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INTR0DUC'I''ION 

Laser  emission a t  1535nm from 
Er3 +:glass lasers is interesting due to its eye- 
safe wavelength and high transmission 
through the atmosphere and commercial 
fused silica fibers. Er3' :glass lasers have 
been used for a number of applications in- 
cluding rangefinding lidar, communication, 
and atmospheric data measurements. High 
peak power, Q-switched pulses are required 
for many of these applications. Mechanical 
devices, such as rotating mirrors, porro 
pi-isms, and frustrated total interna1 reflec- 
tion are still the most popular methods of 
Q-switching Er:Glass Lasers. Spinning prism 
and Electro-optical Q-switched Er3 +:glass 
lasers have been produced by Kigre, Inc. for 
various repetition rates[ 11. Compared to ac- 
tive Q-switching, passive Q-switching using a 
saturable absorber is simpler, more compact, 
and lacks additional auxiliary electronics. 

Passive Q-switching of Er3 +:glass lasers 
has recently attracted the attention of many 
researchers. Q-switching of Er:glass laser 
has been demonstrated by Danker et. al.[2] 
using the characteristics of the self-absorp- 
tion of Er3 + at  1.53111 and the long lifetime of 
its 4113/2 energy level. Denker reported Q- 
switching witn a high concentrat ion 
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Er3+:phosphate glass as well as a shorter 
'I~yz l i fe t ime Er3+:borosilicophosphate 
glass[3]. Q-switched pulses were also ex- 
perimentally obtained by researchers a t  the 
Center for Laser Studies of the University of 
Southern California using Er3 + doped FAP 
aud CaFz crystals[4]. In a11 of the above ex- 
amples intracavity focusing was found to be 
necessary to produce the desired Q-switching 
results. This is primarily due to the low ab- 
sorption cross section of the Er3+ doped 
glass and crystal samples studied. Results 
typically revealed a giant Q-switched pulse 
followed by free-running spikes or multiple 
Q-switched pulses. Without intracavity focus- 
ing Q- switched pulses of 3mJ and 60ns 
F'WM were reported by Stultz e t  al. [5] 
using tetravalent uranium doped strontium 
fluoride. 1535nm, Smj, single mode, 57ns pul- 
ses a t  1Hz and 6mj, multimode 6011s pulses a t  
3Hz have a l so  b e e n  ob ta ined  f rom 
Er3 +:Yb3 +:phosphate glass lasers without 
intracavity focusing using U2+ :CaFz a t 
Kigre[6]. This paper presents data on the 
bkaching and Q- switching of Er3 +:phos- 
phate glass lasers using a uranium doped glass 
s a turable absorber. 
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SPECTRA 

Uranium has an electronic shell of 
5i36d7s2 and produces various valence of 
U2+,  U3+ and  U4+ in ionic crystals. 
(U02)2 ‘doped sili cate glass has been used 
as filters and as fluorescent materials in the 
past [7]. The absorption and fluorescence of 
uranium in fluoride crystals were carefully 
measured by W.A. Hargreaves[8,9]. A large 
absorption cross section at  the laser 
wavelength and an appropriate lifetime of 
tbe  metastable level are important for a 
saiurable absorber to  be appreciably 
bkached a t  a reasonable fluence level. 
Divalenr uranium in a fiuoricie crysrai host 
exhibits a broad absorption band with a peak 
ar 1560nm and a fluorescence emission at 
2600nm corresponding to a metastable 5L7 
eiizrgy level. 

The absorption bands of uranium ions in 
the visible and near infrared regions cor- 
respond to the excitation of unfilled 5f 
electrons. The 5f electron shell is well 
shielded by the filled 6s2, 6p6 and 7s2. The 
influence of a given ligand field will be small 
compared to the spin-orbit and electrostatic 
interactions among the 5f electrons. The 
eacrgy levels and spectra of uranium in a glass 
host are similar to that of a crystal host. These 
similarities indicate that divalent uranium 
doped glasses also lend themselves to bleach- 
ing and Q-switching at 1535nm. 

Various uranium doped fluoride,  
fluorophosphate and phosphate glasses were 
melted under oxidizing and reducing en- 
vironments. The optical absorption spectra of 
tlxse glasses is shown in Fig. 1 for the near IR 
region and Fi 2 for the visible region. The 
spectra of UF+:CaF2 is shown for com- 
paTison. When compared to the spectra of 
U” +:CaF2, the measured absorption bands 
o€ glasses at 2250, 1500, 1100, 900, 660, 540 
and 470nm indicate that most of the uranium 

is in the divalent state. The peak wavelengths 
of typical absorption bands of U2 + at 1500 
and 2200nm changed with each different 
glass base. For example, 1500 and 2270nm 
peaks are exhibited for the phosphate glass 
1400 and 2150nm peaks for the zirconium 
fluoride based glasses. A similar variation of 
peak absorption occurs for the 4f transition in 
rare-earth doped oxide and fluoride glasses. 
Gmpared to the chan e of absorption peak 
from 2560nm in U‘:CaF 2350nm in 
U2+:SrF2 to 2270nm in U’+:BaF% it is 
rcasonable  for U2+ doped  bar ium 
metaphosphate based glass to show a peak 
absorption a t  the vicinity of 2250nm. 

has a very strong characteristic ab- 
sorption band at 2200nm and U4 + has a very 
strong broad absorption in the ultraviolet 
with a maximum at approximately 369nm 
caused by the d-band absorption in fluoride 
crystals . Phosphate glasses designated UP3, 
UP4 and UP1 were melted under moderately 
reducing or air atmosphere. These glasses 
exhibit an absorption shoulder at 2150nm 
which is caused by small amounts of U3 + and 
absorption in the U V  at less than 390nm 
which is evidence of an U4 +. The absence of 
absorptions in the 2150nm and UV 
wavelength region for ZBLAN, fluorophos- 
phate PFN and phosphate glass UP6, which 
mclted under a very strong reducing environ- 
m y t ,  verifies the nearly pure valence of 

u3 + 

U” +. 

The optical density of a strongly reduced 
phosphate glass doped with 0.5wt% U02 is 
shown in Fig.3. The 1500nm absorption band 
width is 306nm FWHM. This is broader than 
that of U2+:CaF2 which exhibits a 235nm 
FWHM absorption band width. The U:Phos- 
phate Glass absorption cross section at  

-20 2 1535nm was calculated to be 5.56 x 10 cm . 
This is much larger than the stimulated emis- 
sion cross section of 0.8 x 10 cm for Er3 + 

in phosphate glass, but sliglitly less than the 
-20 2 
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ABSORPTlON SPEClRA OF U:PHOSPHATE GLASS 
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Fig.3 absorption Spectra of U:Glass 

absorption cross section of U2+:CaF2 (7x 
* -20. 2, i0 cm 1. 

BLEACHING 

Bleaching experiments were carried out 
by measuring the transmittance of samples a t  
various energy densities using a Kigre QE7S 
Eu3 +:Yb3 +:phosphate glass laser. A focus- 
ir,g lens and filters were utilized to increase 
or attenuate and a beam splitter was used to 
separate and monitor the incident fluence. 
Tbe incident and transmitted laser pulses 
were measured by energy meters displaying 
average values of 100 shots. Shown in Fig.4 is 
the transmittance variation as a function of 
incident energy of the glass sample desig- 
nated UP3. The curve with square symbols 
denotes the experimental results. The trans- 
mittance increases quickly in the low energy 

to slowly change at  higher energy densities. 
This is quite different from the bleaching data 
obtained for U2+ doped CaF2 b y  the  
authors[6]. The crystal data exhibits a linear 
rate in increase of transmittance with energy 
density. We believe that this behavior is due 
to the influence of an excited state absorp- 
tion in U2 +:glass from the metastable energy 
leve1 to a higher energy state with a energy 
gap equal to the energy of excitation. A 
similar result was obseived in the bleaching 

density region of less than 4J/cm 2 and appears 

experiments of Er3 + doped phosphate glass 
samples by the authors. 

The two segment solid line shown in Fig.4 
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Fig.4 Bleaching of U:Phosphate Glass 
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lis a curve fitted according to the equation by 
Frantz and Nodvik[ll] for a slowly relaxing 
absorber with only saturable loss: 

Where Fst is the saturation fluence, Fh 
is the incident fluence and To is the initial 
transmittance of the sample. Using this equa- 
tion the calculated saturation fluences for 
UP3 are 10.5J/cm2 for the first segment a t  the 
energy density of less than 4J/cm a n d  
72J/cm for the second segment a t  the energy 
delisities from 4 to 36J/cm2. These data 
points are only approximate values, due to 
thr long pumping pulse duration. 

2 
2 

Q-SWITCHING 

A Kigre Er3 + glass pulsed laser with a 
5mm dia. x 75" long QE7S rod was 
employed for U2 +:glass Q-switching experi- 
ments. The rod was flashlamp-pumped with 
a lamp pulse of about lms. The resonator 
cavity used was plane-parallel with a 95% 
reflective output mirror. The u2+ :glass 
samples were polished parallel and left un- 
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coat d. They were pl ced intracavity, perpen- 
dicular to the optical axis and parallel to the 
resonator cavity mirrors. High transmission 
samples were utilized due to the relatively 
low gain provided by Er3 + doped solid state 
laser mediums. Fig.5 shows a typical Q-switch 
result consisting of one switched gain pulse 
followed by severa1 free-running spikes of 
miich lower peak power. We believe that this 
result is attributed to the low saturation 
fluence of uranium glass in combination with 
the long lifetime of the 11312 upper laser 
energy leve1 of Er3 + in glass. 

4 

CONCLUSION 

We believe that this is the first time that a 
divalent uranium doped glass has been 
demonstrated as a saturable absorber, pas- 
sive Q-switch material for a 1535nm laser. 
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