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Simulation of Gaussian laser standing wave based on diffraction by straight edge

ZHANG Bao-wu' MA Yan® ZHANG Pingping’ ZHI Li«iang' LI Si-rong'
ZHOU ]in—yul CHEN Chen' GAO Yuun'
(1. College of Metrology & Measurement Engineering China Jiliang University Hangzhou 310018 China; 2. Shanghai Key La—
boratory of Special Artificial Microstructure Materials and Technology Tongji University Shanghai 200092 China)

Abstract: In order to study effect of substrates on the focusing laser beam in atom lithograph the characteristics of
Gaussian laser standing wave affected by diffraction of straight edge were simulated based on the scalar optical theory. The results
indicate that diffracted by the straight edge Gaussian laser will show the similar oscillation of intensity to plane wave and the
Gaussian incident wave has 1. 18 times of the intensity of the central axis at the first mutation of intensity while the plane is 1. 37
times. The diffraction of the Gaussian laser by @‘ht edge trends to that of plane wave when the waist becomes larger; the
distance between laser axis and substrate will afféetthe illumination area of the laser outside the straight edge. The optical field
superimposed by the diffracted Gaussian laser and its retroreflective wave is the standing wave with oscillation of intensity outside
the shaded area. All the results can make us well understand the essence of the Gaussian laser standing wave with diffraction by
straight edge.

Key words: laser technique; laser standing wave; diffraction by straight edge; Gaussian laser

442

o N

(10972210) ; ) o
( ammt2011A3) ;

0. Ilmmo,
(19783

E-mail: zhangbaowul978@ gmail. com
:2012-03-30; 12012-04-23 °



36 6 811
. ( 1W/m’
w,) b)
o ~ _ b 2 + 2
E (2, y,) = exp —(ZI )2 n (2)
o Wy
b3
° El(xl y) =1 (3)
. (2 (3) yo:
(1)
1 N N ikx,) - -
Bepy =g B
o z IAX, ’
x b y oz
o = * s ik
> E, , = J_mE] ,, €Xp zlxl(y—yl)z]dy,
: retroreflecting 0 4 (5)
- \E mirror E .= J_wEl Z16Xp[21x (z —zl)Z](jlz1
focusing — # 1
laser beam E>_b - (1)
TINSIINNIEYY x .
substrate # E.
Fig.1 Mutual position relation between laser substrate and retro—reflecting
mirror
- exp( — ikx, +im) - -
1 2 Ez( P) = i/\x2 Ez yEZ z ( 6)
K ( ’
(1) (6)
71Cz, D) y
) F E . - - - ,
© I= E(P) +E(D E(P) +E(B ~ (7)
( yPoz) o x
0 o 2
y] y
P
-
(7) 3
laser C X, ; X )
4 z z ’
K E F (7) o
Fig.2 Principle of diffraction of laser by straight edge 425. 55nm wy = 0. Imm
X, P E (P) o
13 .
- exp( ikx,) (- 3a 3b (4)
E,(P) iAx, lEl(yl z) X (6) X 2 3
k o Smm b=
exp{ ' (z Zl) +(9’_9’1) }dzldyl (1)
% 0 xe -4 0 mm
i vk =2w/A A ze -0.3 0.1 mm,
sy 2) Q (y 2) 4
P ;X K E x 3 o
’ 2- Y1 C — 0 o] y 24 (- 2 3 4




812 2012 11

[

incident wave

a . .
_retro-reflected wave with diffraction
- incident wave with diffraction

a - . ) .
o ; |0 wave without diffracti
.E =
z g E
= 5 £ 05
2 g =
£ g
- X -0.1 . 5 = 0 ‘ i
z position/mm 0.3 -0.2 —0.1 0.0 0.1
e z position/mm
b retro-reflected wave 1.5 g ‘
o g
= =
z g 2
= E Z
G g 5
§ = £ —retro-reflected wave with §iffraction
E 8 —incident wave with diffraction
-0.1 . f: 0.0 Wave without diffraction § %
z position/mm —0.3 -0.2 -0.1 0.0 0.1

Fig.3 Intensity distribution of Gaussian laser diffracted by straight edge z position/mm

a

I T - Fig.5 Contrast of intensity distribution between Gaussian and plane laser

incident wave |

with diffraction or not

a—Gaussian laser b—plane laser

1.5 (
8 g5
=z 1 £ 1.18 1
=4 g
205 £ 1.37 ).
2 / f Z
g 004 f : g 3
= =03 02 01 00 N 7
z position/mm (7) x 0z
b | retro-reflected wave 3 6a o
Smm
1.5+ xe —-A 0 mm zZ e
’AE =27 i ~
3 1.0 O§ 0. 3 O.l mm o 6b
:‘é‘ 0. I '::' -2 .g X z 3
=] { ‘@ o
2 0. 7 f 7 g .
. -0.2 -0.1 0.0 = — a - T
z position/mm g 5. - Gauss;‘g‘n laser
Fig.4 TIntensity distributi ‘ iffrac ai = & i
ig. ntensity distribution of plane laser diffracted by straight edge = il | ’
3 4 g a |
o a a E
x E
3b 4b
180° 3a 4a o
3b 4b Wg
o z =
=
g
.5 z
x = —2mm z
Sa Sb °
5 3 4 Fig.6 Contrast of intensity distribution between Gaussian and plane laser

1 standing wave with diffraction or not



36 6

813

E
g
2
£
=

90.3 ~0.2 0.1 0.0 0.1

z position/mm

Op ‘ . =2,

5 i _b:_Wn
& +b=—0.5w,
g 4 ~b=0
E 3 -- b=0.5w,
B —b=w,
‘G 2 —b=2w,

I \

-0. =0.1 -1

z position/mm

Fig.7 Effect of waist w, and parameter b on the intensity distribution of

Gaussian laser standing wave within the section of x = —0. 25A
a—b=0 b—w,=0. 1mm
Ta

Wy

b= 2w,

v b =2w,

- 2w,

13

CAIWQ LICW HUO Y S et al. Atom lithograph J . Acta

Physica Sinica 1999 48(4): 611-619( in Chinese) .

LI T B. Nanometrology and transfer standard J . Shanghai Measure—

ment and Testing 2005 32(1): 843( in Chinese) .

ANDERSON W R BRADLEY C C McCLELLAND JJ et al. Mini-

mizing feature width in atom optically fabricated chromium nanostruc—

1999 AS59(3): 2476-2485.

ZHANG W T ZHU B H HUANG ] et al. Chromium atom deposi—

tion in elliptical standing wave field J . Acta Physica Sinica 2011

60( 10) : 103203 /1403203 /5( in Chinese) .

ZHANG WT ZHU B H XIONG X M et al. Characteristics of dep—

osition for neutral atoms in laser standing wave with different velocities
J . Acta Physica Sinica 2011 60(6): 063202/1063202/5( in

Chinese) .
ZHANG W T

tures J . Physical Review

ZHU B H XIONG X M. The research of motorial
characteristic of sodium atoms in standing wave field J . Acta Physi—
ca Sinica 2011 60( 3) : 033201( in Chinese) .
ZHANG PP MAY ZHANG B W et al. Properties of 3-D nano-
structures fabricated by laserHocused Cr atomic deposition J . Acta
Optica Sinica 2011 31(11) : 190494( in Chinese) .
ZHANG PP MA Y LIT B. Optimization of particle optics model
for one-dimensional atom lithography J . Acta Physica Sinica 2011
31(5): 158462( in Chinese) .
ZHANG BW MAY ZHAOM et al.3-D simulation of nano-grating
by Cr atom beam deposition J . Laser Technology 2011 35(3):
364-367( in Chinese) .
ZHANG W T ZHU B H. A novel method to realize the nanometer
scale grid deposition J . 2010 59(8):
5392-5396( in Chinese) .
LUXD LITB MAY etal Investigation of atom-optical proper—

Acta Physica Sinica

ties of laser focused Cr atomic deposition J . Acta Physica Sinica

2009 58( 12) : 8205-8211( in hinese) .

MAY LITB WU W et al. LaserHfocused atomic deposition for
nanoscale grating J . 28(7):

073202/1-073202/3.

YUDY TAN HY. Engineering optics M . 3th ed. Beijing: Chi—

na Machine Press 2011:6 378-384( in Chinese) .

Chinese Physics Letters 2011



