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Influence of ion implantation on optical
properties of thin Pd films on lithium niobate
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Significant increase of absorption and decrease of reflectance of thin Pd films on
lithium niobate as a result of ion implantation as well as modification of the films surface
structure was revealed. Formation of craters on the surface of Pd films, their amorphiza-
tion and intensive ion intermixing on the interface film-substrate make spectral response
nonselective in the infrared (A = 1-15 pm) range of spectrum. Adhesion of Pd film to
lithium niobate becomes at least 2 orders higher. The effects revealed were successfully
applied for development of pyroelectric detectors.

ObHapyxeHbl 3(PPEKT CYIIeCTBEeHHOI0 YBEJUUYEHUs IOIJIONIA0INeil CIIOCOOHOCTH U YMeHb-
menue Koa(p@uimeHTa orpaskenns TOHKUX Pd mieHok Ha HmobaTe JUTHS, a TaKiKe MOIU(HU-
KaIus IIOBEPXHOCTHOM CTPYKTYPHI 00PasIloB B Pe3yJbTaTe MOHHON mMILIaHTaruu. PopMUpo-
BaHUE KparTepoB Ha moBepxHocTu Pd mieHok, nx amMop@usanus U MHTEHCHUBHOE MEKaTOMHOE
lepeMellnBaHNe Ha TPAHUIlE ILIEHKA-IOAJOMKA [IeJal0T CIEeKTPAJIbHYI0 UyBCTBUTEIbHOCTH
00pasIoB HeceJeKTHUBHOM B mHMparkpacHoii obiactu crmexrpa (A = 1-15 mxm) u agresuro Pd
IIJIeHKY K HUO0ATy JUTUA KaK MUHHMYM Ha 2 MOPSAAKA BBIIIE. ITO YCIEIIHO OLIJIO MpUMeHe-
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HO IJIs paspaﬁo'rKI/I IIUPOJJIEKTPUYECKUX IIPUEeMHUKOB U3JIYyUYEeHU.

1. Introduction

Lithium niobate has variety of applica-
tions in optics and optoelectronics. High py-
roelectric coefficient, stability to environ-
ment, long-term durability and high optical
damage threshold make lithium niobate ir-
replaceable to be used for pyroelectric pho-
todetectors and power meters operating
with power radiation [1]. The only improve-
ment required is to increase sensitivity by
deposition appropriate absorbing layer on
the surface of lithium niobate. Golden black
coating despite of non-selective absorption
increase time constant due to its big thick-
ness (d = 1-10 um). In this case thermal
wave spends more time to reach pyroelectric
crystal. Deposition of metallic coatings es-
pecially Pd gives advantage in thickness
(usually from 20 to 50 nm) and compara-
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tively good absorption value. But all above
mentioned coatings have low adhesion to
lithium niobate what significantly limits op-
tical damage threshold of entire sensing
system.

The idea of the present work was to pro-
vide appropriate modification of the surface
structure of the samples and investigate
their optical properties to find the optimal
parameters of the samples structure modifi-
cation. Ion implantation is known as novel
method of materials processing. Depends on
ions energy and dose, materials of film and
substrate the following effects can be ob-
served: defects generation, their interac-
tion, radiation-accelerated diffusion, im-
plantation of recoil atoms, atom intermix-
ing in the transition layer, and other
related effects.
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2. Experimental

The Monte-Carlo method was applied for
determination of a distribution of Ar™ ions
and recoil atoms per depth of thin Pd films
on lithium niobate substrate for ions energy
of 50, 100 and 150 keV. As shown on Fig. 1
the majority of ions accelerated to 50 keV
stops at 20 nm from the sample’s surface.
For ions with energies of 100 and 150 keV
the ions distribution peaks will be at 40 and
60 nm from the sample’s surface accord-
ingly. The dose of ions should be from 1019
to 1016 em2 for effective modification of
samples structure. Obtained results were
used for production and further processing
of the samples.

Slices of lithium niobate single crystal
with thicknesses of 100 um were coated by
Pd films with thicknesses 15, 20, 30, and
40 nm by ion plasma method [2]. Ion im-
plantation of thin Pd films on lithium nio-
bate was made by Ar* ions with energies
from 50 to 100 keV depending on Pd film
thickness in accordance with the Monte-
Carlo calculations.

Spectral investigations of optical proper-
ties were performed by UR-20 spectro-
photometer in wide wavelength range from
0.2 to 15 um.

Surface structure of the samples was ex-
amined by Scanning Electron Microscopy
and Atomic Force Microscopy methods.

3. Resultls and discussion

Optical properties, in particular reflec-
tance and transmission spectra of thin Pd
films on lithium niobate non-implanted and
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Fig. 1. Distribution of stopping range of im-
planted Ar* ions by depth (energy 50, 100,
and 150 keV) in the system thin Pd film-lith-
ium niobate substrate.

implanted by Ar* ions were measured in
wide wavelength range (0.2-15 pum). Trans-
mission spectra show that two absorption
bands are observed near A = 5.5 and 6.2 um
(Fig. 2a) for both implanted and non-im-
planted samples, that is related with pres-
ence of H-O-H groups in LiNbO; and by
oscillation of H,O molecular complexes and
other inclusions. In the wavelength range
near A =10.5 ym, an intensive absorption
band causes decrease in transmission. This
band is related with valence bridge oscilla-
tions of oxygen in the octahedron NbOg.
These oscillations are fundamental phonons
of lithium niobate single crystal [3]. As
shown in Fig. 2 ion implantation causes rise
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Fig. 2. Transmission (a) and reflectance (b) spectra of thin Pd film with thicknesses of 15 (1, 2), 20
(3, 4), 30 (5, 6), and 40 nm (7, 8) before (I, 3, 5, 7) and after ion implantation (2, 4, 6, 8) in
comparison with lithium niobate single crystal (9) and bulk Ni (10, b).
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Fig. 3. SEM image of thin Pd film (40 nm) on lithium niobate before ion implantation (a) and after

implantation by Ar* ions (b).

of transmission of Pd-LiNbOj3 in visible and
near infrared (0.4-6.0 pum) spectral region
that is result of widening the transitional
layer film-substrate and disordering the
near-surface structure of the metal film and
substrate.

Results of spectral investigations of re-
flectance for Pd-LiNbOj; nonimplanted and
implanted by Ar* ions in the wide spectral
range (A = 0.2-15 um) show that reflection
coefficient decreases in whole the spectral
range after ion implantation and for Pd
film thicknesses of 30 and 40 nm it becomes
non-selective in the infrared (1-15 um)
range [4]. To explain such difference of the
results of ion implantation an investigation
of surface structure of the samples by SEM
and AFM method was carried out.

In SEM investigations (Fig. 8) it was
shown that smooth thin Pd film 40 nm on
lithium niobate before ion implantation (a)
totally changed its surface structure after
100 keV Ar* ion implantation (b), in par-
ticular crater-like blisters as well as amor-
phization of Pd film and subsurface layer of
lithium niobate substrate were observed.
Blisters appeared are result of Argon exit
from the film depth during thermal anneal-
ing after ion implantation [5]. In compari-
son with other metals for absorbing coat-
ings, only Pd led to the crater formation
making absorbing coating more effective

and non-selective in the wide spectral range
like golden black [6].

As shown in Table Pd is characterized by
the lowest value of damage threshold and
coefficient of surface tension among other
transition metals mentioned. High values of
damage threshold and coefficients of sur-
face tension for Ni and Mo resulted in
Argon coming outside the film depth. In the
case of Pd films, otherwise, Argon destroys
blisters that transform to the craters.

Additionally, investigations have shown
that adhesion between Pd film and LiNbOj
substrate becomes at least 2 orders higher
after ion implantation owing to ion inter-
mixing process which take place during ion
implantation at transition layer Pd film-
substrate. The revealed effects can be used
for development of pyroelectric photodetec-
tors sensing system and power meters with
enhanced radiation stability, sensitivity and
non-selective response in the infrared [7]
range.

4. Conclusion

In the current study it was found that
ion implantation of thin Pd films on lithium
niobate causes the reflectance decrease and
absorption increase in the wide wavelength
range (AL = 0.2-15 um) owing to the proc-
esses of: 1) blisters formation on the sam-
ples surface increasing diffuse scattering
and absorption of the sample; 2) decrease of

Table. Mechanical properties of Pd in comparison with Ni and Mo

Metal Ni

Mo Pd

1810 erg/cm?
500—-600 N/m?

Surface tension

Damage threshold

2050 erg/cm? 1600 erg/cm?
800 N/m? 185 N/m?
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heterogeneity on the interface film-sub-
strate by ion intermixing; amorphization of
subsurface layer of the film and substrate.
Ion implantation led to crater-like structure
formation with average diameter of craters
about 10 um. Type of surface structure of
implanted system thin metal film-lithium
niobate depends on mechanical properties of
metal film and in particular its damage
threshold and coefficient of surface tension.
Sensing system on the base of thin Pd film-
lithium niobate implanted by Ar* ions was
developed for application in pyroelectric
photodetectors. Their characteristics such
as sensitivity, detectivity, radiation stabil-
ity, time constant, durability are not worse
than the corresponding characteristics of the
best analogues. Spectral sensitivity of im-
planted thin Pd films on lithium niobate is
non-selective in the infrared (1-15 um) range
that demonstrates variety of perspective use
of the sensing system.
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Boaus #oHHOI iMILIaHTAIil HA ONTHYHI BJIACTHBOCTI
TorKkuX Pd niaiBok Ha HioOaTi JiTiio

B.O.Jlucwok, B.C.Cmawyx, M.I.Knrwoi

BusiBiieno edekT cyTTeBOro 30iJbIIEHHS IIOTJIMHAJIBHOI 3JaTHOCTI Ta 3MEHIIEHHS KO-
edimienra BimObuBanusa ToHKMX Pd miaiBok Ha mioGari jgirTiio, a Tako:k Moxudikallis moBepx-
HeBOI CTPYKTypHW 3pasKiB BHacJifoKk HoHHOI iMmmnianTanii. dopmMyBaHHA KpaTepiB Ha IIO-
Bepxui Pd miiBok, ix amopdisaria Ta inrTeHcuBHe MiKaTOMHe NepeMilryBaHHA Ha Mexxi
IJIiBKa-TMigKJIaUHKA POOJATH CIEKTPaJbHY UYTJAUBICTHL 3pasKiB HeceJleKTHUBHOIO B iH(paue-
pBoHoMy miamasoni cuexTpa (A = 1-15 mKM), i agresiro Pd mrisgu go miobary jirtiro mjonaii-
MeHIIe Ha 2 nopAxku Buire. e ycminrHo 6yJio 3acTOCOBaHO /I PO3POOKU IIipOeJTEeKTPUUHUX

npuiiMayiB BUIPOMiHIOBaHHS.
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