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Investigation of LNA lasers operating in high average power

Cao Sansong , Xu T ianhua, X u Shaoling, Wang M ingqiu , H an Kai

( Southwest Institute of Technical Physics, Chengdu, 610041)

Abstract: We have investig ated the r epetitive pulse laser pr operties of lanthanum neodymium mag-

nesium hexaaluminate ( LNA ) single cr ystal. 86. 6W average output power were obtained w ith slope eff-i

ciency of 2. 5% , where a LNA crystal rod w ith 6mm diameter @ 116mm long was pumped by flashlamp

at high repetition condition.
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高平均功率 LNA激光器研究

曹三松  徐天华  徐绍林  王明秋  韩  凯

(西南技术物理研究所,成都, 610041)

摘要: 给出了铝酸镁镧( LNA)激光晶体在重频脉冲运转下的激光特性,一根«6mm @ 116mm

的 LNA 晶体在脉冲氙灯泵浦下, 采用高重频脉冲工作方式, 激光平均输出功率达到 861 6W ,斜效

率 21 5%。
关键词: LNA 晶体  固体激光器  热透镜

Ñ . Introduction

T he physical and opt ical properties of lanthanum neodymium magnesium hexaaluminate

( LNA) sing le crystal has been suggested that it may be a promising lasing material for high power

laser applications. LNA is a optically uniax ial, congruent ly melt ing compound. T he dist ribut ion co-

eff icient for neodymium is near unity, and the concentrat ion quenching of Nd3+ luminescences is

relat ively weak. This perm its it to be doped w ith high concentrat ion of neodymium w ithout sub-

stantial reduction of f luorescence lifet ime, w hile maintaining high optical quality. Considerable de-

velopment of this material, in the areas of crystal growth, spectroscopy, physical property charac-

terizat ion, and laser physics has already taken place[ 1~ 3] . However, LNA laser suf fers from thermal

lensing ef fect, ow ing to the large rate of change of the index w ith temperature w hen pumped by a

flashlamp in rod gemetry. This effect severely lim it the performance of the laser w hen operated at

high input power[ 4] . In this paper w e present the results of an extensive investigation about high

repet itive pulse performance of LNA lasers. T his study has led to the development of a LNA laser

device w ith an average output power of 86. 8W and slope ef ficiency of 2. 5%. So far to our know-

ledge these are the highest v alues reported for LNA crystal lasers.

Ò . The characteristics of LNA crystal

In general, LNA single crystals w ere grow n along the orientat ion perpendicular to the crys-
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talline c ax is using Czochralski technique. The earlier w ork demonst rated that a LNA laser had an

eff iciency and threshold comparable to NdBYAG laser. Laser act ion of LNA has been observed

w ith pulsed and CW operat ion. Known spectroscopic and lasing propert ies of LNA were summa-

rized in reference[ 3] . T able shows a compilat ion of the physical propert ies of LNA, NdBYAG,

NdBYLF and NdBglass w hich are relevant to laser design and performance.

T able Comparat ive properties of several Nd3+ laser host materials

property NdBglass NdBYAG NdBYLF LNA

optical property isot ropic isot ropic uniax ial uniaxial

index 1. 56 1. 83 1. 45 1. 77

melting point ( e ) N/ A 1970 900 1870

f luorescent lif etime(Ls) ~ 100 230 520 260

total cross-sect ion( 10- 19cm2) 0. 1~ 0. 4 4. 0 2. 0~ 3. 0 0. 7

thermal conductivity( W / m e ) ~ 1 ~ 13 ~ 5 ~ 14

expansion coef. ( 10- 6/ e ) ~ 10 7. 5 ~ 8 ~ 10

dn / dt ( 10- 6/ e ) - 6. 8~ 8. 6 7. 3 ) 18

  From above table, w e can see that dn / dt of LNA is more tw o t imes than NdBYAG. The

large rate of change of the index w ith temperature for LNA is due to it s anisot ropy of thermal ex-

pansion and thermal conductivity.

Ó . Thermal lensing

LNA lasers have been fabricated in a rod geometry. L ike other solid-state lasers, LNA rod

manifests thermal lensing ef fect under thermal loading. This ef fect severely deg rade the perfor-

mance of LNA laser systems at medium pump pow er and completely ext inguish laser action at

high pump power. Clearly the reduct ion thermal lensig effect is essent ial to the development of

high average pow er LNA laser devices. T hermal lens format ion in laser rods arises f rom the com-

bined ef fects of the therma-l optic, st ress-opt ic and elast ic responses of the material to the tempera-

ture and stress f ields resulting from thermal loading. An expression for the thermal focusing leng th

  

Fig. 1  T hermal focal length of rods as a

fun ction of pump pow er

f in a cy lindrical laser rod is: [ 5]
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where K is thermal conduct ivity , A is cross section area of

the rod, P is the heat dissipated in the rod, A is the thermal

expansion coef ficient , n is the ref ract ive index , r is the rod

radius, L is the rod length, and c is a measure of the st ress-

optic effect . The last term , arising f rom rod end elast ic dis-

tortions, can be made neglig ibly small by mount ing the rod

w ithout pumping the ends. Generally, of the remaining two

terms, the dn/ dt contribution is larger by about an order of
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magnitude than the stress-opt ic contribut ion. So d n/ d t is the dominant contribution to thermal

lensing ef fect, and LNA lasers exhibit lim ited power capabilities. We undertook a preliminary ex-

perimental investigation of geometry thermal lensing for LNA. rod for this, a He-Ne ( K= 632.

8nm) laser probe beam was used to measure the focal length of LNA laser rod as a function of

flashlamp pow er. Average pump pow ers in range of 1~ 5kW were used. The result is show n in

Figure 1. For comparison, w e also measured the focal length of NdBYAG laser rod as a funct ion of

input power. Becauese LNA has shorter focal leng th than NdBYAG, as shown in Figure 1, focusing

for LNA laser rod is much greater than NdBYAG.

Ô . The operation of lasers

T he high average power LNA lasers w ere invest igated using a series of the LNA rods w ith

  

   Fig. 2  M easured average output pow-

er as a funct ion of input pum p

pow er

«6mm @ 116mm long oriented along c axis. T he rod end

faces w ith antireflect ion coat prov ide reflect ivity below

0. 2% at 1. 054Lm. The laser experiments w ere performed

in a double ellipse pump chamber. The LNA rods w ere

pumped by two Xe-flashlamps. The laser pump chamber

w as shielded w ith a filter tube to avoid the excessive ther-

mal load due to the ult ra-violet light f rom the flashlamp. A

laser resonator w as formed, in w hich pump-induced lensing

of rod w as taken into account . The laser has been tested at

free-running repetit ive pulsed state. The input-output char-

acterist ics w ere measured by varying the repet it ion rate

from 1Hz to 40Hz. T he output coupler reflectivity was 40 percent . The average output pow er as a

funct ion of input pow er is show n in Figure 2. T he opt ical output pow er of 86. 8W and the slope

eff iciency of 2. 5% were botained. T he elect rica-l to-opt ical overall efficiency is 1. 8%. No tenden-

cy of saturat ion of the output laser pow er w as observed.

Õ . Conclusions

Something about the performances of LNA lasers operated in high average pow er have been

described. We have found that a first-orer compensation of the LNA thermal lensing can be

achieved by thermal compensated resonator. Considerable improvement should be possible by de-

sign zig-zag slab geometry LNA lasers or by diode pump. In spite of the serious thermal lensing ,

LNA crystal is a promising condidate for high average pow er operat ion because of its greater Nd

concentrat ion.
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