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using characteristic matrix method. The spectral profiles of the transmitted and diffracted chirped pulses
have been presented. Using these expressions the calculations of the diffracted spectra and diffraction
efficiency have been made in the wide range of initial parameters of incident chirped pulse and the strat-
ified volume reflection gratings. Variously shaped spectral distortions have been revealed and discussed
based on these calculations.
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1. Introduction

Diffraction of the periodically layered structures such as volume
gratings, liquid crystals and one-dimensional photonic crystals
have been intensively studied because of their many potential
applications in optical communication and information processing
[1,2]. Especially, volume holographic grating (VHG) is of wide
interest in many applications because of their properties of high
diffraction efficiency, excellent wavelength selectivity and angu-
lar selectivity. Lately it has received wide attention as a class of
novel diffraction elements, in which multiple layers of VHG are
separated by optically homogeneous intermediate layers. Many
device applications based on multilayer volume gratings such as
wavelength division multiplexer, optical interconnects, and opti-
cal filters have been demonstrated experimentally [3-5]. Chirped
pulse laser is widely used in many fields such as strong field laser
physics, ultrafast imaging, and laser spectroscopy because of its
abundant frequency spectrum [6]. McMullen et al. [7] have ana-
lyzed the chirped pulse transmitted through a strong dispersive
grating pair that indicated the pulse laser distorted greatly. Chuang
et al. [8] have shown both theoretically and experimentally that
the chirped pulse transmission and amplify characteristics based
on Maxwell equation and population inversion. Research on the
diffraction of chirped pulse laser has the important significance.
Therefore, to design a periodically layered device for some specific
applications, a precise knowledge on the spectral response of the
periodically layered structure is necessary.
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In this paper, we investigated the diffraction characteristics of
chirped laser pulse by periodically layered structure, stratified vol-
ume reflection gratings. The spectral profiles of the transmitted
and diffracted chirped pulses have been presented. Using these
expressions the calculations of the diffracted spectra and diffraction
efficiency have been made in the wide range of initial parameters
of incident chirped pulses and stratified volume reflection gratings.
Variously shaped spectral distortions have been revealed and dis-
cussed based on these calculations. The analysis of this paper will
be valuable for the accurate design novel optical devices based on
stratified volume reflection gratings.

2. Modified coupled wave theory for chirped laser pulse
2.1. The structure of stratified volume reflection gratings

Fig. 1 shows the structure of the stratified volume reflec-
tion gratings, in which N discrete volume reflection gratings are
interleaved with N—1 optically homogeneous buffer layers. The
thickness of the volume reflection grating layers and the buffer
layers are T; (i=1, 2, ..., N)and gaps d; (i=1, 2, ..., N—1), respec-
tively. The averaged refractive indices for both the grating layers
and the buffer layers are set to ng. The refractive index modula-
tion amplitude for the grating layers is ny. K is the grating vector
with grating slant angle ¢ and magnitude K=2m/A, A is grating
spacing. n=ng +nqcos(K-r), ny «ng. Therefore the refractive index
distribution of the grating layers can be expressed as:

The incident pulse can be expressed as

ug(t) = exp[—t?/T?]expli(wot + Ct*/T?)]. (1)

where wyq is the center frequency of the chirped pulse, C is the
chirped parameter, T = A7/v/21In2 and At is the full width at half
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Fig. 1. The structure of the stratified volume reflection gratings.

maximum (FWHM) of the chirped pulse temporal intensity. The
spectral expression of Eq. (1) can be given by

2
nTexp{_Tz(a)_CUO)}. (2)

Uolw) =1/ T3¢ 4(1-1i0)

2.2. Derivation of the diffracted spectra

Supposing a linear chirped Gaussian pulse ug(t) is incident onto
the stratified volume reflection gratings at z= 0. The wave equation
describing the light propagation in volume grating is given by [9],

’E(z,0)  w?n?

—_— E(z, w)=0. 3
e D) (3)
Based on Kogelnik’s coupled wave theory, In Bragg diffraction

regime, only the transmitted and diffracted beams are present. The

electric field in the ith-layers of grating region can be expressed as,

E(z, w) = Ri(z, w)exp(—jk; - 1) + Si(z, w) exp(—jks - ). (4)

where R;(z, w) and Sj(z, w) are the complex amplitudes of the trans-
mitted and diffracted pulse beams in the ith-layer grating, k; and ks
is the propagation vectors of the incident beam and the diffracted
beam. The phase-matching condition for diffraction processis given
by ks =k: — K.

Substituting Eq. (4) into the wave equation Eq. (3), we can get
the transmitted and diffracted beams on the right-hand boundary
of the ith layer R;- and S; are connected with the amplitudes of
these beams on the left-hand boundary R;; and S;; by the following
matrix equation [10],

Rir mijpr My Ry
= x , (5)

Sir My My Sit
where  my; = [cosh(VT,»)+ jésinh(vr,»)} exp(jET)), My =

—j{ 1/ & sinh(VT,) exp(—j&T;), migy = —j{/ & sinh(VT;) exp(—jéTy),
My = [cosh(VTl-) —j% sinh(W"i)} exp(—jéT;), cg=cosh, cs=—cosh,

1/2
V= (_52_i) , k=mnq[A is the coupling constant, and

_ K2 [ 2 A
 4rm \ n(wg) n(w)

At the boundary between the ith buffer layer and the i+ 1 layer
grating, we can also find the following matrix equation,

Riv1y Rj
= [Di] x , (6)
S(iv 1)1 Sit

1 0

d;
0 ex (—'—'
p\—J Cs

the ith buffer layer.

&=1/2cs is off-Bragg parameter and ¥

where [D;] = ) ‘| is the transmission function of

For a system of stratified volume reflection gratings, on the input
surface (z=0), there are diffracted beam S(0, w) and the input pulse
Ro(0, ) =Up(w). At the output boundary, the amplitudes of the ini-
tial diffracted beam So(T4, w)=0 and transmitted beam R(Ty, w)
satisfy the following matrix equation:

[ R(Ty, w) 1 [RO(O, a))]
= [Mc] x . (7)

So(Td,a)) 5(0,0))
where Tq = Z:V:1(T,' + dl) and [Mc] = MnDN_1Mn_1...DiM;. ..
D1 M; are respectively the total thickness and the optical transmis-
sion function of the system, M; and D; can be obtained in Egs. (5)
and (6).

The intensity distributions of the transmitted and diffracted

pulsed beams and the diffraction efficiency can be given by, Iz(Ty,
®)=R(Tq, @),

I5(0, ) = IS(0, )2, (8)

Gl J1s(0, w)dw
G [ IR0, @)de + [15(0, w)de

(9)

Eqgs. (7)-(9) provide a precise prediction of the charateristics of
the diffracted spectra of the stratified volume reflection gratings. In
the following section, we will discuss these charateristics in detail.

3. Characteristics of the diffracted spectra of stratified
volume reflection gratings

To study the characteristics of the diffracted spectra and to
understand the effects of the buffer layers on the diffracted spectra,
let us consider the simplest stratified volume reflection gratings
with N=2, where a buffer layer is sandwiched between two vol-
ume reflection gratings. In simulation, we assume that the central
wavelength of the readout chirped pulse is A¢g=1.06 wm and the
average refractive index of the stratified volume reflection gratings
isng=2.25.

Fig.2 shows the normalized intensity distributions of the diffrac-
tion pulse with different initial parameters of the incident linear
chirped pulse, (a) chirped parameter C=5, 10, 20, (b) pulse duration
At=50fs, 150fs, 300fs. In the simulation, the structure param-
eters for the 2-layer volume reflection gratings are nq =8 x 102,
A=3pm,T;=T,=0.25mm and d; =0.2mm. It is shown that the
normalized spectral distributions change greatly with increasing
chirped parameter and the intensities of side lobe increase. When
the pulse duration At increases, the distortion of the pulse enve-
lope is clearly decreased and the side peaks are becoming smaller
and smaller. The reason is that the grating can pass more fre-
quencies from the initial pulse spectrum at large Az. The grating
bandwidth A is larger than the incident bandwidth AA;, of the
chirped pulse. Thus, when the grating is fixed, the spectral profile
of diffracted pulse is influenced greatly by the shape of an inci-
dent chirped pulse, such as linear chirped parameter C and pulse
duration Art.
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