B34 BE o
20054 6 A

X F ¥ #
ACTA PHOTONICA SINICA

Vol. 34 No. 6
June 2005

A A = H3 AR SIS 43 BT D % 5 A A S e

JERF

48 %

@Y% KRBT HEEF IR

(R FYHEPL ¥ SHEAR 2B, BA 610064)

R OE AMERBABKOAFHARRAA S SGEA . REBAMERGE T BRI H T
L, RLITAMERGHRMRRD AHA PSRRI R AT HERRITHN . S EpER

AEw AXEF.

HAMBREAGELSBE RESRNGTHAREMREXLZHNHALRE

A AL RS BB ELEREATE. St TR 2GR T TENGE, AT £ %3
Hmh T L LK FEHT BHEHBLICFAAE L imE®. TR EHHETRTH
$100 mm Bk @AM ER, AITHA RGO ERRMAXLEREZRH AL R %K.

REIE FrHAF, TREXZ0 AMER; L RRA

hES%E
0 3|8

A EARTEMEIEARENRPSEH, M
e 7 GE 2 B — R IR A B R LAY
B4R, , Yol & 8 & S X b AR AL, S R ad A 77
SRMAOABFENBEEORAREEEX AR
Ih B A AR ESFTEA T Z R A.
19954 LLNL LR R UK LM ER A THHESA
B AS (Inertial Confinement Fusion, ICF) #{ )¢ 3K
bR H L W A BB ST 4. 1999 B E M B
Touzet AR B HHAF ICF K E R 5,
HEIN TSRS S B REZMIIGE, Z8T
FFERXED. SRRV ERXZMIBERT—
W0 T ST, T R A R B E T R
GRIEL AR BB T HERENBIRHERE,
HEET THEOMERAE . B2,ICF RHEXN KA
FETMAMMTHEEERER, TEMHERAR
SR VAGURED, R ER TS AHE KRR, B
HEEELT 2D, HFNHERS KM TR
EZRR T 50 MR 4L, B8 R A5 B A & B T it
BN SEREREER, AFRBOEEER
TR RER ST S BT

ETFEREHELOFTEZTEABERTIE.
EEEXEL ARNEZSE FRTEML AT
%, FRMRESEY ARITEYMART
B RREGHERRE AEFHSESAHIER
B RE EBEAT B E T AR B REITRE K,
JoExt TR R TR & e, B B R R R
2% . BAEFEC AT EEXERE Y EBAN

"ERGARAF RS 10376019 F BIIEM
Tel :028—- 85412983 Email ; txgjly@ sohu. com
B b B ¥F . 2004- 04- 26

0436.1 kAR

A

PR AR AN AR ERTE. A
e B R TIE R ROE#45 W . AScs
FICF imAtAMEROR TR ARHE FIER
STANIE R BRI B R 5 RAZ MK, X
R HBSERETL 4D, THE—-FXER
S €% T 8] BE A AE 69 J) 38 S i, SR R X O 100 9 Y B
B, AR R R A X A e e AT A4 BR
RETEAHELABEHERERAOR S, XTRE
WEHER .

1 RHE

WA 1(a) , ol E S — M — R P E A —R
REETERCEREMSE VIR B, Bl
Spherical wave

Plane wave

I ////A-
®)
Bl (DEHLERAFEE, DI MBEBLRTAE
Fig. 1 (a)Principle setup of off-axis holographic recordings

(b) Cross-section of part grating lens structure
BT 3R 200 o d HE RE R, LRI R X b — R P B9 B Rl R
OHE AR ER —2E | B HEH X
HREOBRETOE 1D, XE -1 6K 5% G
fB) BE
T, = VzAWn— v/n—1) D
Hbh B AMEENEE. X FERAAN



882 X F ¥ #® 34 %

50 mmX50 mm EEH 1 m, BREXEKEFLEE A
S IS HSEH B SR , IR BN 20450 &, B/ R K
K 2.254 pym, HRX (DA HEHTLEENLZHLNDT
107 pm™, KBRS ZXL TR,
AW ZIR R 6L T A5 K IR AN KB
AR R EH, HE A XBNEZEAY T KRN
B G R e, B

T>=Aa/(sin §+sin &) (2)
Kb 6.0 HNRRAFAME ;] AR —1 RAGH
KRFEHA . EMBEEEE RO THEE 5
BT 4y X3RO X B R IR AT S 380 ¢, KRR

1<
=~ 2in, s, (3
j=1

A gy FHRRBEMNEMBENE ) 4 XKHEE
MHBFANBEMEMEROER, A, HE; o
X B mE R .

BRI AMXEAESHE R T #ok
MOmHRE. ERAANFEES [ RASBE
i, A5t a0 0, AP TEZE 2 FEA . 81 F TE ¥
M TM B A T AHAS, SO A& AR R
A
TE &

E..=¢,E cexp [iko (aoxt+%2)],
(a0 =sin 0,7, =cos 0,6= /po /0 )
H, =(e.aas—e.¥)E; *
exp Liko (aoxt+7,2)]/0
™ ¥
E..=(e.ao—e,7,) Hpoexp [ik, (apz+¥o2)] 5
Hi,=e,H ,exp Liko (@ox+ 7020 1/0
¥R —4 2 TR e R B WS BUR T o

lcEs H], = %:[E,,,.,E,,,.,Em; —H.,H,.,
H.. Jiexp {iko[anz +7(z—2,)]} (6)
KAPIRBABKFEFIES mREBEHERS.
tn=ac+mA/ T ,m=0,£1, L2, £M. iy BF
K KkmgE, REEREW z & . X F TE ¥,
E..E. fMH,5FF;mxT TM¥,H..H, ME,
EZFF BHTHE#EG TEEM TMEREHBEES,

€Y

Cko =21t//‘)

Al AR HE R EARER .
R, X NG — RN (D) RBFHR
e(z)= %o emexp (12xmx/T7) (M

m=—oo

B HEFEFHNABER (OE 2z FEA
7 B [5) BT 0 B I P S R AR, ZB0R A C LI R
B 3 43R Bk DA SR W L BGE BEDD . H K (6) L (T

RAZ W B HBAPBBHEREFBAN
TE ¥

{le]—e*}E,=7E,,H,=yE,,H.=aE, (8)
™ ¥

{I—ale] ‘et H,=»*[¢']H,,E.=y[e']H,,
E.=[e]'aH, (M
AF,lel, =(T)H)! {e(x)exp[—iZTr(T’)‘] (r—s)x]
dx,r.s HER . B KRB ZEEFB, TEHBHXN
B4y ERRARMEAE 7. .7 MAMEERE e 2. 2B
FPREEGNERSTXEERGROLEEM,
Bp

TE ¥
E' =é\exp (ikyaz) {exp [ik, ¥:(z—z) Ju's +
exp [—iko 7 (z—2z)]d% } (10)
™™ ¥
H! =hlexp (ikoax) {exp Liko7i(z—z) Jul +
exp [—ike7i(z—2z) ]d4% } an

HEEH TEEM TM ENH R ETR ().
(DWEEFAMNEEFBERRE . BEERIERF 4
M AARKBERABE AL IR THRE = &
3 R &4

E}] _[EM _

{H;}_{H’f‘] (fE z=2, 4b) (12)
X (10) . AD R R B ERE o« 1 44 KK
REAFEHEREZTRE T BEREMBEENE,
Hb SHEEBEMIHEHEREEERTCME
BREERE B MK SN AR A B, R CR
RG34 35 B EA 53 7 i 2 L SeeR (9],

HFAREEA. 20BN EHAKED
SR BTLASE j AN BB B 5T L SR 08 R 3 BE
EXLWHE. REXHENEHEHNE L RAK
XN RKEFHBE . A EZREAMBX
ML AT HEER . REHMAXGEBIENE
Bt B R 1 B 8 .

2 HERMSXIE

ATHHERFENERE, BRIMET K
BOTETURE . XER(2]#HE, 1999 4, B.
Touzet EANBEM LM] RERBEH T KR
SHREHHE S, IRIBT SCH B4R IR B SR
fE. XEHEZE N R 150 mm X150 mm, BE
10 mm, &8 2. 4 m, YeHHE IR 700 nm, BEALE 1/
16, At &R 25°, AT K 351 nm. ¥ LM EEY
515 300 N4 KB, FI AR TR TN HE —1
% TE BEM TM B MR ST HEEY TE
SSRmME 2, 52 SIS R —3, X A 8
E B T A< 30 O B A MR U 4R 98 H AR M IR R B B A R



6 34 REEE SRS . F R AR I 4 AT AR B B R A A e 883

WSIEWYE . 5550, 75 50 e HE e X 540 B
43 B 200,300,400 MK, Hit B 4R AR,
XRH ?%%%Eﬁwﬂfﬁéﬁﬁﬂfﬁ .

09

08
g 07
5 06 1
5 05 ]
£ o4 ]
03 J
=2 02
01
73 4 5 67 80100 2
Groove depth/m
(a)TE wave
10 , —
2 09 J
i
g 0
g 06}
2 05}
§0A
A 03
02
Ol
23 4 5 6 7 8 9 1011 12
Groove depth/m
(b)TM wave

H2 REZHABMTHBEHERERNEL
Fig. 2 Diffractive efficiency of focus transmission grating
with different groove depth
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Fig. 3 Relationship between diffractive efficiency of sampling beam and fabrication error
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Analysis of Diffractive Properties of Grating Lens by

Using Rigorous Model Theory
Tang Xionggui, Gao Fuhua, Gao Feng, Zhang Yixiao, Du Jinglei, Guo Yongkang
Department of Physics, Sichuan University, Chengdu 610064
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Abstract Grating lenses have been widely applied to various optical system because of their special optical
characteristics. Theoretically, the grating lens is subdivided into smaller sub-areas in this paper, and every
sub-area is regarded as periodic micro-structure, according to lightly variance of adjacent linewidth.
Rigorous modal theory is used for analyzing their diffractive properties in sequence, and finally total
diffractive efficiency of grating lenses can be easily obtained. Numerical simulation is performed to
calculate diffractive efficiency of grating lens, which is used for beam sampling and harmonic separation in
high energy laser system. It shows that results computed by the method in this paper are accurate and
valid. In addition, fabrication-process-tolerance effects on diffractive efficiency are also discussed. In
experiment, a beam sampling grating with diameter 100 mm was fabricated, and its experimental
diffractive efficiency is consistent with result calculated by the method in this paper.
Keywords Diffractive optics; Rigorous modal theory; Grating lenses; Beam sampling
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