Passive Q switching of the Er 3*:Y;3Al;04, laser at 1.64 um
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Saturable-absorber Q switching of an erbium-doped\YO;, (YAG) laser at 1.64um using
U?":Srk, and U':CaF, was demonstrated. The Er:YAG was longitudinally pumped using a
free-running 1.534.m Er:glass laser. Q switched 1.¢4n pulses of 1.7 mJ and 25 ns pulse widths
were obtained. ©1995 American Institute of Physics.

Q-switched, eyesafe lasers have important applications Two different Q-switch material&ivalent uranium ions
in remote sensing, lidar, and eyesafe rangefinding. Saturable SrF, and Cak) were used. Our identification of the?U
absorbers provide a simple, low-cost option for Q switching,jon in these crystals was made according to Hargre&fes.
but only in the last year have significant advances been madEhe Er:-YAG laser wavelength is well off the peak of the
in passive Q-switch technology for this wavelength region.absorption for both materialsee Fig. 2 A 2.5 mm thick
Several new saturable absorber Q switches for theuis U%*:SrF, Q switch produced pulses with full width at half-
Er**:glass laser have recently been repoftethnd we now  maximum(FWHM) pulse widths of 88-140 nigig. 3(a)].
show that some of these Q-switch materials can be used withhe internal(saturablg small-signal transmittance of this Q
the 1.64um Er:YAG laser. Excellent results are expectedSwitch was 92% at 1.64m.
with cobalt-doped garnet crystal Q switchieshere prelimi- The best results were obtained with a 4.0 mm thick
nary trials have been favorable. U2*:Cak, which produced 1.7 mJ, 25 n&WHM) pulses

In some respects Er:YAG is advantageous in comparisobi9- 3b)]. The internal transmittance of the U:GaF
to Er:glass. The 1.64m Er:YAG laser is a quasi-four-level Q-SWitch was 83%. A U:Sg-Q-switch with a similar trans-

laser because of the large spliting of the ground-staténittance is expected to produce the same or even better re-

(*l,5) manifold, whereas Er:glass is a three-level Iaser.SUItS than those with the U:CaR-switch. However, only a

Er:YAG has a thermal diffusivity of over an order of magni- 2> MM thick U:Srk crystal are available.
tude larger than that of glad€r:YAG could be a good can- Figure 4 shows the temporal relationship between the

. . L : Er:.glass pump laser pulse and the output puibeth
didate for applications requiring high average power. i . :
The Er:YAG laser crystal was longitudinally pumped Q-switched and free-runningf the Er:YAG laser with the

; ; . - U:CaF, Q-switch. These pulses were recorded using a Jud-
with a free-running 1.534m Er:glass laser. This proceddre . ) :
directly populates the upper energy level manifdlti{,) of son (J16 seriesgermanium photodiode detector and a Tek-

L L tronix TDS-540 digital oscilloscope. The free-running
the 1.64um laser transition and, therefore, minimizes theEr'YAG outbut was observed with the U- switch re-
amount of heat deposited in the YAG crystal. The Er:YAG P CaR

crystal was grown at the Crystal Products Division of Unionmoved’ but with the same Er:glass laser input energy.
Carbidé and fabricated into a 0.25 i®3 in. rod. The crystal The efficiency of the U:CafQ-switched Er:YAG output

. : . relative to the free-running Er:YAG output was about 30%.
was doped with 15% of ytterbium as well as 0.3% of erbium, . .y :
by atomic weight. The ytterbium ions did not affect the 1.64However, the pump-to-laser output efficien@64 um out

um laser, since only the erbium upper laser level Waéz)Ut divided by absorbed 1.534m pump energywas only

d(thi lis herei d simolv Er-YAGTh about 1.5%, for the free-running Er:YAG. There are several
pumpedithis crysta IS Nrein namea: simply £I- A_ € factors which may account for this observation, including:
1.64 um resonator configuration used is shown in Fig. 1. The
1.534 um Er:glass laser beam was focused inside the

Er:YAG rod with a+15 cm focal length lens to obtain anl

. . . . 1645 nm
mm diam beam waist. The folded resonator cavity of Fig. 1 ouput
was chosen in order to prevent pumping of the passive Q R
switch by the Er:glass laser at 1.534n. A longitudinally 1 @tsm
pumped, unfolded arrangement could be designed by using a ~—— o snitch
normal incidence dichroic coating to reduce or eliminate 1.5 !
. . . 13cm =1 +5cmlens
um pumping of the saturable absorber. The intracavity Residual 0s%Ervag P ARcoakd)
cm focal length lens concentrated the 1,6#h light in the 1584nm 1 (025x3in.rad) || —
. . ) P W F 3 > .4__1534nm
Q-switch crystal. A 97% reflective output mirror at 1.64n ] input
15834 HT
was used. 1534 nm HT 1534 nm HT #15om
@45+ 201
~——— 15—
30n leave of absence from the Brazilian Institute of Energetical and Nuclear —10cm—>
ResearcilPEN/CNEN/SP under a(granj fellowship from CNPg/RHAE,
Brazil.
YAlso with Hughes Aircraft Company at El Segundo, CA 90245. FIG. 1. Er:YAG laser resonator.
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FIG. 4. Temporal relationship between Er:glags534 um) pump and
Er:YAG (1.64 um) output. Both Q-switche¢with U:CaR) and free-running

FIG. 2. Absorption spectra of 1):CaF, and U*:SrF, near 1.64um. (Q-switch remover Er:YAG pulses are shown.
(1) a poor spatial overlap between the pump beam and the a2
Er:YAG resonator modes, an(?) large surface-reflection — >0, (1
losses, resulting from uncoated components in the resonator. dt t=t,

The Er:YAG rod, and the uranium-doped Q switches were ] ) )
uncoated. where ¢ is the (time-dependentphoton population of the

Prior experiments usina 1 cmlong, 0.5% concentration '€sonator cavity. Using the inequality), and Eqgs.(2)—(4)
Er:YAG crystal (pumped with Er:glagswith an output cou- from Ref. 2,_|'_[ is relat|vel)_/ stralghtforV\_/ard to derive the fol-
pling of 5%, have yielded a threshold absorbed B en-  owing condition for passive Q switching:
ergy of 10 mJ, and a corresponding 1&#h slope efficiency A
of 40%°> The same 1 cm crystal did not produce lasing inthe — o,>7y A—a Ty, (2
present cavity with the passive Q switches probably because 9
of insufficient gain. We anticipate that with a properly de-wherec,, o are the effective Q-switch absorption and la-
signed system, similar efficiencies could be achieved with &er stimulated-emission cross sections, And A4 are the
passively Q-switched Er:YAG laser. transverse laser beam areas in the Q switch and laser-active

The rate equations for a slowly relaxing saturable abcrystals, respectively. The constant is equal to 1
sorber Q switch are given in Ref. 2. Laser thresh@ta +g,/g, for a three-level laser, whe,, g, are the upper,
time to prior to the Q-switched photon pulsés achieved |ower laser energy level degeneracies. In the case of a quasi-
when the gain just exceeds the losgiesluding those of the  four-level laser, such as Er:YAG~1.
saturable absorberAt this point, the rate of growth in pho- We have measured room-temperatafg fluorescence
ton population §¢/dt),_ is small. For Q switching to oc- (~2.6 um) lifetimes of 25 and 5us for U*:SrF, and
cur, the absorber must then saturate faster than the gain. THiE*:CaF,. Assuming that all of the ¥ ions pumped by the
condition is given mathematically by: 1.64 um, decay back to thél; metastable level, then the

FWHM = 88 nsec

~» le— FWHM = 25 nsec
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FIG. 3. Sample Er:-YAG Q-switched output pulses with a 2.5 mm thick B*:SrF, Q switch, andb) a 4.0 mm thick 3*:CaF, Q switch.
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absorption relaxation lifetime is at least as long as the fluo- In conclusion, we have shown that efficient passive Q

rescence lifetime, and the slowly relaxing absorber theorngwitching can be obtained for the 1.6dn Er:YAG laser

applies. using U*:SrF, and U*:CaR, saturable absorbers.

The absorption cross sections of 2USrF, and

U?":Cak, were obtained from saturation fluence

measurementsBoth materials have the same cross section

at 1543 nm(7x10°%° cn), within experimental error. As- 1. Spariosu, R. D. Stultz, M. Birnbaum, T. H. Allik, and J. A. Hutchinson,

suming a homogeneous broadening of th& W@bsorption Appl. Phys. Lett.62 2763(1993.
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. . . . Spariosu, Appl. Phys. Let64, 948(1994); Appl. Phys. Lett65, 3153(E)

length proportionately with the measured absorption coeffi- (1994,

cient. Using the absorption spectra from Fig. 2, and the meas3m. B. Camargo, R. D. Stultz, M. Birnbaum, and M. Kokta, Opt. Létb.

sured cross section at 1543 nm, the cross sections aut64  be publishey

' 4 - ) . . .
should be about 3.2 and 220 2° sz, respectlvely, for \l/\gggo%:::;r,zsmld State Laser Engineerin@rd ed.(Springer, Berlin,

2+. +. i ieqi
U?":SrtF, and F":CaF,. The stimulated emission Cross si spariosu, M. Bimbaum, and B. Viana, J. Opt. Soc. Am1B 894
section? for the 1.64um Er:YAG laser transition is about  (1994.
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_ i ; ; ; ; _ougal, WA 98671.
Aa/Ag 1 Q §W|tch|ng is barely feas@l_e without !ntrgcav W, A. Hargreaves, Phys. Rev. 556 331 (1967.
ity focusing sinceo,/oy~1.5. For efficient Q switching,  sw,_ A Hargreaves, Phys. Rev. 8, 5293(1991).
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