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Abstract : The steady-state nonvolatile two-step, two-color holographic recording performance for both the congruent and the

near-stoichiometric LINbO, ; Fe was studied theoretically based on the two-center model. It is shown that the nonvolatile

two-step, two-color holography performance in the near-stoichiometric LiNbO, :Fe is much better than that in the congruent

LiNbO, : Fe within the intensity range reachable by the continuous-wave lights. In addition, it is shown that a light-induced

space charge field of the order of 10° V/m is ‘achievable in both the near-stoichiometric and the congruent LiNbO, ; Fe with

high intensities.

Key words: LiNbO, ; Fe ; holographic recording;space charge field

5lE

SEAESR R R B RSB ST S R T 2
FRP I o F AR R S AR R XL
B4 BIE T HEIRD . RIS T
R FAIR B WOR B s BR9E R By LiNbO, A1 LiTaO,
FAEE R A 2 B ARG Bai A H
GRS T B R W — 4 4 B A
75 LiNbO, Sk B4 HIREER L. KRR LR
BT M Fe* " FulFil/ B84 F Nby’ Nby, 5.0 R 1Y
BT A 4 fk B Nb3T B 2 28 A T 7 B /MR AL F
Nbj; 1. Berben 25 A" 8 i 5T/ IMR AL T B % 3608,

KB 8:2004 - 09 - 03,485 B ¥8:2005 - 01 - 06

TESET TERBES Fe'* /Fe’" S5 BELR NbY /Nbi 2
B B TR BT E. 3k, Jermann
Otten"" & 7| F—F AL R O R SR BT B LR T o6
BT RS HRB L MR, AR T
FEGR IR BELR 22 8] By T B B4 T3 | AR AU B S0

AT BRATTLA A LR SR, MBS HBF
5T RSRREL &M T MR R FIH S X
e BAERETERE BT AR R . HIESE TR b
F LiNbO, : Fe B " 253EIE K 4 B A BT T
FRIMH LiNDO, : Fe.

1 LiNbO,:Fe R{&Ry B F#isidid
KIEH BB RS, #38 LiINDO, : Fe A — 42

Received date; 2004 - 09 - 03, revised date; 2005 - 01 - 06

EEWE  HEWREEEHFHIWBT BRI A (2002-350) , HEFHHEEEA RS 5HEE (2003406) , HEFHEUF IREXT AL T RS
T H (704012) , “863 " 7+ R H (2001 AA313030) Fi# & &8R4 L R 3/ A A4 CHReTRIBEBY
EEWA 85 (1978-) B RELR/AREA, HEB R A, TR AT R KRR



270 ais 5 ERE ¥R 24 ¥

BAMENS THES BN ERT R, mRlEsET
FEATHAL T AT Fn g T

BN +
ot = (Syply + By + SpslyN) (N, = Npd
_)’DN;ne_)’DsN;(NS—N;)’ (1)
aN‘; + +
R (Sysly + Spsly + Bs + ypsNp) (Ng — Ng)
—ysNgn, = SpsIyNs (N, = Np ), (2)
‘BTE = (Sl + By (N, — N3) = ypNpn,
+ (Sl + Sgslp +Bs) (Ng = N3) = ysNsn,
+*(1;V -J, (3)
J = eunE + kTuVn, + GypSy,(Np = Np) 1,

+ GysSps(Ns = N5 Vg + Gy Sy (Ng =N Iy,
(4)
+N;_ne_NA)' (5)

XHE,N,, N FI N, 53 51378 Fe F1 Nby, 8 8 A8 %
JERARSF BAATERS KA T B R A S R RME R
. Ny ,Ng Fi n, 53 $1&7% Fe'* , Nbj' M1 S F
HIBUCEBE. S p 1 S RTEFRHOLVER T A B ok im,
5 FM Fe’* F1 NbY' OB A IS H A K. Sk
RIEICFEIAE A T AR KA , 58 F M Nby” F1.0
BHA B FHH K. Bs M B, L FM Nby' i Fe’
LB R W R ER. v My, 52
HF M FHE Nb 1 Fe' ALl MR IR R B Sy Ml
YosTHLFFE Fe’* /Fe’* HI Nbj)' /Nby," Z IRl & #3847
AT R R TE R G BUK T B RO E A T
KRR kg TEJ M e BRIABE FIRZLERE.
AR iR I XHRBE (3 R AT A R B G
Gus 4y 2 Nbi' 7E4C 3 56 I B R 6 B B 1
Glass B, G, &2 Fe’ TE R MY R 1Y Glass &
Iy F Ly 2 R MR MOt R. FHATH 532nm M
1064nm BFOEAE A R MIC R0, EHSEE
5 Adibi 2 A\ —B0, BRI 1 BT,
HEREARGB L LB FEMEIRY, BAH K
SRR — R AR E R m Y E RS C R
SRR &, X TR/ A E (m<1), N,
Ng ,n, M E 33 ML B G, ATF4R70” F1417
33K exp(ige) MFBI IR —I. Btk BpaT 4%
B R ERTM— I E R EREER
TXAENBRARBEBIFITR. B TEREEIN
B ETEREN n,, L Ny R NG /MEZ, HIKL, 2

V-E = -(N;
£E&,

®1 FRBFEHFE LINDO, :Fe THNR-H £ R
FETE RN LBS R B, BEXRE
Table 1 Units, meanings, and values of all quantities
involved in the two-step, two-color holograph-
ic recording in the congruent and the near —

stoichiometric LiNbO, ;Fe

Rl 2 i 5 Fe 1 XREM RIS R

(m=3) N3 (m™>) Syp(m1) yp(m7/V) Gyp(mb/V)

$m)
¥ 12x107 - 1.0xI07° L.65x107*-3,5x10 %3
X & - - (] [ (1]
[ 803 i 15 Nb ORI R S

N(m™3) N¢(m2) Sye(n/]) Spsn]) Gus(m/V) Gis(m/V)  yg(m/V)

g
(H4)
¥ OH1.0x10% - 5.0xI075 54x1075 -4 %x107B-59x10"3 L.e5x10° 5
X & [1] - (1] (7] [11] (7) (nj

RIS S 5 Fe M Nb, A XM R SH R HTEE

(ﬁm)s‘” w/J) yps(m/ V) w(m¥Vs) e m gm™) T

¥ OE3I2xI0PLExI07 2 75x1075 28 0.1 2.9x108 293

X & [11] [11] (11] (11] - - -
2t S SR A AR — RS

$u m=3) Spslm)) yielm7s) Ni(m™3)

¥ 20107 217x107 0L ¥x10 7% 3.2 %107

X’ - - - -

W& 1T L 0T S [R] B AT A SR

PUER PRI R AEA 8 AR SR 50008  BE
THH 7 LiNbO, : Fe @ik iR BER = ] ML 7 35 E,
= —1eNg/(qeey), BREER T MW H £y = -
ieNpy, /(qeey) MBS Z RIB AT E, =Ep + E. 5
R AR, B T7E LiNbO, : Fe XA — 8 2 B 4K
hBA SN, BT Ll E, BOE. 3 BE T T
RS TIR v BELL v, ME/INMEE B
2B R A3 (6] ¥ T 3 1 3 e R T R A i NV, iR
AU T RHSBEMEME RS EY, X8
BWHO0.9N,, FA b HEIHH B KA LB E R
Nb ZERERE T A, AR RS T 2B A1, B
WRTRIEMAERFAT B P, REN, =
Np + Ns. Behh , RBUR AR T 2B AT, B TR iEn
KR, X B A 8075 W] B fr 3 A A AT =X

2 ARE4AH LiNbO,: Fe FELENE =%
£ R EfEERE

Berben % AUV 4R INTERE £ T /AMRIL Fi
BT EEM Nb' B T8 Fe’ ' B IRk ATk
R, HHXMEIREHEEEZ NbY, FupEFe'
L2 Al BE B M. 5 F XA AR, B8y, A



4t B BH% MRS LINDO, :Fe JE# & £ BAFHEMBIR o271

RIRR R T B Vb 0B Fe * DR IR, fE—
EFe’ WET vy FEH Nby, OB R E. 3
i1 18, LiNbO, & 14 A9 Nbi' ¥ B 4K 8 T 5 ik 4
BT BRLLy s B R/ 5 SR 63 2 ).
IR f B, LiNbO, Gk iR
[Li, 5, Nb, (0, INbO,. tN R FHEE/REL y = [Li)/
([Li] + [Nb]) kiR SR 6y AR AR KRS y #R
SRR Al R T T AL L. TR BRS LiNbO; B BE /R L
¥y F48.5% , Gl b Nby (M BRI x, HI(E 4> B R
1.0 x10¥m ™ F19. 8 x 10 "2 ihsmas AR ) JH
AR Ny =(1-2y) x1.0x10%/(5x,) AT IR E| R
FlARAES y # Nby, Fo0 AR . F @ v MR
fLF Nby FIRUES 45 4 B 7 il R 80 RE 9 1 BR M
BEALIH IR AL L LiNDO, . Fe Sk e i 255 y 5 F S5
HE. (TERTAESS « "B BoREREILE
Lt LiNbO, : Fe g {5 250, LR 5 BB 9 25
FAEK43) . 15 H8 Berben % AU (4536, B Nbi; o
ORI R FER B F i Nby S0 g Fe’ ol
B EBRIFIRTIE /. B, Nby L S B 3
WIE DIk 3]
a(Ns - N;)
a¢
AILLER, ER RS R Ny FI(Ns - Ny ) #B
BTSRRI R y s L RA AT Y. AL,
ZEBERTFHEY v BN RIRSH, FrUEIHE B
WHERRSE. vos FES/RAL T 5 B 3580 7]
HE r BUARRK 7 5 v N B LB, X B Ny
FaiS Fe’* L BIH . BE S IATERE 514 F L 51k
L FIFER A LiNDO, :Fe S{k B Fe'* sk
RAFER. TEXFER T RS T e A= By
LiNbO, : Fe @ik BL{ Fe’* s LMW BEZERA T &
FARRIE SO R BB E BN EEAHE M.
ST EERAE L /MR 4L F NbY 7E 34K % e LiNbO, ;
Fe B 0% T2 (8] & $0( M ms B s) LLE[R] g5
(N ps B ms) KBLU BRI AR BEL2E b
LiNbO, :Fe f] yp flH 1. 14 x 10 * m*/s, XF & iF
F R T LR R 3 MR AL
R L2 B EREE S & L H (ot Vn/ot)
o (TeL) B SEAEEE LINDO, :Fe 0 Nbi, 1.0

WERIEL" ™, i g RITHME, L RGHEE
S FATRIE 16 % 2204 9 Bl W 1k % EE LiNbO, ; Fe
AR RBUE S° LR RB MR 2 M BEEL . B/

=_YDSNI;(NS_NS+)' (6)

B (1) FX(2),15 3
N; - Ny
Ns - N;o
[ys Nso™ (Sunlin + SpsVso Tun) +5 Voo SasNso Lol (Vg = Vi)
T DG *Sadm sl ) 4 sy IV
< [Yp(Suslin + Saslio + YosVr0) +¥sNso¥s) Vro
[YsVs0(Sunln + SpsNsol o) + 1N Sl Vsl (N = Npg)
(7
XFEEIRLE v, R 49. 5% By L2 EE LiNDO,
Fe Fh{A, 183 Ny (89 Nb, 3 8) BN 2. 04 x
10%m 3. ﬁ%ﬁ"t%ttﬂ%%% T NS S voss Spss N
MUNS " 3X S A S50 A H A f B BUE AR5 W s
SRR AR SEORE — R, F AR DR R
%1 S" /S 4100, I RATB BT ROLHRE B %
RN T =1.0 x10°W/m” F1 /1, =1.0 x 10°W/
m* 4% T Sps 8. TEIHE R AR b, AL b A
B Ng" FI Ny ST Ny RN, " =0.9N, , Frid
N} BF Ny +N .

EE 1 AT G M 49. 5% BT AL 2% L Fi R
HLfy LiNDO, :Fe SRR I 4 4 B 7FEAEMERE. B
FIEAL S L FIE B LiNbO, - Fe ShiA 5 IS 5
BERER. B L) FRERY I, H5.0x10°W/m?
ML E \FE 1, LT AL 0. TTLIE B,
WA LA B G AR 69 | E | FF LR B B AR 3 A A
MY I, 5K TF 1.0 x10°W/m® #110°W/m? i}, 3%
F R A SRRV E, | 43 B FF 46 T T 1. X
Rl T R AR S 300 23 (R R A B N R A
A E S5 SR AL BT LAY - R 6 G R a1 i &
BT/ MR TR BRI I Eg | Ey L HTIE, |
BEZ M. 5 —FE, BEEXHomkg 716
Fe’* /Fe’* BEZLFI Nbi /Nb;, fELR b i 6l , X Fhik
BRBBTE B IR A TR/ NHE. Hsh, RATE
BFAF L LiNDO, :Fe SHEFHY 1 E, | B B b L 5]
RO R IRZE, X 53056 d 8 A4 540 —
Y 1(b) FR AR SRR E R 1RO
x10°W/m*, | E, | B I, B 301254k i), M FE o AT 1A
BIEAE L FE RS SR E, | BB R R A R
—RERY, I TE ST b2 b S A o 5 5% B R BLAT X 7 19
I TG L [F] BUA H AH R AT ROkSR /MR . 4
BEEAAEN HR M B R E, (ARG R S L
WLEALE LRI LB R iR E TS B
EPERE. XA IS B 1 (o) FF—2FSE, £ 1 (c)
FIATIC Te/1, B BIE R S, R TGWMEEVE, VB8 I,

s°
S




- A NCE P L X 24 %

108 107 ud T 107
10%
10%

E E
210 2
=N =i 103 .

103 ¢ .

' - ©
102 10! ) 10!
10? 104 10¢ 108 10? 108 108 10° 104 10¢ 108
I,/W/m? L/Wim? L/Wim?

B 1 SEALE HERIFEI AL LiNDO, :Fe SIARIRUE b4 BAFREMERERY LLER (a) EHIRHIR Y I, 5 5.0 x10'W/m’
HA4ETF L E, Bl 1, RIS (D) ERY T, 1.0 x10°W/m’ | |E, | B I BRI (o) BRE /1. BItLBIE R

5,1E | B I, B93EALIEn

Fig.1 Comparison of the two-step, two-color holography performance between the near-stoichiometric and the congruent
LiNbO, :Fe. The curves in (a) describe the dependence of |E, | on I with I, =5.0 x 10* W/m’, the curves in (b) are
the I,-dependence of |E, | with I, set to be 1.0 x 10* W/m’, and those in (¢) are the results for the case with a fixed in-

tensity ratio /,/1,, of 5
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