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Anisotropy of selenium thin film obliquely deposited in vacuum

J. C. Garo, B. D Suarma, R. K. Rastoar aNp § K. Jain

Department of Physics, University of Rajasthan, Jaipur

The dependonce of regular refloctance of thin filims of selenium witl,
the thickness and vapour incidence angle has heen moasured ai
difforent. wavelengths A differonce in refloctance 14 found botweon
the posilive and negulive curves corresponding to thoe ineidence of
light from the side of vapour beam and to that from the opposite
sido  This suggests that the swrlace of a selonium film prepared
by oblique imcidence ovaporation 15 assymetrical m its structure
The amwotropy of oleetrical resistivity with depostion angle has
been studied in awr. The difference bolween the values of resistivity
moeasured in two dhireclions, parallel and perpendicular to the vapowr |
boamn can he cxplamned hy selt shadowing of growing crystallites

and the presence of structural dofeet  The presence of geometric

amsotropy in films doposited at an oblique angle ol meidonce 1

suppor bed by electron microscopie study \

1. TNTRODUCTTON

Among semiconductors selonmm finds the widest applcations and in some of
these, it s nwreplaceable  Solenium erystalsus m a irigonal structre and the
umt cell of the latlico contaums three atoms arranged in the characteristic spiral
chain  The ratio of the distances between next neighbowrs m one chain and
botween two chaing of selenuum ix ahout 1-49 (Cooper 1969) Tl  trigonal
solenirm  thus possesses strong anisotropy of the structure and has a number
of peauliar and mterostmg physical properties A peculiar {eature of the hand
structure of selenium 1s an energy gap which exists betweon two groups of valence
bands  This gap lends to & mmuoum m the spoctra at high energlos, the main
optical anisotropy s also located at bigh energies  The oloctrical conductivity
of selenium depends on the crystal direction  Paralle]l to the c-axis the con-
ductivity is groater than perpendicular to 1t. Tho ratio Ry /Ry 1s found to be
boetweon the values 3 and 10

Selenium filmg have been prepared from the vapour by a number of workors,
the structuro of these films depends upon deposition variables such as substiate
matorial and substrate temperature (Tauraitieno & Tauvraitus 1969, Viscakas
et al 1969, Hord & Chaudhari 1973) However, very littlo is known about tne
offect: of oblique meidence on the structure and the physical properties of sele-
nium {ilms [t i woll known (Konig & Helwig 1950) that an obliquely ineident
film roveals chams of crystallites whose long axcs are oriented nerpendicular
to the direction of vapor beam. The oriented chaing givo riso to macroscopic
offects anisotropy in photovoltage and photo conductivity (Kamiyama el al 1962),
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magnetic anisotropy (Komg & Helwvig 1950, Smith ef ¢l 1960), optical anisotiopy
(Nakai 1963, Tanaka & Takuhashi 1963) and anmsotropic resistanc « (Haraki 1963,
Takahasbi ef al 1971, Jum ¢ al 1975). The presence of microseopic geomotric
anigotropy in oblique madence films may thus ho studied from macroscopie
measurements  In the present study tho dependence ol regular refloctinee with
the thicknoess and vapour incidence anglo was moeasured sl dilferent wan olengths
The chango m the 1esstivaty moselonnum films with, thuckness and deposition angle
was also measured in air The expermental results are disoussed on the busis
of self shadowmg effect

2 LEXPERIMENTAL PROCEDURE

Selenmum films were propured on to cornmg-7059 glass substrate by evapora-
tion of polyerystallne pure Se from a Tantalum hoat in a vacuum of about
10 3 Tort  The geometrical arrangonment of the source and the sibstrate is
shown m figure 1. The film thickness was mondored using Fizean's  mterforo-
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Fig.1 Schematic illustration of oblique deposition
[Angle®is the deposition angle; Ry is the

parallel resistivity ; R is the perpendicular resistivity)

Fig. 1
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meler method. The substrato was kept al room temperature (27°C), the deposi-
tion angle wax varied from 0° Lo 75° with an iterval of 15°,

Reflectance of the films were dotermmed a8 a function of angle of incidenco
hotween 20¢ and 70° at differont wavelengths nsing the interferenoe filters and
polarizers. The schematic diagram of reflectivity apparatus is shown in
figuro 3 which essentially is a rosearch spoctrometor fitted with polaroides. Tho
light sovrco was a Ingh pressure mercury vapour lamp and detector was a 1P28
tube  The sample mount wag m the form of a window, bemg capable of rotating
m vertical and horizontal plancs

Tho geometry of the sample for electrical measuremonts 18 shown m figure 2.
large arca oluic curront-voltage contacts of evaporated aluminmum were made

Splenium
Aluminium ' é“m
elecirode
I (5
L 6mMm 5Amm ’f
Substrate
Fig. 2
¢ 4

C

To Micro Ammeter
Schematic representation of reflectometer

S=Source of light ; C L.=Condensing lense
FeFilter ; C =Collimator ; P=Polarizer ;
T=rotating Table ; A= Analyzer ;D = felescope;

P.M. = Photo multiplier Tube .
Fig. 3
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at the end of the selevium films. Tho spacing botween aluminium olectrodes
was 6 mm and the lateral dimoension of the film wus 4 nun Resistivity moagured
along the diroction parallel to the medence plane of vapour Leam shall be callod
‘parallel resistivity’ and oxpressed as Ry, In porpendicular direction “porpendi-
cular resistivity’ is exprossod as Ry

T'o moasuro the resistance of the film, the cwrent through the spoennen was
measurod usmg an Electrometor Amphiier (BARC model EA8IOA) of range
10-% to 1012 ampores  The d.c. hiasmg of the samplo was done wsing an oloe-
tronically regulated d.c supply (Philips make) ol range 250-2500 volts
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3 ReEsuLrs aAND DIsoUssioN

A Reflectance of Selenowm Falms

Tigures 4, 5 and 6 show tho relation betweon the roflsctance and tho incidence
angle of Light, ¢ 1 the angle of medence of the vapour heam and ¢ 18 the thicknoss
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of the film. In theso figures the notation posilive corrosponds to the incidence
of hght [rom tho sido of the vapowr beam, negative to that from the opposite
side. A dufference m refloctanco 18 found between the positive und the negalive
curves for low thicknesses and large deposition angle This suggests that the
surface of tho selenium film propared by oblique incidence evaporation is asymme-
trical in its structure. The asymmotry decroages with meroasing film thickness
and increuser with angle of deposition and the same can be oxplamoed by the
‘sellshadowing’ that osews during the oblique deposition  The growing crys-
tallites prevent the impinging atoms from roaching the substrate where the
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crystallitos cast shadows loavimg undoposited arcas there Hoeneo, in forming o
film, all the crystallites grow long, crosswise to the direction of deposition  When
the doposition angle 13 lurge, the crystallites grow wmore inclined, thereby develop-
g large adgymmsetry m ther shape  Fwither, no detectable difforence m reflect-
ance is found botween tho Posuive and Negafive curves for thicknessos larger
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than 1000 8 Such un effact 15 expoctad in view of tho lollowing :  As the film
bocumos thicker, the space between the crystallitc chains gels filled and as a
consequonce assume svmmotrical shape making the surface of the film almest
optwally flat The film doposited at 0° angle of doposmtion and of thickness
500 & doos not show tho above offoct. Thus 1t appears that. the surface of the
film prepared by normal evaporation (0 = 0°) pousestos reflestance symmetry.

8
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Tt is also observad that 1f the dlunsination 1s made by the polarisod hght,
the intensity of roflectod light rests with the orientation of the clectriec Voctor
rolativo to the direction of the vapowr heam which mmphos that the reflectivity
of the film has dallerent values i two directions, parallel and perpendicular to
the diroction of deposition.  Figure 7 showd the vanation of reflectivily of the
sumplo of thicknest about 600 A with tho oriontation of the olustric vector of

Refiechvily o2 a Tunction ol Orienltation of tha Elecirlc Vector

Tig 7

the incident plane polariscd ight relative to the direction of the vapour heam.
Trom theso curves, it follows that at 0° deposition angle tho curve 18 symmotrical
and is a circle  Ax the deposition anglo tnereases, the curve devolops agymmotry
with unequal radii along some diameter We moeasure this amsotropy by tho
ratios a,/a, and b, /by, whoro a's and U’s stands for the radir along two mutually
perpondicular diameters and are being plotted as a functioon of deposition anglo
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m figure 8 Tt {ollows lrom the graph that the 1atio by/b, 1w almost indopendent
of angle of deposition while the vatio @', meresacs witl the angle of doposition

This may boe oxplaed by solt shadowing” deserhed  oarlier
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Tagure 9 shows the refloctivity of the sclonmm film of thuckness 19504,
Dheing deposiled at an anglo of 15° as a function of angle of mewdence of hght at
1. 18 “oun that the magnitude of the refloctivity decreases

difloront wavelengths
The reflectivitios (R) e homg caleulatod using

with decreasimg wavelength

the followmg eapression,
0 ke
1)~ (1— R+ 4R sm” 62

§ = ‘—‘-’»rl S 2L

A

whore 1(r) and (i) we the mtensitios of refleeted and the meidont heams, A is
tha wavelongth of the hight wserd, ¢ in the angle of meidenco wnd ¢ is the {1ieknods
of the film The observed effect follows the above exprossions
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B Reswtivily dnisolrapy

Tiguro 10 shows the depondence ol the observed parsllol and perpendicular
rogstivitios (R and Ry ) of the film with deposition angle ¢ before and aftor
auneahng at 40°C for 30 minutes. Thus hgure shows thut the parallel rosstivity
for lower thickness (550 &) decronses with the incroasing angle of deposition
whilo the same for thickor film (¢ — 1600 A) has & constant value with deposition
angle. Such an offect 18 expected m view of the following. As the film becomos
thicker, the space between tho crystallites chams gots filled and as & consequence
the crystallites touch oach other almost continuously, therefore Ry becomes
independent ol doposition angle for thick films. The same has been abserved
oarher through optical moasurements. [t is interesting to note that an opposito
trend is observed for perpondicular resi tivity 1.e., the resistivity is independent
of deposition angle for films of lowor thicknesses and varies with @ for higher
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thicknesses  An obhiquely deposited thin film has chain structioo with its long
axis perpendicular to the beam direction The solf shadowing offoct is ¢ xpoctod
to be mmimum along the direction perpendicular to the vapour boam  Thus
variation of R, with deposmtion unglo 0 should be much lews than that of R).
The cxporimental results alst seem to bhe m accordance with the shove pretare.
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The observed variation of Ry for thin films and R, for thick films with
deposition angle ) may poseibly be attribmied to the structural defects, being
developed in the films during deposition . the striuetural defects density is assumed
to have a direct relation with the angle of deposition. To explam the above
variation, lot us consider tho formula for the conductivity

o — nep,

where » 1s thoe carrier density, e is the electiome charge, and sz, the mobility.
Thus, tho conductivity for a givon thickness increasces if » and/or g increascd.
For small thicknoessas, one gonerally expects that an merease in the number of
defects will merouse the carrier density but will decrease the mobility.

As the selemum films generally show the p-type conductivity, one expects
that an merease in acceptor sites due to defects will increase the carrior density
n but will decrease the mobility #  An increaso 1y may also arise from an
increaso in grain size which 18 expoctod to be enhancod by self shadowmg  The
observed increaso in conductivity with deposition angle may thus he accounted
for the mcreased grain size The offcet of annoaling on the resstivity of the
film is dopwcted in figure 10  Anncaling reduces the number of defects and,
therefore, n. The reduction in defects together with the increased grain size
both tend to increase #  The obgerved increase m conductivily associated with
the change to the annealed state thus results primarily from an mcrease in s
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Ration /R are plotted agamst the depomtion angle as shown m figure 11.
Tt is found that with an increase in doposition angle, anmsotropy in Tesistivity
increase lor thin films and docreases for thicker films. The effeot js found to
reduco aftor anmoaling the film. The observod trend is in accordance with the
uhove picture.  Further, for a film of thicker 1000 3. deposited at 0°, the ratio
is found to be about 2 which is m good agreement with the value for the bulk
selonum (Coopor 1969).

= =O- ~ After annealing
——0— Before annealing
I
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0 T3 [T o 30 (74 50
— 8
Fig 11
Figure 12 shows the eloctron mucrograpl, of the film of thickness 300 &
doposited at an anglo of meidonce of 75°  In this the agglomeration of crystallites
into ¢chain - whoso long axes are on the average porpendicular to the hoam direc-
tion ean be wferred. Tt thus provides direct evidence that geometric anisolropy
on a microscopic scale exisls m obligue-incidonce solenivm films and  loads to
an interpretation to the origin of anisotropy
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