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Abstract 

In
2

se
3

: si heterojunction is developed using the

evaporation technique . It shows a p�otovoltaic behaviour. 

Photovolt�ic spectr.wn shows a broad band around 740 run with 

a exponential tail towards higher wavelength side . Current­

-voltage characteristic� and output characteristics are re­

ported. Fill factor value is 2 9 % . 

In2se
3 

compound _is discovered as early as 1910 1 •

Its crystalline �d thin film character�stics are reported 

in detail2- 12 • So far no attempt has been made for a hetero­

junction in this material . In recent years heterojunctions 

are showing a considerable research interest in the area of 

photovoltaic devices . We made the. attempt to develop the 

heteroj unction of In2se
3 

on silicon base using evappration

technique and studied their photovoltaic behaviour. Results 

are reported here . 

The substrate is an p-type silicon si�gle crystal 
2 wafer with a resistivity 10 0cm, doped with boron, having 

na3 • 4 x 1 01 6  atom oxygen/cm.3 , It is mechanically polished

using the Alumina powder of grain size 0 . 1  and 0 . 06 , respecti­

vely; washed with water , Acetoil , and Trichloroethylene i 
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finally,  chemically etched in a solution of HF : HN03:.:1 : 10.,

rinseq in the deionized water and dried rapidly . A gold film 

is evaporated onto one side for a back contact. 

n-type polycrystalline In2se3 is obtained using

direct synthesis of pure Indium and Selenium in stochiometric 

proportion: in our laboratory9-11 • It is pounded into small

pieces and evaporated onto the silicon wafer , using a mask 

of 2 cm open diameter. The thickness of the film is 

1100 + 100 nm. For an ohmic contact, Indium film is deposited 

onto it using the cross mask of small size . During all the 

evaporations the order of vacuum is1 ,33•1o-2 Pa Silver paste 

is used for contacts . 

At low forward bias the current is given by 

I :.:  I0 exp (eV/nKT) -1

where I0 
is the saturation current , e the electronic charge ,

V the applied bias , n factor determined experimentally , K the 

Bolzmann constant and T the absolute temperature . 

Dczrll 

Figure 1 sha.,s the current -

- voltage characteristics of  

the junction at room tempera· 

ture (26°c) in dark and in

ambient light, respectively. 

It shows a good cliod charac­

teristics . n-factor value 

calculated from the above 

equation is 1 . 49 and the I
0 

value deduced from this figure . is 

3 . 8  x 10-:B amp.
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· - Figure' -2 shows · the

photovoltaic spec­

trum i . e .  photovol- . .. 

tage as a function 

of waveleng_t�., for 

' the het�roj�ction 

o.f I�2se3_. 
: .-_�L It

has a �road b�nd 

peaking at 74 0 nm

with a exponential tai l towa�ds -�he . higher wavelength. side . 

Earlier simi lar behaviour is 9bserved fof t�e p�oto�oltaic 

spectrum of a p-n j unction in GaA� 0 •  85P O •· 1 5 and the exponen­

tial behaviour is correlated wi�h the abruptness of  the · 

junction 1 3·; · -
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Figur� 3 shows the 

· - output .characteris­

tic of the · junction

measured in ambient 

light at room tempe­

rature � The fill 

; · £actor value deduced 

from the ·'figure 

is 2 9%  •. 

,, , Cqr>;ent - vol tag� c;haracteristics , spectral photo-
:-. . 

� volt�_ic r�sponse and 'the. fiil factor value of In2se3 : Si

heterojunctions s�ows good photovoltaic properties and diod 

characteristics . It makes the poss�bility for ,olar device 
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appli cation ·on improving powder output e . g .  r�dpcing the 

series resistance . This is possibl� - on- improving the fabri­

cation technology . 

l'he I,i2se3- .film is depos ited· ,onto . the sili-con .

subst,rat_e· a_t ·;room �emp_erature -_�d the film 'has · th� .. amorphous . . . 

· nat\lre. Eqr_lie� work12" on Ii:i
2

se3 · th� fi'lm ·shows that ·the

amorphQU�. -.�tru_ctur� changes .slowly to polycrystalline ,nature _ ·

on Jieat t.;:eatmen�, .and also its resi stivity value becomes

lower by an. order of: ��gni_t1,1de . Therefore:,-' the further work.

in this direction may improve the power output .

I:t- ii? we_J.l �ow� that. heteroj uncti.on with appro-_

priate electron affinities , good latti ce and crystal match and 

negligibly small difference in the thermal expansion coef­

ficient wi ll form good photovoltaic devices . Also earlier 

experimental data indicated good performance of some oxide 

semiconductors and base semiconductor , which is not as yet 

completely understood , the strains due to crystal s�ructure , 

lattice parameter and perhaps thermal expansion coefficient 

mismatch , thus in effect grading one side of junction into 

the other. A basic theory of. ITO / silicon heterojunction 

solar cell operation with an interfacial layer or an SIS solar 

cell has been proposed in terms of minority - carrier tunnel 

current transport through the interfacial layer where one 

semiconductor is in non-equilibrium mode . The thermal expan­

sion coefficient of In
2

se3 and s ilicon are 6 . 8  x 10-6 per

0c ,  2 . 44 x 1 0-6 per 0c,  respectively . Silicon is a diamond 

99 



structure with a lattice constant· 5 . 431 i while In2se3 is

a hexagonal structure with the unit cell dimensions9 at

2s0c a =  ( 4 . 025  ± o . OOS) • l0-1nm and c = (19 . 2 35 ± 0 . 05) • 10-1nm.

In this case it is difficult "to conclude the picture of 

jwtction formation and the process phenomena involved on 

the basis of present results onlr. Perhaps there may be an 

interfacial layer at the jwtction and the case may be treated 

as SIS with a possibility of tunneling . Further experimental 

work on I-V characteristics and C-V measurements at l�fferent 

temperatures will make the better understanding . 

We are thankful to our colleagues N . Urli , B .  

felustka, M.  Perlin an d  u .  Desnica for useful discussions . 
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