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Abstract. Results on green laser performances are reportetl Nd:GdCOB properties

for a new efficient self-frequency-doubling (SFD) oxobo-

rate crystalNd*+:Ca,GdO(BO3)3 (Nd:GACOB). 21 mW of

green cw laser emission for an absorbed pump power d6dCOBbelongs to the calcium rare-earth oxoborate family
820 mWwere achieved under laser diode-pumpiBgmW  and crystallizes in a monoclinic biaxial crystal system. Its
of green cw laser output were obtained withV of absorbed lattice parameters ara:= 0.80957) nm, b = 1.60186) nm,
pump power under titanium-sapphire pumping. Its availabil-c = 0.35588) nm. It belongs to the Cm space group and
ity in large-size crystals with good optical quality makesthe number of formula units i€ = 2. GACOB melts con-
Nd:GdCOB a true challenger to the best SFD laser crystabruently at 1480°C so the Czochralski pulling method

reported so farlNd: YAl 3(BO3)4 (Nd:YAB or NYAB). is employed to grow large single crystals (up %0 mm
in diameter and120 mm long) with good optical qual-
PACS: 42.55.Rz; 42.70.Hj; 42.70.Nq ity. It is absolutely insensitive to moisture and exhibits

easy cutting and polishingsd®" ions can be substituted
by different lanthanide ions such asd®" or Yb3" in
During the last years, there has been a great interest in noarder to obtain an optical amplifier. This work focuses
linear optical materials. These materials have contributed ton a Nd**-doped GdCOB crystal and presents the results
the broadening of the available laser wavelengths by freander laser diode-pumping for the neodymium infrared
quency conversion. For example, the infrared laser emissidaser emission attl061 nmand its second-harmonic gen-
of Nd:YAG can be converted into visible laser emission. Theeration at5305nm For the sake of comparison, some
simplest way to produce a visible laser beam through seconthser experiments were also performed undiesapphire
harmonic generation would be the use of SFD laser materialpumping.

Then, these lasers would be more compact and low cost. Up The nonlinear properties d6dCOB are comparable to
to now,NYAB [1] was the only efficient system reported to those of LBO. Second-harmonic generation of ##&1nm
produce cw self-frequency-doubling in the green spectral rdaser emission oNd ions is allowed only for type | phase-
gion. UnfortunatelyNYAB shows significant self-absorption matching in the ZX ¢ = 0°, § = 19.7°) and XY (¢ = 90,

at the second-harmonic wavelength. Efforts to overcomé = 46°) principal planes [4]. The nonlinear coefficients in
this drawback have led to undesirable effects such as dithe ZX and XY planes are arouddpnyV and0.5 pm/V, re-
ficulties in growing large crystals of good optical quality, spectively. The angular acceptanc@.i® mrad cmmNd-doped
free of impurities, or to a reduction of thed ion concen- GdCOB crystal has the following emission and absorption
tration. Recently, self-frequency-doubling undérsapphire cross sections for the three crystallophysic axey, and
pumping has been observed in a nonlinear crystal calle@ oe (x, 1061nm = 4.2x 102cn?, oe (y,1061nm =
GdCOB (CaGdO(BO3)3) [2—4] doped with neodymium 2.1x 102cn?, oe (z 1061 nm = 1.9x 10 ?°cn?, and
ions [5]. More recentlyNd:YCOB [6], Yb:YCOB [7], and  caps (X,812nm = 2.3x1072¢cn?, oaps (Y, 812NnM =
Yb:GdCOBJ[8] have shown the same property, always undefl.57 x 10-2°cn?, oaps (z, 812 nm = 1.86x 10~ cn? [5].
Ti:sapphire pumping. In this paper, we present what is, to oufhe fluorescence lifetime &d ions inGdCOBis 98 s and
knowledge, the first self-frequency doubling diode-pumpedhe damage threshold of the crystal is upLt&W/cn? with
Nd:GdCOBlaser [9]. 6-nspulses al064 nm
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2 Infrared laser experiments and 532 nmand was a3.2 x 10?°Nd/cm?-doped GACOR

We chose a slightly higher doped crystal to improve the
We have first investigated the infrared performances obverlap between the pump and cavity mod@@% of the
this new Nd-doped host under diode-pumping. The ex-pump light was then absorbed. Figure 2 shows that the re-
perimental setup is illustrated in Fig. 1. TBe&5-mmlong  absorption cross section &805nm is remarkably weak:
1.8 x 10?°Nd/cm® doped crystal was pumped &12nm only half of that for aNYAB crystal .28 x 10-2cn? for
with a polarization parallel to the axis, where the absorp- Nd:GdCOB versus4.95x 10~2*cn? for NYAB). The in-
tion and emission cross section are maximum. The crystdiared polarization was along tteaxis where the emission
was AR coated afl064 nm Only 86% of the pump light cross section was lower than along thexis. Therefore we
was absorbed because of the spectral bandwidth of the ladeave first tested the infrared performances of the new crystal
diode.Nd:GdCOB oscillates preferentially with a polariza- under laser diode-pumping in the same experimental setup as
tion parallel to thex axis (maximum emission cross section). previously. The concave-concave cavifg = 100 mm with
Two kinds of cavities have been tested: plano-concave anan output coupler oR% gave us98 mW at 1061 nm for
concave-concave cavities. For each type of laser architecturen absorbed pump power @80 mWand a laser threshold
three different output couplers were investigatéd=0.1%,  of 140 mW,
T =2%, T =4%). We used an SDL 2362-P1 diode with an  The experimental setup for the self-frequency-doubling
emitting surface area df0Oum x 1 um, producing al.2-W  process was the same as for infrared tests (cf Fig. 1). The laser
cw output power a812 nm The best resultsl05mW cw in-  emission oscillated at061 nm(reflexion coefficient- 9%
frared laser output for an absorbed pump power&¥ mwj  for both mirrors) in order to get the best conversion effi-
were obtained with a concave-concave cayRy=100mmn).  ciency. We tried different kinds of cavities and, as before,
In this configuration, the pump beam waist was measured tthe concave-concave ofR = 100 mm gave the best results.
be70um x 50 um and the cavity waist is arourdDpum. The A green cw output power 021 mW for 820 mW absorbed
slope efficiency wad5% and the laser threshotRO0mwW  pump power was achieved with a laser threshold omW.
(absorbed pump power). In order to estimate the ultimatdi:sapphire pumping gaveé4 mW green output forl W of
performances of our crystal, we have pumped it with theabsorbed pump power and a threshol®6imW. The laser
diffraction-limited beam of a cwrTi:sapphire laser. In the outputversus pump power is plotted in Fig. 3.
same experimental conditions (cavity, waist sizes, absorbed Comparison betweeh:sapphire and laser diode-pumping
pump power)135mW cw infrared laser output was obtained results indicated that tHedCOBperformances should be im-
with a slope efficiency ofl9% and a threshold €87 mW  proved by the use of a brighter diode 5&0-mW pump laser
(absorbed pump power). diode at812 nmwith an emitting surface 050um x 1 um
was employed to confirm this hypothesis. In the same experi-
mental conditions (cavity, waist sizes, aB80 mW of ab-

g‘E“;O’g‘fn‘; sorbed pump power) as for the previous laser di6d, mwW
Rr;ax @ 1064 nm of 5305-nm emission and a laser threshold 28 mW have

been obtained, whereas orly27 mW of 530.5-nm radiation
Rmax @ 532 nm

and a threshold o47 mW were measured with the previous
green laser diode for the same absorbed pump power.

laser

T>94% @ 812 nm
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Ti:Sapphire lasey
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Fig. 1. Experimental setup for laser test for the two schemes of pumping a" 25 Y — Pyz
e Normal Pz
= Phase matching configuration
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3 Self-frequency-doubling experiments a
§ 15
These results for infrared laser emission were obtained for:
pump and laser polarizations parallel to theaxis. But 2 10
the self-frequency-doubling process can be obtained only° P
for type | phase- matchmg in ZX and XY planes, i.e. for 2 5
106Xnm laser emission polarized along tlyeor z axis, re- P A
spectively. If the pump polarization is parallel to thexis, =
infrared emission is also polarized along thaxis, whereas 0 [TTTTTT] AT T
y-axis polarized emission has never been observed [5]. So 500 520 540 780 800 820 840
we have investigated the XY configuration and a new crys- Wavelength / nm

tal, cut With'the corresponding phase-matching angles, Wasg, 2. Absorption cross section fdid:GdCOB cut in phase-matching di-
needed. This crystal wa8 mm long, AR coated at 1064 rection around the second-harmonic and pump wavelengths
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Fig. 3. Output power for the second-harmonic generation versus absorbed 3.

pump power

4 Conclusion

We have demonstrated thAld:GdCOB crystal is an effi-

535

the Nd:GdCOB crystal a good candidate for a blue self-
frequency-doubling laser.

Acknowledgementd'he authors would like to thank J.-M. Benitez for his
help in the crystal growth and Mrs. Jacquet and Mrs. Lenain from the Ate-
lier d'Otpique Cristalline (Jussieu Paris VI) for cutting and polishing the
crystals.

Note added in proof

Very recent experiments gave @84 mW of 531-nm laser
emission for an absorbed pump powed@60 m\W

References

1.

2.

cient self-frequency-doubling diode-pumped laser material.

About 21 mW of green laser radiation &30.5nmwas ob-

tained for820 mW of 812nm absorbed power. Even if it is
still less efficient tharNYAB for self-frequency-doubling,
Nd:GdCOBis, to our knowledge, the best substitute for self-
frequency-doubling thanks to its good performances and itss.

7.

availability in large-size crystals. It is also a good candidate

to realize low-cost microchip lasers emitting in the green.
Moreover, phase-matching conditions exist in this crystal for

frequency doubling théFs» — “l9/» Nd laser line making

J. Bartschke, R. Knappe, K.-J. Boller, R. Wallenstein: IEEE J. Quan-
tum Electron.QE-33(12), 2295 (1997)

G. Aka, A. Kahn-Harari, D. Vivien, J.M. Benitez, F. Salin, J. Godard:
Eur. J. Solid State Inorg. Cher8, 727 (1996)

G. Aka, L. Bloch, J. Godard, A. Kahn-Harari, D. Vivien, F. Salin: Cris-
matec company, French patent FRO5963, European patent exten-
sion 96904152.4-2205, international patent extension pending

. G. Aka, A. Kahn-Harari, F. Mougel, D. Vivien, F. Salin, P. Coquelin,

P. Colin, D. Pelenc, J.L. Damelet: J. Opt. Soc. Am.1B(9), 2238
(1997)

. F. Mougel, G. Aka, A. Kahn-Harari, H. Hubert, J.M. Benitez, D. Vivien:

Opt. Mater.8, 161 (1997)

. B.H.T. Chai, J.M. Eichenholz, Q.Ye, D.A.Hammons, W.K.Jang,

L. Shah, G.M. Luntz, M. Richardson: lAdvanced Solid-State Lasers,
Technical Diges{Optical Society of America, Washington DC 1998)
Postdeadline Paper pd10

B.H.T. Chai, D.A. Hammons, J.M. Eichenholz, Q. Ye, W.K.Jang,
L. Shah, G.M. Luntz, M. Richardson, H. Qiu: Akdvanced Solid-State
Lasers, Technical DigegOptical Society of America, Washington DC
1998) Postdeadline Paper pd11

D. Martou, F. Mougel, G. Aka, A. Kahn-Harari, D. Viein, B. Viana: In
Advanced Solid-State Lasers, Technical Digé3ptical Society of
America, Washington DC 1998) Paper AMF 1

9. F. Auge, F. Mougel, G. Aka, A. Kahn-Harari, D. Vivien, F. Balembois,

P. Georges, A. Brun: IAdvanced Solid-State Lasers, Technical Digest
(Optical Society of America, Washington DC 1998) Paper ATuB7



