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GRAPHICS DISCLAIMER

All figures, graphics, tables, equations, etc. merged into this
translation were extrac~ted from the best quality copy available.
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SPECTRAL PROPERTIES OF A NOVEu LASER CRYSTAL Y=(1n,Ga zGa=Oyn:Cr"-

XINXING JIGUANGJINGTI Y=(InGa)zGa=O±2 :Cr"-

By: Li Yunkui, Tang Honggao, Hang Yin, Chen Shuchun

The Anhui institute of Optics and Fine Mechanics, Academia Sinica, Anhu

Abstract: Spectral properties of a novel phonon-terminated laser

crystal Y&In, Ga)mGanOx=:Cr"" grown by the flux method are reported for
the first time. The results show that the spectral properties of this

-n-s! crystal are compatible winh zhose of Gd&SeGa)zGazOxm:Cr" and is a

potential ambient temperature tunaole laser crystal.

INTRODUCTiON

Gd(ScGa)m-aOG:Cr"- (shortened tc GSGG:CR=-) is a type of phenor-

terminated laser crystal with excellent capabilitiesI±". it has a

relatively weak crystal field and relatively strong electron - phonon

coupling. At room temoeratures a strong terminal phonon emission spectrum

wth a halt width of about 10C nm can be observed. At the same time-

exie -2mentaily at room temoeratres, a wide band continuous tunaLie iaser

smncsion has seen observedL"3. Since it has neen reported, a great deal

o! attention has been paid to it. However, since Scandium is rare and

exoensive its applications are nimited. The authors used indijm which has

a similar ioF radius in Va~s of the Scandium t gro

Go~i- Gal;2 Ca O :C! (Shortened o I3i32Cr"-- monocrysta!s. it has tne

same crystal field strength as GSGG:Cr , but it has a Stokes Frequency
Snift and a fluorescence bandwith less than that of GSGG:Zr - , with

res. lts less than idealC .

This operation used Y ano in to replace Gd and Sc respe-tively, and used

the fiux metnod to grow Y°(In,Ga)zGa=O±,:CF - monocrystals (shortened t

YIGG:Cr=". From the room temperature absorption light spectrum , the

fluorescent lignt spectrum arnd the time discrimination spectrum we

oetermined some of the crystal field parameters and the duration cf

fluorescence. The results show that the YIGG:Cr=- crystal spect-um
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capabilities are clearly superior to those of GIGG:Cr"-, and are

comparable with those of GSGG:Cr" . It is a type of ambient temperature

phonon-terminated tunable laser crystal with excellent prospects.

YIGG:Cr"" monocrystals are grown using the flux method. For flux we

used PbF and PbO. We also used a small amount of PbO, in order to protect

the platinum crucible. The materials and the flux were mixed in te

following rates: Y=O= 6 mol%, InG== 4 mol%, Ga20= 10 mol%, PbF= 40 mcl%,

PbO 4C mol%, CrmOy I mol%. The purity of the materials were all 4N. and

the crystals were grown under gallium rich conditions. The automatic

temperature controi system was composed of a JWC-802A crecision

tempe:-ature digital programmed timer and a DWT-702. The grow.th sequence

OaS as follows: The ambient temperature was raisec to SO C at a rame of

10: C/h, then it was raised to 1300 C at a rate of 200 C/h and held tnere

for ten hours. Tnen it was dropped by 2 C/h until it reached 20 C.

When the crvstal temperature was between 1280 and 1100 C the temperature

was rroppeo i C/h. inaliy it was dropped by i.5 C/h to 800 C. "en the

fturnace was shut down and the crystals were allowed to cool bor to room

-naturally. The crucible was removed from the furnace ant 1:1

immen-sad for several days in a diluted nitric acic solution to se-a-ate

-rs C-vstals. The gcon crystai reacned sizes up to 5 X 5 X 5 mm. -

wee greenish olack in color, transparent, and of excellent quali-y.

SPEC. TRUN ..... .....

illustration one (a) and (b) snow the ambient temperature absormtion

spectrum and fluorescent spectwum of YIGG:Cr= " crystals.

The absorption spectrum was measured using the Japanese UV210

soectrophotometer. It is made up of two bands, one of which has a peak

wave length of 620nm [4A 2 -*4T,(40)]. and the cther has a wave length o- 440

nm there were no clear sharp, lines i-ithin the spectrum.



ILLUSTRATIGN ONE: THE AMBIENT TEMPERATUiRE AB~SORPTION SFECTRUJI (A-;

AND AMBIENT FLUORESCENCE SFECTRLIM (B4) OF YIGG:Cr "5 CRYST-S

)d~nm)

2.Strength of fluo-escence (aroitrary units

Ine I uc-escence spectrum was stimulated by using a i.0irm YAK: nbcs

pulse laser, and a KDP frequency multiplier. The fluorescence produced was

Passed thOU~h a 1 mn -rate monachromater and then received by a

c ctoeiectric m~ultipier tube. The signal was processed Using a Box::Er

samplinc 1'1te-rator. Another zhotoeleatric cell1 was used to~ -eceive the

laser iicht a=- a reference sional to be input into the Boxcar c hannelis.

5~liQ it~r to andtheiaser ~igger were synchronousz a. the

DL.LE,; lase- --i::eat -fF-eqiznc-y was 4 per se--onti. The flu: rescence spectrum

a- m"~ Efflmer-ai ,.± re _r-Ved is shownM iM ill 125 'atiOn oM *D. _

reiea r ueesne was 6 5 to ?5-C) nrn. The peak /a Lu- w aVe length wa=

~ M a-d he ;ha if w_1d t n was 1,31 nm r,,between and) S3fl - _Mnr;. nr

_~~- F noU1e-.eortE entiare wit cf 1hC +1 -rescence e tuf

~ 'e d not apoE-ar. This je;rnovtrates that t-he YIVT - c-':a

as weai: fieldL (Tedium, with a fluoresCence transit-or of

We =an -ind from the absorption soecty-um amd trne flUCo'eSCence
SpeL

4" -im tnat the Stoke's frequency shift is

Jdu;ration, of fluorescence of the YIGG:Cr3 cryst';al was calculat-ed
atte a dle wavelength o-f fluorescence - 745nm through observi1no the

'L17scn attenttation curve. 'We can see from illustratio w.ta h
asbasically an ex..oonentlal type. The amrbient temoet-ature



calculated was 56ms.

ILLUSTRATION TWO: YIGG:Cr-22 CRYSTAL AMtBIENT TEMPERATURE ATTEINLATI0N CURVE

-
4 T2,;*Aq

50 00 50 200-

(1.1. Str-tii of f luorescence farbitrar,, un_-tE--)

.4. tt-nua*ior time t(,ne)

.GALCULATIN& THE _RyE TAL FIELD! PAR-METERS

with 3". =rv=-tai f!ield approx~imation, by, usingl the Tanaoe - uCar-o.
snrgv rrILJ it is toie -o. b tE.i I. n fislIj st-rrpzh

zaraeter E! and the R a cah pa-ameters B and C. Dq, is giver in t--e

-ci lcwina -Fo'-mula: 10D E'T 2(qe)]-E.[4A 2(tJ)

: .e right '~ of this formula e,>..n5555e the energy level mosjtIon o- t E

:e-aK-'T;(t!2) Ii' tnE aELS-Orntion sc~et-urr sr,~e. r X[4T 2 (12e)]

&2C! nmP v~e =ttaiF the co-:ilpord 1ng D, ____17:Cm- R5aal Maamse=r

oe obta lned f om t1e followin g formuia c'": 11 , 15 E [ ,( 2) .( A 4

7'orthermore, it is not necessary to do any additional Iittingi.

~L~Dst9t2tin theoak wave length 44nm (" 27'7m-' and D, = 1II

cm1., we obtain B = 665 c-m-I.

Because the R l ine field do~es not appear in the absorption spectritm

and the lursece spectrum.. there is nlo way to determine the C vaiLICE.

The C parameters and the fit of the crystal field energy levels will nave

to be determinec later witn lo-,J temperature parameter MEEaSuremert.



However, it is possiole to use the conclusion proposed in footnote [6]

that for gallium garnets, C is generally around 5B. Using rough

calculations, we cet C is around 3325cm -'.

DISCUSSION

For the sake of clarity, we have listed spectral parameters of

gallium garnets in table one"' ,  and the fluorescence spectrum in

illustration threer -.-.

TABLE ONE: Cr =  DOPED GARNET SPECTRAL PARAMETERS

YGG YSGG YIGG GCKG GSGG GIGG

E.(4T3) Ecm-') 16300 16130 16129 15970 15625 15625

B,(ITi) Cn-~] 22780 22470 22727 22270 21980 21978

Eo ('T2) Ic=-13 15100 14790 14775 14740 14480 14628

Bj,(4T2)nm] 740 760 745 760 760 734

o 12.277 12.476 12.459 12.376 12.567 12.5o6

Djcm"
2

]  
1630 1613 2613 1597 1563 1563

FI-cm-1  639 630 665 626 638 639

Dq, B 2.55 2.53 2.48 2.55 2.45 2.45

l.l - ] 2400 2680 2706 2460 2290 2000

T(US) 240 145 56 160 120 125

F rcm cable one we can see that for YTGG:Cr =  crystals, D,/B = 243

the Least of all listed materials. Therefore, the crystal strengtn is

weaker than all the other crystals. According to the criterion proposed

in footnote [6]. the YIGG:Cr=  zero photon line spacing is about

zero. ano this Is also shown by the relatively short fluorescence

oura zon.

ILLUSTRATION 3: Cr =5 DOPED GALLIUM GARNET FLUORESCENCE SPECTRUM (-O70K)
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(1). intensity of fluorescence (in arbitrary units)

The crystal lattice constant of YiGG:Cr= " is clearly grea-er than

that of YGG:Cr= , and is close to that of YSFF:Cr . This is because the

ionf diameter of In = - and Sc =  (0.080 nm and 0.075 nm) are somewhat larger

than the that of Ga = " (0.062 nm). This is also a direct factor leading to

the weakened Crystal field strength of YIGG:Cr= .

i'IGG: Zr crystal range ano half width of fluorescence are similar tr.

those of GB6E"Cr = " and its StoKe's reqLuency shift is larger, if an

average phonon frequency of Tor YGG:Cr- is Lsed as an estimate.

tne Huangkun - Lisi (transiator's note: phonetic) factor of YI3G:Cr m "

*-'av be as high as 7.3c: snowing tha it ham. a very str-onc eietr_ n

pncnnn ccupling. The id band fluorescence of YIG:Cr m_ a- :t ma',' be

possibie for this crystal to be a continuous tunable laser crystal in tne

700 to Bu00 nmn band.
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