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Abstract

Magnesium fluoride and Yttrium fluoride antiretien multilayer thin films have been deposited omwell cleaned BK-7 Glass
substrate in Vacuum of 2x%@nbar using physical vapour deposition techniquefz®&e morphology analysis by AFM of different
multilayer structures deposited by thermal evaporaimethod i.e., Single layer, double layer, thi@ger and four layer thin
films were presented in this study. The main ohjeocdf this study was to investigate the influen€ghickness of various
antireflection multilayer thin films on the effaxftsurface roughness and grain size of the padiclde thickness of the films has
been determined by quartz crystal monitor methbdeé. Surface morphology studies are performed ustogn force Microscopy
(AFM) techniques. AFM was the best tool to investighe surface smoothness and to find the grai@ sf the particles. The

grain size is calculated for all the films of diffat thickness.

Index Terms: Multilayer’'s, AFM, Mgk/YF;, Roughness, Grain size, BK-7, Antireflection

kK%,

1. INTRODUCTION

Magnesium fluoride (MgF2) and Yttrium fluoride hakeen
extensively used as an antireflection coating natedue to
their high transmittance in a wide wavelength range
Antireflection coatings with reduced surface refilec have
attracted much more interest in the applicatioomfcal and
electro optical devices such as photovoltaic cedislar
collectors, high power laser windows, camera lgndisplay
windows and IR diodes [1]. Most important are irticgl
instruments such as eye glasses, picture framhmyy-€ase,
Data display and television screens. A wide bandcARting
uses multilayer stacks of alternating high and tefactive
dielectric thin films deposited on the surface lté substrate.
Various methods are used to deposit multilayer (M)
thin films [2]. lon assisted deposition has receiten used
to grow dense low absorption films of Mgkt reduced
growth temperatures for optical application. Thethods of
growth include evaporation.

Physical Vapour Deposition (PVD) is the preferrexhting
method for small scale application. PVD processsigis of
different coating techniques [3]. Among these, taguum
evaporation technique is an attractive, effectivethad and
the application at enable the deposition of thimdi of larger
area with good uniformity. Deposition of film frorthe
vapour phase involves necessary chemical reactign t®
form oxide thin films, the physical properties @porization,

condensation, nucleation and growth which have been
discussed by various authors in many monographs.
Orientations are also those which determine thettre and
microstructure of the obtained deposit i.e. its rdegof
crystallinity, its orientation, its chemical purjtyts surface
morphology, and its optical, electrical and mecbahi
characteristics —that is to say all propertiessitdesire to
confer on the glass substrate unit together with fitms.
Atomic force microscopy is an excellent tool to dstu
morphology and texture of thin film surfaces [4h the
present study, the variation of surface morphologfy
thermally evaporated multilayer thin films of Mg¥F; with
single layer, double layer, three layer and fowetawere
studied at room temperature.

2. EXPERIMENTAL PROCEDURE

MgF, and YR were used as antireflection coating materials
for low, medium and high index materials on theankd
BK-7 glass substrate. The cleaned substrates viecedgin a
selected holder. A cleaned molybdenum basketledfivith
small (1.5 to 3.5mm) granules of Mgknaterial of purity
99.99% and placed in the electrical spiral heaterthe
coating unit, and one more cleaned molybdenum fl®at
filled with small (0.2 to 5mm) granules of YFnaterial of
purity 99.99% and placed in the electrical spiredter of the
coating unit for second source of material. The uuac
chamber pumped down to 2xi@nbar. The boat and basket
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temperatures were gradually raised in steps acuprtti a
certain regime, alternatively. Thin films of diféert
multilayer structures were prepared under the same
evaporation conditions with a deposition rate of/sAc. The
pressure was obtained by diffusion pump by rotamnp in
the coating unit and was measured using PiraniRarhing
gauge A rotary device was employed to maintain uniformity
in films thickness. A substrate heater arrangemens
employed to grow the thin films at different substfheater
temperature. In this case, the substrate temperatas kept
at 300°C. The thin film thickness was measured within-
situ quartz crystal monitor. The thickness of thegle layer
antireflection (Mgk) was 123nm, the thickness of double
layer antireflection thin film (MgFYFs) was 236nm, the
thickness of three layer antireflection thin film
(MgF/YFs/MgF,) was 359 nm, and the thickness of four
layer antireflection thin film (MgFYFs/MgF,/YF3) was 473
nm. The surface morphology and grain size of dhffie
multi layer structures were measured at room teatpes by
the conductive Atomic force Microscopy (C-AFM) SEB00

probe station (Sl Inc. Japan). 0.00 [rn] 4351
3. RESULTS AND DISCUSSION
The surface morphology of the different layeredicttires Fig. 1(a) Two dimensional AFM image (5 X 5um) okth

prepared at room temperature was analyzed by Atéonie surface of bare BK-7 glass substrate.

Microscope. Fig.1 (a) and Fig. 1(b) shows the 2d &d
images of BK-7 glass substrate. Roughness, RMShrmss
and grain size of the thin films were investigatesihg AFM
images [5-8]. The average surface roughness isngbye
8.86nm and the RMS value is measured as 1.17nm.

Table-1: shows the Surface roughness of MR
multilayer thin films on BK-7 glass substrate

RMS Grain
Layer Thick- | Roughness Rough size
Structure | Ness (Ra)(nm) ness

(nm) (nm)
Uncoated 3mm 8.86 1.17 2.235
glass
Single layer | 123nm| 1.13 1.26 1.222
Double layer| 236nm| 3.11 4.26 9.365
Three layer 359nm| 2.57 3.89 1.402
Four layer 473nm| 2.22 2.99 3.167

Fig. 1 (b). Three dimensional AFM image (5 X 5unh)tiee
surface of bare BK-7 glass substrate
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Fig. 2. (a) Two dimensional AFM image (5 X 5um) of Fig. 3. (a) Two dimensional AFM image (5 X 5um) of
Single layer MgF2 thin film with the thickness ct3nm. Double layer MgF2and YF3 thin films with the thidss of
236 nm.

Fig. 3. (b) Three dimensional AFM image (5 X 5unf) o
Fig. 2. (b) Three dimensional AFM image (5 X 5unf) o Double layer MgF2and YF3 thin films with the thigdss of
Single layer MgF2 thin film with the thickness &t3nm. 236nm.
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Fig. 5. (&) Two dimensional AFM image (5 X 5um) Bbur
layer MgF2-YF3-MgF2-YF3 thin films with the thickss of
473nm.

Fig. 4.(a) Two dimensional AFM image (5 X 5um) dthree
layer MgF2- YF3and MgF2 thin films with the thickss of
359nm.

Fig. 4. (b) Three dimensional AFM image (5 X 5umpf . : . :
Three layer MgF2-YF3 and MgF2 thin fims with the  Fi9- 5. (b) Three dimensional AFM image (5 X SurhFour
thickness of 359nm. layer MgF2-YF3-MgF2-YF3 thin films with the thickss of

473nm.
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Fig. 1(a-b) presents the 2-D and 3-D atomic force
microscopy images of BK7 bare substrate. Paragcaptes
content here. Initially MgF2 is coated on the srdist and
AFM images were recorded in 2-D and 3-D as showrign
2(a-b). Roughness and RMS roughness were improyed b
coating single layer. Grain growth and larger gsaimith
increase of the thickness of the film resulted igher RMS
roughness. Fig. 3(a-b) to Fig. 5(a-b) shows twoettisional
and three dimensions AFM images of multilayer tfiims
from thickness 236 to 473 nm.

The two-dimensional and three-dimensional AFM inwffe
X 5um) shows that surface roughness and RMS rasgghn
increased with increase of the thickness of the fitom
single to double layer as shown in Fig. 6. Furiherease of
thickness of the thin film resulted in decreaseanghness
Ra and RMS roughness from double layer to fourriege
thin film of thickness 473nm as shown in Fig. 7itiadly
grain size increases with the increase in the ti@sk of the
thin film and then decreased with further increase
thickness to 473nm. The films grown are uniform and
adhered the substrate well. The deposited muliildipa
thickness has a great effect on the grain sizbeothin films.

It is clearly seen that the grain size is relatnMakger in size
for double layer thin film and comparatively routitan that

of other multilayer thin films.

CONCLUSIONS

Multilayer MgF,/YF3 thin films of various thickness were
prepared using physical vapour deposition technidgue
versatility of this technique promoted a detaildzbarvation
of roughness and grain sizes of the thin films. AFMages
indicate that regular, homogeneous surface andbfargrain

size was obtained with increase in thickness.
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