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Diffraction Properties of Transmission Photorefractive Volume
Holographic Grating Read by an Ultrashort Pulsed Laser Beam
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(Information Optics Laboratory, Shanghai Institute of Optics and Fine Mechanics ,
the Chinese Academy of Sciences, Shanghai 201800)

Abstract: Considering the dispersion effect of the grating media, the coupled wave theory of Kogelnik was developed
to study the diffraction properties of an ultra-short pulsed laser beam with different polarization states by a
photorefractive volume holographic grating. The spectral and temporal width, the distortion of the diffraction and
transmission pulse beam, as well as the diffraction efficiency were studied, as a transmission volume holographic
grating was illuminated by an ultrashort Gaussian-shaped pulsed laser beam and the ratio of the input laser beam
spectral width and the effective diffraction spectral width of the grating varied. It was investigated that the effective

diffraction spectral width of the volume grating was affected by the parameters of the grating and the input

photorefractive volume holographic grating; ultrashort pulsed laser beam
1 5l

conditions, and decreased by the dispersion effect of the grating media. The effective diffraction spectral width of the
incident pulse with polarization perpendicular to the incident plane was larger than that of the pulse with parallel
polarization state, and with a relatively long pulse duration the diffraction efficiency of the former was larger than
perpendicular to the incident angle.
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that of the latter. With a relatively large spectral width ratio, there appeared expansion and distortion for the

temporal distribution curve of the diffraction beam, which were more obvious for the beam with polarization
physical optics; effective diffraction spectral width; diffraction and grating; coupled-wave theory;
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Fig.1 Schematic of the diffraction of volume
holographic grating

# 2 W& 6 b R [ AR 4 B AR A X TR
I 77 1) 2 LTS3 D D R BRSO G R R R R
w R A RS &, RAEME Kogelnik #44
PR WRE M T B, IR B A& S0, =0,
R0, =u, Q) ,fREE W HBRAH

{ e (DR 4 (DR =— ixS, o
csDS +La) +19Q)]S =— iR,
] 15 AT 5 A3 B 6 AT S IR 8 4 A
S(d,2) =— iuy () C—Rexp(—@)x
Cs CRr
exp(g) S — €)™ )

(1 _ 52/[)2)1/2 ?
_ ad
R, = u (A)exp(- —)exp<s> X
CR

. 2 1/2
[f gsin(v’ — &) ~+ cos(* *52)1/2} (5)

('UZ _ 52)1/2
Hrp
cr = cos§, c¢s = cos §— Kcos ¢/fs
_ o o Kz;\ _ ECGO (A)
g = KCOS(gD o 41[_”0 D , a) = 2720 D ’
k() = TU;OI _g%, U:Id/ Y CsCR s
g= /s —a/ox —id/es) B = 2mn, () /2;

2
7, QO R A P A HYIRAR S B 0P 4T B AR, T



6 3 ERLE: BHEDCYTR A2 B A & K B R R 803

KEFRTBMREHAR GHileo (O FAHE
6] B 4 B R B 00 (A) 500 20 B E KA TR A LT R
AR BE o YO TR 5F 28 i BT SR AR BY
MR WAL E » A35 SF 0 3 S 6 ARG SR B 3 B 9 A

s 2.2 1/2
Ls(doi) = |uo () |20 Smf}"—fz’ 6

—¢
IR(d9A) = |uo(A)|z_Is(d9A)9 (7)
_ ndnol _iCQTId(A*Ao) B .4
;E‘:qju_/lcosﬁ’g_ 2A%cos 0 X R —BHR

BB RIFME,C, = Wn D] 1oy, - BARHE
B ABEN W ZmE,C, = 1/7,(2)» 5 Kogelnik
M S BB — 3.

Xk 5 S R0 328 S O TROAA 1 S5 4 W 4 A A ] 8
18 B AR B, I BOCHAR B - 07 » BT 4540 3 A 5 O
FORBERI I A or AR IA . R AT 5 R B AT S
ik g = L(d,D/1,(d,0), Hf L,(d,A) =
uo (d s Dug (ds2)  MHIE(E R p = sin’ [0 ) 1o KU
5 Kogelnik #85 FH S H #Y J5 % , ti (6) XA /M5
RUCFR JREA o EL W P — e R K B AR B T LR

0. 86cos OA*
Mg = 201z 2 2 X %, (8)

2o TRB/D B AR I 5 97 S 2000 A Oy L B —
i} (6) K ¢ BARRYILMER 0. 86, Adgo B R iA 4
L G X e i i R L K v 8 e O SR B A B
A TE .

A R SCHR AR i S Bk v B e O SR S B 73
RN BT A RS R RS BT A R A
SRR RER Z 1, WDk

7= les |f1s<d,w>dw/[chIo<w>dw]. (9

AL B 23 1T 0 ik T T R OB A B O '
W% 7 18 9 P47 T AR W IETE . AR
B, B BT 4 B i A5 5T B S bR
5 BERAE o A R B AL X L5 O X (DAMR,

_ mdngcos20 . iCoxd(A—Ap)
Hoftv = Acos @ &= 2A%cos 6

LA/ QO T | acs, o YA X - 47 fi 1R Y 368 48 Bk o 3%
Fe AT 5 B A U B 5 R
Mg = 2Ms & 2 X %ﬁ;"se,

A A 5 8 B XK (O .

N TFAETBEAREKK LINDO, ffk, 7R
BE R 293 K, 48 A8 B BE /R ELIE LR 1,2, =1. 06 pm
m,Cot=2,1707,C,' = 2. 1013, &A% B AN
N, W) Cot=2. 2343,C. ' =2. 1554, B AT IR,

7Ce =

(10

32 FIOBORE F B2 5 A B A AR B SE AR AR, Bk
VEBEAE R, BB S BT Bk rP Y B SE . T AL A
PR —RE AT A BEAR /N AR R B 1 42 RO Y
AR 58T B A 5 06 A9 R B R B TS
WA 31 89 7 07 BUIE B, BOG S8 — R, Ade >
Age s A B B A AR 7 1 2 BT A B T A5 DG G
ARSI TR TR T7 18 7 T A mREE .
BRI » B AR 4 B Y A R 1 B A3 55 A BB Bk o
T8 T (5L 10 FUBE K A DG A 90 A 8/ B AR B
FHEEASTEH IR 7 15 P47 T A 1 9 B E
4 BOEH I B9 OETE B 38 2, 38 SE AR K, R ST AR

3 UL LU XA S s e Y B 4 b

FE i FE LG Ruw 9 A S B i 14 3 98 A0 4 B0
WA MBS T2 . R A, EfHSRBAR
[fl. % FFE LiNbO; FaiEWIE B LI 2B k4 86
W, d=1 mm, A=3 um, & [A B i F K
5.21X10° V/mbf, /] 3+ B8 ny =2. 50 X 107*, 4
RLH) s na =7.97X107¢, X FHLEKH 1. 06 pm
IO R, DG B9 78 AT 5 38 TR A Ak =
0.0338 pm, Al =0. 0246 pm, XFF A Gk w54 15
WAMEETASENFEE, ME 2 fix, Hf
I QO Is QO 43 B 7~ A ST K i 6 045 59 06 19 58 B
Wi s . 7EE 2(a) W, 24 Ry, =3 B, A ST Bk M
R R, KM SR Z A Ry, =1 B A Bk
F i 2R EE B, 3R B L A A 6 O BB 5 3 AL D
78 B B 58 5 10 24 Ry =1/3 B, S MR AA
SRR E S, R\HIEFREA EAKE. H
4 Ry, =1 B, A G A 3 T8 b A5 Bk v 59 1 58 i
N 3 5 R B 2 () H A 5 SR A () 43 A il 2% B
BHRESZIE, AR MG E &R =M1F
B, 58 2(c) ME (d) 5% 5 % 3R K i [ 43
AHZNEL—. EE 2B 2(DF, BT
W XoT B e ' R B 2 B 7 B T b B SR, 5 G ) 4
M RNEEATEZT R X T ALK ROEEERY
¥R TT E AT T ASEETE, A RS R,
B 3 B, (B RS FAETE M E R,

BTt Ruow A R B, X F 3 B M BT RIR A
S5 Bk G, AT LS SE R AR L I 4 Frn .
Ry B/ A S Bk v ot i & 300 L4 YRR 8 & 1k 4
B ICHRAT S B LAY S D' PR A 1 5E B O A K o
5 555 T 2 Ry 3K B, A ST BK w6 B9 06 38 7
Fa AR K, FoAGE 43 AR Ok & 2 WS B A BRE



0.4 04

804 Jt % % #H 26 &
ol 7 | LR, 3] Lot (&) g LR, =3
. ] —=—[(A).R, =5 LR, =3
i ‘. LR, =1 ] A —~—I{HR,=1 |
0.8 ¥ R 0.8 ()R, =1
. § 5 - LOOR, =13 i ==, (£).R,, = V3]
0.6 %%g:“lg(l)ﬂwﬂ/é 06

0.2 0.2

Diffraction intensity/(a.u.)
Diffraction intensity/(a.u.)

O 0' ;
0.90 0.94 0.98 1.02 1.06 1.10 1.14 1.18 1.22 _400-300-200-100 0 100 200 300 400
Wavelength A/pm Time ¢ /fs
h R . o T T s )
2 10r(© i ~o-I,(D).R, =3 7 10 @ - G
5 L E, =3 5 R
B 0.8+ —=I ()R, E 08¢ s I3 4—1“([);12:“;1 )
z y LOES Z 06} S AL G R~ R, =17
5 0.6+ X (DR, =1H 5 5 ‘- 1] -_‘l‘ ——] ($).R, =1/3
£ £ ;
£ 04 = 04 ‘ 3
= = P g
g 02 g 02 f
o ot
g £
[SE—T A 04 b
0.90 0.94 0.98 1.02 1.06 110 114 118 122 400300200100 O 100 200 300 400

Wavelength A/um Time ¢ /fs

B 2 RIEIE 58 o i 32 B A IR i 8 Ak i O 3 S 5 A S G A R e 1] Al 2%
Fig. 2 Spectral and temporal distributions of diffraction and transmission intensities for ultra-short pulse

with perpendicular polarization at different ratios of spectral width
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Fig. 3 Spectral and temporal distributions of diffraction intensity for ultra-short pulse with parallel polarization

at different ratios of spectral width
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