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Compositional Tuning of Photoluminescence
Properties in Nd-Doped YAG—YSGG
Mixed Structures

Avdberto Anedda,

ABstracr—Thce Prhotoluminezcomnoes (L) Prroperiies oft
necsdyminm-daped ttriorm olurminnuamm et ond yiltriscm
scandium gallivm garnet mixed strucLsces were investigated as o
function of the relative concentration of the two oarnets, The bine
shift of the cmission bands in the 230—250-mm range is ascriboed
to compositional toning effect. An analyvtical model to cstimate
the variation of the PR position as a function of the compositional
host structure s proposcd.

Lrndex Fermy—Compositional tuningg., mixcd garnet, photolurmi-
nescendca, yitriam alnminum garnet (YAC), yilrium scandivm gal-
livzmny groarnet {(YWSI4G).

1. I TrRODDLICTTON

HE development of new solid-state lasers, espoecially

those operating from 0.9 to 3.0 m, has renewed general
interest in the optical properties of rarc-earth ions (23"} in
garnal somuaetare [1]—[f37. The energy levels of sceveral 3+
ions inserted as dopants in ditforent garnet compounds, like
Yttrium aluminum gormet (WAG) or yrrrinm scanditmm gallium
garnoet (YSGOG), woere successfully analyzed over the past
yvears (47, [5]. Neodymiuvm-doped YA, for example, is one
of the most important available laser systems for roscarch
and technological applications. The prospective of cenhancing
efficicucy and tunability of solid-state lasers boosted the stucly
of new materials able t© meet specific technological pPurposes.
Aoanong the possible sources, mixacl garnet host materials, like
Y aAl e (YAG) YaSceGaalliz (YSGG), GdaSceGasnOis
{(SG3SCGG), and Y38C2 Al (YSAG), doped with lanthanides
allow the so-called compositional taning, By changing the
material composition, the lattice parameters can be modified
leading to a variation of the strength of the crystal Aeld. As
a consequence, the emission wavelengths of a selecuecd S3+
ion can be tuned at reqguest. Recently, Walsh er af abrained
aover 100 m¥ at 0.9441 ;em in the Q2-switched mode from
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NAd:YAG g 15y Y SAG/g g=y [6]l. One of the main applications
of mixed garner materials is related o the remote sensing of
the atmosphere. As an example, light detection and ranging
Cl-EDAR) or differential absorption lidar (IDILAL) technigues can
be applied o determine molecular constituent concentralions
present in the atmosphere, zmuch ns water vapor (HosO) [7]).
Fhe possibility of tuning the laser system to the right wave-
length and investigating the desired molecule easily explains
the growing interest in composilional tuning of mixed garnet
materials [8]), (2].

In case of the mixed zatructure from ¥z Al Oz (YA and
WaBcalusOie (YSGG) gamets, Ga occupics tetrahedral sites,
Be iz in octahedral positions, and Al can occupy bhoth tetrahedral
and octahedrnl sites. These mixaed structures, doped with RNd¥
gencrates a blue shifr in the photoluminescence (PL)Y emisgion
af MNA®* T with respect to the observed emission of the 723+ ion in
Y¥AG[10]. The airm of this paper is Lo investignte the PL cmission
of MJd?™*" in samples with the rmixcd stucture YAG ., Y SGG, o m
as a function of the concentration of YSGC. An analytical moclel
to estimate the variation of the PL position as a funcviion of the
compositiconal host stracture is proposed.

Il. EXPERIMENTAL SiIETTIPR AND SAMPLES

L. measureiments were performed with a single-pass Spec—
trometer (Dilor XY E2O00). An argon ion lascr oporating  at
5145 nm (Coherent Innova 90C-4) provided the excitation.
The signal., dispersed with a 600-grooves/nyam grating, was
detected by a 1024 » 256 LIN2 cooled charge coupled deloctor
(CCI). All PL. meoasurciments were performed at room temper—
aturce with a spectral resolution of O, 1 nm.

Mixed garnel samples, doped with 19 at. of Nd, were grown
Iy Scientific Materials Europe., Tortoll, Ttaly, by the Czachralski
merhod wirth a different composition of YAG., YSGG, .. host
materials. The stoichiometric term & was used as a simplifica-
tion of the formmala YaAlitz L 3SCy, Alig_ .y Ga.Oy0 and it repre-
sents the relative concentration ol Al, Sc, and Ga in the melr.
The stoichiometric composition of samples was controlled by
changing the amount of GazOsz and Sco; oxides in the melt
in order to obtain the desired relative concentration of YAG
and ¥ SGG. Table T summarizes the compositional strmcture of
analyzed samples. Prime oxides of Al Os, Y205, GagOa. and
SBcaOa (all with 99.999% purity) were mixed and pre—sinteroc
under pressure of 140 MPa and processed at 1400 “C for 24 h.
Sintered tablets, with a first composition of YAGg ss Y S5CGSo as -
were melted at 1970 °C in iridinm ermaicible and pullecd at O.8
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The vibrational properlies ol yitrium aluminum garmer (YAG), yirium seandiam gallium garnet

(YEGCH), and mixed (YAG), —(YS506G),_, structures (O =S o= 1) were investizatcsd by moans ol

Raman spectroscopy. 13y comparison with the vibrational spoecuum aof the YAG stactare, the
attribution of the Raman modes of the WSO is proposcd. The spectra were analy=ed wictlh: o moclel
b isolated polyhecra and the formation of mixed strucoures was verified. 'Uhe JIRaman modes in thea
mixed strucihures lie hetweoen thosc of the pure parnels indicating the presence of ruly rmixaed and oot

2.-=2"d

separated phases. An analytical maodel bascd on thae roee tetrahedrad approximation o study the
posgition ofF the vibration freguoncics as a function ol the relative concentration of the parnces is

proposed and applicd 1o the study of the A, breathing mode at 785 em—

'in thoe pure YAGS strucluarc

and downshilted at 752 cm™ ! in the pure Y3EOGO struclurce. The proposcd analysis allows to verity
bhoth the guality of the grown crystal and Lo assess he relative concentration of the garnels. @© 2006
Avrricricart fnstireete of FPhvsicos, F1I2CO1: 10.1063/1.222047 37

L INTRODUWCTION

The perspective of enhancing the cificiceney and tanabilt-
ity ol solid state lasers is still of great intercest in scicntibia
and industrial applications.'™ Among the possible tcchno-
logical npplications, the ntmosphere sensing and monitaring
ol cnvironmaoantal conditions alflecting planet 1I3ncth is the
driving ficld into the rescarclhh of tunuble solid ztale laser in
the infrared region.'? Liuleed, narrow band lasers opcrating
in the Q-switchad 1mocle with a high energy jper pulse arc the
iclenl sclution for such o wype of applicacvions, For example, in
light detecuiaon and ramging (ILLIDAR) ancd dilferential absorp-
tion ILTI2AR. (IDIALY). In particular, 12IAL echnigue can be
used to detecrmine molecular constitucent concentrations in the
altmosphere.” Howoever, HzO absorption lines, for ecxample,
are very narrow andcl require that the lasing wavelength accu-
rately matches the cdesired Features, typically wichin picomec—
ric rgsolution. Recently, o new series ol composile lanthanicde
taser materials was grown and investigated for applications
in the wavelength range around 9441 nm.”

It has becen Jdoemonsuaced thae che lambmmide ion noody-
mium (MNd®) oporating on the 4F3,2—~419,2 transition pro-
duces a lascr emission in the 940 nm rranges in several host
materials."”* Conventicnal solid state laser hosls, such as
yurivim alurminum  gomonct (YAG), yiriom galliuvm garncc
Y GG), yurium scandium aluminum garmet (Y8ACG), or

Mauther 1o whom correspondence should be addressed; electronic sonil:
carlo.ricci @def_unica.ic
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yirriumn scandium gallium garrmnmcts CYSCGG), can lascor at spo-
cific wavealengiths Boecausxe ol stoichiomoetric constraints anmd
der ot eiTer the reguoested taoalaility. A P ing appeoach is
the so called “comprositional tuning™ where the conmposition
ol Lthie Ieosse maatcoial sucrcowocding e ooy rnduso 3O is o
fical in ordos Ty cxactly achicwve e wlesiread 1z (FY)
wavelanrih 1732 By vhanging the host composition che lawioe
Parmelen s Change, eading 0 a variation in e orysead-1ield
surengih. As a conscquonce the position af the energetic lav-
e of the cdoEzant ion changes allowing Mor differcne cimission
wavelengths ®7 I is well known that Nd ion windlergoes lascer
arisNian al 243.87 nmin in TAS and displays o lamincsoeeonoe
peak al 937.75 nm when hosted in YSGG.0T The two crys-
tals shuwre the same sy mmmetry but scandiunn and gallivm -
aoms replace the aluminium aoms in Y3010, By chanping che
composition of the host molerial, YVAG Y SGG mixod garnce
crystals with differcnl ratio betwoeeon the ©wo SCOrUcCLUresS ol
be mrown and cmission laser in the wavelenglh range bo-
tween the emission poeaks of the pure structures can boe ex-
puocusd. Indoocd, it has Dheen recently showin that the photolu-
minescence propertics of Nd doped mixed crystals deponcd
on the composition ofF the hoso material ? In order o wority
the presence of A mixaed suucture instcad of two separatad
rhuses and o investigate the elfcts of the maodificod crystal
structure on the dopoant ions the analysis of the vibealioonal
propcriics of the structure of mixed garnet erystals is a man-
datory task. Tn ithis paper weae prescnt a room iempaeraturs
Ramuan investigation of YAG /7 WVSGGO,_, mixed cryswuals. By

@ 2006 Amorican Institute of Phiysics
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changing the relative concentration of the two garncts (bhe
maoadilications ofF the Raman active moddas e discussaed. A
rigicl ion inodel is proposed to explain the reportad data. The
pPresconreot anolysizs allosws o assess thart we obtlainoed wtraly
miixcd srruacturcs amned shaows thal the 1I2aman Spoctroscopy 13 a
powerful tecchnigue Lo investigale, even i sifie,. the gqualily of
the grown crystals.

Il. EXPERIMENTAL SETLUP AND SAMPLES

Mixed pornel samiples woere grown by Scientific Materi-
als Furope (Tialy) by Ceochealaki maethod withh differcnt com-
positicons of YAG ., /S VWSGG, o ot materials, Parce oxides of
Al Ozx(P9 99995 ), YWD (DD 9950 ), Gas(Dz(92.9229 % ), and
Boaa (99,999 7)) woere mixed and presintercd under pressure
of 140 MPa andd processed at 1400 ¢ Ffor 24 h. Sintered
talbylces, with composzsition of YAG) -/ YSGO, 44, were
melied al 1970 2 in an iridinm crucibhle ancd pulled ac
O i/l with fer,== 15 ppimy under A armosphere. The ob-
tnincd boule was wscd as o seocd Toe palling che samples wilh
a different relacive concentr on ol the two compounds.
Sample composition was conuolled by changing the armount
oSGy, and Be0 5 oxides in che melt in order (o obtain e
clasired concentralion ol YAC and YWSGG., Samples waore cul
ulong the [111] divection and Inpped o optical finish.

Raman seattering meouasuvrements were carried out in
backscawering geometry along the [1117] cryswual diccocticon by
using the S14.5 rmm ling of an argon-ion laser. Moeasuremaonts
were performed in adc ot voor termperatlore with o a triple
spectuometer Jobin-Yvonne Dilor imtogrooated systeim wich a
spactral rescolution of about 1 cm™!'. Bpecirn havve been re-
corcdacd in the Sctokes region by a 1200 grooves/ mum graling
monochromatosr and a charge-coupled device (CCD) daeteator
BRystorn.

iMl. RESULTS AND DISCUSSION

The crystal structune o YACE Doelongs vo a body centcred
culbic, O —Ffazdd, wilh cight formala units o e peimicdve
ccll ® Twwoengy-four aluminumn ators are totrabodrally coordi-
nabcd Lo oxysen acoans wirile the remaining 16 Al avomms are
coordinated Lo Lthe O atoms with an octabhodral syn'lrru:t:ry.c' FaN
Facror group analysis of the YAG struciurce shows that there
are 28 vibratonal modes ot A=0 belonging to the followings
imeducille representation:

Sy, +3A 1, + 55, ¥ S5A, + 10, v B4,
4 AT PRT - 14T, - 16T,

where the A ,, E,, and 7z, modes are Raman active, the T,
modes are TR active, and the othors are silent modes.® Tn Fig.
1 the Raman spectrun of YA G crystal in the 200— 1000 cm —*
range is prescented; the main peaks can be casily idoentilied
ancl assigned according o Hurrell e of (Table 7).° The Ra-
man spectrum of the YSGG orysiul is also reported in Fig. 1
anel the peak positions in the 200 — 1Q00 cm™ ! runge are lisued
in Table T with the proposed allribution according to the dis-
cussion reportcd bolosw,

The Y5GO crystal is characterized by the bady contared
cubic symmetry and the vibrational modes al A=O belong to
the sameoe inreducible representation rcported For whe TAG

A Appl, Phys, 100, 33101 (2008)
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arystal. The YSGG struclure ocan be obuained 1'rorm oue wWac
struciare by substitution of aluminun 24 ions at the octahe-
dral sites with scandium ions and by subistitution of alumi-
nmum 3. ions at the teirahedral sites with gallium ions. "7 Te
has been reporced thae the vibrational spectrum of YACG crys-
als can boe interpreted on the basis of charnacleristic vibro-
tions of the AND, tectrahedral and AlODg; octahodral sites 0810
Accorcing to this interpretation, the Raoman specoran can be
cdivided in threc different parls: Lhe bands in the
400 — 600 cm™ ! range arc relatcd o the vibrations of AI—O in
quasi-isolated A1, octahedral sites while the pecaks betwaoen
ald and S00 cm ! belong to vibrationz ol AL in quasi-
isolated AlOD, tctrahcdral, O©On the conwary the Raman bands
in the [low wiave number region are rclatecd ta the motions
of ithe cations with respect o the whole structurce.”®® The

TARLE . TRanmn frecuencies and celative assigonments in YA and Y SO0
singlc crystols_

Wibeaiopal
moddc YAG R larla

£, 161 174
Tae 219 237
Foy 201 279
£y F3 Unresolved
Ay, 372
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propozcd intorpretation is bazed on the comparison wilth thae
vilrrational treqguencies ol 2 number of moleculés ancd allows
o dlescribe the oXygen vibrations in the high frequency range
wilile thhosce in the low wave number vegion are soongly
mixed to the vibrations of the cations and cannot be intee-
preted by mocans of vibrations of spoecific struoctures. ™
the basis obf the proposcd modclel, the Raman modes of the
aEd siruclure con be assigned o specific vibrations by
comparison W Lthose ol the YAG orystal. The symmetric
stretching mode (A, ). due to the isolated ociabhodron in YAG
arystnl, is reported at S60 em ', whilc the £, ond T, vibra-
Liaes ‘e clotoeted at 530 and 545 om Y, respeclively. By sub-
stituting the cenoral cation with a heavicr and larger altorn a
shilft of the octahedral vibrational modes o lower wave nam-
bers is cxgcclc(l. As already reporicd (o the vee polyhedra
structure,'?® the shift is not rigid, it is larger For the Ta,e mode
than for the A,, mode, and a laoger separation o the two
Bancs i1 the ¥ SGG Raman spoctruny can be observed, Thuas
we propase to assign the vibrations at 492 and 430 cam™! in
the YWSGEG Raltan spectiinn (o the T, and A, modes, re-
spoctively. Concoming the &, mode il intonsity is vory low
in both the investigatec structures and o shift from 330 cm™!
in the YA G crystal o 3924 cm. b in the YSGOG can be hypoth-
emiracl.

As ropards the threc wvibrations at 33w, 372, anc
A03 cm™ ! detected in YAG orysials, hicit counterparis can be
tentatively identi cd in the composite vibrational structure
peaked at 3538 oam ! with & shoulder at 327 om 'l IL has been
reported that the 3%2Z cm™!' mode corresponds to the rota-
tional vibration off the AL, wuniis in the YA sLructure
around Lwo perpendicular axes, while the octnhedra vibirate
in o similar way around ancother sct of perpencicular axes
The vibrations ar 403 and 339 om ' possess the £, symmetry
bur cannol be asceribed o the vibrations of an isolated strooe-
ture (rerahedron or octahedron). As deduced Mrom e partial
prhonon density ofF the YAGS soracture, caloculated by Fapapelis
et at,'? the contributions @f isolated teurahedeen and octahc-
cron overlapr within Lthis spectral region. The substitution ol
the contral cation wich o heavier aton causes a IPlueshifc ofF
the wvibrational modes of the two isolated struciures. Thus in
the Raman specuruim of the 3G G6G the bands overlap lending
o the composite vibradonal struclure penked ar 358 com— !
with a shoulder at 327 cm L,

Concerning the low [requency mmodes (=300 o ') of
the Raman spectram of the WA G crysial, they swe associnted
with mixcd modes due to the coupling bewoon the octahe-
drnl i tetrabhedoal steuclores o thee i el orystal S0 g
has been reported thae tie low wave numnber mmodes blusshi bt
while increasing the unic ecll dimensions in rare-carth doped
aluminum garncts.? The latdice constant of the YA S stucture
iz 1201 A and it increases to 12,45 A in the YSGG garnct
arystal 31 Phus (e bands at 1792, 237, and 279 cim! in
the Raman spoectrurm of the Y SGG garnct struciurc corrc-—
spond Lo the vibrations found ot 161, 219, and 261 cm— 1l in
the WAG Rarman spoectrum and sharce the saowe atiribution. To
acldition. the increcasc of the unit ocll dimcecnsions and the
substitution of the A17* jions with Ga ions gencrate a redshift
in the wvibration modes associated with the teoahedral =ites
(=650 i 13, The modes al 6920, 714, 720 (F2,). nnd

J. Appl. Phys. 100, 033101 (2006}

WAE g ool SE G,
= WAS G SG G,
£
=
a2
2
e
S WA o gTSEDB o0
200 T AGa Y1) 200

Raman Shift (cm™ ")

IFICG. 2. Iamoan spoectra oF orixed garnct erysinls (Y ACHL /Y SGOG, ).

VES omT' (A5 in the YAG suucture redshift oo 536, GO,
G50, and 752 em™ ', respoectively, in the YSGG. As already
dizcusscd indeaed the A, node ol the free Wwirahodron pro-
sents a downshift lower than the 7, mode when the cation is
replaced with a heavier ion.'?

The Raman specira ol different mixcd garnct crystals
(Y AG /YSCGG, ) are reported in Fig. 2, The main varia-
tions with the increcasce of the Y5GO relative concenlration
i be obzerved in thhe Roanwan peaks boeltween G50 and
BOO cm™ ' where a progressive redshift of the poaks is do-
tectaed. On the contrary, the wvibrational modes at abooe
A0 e~ arc less affectec by the variation ol the relative
caoncenration ol the vwo gaomels. The Raman bands of the
mixed somples show a larger wiclth thon the bands ofF pure
TAG and WG crystals. Flowever, the speclurum Jdoes nol
show the presence ol new vibrational bands. Tn order o
voerity this hypothesiy, the Rarman spootra ol mixoed garmmces
were fitted wilh Lorenteian bands by moeocans ofF a least-square
fir procedurs. Axs an example, the deconvolution of the Ra-
M spoclrurn of the YW AG S YSG0G; ., (v —=0.55) soanple is
reportaecd in Flg, 3. The fivding procodure was carried ot by
inroduecing the same number of Dankds observed in bolh the
TACGG and YWEGD Raman specira. The peak positions of udae
vibrational maodaes of the mixed garmews lie bertwoeoen the po-
sitiuns of the corresponding bands of the single cryswals, The
ool nproecrent boetwoeoon the Hiting procedure and the ex-—
perimaental data (syguaue correlation facuor &2 =2 0.99) allows
o oonfinin thee substitotional role off Sce and Gia ions in the
mixecd garmets and that the symmotry of thae struactuece is pee-
smerved., The FRaman spoectra of mixaed pacnets slhoosw Lhat e
Raman bands in the cenltral part of the spoctra proscnt o
praviial or total overlapping of the different vibration modens,
making difficult a systemalic study of the Raman shilft as o
functrtion of the variation ol Lthe relative concentration of the
twery goaunets. On the contrary, the nondegencrated A, mode
(tho breathing of Lthe rec tetruhedreal molecule) is very in-
tense and does oot overlap wilth other Raman bands, allow
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ing for a detailed analysis of its Roaman shift as a function of
Lthe mixcd garnct structares. Due o the large cation-anion
Ponding interaction in the garnel suucLture, the analysis svas
carricd . out in the framework of the frec teurahaedron
modet.™ ' Tn principle, the analysis could be performec
upont the modes velated o isolatcd octabedran. Howover, Lhe
low intensiiy of these modes does not allow o preciscly
identify them in the garoet stwrucoures. On the concrary, the
wibrational maodes inthe 400 e ! range (at 339, 372, and
403 crm— ! in the pure YAG) display a lavrger intensicy but
cantiotl e intorpreted in the framework of the single mol-
cecule model. Tndead the spectrum of the phonon dispersion
in Lthix spociral region indicates the overlapping of Lhe oocta-
hedron and tewshedron structures praeventing the analysis
with a single malecule model®

The application of the model o the analysis of the A,
Raman shilt as a function of the relative concentration of tho
Y EGG suructure is supported by the obscrvation o the Ay,
swaiching modde of wewahederal sites in YSO0OG coryseal at
F52 ermm ', very close o the vibroation l'l‘eq'u-:ncy ol the same
modde in YGG single crystal (758 cm '35 ITndecd YSGG
ancl WSO syvsenls have the same crystal sy immaeanry with gal-
liurn atoms located in the tetrahedral positions in both the
crysials while the occupancy of the central anions in the
cctahoedral sites is differcnt (gallinm in YVGG, seandium in
WBGCG). Mhus, Lthe tetrabedral vibration modes are slightly
infMuaenaed by the neighboring atorms and the frec tetranhedron
niocel can be applied. The A,, mude is oL 783 cm~ ' in the
Raman spaecirurm of the YAG crysial and progressively
downshifts as the relative concenmration of YS5GEG in mixed
Zarnels increases. In the pure YSOGG crysal the A, mode is
at 752 em™ ', In Fig. 4 the peak pasition of the A, mode for
different mixe< crystals is reported as a function ol the rela-
tive concentration of Y SGG garmet. In order to study cthe shift
of the A, modes the variation of che potcntial in the ltee
tetrahcdral stroeelurc was investigated according to che rigid
ion model.'? The rigid ion madel e¢an explain the motion of
Lthe atoms in the garnet stracture and allows o caleulate the
frequencics of the Raman active modes. Im this mmodel, the
neoms are considenced as charged poines swhich intecace via

. Appl. Phya. 100, 0332101 (200687%
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short- and long-range lorcaes. The potential affecting the mo-
tion of the atom:=s and the (requency of the tormal syrmmetric
strelching rnode Iin the mixed crystals is caleulaosad starting
Mroin thae potential in the pure YAG and Y3OOG swructures.
The Bom-TMayer potentind was applicd G model the shoree-
range repulsive intcraction potential . '™'7 ‘The potencial is of
Lthe form

VSR (2] — |r-(4 AT = Vnelr(_fk)l"""(f’k')lf(!‘?,\_-i-l:l"_’)‘

where c({/k) is 1the position vocror of che & atom in A primi-
Live coll, and Yo and ooy arae the pacraumelers describings
the sireongih and the nompe of the repulsive incracrion, re-
njmzclively., Thoe powntial doponds on the distance between
the contral atcim and the nearest tesiphibhoes,

In the apprraxinsgitiion ol [Tee ictrahecdron for the Ay, vi-
bration moda, it is possible to consider only tdie wokion of
the oxygcnn Atoms Witll resgaecl W Lhes o teal calivn; o xisn-
pplifica form o’ the poltential of the pure YAG or WSGG
crysl.al'_" s

— p—
Vinrysy = > Ag jeTRo-uro., {1)
4

where the terms Ag_; and fo ; represcent the strengeh and the
range of the repulsive interaction between the oxypen and
the ather atoms of rhic ceorahedron, respaectively, For a given
pair of atoms, Ao and Beo oy are constant values and can be
calculated 1rom  the single @stom  parameters: 'Y Ag
=(A AR and bo_j=(I,+55)/2. By using the harmonic ap-
proximation, this potential can bhe applied w calculate the
vibrational frequenciegs of the breathing mode of a free retra-
hedron. Starting rom the values reported by Abrahamson'”
for the interaclion of free atoms, the paramoters Nor the ions
constituting the WAG and YSOOG strucoures were calculated
by fitting the A, , symmetric stretching in the two garnets.

In the rigid ion model Iramework the altoms can be con-
sicdlered as charged pointl inleracting wilth shorc-range lorces,
where Lthe force conswant is related o the sccond derivative of
thec potcntial
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By using the expression (1) For the Born-Mayer potential and
the harmonic approximation e AL (he frequency of the A,
straetching mode the Ag_; and bPo_; pariumneters wenre calecu-
Iated For the YA and YESGG parnct strucetures:. The oblainegd
valucs are Fooag=3.0 A~ and Logu=22.4 A7 and 736 eV
anc 1520 eV For Ag_ag and Ag_ g, respectively. Tt con beoe
noved that the parameters calculated by Abruhamson tor the
free atoms are larger chian the values here ealoealated: indeacl
in the prescot modael the atoms are net Ffrec but linked in
Ltho tetrahodral suuclure. In addition one should considaer thal
the position of the A |, streching noede is fArted by assuming
the tewrnhederon as isolated while it is linked into the gornet
sruciurrc.,

As previously discusscd, the mixed suwucture is realizocd
by praciually substitucing the Al cations of WACS soructurs
with the Se and Gn eations ol the YSGG, withoul chaogiing:
the ceystalline soructure and the unit cell syopameiry. Then i
cunn be hypothesized cthat the intcraclion poltential for the
mixcd garnct con be eaxpressod as a linear cambinaticon of the
intecraction potentials of the two sceparated phases. The ob-
tained paramaoters o and Ag ; were uscd o calculate che
A g tequency in the mixcd gamaets as a fuaction ot the rela-
tive concoenuration of the two compounds (Fig. <),

=Fcaf a4+ (1 — (')A'\"QC‘Q.—I
e @iy agt{l —dbysacgilerv At —cIrysoal | (3)

wheore o (U= c =< 1) is the relative concenuratiaon of the WAG
Phase in the mixed s$truaciaces.

The very good agprececmoent betweaen the cxporinn tarl clantan
and thco thoorctical curve vreported in TFig. <4 indicates that the
proposaed {ree tetrahocdron model is able w represent both the
single and mixed svuctares allowing o prodict the @A, e
quency for a given relative concentrution of the parncts. On
11e other Rand, the reporuesd invesctigation clearly shows o
the Raman sprectroscopy is o puwerful diagnostic ool which
can be applicd Ly verify the guality of the graown crystal: the
peak position of the A eguenoy can be analy=zcd to assess
Lthe elfaclive mixing of the two garmes and the relotive con-
contratian ol Udue grovwn coystal.

S AppRL Phys. 100, 033101 (2006)

1v. CONCLUSIONS

1By 1mmeans of Raman spectroscopy the analy=sis of the
vibrational properties of yoriom aluminum garnet (CYAG),
: scandivm  gallivm  garrmmet {(YS5GG)., and mixed
YWACI Y RCICH . sanclures (0= .c-~x 1) was carried our. By
comparison with the vibrationoal spoectrurm oD e YA sSiruc—
Lture. the attribution of the Roaman rmodes ol e YSOGO s
proposced. The Formation of mixecd structures waas verilied by
annlyzing the spectra within che isolated polyvhedra framoeo-
work. The Ruannan spoectrn of thoe mixcd siruciures Jdo ok
show the proscnce af acw vibrational bands: the modes ol
mixed structurces lie between thosce of the pure Eoarmeis indi-
cating the presence of truly mixed and not separated phascs.
In rhe approximation ot free polyhedra, the position of the
vibration requencies ol the A, teuahedron breathing mode
as o function of the refative concontration of thoe gamnols was
investigalted by modaling the interaction potential as a linear
cuombination ol the contribution <due oo the pure structurcs.
The proposcd analysis allows to verily bolh the gualicy of the
grown orystal and o asses the rolative concoentralion of thea
EEArICLE.
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