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GROWTH AND STRUCTURE CHARACTERISTICS OF RE(Nd*",Er*")-DOPED POTASSIUM
YTTERBIUM TUNGSTATE LASER CRYSTAL
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Abstract: REEKYb(WO,), (RE=Nd**, Er’") crystals were grown by the Kyropoulos method, and their structural characteristic was
investigated. The structure of the crystals is composed of three kinds of groups, including WQOg, REQg and KO, polyhedrons. The
W,0,0 dimmers are connected by WOW single oxygen bridging bonds and form (W,QOs), bands along c axis in parallel direction. The
REQO; and KO, polyhedrons in the crastals are joined by common vertex and form an elongated band with the structure of
two-dimensional layer along [101] and [110] directions. Then powder X-ray diffraction analysis indicates that the two crystals of
Nd&**:KYb(WO,), and Er'":KYb(WO,), belong to a monoclinic system with a space group C2/c, which indicates that the crystals ob-
tained are B-RE:KYB(WOQ,),. The cell parameters of the two crystals were calculated, too. The infrared spectra show that they have
five strong infrared absorption peaks from 630 to 930 cm™, which were caused by stretching vibration of WO, groups. Finally, the
vibration modes and frequencies were identified, which confirmed the existence of WOOW double oxygen bridge and WOW single
oxygen bridge bonds in the crystals.

Key words: potassium ytterbium tungstate doped by neodymium ions; potassium ytterbium tungstate doped by erbium ions; laser
crystal growth; Kyropoulos method; structure characteristics

The double tungstates of KM(WO,), (M=Y and Ln) as
a laser host materials has attracted considerable attention
due to its excellent properties,!"! such as KGd(WO,),
(KGW), KY(WO,), (KYW), KYB(WO4);, KDy(WOy),,
KHo(WO,),, efc. The potassium ytterbium tungstate
[KYb(WO,),, KYbW]crystal is a member of this family.
It belongs to monoclinic structure with space group C2/c,
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cell parameters a=1.059nm, 5=1.029 nm, ¢=0.748 nm,
B=130.7°, Z=4.2 1t is an excellent laser crystal because
its refractive coefficient changes little with temperature
and has high quantum efficiency, which can result in su-
per-speed pulse laser output of application power. In or-
der to obtain the laser output of different wavelengths,
KYbW crystal can be used as host when doped with some
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rare earth ions IRE[duch as N d3+Er3+ITm3+and so on.

Compared to.REIKGW and REK YW crystalsCquantities
of Yb3+ions in KYbw host can be used as sensitizer ion8
to increase the absorption light and then translCer the enl
ergy to RE3+ions so as to achieVe laser output of diJerent
waVelengths. Due to its low symmetryt it can be dopeQ
wi.h high'concen..a.[ons of ra.e ear.h ions and can a..gqhbd

used in slice or microchip lasersOwhich are Very important
[or the integrationd miniaturization and compactness of

Bser diode [L Dpumped solidtstae lasersp -5

In this workO REIKYbw [REzNd3+0Er3H] crydsa s
were grown by the Kyropoulos methodOand their gruc.
tUa CharaQeriSiCSWere inVeSigated.

1 Experimental procedure

1.1 Material preparation

Since REK YbW crystals have a phase transition be.
low melting pointl(it generally must be grown by the nux
method. K2W 2 7w as selected as a mixed nux because of
its several merits.[ The chemicals used were high pu—
ritylgrade KzCO 3IW0 INdD CErD 3and YbD 3with a
purity of 99.99% in mass. They were mixed and reacted
asthefollowing equationsQ

K zC 0 3+0.05N d20 3+0.95Y b20 3+4W 0 8

2KN do.(bYbo. 9w 042+c02t 0 a0
K220 3+0.1Er20 3+0.9Yb2D 3+4W03 j-
2KEralYbo9W 0 42+CO0 2t 20
Tablel
Dgpingmde e tv . —  Rotding'ate/
c'ysgé8l RN s88ding 'emp8 8 u' 8/Id M. minCLO
NdKYbW ' 918 15
BEKYbW 10 890 10
Cu k ray 0% 0.154 056 nmOas the radiantOand with a

tube vOltage O 50 kV and a tube Qxrent O 150mA Cand
with a graphite monochromator. The infrared OROsectra
O the OySaSwere meaSJbed USng a FQkier AnVerSn

IR spectroscopy [Model FTS1350BIO—RAD company
with adiginguish ability of 4 cloH-and a scanning rate of
64 times/S

2 ReSults and diSCu SSiOn

21 POWder XRD analydS
The reults O pONder X RIO analySS O REKY bW
[RE =Nd3{ Er3tIcrydds are shown in Fig. 1. Compared

with the gandardrd [Fection patem of JPDs cad
[(b4—0249[Tthe dif raction patterns show that the dilliacO

tiOn peaks and relatiVe intenSty of the two OySals are
Very similar to those of pure ptKYbW. Therelorelthe two
crystals belong to a monoclinic phase with'a space group
C2/cOwhich indicates that two crystalsobtained are p REO

KzCO3+2W03_ KW 2D ACOo 2t 8O

where the mole ratio of K2W 2 7 as sOlvent to K RExY b IT]
W 042 REICNd3+JEr3+H1z [0.05000.1Mwvas 4[1. After the
materials had been dried in an oven [br 24 hOan elec—
tronic balance wasused to mix the ingredients at the right
DroDortim with an accuracy of 0.l mgOand then the raw
plOpai ‘0 wele mxed even.y and porphy.ized foO [&. e[T]

vation.lnorder to avoid volatilizing Othe matched m ateri-
als should be calcined in advance. The solvent was re-

O
(bout 619 & . The REKYbw polycrygal materials were
obtained aRer calcined at 920.C [or 8h.

1.2 C ry Stal groW th

The REKYbw [REzNd3HIEO+#]crystals were grown
by the KyrOpOulOS methOd. The pOlyCryStal m aterial
placed in the platinum crucible with a size of 60 mm in
diameter and 50 mm height in a resstance wire [(Umace
dype MCGE-IO was fully melted a 80 .C aboVe
supersaturation temperature [or 12 h. The temperature was
measured and controlled by a Pt—Rh thermocoupledand an
A1808P thermal controller. Then a 6[@riented seed with
dimension of 3mm x3mm x 12mm w as put into the melt.

After seedingOthe Curnace temperature w as decreased t0 5
.C abOVe the SJpefSaturatiOn temperature. Then the grOMh

With COI10w ing p aram eterSSeen Om Table | .
103 ' hMedasur ement of samples
The crystal structures were analyzed by a X-ray dif0)
factometer (XRD OModel D/max—fA ORigak ulusing a

The growt h par ametersof RE (K YbW [doped RE = Nd3{Er 3t]cr ystals
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Fig.1 Powder XRD patternsof RE KYbW [REzN d3tIEr3+]
crygals
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Crystal with low temperature phaSe belOngStOmOnQOQiniC
sy sem with a space group C2/c. Figure 2 shows the prod

jedion grgohs of 'hedructure of REK Yow aysd dong

fo'med. bylmean8 Of 'he.coo'dinaion tbe'ween .one wOX[

to tre ingadion d wdlnmumaag WD lodnme ]

ogrt e faefechit et vhe caynesion 6f sve evnciadde
bands along ¢ ais in paralel diredian. The av 2 811

bands are joined by common edgesOand the partially
enlarged graph can be seen Oom Fig.3MO The REOS8
pOyhedronSCan be E(Drmed by mean SO the COOrdinatioOn

eight.COOrdinated pOYy hedrOnS and KOI2tweIVe—coorI

dinate polyhedrons are joined by common Vertex and
[@m an dOgated bend with the Sru@ue @ twOd.
mensional layer along [101] and [110] directionsOand
the elOngated band [lls into the amew Ok made Up Of
rare earth and W0 6 Octahedron groups. As a resultOthe
structure of REIKYbW crystals are very similar to that
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Fig.2 Theprojection grghs of the structure of REKY bW
crystals along 6Lt and CL11directions
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of REKYW [land REK GW [§ crystals. The dilerence of
crySal struCure between REK YbW and REK YW /K GW
iSthat interatOmiCdiSan SO them are dillerent becau S
O dierent iOnic radiusS.

23 IR eCra ™ GySalS

ThelR SeCra O the two cry Salscan be Sen in Fig4.

The vibratiOn fregUency range O W 0 4grQUp iS900—+50
cmll [(&retching vibration and 420—300 cml [(bending
vibration @1 From the curve of NdK YbW crystal[the IR
absorption peaks at 63500774 ([83908910925cm[l can be
attributed tOthe Sretthing Vibration of W0 4 group. The IR
absorption peak at 479 cm[lshows the wagging vibration
of WO 4group. It also indicates that some w ater came into
the Sample When the Sample WaSplaCed in the airJso the
IR absorption peaks at 3452 and 1640 cm(1[11400 cm

elhg tOthe aymm etriC SretChing and bending vibratiOn
bflthe o —H bond. A OOthe IR culv e of EOK Ybw clydalOd
the IR absorption peak sat 634 (177984789 1[026 cm[lare

the reault of the stretching Vibration of W0 4 group. The IR
absormption peak at 484 cm[l show s the wagging vibration
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Table3 IR $eCra Mbration freqgUenGeSaSSgnment G
REKYbW RE=Nd3-Er3HJcrystas

i i
amoowd 479 4
viIivoowd 635 634
“ WOOW 774 ™
v..[IM0G4v.. [MMOND 839 a7
(Iw o (B{Tw o ow [ 891 89
VIWOG] 925 926
dIoHO 1400 1400
1640 1630

vIODO H 0O 3452 3460

Notesl.u—Wagging vibrationdvs— ymmetric gretching vibrationOv—
stretching vibrationOvT] Asymmetri ¢ stretching vibrationOOd] Asymmetric

bedgvibaon.
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spectra vibration frequencies assignment of two crystals.
The results of IRS confirm the existence of WOOW dou-
ble oxygen bridge and WOW single oxygen bridge bonds
in REXKYbW crystals.

3 Conclusions

The RE:KYbW(RE=Nd*, Er’*) laser crystals were
obtained by the Kyropoulos method, with K;W,0, as
solvent. The crystal growth conditions were as follows:
rotation rate was 10—15 r/min, cooling growing rate was
0.05-0.1 'C/h, annealing rate was 25-30 C/h, and the
growth period was 15-20d. The structure of RE: KYbW
crystals is composed of three kinds of groups, including
WOs, REOg and KOy, polyhedrons. The W,0;o dimmers
are connected by WOW single oxygen bridging bonds
and form (W,0s), bands along c axis in parallel direction.
The REOs and KO,; polyhedrons are joined by common
vertex and form an elongate band with the structure of
two-dimensional layer along [101] and [110] directions.
The two crystals have a B-RE:KYbW structure with a
low thermal phase. The cell parameters of the Nd:KYbW
and Er’KYbW crystals calculated are a;=1.063 nm, b, =
1.031, ¢,=0.749, £ =130.63°, Z,=4; a,=1.061 nm, b,=
1.031, ¢,=0.749, £,=130.65° , Z,=4, respectively. The
IR spectra show that they have five strong IR absorption
peaks from 630 to 930 cm™, which are caused by
stretching vibration of WO, groups. The results of IR
analysis confirm the existence of WOOW double oxygen
bridge and WOW single oxygen bridge bonds in RE:

KYbW crystals.
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