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ABSTRACT

We have, through careful analysis of spectroscajaita, designed and demonstrated a diode-end-punouedi-
continuous wave Tm:GdVQaser operating at 1892 nm in order to pum@-awitched Ho:YLF laser. The Ho:YLF
maximum output energy was 1.9 mJ in an 18 ns patse wavelength of 2050 nm.

Type 1: Oral or Poster



Q-switched Ho: YLF Laser Pumped by a Tm:GdV O, Laser

M. J. Daniel Esser,* H. Strauss, W. S. Koen, DuBster, K. Nyangaza and C. Bollig

National Laser Centre, Council for Scientific andustrial Research, PO Box 395, Pretoria, 0001,
South Africa (*desser@csir.co.za)

INTRODUCTION

Orthovanadates are attractive host crystals fa-earth doped diode-pumped solid-state lasers. i§tadso the case
when doped with Tii or Ho**, which have been shown to exhibit certain advasgaryer other host crystals for Mid-IR
laserst? In particular, it has been shown that Tm:GdM@s strong and broad absorption features at thgsim
wavelength of commercially available high powerefagiodes at ~800 nfin addition, the broad emission peak at
1.9 um in Tm:GdVQ can be utilised for laser operation over a widevelength tuning range, including wavelengths
which can be used to pump Hland Cf*:ZnSe laserd.The highest laser output power was reported bgt lal who
achieved a maximum continuous-wave output powé.&W from a diode-end-pumped Tm:Gdyf@ser? In addition,
with the use of an intra-cavity birefringence filtthey demonstrated a tuning range of 126 nm (18246 nm). More
recently, a comparative study of the tuning rangfesm:YVO,, Tm:LuVO, and Tm:GdVQ was conducted by Sukt

al, both in continuous wave (CW) and quasi-continuease (QCW) modé.Also, we have previously demonstrated a
diode-end-pumped QCW Tm:Gd\{@aser operating at 1818 nm or at 1915 nm by apjai@pselection of the resonator
output coupling valué.Thus, even though significant wavelength tuning baen demonstrated for Tm:Gdy/@ our
knowledge, there has been no report of a Tm:GgM€er pumping a Hb laser. In this paper we report on the design

and operation of a diode-end-pumped QCW Tm:Ggl\&Ser selected to lase at 1892 nm, which was tespdmp aQ-
switched Ho:YLF laser.

SPECTRAL ANALYSIS

To design a high-power diode-pumped Tm:Gd\&ser for pumping a Ho:YLF laser, detailed spestopic studies of
the laser materials are required. The absorptiosscsection datar{,) of Ho:YLF for the®lg —°I; transition is shown in
Figure 1’ The absorption is highly polarised and it wouldgveferential to pump on either of the two absampiieaks
of the n-polarisation E||c), located at 1892 nm (0.72 x{0cn?), and at 1940 nm (0.99 x T®cnf).” When pumped at

either of these two wavelengths, the Ho:YLF laser emit at 2.05 um, (arrpolarisation) or at 2.06 um when forced to
lase on the weakerpolarisation ELIC).
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Figure 1: The absorption cross section of Ho:YIHe émission cross section of Tm:Gdy@nd the calculated threshold power
density of the Tm:GdV@laser with different transmissidhoutput coupler mirrors.

We have previously measured the absorption crastore,,) of our Tm:GdVQ laser crystals at 1.9 um to enable
accurate predictions of the laser performinBased on the measurements, we calculated withettiprocity method
the emission cross section,f) of Tm:GdVQ, for theF, —*Hg laser transition, also shown in Figure 1. Frors tiaph

it is evident that the Tm:GdVQaser emission will be stronger at the 1892 nm pwavelength of Ho:YLF, compared
to the 1940 nm absorption line.

The wavelength of the quasi-three level Tm:GdM@ser can be roughly selected by choosing theecbroutput
coupling value. To determine the output couplengraission to operate at 1892 nm, we calculatedettpected



threshold power and the operational wavelengthhef Tm:GdVQ laser for different output coupling valud@s The
calculations were made using the expresSioh,

P, _hv[L+T+2Nlo, (1)
Pth_density(A) = 2 =

™ 2117, O em(A)
whereL represents additional resonator losses, assumeel 186;w; ~ w, ~ w is the laser mode and pump beam radius
in the laser crystal, assumed to be equal for tilepemped laser developed:is the concentration of Tthions in the
laser crystal (3% at. doping x 1.21x1@n?);** v, is the frequency of the pump light; is the pump quantum
efficiency, typically assumed to be 1.5 for diodevped Tri" lasers to incorporate the 2-for-1 pumping processthe
lifetime of the®F, upper laser manifold, taken as 1.85 Mmaijxdl is the length of the laser crystal, which was 3.mm

The result of the calculations for three outputplimg values is shown in Figure 1. For a particudatput coupling
value T, continuous-wave laser oscillation will occur g twavelength and polarisation for which the thoégipower
density is a minimum. This method of analysingsetamaterial for laser performance is complimentarghe “effective
emission cross section” method used by other asttdiThe calculation method we used provides a clagication on
what polarisation and output coupling loss to deleorder to operate the Tm:Gd\{@ser at 1892 nm. By selecting an
output coupler transmissioh = 5% (reflectivity 95%), and by inserting a Brearsplate inside the laser to force it to
operate om-polarisation, the Tm:GdVPwavelength will be approximately at 1890 nm. TaHar fine-tune the output
wavelength of the Tm:GdVQlaser onto the absorption peak of Ho:YLF at 188% we inserted an uncoated fused-
silica etalon of thickness 100 um in the Tm:GdM&ser resonator.

EXPERIMENTAL SETUP

The 3% at. doped Tm:GdV,QGerystal (2.5 x 2.5 x 3 mi was end-pumped with two fibre-coupled laser dides

indicated in Figure 2. The laser diodes were opérat a quasi-continuous-wave (QCW) mode with thep pulse on-

time set to 20 ms at 5 Hz repetition rate (10% dutyie). The duty cycle was limited, as well as kenched pump
power (maximum 30 W from each diode), to avoid therfracture of the Tm:GdVgxrystal. The Tm:GdV@Qresonator

was based on a compact design, with a concaverbftgetor (HR) end-mirror with r = 200 mm, which svalso coated
for high transmission (HT) at the pump wavelend@@4( nm). The plane output coupler reflectivity V@86 at 1.9 um

(unspecified at 804 nm). The Tm:Gdy@esonator, containing a Brewster plate and a 1fi0etalon, had an optical
length of approximately 73 mm.

HR@1.9-2.1um
r=500mm

Output Coupler

Ho:YLF 2 pm r=200mm

laser oscillator Ho:YLF

R=98% %

for diagnostics
Focus lens

Diagnostics
. N2 plate
Optical Isolator /\
. v 45° HR

i
e
\ =
=]
Laser output

2 pm Pump = R 80%

Ho:YLF average output power [mW]

L. t [
Brewster aser outpu L -+ R 90%

Pump light plate Pump light 10 ¢ -+ R 65%

from from
Laser Diod Laser Diode

0 | } 1 1 | 1 1 1 |
Focus lens HR@1900nm  Tm:GdVO,  R=95% HR@1900nM' Focus lens 0 100 200 300 400
oo fat HT@soonm Tm:GdVO, average pump power [mW]

Figure 2: Experimental setup of the Tm:GdM@mped Ho:YLF laser.  Figure 3: QCW output of the ¥Hd- laser.

The output beam of the Tm:Gd\(@Gaser was transmitted through an optical isoltd@rotect the Tm:GdV@Qlaser from
back reflections from the Ho:YLF resonator. A lavith focal length 350 mm was used to produce a sjzetof 480 um
diameter inside the 40 mm long, 0.5% doped Ho:Ytystal. The folded Ho:YLF resonator was formed kestw the
500 mm curved end-mirror and the 200 mm curvedututpupler mirror. The fold mirror had a 25-30%sdder the p-
polarisation and a high reflection for the s-palation at the Ho:YLF laser wavelengths, and a highsmission for the
pump light at 1892 nm. Due to this fold mirror, tHe:YLF laser could be operated on eithguolarisation (2.05 pm) or
o-polarisation (2.06 pm) by the appropriate origatabf the Ho:YLF crystal axis. The pump polarisativas controlled



with theA/2 plate at 1892 nm to ensure that the Ho:YLF alysts pumped on thepolarisation. The laser back mirror
also reflected the pump beam to realise a doulds-pamp scheme. The etalon inside the Tm:Gdv&yity was
adjusted during lasing conditions to set its wangik to the maximum absorption in Ho:YLF. An acdsiptical
modulator (AOM) was used &%switch for the Ho:YLF laser, which was synchroxige the QCW output pulse of the
Tm:GdVQ, laser.

RESULTS

Three Ho:YLF output coupler mirrors with reflectiyiR80%, R90% and R65% at 2 pum were used duringritial
QCW experiments, the result of which is shown igufé 3. Also shown in Figure 3 is the measured Q&Mip pulse

at 1892 nm (Channel 1), and the free-running Ho:Ydder pulse (Channel 2) that followed the pump@ulfter a delay
of approximately 5 ms. The severe spiking behavafuthe Tm:GdVQ pulse was attributed to instabilities caused by
strong atmospheric water absorption at 1892 nm.rii&emum average pump power from the Tm:GdV&3er incident
on the Ho:YLF resonator was 365 mW, or 3.65 W peaker during the on-time of the 20 ms QCW pulsethvitie
R80% output coupler, the Ho:YLF laser produced aimam of 70 mW average power, with pulse duratidn o
approximately 15 ms. The Ho:YLF crystal was oriéedato lase om-polarisation, the measured centre wavelength of
which was 2064 nm. Next, the AOM was inserted ia davity toQ-switch the Ho:YLF laser. The output coupler
reflectivity was R65%, and the Ho:YLF crystal axiss orientated to lase on the strongeolarisation. The laser
threshold was slightly higher with the AOM inserted 200 mW of average pump power. The maximumuilgpergy

of 1.9 mJ in an 18 ns pulse, as shown in Figungas achieved with only 270 mW of average pump powwereasing
the pump power beyond this point resulted in@aswitched Ho:YLF laser to have unstable output predlasing, since
the AOM could not hold-off lasing with such highiganside the resonator. The wavelength outputhefQ-switched
Ho:YLF laser was centred at 2050 nm.
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Figure 4: The 1.9 mJ output pulse of @switched Ho:YLF laser pumped by the Tm:GdM@&ser.

CONCLUSION

We have shown that the Tm:Gdy@ser wavelength can be operated at an absonpiak of Ho:YLF through careful
analysis of the spectroscopic data of these lasgenals. A diode-end-pumped QCW Tm:Gdy)@ser operating at
1892 nm was demonstrated by implementing an owtpupler transmission of 5%, and by inserting a Btewplate
and a 100 um etalon. This laser was used to putdp:¥LF laser with a resonator design that enabledbie-pass
pumping and polarisation selection of the Ho:YLBedraoutput. Both the free-running aQeswitched performances of
the Ho:YLF laser were evaluated, the best resulvtith was an energy of 1.9 mJ in an 18 ns pulse, wavelength
output of 2050 nm. This is the first time to ouokviedge that a Tm:GdVQJaser has been used to pump &Haser.
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