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Second-Order Nonlinear Coefficient Measurement by a Tunable Continuous-Wave

Pump Laser
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A second-order nonlinear coefficient measurement was demonstrated using a CW tuning laser with a
wavelength range of 1.55 um. We measured the second harmonic outputs from a MgO (5 mol%) -doped
LiNbO5(LN) crystal and from an organic nonlinear 4-N,N-dimethylamino-4-N-methyl-stilbazolium
tosylate (DAST) crystal. The elicited measurements were accurately fitted with the use of a theoretical
model, and the maximum values of second-order nonlinearities were obtained based on precise analyses.

Using the value of dg™

= 20.8 pm/V as a reference, the nonlinear coefficient of DAST was estimated

to be d;;"*T = 360 pm/V. Highly stable measurements were achieved with the CW laser and a small
measurement area was achieved in the range of the beam using tunable wavelengths with an approximate

diameter of 23 um.
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Table 1 Comparison of features of nonlinear coefficient measurement with tunable wavelength and

monochromatic laser sources.

Laser type Tunable wavelength Monochromatic
Minimum acquisition area ~10 um ~100 um
Laser stability Normal
Sample format Wedge, Plane-parallel, Undulated Wedge
Weakness Bulky Large angled surfaces
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Fig. 1 Crystal thickness eliciting 7-phase shifts in accor-
dance to equation (5) based on wavelength tuning, as a
function of the center wavelength. The refractive index of
LN (c-axis) was used in the calculation. The values of AL
are shown as the parameters of the tuning range alongside
each of the plotted curves.
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1.52-1.63 pm

Average power : ~592 mW
Wavelength range : 1.55 - 1.565 pm
Spectrum width : ~0.2 nm

CW tuning laser [¢-----

Polarization ratio : ~20 dB EDFA
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Fig. 2 Experimental setup of nonlinear coefficient measurement system with wavelength tuning laser.
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Fig. 3 Output power of amplified ECDL emission
as a function of pump current in an Er-doped fiber
amplifier at a wavelength of 1.55 um.

T DIRPTHRAEN R E WIF EHE DRG] L Th DA
RS C 2 2720, 0T v 7OV PR R AR I T
TZE5,

AFWCTIE, 13U DICRAFE L 7 E 5T O IERTEAR K
‘Wﬂﬂ@%‘@fﬁ%ﬁi&) B78%, TorBTE S WE D EE L C
\ %ﬂlﬂ%ﬁfnaa@ MgO 5 mol% % 70 L 7z LiNbO; (LN) o

N RO SR ARG T 2, FRC, FHITFE

PEEMERZMERT 2. RIZ, FERIPREDFHINR & %

%, T 7~V PFEELE LI B THEREIR B

, EAETEE D F o T 2 HEIERIEZAS i DAST ©

as grown fi LD &Pt 2 W HMETS . £, dN %
2 & L 7 IERIAR B D AR EHi 247 9

2. CWEERFRZE 1.55 um TXREH LUKERZR

WEAKIE, S TTTIoRINAEbD LI
FHUTHhsA, ZHL =N ~B§L“Cd((“§¥b<ﬁ5&5.

Fig. 2 IC B2 OBEX 2739, R 2 FAR D
JEIRICIE, 1.55 um AP A& L — 4 — (TLB-6600, New

376 (36)

620 T T

610 9
§ 600 9

"

% 590 Aﬁh 'ﬁﬁﬂ. -‘. .-;‘ &
2 N Ty
8. 580 E 0 - i
=
a
5 570 ]
o

560 9

550 T T

1.550 1.555 1.560 1.565
Wavelength (um)

Fig. 4 Output power of the amplified ECDL emis-
sion as a function of wavelength. The pump current
was fixed at 5 A. Plotted data represent average
values from five measurements.
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Fig. 5 Output spectra from the amplified ECDL at different
wavelengths. The spectral resolution was 0.1 nm.
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Fig. 6 Second harmonic output generated by the MgO-doped lithium niobate with a thickness of (a) 4.15 mm
and (b) 0.43 mm. The gray solid curve shows the measured data. The black solid curve indicates the calibrated
data using the pump’s input power. The curve plotted using the dotted line is the fitted curve based on the use
of a square sinusoidal function.
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Table 2  Comparison of the fitted residuals and the maximum
fitted values of the second harmonic using a least-squares method.

L =4.15mm L = 0.43 mm
LN dy Measured Calibrated Measured Calibrated
data data data data
Sum of absolute ., ¢, 0.79 2.74 291

residual error

Maximum value ) joq 191y 0368V 0369V
of fitting curve

2. —H, REWER (03) 22, LH043mmD L ED
K9 (Fig. 6 (b)) TR 7V voaHEIcEN, ZDOHH
AR bVEE (FSR = ¢/2nl, n \ZJRITH, 1IFES) %
SR L, I3 =01THz CTH-o7., TDEEnllFl15X
107° L 70, 155 um ® A IR § 2 BK7 BT 1.50
LEX1.0mm 25, 7Y vPid BKT BN TH EHED
LSRRV EHERZ EEZoND, TOFEL, [k
MICBK7TBICAR 2 —F 4 7 %ET 2 L Tl cE 5 &
FEZoNb, —Ji, INFMNTOLEKSIC X > THHN
%014 THz D FSRIZIF LA EAR SN, T, LA
0.43 mm @ LN #5723 H DL ER (03°) 12k ->T, %&E
KB I T wi e tHEZLLND,

RIZT 49T 4V T DBEITONT, N IREDOEX
WEHLTEETS, 74974 70087 282D
i D451 % Table 2 12789, Fig. 6 (a) OFMMEICKT 2
fEH L, Fig. 4 CHE 1550 um D F-HHHE2 1 L Lz L &
DHEWRDOMEDE & D, 2O 2 Jez GHAMEIC 22T 7 Al 1E
HIZ T HFERZWRTR L7, ZOMEP S, EIDH
D, o v—73EGHNBIN 255 13EAE8D 7% <,
74V TAVTTEY EMAIRIEENE S NS 2 30D 2,

I 51T, Fig. 4 Tm L 7GIRIB O BRKA DS,
AR L TH 2 5 AR R T %, Fig. 6 1B}
ZEHIE & Bl oSO RIS IZBAE 222037 (, $£7
7474 v 7 MR OIRIFME b W TIZIE—ET % (Table
2). L7043 mm OHETHRBOHEHIAIE SN TED,
FARP ) DB RAKAFEDIRIEME O HERIfE I L TH 2 5
WEIINS S, BHT 22N TE S,

3.2 DAST #&DEHA & FFIRRREARX FFE

KU, DAST fE5D dy T % e 723 HIl DWW TR 2
SR Y T E, BICHIEET 27012, HEEEZ
GTEHIL 229 v 7L EA—0, EZ0.6mmDbD
AL (Fig. 7). dy ™" 27288 @iz 53
57280, FERPEORIG A EARGF DEE 0% a @il /imn
IZEb¥ -,

Fig. 812, &b K E RIRIFMELMG S 5T (Fig. 7

378 (38)

Fig. 7 Measured DAST crystal. Left dot (a)
shows the measurement point of Fig. 8 and
right dot (b) shows the measurement point
of Fig. 9.
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Fig. 8 Second harmonic output at the measure-
ment point of Fig. 7 (a). The dotted line is a fitting
curve based on the use of a square sinusoidal
function.
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Fig. 10 Output mapping of a second harmonic signal along
d,;"*T as a function of tuning wavelength and the difference
of the sample thickness AL. The dotted line at AL = 7.0 um
and AL = 4.9 um means cross sectional line of Fig. 8 and
Fig. 9, respectively.
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used as a reference.
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