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An aperiodic optical superlattice is designed. The designing method is universal and can be applied
to all frequency conversion processes by using the coupling of quasiphase matching, without any
limitations to special materials and to given fundamental wavelength20@1. American Institute

of Physics. [DOI: 10.1063/1.1381569

Nonlinear optical frequency converters are attractive X =#D 72(mly,—nlg), (7)
sources of coherent radiation in applications for which laser
sources are unavailable or for which a wide tunable range is D=7l+Ig, (8)

needed. In the optical frequency conversion process, the . .
o : et Wwherem and n are integersD is an average structural pa-
wave vector conservation involves light waves with different : . .
. rameter] is an important adjustable parametgrandlg are
wavelengths. In that case, the wave vector conservation i

just the so-called phase-matching condition. The phase misﬁ-le elementary components, andthe golden mean (1

. . +\/5)/2.
ums?r:Chtl‘?eet[\)ﬂi/reeefzntheen(l;r:er[?;gggm\;vt?; \ﬁ[;;a? ntq)gtﬁg?r;\enrisated From the above analysis, for POSL and QPOSL, the re-
g g P X ciprocal vectors are distributed discretely. Thus POSL and

other promising technique is quasiphase-matck@®BM) re- .
' : g S 34 ~ QPOSL can only be used for single QPM processes such as
alizable in periodi¢, quasiperiodié, and aperiodit* super second harmonic generatidSHG) or high-harmonic gen-

lattices. eration at some specific wavelength. The aperiodic superlat-
Itis well known that the key of QPM s to construct a tice (APOSL) has the structure different from both POSL and

structure that provides reciprocal vectors to compensate foéPOSL Several APOSL structures have been reported

the mismatch. It is easy to find the reciprocal vectors of a~, . . . :
. . . _which has the advantage either for increasing the wavelength
structure by Fourier transformation. For example, the Fourier

I : . .5 acceptance bandwidth or for pulse compression. Another ad-
spectrum of 1D periodic optical superlaticeOSL is vantage of APOSL is that its reciprocal vectors can be de-

signed according to the needs. Furthermore, the relative

I:POSL(X):% Fim €XP(IG mx), (1) magnitude of the Fourier coefficients can be adjusted artifi-
cially. All of these make the APOSL much more flexible for
where practical use. Here, in this article, a general designing
2. method of APOSL will be proposed. As an example, an

Gp=——, 2) APQOSL for third harmonic generatiofTHG) at 1.064 um

A will be discussed.

2 mar Before describing the APOSL, it should be emphasized
fm=ﬁsin 7) €©)] that for any optical superlattice, its structure can be com-

pletely determined by a structure function. The structure
POSL structure can provide a series of reciprocal vectordunction only takes+1 or —1, representing two inverse po-
each of which is an integer times a primitive vector. Com-larization directions in ferroelectric. Two functions will be
pared with the periodic structure, a 1D quasiperiodic optica'sed below, which must be defined beforehand. The first is
superlattice(QPOSL) has a low space group symmetry, its floor(x), equal to the greatest integerx, and the other is
Fourier spectrum fs ceil(x), equal to the smallest integerx.

First, the structure function of POSL is given as

Foposi(X) =2 fmn €XHiGmnX), @ 2% X
m.n Fi(x)=1—-2floor N +4 floor Nk 9
where
where A is the period.G;=2#/A is one of its reciprocal
:Zﬂ(m“”) (5) vector. Then, an aperiodic superlattice is defined as
m,n D 1
X [x
an Gl floor ] +ce|l(a
(147 2 | sin(Xmn) © H(X)=f\ > df, (10
mn D Gl X '
r;'n o with the width of its smallest domain being,
d= A 11
¥Electronic mail: yyzhu@niju.edu.cn B 0-5' (11)
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The Fourier spectrum df ,(x) and (b) the Fourier spectrum dfl (x).

The APOSL thus defined can only be used for single
wherec is an adjustable parameter. The spectra of POSL angarametric processes such as SHG, sum frequency genera-
APOSL are compared in Fig. 1, where=7.839um, o tion (SFG, and op.tlcal' parametric oscnlatlo(OPQ For
fined contains the reciprocal vectGr,=2m/A. such as THG, the situation becomes more complicated. THG

The Fourier coefficienf of G, is determined by the IS generated through two processes: the first one the SHG
structure parameter. The functionf = f () is shown in Fig. ~and the second the SFG. The wave equations describing the

2. When neithew nor 1/ is an integer, THG is given by
4 |(om dA; . * .
f(o)= msm( 7) (12) dx = ireAAS expl AkyX)
otherwise, —i2K1ALAT exp(—iAkqXx),
2 o =1 dAZ . . . 2 .
a7 ! Ko AAT exp( —iAKoX) —i kAT expiAkiX),
f(o)= ) (13 (14)
—, o<l.
’ A A, expliAk
The APOSL structure is degenerated to POSL structure, as  dx <22 1 X AKX),
can be seen from E@11), and the Fourier coefficient related ] o
are singularities as shown in Fig. 2. wherexq, k, are two coupling coefficients
dagl 4] w03
0.7 K= 2, (19
0.6
analytic result K22d33|f2| ©192%3 (16)
. c NnyNyN3
0.5 ®  numerical result
and
0.4 -
= A= \/:Ei, i=1,2,3, (17)
= 0.3 i
Aky;=k,—2k;— Gy, (18
0.2 -
Akzzkg_kz_kl_Gz. (19)
0.1 .
! Whereny, n,, andnj are the refractive indices of the fun-
damental, SHG and THG, respectively;, w,, andw; are
0.0 5 1 2 ) 3 4 5 8 the angular frequencies of the fundamental, SHG, THG, and
c is the speed of light in the vacuurk,, k,, andks repre-
s sent the wave vector of the fundament, SHG and THG, re-

FIG. 2. Relation between the structure parametand the Fourier coeffi-  SPectively.Ak;, andAk are the phase mismatches ir_7 SHG
cient|f(o)|. and the sum frequency generation process, respecti@egly.
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FIG. 4. Conversion efficiency of THG in APOSL.

and G, are the reciprocal vector being used to compensate
the mismatch of SHG and SFG, ahgdandf, are the related

Fourier coefficients.
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FIG. 5. Conversion efficiency of THG in QPOSL.

_ das(l1=y)f(0os) [wi003
“2 c niNoNg

(26)

Since there are two parametric processes involved ifFhangingy, we can change the relative magnitudecgfand

THG, two APOSLs should be defined

X
floor| — d1 +cell(dl>
Hi(x)=F,, 3 dy| for SHG,
(20)
fl I| — X
oor d2 +cei d2
Hz(X):FA2 2 d2 for SFG
(21)
with
Al 27T
d=og M=o 22
and
dmo, 2 g 2T 23
2—0'27, Z—M- ( )

For LiTaO; with the fundamental wavelength at
=1.064um and at room temperaturé,; and A, can be
calculated A ;=7.839um, A,=2.174um. If d is chosen to
be 3.3um, theno;=0.842, ands,=3.036.

k,. Accordingly, the ratio of coupling coefficients
=1/ kK, is changed. The relation betweérand vy is

{7
T el

As is reported, when the ratio of coupling coefficiefit
~0.4429, the conversion efficiency of THG is high®st.
Thus, vy is calculated to be 0.295. Figure 3 shows the com-
parison of Fourier spectrum dfl;(x), H,(x), and H3(x).
Compared with those dfl1(x) andH,(x), the Fourier spec-
trum of H3(x) is more complex, which includes all the re-
ciprocal vectors emerged in the two formers. Figure 4 shows
the relation of energy conversion of three waves in APOSL.
The conversion efficiency of THG can be above 90%. Com-
paratively, the THG conversion efficiency of a QPOSL has
been shown in Fig. 5, which is about 60%.

What has been described above is taken an aperiod
LiTaO; superlattice as an example for direct THG. It must be
emphasized that the method is universal, without considering
special material and incidental wavelengths. Equati@os—

(24), and(27) are applicable to all two-frequency conversion

250’1

y= (27)

250'1

Based on the above definition, an aperiodic structurgyrocesses.

H;(x) for THG can be defined, which is
fl fl X
oor| floor| 4]y

—floor(ceil(g) 'y))(HZ(X)—Hl(X)) (24

Ha(x)=Hz(x) +
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