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The (Holmium, Neodymium) :¥ttrium Aluminum Garnet Multipie
Wavelength Scliid State Laser

J. Machan, R. Kurtz, M. Basa, and N. Birnbaum, Univarasity of
Southern California,los Angeleas, CA 90089-1112, and M. Kokts,
Union Carbide Corpoxration, Washougal, WA 9867)

Simultanecua laser action was cobserved at 2.94 and 3.01 pm
by the Hoa’ iona, and at 1.06 ) by the Nda* ianff While the
3’ we believe
this is the firat report of the 3.01 p» laser emiamion from

3.01% P' wavelength has been reported in Ho:¥AlO

YAG. By utilizing mirrors which had neariy equal reflectance
at 1.34 and 1.06 J L simuitanecus lasing was observed at both

”~

Ndd’ wavelengtha, a result of the absorptive losses at 1.06‘Pn
due to the high concentration of Ho 3’.

Kaminakii et al. suggeated that Nda’ could be uvaed to

cross~relax the Hoe’ 17 level and thereby reduce or eliminate
the probliem of anlf-tornination.2 The Nds’ 41 level liesa
3+ 5 13/2

~750 cn~1 below the Ho 17 atate in YAG, favoring energy

tranasfer from the holmium to the neodymium iona. This reduces
5

the Hoa’ 17 lifetime and the bottlenack for 3 P lasing which
normally occurs as a resulilt of this long lifetime.

The mneasurementa sumsmarized in Table I were obtained by
exciting fluoreacence in the cryatais with a fregquency-doubled
G~awitched Nd:YAG laser. Wavelength selection was accomplished
veing a 0.25 meter monochromator and the fluorescence waa
detected with a cocied InSh detector with a reaponse time < 1
nvaec. The 1.064 P emission from a Nd:YAG laser was used to
calibrate the monochromator, and the bandwidth was found to be
+0.003 P A digital procesaing oacillioscope recorded the
fluoreacence aignels, which were then tranaferred to an HP9825A
computer for storage and manipulation.

The lifetimes of the Ho>' 517 and Na°* 41"’3’,2
dramatically reduced in the doubly-doped materials as a reault

of atrong ion-ion interactions. Furthermore, the Nd * ‘F

levels are

3/2
lifetime has become distinctiy non-exponential, determined by

monitoring both the 1.06 and 1.34‘pn emisaion from this atate.
All laaing teats wera conductad in a silver-coated

double-elliptical pump cavity with xenon flashlamps. The arc

length was 100 mm and the pump pulse duration waas 175 psec
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full-width at half-maximum. The 1liong pumsp puise and shorxrt
upper level lifetimea of both ions mey have resuvlted in
inefficient pumping. A rod 6.35 mm in diesmeter and 70 mm in
isngth was febricated from the boulie, which was grown using the
Czochkralaki method. The input energies listed in Teble II
reprasant energy input to the lamps, corrected for the mismatch
batween arc and rod lengthsa. The rod was prepared with flat,
paraliel, uncoated fecea and all mirrors used in the lasing
teats were flat. The results of these liasing tests eare
summarized in Table II.

With an output coupler designed for 90% reflection at 2.34
Pm. simultanecus lesing was observed at 2.940, 3.0i1, and 1.064
p» (+0.003 pmo . During lasing there is a temporal shift from
the initial 2.94 pm laaing to the 3.01 pum transition. When an
output coupler with a reflectivity of 90% at 1.34 um and 88X at
1.06 pn wes uaed, simuitsnecus lasing occurred at 1.064 and
1.339 pm. The temporal behavior of thie lasing is illuastrated
in Fig.1l. The 1.34 pHm transition haes a lower threshold than
the 1.06 um lasing isee Figs. i(a) and <bll. As the input
energy is incressed the 1.06 P output rapidiy becomes more
intense, and 1.34 pm lasing only occurs at the leading and
trailing edges of the 1.06 pm lasing. Whan the reflector waas
changed to one which had a maximun reflectivity at 1.34 Pm—and
R < 40x at 1.06 P, only 1.34 p= laaing wes observed in an
uninterrupted pulise.

Simultaneocus lasing by Hoa’ and ng* ions was observed in

{Ho,Nd):YAG. The fiuvorescent lifetimes of both the Nde’ 4F

3+ 5 3/2
and Ho 17 were dramatically reduced in the doubly-doped
material when compared to singly-doped crystaia. These changea
indicate atrong ion-ion interactions in +thias cryatel, which
laad to more efficient 3 pm laser operation. With asppropriate
mirrora, it ies believed thet simulteneous operation would occur
on all four of the reported laasing wavelengtha.

Thia work was supported by AFOSR under <Contract WNo.
AFOSR~-84-0378. Cooper LaserSonics and GQuantronix provided
gifta to support thias work. <C. Enderby of Cooper LaserSonica
provided an impatusa to thia work by suggeating thet
dual-waveiength operation might occur in (Ex,Nd):YAG and would
be desirable for medicsl applications. Valuable discuasiona
with W.G. Shi are also acknowledged.
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Tabla I. Lifetimeas of the atates of Hos+ and Nd3+ in

(Ho,Nd):YAG, Ho°'

in Ho:YAG, snd NA°' in Nd:VAG)

State Haterial Lifatineﬁpsec)
= 3.

IG of Ho (10%x Ho,1x Nd):YAG 41 ~ 3
5 e 25

I6 of Ho 15X Ho:YAG 47 + 3
5 3+

17 of Ho (10X Ho,ix Nd):YAG 170 « 30
5 3+ "

17 of He 15% Ho:YAG 3300 » 500
4F3’2 of Na°T (i0% Ho, 1% Nd):YAG 8.5 + 0.8"

-+
dF ~ of Nd3 ix Nd:YAG 237 = 10
3/z -

Value is initisl l1/e decay time of a non-exponentiml process

Table I1. Lasing output energiea from (10X Ho,1X Nd):YAG
Energy In Energy Out {(mJ) » 10%
(Jouiea) 1.06 pm 2.94+3.0£yu 1.06 + 1.340um 1.34pm
99 2i 3 29 61
148 47 i3 =5 | 132
207 al 24 108 178
342 137 41 192 261
Mirrors: Output R=90Xx, 2.94 pm [R=88%, 1.06 »= R=88%, 1.06 pun
Coupler T=3x%x, 1.06 ym |[R=90%, 1.34 P R=90x, 1.34 P>
R<i0O%, 1.34 u»
High Refiector Enhanced Siilver [Fnhanced Silver|Max R, 1.34 jpm
- - 7
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Fig. 1. Laser waveforma for the Ndaf i.34 and 1.06}::\ aignals
from (10% Ho, ix Nd):YAG. The upper trace monitors the current
pulae to the flashlamps. The horizontal scale 1is So/usf’div in
all osciliographa. Waveforms at 1.34 (a) and 1.06 P {b) with
69 joules (corrected) input. Vertical =scale is 10 =mV/div.
Waveforms at 1.34 (c) and 1.06 Pm {(d)> with 148 joules
(corrected) input. Vertical sacale is 20 mV/div. Waveforms at
1.34 (e) and 1.06 p= {£) with 207 3joules (corrected) input.

Vertical scale is SO mV./div.
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