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Characterization of Optical Waveguide in ZnO Crystal Formed by MeV
Helium Ion Implantation
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Abstract The waveguide has been fabricated in z-cut ZnO crystal by 2.0 MeV He ™ ion implantation at doses of 2 X
10" jon/cm’ at room temperature. The dark modes of the waveguide were measured by the prism-coupling method
with the wavelength 633 nm before and after annealing in air. It is found that there is no dark mode after annealing in
air, which means that the lattice damage is considerably reduced, and a completely recovery of lattice structure can be
expected by further annealing treatment. TRIM '2003 code was used to simulate the damage profile in ZnO crystal by
2.0 MeV He" ion implantation, and profile of lattice damage versus depth was obtained. The refractive index profiles
of the waveguide were reconstructed using reflectivity calculation method, It is found that a positive change of
refractive index happens in the guiding region. and an optical “barrier” of low refractive index is formed at the end of
the ion track, and also found that the shape of the refractive-index profile are quite similar to that of the damage
distribution, which provides a vivid proof that the lattice damage produced by nuclear collisions should be most
responsible for fabricating of waveguide.
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Table 1 Comparison of the measured refractive index of dark mode and calculated refractive index based on

reflectivity calculation method

Refractive index (nrg)

Refractive index (nyy)

Mode number

Exp. Cal. Error Exp. Cal. Error
1 1. 9893 1. 989215 0. 000085 2.0052 2.005187 0.000013
2 1. 9864 1. 986299 0.000101 2.0024 2.002370 0. 000030
3 1. 9811 1.981213 —0.000113

Ji SRIM '2003"") & Fp #4881 T fE 2 4 2. 0 MeV
) He™ B F1 A B A AL BE IR I3 /2 15 8 1 1
Sy BE RS TR B EE M C R K 3 iR, AAIEL 3 A]
A He " B 7 AR BB K/ 4P AE 4.5 pm
ZeAn AEAE T R DXL T BA 1 B 43 - 7 S AR
A i 4% BHL 1k B S AR s A i 0 . LEE I 2
B3 % B3 5 300 A i 8 02 67 43 A il 28 19 T IR

JE 5 ML, Ja2E A 22 78 B B AR i 2 1E 4. 7 pm b, 45
il e 10 4.5 pm &b, "M EL 4%, H &
BN B AR B B R 22 T LUK S &2
50 0 B SR TE AL FE 4 Ul X T R AR Y
He " B 71 A, BT A% Bl 48 7 i B 14 ol A 2 45+ S T
B 1 F B A

T AL R AR Y SR 2 00 D



456 2l 5]

i g 36 &

Mode number
1 2 3

0 12 3 4 |2 3
LE«!’E!(}-_K—_ 1 2005F x ) o
1.985¢ * ( X
1 1985 1 2.000 -
£ 1.980} “I| 18
=i T 1.995( .
) i K-
g £ 1.990} .
g 1.970+ — As implanted ;"é — Asimplanted
é * ny,, of the virgin ZnO %‘ 1.985r n,, of the virgin Zn0 4

1.965+ 8 Exp. { & o Exp.

X Cal. L980F y cal, il
L.960 8
01T 2 345 Y3515
Depth /um Depth /um

Bl 2 R EA Y 2.0 MeV,2X10" jon/cm”
M9 He™ B F 18 AU ER R T8 B I 5 9T 56 32 10 43 1
Fig. 2 Refractive-index profile (nrz and nry) in ZnO
waveguide formed by 2. 0 MeV He" implantation
at the dose of 2 X 10 ion/cm® based on

reflectivity calculation method

T T T T T

2.0 MeV He'-ZnO
1 at dose of 2X 10" jon/cm?

o e e e
bo o S o
h

e
=

Vacancies /(10" pm/cm?)

i
=3

o

o
—

2 3 4
Depth /um

3 2.0 MeV He" 8 17 AR ALEE S 4™ A (145453 43 A
Fig. 3 Damage profile in ZnO cased by 2.0 MeV He™

implantation
70
—TE
L e ™

(=]
=

Relative intensity /(a.u.)

| 2.0 MeV 2 10"%ion/cm*He -ZnO
After annealing at 200°C for 10 min
35 : : . .
2.04 2.02 2.00 1.98 1.96 1.94
Refractive index

40

4 He BTFEALMEERAE 200 C 10 min B KK
P S BRI
Fig. 4 Dark-mode profile of ZnO waveguide formed He"

implantation after annealing at 200 C for 10 min
AR WSCAFE 3G s DR AT A IR K Ak B2 sl /) 5
SRFER A T AP RA RO R SR ko
PRI 2% & xS AL B BE g e 2t 4T T 200 C

10 min, 300 C 10 min MR k. K&l 4 iR AL
200 'C 10 min B K J5 9 BEBURE R 1A, R BLR K JS
BLT T 2% X R WIS R K5 - S s T a2
22 & 28 O VR A R0 R 6 0 4% S Te] B 3 158 B Bl
EEABE Y8 Ss MR GaR 7 —EREN
B4, FEZ 300 'C 10 min iB k5 I IS4 48 58 i
L R BT RE E AT R .

45 ®

FHEEHE N 2. 0 MeV F & & 2 X 10" ion/cm?
He" B 7=l T HEAR] = YIK SR 5 1A I Bk
YT S ARG i AL 2 RO . IR GRS T
0 S R RE PR AR BT RO G R B A
XL T A TE 6 TM G T S R &
T T IR KCET S BT R A A fk. SR A
RCM J5 G He' 811 A S B ARG 5 1)
Pr 85 203 A e AR T DX S 38 1, 7 8 1 S
AT S RN 25 0, FIH TRIM' 2003 F 745
#1 2.0 MeV He" 87 AL AT fE 158 T
AR o0 AT 5 5 B TR Ok Rt 2 A g A E
AKX T He B 1 AN A AL EE B S 1 3r 9 %
AR EEAE. T R, 78 633 nm UG K
T =4 TE B3 fm A TM 8 X 37 BE AR 4 3 B
) 7 5 DXL K U6 B R S - T A O T A AR A B A
I BB A R 6 T

5 £ X
1 R. Thangavel, V.

Investigations on the growth of zinc oxide crystals from molten

Sabarinathan, S. Ramasamy e al..
hydrous KOH solution and on the impedance analysis of zinc
oxide crystals[J]. Materials Lett. , 2007, 61(19) . 4090~4093

2 E. Alves, E. Rita, U. Wahl e al.. Lattice site location and
optical activity of Er implanted ZnO[J]. Nuclear Instruments and
Methods in Physics Research B, 2003, 206:1047~1051

3 Song Ci, Hang Yin, Xu Jun. Research progress of ZnO single

crystal[J]. J. Synthetic Crystals, 2004, 33(1) . 81~87

KowLer HLIR E HAREREHRERLD] AT &k

3k, 2004, 33(1): 81~87

Yang Yifa, Long Hua, Yang Guanget al.. Effect of temperature

S

on structure and properties of femtosecond laser deposited silicon

based zinc oxide thin films[J]. Chinese J. Lasers, 2007, 34(9) .

116~120

Wk e Al ot A IRIEXREPEOR IR ZO/Si R Y

sEpy AR A R )], P B ok, 2007, 34(9): 116~120

Koudelkal Horakj. Morphology of polyerystalline ZnO and its

physical properties[J]. J. Mater. Sci., 1994, 29 1497~1499

6 N. Mails, J. P. Reithmaier, A. Forchel e al.. Er doped
nanocrystalline ZnO planar waveguide structures for 1. 55 pm
amplifier applications[J]. Appl. Phys. Lett., 1999, 75. 2005~
2007

7 Liu Yaodong, Zhao Lei. Preparation of ZnO thin films by pulsed

(21



2 4

WIEIE4E . MeV He' 8 F 1A S EE G OIS R IR T 457

oo

©

10

1

—_

12

laser deposition[]J]. Chinese J. Lasers, 2007, 34(4) . 534~537
XA B . PR BOC TR & A B LT ], B
&, 2007, 34(4); 534~537

Zheng Dingwei, Ni Sheng, Zhao Qiang et al.. Structure and
optical properties of ZnO films DC reactively sputtered at
different oxygen partial pressure[J]. Acta Optica Sinica . 2007,
27(0) . 739~743  RPTHELM BB B % AFEESET
ELWLS N I ZoO R0 S5 A OGS R LT ] R F F R,
2007, 27(4): 739~743

Dai Dahuang, Zhou kesong. Surface Technology Science of
Modern Materials [ M]. Beijing: Metallurgy Technology Press,
2004, 277~279

WA JH RS R IR, IR A R @ H ARA (ML dbat: iR
4 Tl ARk, 2004, 277~279

Wang Yihua, Hu Zhengqiong. Ion Implantation and Analysis
Basic[ M]. Beijing: Aviation Industry Press, 1992, 1~3
ErAe, MIEH. BFEaEAS A M dbat. i Tkl
Rk, 1992, 1~3

Edit Pal, Imre Dékany.
properties of indium-doped zinc oxide nanoparticles prepared in
dimethyl [ J 1. Colloids and Surfaces A:
Physicochemical and Engineering Aspects, 2008, 318 (1~ 3):
141~150

Wantae Lim, V. Craciun, K. Siebein et al.. Surface and bulk
thermal annealing effects on ZnO crystals[J]. Applied Surface
Science, 2008, 254(8) . 239~240

Structural, optical and photoelectric

sulphoxide

13 Chen Chuanxiang, Qi Hongxia. Influence of annealing on ZnO
films and ZnO/p-Si heterojunctions [ J]. Acta Optica Sinica .
2008, 28(7): 1411~1414
FRAGHE FFLLEE. 1B KRS ZnO W i (A 25 M #1 ZnO/ p-Si 5t i 45
JeH MM [J]. b5 4R, 2008, 28(7): 1411~1414

14 Chuan-Lei Jia, Ke-Ming Wang, Xue-Lin Wang ez a/.. Formation

of c-axis oriented ZnO optical waveguides by radio-frequency

magnetron sputtering[ J]. Optics Express, 2005, 13(13): 5093

~5099

Liang-ling Wang, Xue-lin Wang, Feng Chen. Optical properties

of KTa,Nb; ., O; waveguides formed by carbon and proton

implantation[J]. Japanese J. Applied Physics, 2007, 46 5885

~5888

16 P. Hertel, H. P. Menzler. Improved inverse WKB procedure to

—_
o

profiles of dielectric planar
waveguides[ J]. Appl. Phys. B, 1987, 44. 75~80

17 D. Fluck, D. HJundt, P. Giinter ez al.. Modeling of refractive
index profiles of He" ion-implanted KNbO; waveguides based on
the irradiation parameters[J]. J. Appl. Phys. . 1993, 74. 6023

18 P. J. Chandler, F. L.
determination of planar waveguide profiles by means of a non-
stationary mode index calculation[J]. Opt. Acta, 1986, 33.
127~143

19 J. F. Ziegler, J. P. Biesack, U. Littmark. Stopping and

Ranges of Ion in Matter[M]. New York: Pergamon, 1985

reconstruct refractive index

Lama. A new approach to the



