Manaoursa Bulletin Vol. 6, No. 2, December 1561. E.63

CADMIUN AND ZINC SULFIDE THIN FIIMS-SILICON
BYBRIVE PHOTOVOLTAIC SYSTEM
BY
; o EX
Aasheed M. Bl-Awady , F.A. Abouelfotoun
and M.M. Abd-Elnaeby

I ABSTRACT:
Tue formation of n{Zn_ - Cd,__) S5-PS1i neterojunction

solar cell under various h¥at tr&a*ments is investi,sted
in order %o optimize tneir benmviour. The results cbtained
indicutie tnat substantial improvement can be made in tne
conversion and quantum efficiency of celle wito x about
0.75, deposited et substrate temperature of 370°C, after
annesiing in H2/Np atmospnere at 600°C, Under these con-
ditions, minimum density of interface stsetes good lattice
mater, and maximum electron mobility are acaieved.

I. INTRUDUCTION:
Gadinium sulfide und Zince =sulfide films have received

& copgiderable interest in photovoltaic applications in
‘wnicn tnese meterimls and their mixture nBve bDeen acting us
the large gap window materisl of & neterojunction. Ihe pri-
mary advantage of heterostructure solar cell is tane enhanced
snort wavelengtn responee, reduced carrier losc frou surisce
recombination and lower fabrication coet. In order to in-
¢renze tpne conversion efficiency of aesterojunction seclar cell
{1l), tue base muteriml snouid iie in tne range 1.1 = 1.9 ev,
tae window meterisl should ueve as large sep as possivlie, tne
iettice mismatech and difference in electron affinity between
trie two meterigls saoulc Se minlaum. 4 eixed sulfiuve film
{any - Cdl-x)s could nsve &n excellent lattice matcn viitu
gilicon znd an eneryy (&80 in excess of 3.C ev by adjusting
tne value of x. An efliciency in the range 12-15 percent is
expected from such & syetem provided = good quelity sulflde
film can oe depcsited on s properly cleaned Si surface. Iun
tuis paper we are carrying om work previously started (2, 3)
wrhich is performed &s an atteupt to relate tne pnysicel (ele-
ctrocsl end cotical) properties and caemieal composition of
ue (any = Cay_4)5 films t¢ tne pnotovoltaic perTrormence of
Taelr neterojunction witn ¢ilicon, Tne mein objective is to
study t.ae formetion of n{iny - Cdyj.4)5-Psl neterojunction
under various neat treatments in order to optimize tneir
benaviour,

x Ugpartment of nlectricsl zngineewxing, University of
rl=llangoura, Bl-densoures, »GYr?d. "

¥ Pnysics Departmert, Faculty of Science, University of
niyaeda, Ssudi arsbiu.



E.64. pl-Awady, Abouelfotouh & Abd-Elnaby.

II- Experimental:

[ ]

Heterpojunction Bolar cells were fabricated by applying
n(Zog = Cdj.yx)5 film of thickmess 3000 to 50004 on a cleaned
(111, surface ?f P-51 subetrates. The mixed sulfide films
(n &= 2=9 x 10 cm=2) were deposlted by radioc frequency sput-
tering trom (Zny - Cdj.x)8 targets with x ranging between 0.05
and U,85 at different substrate temperature Tsb (between 150
and 350°C) in srgon ur 4.S atmosphere at pressure of 10~Z to
10-4 torr. < .

Clean zurface of the substrate is congsidered as & must
in order to grow & sulfide film with good structure order st
tne interfmce. Therefore a thinm layer was eveporated from tne
zurfece of tne wafer after cnemicel cleening to remove surface
dameges created during cutting snd poliening of tue wafer.
Then tne wafers were tnermelly cleaned by heating ther at
temperature owver 950°C in s aigh vacuum chamber in a vscuum
better tasn 10-7 torr to remove toe native oxides from tue Si
surface. Compleuwentary surface enalysis includins Auger
electron sceniing AbS, and secondary ion nmass sepectroscopy
SIMS were employed to Btudy tne chemical and molecular species
of tne surfaces aud interfaces of tae neterojunctions. Compo-
gitional profiling waes also utilized to study tae heterostru-
cture trensition layer including tne initiel formation of the
sulfide film on the S1 substrate. The crystallite grain sizes
in tne film were memsured using scanning electiron microscope,
and information on tne crystsl structure was obteined from
X-ray dirfraction studies. Lvaporated indium or aluminum was
used sr 8 low-resigtance frout contact to the sulfide film.
Electrical contact to tne o1 base was made from Al evaporated
at pressure of 10=2 torr and sintered at 450°C for 10 - 15
minutes. Current - voltage, cepacitance - voltage measurement
were done for characterization of the completed solar cell and
for determination of tne deneity of interface states respec-
tively.

I1I- rdesults and Diecugpions:

Tne improvement in tne performance of ashnealed n(an-Cdl_x)
S=Fel solar cell due to increasing ¢n content x from J.12 fo
veT5 is demonstrated in figure 1. It is clear thsat tne con-
version efficlency of nefergjunctions prepared under the same
conditione and received tne same asnnealing trectment nas incre-
agsed by iwo poinis by increasing x from 0.12 to 0.7,

Tne electrical cnaracteriztices of tne as grown sulfide
1ilmg are summerized in Table 1 and of the snnesled films in
Teble 2, It is cleuar tomt tiue resistivity lucreases witn x.
However & drastic drop takee plece after enneeling in a Hs
atmosphere at temperature 550°C, Linimum value of ./ =40 ohn
cm end meximur value of carrier concentration n = 5x1017c¢m~—3
are obtained at x = U.l2. 7Tne electrom mobility m as a8 func-
tion of ennealing condition and x is shown in figure 2,
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1t is clear tinast u decresses very plightily with increasing x
before enrnesling. After mnnealing in HoS at 600°C wm hags incre-
ased to a constant value for x ranging %etween .05 and 0.3
then started to decrease at higher wvwalues of x. On the otner
hand, ennealing in H; at the same tempersture gave rige to a
slight increase in u witn x. Larger increase was obtained due
to snnealing in Hp/N, (1:1) atmosphere., The present data nave
gnown that the dark reverse ssturation current density Jo of
n(ény - Cdl,x}S-PSi netercjunction prepared at Tsb 350°C*decr—
eases continuously from 2.V mA cm—< to 0.02 m & cm™¢ by inere-
esing x from 0.05 to 0.7 due to annealing in Hp/No stmosphnere
at oUu?C, rdeterojunctions annealed in H; or HnS 8t the seme
temperature anasve showr a minimum velue of Jo &% x = 0.12 fol-
lowed by Bn incresege witn increasing x. The values of Jo
obtained Bt ¥ = U.7 ere almuet tne same for botih gases(P L.2 m
4 o—2), It ia well known (4) tust C4S nas & Wurizite crystel
structure, while as grown inS filma is structurally impure(5)
containing & cubilc and nexagonal types of structures togezaer.
in tnis work, iae proportiion of the cubilc pnage nas increunsed
remarkably by sputtering inS$ in HoS stmospnere (pressure 16-3
torr) on clean S5i surfece at temperature 370°C. After ennes-
ling at o30¢C in ﬁg/Ne atmospnere tne structure was found to
be mainly cubic (in whicn positions of the atoms in the unit
celli are identicel witn tunose of ine dismond cubic structure
of Si). um the otaer hend, the crystel structure of (Znyg~Cdy._y)
5 films prepsred at Tsb = 370°C in HpS etmospoere and anneaieg
at 05u°C ghowed a gracuel cnenge from tane wurtizite structure
of Cdb to thne cuvic structure ol IZInd by increasing tne Z4n con-
tent x. Prolonged snnealing treatment { >»one aour) nas in-
cregsed tre size in tne crystallites of tae (Lno 72 Cd,, 25)5
films to nalf of tne film thickness. : )

‘Auger depthr profiles of (ung-Cdj.z)o-ti neterojections
witn X = 0.13 end x = u.8 before and & ser snnealing in Hp/N
(1:1) et 650°C are snown in iigures 3.8 and 3.b. drom fipure
J.a suifur accomulation is obgerved in neterojunctions witn
lower zinc content before annesling. Migrstion of sulfur nas
incressed towards tne interface of this sample gfter ernnealiug.
In figure 3.0 junctioms witn x = J.8 did not show eppreciatle
chanze 1n sulfur concentration at tne insterface due to snnes-
ling, but Zn accommlation wes shown instead, It ig also
observed that anneallng gives rise to sharper interface. 0Othe-
rwige no major compositional changes were observed.

in tane case of peterojunctions witn niga zine content
(x = v.75) nigner structure order wes acaieved at tne transi-~
tlon leyer, reduction in tne widta of tne depletion layer andg
gtability to nign temperature annesling were observed, clect-
ron microscope studies nas snown thei tae initjal bonding of
tne mixed sulfide Tilms to L1 surface takes place mostly
tLrougn o etoms in junctions made from fllas wita low «n
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content (x < 0.,25)., Tne initisl bonding takea place through
i wtoms in junctions prepared fromsnign 4n content meterial
{x » J.5) provided tnat tae substrate temperature is niner
inan s5J°C., [hen density of interface gtates wap reduced due
to reduction in tne concentration of dangling bonds. The
recombination velocity wae decressed from 8 x 107 cm gec™

for x = V.2 to 4 x 1 em seg™+ for x = 0.8,

IV~ CONCLUSION:

The present investigaiion hee snown that significsnt
coanges in the benaviour of n(Zngy — Cdy_4)S5~-PSi solar cell cen
take place by varying Tsb, anneeling temperature and ambience.
it was also found that on content X nas a crucial influence
on tue performence of tne cell, Under tne ssme preparation
and annealing conditions two ceses can be distinguisned.

8) In tne case of gulfide films with low zinc content\x about
0.12) the efficiency obtained is 6.3 percent, the electricel
characterigtics (/ and n) are optimized tne velue of elec-
tron mobility is acceptable (150 cm? v-1 Sec- 1), However
the density of interface states due to tne structurel die-
continuity between Si and the sulfide film wes s0 nign tnet
an appreciable recombinatvion loss result in, JTonerefore a
supregeion in Is¢ was observed.

b) Increesiug in content (x about L.7% - 0.8) give rise to an
appreciable incrgese (mbout 20 percent) iz both tae conver-
pion and cuantum efficiency compered to tue former csase, in
spite of tne nigh resistivity end lower carrier concentrat-—
ion. Tnis lncrease ln efficiency ie due To reduction in
tue density of interrece states (tnen reductior in uo),
reduction in electroun effinity a.iierence and improved lat-
tlice matcn,
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Table-1. Registivity » and electron mobilitysM and carrier

concentration n of the as grown sputtered (2n_-Cd )S

films as a function of substrate temperature 1-x
Tshr and Zn content x.
P ohm cm M om? v gec”?! nxlﬂ-l‘scm-3
x Tsb °C Tsb °¢ Tsb °C
150/ 280 350 150 | 250 @ 380 156 | 250 1 389
c.Qa 2000 300: uwhD 110 ¢ 120 : 175 8 12 15
0,15 500 u4&C| 350 120 ¢ 110 ¢ 175 15 25 35
0,25 BOD 55%90: 500 11Cc : 216 ¢ 120 15 20 35
0.5 §00 78C: 750 100 105 | 110 12 18 30
0,72, 1000 1000 9§80 80 30 75 10 18 20
0,85:1100 10501050 50C 8¢ 50 8 12 15

Table Z. # and af (an-Cdi_x)S fiims prepared at Tsb=350°C
after annealing at temperature Ta=609°C in Hgfa),

(HQ/NQ) (b)), and H,S (c).
] A
L x 0.0 0.15 0.25 9.5 0.72 0.85 |
|
al 89 e 197 280 300 320
-]
P | b 70 115 250 350 400 400
c 85 120 260 400 450 450
a 78 60 55 40 30 30
n | b 18 45 40 30 70 20
e 15 40 3s 30 20 29
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Fig.{1l): I~V charaecteristics of (a) Si homojunction aolar
cell (10 percernt efficiency), (b) n(an-Cdl_x)S-pSi
heterojunctions witn x + U,75 and (¢) for x + (.12,
and nCdsS - psi.
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Fig.(2): EBiectron mobility a of n(an-Cdl_x)S filme sput-
tered at st = 350°C as & funciion of x, before
annealing (a) and aft-r ennealing (b, ¢, and d).
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Fiz.(3 b): auger depth uroriies of n(Znﬁ g - Cdo 2)S - poi

before {lines v) and «Tter wnnealiing {iines &),



