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C-5-1 CHARACttERIZAtt10N OF AMORPHOUS SILICON SOLAR CELLS

S.Nonomura, H. Okamoto, H. Kida, K. Fukumoto and Y. Hamakawa

fu,culty of Engi,neering Set)ence, )saka tlniuersitg
Togonaka, 0saka, Japan 560

As is now widely recognized, photovol-taic performances of amorphous silicon
(a-Si) solar cell-s are not uniquely settled by their deslgn and fabrication
conditions, but significantly affected by uncontrollable contaminations, thermal

hisbory, ion or electron darnage and prolonged light irradiation during and./or

after whole the ce11 fabrication processes. Accordingly, for achieving high

efficiency together with sufflcient reliability and reproduclbility, it is an
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Fig. 1 CaLculated results
on normalized eollection
efficiency speetra n(Va) /n( 0 )
as a paz'ametez' of vnr.n+tprp.

essential matter to identify 1n what manner the

physical parameters dominating the performances

are lnfluenced by bhe above violating factors.
fn this paper, we will make it clear through

combinlng a series of systematie experimental

examinations on various type of a-Si solar cells
with their theoretical analyses based upon the

variable minority carrier collection moOetl)

Flgure 1 shows an absorption coefficient
dependence of the biased collection efficiencv
n(V ) normaliz.ed hrr f.he shnpf circuit colfecti-on'l \ v 

a /

affiaianarr nl'l-r\ +1^^+ {^ ^/v )/n(0)- The a_sluf,IfvfsIIUJ tl\w/: u]td.L/ tD tl\VO.//tl\w). Itl

solar cell used for the measurement is a SnOr/

p-i-n,/A1 type one exhiblting a conversion

efflclency of 6.5% under AM 1 illuminatlon.
An excellent fittine is obtained between the

experi-mental results plotted by open circles
and theoretically calculated curves with choos-

ing the physical parameters as lnserted in the

figure. The Ur products of both electron and
Oa

hole are evaluated on the order of lO-ocmz/V

and the effective surface recomblnation vel_oci-

ties at p/i and n/i interfaces S.-.u.-. S_.u_ cann'n' p'p
l,

be estlmated at l0-cm,/sec and lcm/sec when

u- and p^ are assumed as I and 0.01"^2/u.sec,I1 U

poqnaaf i rra'l rrvvr vvIJ .

Figure 2 demonstrates the active i_layer
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FLg 2 Expez.imentalLy
obtained coLLeeti'on effi-
eieney as a function of
i-Lager thiekness and
theoreticaL euv'ues fot' them.



thickness dependence of collection efficlency in the case of p-slde and n-slde
oo

illumination for the monochromatlc light wavelengthes, 45OOA and 6500A. As can be

seen in the figure, a considerably good coincidence 1s found between expcrlmental

plots and theoretical curves whlch were drawn with the physical parameters deter-

mined through the above mentioned method. These results confirm us of a valldity to

determine the physical parameters through analizing n(Vr)/rr(0) spectra in the

presented way.

rα b zθ  コ Photouoltaie penfanmances and seuey,aL phgsical
para.metez.s in uarious types of s-Si soio, eells.

Cell Structure ,tr.(mA/crn?) vo"{v) FF n(x) v6(v) untn(cm2lv) ,o.o("rZlv) sn(v/cm) SplV/Cm)di{A)
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Here, we will summallze in table 1,

the fundamental physieal parameters Unrn,

U^r^, S- and S^ derived in various types of
IJ p rr P

a-Si solar cells. Several results found are

wrltten down in the following. Inclusion of

Boron atoms(phosptrru-s atoms) into the i-layer

during the plasma deposi-ton reduces ur pro-

dUCtS, patiCUl on1 rr tt r ( 
" r '\ T-\annci ti 1n 6fLsr rJ 

"p.p\ 
trnLn/ . vvrrvp+v+\

ITO front electrodes inevltably decreases ur

products and lncrease the surface recombi-'

natlon velocity(Sduo, SnUn) owing to ion or

el-ectron damage *nr"n ,n" a-Si layers are

ttttt---t 
*t.t-.r....

.i
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suffered. The interface at p a-SlC/l a-Si has larger Sriur,, however, which is

successfully savecl by the enhanced built-in potential due to the heterojunction

effect. In this type of solar cellr we have obtalned B.I% converslon efficiency

under AM 1 illumination as shown in Flg. 3.

We will make detailed discussions on the correlationship among the cell struc-
rttna fqhni^"tion condltions and proceSS, f,undamental physical parameters and re-v 4r v t ! svr +v uL

sulting photovoltaic performance. Moreover, we wi-11 mention about the stabitity of
l-ho nal'l norfrrrvr rJrmance against thermal history and prolonged 1lght lrraoi-ation from

the standpoint of the corresponding varlations of the physical parameters.
Reference
ffi"omura'H.okamoto,H.KidaandY.Hamakawa:The3fdPhotovo1taicSci.c

Eng. Conf. in Japan (1982) to be published.
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