
UCRL-JC--105386

DEgl 005269

" "1

lJL[, '-_,.,1.1990

High Power CW Performance from a
, Ti:Sapphire Laser and a Single-Pass Amplifier

b

G. V. Erbert
1. L. Bass

R. P. Hackel
S. Jenkins

K, V. Kanz

J. A. Paisner

This paper was prepared for submittal to
International Conference on Lasers '90

San Diego, California
December 10-14, 1990

November 7, 1990

i: i:::i:,i:i::!.i:i:i:i:i:!:!:i.:i:i:i:i:!:!'.i:i!:i:i:i:i:!:!:::::i:!:i,Z

............. ..........,.v,. ......... ..... ll_.

, Thisis a preprint ofa paperintended for publication in a journal orproceedingL Since ......!:i:i:i:i:i:i:i:!_!:i:i:i_::_:!:!:i:i
•, changes may be made before publication, this Imeprint is made available with the

understanding that it will n,.t be cited oa"reproduced without the permission of the
author.

DISTRIBUTIOIq Oi: THIS DOCUMENT I,S UNL.IMIT'_:::



DISCI,AIMER
d

This document was prepared as an account of work spon_lred by an agency of the

United States Government. Neither the United States Government nor the University

of California nor any of their employees, makes any warranty, express or implied, or

a_sumes an) legal liability or responsibility for _he accuracy, comple{eness` or u_ful-

heSS of any information, apparatus, product, or process di_lose4, or represents that

its u_ would not infringe privately owned rights. Reference herein to any specific

commercial products, p,occ_q, or service by trade name, trademark, manufacturer, or

otherwise, does not necessarily constitute or imply its endorsement, recommendation,

or favoring by the United Steres Government or the University of California. The

views and opinions of authors expressed herein do not necessarily state or reflect

those of the United States Government or the University of California[ and shall not

be used for advertising or product endorsement purposes.



, , lilfl , ,, LJ ,, ,,

High Power CW Performance from a Ti:Sapphire
Laser and a Single-Pass Amplifier*

G. Erbert, I. Bass, R. Hackel, S Jenkins,

K. Kanz, and J. Paisner

' Lawrence Livermore National Laboratory
P.O. Box 808

• Livermore, California 94551

ABSTRACT
Usingtwo argon-ionlasers to pump a CW cooled to liquid nitrogen temperatures [3].

, Ti:Sapphire laser we have demonstrated We also report on preliminary results of a '
consistent high power (19 watts) operation CW Ti:Sapphire amplifier with an efficiency
with a low order spatial mode, Thermal of 20% and a total output power of 24 watts.
lensing effects were controlled by enclosing
the laser in a vacuum and coo{ing the rod LASER EXPERIMENTS

In previous work [4], we described awith liquid nitrogen. , Using this laser we
also demonstrated a CW Tl:Sapphire similar laser system where the rod was
amplifier with an efficiency of 20%. cooled by conduction through a coppermount

with liquid nitrogen. The rod was enclosed
in a small vacuum vessel fitted with

INTRODUCTION Brewster windows. This prevented
Continuous wave operation of TJ:Sapphire condensation from forming on the surface of

at liquid nitrogen temperatures was first the rod when cooling to liquid nitrog.gn
reported by Moulton in 1984 [1]. Over the temperatures. The introduction of the
last few years, several commercial CW Brewster windows into the resonator design
TJ:Sapphire lasers have been introduced to caused additional losses in the laser cavity
the market with output powers of several and also caused astigmatism in the output
watts. The peak absorption at 500 nm beam. Although it would be possible to
makes Ti:Sapphire ideally suited for design a resonator to compensate for the
pumping with argon-ion lasers. The output astigmatism [5], ther_ would still be the •
power of commercial TJ:Sapphire lasers is loss associated with the four Brewster
limited not only by the output power of the surfaces. In our new design we have
argon-ion pump laser, but also by the eliminated the Brewster windows by
strong thermal gradients induced in the rod enclosing the entire laser in a vacuum

,, while pumping with high powers t2]. In vessel. This not only eliminates the
this paper, we report on a laser which is problems associated with the Brewster
designed to be pumped with two argon-ion windows but also provides a clean, dust free

" lasers with a total pump power of 57 watts, environment. The vacuum vessel was fitted
Thermal lensing effects were controlled by witll mechanical feed-throughs to control
t_king advantage of the large increase in various mirrors and tuning elements nf,q

thermal conductivity of Ti:Sapphire when the laser. Windows with appropriate AR

*Work performed under the auspices of the U.S. Department of Energy by file Lawerence Livermore
National Laboratory under Contrac*. W-7405-Eng-48
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FIGURE 1 Mechanical layout of vacuum enclosed Ti:Sapphire laser

- costings were provided for the output beam In operating the laser on a day to day
and pump beams. A schematic of the laser is basis with the system remaining under
shown in Figure 1. The laser optical design vacuum we have observed consistent high
is similar to the one described in our

earlier work [4]

A plot of an input-output curve with ,,,,
a slope efficiency of 35% is shown in Figure ,,,, ._
2. The two ion lasers were adjusted for _"" ,Jequal output powers in the measurement. At _ ,,.,
57 watts of total pump, power, the output _ ,,.,

-_ . power was 19 watts This data was taken at _ ,,..
850 nm which was a'! the peak of the tuning _ ,.,
curve for the particular mirror-set used. § ,,, o

. , Slightly higher powers would be expected at ,.,
780-800 nm which is the peak of the gain ,,,
curve for Ti:Sapphire. The high quality _ ,, ,_ _, . _, ,, ,, ,, ,, ,. ,,
spatial mode of the output beam at high Po._, POHER (HRTTS)

pump powers is shown in Figure 3. The
smooth Gaussian-like profile suggests the FIGURE 2 Ti:Sapphire laser outputvs.
laser is operating in a TEMoo mode. pump power at 850 nm



power performance with a spatial mode
typical of that shown in Figure 3. The clean ., ........................................
environment of the vacuum enclosure i : : :._----';-f;

eliminates the need to constantly clean " ...... i"'i"ii !' ':.>_:_'i'"!"

optical components and also reduces the risk _ ..........

of optical damage to critical elements• We _ .,,have observed no loss in performance of the
laser over several weeks of operation _., : '": .......'.......".......:" '" _"....... ./', , , __,'.o. c_r'r:c:_.'_.................... =,= c.-i
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FIGURE 4 calculated efficiency vs. inputL

!x_wer for a single pass Ti:Sapphire
amplifier

of 33.5 watts. Under these conditions the

amplifier efficiency was 20% with a 24.0
watt output. This performance ts slightly
less than predicted by the model which
assumes a perfect overlap of the pump and

FIGURE 3 Spatial mode observed with 19 signal beams. The less than perfect
watt output at 850 nm and 57 watts of total overlap in our amplifier probably results
pump power from astigmatism introduced by the optical

design and by thermal distortions in the

CW AMPLIFIER rod. A carefully designed amplifier that

Using a simple laser kinetics model maximizes the overlap of the pump and
we have predicted that efficient CW signal beam and allows the rod to be cooled
amplification with Ti:Sapphire is possible, to liquid nitrogen temperatures should
"o be efficient, the amplifier must be well produce better agreement with the model•
saturated by the input signal. Figure 4
shows the calculated efficiency of a CW
TJ:Sapphire amplifier as a function of the me_,_

input signal power for a 45 micron spot eu_e_ /._'_

size at 850 nra. To test this result we s_;_ee_: _/_-/_. constructed a simple single-pass amplifier "

shown in Figure 5. The amplifier rod was j/_ur[,//_ 0_e0_l
cooled by conduction through a water cooled

copper block. Although the amplifier could _LmS .. _-.-_ r>-._.

be pumped with two argon-ion lasers, at __0,cc0_ _'_'
high pump powers thermal distortions _.--

.,

adversely affected the performance. _ _

lr a preliminary experiment we injected

17.4 watts of 850 nm signal into the FIGURE50pticalschematicofsinglepass
amplifier provided by the Ti:sapphire laser Tl:Gapphire amplifier using two argon-ion
described above. The amplifier was pumped pump lasers
by two argon-ion lasers with a total power



CONCLUSIONS [3] S.R. Henion and P. A. Schulz,
We have demonstrated a CW "Efficient, High Average Power, Liquid

Ti:sapphire laser design which is capable of Nitrogen Cooled TJ:sapphire Laser,"
producing 19 watts of output power. Using presented at the Tunable Solid State Lasers
the high intensities and low order spatial topical meeting, North Falmouth, Mass
mode of this laser we demonstrated a CW, (May 1-3,1 989)
single-pass Ti:Sapphire amplifier with an
efficiency of 20% and a total output power [4] I.L. Bass, R. E. Bonanno, D. G,

. of 24 watts. The results of this work Braun, K. Delos-Santos, G. V. Erbert, R. P.

suggest that Tl:sapphire could be scaled to Hackel, C. A. Haynam, and J. A. Paisner,
very high CW powers by the use of "Ti:Sapphire Laser Performance above 15
amplifiers in a MOPA chaln configuration. W cw with Line Narrowing," presented at

• the Tunable Solid State Lasers topical
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