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GRAPHICS DISCLAIMER

All figures, graphics, tables, equations, etc. merged into this
translation were extracted from the best quality copy available.
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SFECTRAL FPROFERTIES OF A NOVEL LASER CRYSTAL Yx(Irn.Ga;=2Ga=x0iz:Cr>~
XIMXING JIGUANGIINGTI Ys(in,Ba)=0a8x0,2:Cr~

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

Trne Anhui Institute of Optics and Fine Mechanics, Academia Sinica., Anhu-

Abstract: Spectral properties o©of a novel phonon—-terminated laser
crystal Ys{In, 5a)2B8a=0.2:Cr>" grown by the flux method are reporteg for

the first time. The results show that the spectiral properties of +nis
rove: crvystal are compatible with thosz of Gods!Se.Ba)=Ba=0;=:Cr3* and is &
potential ambisnt temperaturs tunacle iaser crystal.
-
INTRODUCTION

Bdx{8c,5a)2653012:Cr>*" (shortened +c GSGG:CR3*: 1s a type of chenorn—
al

ilitiestC23, it nas a2
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Terminated  iaser Crystal with excellient ¢
i

a
relatively weak crvsta Tieid and relatively strong ei=

coupiing. At room temoeratures a sirong terminal phonor =2mi
woth a hal? width of about 10C nm can be observed. At

g band comtinuous turnatie laser

2xoteramentalily &t room temperatures, & widg

2MLSsicn has sesr ohssrvedt=21, Since it has oeen reported. 2 oreat d=al
cT ziTsntion has been paid o it Howeve», since Scandium iz rare arnd
2xeensive 1ts applicatione are :-imited. Tre authors used Indiuam which Fas
& Fimiiar ior radics im olace of tnhe Scandium gl Orow
Goz’in,5a20ax0,2:Cr3* {Shortsned o SIGG:Cr3+) monoocrystais. It has tne
zame Crystal field strength as GSGG:Cr>+, bput it nas a Stoko=s Freqguenzy

3

S (w]
Snift &and a flucrescence bandwith ieses tharn trhat of GEGS:ZrS+, wit

resalre less thar i1dealf=3,

This op2ration used Y and In to replace Gd arnd Sc respectively, and used
the fiux metrnod to grow Yx{In,Ga)zBazT0,=:CFRS+ moracrystals (shortenes to
YI6G:Cr3*. From <the room temperature absorption light spectrum, the
fluorescent lignt spectrum ard the time discriminaticn spectrum we
agetermined some cf the crystsl fielc parameters anrnd the dcu-ation cf

fluorescence. The resultse chow that the YIGG:CorS~ crystal spect-un
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capabilitisse are clesarly supsricr to tnose of GIGGE:Cr3+, and are

comparable with thnose of GSGG:Cr>". It is type of ambient temperature
ohonon—terminated tunable laser crystal with excellent prospects.
YIGG:Cr>* monocrystals are grown using the flux method. For Flux we
us=d PbrF and FbOC. We also used a small amount of Pbls in order o proiec
the platinum crucibie. The materials and the flux were mixed in the
following rates: Y20 6 mol%, In=0s 4 moli¥, Gazbx 10 moliZ, FoFz 40 mcl
Fbl 4C mol’Z, Cr20x 1 molZ. The purity of the materials were all 4N, and
the crysiais were grown under galliium rich conditions. The automstic
temperature controil system was comnposed  of a JWC-802A rcrecision
tempsrature Sigital  programmed timer and a DWT-702. The growitn seguence
£

Te 800 £ 2t a rate of

n.

&% Tollipous: The ambient temperature was raise

(13

[Z1]

C/h, ther it was raiseg o 1300 € a2t a rate of 200 C/h and neid tnere
Yor ten hours. Trnen it was dreopped by Z C/h until it reached 1280 C.

Wher the cocrvstal tempersture was betw=en 128C and 1100 T, the itomperzsture
was croppec 1 CSh. Finally it was dropped Dy 1.3 C/h to 800 O, nen the
furnace wazs  shut down aﬁd the crystalse were allowed to copl cowrn to ~oom
Tamperatit-e naturallv. The crucible wias removed from the Ffurnace anc 1:i

-

impar-zzd for several davs inm a diluted nitric acic splutiern toc ssca-ate

“re orystals., Thg grown crvstals resached sizes up to & X 5 X % anS., Tnev
were greenish pisack irn coisr, franczarent, and of sxceillent gualizv.

iiiustratror one {a}) and {b) =nh0ow tnrne ambient temperature abzorstzon

spectrum and filuorescent spect-um of YIGG:Cr3* crvstals.

The absorptiocn spectrum was m2asured using the Jasanese UV21G

ssectrophotometer. It ie made up o©of two bands, one of which has a ceak
wave lencth of 5Z0nm [*A7>*Ty(136) ] and the cther has a wave le2ncth of £40

nm [44,*T;(i2e)] = there were no clear sharp iines within the spectrum.
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ILLUSTRATION ONE: THE AMBIENT TEMFERATURE AESORFTION SFECTRUM (A

Nt

AND AMBIENT FLUORESCENCE ZFECTRUM (R) OF YIGG:Cr=* CRYSTALS

s Tetdy
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i{1). ¥Fznetration (4}
2)Y. Strength of fluorescence (aroitrary units

Tne fiucrescence spscitrum was stimulated by using a 1.0460m YARK:inceS™
plise laser and a kKDFP frequency multiplier. The fluorescence produced was

rate monochromat=sr and then recesived by &

pass=0 through & 1 m g
chotoe:ectric multiplier tupe. The =ignal was processet Using a HoxZar
samplingc 1nte=grator. Another photoelectric cell was used to ~sc=2ive the

c
ichit az a reference =igrnal teo be input into the Boxcar channeles.

o)
o
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A
1-
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a
Ths sampling  integrator ang  the laser iricger were synocnronous. and the

pLise laser ~zpest frequsncy was T per secong. The Tluorescencs specirum

(&t amsrent TeEmperature: observed is shown in illustration oms (o). Tre

raage 27 fluorescence was 435 to FE0 onm. The peak valuge weave lengith was

TAZ mrm.  am3d the palf widtn was 100 nm {batween FO0

w2vrs N0 sharc p2aks gver the entire widtn of the  Fluoor

Tme R line S.d not appear. This demorstrates that the YIGE:Lr-T* Ccrystal
ze2 wear fizlc medium, with a fluorescence transitiorn of -

wa zZa&n find from the absorptiorn spectrum arnd trne fluocrescence

um tnat the Stoke’'s frequency shift is

duration of fluorescence of the YIGG:Cr>~ crys:tal was calculated

at the . -
"ddie wavelength of fluorescence - 745%nm throuch cobserving the

*luo- N
: Tescg; . : . - . . )
s attenuation curve. we can cze from iilustration twe that the

&ttenuation : ;
ation wag besically an exponent=ai type. The ambient temperature
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calcuiarted was Soms.

ILLUSTRATION TWO: YIGB:Cr>* CRYSTAL AMEIENT TEMFERATURE ATTERUATION CURVE

O%XWE(ER S L)

50 00 150 200
Qxastips) 1, .
¥ fiucrescence (arbitrary units)

rrtime t{ms)

GALCULATING THE ZRYSTAL FIELD FARAMETERS

with 3y crys=tal field approximation, by using the Tansoe -~ Sugarc
znergy martriut4®3d it i1s possitlie to citain the corystal  fisid strargth
zaram=ter D[g and +the Racah garameters B and C. Dg i= given in tne
“nlicwing formula: 10D= Eo[*T2(136) ] — B [*42(3)]
e ~ight z:ide of this formula euprzss=2s the 2nergy lewv=l gpeition of ths

= &£20C nm we obtairn the correzeconding Dgq = 18iZom™*. FRaczah sarameIsr & Can
ne obtazned from tne following formulat=2: 5 ) 3
11D+ B=E[‘Ts(tie)] ~ E[*4: ()]

Surthermore, it is not necessary to do any additicnal fitting.
—_ . . ] - ——— - 4 -—
Svpstituting the 4T, (t30) peak wave length 44nm {(ZI2757zm~*) and Dg = 15132

cm—*, we cbtain B = &65 cm—t,

Eecause the F line fiesld doues not apeoear 1n the absorption spectrum
v

ard the Tluorescernce spectrum, trere is nc way to determire the C veius.

-
1

The C parameters and the fit of ths crystal fisld snergy levels will nave

to pe determinec later with low temperature parameter measuremert.

4 3




However, it 1s possible to us2 the conclusion proposed in footnote [6]
trkat for gallium garnets, C ie generally arocund 3SB. Using rough

calculations, we cet € is around 3ZZ25cem—t.
DISCUSSION

For the sake of clarity, we have listed spectral parameterzs of
gallium garnets in table onet1+*23 and the fluorescence spectrum in

ililustratior threetS-73,

TARLE ONE: Cr>+ DOPED GARNET SFECTRAL FARAMETERS

YGa ¥8GG YIGG GEG GSGG GIGG
Ey(T5) [em™1] 16300 16130 16129 15970 15635 15635
B,(Ty) [em™1) 23730 22470 23737 22370 .| 21980 21978
Eo(Ty)[em~1; | . 15100 14790 14775 14740 14480 14628
B,(‘T)(om)] 740 760 745 760 760 734
a4} 12217 | 12.476 12.459 12.376 12.567 12.506
D,fem-1) 1630 1613 1613 1597 1563 1563
Brem-1) 639 630 665 636 638 630
DyB 2.55 2.53 2.43 2.55 2.45 2.45
JE,[om™1) 2400 3680 2706 2460 2290 2000
{us) 240 145 56 160 120 125

From table ons we can s2e  that for YIGE:Lr3* crystalsz, Lo /B = 2373,
trhe least of all listed materials. Therefore, the crystal strengin is
wealer than all the other crystals. According to the critericn propocsed
ir footnote (61, the YIGG:Tr>~ zerp photon line sparcing is about
zero, and this 215 alszso shown by the relatively short flucrescerce

guration.

ILLUSTRATION JI: Cr™+~ DOPED GALLIUM GARNET FLUDRESCEMCE SFECTRUM { Z00K)
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GIGG

A(nm)

{1). Inzensity of fluorescence (in arbitrary units)

Tne crystal 1lattice constant of YiIG6:Cr3* 1= clearly greater than

that of YGG:Cr>+, and is close tc that of YSFF:Cr3*. This is pecause the

1on diameter of In3* and Sc3* (C.O0BD nm and 0.075 nm) are somewhat larger

than the that of Ga>~* (C.062 nm). This is also a direct factor l=ading to

the weakered crystal field strength of YIGG:Cr=+.

YIoG:1Zr>* crystal range and haelf width of fluvorescernce are szmilar to
those of GS6GE"Cr3* and ite Zteoke’' s Treguency shitt is  larger. if an
averags phonon frequency of for ¥GG:Cr>* is used as an estimate,
tne Huaangkun - Lisi {transiator’'s nets: phonetic) factor of YIEGE:Cr
may DbDe as bigh as 7.3, =showing that 2t has a very strong eleztron-—
pronon ccupling. The wide band fluorzscence of Y1

oossibie for this crystal to be a continuous tunable laser crvstal in

700 toc 300 nm band.
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