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Abstract: The phase matching angle of Nd© GACO B is calculated. Using Datachroonr 5000 pulsed dye laser as pump
source, we have realized the sef frequency doubling laser from 1331. Onm to 665. Snm in Nd: GdCOB crystal. The
experiment results show that the threshold energy for the crystal is 14. 2mJ; when the pump energy is 25m], the output

665.5nm laser energy is 0. 62m]J and t he corresponding conversion efficiency is 2.5% .
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Introduction

Recently, the field of nonlinear optical material
has become one of the hot pots of researches''?!.
Self-frequency doubling crystal can combie its laser
emission of the optically active ions with the second
These

properties of this kind of crystal may permit fabrica

harmonic generation property of the host.

tion of compact laser source and make it more widely
used in medicine, industry, science research, military
engineering and so on. Nd: Ca4GdO(BO3) 3, known as
Nd: GdCOB, is a new self frequency- doubling laser
crystal.

GdCOB crystallizes in the monoclinic biaxial
crystal system. T he values of the unit cell constants
are a= 0. 8095(7)nm, b= 1. 6018(6) nm, c= 0.3558
(8)nm and B= 101. 26°. Its transmission wave band

is from 350nm to 2700nm and its phase matching
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wave band is between 720nm and 1500nm. So it may
be anticipated that selffrequency-doubling red, blue
and green laser can be generated in it. M any calcula
tions and experiments on the selffrequency doubling
from 1061nm to 530. 5Snm have been realized > *.
But the second harmonic generation from 1331nm to
655. 5nm is rarely reported.

In this paper, the phase matching curve of Nd:
GdCOB crystal at 133Inm, which is calculated by
computer analogue, is shown. According to the calar
lated phase matching angle, we cut two specimens,
which have a dimension of 3mm X 3mm X 8mm.
Using Datachroom-5000 pulsed dye laser as pump
source, we have realized the selffrequency doubling
red laser from 1331. Onm to 665. Snm in Nd: Gd
COB. The experiment results are well in agreement

with the theory.
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1 Calculation of the optimal phase matching
angle at 1331. Onm

GdCOB is a negative biaxial crystal. For biaxial
crystal, the curved-surface of refractive index is a
doubleshelly guartic curved surface with rotational
symmetry. Unlike the simple solution of uniaxial
crystal, the phase matching curve of biaxial crystal is
calculated only by computer analogue.

Defining no(n1), n2o( n2) as the refractive
indexes of the fundamental-frequency wave and the
second-harmonic wave, according to the curved
surface equation of refractive index, we can give the
corresponding indexes n (©), n (©) of fastlight

and slow-light in the wavevector direction:
W0 = J2 |- B+ [B-4C (1)
W(o=Jv - B- [B-4C (2

B =— sin®0cos® P(b+ ¢) -
sin*0sin’ ®(a + ¢) — cos”O(a+ b) (3)
C = sin”Ocos’ ®(bc)+ sin’ Osin” Plac) +
cos”0( ab) (4)

a= ng % b= ny_z,cz n.? (5)

where

here, ny, ny,, n. are the main refractive indexes of
biaxial crystal, B and C are the function of nx, ny, n:
and wavelength.

V4

For type I phase matching, ni= ns (6)
while for type II phase matching,

V4

(n1,+ nzﬂ)/2= n» (7)

A ccording to the dispersive equation, i. e. the re
lation among n., ny, n., and wavelength, the main
refractive indexes of any wavelength, n., ny, n., then
B, C, can be found'™®. Using computer analogue,
according to equation(6) and equation(7) respective
ly, we obtain the typel and type Il phase matching
curves of GdCOB crystal at 1331. Onm in the first
quadrant.

T able 1 shows the angle range of GACOB crystal
in which the phase matching can be realized. But in
actual application, we need to consider not only the
phase matching but also the size of effective nonlinear
optical coefficient. We define the 0 and @, at which
de is a very large quantity, as the optimal phase

matching direction. The type I and type II phase

matching direction ( 8, ®) of GACOB crystal are

showed in table 2.
Table 1 T he phase matching angle range of GACOB crystal

mat ching type first quadrant second quadrant

0 ¢ 0 ¢

type | 32~ 90° 0~ 34.8 45~90 154~ 180

type Il 45~ 90° 66~ 90" 25~ 90 136~ 180

Table 2 The optimal phase matching direction of GdCOB crystal

mat ching type first quadrant second quadrant

du d.
6 @ eff e ¢ {f
(pm* V- (pm* V-
type [ 65 34.6 0.463 66.5 145.5 0.642

tyep Il 82.5 66.2 0.254 90 114 0.242

From table 2, we know that the type I phase

matching effective nonlinear coefficients in the

firstand second quadrant are 0. 463pm/ V and 0. 642pm/ V
respectively, which are larger than their corresponding
type II phase matching effective nonlinear coeffr
cients, 0. 254pm/V and 0. 242pm/V respectively.
This is why type I phase matching is used more of
ten than type II phase matching in this kind of
crystal.

2 Experiment

2. 1 Manufacture of self- frequency doubling crystal
specimen

Nd: GdCOB (7% Nd) crystal used in the experr
ment, which was developed by higlr frequency heating
Czochrakski method, has a dimension of @R25mm x
40mm, and has homogeneous transparency, good optr
cal quality and no bubble im purity. Two crystal spec
imens are cut at type I phase matching: for specimen
1,0= 66. 5, ®= 145. 5°(the second quadrant); for
specimen 2, 0= 65", ®= 34. 6'(the first quadrant).
Using plane (ZOI), (401) and (010) as plane of
reference, the respective angles of specimen 1 are
147.8°,103.5°and 121. 3°, while the respective angles
of specimen 2 are 56°, 124. 6 and 121°. Both of the
specimens, having a dimension of 3mm X 3mm X
8mm, were not AR-coated on two laser transmission
faces and were not polished on four side faces.
2.2 Experimental setup

The experimental setup is shown in Fig. 1. Nd:
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GdCOB rode is situated in a 4. 8cm long plane plane
cavity and pumped by Datchroom-5000 tunable pulsed
dye laser with a pulse width of 10ns and a repeat rate
of 10Hz. The pump light is focused by a cylinder len
with a focal length of 10cm. The dimension of the
focal spot is about Imm X 7mm. The rear mirror M
has high reflections at 1331. Onm and 665. 5nm,
which are 99. 8% and 99. 5% respectively. The
output mirror M2 has a high reflection (99. 8%) at
1331. Onm and a high transmission ( 96. 2%) at
665. Snm. When the wavelength of the pump laser is
595.Onm and the pump energy is larger than
14. 2m], the first harmonic oscillation generates in the
plane plane cavity and the self frequency- doubling red
laser emits from the output mirror. Because of the
higher energy density of oscillating 1331. Onm laser in
the cavity, the output 665. Snm laser from M2 corr
tains some 133 1. Onm laser. A filter, which has a high
reflection at 1331. Onm and a high transmission at
665. 5Snm, is used to separate 1331. Onm laser from
665. Snm laser. The EPM-1000 energy meter is used

to measure the output energy of 665. 5Snm laser.

rear mimor  owtput mvirvor
He-Ne laser M, M,  filter EPMI00O0 energy

Fig.1 The experimental setup

2.3 Experimental results and discussion
Fig. 2 shows Lo

the transmission 0.8

spectrum curve § 0.6

of Nd: GdCOB §°'

crystal,  which o2

was  measured o o

with EPM-1000 el JEL
energy meter.

Fig.2 The transm ssion spectrum of Nd
When the pump  GdCOB
wavelength  was

tuned to 595. Onm, the varieties of the output 665.
Onm laser energy of specimen 1 vs pump energy is
plotted in Fig. 3 while the output 665. Snm laser
energy of specimen 2 is too small to be measured.

Nd GdCOB

From Fig.2, we know that

crystal has five absorption bands, and the narrow
band centered at 595. Onm has the largest absorption,
and the band centered at 812nm also has a large abr
sorption. So we can conclude that Nd: GACOB crystal
is very suitable to be pumped by tunable dye laser and
also can be pumped by laser diode. When the pump
wavelength is 595. Onm, the threshold pump energy
of crystal specimen 1 is 14. 2mJ. Fig. 3 shows that
the increase of the output energy of 665. Snm laser is
small at the beginning and then become larger and
larger when the pump energy increases. This is be

cause that F oy is in direct proportion to Ei,.
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Fig.3  Variation of E29wih E;,for 665. 5nm ('specimen 1)

Using WDG500 1 grating monochromator to
measure the wavelength, we know that the selffre
quency doubling laser wavelength of Nd: GdCOB is
665. Snm, and then the corresponding fundamental

wavelength is 133 1. Onm.
w -

relative intensity
= B8 8 8

0 i
588 591 594 597 600 603
wavelength A/nm

Fig. 4 Variation of relative intensity with pump wavelength

Fig. 4 shows the variation curve of the relative
intensity when the pump wavelength changes from
591. 5nm to 601. Onm. We notice that there is a
maximum peak at 595. Onm, the width of which is
very small. The left of the maximum has one little
peak and the right has two little peaks. T hese results

are consistent with the absorption curve of the crys

(T 4% 45T ))
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In both of the specimens, the selffrequency- dowr
bling laser can be observed. But because of the limita
tion of the output energy, the variety of Eau of speci-
men 2 vs K, can not be plotted, while that of E oy of
specimen 1 vs E;, can. According to theoretical caleur
lation, the type I phase matching effective nonlinear
coefficients of GACOB crystal in the first and second
quadrant are 0. 463pm/V and 0. 642pm/V respec
tively. That is to say, the effective nonlinear coeffi
cient of specimen 1 ( the second quadrant) are much
larger than that of specimen 2 (the first quadrant).
T hen the frequency- doubling efficiency of specimen 1
is much larger than that of specimen 2. So the
experimental results prove the rightness of theoretical

calculation.
3 Conclusion

According to nonlinear theory, the phase
matching angles of Nd: GdCOB crystal at 1331. Onm
in the first quadrant and the second quadrant are cal-
culated. Two crystal specimens are cut at two optimal

phase matching angle respectively. When using

595.0nm dye laser as pump source, the threshold er
ergy of specimen 1 is 14. 2m]J; the output 665. Snm
laser is 0. 62m]; the corresponding conversion effr
ciency is 2.5% . Although selffrequency doubling
red laser of specimen 2 can be observed, its output err
ergy is too small to be measured. These experimental
results are well consistent with theoretical calcula
tion. If the pump energy is increased, and the two
faces of crystal are AR-coated at 1331. Onm and 665.
Snm, we predicate that the threshold pump energy
can be decreased and the conversion efficiency of
self- frequency-doubling laser can be increased. T his

work is In progress in our group.

References

[1]  Viven D, Mougel F, AkaG et al. Laser Physics, 1998, §3): 759
~ 763.

[2] Aka G, Kahrr Harari A, Mougel F et al. ] O S A, 1997, B14(9):
2238~ 2247.

[3] Auge F,Aka G,Kahr Harari A, etal. Appl Phys, 1998, B(67):
533~ 535.

[4] Mougel F, Aka G, KahirHarari A et al. Opt Matenals, 1997, 8
(9): 161~ 173.

[5] Hobden M V.J A P, 1967,38(11): 4365~ 4372.
Hou XY,SunY M,Li Y Fet al. Opt & hser T echnol, 2000, 32
(2): 135~ 138.



