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Abstract

Abstract

Volume holography is promising for devices such as dense wavelength division
multiplexing (DWDM) filters. However, in previously reported work with these
holographic devices the diffraction efficiency and wavelength selectivity were not so
satisfactory, which affected the insertion loss and channel spacing of the device
respectively. The analyses in most of the prévious work were based on the
well-known Kogelnik’s coupled-wave theory. However, due to the one-dimensional
(1-D) nature of this theory, it is best suitable for gratings in which the surface size is
much larger than the grating thickness. Since most of the holographic devices are of
finite s'ize, two-dimensional (2-D) grating theory is more accurate than Kogelnik’s
coupled-wave theory in investigating the performances for these devices. In this paper,
we research the basis theory of volume holographic gratings for wavelength filters,
which is mainly 2-D coupled-wave theory. Diffraction properties, especially
diffraction efficiency and Bragg selectivity are investigated. Design optimization of
volume holographic gratings for wavelength filters is then given based on the 2-D
coupled-wave theory.

Firstly, the complete derivation of 2-D coupled wave equations is given for total
overlap gratings in the Bragg regime. The analytical solution in closed mathematical
form is also given. Mistakes that existed in a previously published similar work are
rectified. General diffraction properties of total overlap gratings are researched based
on the solution in this paper.

In order to achieve the optimum insertion loss and channel spacing for DWDM
filters, diffraction properties, especially effects of the grating strength and grating size
ratio on the peak diffraction efficiency and wavelength selectivity are researched
based on the 2-D coupled-wave theory and its solution. The results show that this
solution is capable of design optimization of volume holographic gratings for various

devices, including wavelength filters. And the design optimization is given in order to
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gain the optimum peak diffraction efficiency and wavelength selectivity.

Diffraction properties of volume holographic gratings with finite size are
researched by experiments. To begin with, some experimental results showing the
angular selectivity for different grating size ratio. are given. 1t is shown that the
tendency of experimental results coincides well with the calculation based on the 2-D
coupled-wave theory. In addition, a new scheme of volume holographic gratings for
wavelength filters is adopted, which is transmissive writing and orthogonal readout.
We recorded a grating with green light and read out it with infr\dred. So writing a
grating with one short wavelength and diffracting with long wavelength are realized.
The angular selectivity of volume gratings read out by infrared is researched, which
agrees well with the 2-D coupled-wave theory.

Key words: dense wavelength division multiplexing, two-dimensional coupled-wave

theory, Riemann’s technique, diffraction efficiency, Bragg selectivity.
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+a,V? 4, +2V4,-Va,~ Ao+ jBa V4, -Vp,}

| (2-28)
BHX2-23). (228 A(2-27), MHFBEEhHEEH
Y expl-w W V2a, — @+ ip)a v p, ~ 2a-+ 18P, -Va, +(a+ jBYa(¥p, )]

=1

+a V24 +2VA -Va, ~2a+ jB)a, V4, -Vp,

+ ﬁ;l} + —5',12010020 [exp By (P10 — P20 )+ ex0 780 (P20 - pm)]i|‘4r‘ar} =0

(2-29)
B, xR Q-20)aT LIE—ifb?, w5, ERHERLIEEE B
WMiEEe =00, WR A A—THE, HAERHZ. M

Via,~{a+jB)aV’p,—Aa+ jBlVp, -Va +(a+ i) a(Vp,) + fa, =0 (2-30)
#1230 FE(2-29), B8

2
Z exp(— P, ){afvai +2V4, -Va, _2(a+jﬂ)a1VAi -Vp;

i=l

-31)
£.a,a . ; IA
+ ﬁoz %ﬁm[explﬂo(f’w —p20)+exp_],30(pzo -Pw) iai} -0

rQ
A, HIEBE AR o REBTHEEE, TS — S BREa VA, H12VA, - Va, T,
WAEQE-31FH

> exp(- . N-2a+ jB)a, V4, Vp,
= (2-32)

2 grla

#[exp jﬁo(Pm ~ P )+ €xp jﬁo(ﬁzo - _pm)]A,a,} =

+
Po 2e .

B, BTRUECKUHEESAHEFHRERRIEAR (hhsiTas), i
A RN E AT B IEAD ERTFE. TAREQR-32)FHAAEE T
exp(7 60 +jfp20 - jPp2)s exp(fwpa t o -iBp1)~ exp(FBwpio - JBp1 + jopr)-
exp(fAopao - jBp2 + jApo) R FMRERT 0 4. -1 4%, +1 -2 . BTl
IR ATEN R, TTU{VREE 0 A0 -1 K, XHEQE-32)EH/EHE
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B2F b2 SRR ER

. £,,0,,0 _
EXP(” 7 ){_ Z(a + Jﬂ)aIVAl -Vp, + ﬂoz %mcxp Jﬂo(Plo - P20)‘Alal}

0

) £,,a,,d i
+ exp(— s ){_ Z(a + Jﬁ)%VAz ‘Vp, + 1302 %CXPJ["G (on - Pm)Azaz} =0

r0

(2-33)
‘AZ?\ G = qu 'pl): K= ﬂo(PIO'pZO) - ﬂpl -pz), :_[.t(2'33)m- If‘)\-‘l’a‘i&

E,Q,.a
exp(— /g ){_2(‘1 +jﬁ)a1VA1 -Vp, +ﬂ02 %““exp[—(G+jK)]A2a2}

*0

(2-34)
+exp(—}p2){ (a"'fﬁ)anA sz"'ﬂo %e"p((;"’]KJA:al}

0

EE 45 77 F2(2-34) P 3w RO S5 HIH exp(-3p1) A exp(-1p2) AT 18

~2a+ jP)a VA, Vi + ) el (G + KMy =0 (235)

r0

— e+ jB)a, VA, -Vp, + B, %"”exp(c; +jK)4,a, =0 (2-36)

r¢

FEEBa<<p Sx=s, ffde), FEE-35). 2-36)%H

VA, - Vp, + jr 2N expl (G + jK)4, =0
aala a (2-317)
VA, - Vp, + jrx -2 Lexp(G+ jK)4, =0
a

HRQINMAEARKN _HERSEAE. ST, AFCRETH E xy F
W E#ITRER SR, RN RPAEERE. SERMEEESETRD, WiE
FHHRERETHPEK.

AT KETTFE(2-37), PATLARI A A PRZES, BIBTAAARR (ug, usd) IR H
FEHTLRERRE, LE 2-10(b).

Wi ey

EFRBEFERT, RIBSHER o KA RTEEBWBRE a) (up) F az (us). B
X CENE 2-10 ()P RIS EHEE-1<us <0, 0 ur < Wi/Ws= Ry,
b Ry ABERIME S SRR ELL, SR RTH.

HT BB RATE RS, MR T EMMARET X L5, BETR
h= . o=, WTIEQR-3HERA
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36 Tk A BFR L #4rie

,aafl_ = jew, 22080 ol (G + K4,

2 2 (2-39)
a 2 =_jK-‘WSMexp[(G+jK)]AI

U, a,

Hfa'=afsin2dy, & = kisin2gy, G = 2a Wssin®dy (ug + us), K = W(ug + us),
6=%/5‘A¢secz #, + Aftan g, .
EFLFRRT, ZERMITHOAREFTLIRER
ug=0 8 A= 0, us=0 B} 4;=1

MABAQ-3DFIHE 4 BIXT 4L WA HE, BAFGEREE—FK
B LA 4, HARS—FHZ FAHENMES. TUUREREHEPRK
fif. SCER[27)%5 H PGk B A I T TE AR A AR

B, =expa Wy x| @)~ x W exl- (@ + 9, b ol

s L . . )
xf al(v).J%J,(MW@Jm)epoaW; +jow, v } 240

E=j KIW;'azn(”s ) ex[{— a‘ufi(uﬂ + “s)"j‘w{s"s]

x [! sl (exmSTat)excllaw, + o )

2.5 &N

FEEHAMATHERNEEIRS, EAEMNENEHTET RFRITE,
e BeHl SRR R A RS £ A RS R AIATA . B, ETE R
A 10 A B A R AR BT BRI B T [ o i 8 0 A T (0
I BENEZMESYN, TURAARRERRHERBE. BATETALE
B ERSMNEREE, FNE T ZHERE S RERHNOTTE. R, KA Kogelnik
—HERR B A RORT S R T T iR . eI A AR, T AR
BB R AR, RIS AR EHE G R ERIZIR S X T AR 5T R 48
Jtil, RIS MRS SRR AE T, FE, NSRS ERET
MR, RS ERENALR, EARUEAERENE L T EREETREN T
BHS, HEHT RIXTF 4R T BRARASEIT#H. U EERERIL
THERIER, EREDNETFHE—HBERXAIIFHETE.
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B38| CHRSHEGHEEN

FI3FE ZHBESKIEIEMBRN

2 ETEH T XTI T 4R A ENARAFITR, el
HREXRBITRA S TIENINBAREB A BB A7+ YA FRiEt
HB LA A% Je4n Frag NG SR R R R, Y 20T AR R 0 R R T Ye il AT 5t
R EEARE . Fla, TR AMAITRE AR ORI T M BL7E A b
BITEAMH TS iR EENS BT R HRE RS, B, IFnsCEk{30]
MBLETIES, R7)MRITRFERR, BERTHEMEENER. #RNE,
[30)AI{31 )t BT X Lk TR R A T IE . '

ABEEEZAF A 27T] B4R R E R T A HRE, &
MEMAIREI R BEHNTEESRYFLHM, RARIHIE, EAHE
FTSTTERE It T B AR RN RIS EAR. 3 BERERE, IHSHRL
W AT 5T R P
3.1 318

X A RO, FUBZER 210 BRI RS, TR
WIS

E,(R,,u, ) d
_flf ( usl Us 3-1)

T = fijl(uR,O]zduR
MBS £ fT5HR B MRARAAGHBENZ XL C-D A, TUHRARR
SHEFEHR AT .

B 3-1 B E MR E&AAS, RIARTIFEEQ-40 0 KT
WS HMEERXRHELE, HPaWs=0.1, Rp=0.1, ¢ =45 deg.. & 3-2
SHUCHHEERTH R E SRR TR R ML, HPals=01, sWs=1, d=
45 deg. -

ME 3-1 FE 3-2 PJLIEE, Lot E s oM R~ tb B e e, wyLd
FERERRTEEHMPMTHEERAT 1. ZERTESYEEE, TUEE
Q-40)RMBFFEER L, BRTUHME. TERINMRBRSHE, FEHRRE
g vERE N Pk — A E TR
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v
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KWS

B 3-1: EARMAANT, T SCAR27INEHT MEAT IS LM 8 B b h
Fig. 3-1 Bragg-matched diffraction efficiency versus grating strength based on solution of

[27] (aWs=0.1, Ry= 0.1)

8
6
= 4
2
0 b
0 02 0.4 0.6 0.8 1

B 3-2: EfuAALT. BT I0RR27I8 T BTSSR B R < th A A fh iR 2k
Fig. 3-2 Bragg-matched diffraction efficiency versus grating size ratio based on solution of

271 (aWs=0.1, kWs=1)

3.2 ZHBESRWS HIENRE
AT KBRBEFETIE2-39), RITELTE an= 2 FIKMHT, MIFFE(2-39)
W& A, FETIATE:
A= Arexp[-(Qa Wesin’dy + jSWus) (3-2)
BRTE
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B3 E —HESROSEEPNERY
8° A4
u
B M A T AR i B0 s IORRVE ST S VB 5, R B (Ricmann)
RS, 2 B R AT (g, us)BOFERK AL P AL B A(PYAT UL
QOR Lty B BB B e — W s B PR 1 (5018 3-3)

—x Wi a, e, 4 =0 (3-3)

us/\ /\ uS
Q
Us
Ug 2 Pup,ug) Plitg > 4s)
| R ~~ 0 ~
1o Ug “Up 0 u Ur
(a) ® R

B 3-3 32 (Riemann) HEMER1): @) w5 wEE: B S uIMAEE
Fig. 3-3 Schematic diagram of Riemann method (1): (a) g is perpendicular to ug; (b) ug

is not perpendicular to ug

THHRERA—TREHE, WA 34 R
N
P(a, B)

wV

B 3.4 38 (Riemann) FEMER(2)

Fig. 3-4 Schematic diagram of Riemann method (2)

X FERPE BT TR wy + aue + buyt cu = flx, v}, BBRECH vxy;a.p) (BF
WX MRS T ERSRETHEENAARER D. SAE—XBYSE
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R T YK BETA AL
Mk, P(a, DRENIEX FEIRMBHIR— S, HE PO FATT x MiZCHIM4 i
HAT OB, EHR PRIITT y BITHMEAT R . BRIAMBE u H—M{R2E u,
o IMARBRE. W 7EH P EIEN
4], = %([wlo +[uv)e)- [uvlady - bax)-
1 Eu(v,dx —v,dy)+ %Ev(u,dx —u,dy)+ “w’dxdy

(3-4)

F AT LARYE JAp 3 G BRI R & Cup=0 B A3=0, us= 0 B} 4;,=1) LA
B ARR239MG- DK EFAELENLRFHNT:
Mup=08,4=0, HFNFH

o4
Jug

=0
wy=0

M us=08F, 4= Ax(up,0), HIFIEFH

oA
Oy

=—jx Wea,a, exp[(Za:Tff'_f sin® @, + oW, }IR]

ws =0

TLIER AR (3-3) BB RN vugugia, B)=J, (26 W JLM, ) CRH 5
=), S AEN MEE RN,
Lo=[ ag’(eMe, M= [ ay’ ()t -
HH A(Q) =0, A(R) = Ax(ug, 0), FTLARIER (3-4) /15

AP) = Augouy) =i W, [ aga W IM Jexple(oa W, sin? g, + joW, Y
(3-5)
KL= ["a, (€, M= f ay (EMIE o HETTRRIB(3-2)HT K FT A2 (3-3) IR

Au g ug)=—jx Wy exp[(Za'WS sin’ ¢, + joW; }.(S ]fk a,aJ, (QK'WSVLM)

(3-6)
x exp[f(Qa'W sin® g, + jé‘WS) T

RIL2-39)F 2 2 K, ﬂﬁz“ ’_IfgtHAIB‘JﬁE*}J

A, =1- 90 (u )K‘IWS exp [— (Za"Ws sin po + jOW )‘R]

a,(u,)
x [*a, (z)al(r)‘/_%‘J,(Zi('Ws VIM Jexp [ra W sin 2 g, + jow e
3-7)
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BIE HMORERNEET
KA nh—HrNERRY.

BiRER-20X, SR EEKES A
E, =expla Wus K o, )exr—aW; cos2gyu, |-« Wy expl- (W, + joW, Ju, Jour)
xfq&%ﬁ%@@@k%%ﬁﬂm&ﬁ&%ﬁﬁ%+ﬁm»h}
(3-8)
F
E, = jx Wya,(us Jexpl- a Wlug —uy )+ joWu, ]

x f" a,, (z)a, (z)/, (ZK'WS NLIM )exp[r(Za'WS sin’® @, + oW, )]dr G

¥4 T £, EHIREXDH S G-8) . G- XM, BRTRIX+
RHAMPRIEBAALRS, Q40EFHPTEENE R — RIS E0R
Fous FS, ZESERSHN LR, XEEEET SR T AN, flmtia
EEE MR T LR e ERT, ATLMEEERR T A rAT B ERE R T 1,
A 3-1. B 3-2 Fior.

3.3 Kogelnik K EIE 5 “H B REIEMEE LR

FEL—-WhEHTRTFEREEFTROWER G ERBIE. £ 1EIHA
T2 EBMFLHMIRT S, W Kogelnik BEEER S _HBS R IS/ER
EZHE.

W 3-5 iR, ERNANERRREBRBERTEESYE _#/MR
X, SENXRNESHIATREE. XA T 2% 5 B Lt A
B RSREH, HATH OB Z EE R

B 3-6 250 T B 3-5 BT B R R el f SN, HPBR2RE
WiEEc=37cm’. MNE3-6ALUEE, ST THBREENMLR (Wyd=0.707),
ﬂ%:%%é&ﬁ%@ﬂ,oﬁ,owﬁﬂmEMﬁﬁ%%EﬂmK%mﬂﬂﬂ
—HHRTHENEREFRANESN A ERSERR T EN A EERETT
FIA Kogelnik —#H it M AFEENE, THIWEMTH REBHER.
B, LR AL LM EEAE R TH, Kogelnik —4H it 5 EH B
TR JEHT S R R ERBR . XX — R MATI R (B e T SR M
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JL R T A MR SR X
RN Ko, RSt — R R E R

(Rcferencc beam

e

Ws

/ c d > N{:‘ﬂgnal beam

B 3-5 WRABNAEPLRESRKEE BN 88 R 6o
Fig. 3-5 A “2-D restricted” volume grating exists only in the overlap

between two near-plane-wave recording beams

b

oo
T

Kogehik Transmission
~ — Ws/d=0.707

Diffractoin efficien
o o o o
= [

)
T

0
0.0000 0.0001 0.0002 0.0003 0.6004 0.0005

Angle detuning (rad.)
B 3-6 FIH 4B EERITEMN W/d=0.707 THIS S ERWBEAEAE
FI7ZE Ak Bk 52 T Kogelnik B 4 R
Fig. 3-6 Angle detuning curves calculated by using 2-D numerical simulation for Ws
fd=0.707. A curve calculated by using Kogelnik's theory is aiso shown.

(a=10, ¢go=45° d=3 mm, 4y =1.55 pum)
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38 _HIBSHECHERIY
3.4 ET _HBS BTN EBNR
FIAEG-1D. 3-8). -9, RMNTLARFELZESENDIH (x= ¥
¥O B LBATH A, BEERMEAAd. TN BALRES S a0 FE
BRI . CLABFIFRE AR . AR AT R A S, T — 2 BT ) B AT
fir T ik e ERRMENDMEE, FEXALE TP,
3.4.1 FoRbe T S 7E 7 R DU AR 4 1 T AOAT S B

PR (3-8) . (3-9) hifla= 5= 0, HERK—BUTS ao=a=1, F£
E\Fl £, 814k A

E (uy.us)=J, (2x'WS — U )
(3-10)

Ez(“ﬁnus)z _J'1’_z_RJi(2’f.Ws _uR"s)
. s

R, HT upBHIEET wsBARE, S ES EA/2 A HEZE. i —EM
HEEE (AR, @
Tag =1- o2 Rx W R, |- 0,2 2 W, R, ) (-11)
WA EREAEXBMBSIPHER T2 —H.
EG-1)RP, RBxW (R, AHACHOSEBEEERE. M TERA

W, AT BEBOCMERES I —WE. B3-TrETHG- 1Dt F i
MIHRCESAMPERREBERNRR. TLEY, M TTREFEBOLH, ¥
EFH AR SRS RE KGR, B—HE, BRIOTETUE s FHEL
WBE, MTRENWE, FTHBEEEAMR T Ry i, TR Ry 2
THZRAMMNEERE. T Kogelnk —ERASHER{ULEE F AR
FRTH RV TIE X T R R R BR L, TiEHes R R TR e AT fr e
SHMRT (MUEERD #IXFR,

B 3-8 R T T ILNARB RwE, A (G-11) A5 fRT5 R 5l
BRERXR. TR, E—ERNHRTT, fIMEREL PR AAEL
Tt 54 T 69 0RO B BT S R 2R B AR 2R BT RO B AL AL, TR A
£ I 4 F 0 U A 0 R B 5 B AT SR R SR B B R B g
Mo BEsh, BT RRBKCH, E—ERCHERE W T, BERFHMYAR
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M, R BEEEE.

! o
—— —— T T
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Equivalent grating strength &' W Ry

B 3-7 EXMBAARBAANT, THRERER IR

Fig. 3-7 Bragg-matched diffraction efficiency versus equivalent grating strength (@ = 0)

Grating Strength( x5}

B 3-8: XTI R Ry HIEET R RR AAS T, 58RI E
40k 2t 4o

Fig. 3-8 Without absorption and Bragg-matced diffraction eficiency versus grating

strength for different Ry

3.4.2 FRCEMB TR S MR ER X R

S B AR R T L R RY , AR (3-11) 2R, ABET LU AT 2 B
XA (3-1) . PR (3-8) A (3-0) AR EATH A E. [ 3-9 AHiaWs=05
FaWs=1 FRER T AT KRS MR LR MR (g =45 deg.)o BT
E IR BATSIBCERE oW MG T I, 8271 TRA BB 8%

BERTH R
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EIE _HNSEERNEET

! 1
(@ - —-Rw= (b)
0.8 08 | 77 o5
pememereT T Rw=2
0.6 et 06
& ar":"‘ = IR

04 /’.‘ — ——-Rw=1 04 | .._’-"’__ ___________
o TR || S

0 = 0 ‘ .

Grating Strength(x W s) Grating Strength(x # 5 )

Bl 3-9: EWRWAMANEAART, THARBORERMHTLME
Fig. 3-9 With absorption and Bragg-matched diffraction efficiency versus
grating strength.

(a) a#s=0.5, (b) aWs=1.

3.4.3 AR HITHUES MR TR X ER

B 3-10 45 B aWs = 0.5 MaWs =1 FAMES T XElATH B E 56 RT ELRY
KFRMEK (g =45 deg.). 5 3-9 AT BEM IR MR RN LR, #7
R Rt Z B R AR ERREN . FAEAREEIEL T, T
SRBEMEH, SEARTHEARTUSIBTHBEN TR, XErEN. A
THRERBMBETH NE, NLYREMERRES B R LA RS .

0.6 0.4
03
0.4
= : = 0.2
02} ;
s 0.1
0 o ="
0 1 2 3 4 5 0 i 2 3 4 5
Rw Rw

B 3-10: A£FRUABRAEAART, {75 RFEMCH T LR E
Fig. 3-1C With absorption and Bragg-matched diffraction efficiency versus grating strength.

(2) aWs= 0.5, (b) aWs=1.
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kDb REMERFLD Y
3.4. 4 M A R M R I
M GE B R AR AR B KR B ASRT S R M A R A KRB A
5:%%@mw“ﬁmm%nﬂﬁ@ﬂ‘6%%(&%-ﬂﬂﬁﬁ&ﬁ?ﬁ%

£ TR APREENE. /EAFF, B 3-11 HHaWs=0 faWs= 1 B
T AT —HTHRE (g 56 = 0 FTIREATHBEZW) SHELRE
SWsH Rz, Hbd=45deg., xWsWBw=2+0, Rw=1. NEFTLIEZ,
A R TE AT PR E FETE RS H R E BRI R, BERES | A LMHE BP0k B AT R
B o

B 3-11 IA— (LT R R A R AR E I AL B £

Fig. 3-11 Diffraction efficiencies (normalized to their values when &5 = 0) vs. 6

NS IR B A RS A OB R BT, B S JERIE A 2R il RO G Y
F&, B FEEAENERARERTSFEHTHN BEN T . LS 2K
RTET R R M (R B S S TR R TR N A R AR 2R, Ak 2R AT LL8 3
e FE A .

EARF, REG-1D. 3-8). GORAHTH—UITHKRESKEMIL
BARRXREHLE, ~TE3-12, £E3-129, RIVETHAETRIEERT
MEBW20, SNRR2A¢ E X A3 dB%EA; TRE 1710 1, FRAI2A4E X
F10dB %A THRE 1208, FNE2A4%E K 13dB EFEA.

M e, RWERE. ABRTHAERERATHEE., DSk
B.B3- 1348 —EBRWNES s - ARIJEHRTH Rw T, 10dB ZEHAO s
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HIW —_HBSEELNER
BE A ST ks B LR, HoF Wi =3200, ¢ =45deg.. MIE 3-13 TTLLE
th, FEARRREHERET, SELRTHRRXSSEAMIEFEANTEN.

= : 0.5
=

0.4 +

0.2 |

01 .05
£
-0. 04 -0.02 0 0.02 0. 04
+3dB EHE A+ A@(Degree)
— 10dB & FE
4———— 13dB EHFEH ——»

B 3-12 V3 —{h 57 8 3R n/p BEAR S A0 RAR A1 A gHOTE AL 2%

Fig. 3-12 Diffraction efficiencies (normalized to their values when Ag = 0) vs. A¢

(degree)

0.08

0. 06

Q
So0m

0.02

K’WS
B 3-13 Ry A RHER, A® ) Wxls FIAE{LMILR, o= 0.25.(40=45 deg.)
Fig. 3-13 A®g4p as a function of grating strength W5 with different grating size ratio
Ry, a¥;=0.25. ($,=45 deg.)

E3-14 W — ERW AL oW A RAHIRE W T, 10dB EFEHAO s
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R T KFREFREFLRT

RE YL HR R T B Rw B4k B, H A We/A=3200, ¢ =45deg.. HFE 3-14 A[40,
AR R T BT, Stk AR R R R, AT, BT
RAEEREBRINMRETRESER, FOESES M R il
FE. iRRSeHE, EESEMERIERE, AT LARRE SRR

0.12
—kWs=1. 25
------- kWs=2. 25
0.09
2 0.06 |
0.03 - X ]
0
0 1 2 3 4
Ry

3-14 x Ws BR A EHHEY . A@ e B Ry IRILHIEL, a Ws=0.5. (o=45deg.)
Fig. 3-14 A® 44p as a function of grating size ratio Ry with different grating strength xWs,

aWs=05.($o=45 deg.)

3.5 KE/NP

HEF R B ik, FEATRAS TS TR 2t B S T R B IE
#, F TRAREN TERERZ L. BRNAREBEERATZLES
BT (o= B30 WERATH S, BERABEAR b EHIHBA
KARIE S A1 e FETARBUC. COAFIRIEICAR. B A ST,

B, E RS REIL RS AT TR T R TR AT
SR FEBI T, B SEBIR T TN T B G H 7E AR 1% [T AR 4 A T AORTA
WA, E—EHNR T T, ATNEER LR AW LT, M
o 1T S TE R 135 5 Y M 5 e S B Y R P R ZUR 9 . TR Y R e
SRR MR I AT R . AN, TR, E— MR
Ws T, BERFHMYATER, FRRTEMRATHKREHE. 45
SRR, T EEERNE, 2% RTRMART&SRATHRENT
M, 7 — 4320 B L RS S TR A ST R~ (52 4857 50 R Sk R
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EIE —EREERIEE R

OB AHRR ) AT A ERERIEN, LT M ARTS R 5 bR ~F
(ANREED KIXF. BFE, WRTABORARIERE I E fRIEEHT.
BIRAERMCAT AS R ATH BRI T R, (ER] LA R IR R IR, [
B, BEEETIRCH YR 15 R R A AT e . X T AR, BECRTIEK
S5 A EAREN, RNt MESEEAER. XR75, A
TEAXRAEAREREREEERED EA, FOE SO EREH R HR S
i 8
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R T AFBEME LR
FA4E FE=RESER. BEABRGNITEFES
Riigit

TEAE BAFAECSY), gbElPe o), RISy 2 AT LA J i 211921 g 5]
FUZ B TR, CEBRBIZHNA T EAATH B4R AL AR 2
BE, R, MHRE—BRAELEER, EXAFERE. BEEUWPEASA
MBI DWDM S5RI M55 ot T4 2 BN BT RLA R4 RO RRFEE 0 I i 3
W4 RRALE R — N AR FEHIERE EXRMEEES, MH 2B TR
W LARN X SAMEEHITRER, XERRARS T REMFHERE. Hik, %
T4 BB SRS ZNER. BRUEN TARE, BHMNEA
WFERE MR YRCR, T H S EPY Y, RNiEEFRAEK O HES VAL
I M KL E] DWDM M ER, HIAV/AA~1600 nm/0.4 nm = 4000, T HATHHE
HRFHSRA.

- FEHNEEERAOALHE. FACERSRTENAEAR, RS E
FAF T AMOATE R R E AT S B MR, DRI S Yt
Rt Ryl aE 2 BRI KR h TRERNMEHES NENFEKIERNE, 4
HETHEEER. BERSHRNRAMEIHTR. BE, S THRIERITER.
4.1 {REHRRYE ELTST M E MR EYE

HEEATH AR SR KERERFNELE DWDM REHENFEAEER
b, BN I A SRR N R FREE AR A T EMEERS TR, R
AL A2 B R IRA RIFHEREN SRR ERTHNE. T E T T
AR ERENE . SRS RF AN BN, fATHNELA TR,
BRANTHUFEERE AR BERAENMEF S KERE L, Ak
A LA el 5

REG-D . 3-8). G-t ETREHIET AT B REANEKRE
BHLihsk, il 4-1 FioR. HPAREHEHER, MEBEFEKN—¥.
EE 4-1 ., RIVETHRET RIGETHRERN 122 &, R0 8 X
H3dB R TR 1108, WRM2AVAELH 10dB W%, TEE 1/20 B,
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o
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B 4-1 13— AT 8 B0 7y REAR X R B A BB B KA/ ROARAL i £R

Fig. 4-1 Diffraction efficiencies (normalized to their values when AAZA = 0) vs. ALA

4.1.1 ENTHHE

M HTA R E R AN B IR 54 B DWDM S84t et B EE HER, Ef
RHHEARFEADT . R W B ERaWs . MR Ry B
AT MEM L. HTRE—SHR, KRB RBEARFAE, TJLEZ
FER R WA R A A AR . T VSIS R IR R Sl R T Ee T
SRR

B 4-2 45 MTERIR R BlaWs 5025, FHMRSTH Rw A 1.25 0 2.5 RpME{E AT
B N BB Y IR ks IRk R 77 s BIILTTLUE ., R RS R S
FELL AR, W ERTH AR AR R R AR, AR Kogelnik IR
B R A RS A TS S R B AT, Do I 4 TR A K RolE S B
WaTs SRR E BRI B S ME L.

BRGHAELSZTIEM AT Em, B 43 58 - FREREB WS .
AN EE s T, SRR ERTH MRS MR TR Rtz AEGE
LLE W, BEATHAENCBR T ZEPXRTIERER AN . M TREALK
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aWs =025, HAEMIRE W =125, Rw B 0.6 BIRME B RXRSERTHEE
Tnax=0.66; T34 xWs =225, Rw BUH 1.4 8, AHHERIE KEEEHTH HE
Mo =0.53. B, ZARERBAAMEE - EOFMNT, ARTEHLIE &
RAE Rw o B, A BRBIPEENTHEE. B R RBERMNE Rw o, 1
& RHATSMEN T M. % T3R8 LR M AT 0 , bR T R H PR TE Rw ot
BHE . PEE MR R Ry op BI/DEIES.

0.8

0.6

&= 0.4

0.2 1

Grating Strength(x # 5)

4-2 Ry BN FRMER, (T4 ML R A « Ws ML Hh 4%
Fig. 4-2 Diffraction efficiency vs. grating strength with different grating size ratio

($0=45 deg., aWs=0.25, SWs=0)

0.8

0.66 e X Ws=1.25

06 1 /7 e e x Ws=2.25
w~ 053 |7

0.4 |:

02}

0
0 06 14 2 4 6

Rw

& 4-3 ks BUT RMERT, @EATHERM Ry FIZ 0 HIL
Fig. 4-3 Diffraction efficiency vs. grating size ratic with different grating strength

($o=45 deg.. aWs=0.25, Ws=0)
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E4E SRS EA. MERBEORTHSENRLRT
4.1.2 BKEEM

BRIEEFME RPN 542 8 DWDM BHMREN A — N EENTarr. SRt
FEIEE FRAEXS B . #KE DWDM WE kK, RIEEEFBMEK SHAS (VAL
RLIE Bl /AL~ 1600/0.4=4000, BIAVA=0.00025. ¥, TR, BERERK
aWs . ML RSTEL Rw EREECEREE. — IR, HRESEEME (53—
T SRR R B A PSP K AL B2 M 3 dB R X ERT M A BEMS %,
13 dB 205 F B AP AHSEE R 3R, 1 10 dB W% T EH SRR K985
A4, BTSSR E ST 10 dB AR EHL .

Kl 4-4 55— ER R B aWs « RECHRTH Rw T, Alicas/ ARE L8 BE
KWs AR B ER, P WslA =3200.

0.00075
—Rw=1.25
------- Rw=2.5
0.0005 |-—- ——— /
o= e
~ ..
~ .
<] T
0.00025 — O —
1619
0 1
0 ] 2 3 4
KWS

Bl 4-4 Ry LA RIER . Adoan/ A Bl x W HIES 4L B4R

Fig. 4-4 Al pae/A as a function of grating strength &g with different grating size ratio Ry,

(aWs=0.25, $o=45 deg.)

MBE 4-4 TTLIFEH, X Rw=1.25. «Ws <1.6 F1 Rw=2.5. «Ws <198, X%
MR A 73 9 A 40U AT LU 21 4000. 31 EFEE LR BEHLAIE X, 5 T 5% DWDM
B ERPIBAC S PN, BT SRR EX.

B 4-5 SGEERB R s, FRNMMERE AV T, Adpw/ABEHEHR
~HH Rw AR (L 2R, HdP Wo/A = 3200, B 4-5 TN, HaWs=1.25. Ry = 1.0
MaWs=2.25. Ry 2338, MDA LUEE 4000, F BREE R
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Jb % T AFWET L 0N
SREERYIE R, R OGRS LLA R DWDM ST ER IS S AW

0.00125

0.001

0.00075

ANMA

0.0005

0.00025 - -

0

B 4-5 x W SRR AR, Adioa/A BE Ry IR L HIEE
Fig. 4-5 Adipes/A as a function of grating size ratic Ry with different grating strength &5,

(aWs= 025, $o=45 deg.)

4.2 2B HEH. BEASENTISERREIEHAERE

411 M2 %, AHTERESBEIERBHTENEZESY.
FEAERKRHT . AIA SRR AR R T 6 M EMEK
EEN S AMRE AR T I Z AR R, MIBEERTHME, ERKIHAL
U2 DWDM RAERKMBR T, oTLHEHHERER M R T L LR /AT
g, —EREBAK. TR T EE LMEE T A2 BRI R T
FRERERMNEESEARGHEME, DEATHRENRKSHER BE
4-1. FERAT, AJURELHFAGENTE, FA-ZHBSEERCMNAREHN
AL SRS B R BE R RART RIS,

AT WFIE, KA Kogelnik —HMA BB IRRTRNT, BikZIHFEREH
R BENE K WA, BHE . REEA2E MBI EE R A S
BhFIFER 419, EPi=1550 nm. TJLLFEH, B TEFHER G ERTHRE
PR PEM, BHE Kogelnk Bt HIESERELLE D, THEHM R
EEMERGH AR, B2, FHALHFRENEYGS Kogelnik —HHILFF,
EEMEN FL BRI ER/MERAERMERAEBMMRES — 48 L Tl
FET FHPHRRE, X TR T AORAT RN, RS
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B4E H2REHHA. MEABGNFTERERRL R
Bk Kogelnik —4H IR TR, “HERARR TR RTIm—
ST . AT REREREMTHARNEKOPRET TR
HR AT E X A2 BN SRR St R~ T R & it.

# 41 RERETERBHANGEER S BB E

Table 4-1 Performances of volume holographic gratings for wavelength filters and their

parameters
HERENR
4 Bl
S E-Yea ol
fT8 — 41 8 (= 0) T (aWs = 0.25)
AlAA
BEn HEa R Ryt#E - EEEELD

0.59 4000 d=421mm. v=0.88 [ d=461 mm.v=102| Ry=125, «Ws=16

0.51 4000 d=424mm. v=080 [ d=456mm. v=090} Ryw=25. k=19

0.53 5160 | d=546mm. v=082 {4=589mm.v=092] Ry=14. «Ws=125

0.46 4000 d=426mm, v=0.75 | d=453mm. v=0.83 | Ryw=33. xWs=2.25

4.3 FEPpTH

FEXACHBRESEEREEARABITHEATETLIR, ot T —42R
AMBRTE T, TREREMTHEBRMBACERNE, HiT 7 e8RS0
THRCTRAMBEZEIR R AT RBERUKEETTH MR MR ENY,
B TETHALEERM. #ERSFTHR R TR,

—H, FERNRERERBMARBELT, HHREDTE-BEN, ®
KoM AMEEW LT DWDM MEK, HXHEBEES. YR EE LA HE
KA. B2, ERFEFGT, MSBCREEICHRE R EAEM,. T REE
RRIRTS RER AR £, SElR N ZORTEX A B E . R, RAE
SRR 1) e B S R (E .

H—THE, EFERNRRREAEMEET, 2. YWHEEERAXTE—H
HEY, BRSPAGHERIED] DWDM KEXR, 3 HIXA B EREE YRR r Y
KEWARNES. BERFRGT, AREEERE—BILEH, ABERE
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LR T4 8 DWDM B4 LB R AT I, MRERE (SEF
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5 F  AOCBATHE R RTTA

H5FE AT ERY LIRS

FA HBE B RN AT AE ERAAE, AT L B R E BR s
AISHISE, T REEATHNE. AESENERSIGERYE. H TREBMAE
EFTE R EMPKEEE, TURMBRTETARLRER. AR, XH
FLHELEGESTAMBLOEARFE. FEEHFRTHHE, Bl LB
THATSHE . BT T AREMR T FTRAREEN S, BEHNES.
WL, WA THNAEEMR, FSEBEET TR KX, XAT—
HHFAMNET A2 EESBERARENERTR. ELRIPETHEEKER. KK
KA e, Sl TR AROUATS, FERTTT T ORI A BRI, R YRR
AEIISX T TiTik.

5. 1 iERM BB E T E N

TABK AL B0 ERM R — IR RRE B, ARl SRR TR
MEIBET AT .

M TETESRAESZEHRE, 2R RHRKEER— N EEMNERS
. —HE, ATEARREMEPRBEALE, FTEMHET —EMNRE. B
RA—HEE M, WRARARRFRR RGN <5 RATHREN R
TR, REEREL, WEESSHSBANFBEAREIEER, B, @R
AL BIRRH A IE R RS —ENRE. R See, AT IRERE N
W EREBRMNEARFE, NREMDAE B4 A H A RRIL.

FHEINFTH R TEERMIR LRSS, MR EARGEENA
FREAOIEEK. Bit, ERiDRESMOBFEM R EE K2 RAEE
— FE YIRS X K B K RIZ0 A IR B« BATH SE M E T B RERERFN
Eiti%, B 5-1 8B (0.03 wt. % Fe) AIXBHE (0.03 wt.% Fe, 0.5 mol.-%
In) ERGEESRARIEILZE T BEH KA IELE, HPBKEER 200 ~ 2000
nm. WJUEH, REEREEO~372 m BERMEIE/NLTHE. BEEHEKH
Wk, RRESEEERKEREMNBTETELI R BEFBAEK 1550
nm LFEHERHMSEITE, Wil ERERAED ENL A 7T LUR AR
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A T ok R B BE AR -4 3830
B (KA 532 nm M8 e e, EAERFABA 1550 nm
ML AR el e, IRFER D . B R ERGE ) iX — R B 2 B
BONA TR ERSBMET.

30
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T(%)

40
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0 500 1000 1500 2000
A (nm)

(b)

0 500 1000 1500 2000
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& 5-1 B MM R ETE
Fig. 5-1 The transmission spectrum of the doped lithium niobate crystal.

(a) 0.03 wt. % Fe, 0.5 mol.-% In; (b} 0.03 wt. % Fe

5.2 RREIVEHR T LT RS Mt B0 f B SRR 1 000
mTERBENFE, REFRSEEHABAOET R R NRIT . 4
T, FEATHRE AT FABE Y, (54 BOCHE R RTEW @ ATHAR £ 1F B A BERTH 3R
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B 58 AR N LRR
MERE. EAERGHBEGNARRBEKUZHESRHUENHAET
B, BEdEwSHTMAERE SEKRES AR RERNTMESHUN. BT
P, RITAENES . YERER ST AR EFERIE.
5.2.1 MAER RN B S
1 Se38 6 BE I R 3 SR 5 B PR e AR
SKE RN 52, WERAAMAEEALREREAL, TUEXRFELASP
ERAAM, TEEME: He-Ne UGS, RE. WETMAEHAEIH T
. ML RFERAR A SRR
(1)  FH He-Ne BOGRBHENCHRMNIE, MBABRRKENEALARESTY R
RRERENR. KT REFEBINEERANR, HEBEFHN
50 mm fI 150 mm, ¥ REHN 3 5.
2) RERSRBRIEY KERBECERS RIRRS EAEEENB RO, EHFE
BETEETFEREARCERES N, KFERIRFLES EEAY
Mo, RIRRIR 2 FERTRF A T LR S e,
(3) EERIE, K FRENPAZIEERETEARERET LR TFEH
e, Sl RS EEE B AL Tk E . B2 0ETIRT 2 ik
BIG, %1t af RERBHBIRE L,
4 ER2EOLHER, R1T1FRD 2 WITH. AN EAEREPE
BHXHEEETY, EREEERR MM, 204 B, %
AR 1, FIARGESESZ AR EH A HM AR R IR
AR, BARGED, RITXH. WERRM R LGS
(I Lh 1 i EHE FITE .
KRR RPN EER GO
(1) FHEM
KRFHAXARTENEFEE AR, BB EEERE IPC-5432
R EARE IR, BFEeh:
(@)  FEHHRIT. MEIE IPC-5432 RIFRERIBBHIRIT | FRT 2 AXE
B E I L S
(b) RENITHE. @ IPC-5432 FEMEBRITHFEHRENBRERSSE
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Tk REREM L EL T
IR N BRI A
(©  PEERGE. B PC-5432 EEUEHBICER R HRFE S HHR
BEEIE S AR AR R B AR AR, S RE A
B4,
(2) BFEAE
4 BELTEMAAH BT REEEARRIRE L BOLR. 5%
o, BEFAERRSEARER HN 1700 BSOS DB FRE I OCE. RHOLR
K H 633 mm, M TEMa HHHIHE 60 EH, HIEBES 5%,
(3) M RH
FIF 4f RGekiaets, amAEEEN 75 mm MNBEAR, BEHN
ZHEZ% 38.1 mm.

1/2 wave plate Polarizing Aperture 3 Beam
Mirror lApertuTe 1 t splitter ex;lnander Laser
<+ + ) _He-Ne
= 11 |‘ | U |
Shutter 1} Y  1/2 wave plate
Lens * Lens A
— | — Aperture 2
Crystal ‘ é
Shutter 2 . .
4f system Rotation mirror Ijl
Power meter Computer
L .

B 52 MEAFEFMR TP EFEANERCERE
Fig. 5-2 Schematic diagram showing the experimental set-up for investigating

the selective angle with different grating size ratio.

2. LA
(1) k& EMERTH
FESEAH RS RICFA, 81 90 B, RAXUS LiNDO; Rk
(0.03 wi.% Fe, 0.5 mol.-% In), <38 92 mmX9.2 mmX17.3 mm.
(2) YHRMEFZ NIRRT

-42-



% 5 % OGBSI RIS

KR P ERBEICM R, BRRNE, WREREEL. 1.2 1 ks
PARPITEE, FL1E 2 AREFSEARMEE. RPYRRETARE we=2
mm MR, SHNXMREE W KK 1 mm. 2 mm. 4mm M 6 mm. AR H#,
JEHE R SHEEE 0.5, 1. 2 3.
5.2. 2 TR~ LT e EE AR
1. ARZEH R ST T S ikt thgk

BABEYERMEE. BESEARNES, EREFRR DKM, 3
R B XA, MARENESEAERENEHAFIERTH SR
. REGTHAESREAIEAENRRMLE, TUAESEES. A5FHRD
HAPIESL TR B AP R CMRER, B2 X AR AR BE R B — el T
H, WENNMERSH. TRERWE 5-3 Firn, BHEARAEREHESLR
FH R

:
4i

Diffracted Power (mW
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] 5-3 ARDEMERT T, fTHTHR MBI HE A AR (L dh 2R
Fig. 5-3 Diffraction power vs. A¢g with different grating size ratio.
(@) Rw=0.5,(b) Rw=1,{c) Rw=2,(d) Ry=3
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b Tl k2% BB S B2 A 8 3T

B 5-3 H(a)s (b)s (o). (FFFANMRTEA 0.5, 1. 2 1 3 HRERHAT
B EEE RS AL fhek, MRIE L i n LI EAR 10 dB
mR R R A4 BN 0.024 . 0.013 &, 0.009 . 0.009 #.

2. FRAHRT T AARERANEENERE

WL S-3 BB higk, KA THHMRTE Rw 5 0.5, 1. 2. 3 &SR
EEARTES4. HPYXREE WsBEENR 2 mm. ATEFHE, BS54
WA H TR AR GHE S RAFTEEINEIRIEE R, TEXANSE
£ aWs=0.032, «Ws=0.02, ¢¢=45 deg.. HEF W, ’E%f@ﬂéﬁﬁ%%'ﬁﬂiﬁ
HEEE—F,

SEIAH EL FR IR E RS KR W] REIR B B S S R A A ST M, B RE
FHAEA—ADFE MBRNMYAEBITERE T OMEEN N EEIER. 5
Ab, LR LR AR, SR ANFESHRR T TR ENE
BAREN.

TR A2 BOLHE, MAEREMEKREN AT RENBWEERN. 7T
DT, mEEFEEBMR-TRPXREERSSBRFSHET. Bk, =
ERERIHAR RS ENFERERA. BEASAULRITINKE.

(deg.)
0.08 —j 7
i —— Calculated Results :
0.06 - |
: B Experimental Resuits |
e} :
= 0.04 ‘
|
|
0.02

5-4 AR RO T R B REFANBR T HA R R
Fig. 5-4 A comparison of the measured selective angle A& vs. grating size

ratto Ry with calculated results.
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5B ARSI ER R RIG

5.3 —HIHMNET AL EAMESERSHFREETIN
5.3 1 fBiKidH. WRKIEHZIRAE
1. W7 EHIHE
R mius ER, RS BN, BERKRENAFREN T
HHRWEESFZL, EEAERA I AEN AT LERTNREATT
. X F—ELERFOA G, BONMTUELEFREABERAOAE, B
AERERTINEKRS, F8 _EXAERTHEARNEES 0.
BB FREBEKGEFLRER, TEIEARIENAETE
fEHL MK 1550 nm, B, oM e Ed EmiaRTaeg, o
LUE MR E A TR KNEFOLET 2, RRX, HTiek. mxdF
506 R EREE K 1550 nm A FFERERBELE, REh. R, H
PR BRI TR BN S B SRR 1550 nm L4 R HIE
ABFEBB D CFRMBREBHEX—ER, 8532 RAMNATESER
B, RAEEKIER. KEKERESBxH.
i DR FH TIEF L RELKA THEFRRH AR, BE An %\ RA
T 90° ik, Wil EY¥IFEEET G
()  ETHEEIEE ARG A B, 75 5t B R R @ 7E T F A
BT B, AR MRS RE

Q) EREMEREAT, daFERELBAMMEK (01532 nm, 633
nm %) SASEFEE (POBKA 1550 nm) HHERK, &Y
AR &N, RECREEER.

AT RRIXLERE, FEXA—FHETHELENESEASHNFTRNIZ
. EHAE.

WE 5.5 iR, WRMA AN TREBEERE. YRS LM 1 FIFRA
5, FEHIER 2 AWEAS, WTH N 3 Hat. idRAEFEH v B E 307 1
R, KERRHERN, ELR, ST 2 AL, M EE 3 Hat. Xt
EEHNIEXK. EXAEHFFE (TWOR, Transmissive Writing and Orthogonal
Readout) 1%,

B 5-6 ik HiEHAEENREN K KBEE, KFEAXRPBHEX k. k
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JER T A M S X
PR HNEER ks b SRETERIREAS & REBH, H5AHKE K
HREEZATE. 6. 675 ERMENEENERE Sl & L MmaIksm.

~ 1/

e

(a) b

B 5-5 @ E R AL R @ATH )T EE
Fig. 5-5 Schematic diagram of recording (a) and reading out (b) a volume

holographic grating for a single channel in the crystal

-8 5-6 IWFRME MM £ KRE
Fig. 5-6 The k-vector Schematic diagram for recording and reading

out a volume holographic grating
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3B 5 B POLMRATSTR IO SRR 5T

fo=2E 2P (5-3)
ﬂ‘r 'Z’rﬂ

k=20 - 2 (5-4)
;"'a ;'10

Hepd, 4 FHNREFRAMBEEAENATAFHEK, Lo Lo REFTPHEK,
o Mo 53 B A LA R B AR IE RO R BT A
BRSL(S-1)~(5-Hx\, a1

singd, A,y My

sind, A, #, (>-2)

CRNHE, EFRMAFTERERE b S ERT B AN M6, AN
543 6, ML 2
n,sind =sind, (5-6)

BT UBIHCRLME, SRANATAN

A
6, =sin" (sin 6, - A’“ -nm} (5-7)

i0

FEERLBRAFEF, BHABMESELMNBRERTEEAN, 606 =45deg.
FEERALRERM, BITRERAA AR 532 nm EHEEKENIER, TTHA
#1064 nm K KLLIEIEH, SRMRFHER n, =2.2340. 23 HE, ©F
FENE A G R Ay 5217, dBe, BATEML AR =/ /LR RFIE ISR H
Ll 52.17° A&t

FEWARBM RS

() NATESFEHSGR, ASAEEASBSEL, TS CEETH
HHE, ETFaARmHBe,

) EERAFLAEHN, BHEIRASEARR. SRRk REEsK
FIG B EUR, ot THREKEERBE DR S, ZHTERS X
KL R. EERALAGE N A eH:

(3)  ATRATE—ANRAE R F 4 A, ATET R 4 NBTEH, TERR
— P EELH 4 BEHE SRR

4) TWURBMEHRRELMEBERE S EHBREF, KK & EKE
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SHATER .
2. LI E R FEREHIHEAIER:
R EBR A 5-7, HP@MEHEKILFOLE, OV KEKIEE AR, HE
HFEBIE: 532 nm B, 1064 nm BOLH . WE. DIETME T HFERAEN
IRk

172 ] Polarizing Beam
wave plate Aperture 3
Mitror IAperm;-e ! beam splitter ex;laander Laser
B O I >
+ < q) 532 nm
Shutter 1 Y 1/2 wave plate
Crystal n A
Lens : Lens
— | — Aperture 2 -
Shutter 2 Rotation mirror et
4f system
), Power meter Computer
| S ——
(@)
Laser
11064nm |

- 1

-~ A

v

Lens Lens | Ape
Crystal
Y e
Shutter 2 Rotation mirror
Bt 4f system
QR Pover meter Computer
| S >

(®)

& 5-7 EEKidR(a). KEKEH(b)#IER K
Fig. 5-7 Schematic diagram showing the experimental set-up for recording

with short wavelength light (a) and reading with long-wavelength light (b).
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5B BT N TR 5

KA Verdi BIABUCERIEN TR, AEEBRENEARETT RES
FEMIE IR KA 25X ERADSEIEAT RE, HILIEEERS= 15 pm. HEHIEE
FIEREN 75 mm, ORERN 38.1 mm. mik2>REET RERBOLR T KRR
HAMEEEOFHRL, BYRNSER. BEAYAMSERERFPRETH,
FRBGES Bl EHEEEN, AARERNESE AR AR
it RN P EATH LRI T,

ZRIERERA A RRE &N ERE K CRBUR. E%Wi‘ﬁﬂl&ﬂi. iEH
EEMHT AT (Coherent) AF=HI IR EFHBHPHBEIMN Verdi-5 BOLBIEHRIE
FHIE. HBORRRBE T 532 n0m, &KEAH 5 MHz/ms, HIEBRANFER S W,
EREEN+1%, RRERN 225 mm+10%, KEAN 0.35 mrad+10%.

SAEREFMN, EH IR RA LT RS DPSS F- IVB-200 B 28 K15
HIRI1064 nm #OE. LR EH A
() EFREFEALRGTK

AABERREREREE, KWREANAN 52.17 deg., BISEZXFEFSH
RIFK A H 104.34 deg.. MFABRBHRERERIE (0.03wt%Fe), RFH 9.5mm
X9.5mmX9.5 mm, z-45 JEIE,

(2) VNS Z AR T

ATEFEHEE, CREFERABEKD 532 nmm UEALEZSE. EiEd
Jetet, KA 1064 nm KT REIEE, HEREEN 032 mm. EHAHEN, ¥
HB% YR OB 44 610 mm . DPSS F- IVB-200 #2884 3R & 8/ 24 0.4 mrad.,
A B RS B S B O SRR B A R 0.40 mm. X e R ST EE R
Ry = Wal/Ws=0.40 mm/9.5 mm = 0.042.,

5.8.2 XMHEHTHHAREHITE
1. HEKICRANME FIL H thek

BHABEKET vV ERE, AHEE -5 @IREHSHMBERE, THERE
HREPICREAWE, DR AEK 532 nm 5. FRAEENTSELATD
BN AFRBATH M TIE, BRI AT EBRE A A ENRL ML, W
B 5-8 AiiR. BB S-8 /A, RGN EATHIEN 424.13 4W, FSH
B 10dBIRFE AN 0.033 F, EEPHEFEAN 0.014 E.
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T AV A T 4 4 1 5
2. KB B ARCH BRT ST R

REESEN V B EEBUFH PR THREZE, Wl 5-5 ()il
R BEHEAHA 1064 nm ML 5, FIARSEMES S ARNILHAHNER
sAmThE, SBATHTHEERBARAEAERRI ML, W 5-9 iR, H
5-9 TT40, T A IR RTH I E N 15.76 LW RABIZH AT W
REAEARN 0.69 4W, ATTHEHESF R 10 dBEFA N 0233 B, REFH
EEAHR 0.104 .
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