APPLIED PHYSICS LETTERS VOLUME 81, NUMBER 9 26 AUGUST 2002

Parametric and cascaded parametric interactions in a quasiperiodic optical
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Quasi-phase-matching optical parametric and cascaded parametric processes in a two-component
quasiperiodic superlattice were studied in theory and experiment. This letter demonstrates how to
obtain red at 666 nm and blue at 443 nm simultaneously from the superlattice using a 532 nm laser
as a pump through these two processes mentioned above. The result confirms that some nonlinear
frequency conversion processes occurring in a high-dimengfdmonlinear photonic crystal may

be efficiently achieved in such a one-dimension quasiperiodic optical superlattic00®
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In the early days of nonlinear optics the generation ofstraight line form two types of interval andb. The arranged
tunable light by optical parametric process was proposed bgequence o& andb depends on the projection angle By
many pioneers® Since then although the research on thisanalogy, a two-component QPOS is constructed from two
field has made significant progress and the basic principleBuilding blocksA andB with the widthsD , andDg, respec-
behind the optical parametric generati®®@PG have also tively. Both A andB contain a pair of 180° antiparallel do-
been established for a long time, one has still devoted gredRain. Assume that the widths of positive domains inAull
efforts to develop new nonlinear materials. OPG have bee@nd B blocks are the same, represented witfFig. 1(a)].
mainly achieved in birefringence phase-matchif@PM)  According to the projection theory, the reciprocals for this
crystals. In the past ten years, quasi-phase-matol@®)M)  QPOS areGy, ,=2m(m+n7)/D, where D=7D+Dg is
was introduced into OPG as an alternative technique téhe average structure parameterandn are two integers,
BPM. QPM has advantages over BPM due to its higher gain",’md T=tand. Since 6 is an adjustable parameter, it offers
no “walkoff,” and allowing an extensive range of the signal quas_iperiodic structure additional_qlesi_gn flexibility for QPM.
and idler frequency combinations to be accessed in a particd? this case the QPM-OPG condition is
lar material by changing the grating period.

However, the studies of QPM-OPG have been restricted ~ Akj=k,—Kks—ki— Gy, =0, D
in a periodical optical superlattice, such as periodically poled
LiNbOs* and KTIOPQ.® In our earlier work} QPM scheme  wherek,=2n,/\, (I=p,s,i) are the wave vectors, the sub-
was extended from a periodic structure to a quasiperiodigcripts p,s,i represent the pump, signal, and idler, respec-
one, which led to an efficient cascaded frequencyively.
upconversion-frequency tripling from fundamental wave.

Frequency downconversion is a reverse process of upconver- 2

sion. Energy and momentum conservation are still the fun- |a[B|A| A|B P @

damental conditions for this process. In this letter we use & VAR -

general two-component quasiperiodic optical superlattice TP f’ A AR

(QPOS to achieve a QPM-OPG and a QPM cascaded para-—’T ...... /_—’
I

metric interaction simultaneously. Two predesigned recipro-
cals exist there, one for the generations of the signal and idle

by QPM-OPG, and the other for the sum-frequency genera: & 4

tion (SFG of blue by frequency mixing of the idler and the k& Lk Gu ——

pump. Our results show that this extension not only brings @y " g L 95 o

out new phenomena but also may lead to new applicatonso  — | = 25

QPOS in nonlinear optics. 3 @y
As known, a one-dimension&lD) quasiperiodic lattice

can be created by the projection of two-dimensio2D)

. . . . . . FIG. 1. QPOS made from a LiTaCrystal. The arrows indicate the direc-
square lattice on a straight liféChe projection points on the Q ol

tions of spontaneous polarizatiofa) schematic diagram shows a QPOS
composed of two blocks A and Bb) schematic diagram of the OPG and
SFG processes, two QPM interactions are simultaneously realized which
¥Electronic mail: zhusn@netra.nju.edu.cn leads to a blue generation by frequency upconversion.
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FIG. 2. Typical light spectrum observed at 38 1@} signal light at 666 nm
with the bandwidth 1.81 nm by OPGb) blue light at 443 nm with the
bandwidth 0.08 nm by SFG. or o
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In this work, for the first step, we aimed at the realiza- o o2 o2 o o8 o0

tion of red signal at 666 nm and of idler at 2644 nm by
means of a 532 nm ps laser. According to LiTaddspersion  FIG. 3. Relationship between the power of the signal, blue light, and that of
feature and Eq(1), the structure parameters of the QPQOSPUmp light.

were selected as:D,=12.43um, Dg=8.63um, |

(=34.6_2gm, Ef‘l_r;]d T:hl'164' -[hﬁ_ co;responoling reCiE)Tg?(l;is the x axis of the sample. The beam was weakly focused and
mn=21,1- 1N€ phase-maiching temperature 1s a ' ?oupled into the polished end face of the sample. The focus

Although the selection of the above parameters is no . . .
unique for red signal generation, it does assure that the se(?]c the focusing lens is 400 mm and the radius of the beam

ond QPM process, blue light by SFG can be realized in thé{\/aist inside the sample was 0.1 mm around. The detector for

Power of pump light (mw)

structure: spectrum measurement was a CCD spectrograph.
The typical signal spectrum at 38°C is shown in Fig.
Aky=Ky—kp =K =Gy 0 =0, 2 2(a). The center wavelength of the red is 666 nm with the

bandwidth of 1.81 nm. Wide bandwidth results from quan-
whereG,, ,»=G , is another predesigned reciproc},is  tum fluctuation of OPG.Limited by the operating range of
the wave vector of the blue light. Two QPM processes, arpur detector, we could not obtain the spectrum of the idler
OPG and a SFG, are simultaneously realized in the samgjrectly, but we can estimate its wavelength and bandwidth
superlattice in QPM scheme as shown in Figh)1land they y signal spectrum measured. The blue spectrum with the
are coupled to each other. Thus the pump at 532 nm is f'r%eak at 443 nm and the bandwidth of 0.08 nm at the same
transferred into the red at 666 nm, then the blue at 443 MMPamperature is shown in Fig(t9. Since the blue is the fre-

continuously in every part of such a QPOS. - . . _
The QP%JS with i/hg above structuQre parameters was farsiiency mixing of idler and pump, the bandwidth of blue is

ricated using field poling technique at room tempera?ure.m_ainly dfetermined by thqt of pgmp due to thg wide band-
The quasiperiodic electrode, with 2:an wide each stripe width of idler, and theoretically, it should be a little smaller
and along the-axis of crystal, was defined on thez face th.an pump bandwidth. Experimentally, the measured band-
by standard lithograph technique. The resulting sample is 0.%/idths of pump and blue are about 0.1 and 0.08 nm, respec-
mm in thickness, 2 cm in length. The sample was tested witftively, so the result agrees with the theoretical estimation.
the second-harmonic output of a ps-Nd:YAG lagd ps, 10 In the limit of low gain, the single pass parametric gain
Hz). The pump beam waspolarized and propagated along is given as™
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TABLE I|. Experiment results of multiple parametric interactions in QPM-OPG in QPPLT.

Reciprocal Fouti Signal wavelengtiinm) Bandwidth(nm)
- ourier
VectorsGy, component Calculated Measured Calculated Measured
2 0.477 665 666 1.23 1.81
(-1, 3 0.047 729 725 2.28 2.50
(-2, 0.027 774 782 3.81 35
4, -1 0.026 875 886 9.54 6.52
(—4, 6 0.017 1012 999 38.60 14.71
G(L)=[E4L)/E40)]>—1 about ten times of that of 666 nm. When the signal light
) varies from lower wavelength to 1064 nm, which is the de-
2wswid (L)I L2sinc? generacy, the bandwidth reaches its maximum. In theory, the
~————= 1 L°sinc?(AKL/2), (3 ) : X L ) ; .
NgNiNpeoC signal and idler will not be distinguished in this point. Ex-

wherel , is the pump intensity and is the interaction length perimentally, we could not ﬁ“‘?' the blue at o_ther wavelength.
in the nonlinear crystal. It is obvious that the initial intensi- This is easy to understand. Since the Fourier components of
pther reciprocals are much smaller th@g ; (Table ), the

ties for the signal and idler at the input plane of the materia
J putp erresponding idlers at infrared are feebler, therefore, the

are equal to zero. It is necessary to consider the signal arb iah dbyf . ‘ dth
idler generated at the beginning of the interaction as nois8 U€ !Ignts generated by frequency mixing of pump and these

In thé({“ers are too weak to be detected under our case.

Our result reveals that QPOS might find other applica-
tions in nonlinear optics and quantum optics. It may serve for
a unique source applicable to the generation of correlated

conversion efficiency of the signal at the wavelength is up toOhOton pairs, which is extremely. useful for the study of
34.0% under the average pump power of 0.5 mW, meanduantum entanglemeft, quantum interferenc¥, quantum

while, that of blue is about 3.0%. The result obtained herec:yptc_)grapfh)}f’ etc._due to (ijts high ?,ain' Anothelrfactl;]al ";p'
can be compared with that from two periodic superlattices irf IC(:';ItIOh 0 IQPOIS IS T,erve bas ncF))rll/lmegr crysta gr(tj € t r:ee
series, either of them with a length2. The parametric gain ugMargEga Cz ors _ss;:r_ }[lh'QI tt-o l\(;I; casca Ef‘t wit ba
at red in a QPOS is increased by a factor on d-t as tescn € Im h IS eher. (_)rﬁ:)\:jer, ! ;:)gn i N
= — (o} o} 0 0
GF LU =2 and d i LTE(LIDR(LRY =12 Ul 1o enerete ay coir iougn & weghied comminaton
at blue, respectively, herel; ;~0.74d; and d; ,~0.39,, ' ' . o
whered, is the greatest Fourier component of two-periodicsame way, the superlattice crystal can be exploited in other

superlattice. For more detailed discussions one can refer ttbmable multicolor laser system.
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