F14E BIW ¥ % F Vol. 14, No. 3
1994 4 3 H ACTA OPTICA SINICA March, 1994

EEREERIEMRBERABRHPUEITR
SIS NI W

(EWAERFNFAYER, L% 200030)
IxE #ak
(FHBERZROCFEREBEVRBI R, &4 230031)

B OB AXREBEEHEESEGIRE R BEEEE, X IE G i B G 4 5L 21T
THSNEETE. YEEARTAARERSHARS, BT ARS8 AHR, FHFa
ROEMERSPOCMH L. BX. BRI THEHEN.

XWiE FH. SR, KERKAER.

1 5 7

X FEREHT SR, ARASTEABNE. MME HRARTRED. K, By
%, O B RE A EAE TR AT ST R, ER K e EE R AR ES
s BRARR UL EEEHE M H S, AR R aHE, B-RRAES
LA FEE AL MRASHERS . MRERKE R, IMEEEEAS T RS
B5 T, LEEEEABREEEELMAFS A ). RERERKCRETIRRERE
S 2R, TOARE LA PR = et o™, aTRUR B, AR 2R B Rl 5 Rk
HEREVMHXH. M TEEEEAEH, BRATERD ALEMrEERT A,
w2 R BERBA = ARECKRIT, RIF AR DUl B £ Bt iR n a7
FERTE"

WA Sz HZr R T EEREEMEE SRS BT S B, Hath 7THEL
Y. ASCAEMERL B, BRRUE T X MONES ol T, 2 R0TE T AL E AT
NGBS T IEZ A AT S R, RIHRERE XIS JWEREFEYE. HK, it
X BRAS G A ) IE 52 AR DEATHAT i B AR 9 T H S, MR R SR B A KB LR
B, BESH T ARSI AW IRSE, 2055580 A REREER 2L, HiF
MPEF T AMERSHOME R BR . HEPOXMIHBE. RIRFENZE.

2 BEIHE
SCHRL 1o (0 R W7 B T BB ) EL SRR B H ST 76 B A MO AU B n Tl

W HHE.19934£ 4 H 15 H



304 ¥ ¥ 4 i# 14 %

SMFTET I RE, p RN B R HHEAREW, Ba=15, p=6F|2=30, p= 158,
HERMERT 1%, UM THESFEYR 2 =15, p= 6.

& Ye R A 1, oM R B 4 BURALK Y
BE, c HRME, h KRR ASHXHHHEO,9 £ (1) o
7o 0 FRASE S oy MBI AT, o FR AT 50 —\‘%\/&\/\
FRENEA He (BRBESHERITHNEET oy b N T =i N
b 2 B8 T RS S ) 3R R W R 1 9 AR 4R 7 180 VAN AN

YRR N Fig. 1 Model of the metallic grating

f(z) = h [ cos 2nz/d) — 1] 0<<e<Cd

486 [ 4 G M i AR WO A

h(— 7+ /77 — 2%) 0<Lz<r
f(z) =< — hr rlz<d—r

—r+ VP —(d—2) d—r<z<d

A, 7 ﬁﬂifﬁﬁlﬂ‘]*’rxﬂ R AR AR S K .
2.1 FIHBE

A 2. 3 BIRREREMRES (BELRRME KRR RARBASHE 6.9 B91F
BT, AR B M — 1 RATHRCEE o AR BB A . A 2
B a, b, c ZKMLRME 3/ a, b, c “RMAFUFEN, EARAMRSHHELT, THK
HEEA S AT A B RARMA; NE 28 a, d BABMKMNE 38 a, d, e Z 2% HHZT]
AN, EREMAHHE 0,9 BFET AT5BCRH A SHRATHA 2 B9 a y#.

7T

100 T '
t N
oant - nan | \\ c
. b r/ - /;, \ 47’
. . v
r \d/ ! / .)( b S .
060 i ﬁ' J hhh'.r"'"'_..““. //( et O ’_f‘l-,\ ‘ . ! o -~
\\ \ . /l I‘ N .'\\ N - ) \‘ ‘\ _____ a
N S . 3

';. \:J !\ c ;) a g I ) ““-a.___p/

QuOft 1. Q/ ey O« ‘i } \L SR
~_ -7 7 Vs -~
! / |
; R
ozot 7 1 020 f j d °
.z i N\ o [a <07

, _ ) N A

ool e . ' ool _
.20 Q.00 1.30 0.50 Q.70 0.90 1.10 1.30

Fig. 2 The — lst order diffraction efficiency n of the Fig. 3 The -— Ist order diffraction efficicncy n of the semi-

sinusoidal profile grating versus incident elliptic profile grating versus incident wavelength A .
wavelength A . ah= 0.5, r=0.35, 4= 30° ¢ = 60°, a =30°
ah= 0.5, & = 30°, ¢ = 60°, a =60° b) k= 0.5, r = 0.35, 8§ = 30°, ¢ = 60°, circular
b) k= 0.5, § = 30°, ¢ = 60°, circular polarization polarization wave incident

wave incident h=10.5,»=0.35, 8= 30°, ¢ =60°, a=T76.4°
c)k=0.5, 8= 30°, ¢ = 60°, a = 40.5° & h=05,r=0.35, =060, ¢=060° a= 30°

d)h=0.5,0=60°, ¢ = 60°, a == 60° e)h=10.5,7=0.35, 8=30°, ¢ = 45°, a = 0°
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& the sinusoidal profile grating versus the grating
] depth A& .
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Fig. 5 The - lst order diffraction efficiency Fig. 6 The -- Ist order diffraction efficiency n of diffraction grating

n of the semi- elliptio profile grating versus the incident direction ¢ and &
versus the grating struct 1ral a) sinusoidal profile A = 0.9,h = 0. b,a = 30°
parameters k and = b) semi-elliptio profile A = 0.9,k = 0.5, = 0. 35,a = 30°

a)Ai=10.9, 6= 30", ¢ = 60°, a =45°
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Fig. 7 The 1 st order diffraction phase ¢ of the sinusoidal Fig. 8 The | st order diffraction phase J of the semi-elliptic

profile grating versus the incident polarization profile grating versus the incident polarization
direction a . direction a .

a)A= 0.9, h= 0.6, ¢ = 30°, ¢ = 60° a)A=0.7, h=0.5, r=0.35, 0 = 30°, ¢ = 60°
b)Ai—=10.9, h= 0.5, 8 = 30°, ¢ = 60° b)A=0.9, k= 0.5, r=0.35, § = 30°, ¢ = 60°
¢)A=0.9, k= 0.5, 8 = 30°, ¢ = 60° c¢)i= 1.1, A= 0.5, »r = 0. 35, 9 = 60°, ¢ — 60°
d)A=10.9, h= 0.5, 8=70°, ¢ = 60° d>A=10.9, 5=0.5, r= 0.35, 8 = 60°, ¢ = 30°

e)i=10.9, h=0.5, 0 = 30°, ¢ = 20°
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Fig. 9 The 1 st order diffraction phase ¢ of the sinusoidal Fig. 10 The 1 st order diffraction phase ¢ of the sinusoidal
profile grating versus the grating depth % . profile grating versus the incident direction 0.
a)i=10.9,0=230, ¢ =60° a=30° ayi=10.9, h= 0.5, ¢ = 30°, a = 20°
b) A=10.9, 8§ = 30°, ¢ = 60°, circular polarization b)A=10.9, k= 0.5, ¢ =60°, a = 20°
wave incident e)A=10.9, A= 0.5, ¢ = 80°, a = 20°
¢)A=10.9, 8 =60°, ¢ = 60°, a = 30° d)A= 0.9, h = 0.5, ¢ = 60° ,circular polarization

wave incident
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The Numerical Calculation of the Vector Modal Theory
for Any Shape Profile Metallic Grating
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Abstract According to the vector modal theory for any shape profile metallic grating,
the diffraction fields are studied numerically. For the sinusoidal profiles and the semi-
elliptic profile grating, the distribution of diffraction efficiency and polarization with
arbitrary incident direction and polarization are given. The effect of grating structure
parameters (period, width and depth) on the diffration field is also investigated.

Key words diffraction, metallic grating, vector modal theory.





