 um/s.
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Fig. 2. Line markers by tip-induced anodization at different tip voltages. Tip velocity is 1 um/s and deflection setpoint of 0.50 V. Image size is
700 nm < 1400 nm. Line markers shown were made at (a) -4V, (b) -6 V, (¢) -9V and (d) -10 V tip voltage. (e) The tip voltage dependence of
line height. Lithography and imaging were done at temperature of 28°C, humidity of 31%.

or- Ao

o] AR A7 e AL #FY F UATH(Fig. 2(d))

Fig. 2(e)E B3 A7} -1 VOlA 9 v71A] #Hgk wjo] A9
=o|7} o8 WA =2 yekd Zolth g3 A9
3717t 3V B} AL vl Ao] 1oAA] &g, ¥ & A
F= A o7t 'R Aol sl FFom FTlsided 2
71&71E -047nm/VE 3 A9 1vVeit A9 Eole
0.47 nm =4 EolH s Aol

Local anodization®] doi'd o] Pt/Ir tip} Si waferol|A] A
U d713kehig-e ot 2t

Cathode (Pt/Ir tip)
0y(g) +2H,0y+ 46 & 40H 7, E°=0.401V (vs. NHE)
Anode (SiO,/Si)
Si(s) + 4OH_(aq) (—_> SIOZ(S) + 2H20(1) +4e
E°=-1.818 V (vs. NHE)

9] A8 HW o] §H2 Eg°=2219 Vol sgsls A3l
HHS-o]A] Tk Fig. 3914 B5 ©e] 3 vET o 29 s 7t
© A9E AolFolof Mol o oA 5V o]F9]
overvoltageZ} B3-S oJu]gttl, o]&|$t overvoltageoli= Si
waferel] o]u] AAEo] Q= Si AbslEtel] g AR &
BEFS 2 At ¢ AX s Ae] fls delrg A
717e] ARl dgo] B F8F ZlolH, Pylr tipollA A
AE OH o]&9] SiZkA] ©]&3l=t] migration®] FL3 &
shA Eok mEA g3 A9 2ol #s TS AN
Z33IAH OH™ o] 9] ol Wl Akshdt A)d4
gk Wbl Z1S gA 3E  Adedl, ©l= Fig 2(e)@l
A &S oulshe AoR, ol Alo] opd ol gk
Pl A Azels dRehs Ao|th) o] Z7A= 3nm

olate] Wil Aol wolg ¥ A9 AT Aol &

X rlo o

MO

12

1.0 4
—9
E 0.8 4
£
-
=
D 06 A
[
=
[
£
- 044
0.2 4
0.0 T T T T T
0.0 02 04 06 08 1.0 1.2

Deflection setpoint (V)

Fig. 3. Deflection setpoint dependence of line height at -5V tip
voltage , 1 pm/s tip velocity , 27°C temperature, and 32% humidity.
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Fig. 4. Tip velocity dependence of line height. Conditions are as
following; tip voltage=-5V, deflection setpoint=0.50 V, temperature
=25°C, humidity=36%. (a) Line height vs. tip velocity. (b) Line
height vs. Inverse of tip velocity.
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