Chemleeh

International Journal of ChemTech Research
CODEN (USA): IJCRGG ISSN : 0974 -4290
Vol.6, No.3, pp 1607-1610, May-June 2014

www.sphinxsai.com

ICMCT-2014 [10™ — 12™ March 2014]
International Conference on Materials and Character  ization Techniques

Morphological and Electrical studies of Lithium Ion
Implanted Sodium Potassium Niobate Single Crystal grown
by Flux Method

R. Saravanan ’, D. Rajesh?, S.V. Rajasekaran *, R. Perumal *,
M. Chitra ', and R. Jayavel* **°

Crystal Growth Centre, Anna University, Chennai 600 025, India.
G.T. Sollar Cell, Beijing 100062, China.
3Department of Physics, Dr. Ambedkar Government Arts College,
Chennai 600 039, India.

“Department of Physics, Vel Tech Dr. RR and Dr. SR T  echnical University
Chennai, India.

°Centre for Nanoscience and Technology, Anna Univers ity,
Chennai 600 025, India.

*Corres.author: kanchivaradhar@yahoo.com

Abstract: Sodium potassium Niobate (KNN) single crystals waibjected tdLi ion (100 keV) implantation
with different fluences (16, 5 X 10° and 16° ions/cnf) at normal and oblique angle of incidences. Enotu
of Li ion impact on surface and structural propertof KNN sample have been ascertained by AFM aRB X
spectra. The decrease in crystallinity of KNN singtystals oriLi ion implantation and SEM analysis show
dramatic changes in the surface observed. AFMreagen shows that the normal angle incidence eeeat
more number of defects in the implanted region wagroblique angle incidencé=B0°) creates strain layer
closer to the surface and roughness values incedtesdrradiation.
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Introduction and Experimental

Sodium potassium niobate single crystal have shawprezoelectric coefficient of;gl~ 110pC/N and a Curie
temperature of J~ 400°C. These values are comparable with theasttional PZT materials [1,2]. lon-beam
irradiation and implantation with suitable energ@®vides a unique and exciting way of modifyingdan
controlling the surface properties of a solid cagrecisely defined skin depth, adding a definattentration
of impurities on the surface region. This enable€ngineer the material properties such as comgothe
crystallinity, which is much superior to other maedls of surface modification [3]. Low energy ion
bombardment can also be used for a variety offtinmapplications such as ion beam etching andepaittg of
surfaces and assisting deposition and growth offtlms on suitable substrates. lon implantatiorsarfaces at
an obligue incident angle produces surface modifina with variety of features than normal incidend his
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can be utilized to get nano patterned surface festiguasi periodic ripples or wavy features oriaser and
optical grating. In the present chapter discusarbdification of surface morphology produced by lemergy
100 keV Li ion implantation as a function of fluencies atizas incident angles with respect to the surface
normal in KNN single crystal surfaces. Good quallifyN single crystals with polished surface wereduater
cleaning with ultrasonically and acetone to remdwe residual polishing surface damage as showten t
Figure 1. The dimensions of KNN samples are ~ 5 Xnf with thickness of ~ 0.8mm. the samples were
implanted at normal and obliqué=@0 and 60°) angle witfLi ion beam delivered at 100 keV by he linear
accelerator at Inter University Accelerator Ceniew Delhi, India. All implantations were performatiroom
temperature. The vacuum in the radiation chambgenglithe experiment was about 8 X ifbar. Lithium of
energy 100 keV and the ion fluencies were seleatetid®, 5 X 10° and 16° ions/cni. To avoid charge pileup,
the beam current was maintained as ~ 10nA for intpteon and 0.5 nA for irradiation processes.
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Figure 2 : Powder X-ray diffraction pattern of unimplantaad 100 keV Li ion irradiated with different aag|
of implanted KNN single crystals

Results and Discussion

Figure 2 show the XRD spectra of Li ions (100 kéMplanted samples. After ion implantation, the
lattices have a high degree of disorder due toeaudollisions between the implanted ions and tdoyes and
between recoil-recoil the knock-one of the hossiotkRD spectra taken for fdons/cni implanted at two
different angle §= 0°and 30°) are compared The obtained curve shaivthe damaged peaks are located at
higher angle side and normal angle ion implantatioore number of extended structures can be seen.
Implantation of6= 30° incident angle shows the additional peaksl@rated at right side near to the main
diffraction peak. Also splitting of the extendedusture can be observed. From the above obsengatibe
normal angle incident creates more number of defiecthe implanted region where the oblique angbédient
0= 30° created strained layer near the surface.elygsctral features originate due to the implaotadamaged
layer, which has reduced lattice parameter thanumgamaged region. The implantation induced lattice
contraction relates to the formation of pairs ofrikel defects consisting of both interstitial arsttancy. The
extended peak in the ion implanted layer were dughé local insertion of Li interstitials that cassa
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compressive strain the lattice region parallelh® s$urface. Surface evolution of Li ion implardatinduced
defects of KNN crystals were studied by using JHG®30 scanning electron microscope (SEM).

Figure 3 shows a series of SEM images of KNN sedaonplanted by 100 keV Li ions at
various angles of incident for f0ions/cni. SEM investigation reveals drastic modifications the
surface morphology and distribution of crystallineimperfections induced by energetic ion. It is diga
seen that unimplanted sample has no visible surfamdfication whereas implanted contain combinestéids
and protrusion like surface morphology. At normagle incident nearly circular type surface defemts
observed. Varying the incident angle to off noriffed0° and 30°), more varied surface features arerebde
The observed images f6=30°, show circular type defects with elongatecdedif

Typical AFM image of the surface of KNN implantedtiwLi ions(100 keV) with fluencies of tdand
10 ions/cnf at 6=0° and 30° incident angle are shown in Figure tarfic force microscope analysis was
performed by digital Nanoscope llla controller @apping mode over an area of 1 x 1%uwn pristine, normal
and oblique angle incident samples. The dome lit@rysions with amorphous layer observed on varios
fluence at normal angle incidence. The irregulamedike protrusions can be seen for*lidns/cni, where
large size protrusions were observed with a fluesfc#0' ions/cnf. The protrusions are identified as bright
images with a distorted surface structure in heh@gpal shape of the KNN surface in AFM image. The
measured r.m.s surface roughness fdr 40d 16° ions/cnf are 8.01 and 10.73 nm respectively. Varied surface
features of elongated protrusions are observedinfcident angle of6=30°. Blisters with raised regions
elongated in the ion incident angle direction aseeoved for 18 ions/cmi. When increasing the fluence to one
order of magnitude, the surface structures shoarlgighat blisters has an irregular shape with mtucbed
lateral atomic arrangement of the surface. 3D ARMdes of 18 ions/cnf clearly indicate that the bright spot
which corresponds to blisters and dark contrast smwespond to the surface vacancy defects, tHeadamtrast
spot appears probably due to the strain of thetalrgsound the amorphous region. Hence it is caleduhat
the dome like protrusion and blister along with Brh#locks were produced at the ion-impacted regitue to
the pushing effect towards the surface and themai#din process with vacancy formation the surfaging the
Li ion implantation at various angles of incident.

(b)10"® ions/cnt and (c) 18° ions/cnt at angled= 0°(d)1G°ions/cn? (e) 13%ions/cnt at angled= 30°.
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Figure 4: 3D AFM images of surface features of unimplantgdand implanted with 100 keV Li ion with
fluency (b)16°ions/cnt and (c) 18 ions/cn? at angled= 0°(d)13°ions/cnt (e) 1G%ions/cnt at angled= 30°
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