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The compression of femtosecond laser pulses by linear quasiperiodic and periodic photonic multilayer
structures is studied both experimentally and theoretically. We compare the compression performance of a
Fibonacci and a periodic structure with similar total thickness and the same number of layers, and find the
performance to be higher in the Fibonacci case, as predicted by numerical simulation. This compression
enhancement takes place due to the larger group velocity dispersion at a defect resonance of the transmission
spectrum of the Fibonacci structure. We demonstrate that the Fibonacci structure with the thickness of only
2.8 �m can compress a phase-modulated laser pulse by up to 30%. The possibility for compression of laser
pulses with different characteristics in a single multilayer is explored. The operation of the compressor in the
reflection regime has been modeled, and we show numerically that the reflected laser pulse is subjected to real
compression: not only does its duration decrease but also its amplitude rises.
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I. INTRODUCTION

Nowadays most studied inhomogeneous physical systems
are either periodic or random. However, there is also an in-
termediate class. As is known in mathematics, it is possible
to establish a long-range order in space without the need of
geometrical periodicity, and sometimes even without a short-
range order. Several decades ago, such deterministically ape-
riodic systems got into the sphere of interest of physicists. In
studying the phenomenon of Anderson localization of elec-
trons in such systems, it was found that electrons in a one-
dimensional �1D� quasiperiodic potential possess critical
power-law-localized eigenstates, as opposed both to ex-
tended and to exponentially localized ones, as well as self-
similar eigenvalue spectra �see �1,2� and references therein�.
Subsequent experimental results of Merlin and co-workers
�3�, where electron transport was studied in fabricated qua-
siperiodic Fibonacci heterostructures, encouraged further re-
search in this intriguing area. The renormalization group
method �1,2� was further developed �4� and used to study the
1D quasiperiodic problem in more detail, e.g., spectral clus-
tering �4� and the diffusion properties �5�. Other studies,
mainly numerical, include anomalous conductance �6� and
resonance statistics �7�, as well as correlation between the
properties of eigenstates in a Fibonacci lattice and Fibonacci
numbers �8�. The results for 1D problems turned out to be
applicable to semiconductor superlattices �9�. Further experi-
ments on Fibonacci structures followed, e.g., on synchrotron
x-ray scattering and diffraction �10�, photoexcited carrier
transfer �11�, and electron transport through narrow quasi-
periodically modulated constriction �12�.

Since the eigenvalue problem of a quantum mechanical
system with a quasiperiodic 1D potential and the problem of
classical wave propagation in a 1D multilayer structure are,
to a certain extent, mathematically analogous, the above

mentioned electronic properties are expected to be manifest
for both acoustic and optical waves. The analysis of the en-
ergy spectrum of phonons in 1D quasicrystals revealed a
Cantor-set-like structure of gaps in the short-wavelength re-
gime �13,14�. Furthermore, many localized states corre-
sponding to surface phonons have been found in the gaps
�13�, and self-similarity as well as nesting in the transmission
spectra have been observed in the propagation of third sound
through a superfluid Fibonacci structure �15,16�.

The propagation of electromagnetic waves in quasiperi-
odic Fibonacci optical heterostructures �QFOHs� was studied
as well. The renormalization-group-based theoretical investi-
gations of a 1D quasiperiodic problem �17,18� confirmed the
scaling and self-similar properties of the optical spectra,
analogous to electronic ones. As regards to experimental
studies of the quarter-wave dielectric multilayer thin-film
QFOH, several groups �19,20� observed the scaling of the
transmission coefficient with the increase of the stage of the
Fibonacci sequence. Self-similarity was also noticed experi-
mentally for the dispersion of SiO2/TiO2 QFOHs �21�.

In some respects, QFOHs have proved to be advantageous
over periodic optical heterostructures �POHs� and photonic
random superlattices. For example, the authors �22� found
that the enhancement of the second-harmonic �SH� genera-
tion in a QFOH is larger than that in a random structure, but
smaller than in a POH. However, the efficiency of light con-
version to the third harmonic �TH� in QFOHs is increased,
compared with the two-step process in POHs �23�. This is
due to two facts: first, the energy transfer from the funda-
mental to the SH and then TH fields are coupled with each
other in the QFOH, this coupling leading to a one-step en-
ergy transfer. Second, the variation of a QFOH layer thick-
ness allows one to adjust the nonlinear optical coefficients to
obtain the most efficient TH generation.

The nonlinear properties of optical heterostructures can
also be used to design a compact-sized compressor for laser
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pulses. The periodic Bragg gratings with Kerr nonlinearity
induced in optical fibers were first shown theoretically �24�
and later experimentally �25� to have advantages over tradi-
tional methods of picosecond pulse compression. At wave-
lengths longer than 1.3 �m, such fibers can be used to com-
press laser pulses without an additional external grating or
anomalous-dispersion delay line. A 1D POH of submillime-
ter size with relatively deep modulation of the refractive in-
dex facilitates compression in the visible spectrum. These
structures were shown theoretically �26,27� to compress a
picosecond pulse up to the duration of several optical cycles.
The first experimental study in the femtosecond time range
revealed a 15% decrease of chirped pulse duration in a POH
of 4.8 �m thickness �28�.

Since the effect of laser pulse compression in linear pho-
tonic structures is basically determined by the dispersion
properties, namely, by group velocity dispersion �GVD�, it
can be expected that by adding more layers to the POH, the
compression effect can be increased. However, this is inevi-
tably accompanied by an increase of the total thickness of
the structure, which is undesirable.

Another possibility would be to try changing the
multilayer geometry from periodic to nonperiodic. In some
cases such as the chirped quasi-phase-matched �QPM� grat-
ings this is known to improve the compressor performance.
If the aperiodicity of such a grating exactly matches the chirp
of the incoming optical pulse, then the generated transform-
limited SH pulse can be effectively compressed �29�. How-
ever, the efficiency of SH generation �and, consequently, the
amplitude of the compressed pulse� is relatively low, al-
though still higher than in periodic QPM gratings. Orienting
a chirped linear POH at Brewster’s angle allows compression
of incident picosecond pulses up to a single optical cycle
�30�, albeit at considerably larger structure thickness of about
100 �m.

Structures with a higher degree of aperiodicity are known
to possess even stronger GVD. A very recent work �31� re-
ports good results on pulse chirp compensation in a POH
where nonperiodicity is manifest in the form of incorporated
coupled defects, which can be used to design an ultracom-
pact delay line for femtosecond pulses �32�.

As we had shown earlier �33�, the QFOHs are also known
to have a higher GVD, which makes them advantageous as a
pulse compressor compared to a POH with a similar total
thickness. In this paper we focus on analyzing the influence
of topology-related effects on femtosecond chirped pulse
compression in thin-film photonic structures. In particular,
we compare the performance of QFOHs and POHs with
similar thickness and report the former to be better. We thus
confirm our earlier estimations experimentally and report
double-pass compression efficiency of up to 30% for a struc-
ture as thin as 2.8 �m, which exceeds what has been re-
ported in �31�. We also analyze the effects related to the
pulse chirp sign, as well as double-pass vs single-pass com-
pression regime.

The plan of this paper is as follows. First, we describe the
design and fabrication of multilayer photonic structures.
Then we show the theoretical background and numerically
simulate the shape of the femtosecond laser pulse after its
transmittance through the photonic structures. After that we

describe the experimental setup and the measurement tech-
niques, followed by the experimental results on chirped fem-
tosecond laser pulse compression by binary QFOHs and
POHs. These results are discussed in the final sections of the
paper.

II. FIBONACCI AND PERIODIC STRUCTURE DESIGN
AND FABRICATION

We study and compare two multilayer structures, which
are similar in parameters but different in the geometrical or-
ganization of the constituent layers. Both samples are made
from high-index ZnS �nH=2.3� and low-index Na3AlF6 �nL

=1.25� layers �labeled further as H and L layers, respec-
tively�. The thickness of each layer is chosen to satisfy the
condition di=3� /4ni �i=H ,L� for the reference wavelength
�=815 nm. From the point of view of optical spectra, this is
equivalent to the usual quarter-wave condition �di=� /4ni�
for the reference wavelength �→3�, and it was so chosen to
make the van Hove fixed points occur more frequently in the
spectra. This leads to “compression” of the spectrum on the
frequency scale, which in turn increases the GVD without
increasing the number of layers in the structure. The whole
stack is deposited on a glass substrate �S� with a thickness of
2 mm.

The POH is a four-period, eight-layer stack, which can be
coded as �HLHLHLHLS� and will be further referred to as a
P4 structure. Its total thickness is 3.0 �m.

The Fibonacci quasiperiodic sequence is typically formed
by recurrently stacking two adjacent sequence members to
create the next one. This can be expressed as Fj+1= �Fj−1Fj�
for j�1, with F0= �L� and F1= �H�. The same can be
achieved by recurrently acting on the initiator F0= �L� with a
simple set of substitution rules: L→H, H→LH. The se-
quence then takes the form F2= �LHS�, F3= �HLHS�, F4

= �LHHLHS�, F5= �HLHLHHLHS�, and so on. The latter
consists of eight layers, just like P4, and is also close in total
thickness �2.8 �m�. So the structure F5 is used as the QFOH
to be compared in its compression properties with the POH
P4. Both structures were fabricated by using cathode-anode
method of vacuum evaporation.

The measured normal-incidence optical density of the
samples under study is shown in Fig. 1. The spectra were
obtained using a Hitachi 356 spectrophotometer. The
maxima of optical density in Fig. 1 correspond to relatively
wide low-transmission regions called photonic band gaps
�PBGs�, which are an optical analogy to an electronic band
gap in a semiconductor, as put forth in �34�. The transmission
spectrum of the QFOH also contains forbidden frequency
regions �pseudo band gaps�, similar in properties to the band
gaps of POHs �19,20,35,36�. �For brevity we will refer to the
band gaps in both QFOHs and POHs as PBGs.� In contrast to
a POH, a QFOH can have more than one PBG in one spec-
tral period �4m�c /3� ;4�m+1��c /3��, the number of the
gaps increasing with the growth of QFOH generation �20�.
�As the light waves are critically localized at the resonances
of a QFOH, in contrast to the band edge resonances of a
POH, which usually support delocalized modes, those Fi-
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bonacci resonances can exhibit mode beating �37�.�
In particular, the QFOH F5 has two PBGs in the wave-

length range of interest �see Fig. 1�. We will call them the
short-wave and the long-wave PBG, respectively. The dip of
optical density between these two PBGs—a defect resonance
associated with disorder of geometrical periodicity—is the
main spectral peculiarity of the QFOH F5.

III. THEORETICAL BACKGROUND AND NUMERICAL
SIMULATION

We examine a POH and a QFOH, in which the materials
of the constituent layers do not possess the Kerr effect. Ear-
lier �38� it was speculated that a linear dispersive medium
could compress an optical pulse provided that the pulse
phase is modulated. We shall deal with a phase-modulated
laser pulse of Gaussian type:

E��t��x=0 = A exp�−
1

2
��0

−2 + i�0�t2	exp�i�0t� , �1�

where �0 is the characteristic duration of the pulse �note that
we consider a pulse that is not a transform limited pulse and
can be compressed�, �0 is the rate of frequency modulation,
which is commonly referred to as chirp, and �0 is the central
frequency. In the framework of the slowly varying envelope
approximation, taking into account the second-order disper-
sion, the spatial evolution of pulse duration is described in
the following manner �38�:

��x� = �0
�1 − �0�2x�2 + ��2x

�0
2 	2

. �2�

Here �2=�2� /��2 is the dispersion of the group velocity,
	gr=�� /��. As seen from Eq. �2�, in the case of �0�2
0, the
chirped laser pulse is stretched while propagating through a
structure. If, however, �0�2�0, the duration of the initially
chirped pulse decreases, achieves its minimum, and then in-
creases again. The minimum duration of such a phase-
modulated Gaussian light pulse is thus defined as �38�

�min =
�0


1 + ��0�0
2�2

. �3�

For this case of maximum compression, the pulse be-
comes transform limited and its duration �min is related to the
spectral width �� as �min��=0.44 �for a Gaussian shape
pulse�. The duration �min is achieved at a distance �38�

Lcompr =
��0�0

2�2

�0�2�1 + ��0�0
2�2�

. �4�

As can be seen from Eq. �3�, the chirped pulse duration is
decreased significantly provided that ��0�0

2��1, which means
physically that phase modulation has to be faster than ampli-
tude decay. The chirped-pulse compression efficiency attain-
able at the distance Lcompr is proportional to the parameter
��0�0

2�, whose physical meaning is the spectral width ratio
between the pulse in question and the transform-limited
pulse of the same duration.

Let us point out that the condition necessary for pulse
compression, namely, �0�2�0, is achieved when the GVD
of the structure is matched in sign with the pulse chirp �0.
So, e.g., an initially negatively chirped ��0
0� laser pulse
can be compressed if its spectrum corresponds to a frequency
range where the GVD is negative. As can be seen from
transfer-matrix numerical calculations �see Fig. 2�, such a
negative GVD is present at the high-frequency �or short-
wave� edge of the PBG for both F5 and P4.

To study the propagation of chirped optical pulses in PBG
structures numerically, we have used the finite-difference
Lax-Wendroff scheme with the initialization proposed in
�39�. Both pulse duration and pulse profile distortion can be
analyzed in this way.

First we compare the duration of the chirped laser pulses
passed through the QFOH F5 and POH P4, as described

FIG. 1. Measured spectra of optical density �OD� �log10 1 /T,
where T is transmission� for experimental samples: dashed line for
QFOH F5 and solid line for POH P4.

FIG. 2. Calculated transmission T �solid lines� and GVD �2

�dashed lines� spectra of fifth-generation QFOH F5 �a� and eight-
layer POH P4 �b�.
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above, at the short-wave edges of the photonic band gaps of
the transmission spectrum. The simulation predicts that the
negatively chirped laser pulse with ��0�0

2�=4.6 and central
wavelength �0=856 nm corresponding to the short-wave
edge of the long-wave PBG of the F5 transmission spectrum
�see Fig. 2�a�� is compressed more strongly than the pulse
with �0=754 nm corresponding to the short-wave edge of
the short-wave PBG �Figs. 3�a� and 3�b��. In addition, the
compression of the laser pulse with �0=856 nm by the
QFOH F5 exceeds the compression of the pulse with the
same spectral width in the P4 for �0=785 nm corresponding
to the short-wave gap edge �Figs. 3�a� and 3�c��. This en-
hancement of compression occurs because the QFOH has a
greater value of GVD at this wavelength compared both with
other band edges of F5 and with P4 �Fig. 2�. Such a tendency
is also observed for the positively chirped laser pulse whose
central wavelength corresponds to the PBG long-wave edges
of the QFOH and the POH.

Besides compression of a transmitted pulse, photonic
multilayers can also compress pulses in the reflection regime,
which is advantageous because smaller attenuation in the
pulse amplitude is expected. In Fig. 4 we compare the com-
pression of chirped laser pulses reflected from the QFOH F5
and the POH P4. The reflected pulse has a much greater
amplitude than the transmitted one �Figs. 4�1a� and 4�1c��.
As with the transmitted pulse, it can be seen that the posi-
tively chirped incoming laser pulse with ��0�0

2�=4.74 is com-
pressed better when reflected from the QFOH than from the
POH, which can be seen clearly if the profiles are normalized
and their maxima are superimposed �Figs. 4�2a� and 4�2b��.
The central wavelength of the incoming pulse is taken at the
long-wave edge of the PBG: �0=810 nm corresponding to
the long-wave edge of the short-wave gap of the F5 trans-
mission spectrum and �0=856 nm for P4 �see Fig. 2�.

In addition, the amplitude of the pulse reflected from F5 is
greater than that reflected from P4, as well as greater than
that of the incident pulse �Figs. 4�1a�, 4�1b�, and 4�1d��.

IV. EXPERIMENTAL SETUP

Our experimental system �Fig. 5� is based on a commer-
cial mode-locked Ti:sapphire laser �Tsunami, Spectra Phys-

ics� which typically gives 100 fs duration pulses with 1.4 W
average power and 80 MHz repetition rate. The laser wave-
length can be tuned in the range from 710 to 990 nm and the
pulse spectrum bandwidth in the range from 5 to 30 nm full
width at half maximum.

To change the sign and the value of a chirp and, conse-
quently, the parameter ��0�0

2� in the range from 2.7 to 5, as

FIG. 3. Calculated profiles of negatively chirped laser pulses
transmitted through QFOH and POH: �a� QFOH, �0=856 nm
�short-wave edge of long-wave gap�; �b� QFOH, �0=754 nm
�short-wave edge of short-wave gap�; �c� POH, �0=785 nm �short-
wave edge�; �d� profile of incoming pulse.

FIG. 4. �1� Profile of an incident positively chirped laser pulse
�d� along with the calculated profiles of such a pulse reflected from
QFOH F5 �a� and from POH P4 �b� and transmitted through QFOH
F5 �c�. �2� Same profiles as in �1� normalized and shifted so that all
maxima become superimposed in order to facilitate the pulse width
comparison.

FIG. 5. Experimental setup scheme.

MAKARAVA et al. PHYSICAL REVIEW E 75, 036609 �2007�

036609-4



well as the pulse duration �0 from 70 to 300 fs, we used a
system of pulse duration control �external compressor�,
which consists of a pair of SF-10 prisms and three dielectric
mirrors �see Fig. 5�. By moving the prism across the beam
and correspondingly increasing �decreasing� the amount of
glass inside the optical path of the pulse we introduce a posi-
tive �negative� chirp of the pulse. This method of changing
the pulse duration does not alter its spectrum. The pulse
spectral bandwidth determines the minimal pulse duration
�for zero GVD and chirp value�.

The pulse duration was measured by a second-order inter-
ferometric autocorrelator �AA 10DM, Avesta�, and the spec-
trum was measured by a spectrometer �SP-500i, ARC� and a
cooled charge-coupled device camera system �SPEC 10, PI-
Acton�. The average power of the pulse was measured by a
calibrated photodiode, using lock-in amplifier techniques
�SR-810 SRS�. To modulate the incident beam, we used an
optical chopper �SR-540, SRS�. The polarization of laser ra-
diation was set to p �the electric field is in the plane of
incidence�. To control the polarization state, we used a � /2
plate and a Glan-Taylor polarizer.

The samples were mounted on the rotary part of a goni-
ometer. The goniometer rotation axis was controlled to be in
the plane of the sample. The sample could be moved out of
the beam path and placed back with a translation stage �28�.

In experiments, we need to tune the laser wavelength rela-
tive to the PBG position. By changing the incident angle of
laser radiation , we change the projection of the light wave
vector on the reciprocal lattice vector of the structure. This
moves the PBG location relative to the laser wavelength,
allowing us to scan the slopes of the PBG while making sure
that the pulse duration and its spectral bandwidth remain
constant.

The setup has allowed us to study both temporal and spec-
tral properties of the incident and transmitted radiation for
the QFOH and POH vs the angle . We measured both the
duration and the spectral profile of the pulses. The measure-
ments of pulse parameters were made just outside the
sample. In the experiments, the incidence angle was changed
in the range from 0 to 70°, with the accuracy of two angular
minutes.

V. EXPERIMENTAL STUDIES OF PULSE COMPRESSION

In this section we analyze our experimental results. We
carried out several sets of experiments. In each experimental
set, we analyze the temporal and spectral properties of the
radiation incoming on the QFOH and POH and transmitted
through them vs the incidence angle . The laser pulse wave-
length was fixed at �0=787 nm.

In the first experimental set, we measured the transmitted
pulse compression ratio ��=� /�0 where � is the duration of
the transmitted pulse and �0 is the duration of the incoming
one, so ��1 and �
1 correspond to pulse stretching and
compression, respectively� vs the incidence angle  for the
QFOH F5. The spectral width and duration of the incident
pulse were ��0=18 nm and �0=160 fs. The experimental
conditions were chosen to ensure the positive chirp sign of
the femtosecond pulse incoming on the sample. The chirp
parameter calculated from Eq. �3� was equal to ��0�0

2 � =4.4.

The results of the measurements are shown in Fig. 6 along
with the calculated value of �2 �GVD�.

The second set of experiments was conducted to compare
the compression efficiency of positively and negatively
chirped incoming pulses. The wavelength of the laser pulses
was �0=787 nm and the incident pulse duration was �0
=140 fs. The spectral width and the characteristic parameter
were ��0=14 nm and ��0�0

2 � =3.7, respectively. The results
of this experimental set are shown in Fig. 7.

In the third experimental set we compared the compres-
sion ratio of positively chirped femtosecond pulses by the
QFOH F5 and POH P4. The results are shown in Fig. 8. The
incoming laser pulse has the same parameters as in the first
experimental set.

The fourth experimental set is devoted to the measure-
ments of the efficiency of positively chirped pulse compres-
sion after its double pass through the QFOH. In this regime
we installed an aluminum mirror behind the QFOH. We mea-
sured the pulse duration both in single-pass and in double-
pass transmission mode, the latter achieved due to reflection
from the mirror and subsequent second transmission through
the QFOH. The double-pass beam was filtered out from
the reflected beam by spatial separation. The incident pulse
was taken with the following parameters: �0=787 nm,
�0=165 fs, ��0=19 nm, and ��0�0

2 � =4.7. The experimental
results are shown in Fig. 9.

FIG. 6. Measured compression ratio �=� /�0 �circles� and rela-
tive intensity T of transmitted positively chirped pulses �solid line�
for the QFOH F5 vs the incident angle , along with calculated
value �2 �GVD� �dashed line�. Compression is achieved where �

1.

FIG. 7. Measured compression ratio for opposite-sign chirped
pulses transmitted through the QFOH F5 vs the incident angle .
Circles and squares denote results for positive and negative sign of
optical pulse chirp, respectively. As in Fig. 6, the solid line stands
for the measured relative intensity T of the transmitted beam, and
the dashed line represents calculated GVD �2.
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VI. DISCUSSION

Our simulations as well as experimental results show that
the QFOH can function as an efficient, compact-sized com-
pressor of chirped femtosecond laser pulses. The efficient
compression is found to occur at the corresponding edges of
the PBG of the QFOH F5, as predicted in the GVD simula-
tions �33�. In the case of a positively chirped pulse, the most
efficient compression is revealed in the experiment to be
achieved near incidence angles =22° and 57° �Fig. 6�, i.e.,
when the pulse central wavelength corresponds to long-wave
edges of both PBGs of the QFOH. The negatively chirped
femtosecond pulses are compressed at the opposite edges of
the gaps at =34° and 60° �Fig. 7�, where �2 has the oppo-
site sign.

For the fifth-generation QFOH, there are two angular
ranges in which the maximum level of the compression effi-
ciency differs by two times �Fig. 7�. The number of such
angular ranges for any QFOH corresponds to the number of
PBGs in the transmission spectra. The presence of several
compression ranges in QFOH allows one to control the du-
ration of different laser pulses by using a single compressor.
The same QFOH could also be used as a compressor for both
positively and negatively chirped pulses.

The experiments confirmed our expectations that, due to
the higher GVD at the defect resonance in the transmission
spectrum �Fig. 2�, the QFOH is more effective for pulse

compression compared to the POH with the same number of
layers �Fig. 8�. Note that the shape of the angular dependence
of the compression qualitatively agrees very well with what
has recently been reported for a single edge of the defect
state of a POH with embedded coupled defects �31�.

In double-pass transmission mode, the pulse is com-
pressed by about 30% by the QFOH �see Fig. 9�. As a draw-
back, the amplitude of the transmitted pulse decreases dras-
tically with each additional pass. Our simulations
demonstrate that an efficient compression of the femtosecond
pulses with decreased attenuation is possible if the pulse is
reflected from �rather than transmitted through� the QFOH
�Fig. 4�, to be verified in a forthcoming study.

It should be noted that the optimal compression is
achieved when the spectral width of the pulse matches that
of the PBG edge �33�, which is about 40 nm for the QFOH
F5 �see Fig. 1�. The laser pulses used in our experiment only
amount to half as much �about 20 nm�. Nevertheless, even
under such nonoptimal physical conditions, the QFOH com-
presses the chirped laser pulses by 20–30 % and better than
the POH. Under optimal conditions, the QFOH could com-
press the chirped laser pulses even more strongly �33�.

VII. CONCLUSIONS

In conclusion we have shown both numerically and ex-
perimentally the possibility of chirped femtosecond pulse
compression by an ultrathin �2.8 �m� quasiperiodic Fi-
bonacci optical heterostructure. The fifth-generation QFOH
is seen to compress chirped pulses better than a periodic
optical heterostructure equivalent both in the number of lay-
ers and in total thickness. This stronger compression occurs
near the defect resonance of the transmission spectrum of the
QFOH due to stronger dispersion. Compression of a chirped
femtosecond pulse by as much as 30% has been demon-
strated experimentally in the double-pass transmission mode.
The presence of several band gaps in the transmission spec-
trum of the QFOH makes it possible to design a device for
pulse duration control for both negatively and positively
chirped laser pulses in a wide temporal range, based on only
one photonic quasicrystal. Further regimes of QFOH com-
pressor operation, such as using the reflected pulse, have
been numerically considered. As the simulations have illus-
trated, the reflected laser pulse is subjected to real compres-
sion: not only does its duration decrease but its amplitude
also rises.
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FIG. 8. For POH P4, measured efficiency of positively chirped
pulse compression �triangles� and transmitted relative intensity
�dashed line� vs the incident angle. As in Fig. 6, the circles and the
solid line denote results for compression ratio and transmitted rela-
tive intensity T for QFOH F5, respectively.

FIG. 9. Compression ratio for single-pass �circles� and double-
pass �triangles� transmission through the QFOH F5 vs the incident
angle. The solid line, as in Fig. 6, indicates the transmittance T for
the pulses through the QFOH F5 in the single-pass regime.
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