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Surface topography and optical properties of monocrystalline
silicon induced by low energy different ion beam parameters

Chen Zzhili, Liu Weiguo
(Institute of Microelectronics, Xidian University, Xi’an 710064, China)

Abstract: ECR was employed to etch the surface of monocrystalline silicon (100), etching effects and
optical properties of low energy Ar* ion beams with different ion energies and fluxes under normal ion
incidence were studied. The experiment results indicate that, when ion flux density was 88-310 wA/cm? with
ion beam energy of 1000 eV, self-organizing nano dot structure appeared on the sample surface, orderly
arrangement of the micro-structure was along with the increase in ion flux density; RMS decreased until
the flux density was near 160 wA/cm?, and then increased rapidly; The average transmittance of etched
sample, within the range of near-infrared bands, was improved from 53% to more than 57%, which
enlarged with the increase in orderliness of self-organizing nano-structure. When ion beam energy was
500-1 000 eV with ion flux density of 270 wA/cm? the tiny nano dot structure gradually formed, which
tended to be concentrated and orderly with the increase of ion beam energy. If ion energy was going up
below 1100 eV, RMS slowly increased but rapidly reduced over the number. The transmittance of etched
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sample was sharply improved, with the increasing orderliness of self-organizing nano-structure. Etching

rate was directly proportional to the square of ion flux energy. The pattern transformation of self-

organizing nano-structure results from the interaction of spurting roughening and relaxation mechanism.
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Fig.1 Schematic diagram of microwave cyclotron resonance
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Fig.2 AFM images of etched samples under different beam flux
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Fig.6 AFM images of etched samples under different ion beam energy

{2) 1 800 £V

3.2.2 AR mALAEE

AN T S 5 SRR A 2 it R AR 3% T % R JRE A
K7 Bros . I ERTRUE . B B 5 A RE i A9 1Y
R, R it 2 T PR RELARS 52 552 B 50 8 i/ Ny 3

Surface roughness/nm

0.7

600 800 1000 1200 1400
Ion beam energy/eV

P 7 B AR I 20 PSR S SR TEDRLRE B 1 6 R
Fig.7 Relationship between roughness of etched samples and

ion beam energy

DRl TR AR AE R BN, N 6 FPEEM R
T AE AR/ IN  RLAE JEE R0 G A5 iy ARG, T B 1 o
AEIEIE O, FEANINELT A A1 nUIRZE AL, KR BE 1
K,HBEF R AR EE T 1000 eV 7, B AUk 5 2B

RE Ty I | 22T )R TR AR R AE e i MR TP HRE
s, B T R ORI W SRR Ak R 2% 1 0t 74
BILTI A B AR FH A 45 SO0 B 4 e SR 5 Mk T4
P B | SR ARUBE BE 980/ )N  7E 1500 eV B 34 77 MR
REFE A F] 0.71nm,
3.2.3 &t H

Kl 8 45t T AR BB & T Z ik J5 A & 7F 3 41 4h
1 500~2 000 nm {# B (1385 i3 K

P ., S
............ " o

§ sanp s N e
|= R N - R l.‘q".
= T e -I'-J...-" a A
‘E 1% PRt W ul
= o 3
g
Z so%[ vrmanntar— iVl
o R e i b B0 e
=% —a— B0 pAem
E —s= | 200 paseen’
. 7 5T —o— | 00 pAery

53% i T e Tl tratanpay

1500 1s00 1700 1 80 1904 2000
Wavelength'nm

5 8 B FIRAR I S 2005 B B R R
Fig.8 Relationship between transmittance of etched samples and

ion beam energy

ME AT LA ), Zead A 37 oRE 8 %0l S
MFE TR LT AN BB R, iR it (1
I, A AR B T A RE i, Z0 0l 5 2R 1w A A
(18 235 ) B e 350 1 B — e U N R S5 4, HE % i D
Hef 53.3% 4 ) 55.5% A4, FEE B TR AERAY
A, T BLHES AL 1), 5 A 4K
SURGE ) ns, HE R i — 2, 7E 1500 eV
I3k B fe K AE 57.8%., HILAT UL, 76 B &= 44 a0 155 O
&, I 2 Pl e R R R T TR R 4K A2 G A A
AT DA 5 AT 21 A ik B A B R
3.2.4 #4kik %

B F ACRE 42t X 1 ol S A0 5 0 B 0 9 T

(.13

-
-

2 !_H.Ffl'#

S} T S 1100 13400 1500
lon boam energy/eV

9 AN [7) 188 5 R BB Ak T A o ) 220 ol R

Fig.9 Etching rate of samples under different ion beam energy



% 9 1

BAAE . R BT R A TSk S 2495

TR o MNIELE T LA Y 220 o 2 B SRR 0 14
TR, ORI BRIk 52 5y DG F , BRIV Za0 o o i 5 8 ol
Al (97 7 UIE He R S SR AT % B i 2
THG HEAT 220 0 TR R 4 3 0 B TR AR A, A
I 25 5 T S A 10 1 00 O 9 B 1 AT e e AE 2
I ELABETES 9 E 2 55 5 A 2 1 1 3 W 45405

4 & it

fefi B e SR B8 IR (ECRY) , FI R i ArEs
T ARAEAS RS A1 BT % B i e (100) 2 1T AT T %1
Tt SR R 70 S A | A 42 fih X 3 10 kS e B
AR 0 2T AR50 220 i f5 B e 19 2R T W 45 3% 1 KL
B AR LR T T BT TIRAE ArEs TR
FE AN [R) fi f A0 X B e 2 IR SO 2E e

SHR AR Y B F g 1000eV | Z
[8] & 30 min, B F 5 1E A BB, o0 %5 5 M 88 pA/cm?
BETNE] 265 wWAlcm?, FE G FRTE H I A 4R K BT
GER , FLAZRES A6 B S T A % B B i HES A ) L
S 5 Y5 M RE RS B B ORI R 2 B S
(160 wA/cm? B3 ik B4R /IME) J5 3 R ka3, HORLES
JEE RSN 55 8 - O B S O E L 480 2 iU R
A TE VL ZLAMNE Ba N, P 3435 i 8 il 53%4 15 2]
57%UA I+, Bt i 2Bl 9ok A 4L 45004 )7 1
R4 o T K 5 8 220 kb R 8~ SRS 7 B 1Y
T T, 2005 e 5 8 S % AE L

M T ARG 270 pAlem?, Z i E] Sy
30 min, B F A IE A S B, G &M 500 eV 3 i #)
1500 eV, Bl %7 &5 A B & 1 34 0, A b il AR R A9 T
V7 25 K6 3 I N B AR SR S5 K, BB Ak 2k
K, QK SR G M ¥ T 9% 48 HA T 5 23977 ORLRS 2 B
BB TR RR R AR, e g G N, Y B T R e
if 1100 eV 1), KRS & T R R 2] 1500 eV B A RS
JE T RS 0.70 nm; 258 FHE AR A9 25 7 o fig i, %1k
Jo 3 TR W]t B 25 R BR E—  fN 4
My, o 5 % Bk Y 53.3%4% 55 5] 55.5% 75 45, Bl
E BT AURR I 3 K, 2R I W BLHES I |
Ak A 2R ES M, R, HOB i R ik — 2 2
{5, FE 1500 eV B ik 2l i KA 57.8%,, b al W, 7F
RE AR R DL R, 3 I 20l e B o 28 TR B A 40
K A LU A5 A AT LA 3 21 A0 B A R T
20 kA L B R SR AR B A LR, 2
RGBT oURE LA UE L

FI 20 2N R BT F4 19 T B T S5 RS £ A 2 i
S FR AL EAE T B4 5, Bl o0 B A 1 o
REEE BB, B ot 2 T DT AR B e RO RE A AR
TS AL A% AR e, SR a4 i 2 T 12
A B s I3 A AR TE K D B T T R A
KT A, LR SRR R A B TR BE Y
Hm, sUREE I HES T3 50

S

[1] Bobek T, Facsko S, Dekorsy T. Ordered quantum dot formation
on GaSb surfaces during ion sputtering[J]. Nuclear Instruments
and Methods in Physics Research, 2001, 178: 101-104.

[2]  Ziberi B, Frost F, Rauschenbach B. Pattern transitions on Ge
surfaces during low-energy ion beam erosion [J]. Applied
Physics Letters, 2006, 88: 173115.

[3] Frost F, Ziberi B, Schindler A, et al. lon beam assisted
smoothing of optical surfaces [J]. Applied Physics Letters,
2004, 78 (2): 651.

[4] Ziberi B, Frost F, Tartz M. Ripple rotation, pattern transitions,
and long range ordered dots on silicon by ion beam erosion
[J]. Applied Physics A, 2008, 92: 063102 .

[5] Frost F, Ziberi B, Schindler A, et al. Surface engineering
with ion beams: from self-organized nanostructures to ultra-
smooth surfaces[J]. Applied Physics A, 2008, 91(3): 551.

[6] Takahiro K, Ozaki K, Kawatsura K, et al. lon-induced self-
organized ripple patterns on graphite and diamond surfaces
[J]. Appl Surf Sci, 2009, 05: 103

[7] Tan S K, Liu R, Sow C H. Self-organized nanodot formation
on InP(100) by oxygen ion sputtering[J]. Nuclear Instruments
and Methods in Physics Research B, 2006, 248: 83-89.

[8] Park H, Choi H W, Choi W K. Nano patterning and
structuring of InP (100) by low energy ion beam irradiation
[J]. Surface & Coatings Technology, 2007, 201: 8469-8476.

[9] Oates T W H, Keller A, Noda S. Self-organized metallic
nanoparticle and nanowire arrays from ion-sputtered silicon
templates[J]. Applied Physics Letters, 2008, 93: 063106.

[10] LiHaihua, Huang Kang, Wang Qingkang. Design of the wideband
anti-reflective subwavelength nanostructures [J]. Infrared and
Laser Engineering, 2011, 40(2): 267-270. (in Chinese)

[11] Pan Feng, Chen Songlin, Ma Ping, et al. Bichromatic
coatings with high laser-induced damage threshold[J]. Infrared
and Laser Engineering, 2012, 41(2): 379-382. (in Chinese)

[12] Ji Yigin, Liu Huasong, Wang Zhanshan, et al. Influence of
interface layer on antireflection coating for laser optics [J].
Infrared and Laser Engineering, 2011, 40(10): 2003 -2007.
(in Chinese)

[13] Mark Bradley R, James Harper M E. Theory of ripple
topography induced by ion bombardment [J]. Journal of
Vacuum Science and Technology, 1988, 60(12): 4160-4164.



