Applied Physics 3 RN Y
Letters | \\ LA

Frequency tuning of optical parametric generator in periodically poled
optical superlattice LiINbO3 by electro-optic effect

Yan-qing Lu, Jian-jun Zheng, Ya-lin Lu, Nai-ben Ming, and Zu-yan Xu

\

Citation: Appl. Phys. Lett. 74, 123 (1999); doi: 10.1063/1.122971
View online: http://dx.doi.org/10.1063/1.122971

View Table of Contents: http://apl.aip.org/resource/1/APPLAB/v74/i1
Published by the American Institute of Physics.

Related Articles

A laser system for the parametric amplification of electromagnetic fields in a microwave cavity
Rev. Sci. Instrum. 82, 115107 (2011)

A continuous-wave optical parametric oscillator around 5-um wavelength for high-resolution spectroscopy
Rev. Sci. Instrum. 82, 063105 (2011)

Sellmeier and thermo-optic dispersion formulas for CdSiP2
J. Appl. Phys. 109, 116104 (2011)

Stable optical-signal emitter based on a semiconductor photonic dot
J. Appl. Phys. 109, 063107 (2011)

Self-established noncollinear oscillation and angular tuning in a quasi-phase-matched mirrorless optical
parametric oscillator
Appl. Phys. Lett. 98, 051108 (2011)

Additional information on Appl. Phys. Lett.

Journal Homepage: http://apl.aip.org/

Journal Information: http://apl.aip.org/about/about_the_journal
Top downloads: http://apl.aip.org/features/most_downloaded
Information for Authors: http://apl.aip.org/authors

ADVERTISEMENT

Free AFM Webinar

SYLUM February22 Register Now
ESEARCH
TheTechnology Leader in SPM/AFM “Smaller and Quieter: Ultra-High Resolution AFM Imaging”

With Jason Cleveland, AFM pioneer,

Hegister Nourat inventor and Asylum Research co-founder
www.asylumresearch.com

Downloaded 16 Feb 2012 to 218.94.142.221. Redistribution subject to AIP license or copyright; see http://apl.aip.org/about/rights_and_permissions


http://apl.aip.org/?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/test.int.aip.org/adtest/L23/1726772523/x01/AIP/Asylum_APLCovAd_1680x420Banner_02_14_2012/AIP-Ad1.jpg/774471577530796c2b71594142775935?x
http://apl.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=Yan-qing Lu&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://apl.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=Jian-jun Zheng&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://apl.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=Ya-lin Lu&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://apl.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=Nai-ben Ming&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://apl.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=Zu-yan Xu&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://apl.aip.org/?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.122971?ver=pdfcov
http://apl.aip.org/resource/1/APPLAB/v74/i1?ver=pdfcov
http://www.aip.org/?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.3659950?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.3596569?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.3590136?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.3559297?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.3551526?ver=pdfcov
http://apl.aip.org/?ver=pdfcov
http://apl.aip.org/about/about_the_journal?ver=pdfcov
http://apl.aip.org/features/most_downloaded?ver=pdfcov
http://apl.aip.org/authors?ver=pdfcov

APPLIED PHYSICS LETTERS VOLUME 74, NUMBER 1 4 JANUARY 1999

Frequency tuning of optical parametric generator in periodically poled
optical superlattice LINbO 5 by electro-optic effect

Yan-ging Lu,? Jian-jun Zheng, Ya-lin Lu, and Nai-ben Ming
National Laboratory of Solid State Microstructures, Nanjing University, Nanjing 210093,
People’s Republic of China

Zu-yan Xu
Institute of Physics, Chinese Academy of Science, Beijing 100080, People’s Republic of China

(Received 3 November 1997; accepted for publication 2 November) 1998

Frequency tuning of optical parametric generators in periodically poled LiNbOapplying a
periodic electric field was demonstrated. Remarkable wavelength change was achieved. The
dependence of the wavelength shift on the applied field shows a linear relationship. The tuning rates
exceeding 3 nngkV/mm) were obtained. The phenomenon of dispersion in electro-optic tuning was
predicted. Possible applications were discussed.1999 American Institute of Physics.
[S0003-695(19904701-4

Recently, more and more research interests have beddPO at the nominal 47° phase-matching afgle (L)
paid on a new artificial nonlinear material: the periodically ~0.044; for type-Il noncritically phase-matched KTP OPO,
poled optical superlattice LINDQPPLN). Since the sign of G(L)~0.037], the power gain of PPLN is so high that it
the nonlinear optical coefficient of PPLN is modulated, themakes the related devices more efficient. The pump thresh-
quasiphase-matchin@PM) technique can be used in fre- old of an PPLN OPO can even be decreased to continuous
guency conversion applications instead of the conventionavave (cw) level which is difficult to be achieved in ordinary
birefringent phase matchirlgA significant advantage of the crystals. In fact, in addition to various pulsed PPLN
QPM technique is that any interaction within the transpar-OPGs'°-*2 even the cw single resonant OPO pumped by a
ency range of the material can be noncritically phasel064 nm laser based on a 50-mm-long PPLN has already
matched at a specific temperature by using the largest nomeen developed by Bosenbezgal}* When the pump light
linear coefficient In PPLN, the effective nonlinear coeffi- was 13 W with the beam waist of 9Zm, the 1.25 W idler
cient reaches to 21.6 pm/V, which is much larger than manyight at 3.25um and 0.36 W signal light at 1.5&m were
common nonlinear crystals including BBO and K¥PAI- generated(See Fig. 2 in Ref. 18However, almost all the
though there was concern that scattering or absorption indevices above are tuned by changing the temperature, which
duce by the periodic domain structure could contribute nois very slow and complicated. The reliability and stability are
ticeable loss, careful measurement had shown that periodiglso not very good. These shortages limited the usage of the
poling adds no los$.Since the intrinsic material loss of PPLN. It is very beneficial to find an alternative tuning
LiNbO3 over most of its transparency range is negligiblemethod which is simple, rapid, and stable. Although the
(absorption coefficien&z~0.002 cm %)>® and even some re- angle tuning has been widely used in conventional OPGs, it
search results showed that the PPLN has higher photorefrapas not been applied in PPLN devices because of the beam
tive damage threshold than single domain LiNbCthus the  deviation and Poynting vector walk d#. Electro-optical
PPLN is really a good candidate for high performance optituning of an OPG is also particularly attractive since it is
cal parametric generato®PG), which include optical para- nonmechanical and can be done very rapidly. This idea was
metric oscillators(OPO and optical parametric amplifiers firstly suggested in 1968 and demonstrated two years
(OPA). In a 50-mm-long PPLN with the modulation period after!® A recent report by Ewbawlet al. showed that the
of 31 um and with the pump intensity low to 1 GW/m electro-optic tuning range of up to 44 nm can be achieved
which can be achieved by compressing 10 W pump light tan LiNbO, with the applied voltage up ta:5 kV.2" As for
be a 110um-diam beam the calculated single pass para- PPLN, to the best of our knowledge, the electro-optic tuning
metric power amplification is: technique has not been proposed yet.
) . In this letter, OPG frequency tuning by applying a peri-
G(L)= |Es(L)] 1~ Sint?( /2wswidQ|pL2) _0.97 odic electric field along the direction of the PPLN sample
|E<(0)] nsninpsoc3 T was proposed. The detailed tuning properties were studied.
(1) Possible applications were discussed.

. . . - ) The PPLN sample fabricated by the electric poling
wheredy, is effective nonlinear coefficient of PPLN, isthe . aihod usually has the thickness of about 0.3-0.5 mm

pump intensity, and. is the sample length. Comparing the 5150 thez direction. The ferroelectric domain boundaries
results with that of other materials with the same sampleare at they-z plane. In the typical QPM frequency conver-
length and pump intensitye.g., for angle-tuned LINDO  gjqn anpiications, all waves involved are the extraordinary
waves. For simplifying the discussion, we assumed the pump
3Electronic mail: yglu@nju.edu.cn wave normally injected into the crystal and propagated along
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the x axis, then produced the signal wave and idler wave _ 1782771717 2670
along the same direction. g €
For a QPM OPG, the waves involved should satisfy the = 1789[ 2665 3
) s o £ =
energy conservation condition and the QPM condition: g 1778F —...-- signal 2660?
e — e 0 = Q2 _._I . =
Aw=wp~ w50 =0, @ % 1776} 126550
A= —k.—k.)- = = (1]
Ak-A=(kp—ks—kj)-(I,+1)=2mm (m=123..)), % 1774l 1oss0=
3 @© o
S 2
whereAk is the wave vector mismatch is the frequencyk -(%’ 1772F 12645
is the wave vector, and subscrigiss, andi represent the
. . : . 1770 2640
pump, signal, and idler wave, respectivelyis the modula- 25 2.0 -15-1.0 05 00 05 1.0 15 20 25
tion period which is the sum of the positive domain thickness Applied Voltage (kV)

|, and the negative domain thickndsgs If an electric fieldE

is app“ed a|0ng the axiS, the new refractive index of the FIG. 1. Wavelength tuning for signal and idler waves at room temperature
extraordinary |ight is as a function of applied voltage in a 1064 nm pumped OPG based on a

PPLN with the modulation period of 3&m.

!

n,=ne— 3N3yasE, (4)

where ys5=30.9pm/\ is the electro-optic coefficient of caused frequency shifts of_ the signal wave and the idler
LiINbO,. Since all the waves involved are extraordinaryWave. Thus the electro-optic frequency tuning of a PPLN

waves, the wave vectors of the pump, signal, and idler wav@PG is achieved. The detailed tuning curve can be obtained

were changed subsequently by solving Egs(2) and (8).
Figure 1 shows the calculated electro-optic wavelength

, :Ew . :Ew I __En3 El. 5 tuning curve as a function of applied voltage on an OPG

psi ™ ¢ @psillpsi™ ¢ @psi| psi™ 5 psi Y335 |- based on a typical 0.5-mm-thick PPLN with the modulation

However, just as the nonlinear optical coefficient theperiOd of 31pm, which is just the same as that in Ref. 10,
' ' The wavelength of the pump light is 1064 nm. From the

electro-op_tlc coefficient also has the d_|fferenf[ signs in d.'ﬁer.'figure, the wavelength shifts of both the signal wave and the
ent domains. Thus the wave vector in positive domains is

different from that in neaative domains. In such a inhomo_|dIer wave exhibit a near-linear dependence on the applied
. g 0. field. A tuning bandwidth of+10nm was achieved in the
geneous media, the revised QPM condittbis:

idler wavelength for an applied voltage af1.7kV. The
AK'lp+AK'[,=2m7  (m=1,23...), (6) tuning rate(defined as the wavelength shift normalized by

Where Ak’ and AK” are the wave vector mismatch at the the applied electrllc fieldis about 3 nmkVv/mm). The above
results are obtained at the room temperatiire 300 K.

positive domain and at the negative domain, respectively,

. _ ) . When temperature changés.g., owing to optical absorp-
when applying the electric field. Assuming the domains have. .
the same thickneds—,= A/2 and considering the different eﬁon) the zero-field wavelength of the OPG changes subse-

. L . tly. However, the electro-optic frequency tuning can
igns of y55 in differen mains, E mes: quen : ' .
Signs ofyss in different domains, Eq(6) becomes also be achieved. The results in the same crystal are plotted

in Fig. 2. Near-linear dependence of wavelength shift on ap-
plied electric field was observed at each temperature. How-
, ) ever, the slopes of these lines differed slightly. The tempera-
whereAk is the unperturbed wave vector mismatch. Equay,re dispersion of the electro-optic tuning rate is given in Fig.

tion (7) is just the same as the QPM condition without the3 '\ here the data are expressed in the wave number so that
electric field, which means the refractive indices of the signal,o signal and the idler tuning rates are identical.

wave and _the id_Ier wave do not need_to change. Thus the pogides OPG, the electro-optic tuning technique may be
electro-optic tuning cannot be accomplished.

A method that can solve the problem is applying a spe-
cific periodic electric field on the crystal. As we know, in the 2800

A
(AK'+AK) 3 =AkA=2m7 (m=123..), (7)

electric poling process, a periodically patterned electrode and ~ § 2700 zggi
a flat electrode were deposited on ther surface of the = [ 300K
single domain wafer to make the spontaneous polarization be ‘g’v 2600 325K
selectively reverseti.in the frequency conversion process, 9 350K
. . [ 375K
by using the same electrodes, we can apply the electric field — Z 2500

only on one kind of domain, e.qg., the positive domain. Under < 400K

7 o - 2400f — ——————
this circumstance, the QPM condition is o 125K

A 2 300} ——

AK' 5+ Akly=AKA = 7= yagE(wphp— wsns— win) o
2520-1.5-1.0-050.0 0.5 1.0 1.5 2.0 25 3.0
=2mm (Mm=123...). ) Applied Voltage (kV)

To maintain the efficient OPG_ conversion, the €nergy CoNgig, 2. idier wavelength tuning as a function of applied voltage at different
servation and the QPM condition should be satisfied whichwvorking temperatures.
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? 16 choosing more adapt materials. Perhaps_$a/Nb,Og

£ 14} (SBN) is a good alternative. Its electro-optic coefficient is

E 1ol about 45 times larger than LiNR@nd their nonlinear coef-

= ficient were in the same ordé&hwhich means that the tuning

£ 10f rate may increase greatly, since the periodic domain structure

% sl A can also be formed in SBRY.If this technique is applied in a

= periodically poled SBN, perhaps the performance of the de-

x 6f vices will be better.

£ a4} In conclusion, we proposed an electro-optic tuning tech-

é ) e nique that can tune the output wavelength of PPLN OPG
295 250 275 300 325 350 375 400 425 450 quickly by applying a periodic electric field on the crystal.

The dependence of the wavelength shift on the intensity of
the applied electric field of an PPLN sample shows a near-
FIG. 3. Dependence of sign@ir idler) tuning rate on working temperature. linear relationship. The tuning rates excess 3 (ki¥mm)

are obtained. The phenomenon of dispersion in electro-optic

. L ning w. redi .
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