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RAMAN SPECTROSCOPY OF Ho-DOPED LITHIUM NIOBATE THIN
FILMS

Ho-doped lithium niobate (LN:Ho?") thin films on sapphire substrates employing the
Sol-Gel technique were synthesized. The Raman scattering mapping of the obtained
LN:Ho** thin films were meticulously obtained through laser excitation at both 785 nm and
532 nm wavelengths. For both cases, a homogeneous distribution of the crystal structure on
the surface of the substrate were confirmed. In contrast, the case of 785 nm laser excitation,
during the pumping of the films by the laser at 532 nm multiple additional forbidden
Raman lines were present, which were attributed to luminescence of impurity ions.

Keywords: lithium niobate, crystal, thin film, Raman spectroscopy.

Lithium niobate (LN) crystals, renowned for their exceptional nonlinear optical,
electro-optical, piezoelectric, and photorefractive properties, stand as foundational
materials in diverse fields of study and application. While they have long been
utilized in frequency converters of laser radiation, electro-optical modulators, and
holographic information recording media, LN crystals doped with rare earth ions
represent a compelling frontier for modern compact devices. These materials
exhibit immense potential as key components in infrared lasers, optical sensors,
self-cooling systems, and radiation-balanced laser setups [1-5].

Nominally pure congruent composition LN films have been created by various
techniques including vapor deposition [6], liquid phase epitaxy [7], laser deposition
[8], molecular beam epitaxy [9] and sol-gel [10, 11].

In the current work we present results on synthesizing of Ho-doped LN
alkoxides, growth of LN thin films doped with different concentration of Ho** ions
by the Sol-Gel method, and the Raman study of the structure of obtained thin films.

To prepare the initial Sol, niobium and lithium alkoxides were synthesized
using 2-methoxyethanol, atomic lithium, and niobium chloride. The appropriate
quantities of the resulting niobium and lithium alkoxides were then mixed to form
a lithium niobate solution. This mixture was boiled until it reached the desired
density and viscosity. Subsequently, holmium chloride was added in the calculated
concentration. The final Sol was stored under a dry argon atmosphere to maintain
its integrity.

The prepared Sol was cast onto a pre-polished sapphire substrate with a 001
crystallographic orientation and then spin-coated. As the Sol undergoes the spinning
process, it absorbs moisture and converts into a gel. Subsequently, the drying
process begins, resulting in the volatilization of residual organics. Once the organics
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have fully volatilized, the thin film crystallizes into a solid layer. After one growth
cycle, thin films approximately 70 nm thick were obtained. This procedure can be
repeated multiple times to achieve thicker films. For studying the main physical
properties, films with a thickness of 300 nm were created.

Structural modifications of the obtained thin films were investigated using
high resolution X-ray difraction and X-ray reciprocal space mapping methods.

The films exhibit a strong crystallographic orientation perpendicular to the
substrate surface. The X-ray diffraction analysis confirms the predominant alignment
of the film's “c” axis, as evidenced by the intense (006) reflection peak. Reciprocal
space mapping was performed near the symmetric (006) and asymmetric (018)
Bragg reflections on the sapphire substrate. By comparing the maps from various
independent Bragg reflections, the deformation matrix was resolved, and the lattice
parameters of the resulting thin films were calculated.

The analysis of these results leads to the conclusion that the obtained films
are fully relaxed with respect to the sapphire substrates used. For LN:0.1mol%Ho**
films, the lattice parameters “a” and “c” were measured to be 5.176+0.022 A and
13.8659+0.0081 A, respectively.

The further characterization of the obtained thin films was performed using
the Raman spectroscopy, employing a confocal Raman microscope (LabRAM HR
Evolution) with excitation wavelengths of 532 nm and 785 nm. Considering the
geometric configuration of the thin films, Z(YY)Z, Z(YX)Z, Z(XX)Z, and Z(XY)Z
measurement configurations were possible. At first the measurements were performed
on bulk LN:0.1mol%Ho’" crystal. Fig. 1 presents the Raman shift graphs of bulk
LN:0.1mol%Ho*" crystal, excited by a 785 nm laser.
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Fig. 1. Raman curves of bulk LN:0.1mol%Ho?" crystal pumped by 785 nm laser and
Z(YY)Z, Z(YX)Z, Z(XX)Z and Z(XY)Z measurement configurations
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The Raman spectra obtained for the LN:0.1mol% Ho*" films pumped by 785
nm laser closely resembled those of bulk crystals on average. Remarkably, the
spectra remained consistent despite variations in the polarization direction of the
laser beam and the Raman signal, as well as the rotation of the sample around the
normal to the film surface. Fig. 2 presents a representative Raman shift curve for
the LN:0.1mol%Ho>" film.

One can observe the presence of the combined spectra consisting of A;(LO),
E(TO) and some additional band modes.

160 4

140 A

120

100 1

Intensity (counts)
[+
o

()]
o
L

40

20 4

200 400 600 800 1000

Raman shift (cm™)

Fig. 2. Raman curves of LN:0.1 mol% Ho’" thin film were obtained using a 785 nm laser.
The propagation directions of both the laser beam and the Raman signal were aligned with
the normal to the film surface

This behavior of the Raman signal from the film under the study is likely
due to the ambiguous designation of the crystallographic “a” and “b” directions,
suggesting a mosaic distribution of crystal blocks in the “ab” plane of the film.

Raman studies of thin films of LN:0.1 mol%Ho’" were also carried out when
pumped by a laser with a wavelength of 532 nm. While employing a 532 nm laser
unveiled additional forbidden lines (Fig.3), reminiscent of behaviors observed in
was bulk LN:Ho crystals [12].

These supplementary lines were attributed to luminescence induced by
excitation at 532 nm. Leveraging data from anti-Stokes Raman lines facilitated the
disentanglement of luminescence spectra from the investigated samples.

Additionally, Raman mapping of the LN:0.1 mol%Ho*" film surface was
conducted over a 20x20 um? area using both 532 nm and 785 nm laser excitations.
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Surface scanning affirmed the uniformity of both structure and luminescence
across the entire examined area of the thin film.

10000 +

8000 ~

6000 -

Intensity (counts)

4000

2000 A

T T T T T
200 400 600 800 1000
Raman shift (cm™)

Fig. 3. Raman curves of LN:0.1 mol%Ho*" thin film were obtained using a 785 nm laser.
The propagation directions of both the laser beam and the Raman signal were aligned with
the normal to the film surface

Thus LN:Ho*" thin films obtained by the Sol-Gel method can be fully
relaxed with respect to their sapphire substrates. In this case, the lattice parameters
films “a” and “c” are equal to 5.176+0.022 A and 13.8659+0.0081 A, respectively.

Raman mapping of the LN:Ho’" thin films, obtained through laser excitation
at wavelengths of 785 nm and 532 nm, revealed a uniform distribution of the
crystalline structure on the sapphire substrate surface. However, unlike the 785 nm
excitation, the 532 nm laser excitation resulted in the appearance of many
additional forbidden Raman lines, which were attributed to the luminescence of
impurity ions. This luminescence was also homogeneously distributed across the
surface of the substrate.

The research was carried out with the financial support of RA Higher Education
and Science Committee within the framework of the 24ASPU-PHYS-CON-I-1 program.
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<NLUhNRUNY LEGPMrJYUD LhfhNhU b LPNPUSH LNRE (FUTULILEMD
AUUUL3UL UnsuSruvunmhuu

2n-qb dbennny uhuptiqytl Bu jhehnuwh uhnpwnh pwpwy pwnwuplER’ lGghpyws
Ho hnuubpny (LN:Ho) swinininuijh wnwynhputiph ypw: Upuebiqwd LN:Ho pwpwy pwnwup-
ubph nwdwujwu gpdwu uwblyunpubpp unwgyb) Bu 785 U 532 ud wihph Gplwpnieyniuub-
pny jwgbipwihu gpgnndubiph dhongny: Gpynt nbiwpnid k| hwunwwiyt £ pynipbinughu Yw-
nnigywoph dhwwnwpp pwgfundp twynhph dwybpbup gpw: b wnwpptipnyeggniu 785 ud wihph
pywpnipjwdp (wabpwihu gpgndwu ntwph' 532 ud wihph Gplwpnyejwdp jwgbipwihu Gw-
nwquwjeny pwnwupubpp gnpgnbint dwdwuwy gpwugyt| GU pwgqiwehy nwdwujwu wngbi-
Jwd qdétin, npnup pwgwwpynid GU fuwnunipnwiphu hnutubiph ynidhubugbughwny:

Unwtgpuypti pwnbp. |hphnidh Uhnpww, pnipbn, Unipp pwnwue, nwdwujwu
uwElunpwuynwhw:
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3.I11. KOKAHSH, H.2. KOKAHSAH, K.I'. ATAPOHSIH, H.D. BABA/UUKAHSH,
®.C. BOCKAHSH, M. BA33AH

PAMAHOBCKAS CIIEKTPOCKOIIMS Ho-JIET'MPOBAHHBIX TOHKHUX
IVIEHOK HUOBATA JINTUSA

30Ib-Tellb METOZOM CHHTE3MPOBAHBI TOHKHE TUICHKA HHOOATa JIUTHSA, JIETHPOBAHHOTO
noHamu Ho (LN:Ho), Ha candupoBbIX momiokkax. PaMaHOBCKHE CIIEKTPBI CHHTE3MPOBAHHBIX
ToHKHX TieHOK LN:Ho Obuin TInaTensHO MOJIy4eHbI OCPEICTBOM JIA3€pHOT0 BO30YKICHUS
Ha JyIMHAX BOJH 785 1 532 num. B 000ux ciydasx ObUIO MOATBEPIKACHO OHOPOIHOE paciipe-
JIeNIeHIE KPUCTAITMYECKOW CTPYKTYPHI Ha TIOBEPXHOCTH MOUIOKKH. B oTnuume ot cirydas
Ja3epHOro BO30Y)KJCHUS Ha JUIMHE BOJIHBI 785 1M, BO BpeMsi HAKauKu ITUICHOK JIa3epoM Ha
JUIMHE BOJNHBI 532 #m NPHCYTCTBOBAJIO MHOXECTBO 3alpEIEHHBIX PAMaHOBCKHUX JIMHUI,
YTO OOBACHACTCS JTFIOMHHECIICHITUEH TPUMECHBIX HOHOB.

Knwouesvie cnosa: HnoOAT NHUTHSA, KPUCTAJUL, TOHKAas IUIEHKA, pPaMaHOBCKAas
CHEKTPOCKOIHSL.
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U.U. UHUL3UL, U.S. mMurvuusuy, u.L. uurqeu3us

Sh2h4yu3b 4hrunuuuL uhre, NPk LNRONRUE <ULYESUYNR E
uouLs3uLkh suUPUrhrL

8nyg k wpyby, np A pwpdpnieiniuhg hnphgnh tywndwdp 7, wpwgniejudp ubn-

qwd ynipwlwu Yewnph pwpn 2wpddwu, npp ubpyuwjwgunid £ Gpynt wuwiu gwpdnwdubpp
gnwdwn, fuunpp nwnwp wnwudht nmbnwdwubpnud (ninnuhwjwg b hnphquuwywu) hwu-
qtigynud £ $niuyghwih wdwgjwih qunuithwnhu:

Unwugpuypti pwnbp. upnigwlwu Ybinh pwpn owndnid, wqun wuynwd, wdwugjwy,
nh$tipbughw|, wupwppwht wpwgnyenll, dhoht wpwgnenLu:

Lhpwénipyniu. <wyjnuh b, np nuwunnutiph (bwb wjwag nwpngh wowlbpun-
ubiph) mbuwywu ghwnbijhpubph, dnwynp b npwdwpwuwlwu niuwynyejniuutpp
qupguguwu wyuhwjuin dbennubphg dtyp fuunhpubiph nédwu dwdwuwy dhow-
nuwpyuwjwywu Ywwbph hwdwywpgwsd dninbkgnwdu k:

Nwnp $hghywih nwupupwgnud fuunhpubiph NWdwu unp dEennwywt nn-
nnejniuubph Jowynwp b dninbignudp [1, 2] dhow £ dund £ Shghywih nwuwywun-
dwt wpryniwybinniejwt pwpdpwgdwt Yuplnp bwfuwnpwubphg dtyp: Uhe-
wnwpyuwjwywu Yuwp funpwwbu hwulwiuwint hwdwp wju wotuwnwupnd ubp-
Ywjwgyb £ yhubdwinhlwihg hwjinup Unipwlwt Yhnh pupn ownddwt fuinhpp
(Uy. 1), npp NdnWp hwugbgynwd  wdwugjwih qunwihwphu: Unnpl ubplujugywd
Yphutdwunhlywihg hwjnup fuunph (nddwu hwdwp nhunwpytup Gpynt ophuwy:
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