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Long-term operation of CsLIBsOio
crystal in fourth-harmonic generation of
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Long-term operation of fourth-harmonic
generation by CLBO was evaluated by two
types of lasers. One type of laser produces a
high peak power beam at low repetition rate,
and the other type of laser produces low
peak power but can run at a high repetition
rate.

Using the high peak power laser, more than
1000 h of stable operation was observed as
shown in Fig. 1. A group of microdamages
resembling the incident beam was observed
at the back surface of the CLBO, and the
small decrease in output was attributed to it.
The Microdamages study showed that ion
beam etching of CLBO surface was
effective in avoiding the damage. When the

etching depth was, e.g., 250 Ano power
decrease, and no group of microdamages
was recognized at the end of test (after 160 h
operation).

In the experiment using the low peak
powerlaser, strong focusing was required for
effective harmonic generation. When a 532-
nm incident beam was focused with an f
=100 mm spherical lens to a CLBO, the
output power decreased drastically to <50%
of theinitia power during 15 h of irradiation
at room temperature. Although no surface
damage was observed in this case, the output
beam profile was distorted as the output
power decreased. These results |ead to
speculation that the refractive-index change
occurred in the focused area of the CLBO.
As Fig. 2 shows, we observed the abrupt
refractive-index change using an optical
heterodyne method with a frequency-
stabilized transverse Zeeman laser as a
probe beam.

Because the optical heterodyne signal is
proportional to the difference of the
refractive index between the ordinary and
extraordinary waves at the phase-matching
direction, the refractive-index change can be
the phase-retardation change in the focused
region. Therefore, this is considered to be

direct evidence of refractive-index change.
When the angle of incidence was detuned
from the phase-matching angle to eliminate
the fourth-harmonic generation, such
retardation change was not observed even
though the same amount of focused beam at
532 nm was input to the crystal more than
15 h. Therefore, we can conclude that this
refractive-index change was caused by
selfheating of CLBO by absorbing 266-nm
light.

Figure 3 shows the methodology of
CLBO for fourth-harmonic generation.
Although reported earlier about the
necessity of using CLBO at an elevated
temperature ( > 1300 , it is also important to
use CLBO at reduced 266-nm average
power density below 2KW/ cm? in order to
avoid drastic decrease of output power.
Below this density, no refractive-index
change was observed.
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wias elevated to 120°C Jand high=purity nitrogen gas was flowed around the crystal at
the rate of 0.7L/min to prevent CLEO surface from moisture,
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1.Introduction

b
0 CsLiB6010(CLBO) is a powerful nonlinear crystal for UV
coherent light generation.

00 Using CLBO
Nd:YAG 4th harmonics : 10W,

Nd:YAG 5th harmonics : 4W,
192nm SFM 1 >200mwW

O Long term operation study of CLBO is another important
subject.

Two types of Nd:YAG SHG(532nm) Lasers were used for the
Experiment.
0 10 High Energy, Short pulse width, Low Rep.Rate
(200mJ/pulse) ( 3nsec) (100Hz)

0 20 Low Energy, Long pulse width, High Rep.Rate
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Experiment 2:

Using low energy, long pulse width, high rep.rate laser

{0.9mJ pulse) { 40nsec)

(1KHz)
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Optical heterodyne detection of

refractive index change priass defterencs mesren
batwesen Zeeman beats
# Phase
it r-
i NECOrTNer
|  Feguency Stabiized
I Transwerse Fesman Laser
i orifgonally
AT b o
Linsair
Crystal Chaen Polarizer
r-.H-'r.qE. ........... : i} r .
g —— -= Ili" ulmltlt
LWE 210G
f=1 OOF
Sphencal o ALAGE
s
Dgtical haterodyne  detection of
oplical damage
{degrea) {dagpres) J—
EW 5 | ! |II|:||||!|||-|
memmund after I3 howrs of continucs masasured at S0 after A5 houwrs
M}Eﬂ at ikHz i 1 arriaaling af !‘\'.'I:'I"I; |
E‘*‘r-p.smz L T g* I SR I E—
CLBO 367151 5 [
2| legth: 21 9me | i |
(= I P ——-—-%--—| S 3F o | S .
% E (O E 2 , —_—— =
1 i T M — - 1 [FOLBO 36761 —
| ] | lengeh ; 21.0wmm
[ |
a 3 I PP T o 1 L s anaales oo leaay
] ! 2 3 4 5 i n 1 £ 3 4 5 i
Haorizontal Position [men) Horiromtal  Pasition AFnim)

Ceparcercs of ong e conditom of (1B
o SETEeanEs ard TEE svenge
'] power dmssty
hn __1__ .- r-l. g
= ] 3
| a _m‘l
] e T e |
1%
'
00} =
E 5 " 1
X | A 1
a i | 3
[i} 2 4 [ B 18]

Conclusion

Long term operation of CLBO in 4HG of Nd:YAG laser was evaluated by two
types of lasers.

By using high peak power laser,
0 More than 1000 hours operation was performed with no signifcant power decrease.
[ The decrease of output power was attributed to damages of the back surface.
0 lon beam etching of CLBO surface was effective to prevent CLBO from the surface
damages and stable long term operation.

By using low peak power laser,
[ Strong focusing caused refractive index change in focused region of CLBO.
0 The refractive index change was caused by self heating of CLBO by absorbing fourth
harmonic light.

The conditions for the stable long term operation of CLBO in the 4th
harmonic generation are as follow:
0 etching CLBO surface untill the embedded polishing compounds are removed

completely
0 using CLBO at reduced fourth harmonic average power density below 2KW/cm”2
[ elevating CLBO temperature mofe than 1500 .
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