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Three—Dimensional Microfabrication Using Focused Ion Beam
Irradiation and Chemical Etching
(High—Efficient Structure Fabrication)

Noritaka KAWASEGI™7, Tatsuya FUKASE, Noboru MORITA,
Kiwamu ASHIDA, Jun TANIGUCHI,
Iwao MIYAMOTO and Sadao MOMOTA

*7 Central Research Institute, Toyama Industrial Technology Center
150 Futagami, Takaoka, Toyama 933—-0981, Japan

This study aims to fabricate three—dimensional microstructures on a silicon surface
using focused ion beam (FIB) irradiation and wet chemical etching. A silicon surface
irradiated with FIB withstands etching in KOH, and consequently protruding
structures can be fabricated on the irradiated area. Three—dimensional fabrication is
possible by taking advantage of the change in the etch stop effect due to irradiation
conditions. To fabricate higher structures efficiently, height dependences on various
fabrication conditions were investigated. As a result, the height of the structures can
be controlled by ion dose, in spite of the higher dose condition. A hard-to—etch mask
was formed by preventing the channeling effect. Higher structures were fabricated
with shorter etch time at the high—temperature conditions. Etching selectivity
increased at high dose and low etchant concentration. These results enable us to
fabricate higher structures efficiently.
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Table 1 FIB irradiation conditions.

Sample Single crystal Si (100)
Irradiated ion Ga*

Jon energy (keV) 30

Dose (uC/em?) 2 ~ 53760
Irradiation angle © 0,7
Irradiated area (pm?) 5x 5,10 x 10

Table 2 Etching conditions.

Etchant KOH
Concentration (mass%) 10 ~ 40
Temperature (°C) 20 ~ 80
Etch time (min) 2~ 20
Ultrasonic wave (pm?) Addition
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Fig. 1 AFM topography images of ion irradiated
areas (a) before, and (b) after etching in 20 mass%
KOH for 5 min. The doses are 1: 54 uC/cm2, 2: 538
pClem?, 3: 5376 uC/ecm2, and 4: 53760 uC/cm?.
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| Etchant: 20mass% KOH |

IEtch time: 10min |
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Fig. 2 Change in height of structures irradiated
with different irradiation angles plotted as a
function of ion dose.
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Fig. 3 Change in depth of the ion irradiated area
plotted as a function of ion dose.
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Fig. 4 Change in etching selectivity of the ion
irradiated area plotted as a function of ion dose.
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Fig. 5 Change in height of structures plotted as a
function of temperature of KOH.
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Fig. 6 Change in height of structure etched in KOH
with various temperatures plotted as a function of
etch time.
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Fig. 7 Schema showing the decrease in height of
structure.
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Fig. 8 Change in etching selectivity of the ion
irradiated area plotted as a function of temperature
of etchant.
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WA T TEBIZEm WIS & & T LT 572121,
ToF 7B E A 20 °C ISR EL, ERFR =y T
YT EITOFIENA N ThHHEE R D.

4-2 WHIEEREDOIYF U NEREKRFHE
~ AX T VERER R U A S R T, =y
Y7 OHEATEEBIT, WHIE DR 235, &<IT
AR E N EL<R DL, ZOEBITRELRD. £,
A E DOIE 2N SWEE, K 6 TRLIEEIICHK
MRS ESOIR T2 22T, =y F U J A0S
P L AR E DR D ZEALIC OV TR L.

913, 2 FEOIRE Coy F U 7B LT-LED,
R — X &%t T A HAE S _Eimi OO EL THD.
PRSI, 10 um x 10 um &L7z. Ty T oo
SLERBFRIIT 2 43 CHD. Ty F 7 AR 20°C
DA, F—XENZLL ThHE & ORI K E7e
ARG, —F, myF U7 ABEIR N 80°C
1275l R—=X BN/ NN EE TGRS ORI
6 um E7eo7c. R—=XEOEINIEL, ZDOEIE
10 pm ([ZINEKRTDHZERN DN, Thabb, v A%
JVER OFREFIZ L - TGRS & OE S RIRFIZ 28 L,
~ A% T VER DRI S IR E ORI/ E<
RBHIEWONS. K 5 TRLIZIIINC, =y TF 7l
PR A RIBE DS A, =T VALBRIRE S E &
T, B E SRS ND. 22T, Fl—&ES
TOMRDENEHLNCT 5720, Mg ED S
W3 HIE DAL OV TR LT,

10 1%, =y F L VB E A B L ST E O,
PRI E O S ST T DIRDENTHD. =y F 7
SLBRIRE DSV ILOGE TH, IS E O &S0k
INzELZRN, ZOMRIT/NSLIRD. Flexy F U7 AL
HIRENELTH, ZO@RIXFEECHD. 372
By F U BRI N B2 584 T, M ED
SO EL R, ZORIXFICEIS TR 75
EEZD.



15 T o o
Dose 1000uC/cm2 ]
_ r Irradiation angle: 7 1
E L Etchant: 20mass% KOH 1
e 10} Oﬁﬂ a
2 F |
3] L j
2 L ]
®» L -O- 20°C ]
‘5 -Q@- 40°C
[} — -
2 5[  aeocc
5 —x- 80°C
; 4
0 Lol Ll il M T
0 1 2 3 4
10 10 10 10 10

Height of structure (nm)

Fig. 10 Change in etching selectivity of the ion
irradiated area plotted as a function of temperature
of etchant.
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Fig. 11 Change in etching selectivity of the ion
irradiated area plotted as a function of temperature
of KOH.
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