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Surface plasmon resonance at interfaces between metals and dielectric with periodic modu-
lation in index of refraction is analyzed. The reflectivity and the diffraction efficiency are

formulated in the Kretschmann configuration.

The reflectivity and the diffraction efficiency

for *1 orders as functions of the angle of incidence are numerically calculated for dielectric
gratings with rectangular and sinusoidal index modulations and compared with experimental

results,
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Fig. 1 Kretschmann configuration with a
dielectric modulated periodically in index
of refraction.
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Fig. 2 Calculation model of a three-layer
system.

2
4B %;wam-v log £)=0 (13

CTT ¢ BEERTONRETHS. e MAudicffEL
e &, (1R WD Helmholtz FRKICRE T
3.
AE+EE=0 (2)

FF L, B=cplo/el ARXTIAHEE ¢ Mz 0H
LTRHME TS 2B, Z0Bas b e/
€1 O & (2)RoaERMEY ID. EREICEY3E
EFEOASE S FHEOCBED » BT (2)R £
TEEEE LT, RRATELONS.

EW x, u, 2)=E"D*% exp i(ttwz = 82),

m=0, 1, £2, -,
for [j=0,1,2. (3)
=7 L,
famt 2 (B 2= [R47) 2, (4)

m RERTHRE, B B B 0BT AP
=VePw/c), e REFEH j OFEE, ¢ HHEEPD®E
DHEETH 5. E OO+ +z FEg, —H —= K
MicZHT 3 X EER LTV A, S COBRPAL
BEIURHA A oREBREFLMRET SR
tm= ko sin 8+ Zmi/ A (5)
CETHDTERARCBY 3EELELL. 0/1 RES
ST I 2REICENT
ED=x, y, ) =E$" exp ianz, for j=0,1 (6)
EWD*x, ¢, A)=E"P* exp i(atmaz = B°R)
=B exp iame, for j=1,2 (7)
ZCF, R 2oEaThs RECBEAEED
ERESOBRTEMETH S0, /1 REBLY 1/2
RET
S(ES 4+ EP)exp ittnx
" =3 {EW* exp (igm)+Ef,.'":3xp (—igm)} expitmx
" % (8)
S(EP+EP Y expitnz =2 EX* exp t@na
" " (9)
CCT ge=hfY WEE 1 ick AAEENTH 5. BE
LT dERE, 0/1 BRBLU 1/2 BRT
SUHE - D) exp ittnz

=¥ {H®* exp (igm)+ HP exp (—ign)} exp inz
™

(10
SHP - HPYexpigne=2HP" expianx
m m

(11)

EOICRET FL v R = HP/EP: 2 H
5 EROBHREERS.

) —
b

Vgl ptid

A ?
COBEFERALSE, (10), IDARKATESBRAS
1%,

T EQ* - ES7) exp idaz
m :

=ZulP{EP* exp (ign)
m

(12

+E8- exp (—igm)} exp icmz (13}
ZuP(ED* - EDP) exp idtmr
m
=2 uPz)EP* exp ionx (14)
m

LT, u(x) BEM A oFMBERTE S, 7~




BIREB TS 5EmMS 5 Xt (A4 -y

VB TETCLEMTE,
uz)= [Z Un.t exp ingx (15)

15) & 1) KO BFHEICRAT B &

ZaES + BV Yexp ittnx
m
=L Un  EP* exp ittms1x
m I

=22 Ut -1 EP exp iz {16)

m
LT, RS2 2(8), (9), (13), U6=RD
WD expionr OEEREHNTS -
ED 1 BB = B exp (igm) + EL” exp (—igm)
(17)
EP + BP-=E®* (18;
UP(ED* + BP-)
=u{P{ED* exp (igm) + EP exp{—ign)l  (19)
WEP* + B )= DU ot B (20)

(AN ~@E0REh EP= 2WETHE

o)
B = eos guti® sin g, | E@
i

1/1 . 1
+"2—(;£:1') sin gm'!‘uT"g]) cos Qm)z?. Ul,m-lEngH-
(21)
(13

EP-= %(cos gm_i% sin gm)ES,P*
ul?

1/i . 1
+ E(z{%,,}’ sin Qm—;—(ﬂ?—) cos g.»:)%} Ul EP*

(22)
ki, (21), (22)3‘3%1?%%58?‘5.&
E;=M_E; (24)

kL, Ef=(.., EQ EPE BRI (7=20,2). T
oC, BRTH T B XURHGT R #5heh

E}=TE; (25)

E;=RE; (26)
TEHETSHL

T=M;! (2n

R=M-T (28)

EI3B. Lithi=T, RETHIR @ m=0 st 3
AT 2 REEL LY, EirPEsRyc &
i 3.

3. HEHESR

T AV T Y XAORIFER 18185 T, £B
BUIEE 55 mm O (BITEE: 0.05::4. 87 ) £MEL
fo. FEAOBITRAHERITEREOBEA L, BB

777 (31)

OHET, VEENERE 1515 & Lk Bk
+16 RECEZR LN ERME L. iR &

RS T~ TEE RN LTk,

T, BITESMZRYN Fig. 2a tRT L5507
2T =1/ 20EEREOESOHEET 7. B
A=2002 OBEAEOFEMEL LU 150 s s
Fig 3 wid. BIFEEGHORIE e 297 4 —2 —IC
&ofo. BHEBEGHIIRE a M RE{RB K Litds
T, Faw 7RI ORSHEL, TOHEBEREL{E-T
B Z EMDS. RiIFah 0.03 2RI B LIEL O
M(Adef A1) 2 DoN, RAEN 1282 3743 & OX
EREAMEC. 1Rk RoSER B S
EVRNORMNEAGEZBI UL SR BITRE - T
5. LdL, zor—-2so@R oibos s v 7D
Eroh TN TN E. — 1 REIAEDORE N
W, +1mERAEONEVFIcY7 P LTS B
HL002 i s & (Fig. 4) 3B LI 20 F 4 v 7

1.0
(a)
0.8
2
Z 05 ¢
©
@
S 04
i
02t
0.0
(b) 0%35 -1 order
Z 040 0010 (recl, A=2000) ~
e 0.015
o 0.
B 008 g
5 0.
c 006
g
g 0.04
a ooz
(© 0.00 ¥ : h ¥
1order . 0005
a 0.08 - { rect, A =2003) 0.010
5 0.015
2 0.020
2 o006 0.025
] 0.030
&
=004
o
= oo2r 4
0.00:¢ 57 59 &1 ) 55

Angle of incidence (degree)

Fig. 83 Reflectivity and =l-order diffraction
efficiencies as functions of the incident angle
for 200 A-pitch and rectangularly-modulated
index gratings.
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Fig. 4 The same as Fig. 3 but for a 100 A-pitch
gratings.
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Fig. 5 The same as Fig. 3 but for a 50 A-pitch
gratings.
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homogeneous dielectric media.
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