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Abstract. The laser performance of a N d : K G W  rod has 
been studied in a single flashlamp cavity in the free running 
as well as in the Q-switched mode of operation at input 
energies ranging from 1-25 J. The results of N d : K G W  
have been compared with Nd:  YAG operated under identical 
experimental conditions. The laser extraction efficiency of 
the N d : K G W  rod was observed to be 2.5times higher at 
a much lower threshold than that of the Nd :YAG rod. The 
intrinsic slope efficiency was determined to be 2.25% and 
8.840% for Nd: YAG and N d : K G W  rods, respectively. 

PACS: 42.55.Rz 

There has been a considerable interest in the development 
of high-efficiency solid-state lasers for potential applica- 
tions in materials processing, remote-sensing, medical and 
optical communication, etc. The neodymium (Nd) doped 
garnets such as yttrium aluminum Y3AI5012 (YAG) [1-5], 
gadolinium gallium Gd3GasO12 (GGG) [6,7], and gadolin- 
ium scandium garnet Gd3Sc2A13012 (GSGG) [5, 8-10] have 
been studied extensively in the past and high efficiency and 
high average power have been reported. The most commonly 
used host for Nd doping is the YAG, which suffers from the 
core formation in large boules using the Czochralski crys- 
tal growth method and Nd-concentration quenching of the 
excited state Nd 3+ ions. The Nd: GGG and Nd: Cr: GSGG 
materials suffer from solarization or the thermal lensing ef- 
fect and laser action is observed at a relatively higher thresh- 
old during ftashlamp pumping of these rods as compared to 
the Nd: YAG rod under identical experimental conditions. 
The neodymium doped potassium gadolinium tungstate, 
KGd(WO4) 2 (KGW), is a relatively new but promising laser 
crystal and may be an alternative to the Nd :YAG crystal 
for generating laser radiation around the one-micron range. 
Unfortunately, the laser performance characteristics of this 
crystal, i.e., Nd :KGW ,  is not known in detail as compared 
to other crystals mentioned above. Flashlamp laser action 
was first reported by Kaminskii et al, [11] at 1.067gm due 
to the transition Nd 3+ (4F3/2-4II1/2) at room temperature. 

The radiative and thermochemical properties of the Nd: YAG 
and N d : K G W  crystals are compared in Table 1. The KGW 
crystal is a tetragonal crystalline compound and becomes 
monoclinic with the point space group C2/c(C6h) and unit 
cell dimensions: a = 8.10A, b = 10.43A, c = 7 .6~ .  
In Nd-doped KGW, the Nd 3+ ions replace Gd 3+ ions go- 
ing into the point space group symmetry C 2 [11]. Based 
on the radiative properties of the N d : K G W  and Nd :YAG 
(Table 1), it is clear that when the N d : K G W  rod is ex- 
posed to flashlamp light, it may produce a higher pulsed 
energy than the Nd :YAG under identical experimental con- 
ditions. It is known that the concentration quenching of  the 
fluorescence due to the transition Nd 3+ (4]g3/2--4][11/2) in 
Nd:YAG is a major problem and Nd concentration is lim- 
ited to 1.0 or 1.1 atomic percentage in most ot the com- 
mercially available Nd :YAG lasers at 1,064gm. In case of  
the Nd :KGW,  however, Nd concentrations as high as 3-7 
atomic percentage [12] has been observed to have no sig- 
nificant quenching effect on the fluorescent emissions such 
as Nd 3+ (4F3/9-419/2) (~ 0.91gm),  Nd 3+ (4F3/,~-4Ill/2) 
(1.067 gm), and Nd 3+ (4F3/2-411S2) (~ 1.35 gm)."Because 
of this reason, together with the higher stimulated emission 
cross section in N d : K G W  as compared to the Nd:YAG,  a 

Table 1. Selected laser parameters of Nd:YAG and Nd:KGW crystals 

Parameters Nd : YAG Nd : KGW 

Peak emission cross-section 2,8 a 3.3 b 
[10 -19 cm 2] 

Storage time 230 a 120 b 
[10 6 s] 

Transition wavelength 1.064 gm 1.067 gm b 
( 4 F 3 / a  - -  4 F l l / 2  ) 

Thermal conductivity 9.76 °, 12.9 d 3.8 e 
[W/m- K] 

Mob hardness 8.5 a 4 e 
Density 4.54 a 7.27 ~ 
dr~/dT [10-6K 1] 7.3 a 0.4 e 

a [1], b [11], c [6], d Cited in [6], e [14] 
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much higher pulsed energy at lower threshold m@ be pro- 
duced from a flashlamp pumped Nd:KGW rod or slab with 
dimension identical to those of the Nd: YAG rod to be com- 
pared with. 

In this communication, we report the laser extraction 
efficiency at 1.067gin from a Nd:KGW (Nd: 3at.%) rod 
pumped by a single Xe flashlamp at different pump energies 
in the free running and Q-switched modes of operation. 
The Nd: KGW results have been compared with those of 
the Nd:YAG rods (Nd: 1.0 and 1.1 at.%) under identical 
experimental conditions. 

1 Experimental Details 

A schematic diagram of the experimental setup is shown 
in Fig. 1. It consists of a water-cooled laser cavity, a Xe 
gas filled ftashlamp, input and output mirrors, Q-switch and 
driver, and a pulse forming network (PFN, 24.5 gF capacitor 
and 60 gH inductor) to initiate a flash. The laser rod and 
flashlamp are closely coupled by using a diffusely reflecting 
Spectralon material. The reflectance of the Spectralon is 
over 97% at wavelengths ranging from 400-1600nm which 
insures blockage of unwanted UV radiation. The filtering of 
the UV radiation reduces the divergence of the laser beam 
without affecting the lasing efficiency. The introduction of 
the Spectralon material into the laser cavity insures uniform 
pumping of the gain media resulting in a uniform laser beam, 
free from the thermal distortion or hot spots which are often 
associated with specular laser cavities [13]. 

The Nd:YAG (Nd = 1.0 and 1.l at.%) and Nd:KGW 
(Nd = 3at.%) laser rods (5ram in diameter and 80ram 
long) were flat ended, parallel, polished, and antireflection 
coated at 1.064 gm. These rods were properly aligned in the 
laser cavity between a pair of mirrors separated by about 
50 cm. The end mirror of 5 m radius of curvature was highly 
reflective (99.9%) whereas the output mirror was flat with 
different reflectivities (60%, 80%, or 95%) at 1.064 gin. The 
laser was operated by using a single simmered Xe flash- 
lamp at a pulse repetition rate of 1 Hz. The laser pulse 
energy was measured by using a calibrated energy meter. 

The Q-switched operation was performed by inserting a 
i KDP crystal antireflection coated at 1.064 gm and a polarizer 
combination between the total reflector and the laser rod. 
The optimum operating voltage and delay time used in the 
Q-switch experiments reported here were 3 kV and 145 bts, 
respectively. 

2 Results and Discussion 

Our goal in this investigation was to compare the laser per- 
formance of the Nd: YAG and Nd: KGW crystal rods under 
identical experimental conditions except for the Nd: concen- 
tration in these rods. The single-shot laser experiments were 
performed with input energies ranging from 1-25 J with out- 
put coupler reflectivities of 60, 80, and 95% at 1.064btm. 
For Nd :KGW, these results are shown in Fig. 2. In Fig. 3, 
we display the results from the Nd:YAG and Nd:KGW at 
80% reflectivity of the outcoupling mirror. It is clear from 
this figure that the energy extracted from the Nd:KGW rod 
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Fig. 2. Observed output laser energies (mJ) from the Nd :KGW rod 
at different pump energies (J) of the flashlamp for output mirror 
reflectivity of 60%, 80%, and 95% 
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Fig. l. The experimental setup used in the present study. M 1 and M 2 
are the total (99.9%) and partial reflectors, Q, Q-D, and P are the 
KDP Q-switch, Q-switch driver and polarizer, respectively. PFN is the 
pulse forming network 
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Fig. 3. Observed output energies from Nd : KGW and Nd : YAG rods at 
different Nd concentrations and flashlamp input energies. The output 
mirror reflectivity was 80% 
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is about a factor of 2.5 times more than that extracted from 
the Nd:YAG rod under identical experimental conditions. 
The effect of concentration quenching is clearly noticeable 
in the Nd:YAG rods with Nd:concentrations of 1.0 and 
1.1 at.%, leading to a slightly less extracted energy from 
1.1% Nd:doped YAG rod compared to that from the 1.0% 
Nd:doped YAG rod. The extrapolated energy thresholds for 
Nd:KGW and Nd:YAG with 80% output coupler were de- 
termined to be 0.55 J and 1.3 J, respectively. 

In the free running mode of operation the laser slope 
efficiency was determined by using the following expression 
[5]: 
rjs = r lo lnRout /  (lnt~ou t - L ) , (1) 

where r/s is the measured slope efficiency, % is the intrinsic 
efficiency (the efficiency without loss in the laser resonator), 
Ro, t is the reflectivity of the output coupler, and L is 
the round trip loss parameter mainly due to scattering and 
reflection, etc. The loss parameter L was determined by 
using the method described by Findlay and Clay [15] and 
modified by Koechner [1]. In this method the resonator 
losses are determined by varying the reflectivity of the output 
coupler and determining the energy threshold for lasing 
according to the following equation [1]: 

-lnRou t = 2KPth -- L ,  (2) 

where K is the pumping coefficient and Pth is the threshold 
power or energy for lasing. In Fig. 4, we plot -lnRou t 
and the extrapolated threshold energies for Nd: YAG and 
Nd:KGW at 60%, 80%, and 95% mirror reflectivity of 
the output coupler. A straight line fit to the data points 
yielded a round trip loss L (L = 2(5l, (5 is the loss per 
unit length I of the rod) of 0.11 and 0.34 and a pumping 
coefficient K (K = gthl/Pth, gth is the small-signal gain 
at threshold) equal to 0.193 and 0.385 for Nd:YAG and 
Nd:KGW, respectively. The measured slope efficiencies r?~ 
were determined by using the extrapolated values of the 
output energies at a particular flashlamp input energy and 
were found to be equal to 1.5% and 3.6% with 80% output 
mirror for the Nd:YAG (Nd = 1.0 at.%) and Nd:KGW rods, 
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respectively. The intrinsic efficiencies r/0 were determined 
by substituting the values of L and r~ s in (1) and were 
found to be equal to ~ 2.5% and ~ 8.8% for Nd:YAG and 
Nd:KGW rods, respectively. From the expressions L = 2(51 
and K = 9 th l /P th ,  the round trip loss (2(5) and the small- 
signal gain at threshold ,,qth per unit length were determined 
to be approximately equal to 0.014 cm -1, 0.043 cm -1, and 
0.031 cm -1, 0.027 cm -~, for Nd:YAG and Nd:KGW rods, 
respectively. By using the value of gth, the small-signal gain 
coefficient, determined above and the stimulated emission 
cross sections from Table 1 for Nd:YAG and Nd:KGW, the 
population inversion density at threshold may be estimated 
by using the expression: 9th ---- c r A N ,  A N  = (N 2 - N l ) t h  , 

where N 1 and N 2 are the ground and excited state densities, 
respectively. The A N  values for Nd:YAG and Nd: KGW 
were found to be equal to 11.0 × 10 ~6cm -? and 8.2 × 
1016 cm -3, respectively, 

In Fig. 5, we display the results obtained in the Q- 
switched mode of operation with 80% reflectivity of the 
output coupler. It is clear from this figure that the threshold 
energy as well as the energy extraction efficiency is almost 
identical to the values obtained when the laser was operated 
in the free running mode of operation, i.e., lower threshold 
energy and about 2.5 times higher extraction efficiency 
for the Nd:KGW rod compared to the Nd:YAG rod at 
1.064 gm. However, in the Q-switched mode of operation, 
the saturation in Nd:KGW to occur at ~ 5 J, as compared 
to 12J in Nd:YAG. At an input energy of ~ 16J, the output 
energy from the Nd:YAG and Nd:KGW rods are identical. 
At input energies higher than 16J the output energy from 
the Nd: YAG rod is higher than that from the Nd: KGW 
rod. Unfortunately, we were not able to measure the Q- 
switched pulsed duration because of the lack of proper 
instrumentation. 

In conclusion, we have studied the relative perfon~ance 
of Nd:YAG and Nd:KGW laser rods at different Nd con- 
centrations pumped by a single Xe flashlamp in the energy 
range of 1-25 J. The laser was operated in the free run- 
ning as well as in the Q-switched mode of operation and 
lasing threshold and extraction efficiency were measured at 
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1.064 gin. In both modes of operation, the laser threshold 
was found to be much lower in the case of the Nd:KGW 
rod than in the case of the Nd: YAG rod. The laser extraction 
efficiency of the Nd:KGW rod was found to be about 2.5 
times better than that of the Nd: YAG rod. In the Q-switched 
mode, this difference in the efficiencies was limited to below 
5 J of input power. In the free running mode, the intrinsic 
slope efficiency was determined to be about 2.3% and 8.8% 
for the Nd:YAG and Nd:KGW rods, respectively. 

Acknowledgements. The research work reported in this communication 
was partially supported by the Wright Laboratory grant no. F33615- 
9l-C-1792, NASA grant no. NAGW-2450, Army Research Office 
grant no. DAAA 03-92-G-0136, and the Collaborative Core unit of 
the Graduate School, Howard University. We sincerely appreciate the 
technical help of Mr. E. Jones and Mr. B. Pinkney in the laboratory. 

References 

1. W. Koechner: Sol~l-State Laser Engineering, 3rd edn., Springer 
Ser. Opt. Sci., Vol. 1 (Springer, Berlin, Heidelberg 1992) and 
references therein 

2. D.P. Devor, L.G. Deshazer, R.C. Paster: IEEE J. QE-25, 1868 
(1989) 

3. N.P. Barnes, M.E. Storm, P.L. Cross, M.W. Skolant: IEEE J. QE- 
26, 558 (1990) 

4. M.L. Kliewer, R.C. Powell: IEEE J. QE-25, 1850 (1989) 
5. J.A. Caird, M.D, Shinn, T.A. Kirchoff, L.K. Smith, R.E. Wilder: 

Appl. Opt. 25, 4294 (1986) 
6. W.F. Krupke, M.D. Shinn, J.E. Marion, J.A. Caird, S.E. Stokowski: 

J. Opt. Soc. Am B 3, 102 (1986) 
7. K. Yoshida, H. Yoshida, Y. Kato: IEEE J. QE-24, 1188 (1988) 
8. J.H. Kelly, D.L Smith, J.C. Lee, S.D. Jacobs, D.J. Smith, J.C. 

Lambropoulos, M.J. Shoup: Opt. Lett. 12, 996 (1987) 
9. P. Fuhrberg, W. Luhs, B. Struve, G. Litfin: In Tunable Solid- 

State Lasers II, ed. by A.B. Budgor, L. Esterowitz, L.G. DeShazer, 
Springer Ser. Opt. Sci., Vol. 52 (Springer, Berlin, Heidelberg 1986) 
p. 116 

10. D. Sumida, D.A. Rockwell, M.S. Mangir: IEEE J. QE-24, 985 
(1988) 

11. A. Kaminskii, S.E. Sarkiso, A. Pavlyuk, V. Lyubchenko: Izv. 
Akad. Nank. SSSR, Neorg. Mater. 16, 501 (1980) and references 
therein 

12. V.I. Kopp, I.V. Mochalov: Opt. Commun. 90, 106 (1992) 
13. Labsphere Inc., North Sutton, NH, USA 
14, Burlington Bio-Medical and Scientific Corp., Catalogue, New York 

(1991) 
15. D. Findlay, R.A. Clay: Phys. Lett. 20, 277 (1966) 

Responsible for Advertisements: E. LiJckermann, G. Probst, Heidelberger Platz 3, D-1000 Berlin 33, Tel. (0 30) 82 07-0, Telex 01-85411, FAX (0) 30/8207300 
Responsible for the Text: H. K. V. Lotsch, Tiergartenstra6e 17, D-6900 Heidelberg, Tel. (0) 62 21/48 72 53, Telex 461723, FAX (0) 6221/43982 
Printers: Brfihlsche Universit~itsdruckerei, Giessen 
© by Springer-Verlag Berlin Heidelberg 1993. Printed in Germany 
Springer-Verlag GmbH & Co. KG, D-1000 Berlin 33 


