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Research of deposition characteristics of Cr atoms in laser standing
wave field with straight edge diffraction

XIAO Yuxin, ZHANG Wentao

(Department of Electrical Engineering and Automation, Guilin University of Electronic Technology, Guilin 541004, China)

Abstract: In order to study the diffraction effect of deposition substrate on laser standing wave field, 3-D motion trail
and stripe structure were simulated using the fourth-order Runge-Kutta algorithm under straight edge diffraction effect based
on the semi-classical theory. The distance from laser beam waist center to mirror and the effect of the radius of Gaussian
laser beam waist on the process of final deposition were discussed. The results show that diffractive degree will be changed
by adjusting the experiment parameters reasonably. The quality of deposition stripe structure will be achieved optimally

when the mirror is placed on the cross section of laser beam waist, and the radius of Gaussian laser beam waist equals

62. 5pm. It provides the useful theoretical foundation and data information in the field of atomic lithography study.

Key words: laser optics; diffraction effect; Runge-Kutta algorithm; Gaussian beam

51

T

BRI LT B BOC AR EATE T2 S
hEA R ER IS Hevh, d5cA RS — I
JEF IR, B HIEOEI R 8 I T TR AR 15 5
T 119 Y6 M 22 9 T LA g 49 K % i S

FEGIUH - 1858 A AR 2 & BB H (11064002) 5
JVEE A RBP4 W B B (2012GXNSFAA053229;
2013GXNSFDA019002 ) ; ) 75 45 Bl 22 WF 55 5 1 AR TT & PR AR
eI A (RERHS 1346010-5) s AEMR TR = 0FTE S HARTT &
TR B H (20130122-1) 3 HARE 5 BB R~ B A A
F BT H

YEHZ T T2 (1989-) , &, WL WP 50 A, A2
FYKROCM AR 7 T ST

# IR AN, E-mail; glietzwt@ 163. com

Wi H 9 :2014-02-24 5 e BB ks H 191:2014-03-19

TEL PRI R rh, — R S A i 31 B T
JEHENZ AL B O, B R I 4 5 O RO AR
T E LA AT A B R T R
P T HOCH AL R 8 RSO SE I St 2 A
N HBAE AR, S AE AT S O i v Az B R 8
ST T AR G ST A R B B AR IE 3l I AT
R EUURU DO IR — 2 o A i 4 sei i o
2007 4%, KUMAR %5 A3 1 iy L] i A s 407 5
W A B L A S, R SO R 4 B
PALFIRTST T Seue 25 M AT TIgiiE™ . 2009
A, TANTUSSI 48 A $& T — ol BU DT R B AR X 4
JE - ROF AT ERN , S g uk B, DURR R -0 23 (8] oA
SIERH R R TR RO B A 2011
A NIKOLAL &8 N\ ¥ T1 71 3 25 17 335 B 10 A8 A ff
I, R ARG 20 A B 43T 05 R 2 3%
TR B L 2012 4F, WANG 76 1 4E4% R 101



216 T TR

201543 H

FRBYERE b 48 0 T —Fh BRI WSO 3 9 3% 5 1t
UL M X (S B A S 96 T o , %07 Y Y A 0 1 B
WeAFN IR EE RS o [RI4E, ZHANG 25 A\ LISOEI
BT TR UTRUC N B, o B 3 A7 5 8 B0 0 5 3%
e B AT T 05 B FRRF 9T T 3 A AT 5 5%
X B A T LR S A

3 r R AR 3 S TR AT B 3 A B, P
BEE Y K 4 i st THE T AR
Iei S S B A7 B RO SR I A2 B 46 1 R, B8 B T 7E
SR SO I 3 1 3 dE TRV E, ORI T
YU ARSI 0 22 SE RIS HLBE AL B

U SR AT S 30 B8 B B B
pEs L

HR A 42 S i B, 9 A SRH iR a8 3 S SR F, 7 A
SABIT HL58R FE 5 A SR AH 7] 0% B S8, W 80 38 28
JE ST AT S sk B3 B WO A & O
A4 , e BEVE EL A 3% R 2 Jr iz 3, WD
SR A

I(x,y,2) = [E (x,y,2) +E,(x,y,2)] x

[El(x’y’z) +E2(x,y,z)]* (1)
KL E (x,y,2) B, (x,y,2) 53 BIZRR AT 5 3 F
RS 1 06 3 5 B S R W o3 A, + AR,
W W R SR Fk o
I(x,y,2)/1,
1+ (yza/r)z] (2)
X, =h/ (2m) R v i 6 RIS R, T N E
SRETE 1, IR e B, AR IR R s B H
FEATHL, B8 SR T I8 Sl al LI Rt

U(x,y,z) = ;;jln[l +

1 oU(x,y,2) _
% X m x =0
1
[+, PO <0 (3)
1
]+ LalGey.a)
m 0z

L ,a,,a,,a, 53 FUEIETLE v,z J7 ] LA sk
&, m A% R T
o dx g(dx dz) _ d(dx)(dz)2 N

COT T A\ dz di) T de\ )\
@i% _oon 2 !
5 dt(dt) = x"v.” + x'a, (4)

P 2" xRN« B 2 SRR T B SRR
[FIFRA] 15 .
C+yla, (5)

v, FORIEFAE 2 Jr 1) B R, y" Fy" o0 32
Ry B2 B RO T R
T

_dy _dede
T dr T dede T
_dy _dyde
DT Tz DT
Ko, 0, PHIFRIETAE ©,y Tr i ERGHEAR, H
hifiE:

v

(6)

E=W-U = %m(vx2 +1)),2 +0,7) (7)
Ao, W TR RE R B (4) 50~ (7) A
(3) A H:
o 2W=0) L oU U
1 +x +y 0z 0x (8)
" 2(W_U> ’aU aU
¥ 1422 +472 o, v =0
+x° +y 0z ay

KB FIE R MBS U BB HUE K ), 8
il 4 G- PR RS Tk (8) AT SR, 15 Hh 4
JEFAERT S 7 138 sl , 9F FI 0 Rt 5k
FRETURIZR B 3 HELS R R

2 HREHSH

TEH DR BOCIE BT B s i 1F  — g
PR FIATAEEE, BT R TS, — TP, BRIT Y
XS, HpREOEE K A =425.55nm, § R4
i I'=5 x2wMHz, [ FYER 1, =85W/m”, 67k
W 5 =200 x 2wMHz, A T % 1h % P =
3.2mWH 1 O ST I A A S T
RS T B, b LA w, 43590 287 SO R A A
TR R ST,

Cr ;
atoms migror 1
// ]
Caussian !
laser beam [y, R A
yo o - )
0 trate [ ;:

P i z

!

I v

/ ! L

X

Fig. 1 Schematic diagram based on Fresnel straight edge diffraction
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Fig.2 3-D motion trail of Cr atoms
a—[=0cm b—1I=4cm
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Fig.3  Structure of 3-D deposition stripe
a—1=0cm b—1Il=4cm
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Fig.4 Relation between FWHM and C under different parameter [
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Fig.5 3-D motion trail of Cr atoms
a—wy =30pm b — wy =200pm
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Fig. 6  Structure of 3-D deposition stripe
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Fig.7 Relation between FWHM and C under different parameter w
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