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55 PHASE MATCHING

distance between the successive maxima corresponds to 14 x, and the valoe
of twice the coherence lergth calenlated from refractive index data is 13.9 p.

33 QUASLIFHASE-MATCHING METHODS

If we could change the difference in phase between the polarization wave
and the electromagnetic wave by =/2 every time the lengrh of the crystal
increases hy nne coherence length, we would abtain a quasi-phase-matched
condition. It would be guasi-phase matched because the signal from one
caherence length of phase-matched crystal is #*4 larger than the signal from
the zamez length of non-phase-matched crystal, since (2in zfx)® = 4/=? for
z = =/}, Therefore, the signal from our hypathetical ervstal waold still not

¢ T t_cmal

iL///l /1;
|

Incidert
light

10

Figure 33  Quasi phase matching in a stack of plates rotated with Tespect to one another.

be quitz as large as the signal from a phasc-matched crystal with the same
dy and length. A way to do this was suggested by Bloembergen et al.® It
" consists of miaking thin platzs of the crystal, one coherence length thick, and
turning alternate platelets over, so that the polarization wave will undergo
2 180° phase change going from one plate to the next (Figure 3.3). The experi-
mental probiems of the approach are obvious; for quartz, for example,
all the plates would have to be exactly 7 u thick and all would have to be in
aptical contact.

« ” In 2 more recent paper, Bloembergen and Sievers® proposed to overcome
this drawback by prowing semiconductor layers epitaxially onto one another.
This kind of artificial erystal shows interesting properties which do nol oceur
in the balk form of’ the separate constitucnts, A discussion cf these prup-
” erties falls outside the scope of this haok.
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Enhancement of second-harmonic generation In LINbO, crystals with
periodic Jaminar ferroelectric domains
Duen Feng, Mai-Ben Ming, Jing—Fer? Hong, Yong-Shun Yang, Jn-Song Zhu, Zhen Yang,

ang Ye-Ning Wang

Instisurs of Sofid Srare Phpsics, Nathing Universiry. Manking, Ching

{Received 23 Tune 1980; sccepted for publication 16 Jaly 1980)

Using the Czochralski methed we have grown LiNbQ, crystals with periodic laminar
ferroclectric domains whose hati-period nearly corresponds to the coherence length, Quasi-
phese-matching for the nonlizear aptical coefficient 4,y has been approximately realized and
enharcement of second-harmonic genaration relative to conventionally phass-matched crystals

of the samne length has been ohserved.
PACS numbers: 17.80. - ¢, 42.65.0q, 81.10.Fg

High-=81. #n+y sacond-harmanie genernon (SHGH
wanbe senee.ed a0y wkhen therr e n phave-matched interas-
ton of Tunaament1 ane secrna-bamom waves Phase
matching may be realized with birefmingence in wniaxia) or
bianial crystals so that 2k, = kg, where k, and ki, are the
wave vectors For fundamental and second-harmonic waves,
respeclively.

[n 1962 Bloembergen propased a scheme for quasi-
phase-matching by means of one-dimensional spatial period
ic modulation of nanlinear susceptibilities, with period just
equal to 24, where /_ is the coherence length ' This scheme
may b applisd ta nanbirefringent erystals as well as same
farefringent crystals with nonlinear optical cocfficients
which can not be phase matched. LiNbBO, is & commaonly
used nonlinear optical erystal; however, its largest nonlinear
coefficient d,, is net phase matchahble, so it has not been
utilized at all. Since dy, is ubout 7.5 imes larger than d, ,, the
coefficient ordinarily used, if we fabricate a LiINDO, crystal
with periodic laminar ferroelectric domains, alternate in po-
lanzation directions, and of layer thickness equal 1o /_, we
may expect enhancement of SHG in a crystal quasi-phase-
nratched for &5, compared with a monodomazned crystal
phast matched {PM] for &, of the same kengéh. In fect, the
thearelical maximum enhancement factor & faund 10 be

so7 Appl. Phys. Latt. 3707} 1 October 1980

0003-6951 / B0/ 190607 03500 50

G d@y F 1T 7 T~ 23 8o there s preat patentsa] noenplae
1@ QLab-phase-mat;h.ng Lird,, (or apphiations nopragt
cal nnlacar aptical e g

There have been verious attempts (o realize quasi-
phase-matching. The method of using a stack of crystal
plates has heen applied 10 GaAs * quartz, and LiNbO,,® but
1he number of plates used was rather small. Molecular beam
epitaxy has been tried with GaAs-AlGaAs,” as well as
growth twins and ferroelectric domains, without precise
control of periods."”

We have grown LiNbO, crystals with periadic domains
wtilizing temperature fluctuations during Czochralski
growth. Periadic temperature fluctuations may be induced
by displacing the rotation axis from the symmetry axis of the
temperature field. 1 order 10 acoentuate the growlh siriae
produced, we doped the meft with | wt. % of yiecum. Crys-
tals thus prown have a dopant disiribution which va rics sinu-
soidzlly along 1he growth (a) axis. When canled through the
Curie temperature, erysials with perindée laminar structure
are obtained {secFig. 1}. In peneral, i, the width of pusitive
damains, and {,, the! of negatived ins, a7e wnequal; how-
ever, by adjusting the yotation pertod amd pulling rate, 1he
condition §, + 1, =2!, may bx achicved, Al 2 fundamental
wavelengthal 106 zm, {, for second- hurmonie generslion in
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