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Fig. 1. Liquid crystal display and the antireflection structure.
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Fig. 2. Arrangement of gratings on the mold. The period of the gratings is
1.08, 1.8, 3 and 5 um from left to right. The stripes of the gratings are in the

longitudinal direction.
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Fig. 3. Top view and side view of the grating illustrating the method of
measuring reflectivity. The dove prism is placed on the back surface of the
grating like the tail of a pigeon. Some of the incident light is reflected and
detected, and the remainder is transmitted through the grating and is scat-
tered in the dove prism. A is the period, d is the depth and ds is the substrate
thickness of the grating.
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Fig. 4. Rectangular area for the detection of reflected light with normal incident
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Fig. 6. (a) The optical system for spectroanalysis. The viewing angle of the zero
order diffraction is 4°, if the diffuser is not used. The optical fiber was used
for the light input. (b) The positional relationship of a optical fiber, incident
light and the grating.
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Fig. 7. Geometry of dielectric surface relief grating for the antireflection.

11



PEIR I COFBEIR e & FBEIR e DERIIKRATEZ HND,
z=F(z)=F(zx+A\). (1)

22T, AR ORB, B (@) BETH FORET 8T 7 AV ES R S 20
AT CIE, F(z) OIZRIZHIFNT 2, dhifR, B, o b DR Y, T X TORRIFF
END, Ri@sCClE, HMMiozolo, FEMICHEIN 2 AF OB ORIEI S
HICEEOSEAS (TEE—FR) 2&0I2H D,

FEIK I OBGIIASHE & KA O TH D, fE ] TOFL S - REHITRADO L 9
2725,

Ey =exp(—jky-7T)+ Z R;exp(—jky; - 7). (2)

ZIT. j= Vol AHOBEAY M k. ki OKRE STk = 21(e) Y2 /0, N ITE

EHOWE, EL T, r=xt+yj+22 THDH, 1FHEMNZ M E2ERT, R IFFHEKITO
T IROBISALIREE TH D . BT ML ky; ZFFD,
[FIRRIC LC, fEIk OD (2381 2 Bk b L CELI.

Ey= Y Tiexp{—jks; (r—d2)}, (3)
Thbd, 22T, THIFKII ~O i IROFBWBLETHY | WET ST ks, THDH, di
TERSTH D, ki kzg ORE SNIMAHESREBIC L > TRE S,

AT ClIX, BFrElE (FERCIT) &, 2 @S TREIC N EOHE -2 0E4 5, B
RGBT 2 ORI IR L, TR ENORA T T L, L, fEx
O RIS 3+ T X, EAREIE O 1 7 7 A )V b ALE OREE £ T
HIZLEMWTE D,

€1 €1

€1

Fig. 8. The n-th planar grating resulting from the decomposition of the surface-
relief grating into N thin gratings.
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Aoy n = 27 (€egn) V/? — 2miN/A. (26)
AFACH LT, MY THEDT, wygn & Mgn b M LT, WL THS,
T,%TE; & LT, L=i\/AZHNTX (23) #FBZETERADL I ITRD,
2s
TE; =Y  FEy(L,d/))exp[GEiy(L)d/\). (27)
q'=1
T,
FEq/<L, d/A) = Oq’,N wp/,q/7N, (28)
GEiy(L) = exp[{Ag v — j(oi 2)}], (29)

Thd, TE, ZEBZ i, \, \,d &THLE, WIREEKE LTINALEA/ND DT
ZEFODOTZ OREBIIRD L HIZHIT D,

TE; = TE;(L,d/)). (30)
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BRI REppo 1TIRD X 512725

REja = 1— Y TE;(L,d/)). (31)

ZOXHIZ, TE;, LR UEHZF-,

3.1.3. TME— RO FLEE) G

TEE—REFEFRIZL T, TME— ROEFTEIFEEZ 52 2 TM, 238 R B3 E T
HZENTED, EEHLT, HIZEBEL TWARWVWEDIXTEE— FEREUELEEZHWN
TW5, TME— ROEEIZHOWTIE, LFOXL I L TR LA2E Z LN TE S,
PUFTI, #ilE LT, EsRRoEITRoM 2 R ol T2 ET 5, RO H 5 R
FOHFEFRITRO X HI2FET 5,

€(z,2) = €y + € cos{ K(xsin ¢ + z cos ¢)}. (32)
ZIT, IEFRATHEAONDHFERTH D,

€0 — €0 — jO'()/WEo. (33)

€0 T EHHFEER, o) (TFEHPEBERTH D, w ITNEMEIEE. o (XA BZEFOFBRER,
e VZIEFZIR IR 2 L7 A F DB ERO R E &, ¢ 1XEHTE O 2 filllo k4 2HE £,
K37 MLOREZSITHD, X (3 2) ITEREKROBHKEEZH O DTN, o
AR THRBRICHR D 2 &N TE 5, BN ERERLO D 5FH BRI NI FLE

L. ZEMICHFEENEDD EX, v 7 AV 2 VO FREANSEEIIHE LN DX hL
W RN EMSG 525, 50T VR

V2E + V{E - (Ve/e)} + kPe(x, 2)E = (34)

LD, ZIZTC, BIXES. e(v, ) 1AM ERELBERTH D, FERIC, BG~Y
M HFRERIT, RO L H 125,

V2H + (Ve/e) x V x H + k?e(z, 2)H = 0. (35)

T, HiFWSETH D, 2ok sh iR, FEomeicx LTix, 2
R0 Hififb T %,

TME— FORCEE F BT, EHPSASFRNICH D ZOFEPEX7 L
G, WGEILy FMEFICH D, oFV, H=H, Thd, BTy M2 ThHHDT,
X (35) Zffi5ORENTH D,

DR MEENFRRIIROEXE WD gL TE D, Vex Vx H = V(Ve-
H)(VEWH U?VW%—HXWXVQ%&@VXV&H%TM%~P®ﬁ%T@

HIZVelZEBETHY, Ve-H=0%& (H-V)Ve=0D LT D, WD~ ka5
FEAUTRD X 9 I HIZ R 5,

V2H — {(Ve/e) - VIH + k*e(x, 2)H = 0. (36)
COFBEREITEET—FOX (1 1) LHRXTHEMEZ TS,
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3.14 . TME— FOREGEHEITEN

TME—RFOWEZEHZ2 5K (36) ZANT—#EEEFRXOM~EERIND, X7k
JVIEIZIRD L 5 IR S5,

Ve e sin(K - 7) H 0H
[ € V] e+ e cos(K -7) {sm¢ o S¢ A ' (37)
:@iémyﬁ%ﬁﬁﬁﬁéo%m®@u7—)i&ﬁ:%%f%éo
e sin(K - 7) e Qs
_ = — A —JhK - 7).
o+ ecos(K-7) 7 h;m »exp(=FhK -7) (38)

ITLR>1OEE A = [{(&)e)? — 1IV? — (o)e)], Ay = —Ap 72D, Ay =0T
&)é TME— FOGE, Wi LZERERE IR S5,

[e.9]

H(z,z) = Z Ui(z) exp(—ja; - T). (39)

i=—00

X (37) — (39) #X (36) ITATDHE, TME— FROFREEH HFEAIT RO X
T2 D,

0 d?U;(z2) A (6 — ersin® @)% icos¢] dU;(z)
a2 j[ N\ N
.COS ¢ dU;_p(2)
— 2 A ; An dz
b K%i(m — )Ui(2) + 27;261 (Uia (2) + Usr(2)}
+ K {(i = h—m/2) x AUi(2)}. (40)
h

ZIT, ald EHRIOEHHFEERTHD, o, mIFKRATEZ LN,
2A{e;"* sin psin @ + (¢ — e sin? §')/2 cos ¢}
= 3 : (41)

TEE— ROLEEL Eil=N fﬁ’ﬁ”A@ii)\/A Lk )\/A O L 72 5, REEHENRE U B+ 54
RTOBEA NN & NN DB ETH D,
TM; 133 >DERTHE S,

2s

TM; =Y FMy(L /A, d/))exp[GMiqy(L)d/ ). (42)

Z Z T,
FMy(L,A/A,d/)\) = Cy N wy g .N, (43)
GMiqy (L) = exp[{Ag.v — jloin 2)}d], (44)

Thb, TMIZAA E AN L dANPEHTHEOT, KO LI ICET S,
TM; = TM;(L,\/A, d/)). (45)
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[EH#E 23, FHEAE TR BREOGAICH, P00 G TRFIIRZ RO H Z LR TE
59, Fiz, ok BESNERE, FEE/RRD L ERTIE Pz RhoT
W5,

8.2 . BEHRREROFIHERTTIL
TN AT OFEE RIS A ERR RS L L, REiT—o& L, AFAIZ0ET
Ho, AETITEMOEITRIZL. 5, ZROBEIRIT1L E L, FE, 727 b, Wt
ETEIEZ Tz, TSR R A X EHT A (kS 5 BB N S VDO TEE L TRV,
AT Y B ME TR TR b BT DR Th Y | BRI
1. 525 1. 6<BWVWETE(T S, LirL, 2O HWOELTHE, B IZ—0F
FE A EEL LR,

R CWA OFEIX DiffractMOD™ 1.5 (RSoft Design Group, Ossining, NY, USA) % i
VN,

8.3. WEEHOAMOFETE

FDTDOFEICITIARE T SNANEE CUESIN/ZNS —FDTD (Nonstandard
Finite differential time domain) {ED 7 1 275 A% - 42:43) Minimum feature size 13
0. 1A MNhiZ10THD, hiTEAIA X, NIEETHD, HEOAT v 7HIT2 5
O, YHMDOZY v FEIZ1 000, XHMDTZ Y v REIZ3 20 ThsD, HILXFMIC
e, FEM AT > 7 1IN/ (0.83¢/ny) THDH, ZZTclINHETH 5.

3.4 . Fraunhofer ¥T{Ll

“AEORIPRE ORI AES M FE L, ©— 27 k% Fraunhofer ®HLA U+ a4
INH =TI LT,
A, (4 6) % Fraunhofer ®H. 2 U v KA/ — 2 % . % 74 50)

I7(0) = A2A3[sin{mAy(sin 6 — sin 6;) /Ao } /(7 Ay (sin @ — sin 6;) /Ao)?. (46)

T, Ip(0) 1ZEHTRE DAL AT, A 1ZA Y v MR, AITTER. 6, ST 07
B CTHD, ZOREHAN, WELET AT MNEEEZ . ZREOEPTSF — 2 Ok
BROMEZ RAEH o72, Case B TIXEITERZ np & L. Mo Zngh TEEMHZ D, ANa 5 &
LT, BEA, 0, 2L HET,
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F4FE. [HEFDEREBHOTMER
4.1 . [ETRE - DO TAREATh S R

1. 08, 1. 8. 3. 5 um®DEHHETFIIIEM 7 1 /L AITERE L2 R T %1%
SHTEUVHLT, RLBIROEESTZLEZAZHE LT, EM 7 4V AZIZHEENOPET
T4k, K9 (a)-(d) IZFDSEMBTHD, 1 0 u mOEHTEFI3WH %
AL, BmziE CTED THoE 0Lz, K9 (e) IFZDSEMEBTH L,

BT DO A F MBrEBIZE 1 0 (a)-(e) IZx L7z, AH1. 08, 1. 8, 3, 5um
DOEHTHEFIZ. WTHL T A7 A0, 48 THV, PO EHREMESIZ1 2 nm
Th ot HEDOFAMIIAE FIEOERIZIN - -4m TEHI L 7=,

A1 0 p mDBEIFEIZEA 1 0O pmiES 7 umdD " FHEN=MAFEZ L TEYH, LMD
JEAE2mmTH-o72, Fio, FOBRPEHEREHIIZ6 0 nmTHo 7,

(e

Fig. 9. SEM micrographs of samples with a different period. (a) 1.08um, (b)
1.8um, (c) 3um, (d) 5um, and (e) 10um.
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Fig. 10. AFM images of samples with a different period. (a) 1.08um, (b) 1.8um,
(b) 3um, and (d) 5um.
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4.2 . [T DOPE AR OREREF & FHEE R
HHROFMFEREZFR 1ICE &z, B3 1 m TIXIEBOGISR L TETR, B ae

7o TERY, & AE BB G H 2 0O RS ERPIIE AR 2 525, Al

-
—

*f

FTRLERDBELLW—KDT 4 A7 L AIIMEZ 2, —5, FAHS pmBllE 2F0 A/A
R LLETIIRIEOABICMHEZ D Z ENT0 5,

Table 1. Color of diffracted light for different periods.

parallel transmiss | vertical
Case / diffuse| 1°m/ / 1.08um | 1.8ym | 3pm | 5yum | 10pm
reflection | oblique

A P? T A ra. © ra. ra. | 7 | wh.

wh.

re.
A P 0] ra. ye. ra. wh. wh.
ye. gr.
A P R AY ye. gr. ra. or. wh. wh.
A P R (0) ye. ra. ye. | wh. | wh.
A D T V |wh. blue|wh. ra. v:: wh. | wh.
A D T O |wh. blue|wh. gr. v;} wh. | wh.
A D R \ ye. wh. ve.| red | wh. | wh.
A D R (0) red ye. gr. | wh. | wh. | wh.
B P T AV ra. ra. ra. wh. wh.

red
B P T (0) ra. ra. ra. | ra. | wh.
gr.
B P R \'% ye. gr. or. ra. | ra. wh.
B P R S ra. ra. ra. | ra. | wh.
B D T \ wh. gr. [re. wh.| wh. [ wh. | wh.
B D T S | wh.ra. |gr. wh. v%;' wh. | wh.
B D R \' - - wh.
B D R S - - wh.

@ "Parallel’ and 'Diffuse’ are the angular distribution of incident light.
»Vertical’ and 'Oblique’ indicate incidence angle. "Vertical’ is normal and *Oblique’ is 45°.

¢ Color is represented as abbreviation. *wh.” is whitish or white. 'ra.” is rainbow-colored or rainbow. ’gr.’

is greenish or green. 'ye.” is yellowish or yellow. 're.” is reddish. ’or.” is orange.
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HEEE ROV EEOMETHE LA K11, 130XH, FEEick L
THES A 2 542 L TWAD Z B Sho T,

JEAH 1 O u m DR ISR Z N 2 TRIE L=/t 2 JiE & LT, fthoStbEo
HERS RAFAXTRE TR R LIz, WTADORRS, 40 0058 0 0 n mDEFEIT, FHy
FREN 1 &b oic, B b Tnd, ARAEIIR FmEmIcx L T4 5ETHD, K
11, 12i%caseA, .1 3, 14iZcase BTh D, & — 7 ORENOE KT 5 LN
DL, AFRHEDFATH T, Fo, BRBAIGZ R TFOEB S HT-DIELTZEEZD
N5, TakBE#r T, £2EER>TWaD, AN umdD L XD case A & case BD
E—7 ORBIEENZEI, 6 9EL146HETHY, 2HDOVOLERH D, ZOHEIX, case
A TEEFTREN-T1052 1 ETHHDITKI L, case B TlE— 27261 5 CHH VLT

WCEE L TWD, REOHPEADNENED, ENZEL LT & &0, FHTAEDOZEI /I
W,

B1 105 umTiX, =27 0EHEAN (1N OFERMEIZO. 27E0. 01
pm P TC—ETHDH, BEEITEEICKR L CEMIICE (LT 5, IR EHRA LI X, X
11, 130WELFRCAETHELZEZAKL 2, 14DL5ZkoTz, FAING u
mPLF Tk, 8Tk U CRIFTIRIEH D E 2R > TEILT D2 E RN 0nD,
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—3-EXP — &5-EXP — 10-EXP

Aum= 3-CAL — =5.CAL

O —= N W b O

Relative Intensity

Fig. 11. Spectroscopic profile of diffracted light of experiment and its simula-
tion in case A. The period is 3, 5 and 10um. The incidence angle 6 is 45° and
ds is finite.
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© 0
1.25 1.75 2.25
-1
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Fig. 12. Spectroscopic profile of diffracted light in case A. The period of the
gratings are 3, 5 and 10um. The diffuser was inserted in front of the grating.
The incidence angle 6, is 45° and ds is finite.
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O —-NWMOO

1.25 1.75 2.25
1/Aum™)

Fig. 13. Spectroscopic profile of diffracted light in case B. The period of the
gratings are 1.08, 1.8, 3, 5 and 10pm. The incidence angle 6, is 45°.
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Fig. 14. Spectroscopic profile of diffracted light in case B. The period of the
gratings are 1.08, 1.8, 3, 5 and 10um. The diffuser was inserted in front of the
grating. The incidence angle is 45°.
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WIZZ O e I 2 b— a5 HEEZDOMEICONTRRS, TAXT |
thO. 48 THEAEX T, BMIMAELSMEZHAE LIZONRX 1 5 THDH, BEOBEIPTIREL
WZXILTOA/A=26, 16. 7, 12. 5, 10DE—Y|ZEHRTLHEL, ZOIETE—2
DEPFTRIBDNNES L 72D Z EW D, O A/NIZHONTHRBEOEA R H D5, ZOE—
JIZHOWT, [\rA L EHEORRE 7Ty 5L K1 6DE5IZRbD, ZDLIHIT,
E—7 ONEEH D AEZ TP OIIERT 5, A3 pmOEEITIE, WEICL - T, HE
AENRKEL 8BRS, 2T, BT, =7 0ORKEZDOBOKREIZONTT ey b
HER1TDOEITIRD, ROEREGZDHEPTIREB K~ LGV DL T T 7
D R AFE R ARIZ 72 D,

AT 7 A N—=~ AT D NOHEFHHZ =2 ° & LT, ZOHEMIZALNEORH
MREZE L, HELEHEREZX 1 LIR L, ERERE LS —EH LD, 5T, 1
Prk& 7 DOEINC X BB ES5AF DM EZ OFEWIZHOWTHRF L7z, K16 DEAM3, 5. 10
p mDMFR DR " FELUIKR DO (47), (48), (49) THEARALND, AEL y, Ik
A&z LT, RADXH1TR 5,

y=—147r+78 (47)
y=42x—0.6 (48)
y=06.1r+11.7 (49)

O X LHEBUAE AN AR RO E L ORRIZ, 0 AT R X BHEEN
EDORRENUEGFET D, Lol S, A3 pmo L X2, BREDEFTRIRNERE
DOEFTFR LV /NS e D ERRFER 2 EHEMICHRTE 5,

COXDICEHETIE, K1 1—140FEREREFERE, BN 3 pmd & & KHROP
FARAFMEA R &E W,
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NA=  [—250
27
20.8
0.025 - 19.2
17.9
- - 167
—— 156
— 147
139
13.2
— =125
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1.4
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— =100
—96
9.3
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0 5 10 15 20 86
Diffraction order

0.030
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0.010
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Diffraction efficiency

0.000

Fig. 15. Distribution of diffraction efficiency against diffraction order of the
grating in case A for different wavelength. The mode is TE mode. The incidence
angle is 45°. A/ is varied from 8.6 to 25.0.
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10 Apm)=| —3 —5 —10 |

Angle(degree)

1.25 1.75 2.25 1
1/A(um)

Fig. 16. The diffraction angle at the maximum diffraction efficiency of the
grating with different periods. The diffraction efficiency with diffraction order
more than 0 was calculated. Incidence angle was set to 45° in case A and ds
is finite. The mode is TE mode. The aspect ratio is 0.48 for the periods of 3
and bum, and is 0.7 for the period of 10um. The angle of the period 10um is
added by 25°.
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Fig. 17. The angle of the maximum diffraction efficiency of the grating with
period 3um. The angle of the second maximum diffraction efficiency is also
shown. Incidence angle was set to 45° in case A. The mode is TE mode. The
aspect ratio is 0.48.

31



4.3 . BRHROPERER L FHEER

I BE AT DIRIS, BRI ONTHEBR EFHEOMRZ IR L7z, R 21X, A
FROBEWY 1 0 u mOFEHTHEFHRICEZBEICARN ST LSO EREZRLTND,
ZORKEOHINIL, K3, 4IHDHFRTITo, TEE— FTIIKHELRKRE W
W, MR R FERERAEN NS TDW—ER GO, Ll TME— FTIES =N
INEWTEOFEBBEENKE L, HFEV —H L TWiaL,

S5, R UEFHEFIZONWT, K5 DX DT IRICIh- 7o 4 B EAR Z1To 7,
ARERIZ, TEE—FB0. 1%, TME—F$0. 1%E720, EBEOFREICLD
ZITRD LN T,

Table 2. Total reflectivities of experiment and calculation as to the surface
relief of the grating in case A. The polarizations are TE and TM.

Mode | Exp.(%) | Calc. (%)

TE 0.6 0.6
™ 0.1 0.02

Jod o ARCTRIR L OB A R L RS

RCERIUZ OV TER EHA O R Z I Lz, KERORETK 4D L 9 12dT7-o72, F
7o, BHRICHWE R ds 3B RBEMEECHE L7 b D Th L0, HEREZZFL T,
EEEIE LT, flxiX, WESNTEEN 2 pmThoGE, BEEAY—-ThHHEE X T,
1. 9, 2BX02. 1 um®3FEMHFITHNT, KFHBROFEEZITV, FOYEE W,
Fo, HESIHEMEAROREHOMEAEL 0. 1 umE&EXT, HRE L, &b ERE

Ao, BEERS X OREEIREOFEEREZF S L 417 LT,

Table 3. The most suitable thickness of the grating. The calculated thickness
was adjusted so that calculated reflectivity became that of experiment.

Period(pum) | 1.08 | 1.8 3 5
Exp.(um) 6.0 5.3 11.2 11.9
Calc.(um) | 5.95 | 5.25 | 11.20 | 12.00

4.5 . BSFROWRERGEOFHE

b X5, A TIFESNR 3 pmDEE, DF0V, A/AICLT, 6LLTDEXIZ,
WRAKIFIEDR KR EZ VY, —H T, ZOBERTIIRE BRI WHFTE 5, A/NIZLT,
6 LU T CREEFMEZ/NS KT DT E I THITI WD, £, B RZEELZZEZT
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Table 4. The ratio of total reflectivities TE/TM. Total reflectivities of experi-
ment and calculation as to the grating with the base and the surface relief in
case A are shown. The polarizations are TE and TM. A/ is varied from 1.7
to 7.9.

NI 1.7 2.8 4.7 7.9
Exp. 2.2 1.7 2.1 2.2
Calc. | 1.8 1.4 2.0 2.1

FHE L7, X1 8ldcase A Tds BWIEERDOLGAOFRERTH S, X1 91 case B T ds MR
DEGHEDORERTH S, Case A, case BHIZ, A/AR2, 3, 4 - OBEHBET, BHE
DK ETR D, ZDX T ds NERO ZE = A OFEHR MBI 71X, A/NISRT 5,
FOR R IED R CTh 5,

ds 730 DEAEIZIX, TME— KT, d/ANR2UULEOREEERE, ds PEROBED LS
IR B R IINE A B,
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Fig. 18. Wavelength dependence of reflectivity on the surface relief in case A.
The aspect ratio is varied from 0.5 to 2. ds is set to infinity in Fig. 3. (a)
Polarization is TE mode. (b) Polarization is TM mode.

34



—_

(e
=]
1

H
o
~

Total reflectivity
S

H
=
&

H
<
A
o
—
—

10 100

ASA

Fig. 19. Periodicity of the total reflectivity for the different aspect ratio d/A
in case B. The mode is TE.
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4.6 . B DOFE

Case A & case BIZDW T, KHBOEH) & HELL OB A OBIRZR 7=, M2 01X
FHE LI TR E EGNAAHD A r— LR L CWD, o, BTO—o2Z2ZROHL T, &
BN ZE R LTz, X2 1idcase ADTME— ROBLHHGAMATH S, [BIPFHETOEDIZH -
TEHOR W area 3 D, A/AR2 & 413 LT, area DEITENENZ, 4 THV, A
WIZHBI L CTWnWD, K2 2—24ltcase AOTEE— ROEBEBESMTH D, Wy [EIHPTEE
TOEGAEL, SED ds BEREKTHS, 2 2 T, A/AN2 & 4DEAICONTEHE
L7c, K2 3T, d/ADT, 2BIXO3DEHEFICOVWTERE LI, 7 A7 MESCREIC
L5, area DFIT A IZHPIT D Z NS5,

2 A 1IBUERDS (a), (b), (¢) DIEIZK/INKTH D, K2 5ldcase BOTEE— ROES
SAICEH Y. IR (a), (b), () PIBICKAKTH S, BH2 4T, RO (a)(c)
D L X, EIH ORI AN AP T O D O e AL E T D, — 5, X2 5 Tk, X
DM (b) D & FZ, BH ORI L BT OFHL & DR Y A/ SV,
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Incident
Light

X

(a) (b) (c)

Fig. 20. (a) The axis of electric field. (b)The grating and the field for FDTD
calculation (c¢) The phase distribution of both the incident light and scattered
light in TM mode and case A. One of the grooves in (b) is shown. The electric
field along Y axis is shown. The period is 4\ and the aspect ratio is 1. ds is
set to zero. Phase value is relative.
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(b) A/A=4

Fig. 21. Phase distribution of the scattered light in TM mode and case A. The
electric field along Y axis is shown. The aspect ratio is 1. ds is set to infinity.
(a) The period is 2. (b) The period is 4.
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(b) AN/A=4

Fig. 22. Phase distribution of the scattered light in TE mode and case A. The
aspect ratio is 1. ds is set to infinity. (a) The period is 2\. (b) The period is
4\.
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Fig. 23. Phase distribution of the scattered light in TE mode and case A.
The period is 4\ and the aspect ratios of (a), (b), and (c) are 1, 2 and 3,
respectively. ds is set to infinity.
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(© AA=3.03

Fig. 24. Phase distribution of the scattered light in TE mode and case A. The
wavelength is changed and the aspect ratio is 1. (a), (b), and (c) have periods
2.1, 2.84, and 3.03), respectively. The reflectivities of (a) and (c) are high and
that of (b) is low.
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(a) NIA=2.83

(b) A/A=3.03

(c) N/A=3.5

Fig. 25. Phase distribution of the scattered light in TE mode and case B. The
wavelength is changed and aspect ratio is 1. (a), (b), and (c) have periods 2.84,
3.03, and 3.5\ , respectively. Reflectivity of (a) and (c) is high and that of (b)

is low.
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4.7 . JELOD B B AP T O SR & BB R A0 B

WIZJEA D & BRI 2O TE 2D, K2 61%, EMERds ZE 2T & 2D
BOEERLTND, BHRIIRESEHT L0, BAEHEITRNZ LR35, £,
T ALY RN O0. 55XV 10HEN, TEEF—RETME—FOERIIREL S, M2
7%, BT OL—2 L EGME M EZ R L TS, BHORNE ZANRHWERTH
Lo EHTHEFONANZ AWGEIERA T 2 v BIRICHEA TS, ZERO X 5 ITED O
T ETICZOEENRH D, (a) 1T EAIO AWK ST 000, (c) X O B aEk
D> TS, (b) TIHEL & AWSEIKOEZR Y /S, £ LT, KIHEIT (a),
(b), (¢) DMEIZFIKRERS>TND, ZOZEnh, EHE, AVEBEOER D H/AS
BRI DN EEZHND,

Mode -Aspect ratio

1 - - TE-0.5 - TM-0.5
—TE-1 —TM-1

Total reflectivity
o

0.01

das /A

Fig. 26. Total reflectivity of the grating against substrate thickness ds. The
polarizations are TE and TM and aspect ratios are 0.5 and 1.
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Fig. 27. Electric field intensity for the gratings with different substrate thick-
ness. (a), (b), and (c¢) have ds 0.55, 0.65, and 0.85\ , respectively. Reflectivities
of (a) and (c) are high and that of (b) is low.
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Fig. 28. Grating profiles, and definitions of A, d, and ds. Fill factor = 0.5, and
aspect ratio = 1. (a) Triangular grating, (b) rectangular grating.
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Fig. 29. (a) Coordinate system for the FDTD calculation (b) The phase dis-
tribution of scattered light in TE (E in x-y plane) mode for the triangular
grating, period = 2. (c¢) Scale relative phase values.
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Fig. 30. Phase distribution of the scattered light in TE mode for the rectangular
grating, period = 2\.
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Fig. 31. Wavelength dependence of reflectivity of the triangular grating. The
polarization modes are TE and TM. The aspect ratios are 0.5 and 1. ds is set
to infinity.
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Fig. 32. Wavelength dependence of reflectivity of rectangular grating. The
polarization modes are TE and TM. The aspect ratios are 1 and 2. ds is set
to infinity. n is set to 1.5.
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Fig. 33. Transmissivity spectra of the triangular grating as a function of wave-
lengths and incident angles. Graph legend: light incidence angle, “A” light
incident from air, polarization, A/, respectively.
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Fig. 34. Transmissivity spectra of the triangular grating as a function of wave-
lengths and incident angles. Graph legend: light incidence angle, “A” light
incident from air, polarization, A/, respectively.
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Fig. 35. The shape of the triangular grating profiles, and the definition of A,
d, and ds. The fill factor is 0.5. The light of case A is shown. ds is assumed to
be infinity. Refractive index n of the grating is 1.5.
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Fig. 36. Angular distribution of the diffraction efficiency for different polariza-
tion and case of light direction. A/X is 9.1 or 22.7. The aspect ratio is 1. The
diffraction efficiency is connected with the auxiliary line to make it intelligible.
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Fig. 37. Angular distribution of the transmissive diffraction efficiency of TE
mode in case B for different A /\. The aspect ratio is 1. The diffraction efficiency
is connected with the auxiliary line to make it intelligible. A/ is varied from
4.5 to 22.7.
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Fig. 38. Angular distribution of the transmissive diffraction efficiency of TE
mode in case A for different A/\. The aspect ratio is 2. The diffraction effi-
ciency is connected with the auxiliary line to make it intelligible. A/\ is varied
from 4.5 to 22.7.
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Table 5. The results of curve fitting for Fig. 37 by Fraunhofer single-slit diffrac-

tion pattern for different A/X\ in case B. Apparent period is calculated by
(A/X)As.

AV 4.5 9.1 114 1561 227
A, 1.656 0.7 06 043 03
(NN, | 743 637 684 649 6.81

[% 433 483 472 472 476

Table 6. The results of curve fitting for Fig. 38 by Fraunhofer single-slit diffrac-
tion pattern for different A/A and d/A in case A. The parameters are same as

Fig. 35 and Eq. (1). Apparent period is calculated by (A/A)nAs.

a/A=1 a/A=2

NN 4.5 9.1 22.7 4.5 9.1 22.7

Ay 0.9 0.45 0.2 1.05 054 022
(AMN)n A, | 608 6.14 681 | 7.09 7.37 7.49

[ 26.1 26,1 265 0 7.7 7.7
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Fig. 39. Angular distribution of the transmissive diffraction efficiency of TE
mode for different aspect ratio of d/A in case A. The diffraction efficiency is
connected with the auxiliary line to make it intelligible. (a) d/A is varied from
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0.25 to 3. (b) d/A has 2.5 and 3, and A/\ has 9.1 and 22.7.
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Table 7. The results of curve fitting fog Fig. 39 by Fraunhofer single-slit diffrac-
tion pattern for different aspect ratios in case A. A/ is 9.1. Apparent period
is calculated by (A/A)nA,.

a/A 025 0.5 1 1.5 2 2.5 3

A, 07 062 046 049 046 05 0.28
(NMAN)n A, 956 846 628 669 0628 683 3.82
% 84 164 26 31.1 359 433 422
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Fig. 40. Incidence angle 6 is changed. The angular distribution of 8 from 0°
to 30° and that of # from 50° to 70° may be attributed to different group by
their angular distribution.

Table 8. The results of curve fitting for Fig. 40 by Fraunhofer single-slit diffrac-

tion pattern for different incidence angle in case A. Apparent period is calcu-
lated by (A/A)nAs.

[ 0 5 10 15 20 30 50 70

Az 046 051 048 049 045 045 075 088
NN A, 628 696 655 669 6.14 614 1024 1201

6 26 299 327 311 365 418 -19 -148
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Fig. 41. The angular distribution of the transmitted light is shown. Incidence
angle is 20°, the direction of incident light is case B, polarization is TE, d/A
is 1, and A/A was changed. The angle of the peak is near 90°. The angular
distribution is a lot different by A/\.

Table 9. Total transmissivity of Fig. 41 against A/\.

AN 227 182 152 130 114 10.1 9.1
Transmissivity 0,57 046 030 039 062 062 0.33

@” Transmissivity” is the sum of the transmission diffraction efficiency.
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Fig. 42. The angular distribution of the reflected light is shown. Incidence
angle is 0°, d/A is 1, and A/ was changed. The angular distribution is a lot

different by A/A.

| Incidence angle-Case-Mode -A/A |

. T T T T T
|+ Reflection |- - -0-ATE-9.]
- O-- O-ATE227 | )

* X
“ tl I| :DI

~ o B s

OO0y AT e d |
9 60 30 0 30 60 90

T T 1
- = 0BT

|- 0 0-BTE22.7

IS .
! Reflection K
LN - % -0-ATM9.1 ;
' ---- 0-A-TM-22.7 N
“E i !"
Q0 -60 -30 0 30 60 90
r hd % Reflection

&7 - 0BTV

- . VO 0-BTM-22,

Diffraction angle(degree)

66



4.9.2 . INSTHKE - DELG AR
—DDINE LTI L DR N F — 2B, K4 3D L HITEREZFHE LI,

OB ER 4 3107, FHEMEHOSERO A B AMANCh 5. LTFO8
FUTRILGECio B, BITH LA OR L.

Fig. 43. Phase distribution of the scattered light in TE mode and case A.
There is only one groove, unlike Fig. 34. The width of the groove is 9.1\ and
the aspect ratio is 1.
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Table 10. The crucial factor affecting the reflectivity of the grating in the
resonance domain. The light enters in the direction of the normal line.

Shape [tem Case A Case B
The direction of
interference which causes Vertical® Vertical®
No base® the periodicity

The place with high Both ends of groove  Oblique side

reflectivity
Application Antireflection Antireflection
The direction of
inferference which causes Parallel®

the periodicity

f a
With base The place with high Base Oblique side
reflectivity 9
Application Polarization selection

@ ’No base’ is the grating with ds infinity and "With base’ is the the grating with ds finite.

b "Vertical’ and 'Parallel’ are the direction of the incident light to the base.
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