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Copper Migration in CdTe Heterojunction Solar Cells

H.C. C H O U , A. ROHATGI, N.M. JOKERST, E.W. THOMAS,* a n d S. KAMRA

School o f Electrical a n d Computer Engineer ing , *School o f Physics,
Georgia Ins t i tu te o f Technology, At l an t a , GA 3 0 3 3 2

CdTe so l a r cells were fab~ca ted b y depositing a Au/Cu contact with Cu th ickness
in t h e range o f 50 t o 150A on polycrystalline CdTe/CdS/SnO2/gtass s t r u c t u r e s .
The inc rease in Cu th ickness improves ohmic c o n t a c t a n d reduces ser ies
re s i s t ance (Rs), b u t t h e excess Cu t e n d s to d i f fuse into CdTe a n d lower s h u n t
re s i s t ance (Rsh) a n d cell performance. Light I-V a n d secondary ion mass spectros-
copy (SIMS) measurements were performed to u n d e r s t a n d t h e corre la t ions
be tween t h e Cu c o n t a c t t h i cknes s , t h e extent of Cu incorpora t ion in t h e CdTe
cel l s , a n d its impact on t h e cell performance. The CdTe/CdS/SnO~/glass, CdTe/
CdS/GaAs, a n d CdTe/GaAs s t ruc tu res were prepared in a n at tempt to achieve
CdTe films with different degrees of crysta l l in i ty a n d grain s ize . A large grain
polycrystalline CdTe thin film so l a r cell was ob ta ined fo r t h e f i r s t time by
selective e tch ing t h e GaAs s u b s t r a t e coupled with t h e film t rans fe r onto a g l a s s
s u b s t r a t e . S IMS measurement showed t h a t poor crysta l l in i ty a n d smaller grain
size o f t h e CdTe film promotes Cu diffusion a n d decreases t h e cell performance.
Therefore , grain boundar ies are t h e main condu i t s fo r Cu migration a n d larger
CdTe g r a i n size o r a l te rna te method o f c o n t a c t formation c a n mitigate t h e
a d v e r s e effect o f Cu a n d improve t h e cell performance.
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I N T R O D U C T I O N

Polycrysta l l ine CdTe so l a r cells are one o f t h e
leading cand ida tes fo r cost-effective photovoltaics due
to near-opt imum b a n d g a p (1.44 eV), h igh absorption
coefficient, a n d manufacturabi l i ty .1-3 High-efficiency
(> 10%) polycrystalline CdTe/CdSso l a rcells have been
made b y var ious techn iques.4 However , cells made by
different g r o u p s show a signif icant var ia t ion in cell
parameters , a n d there is a considerable lack o f u n -
de r s t and ing o f t h e efficiency-limiting mechan i sm in
t h e CdTe/CdS cells. One o f t h e pr incipal barriers to
ob ta in ing h ighe r efficiency CdTe so l a r cells is t h e
res i s t ive a n d / o r uns tab le c o n t a c t t o p - type CdTe .5The
difficulties come from t h e compensa t ion mechan i sm
in II-VI semiconductors a n d t h e large work func t ion
o f p - type CdTe2 Severa l inves t iga tors h a v e ob ta ined
reasonable cell efficiencies b y utilizing Au/Cu m e t a l
films 7 o r graphi te p a s t e d o p e d with Cu o r Hgs t o form
ohmic contacts o n CdTe . We h a v e shown9 t h a t c o p p e r
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p l ays a d u a l role in t h e CdTe/CdS so l a r cells with a
Au/Cu contact. On one h a n d , it he lp s in t h e formation
o f b e t t e r ohmic c o n t a c t to CdTe a n d increases t h e
a c c e p t o rdop ing concentration; b u t on t h e o t h e r h a n d ,
excess Cu diffuses all t h e way t o t h e CdTe/CdS inter-
face , forms recombinat ion centers a n d s h u n t p a t h s ,
a n d degrades t h e cell performance. However , t h e
source a n d magni tude of Cu migration need t o be
understood in o rde r to con t ro l t h e Cu incorpora t ion
in to t h e CdTe films a n d to e n h a n c e t h e so l a r cell
performance intel l igent ly . In this paper , a n a t tempt
was made to u n d e r s t a n d t h e correla t ion be tween Cu
th i cknes s , Cu dis t r ibu t ion in t h e CdTe films, a n d t h e
cell performance. CdTe thin films with different de-
grees o f crysta l l in i ty a n d grain size were grown by
vary ing s u b s t r a t e s a n d growth conditions. CdTe so l a r
cells were t h e n fabr ica ted on t h e s e CdTe films by lift-
off/etch b a c k a n d film t rans fe r techniques in a n a t -
t e m p t to u n d e r s t a n d t h e effect o f crysta l l in i ty a n d
grain boundar ies on Cu incorpora t ion in t h e CdTe
films a n d its impact on t h e CdTe cell performance.
Detai led material a n d cell character izat ion was per-
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Table I. CdTe S o l a r Cell Parameters with
Different Au/Cu Contact

400A Au/50A Cu 400A Aun50A Cu

Voc (V) 0.73 0.71
J~c (mA/cm2) 22.28 22.4
1%s (~-cm2) 4.7 3.62
Rsh (g/-cm2) 1104 272
Fill factor 0.61 0.58
Efficiency (%) 9.9 9.2
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Fig. 1. Cu d e p t h profiles from SIMS measurement on the cells with 50
and 150A Cu contacts for a Au/Cu/CdTe/CdS/SnO 2 cell structure. The
s igna l was plotted as a function of eroded d e p t h based on the
measured CdTe layer thickness. The uncertainty of interface position
is estimated t o be about 200 nm due t o collisional atom mixing and
surface roughness.

formed b y light I-V measurement , s c a n n i n g elec t ron
microscopy (SEM), x - r a y diffraction, a n d secondary
ion mass spectroscopy (SIMS).

E X P E R I M E N T A L T E C H N I Q U E S

CdS films were f i r s t deposited o n textured SnO/
g l a s s s u b s t r a t e s by a solution growth techn ique u s i n g
cadmium chlor ide , th iourea , ammonium chlor ide a n d
ammonia.i° The CdS/SnO/g lass s u b s t r a t e s were t h e n
t rea ted with a CdC12:CH3OH solution a n d annea led in
a furnace a t 450°C for 50 rain in N2ambient . Polycrys-
tall ine CdTe films with a th i ckness o f ~2.6 ~m were
grown b y M O C V D on t h e annea led CdS/SnOz/glass
s u b s t r a t e s a t a temperature o f 400°C. Af t e r t h e CdTe
deposition, t h e s e CdTe/CdS s t ruc tu res were again
t rea ted in a CdC12:CH3OH solu t ion followed by a n air
a n n e a l a t 400°C for 30 min. This t rea tment was
performed to e n h a n c e t h e grain growth a n d t o im-
p rove t h e cell performance.11 O h m i c b a c k contacts
were formed on t h e CdTe sur face b y sequent ia l ly
evapora t ing Cu a n d Au. The th i ckness o ft h e Cu layer
was var ied from 50 to 150A. Af t e r t h e metall ization,
t h e cells were annea led a t 150°C in A r fo r 90 min. Cell
fabr icat ion was comple ted b y e tch ing t h e CdTe sur-
face in 0.1% Br{CH3OH , fol lowed by a DI w a t e r r i n se
a n d N2 blow-dry .

Severa l character izat ion techn iques were utilized

to determine t h e CdTe film qual i ty , atomic d is t r ibu-
tion ofCu, Te, a n d Cd, a n d t h e electr icalproper t ies o f
t h e f in ished devices. Cell efficiencies were measured
u n d e r 100 mW/cm2 air-mass (AM) 1.5 il lumination.
The microstructure a n d grain size of t h e CdTe layer
was determined b y SEM with a beam vol t age o f 15 kV.
X-ray diffract ion (XRD) measurements were per-
formed to s t u d y t h e or ien ta t ion a n d crysta l l in i ty o f
CdTe layer by u s i n g a Phill ips PW 1800 automatic
diff ractometer with 1.5418A C u - K radia t ion with t h e
diffract ion angle 20 in t h e range o f 20 to 70°.

The d e p t h dis t r ibu t ion o f Cu , Cd , a n d Te t h r o u g h
t h e CdTe cell was determined by u s i n g a n ATOMIKA-
ADIDA 3500 SIMS system. Profiling was done with a
40 nA, 12 keV 02+ beam. The beam was general ly
ras te red over a 600 micron square area when profil-
ing t h r o u g h t h e region o f t h e Cu/CdTe interface a n d
t h e n t h e ra s t e r area was reduced to a 200 micron
square fo r a f a s t e r profile t h r o u g h t h e much thicker
CdTe/CdS layers . Signals o ft h e monoatomic positive
ions were recorded . Detec t ion only from t h e cen t ra l
30% of t h e ras te red area was examined in o rde r t o
avoid cra te r edge effects. Profiles were terminated
when t h e e roded cra te r pene t r a t ed t h r o u g h t h e CdTe/
CdS layers to t h e SnO. /g lass in ter face .

There are a number o f well known complexities in
t h e in terpre ta t ion o f SIMS d e p t h profiles. The t e c h -
n ique provides a reliable relat ive indicat ion of impu-
ri ty concentration when t h e impurity is di lute a n d t h e
m a t r i x is homogeneous. In t h e p r e s e n t c a s e , analysis
is performed t h r o u g h a ser ies o flayers , Au/Cu/CdTe/
CdS, in each t h e detection sensitivity o f a species is
unknown . Moreover, t h e de tec t ion sensitivity fo reach
species will vary from one layer to t h e next a n d w h e r e
concen t ra t ion is h igh , a s igna l may not linearly relate
to atomic concentration.

In drawing conclusions from t h e SIMS ana lys i s ,we
used only t h e relat ive var ia t ion o f a par t icular s igna l
with d e p t h t h r o u g h a single layer o f t h e s t ruc ture to
rep resen t relat ive var ia t ion o f concentration. In addi-
t i on , we used ra t ios o fsignals from different samples
to rep resen t ra t ios o f atomic concentrations. T h e s e
ana lyses do not involve a n y a s s u m p t i o n s concerning
de tec t ion sensitivity n o r h o w such sens i t iv i ty might
vary as a n interface is crossed. Fur the r complications
a r i se in the es tab l i shment o f t h e positions o f inter-
faces in t h e SIMS profi le . The f i r s t concern is t h a t ,
with t h e T E N C O R profilometer, t h e sur face of t h e
so l a r cells was f o u n d to b e "rough," with topographical
irregularit ies o f t h e o rde r o f 200 nm. This is p e r h a p s
n o t surpr i s ing since t h e samples are polycrystalline
a n d grown on glass. But it does mean t h a t t h e record
o f bur ied interfaces will b e "smeared" by this amoun t .
Moreover, it is well known t h a t collisional m i x i n g will
fu r the r dis tor t t h e indicat ion o f a n inter face . A r o u g h
indicat ion o f d i s to r t ion in t h e metallic layers c a n b e
extrapolated from t h e measurements o f King a n d
Webb 12on a n interface be tween s i lver isotopes, which
resul t s in a n interface width of 10 nm for t h e condi-
t i ons o f t h e p r e s e n t experiment. The inheren t r o u g h -
ness o f t h e samples will t h u s l imi t a n y at tempt to
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es t ab l i sh a n interface position. A n o t h e r complexity is
a possible interference from doubly ionized Te with
t h e Cu+ions a t mass 63 a n d 65. To correc t fo r t h i s , t h e
s igna l o fmass 128 Te2+(mass to charge ratio o f 64) was
moni tored a n d t h e Te2+signals a t masses 126 a n d 130
were calcula ted u s i n g t h e well known isotope ra t i o s ;
t h e s e were t h e n s u b t r a c t e d from t h e signals a t mass
t o charge ra t ios 63 a n d 65 to give t h e t rue signals from
Cu +. The resu l t ing c o p p e r signals were consistent
with general ly accepted isotope ra t ios .

R E S U L T S A N D D I S C U S S I O N

T h e E f f e c t s o f C u T h i c k n e s s o n
C e l l P e r f o r m a n c e

In o rde r to ach ieve be t t ec a n d reliable CdTe so l a r
cells wi thAu/Cu contact, it is important to u n d e r s t a n d
t h e correla t ion be tween t h e Cu c o n t a c t t h i cknes s , t h e
amount of Cu incorpora ted into t h e CdTe layer a n d
n e a r t h e CdTe/CdS inter face , a n d t h e resu l t ing cell
performance. CdTe so l a rcells with 50 a n d 150A th ick
Cu contacts were fabr ica ted with t h e same Cu depo-
s i t ion ra te o f 0 . 3 ~ s , while t h e A u th ickness was
maintained a t 400A. Light I-V measurements were
performed to quant i fy t h e c h a n g e in R , R h, a n d cell
performance. Cell parameters in Table I show t h a t
both Rs a n d Rsh dec rea sed when t h e Cu th ickness
inc reased from 50 t o 150A. This is due to t h e inc rease
in Cu th i cknes s , which resul t s in a b e t t e r ohmic
contact, thus reduc ing R , b u t t h e excess Cu causes
s h u n t p a t h s or recombinat ion c e n t e r s , which t e n d s to
lower R~h a n d cell performance. T h e s e resul t s suppor t
t h e d u a l role o f Cu on CdTe cell performance. In o rde r
to inves t iga te h o w t h e amount o f Cu in t h e contact
affects t h e Cu dis t r ibu t ion in t h e CdTe films, SIMS
measurements were performed o n t h e cells with 50
a n d 150A Cu contacts. Figure 1 s h o w s t h e SIMS
profiles o f Cu f o u n d in t h e CdTe films fo r t h e above
two cells. The profiles were normalized to c o n s t a n t
beam curren t density. At all depths, t h e d e n s i t y o f Cu
in t h e CdTe for t h e 150~. Cu was signif icantly h ighe r
t h a n t h a t fo r t h e 50A Cu layer. T h u s , inc rease in Cu
th ickness in t h e Au/Cu c o n t a c tinc reased t h e di f fused
Cu concen t ra t ion in t h e CdTe film a n d a t t h e CdTe/
CdS interface o f t h e cell. This r educed R~h a n d led to
degrada t ion in cell performance.Therefore , reduc t ion
o f Cu concen t ra t ion in CdTe films is e s s e n t i a l in o rde r
to inc rease R h a n d cell efficiency.

The Cu dis t r ibu t ions ob ta ined b y SIMS mea-
surements in Fig . 1 clearly show t h a t Cu pene t ra tes
into t h e CdTe , exhibit ing a diffusion-like profi le , a n d
re ta ins a s ignif icant concentration even a t a d e p t h o f
2.6 pro, where t h e CdTe/CdS interface is located. We
repor ted in a p rev ious s t u d y° t h a t Cu f o u n d in t h e
CdTe layer arrives via diffusion dur ing t h e metalliza-
t ion process. In polycrystalline CdTe so l a r ce l l s , t h e
pene t ra t ion d e p t h of t h e Cu in to t h e CdTe m i g h t be
e n h a n c e d by f a s t d i f fus ion o f s m a l l Cu+ ion a long
grain b o u n d a r i e s . In add i t ion , t h e ionic rad ius of Cu+
is close t o t h a t o f Cd2+, enabl ing easy s u b s t i t u t i o n for
Cd2+.13

I n v e s t i g a t i o n o f t h e S o u r c e o f C u into C d T e
S o l a r C e l l s

Growth ofCdTe Films with DifferentDegrees of
Crystallinity

In o rde r to u n d e r s t a n d t h e role o f grain boundary
on Cu incorporation, CdTe films with different de-
grees of crysta l l in i ty a n d grain sizes were grown b y
selecting different s u b s t r a t e s a n d growth conditions.
The CdTe layer grown on a CdS/GaAs s u b s t r a t e is
expected to h a v e h ighe r crysta l l in i ty (due to t h e
single c rys t a l GaAs s u b s t r a t e ) t h a n t h e CdTe film
grown on a CdS/SnOJglass o r SnOJglass amorphous
s u b s t r a t e . However , due to t h e inferior crysta l l in i ty o f
t h e CdS layer, which is formed b y a low-temperature
so lu t ion growth process, t h e crysta l l in i ty o f t h e CdTe
on CdS/GaAs was not as good as t h e CdTe grown
directly on t h e GaAs s u b s t r a t e . CdTe/CdS/SnOJglass,

40 r

22.5 f}I10

"~ 2.5

oF

(a) CdTelCdSlSnO21glass

111

CdS CdS
200 220 311 311 400 331

I I I L i J I I i I

20 25 30 35 40 45 50 55 60 65

160

- } 90

4O

~_
< 10

20

(b) CdTe/CdS/GaAs 4oo

986"
FWHM

GaAs
111 200 200 220

I I I I , L I I I

25 30 35 40 45 50 55 60

Diffraction angle (degree)

I

7O

GaAs
400

1
65 70

5O}
o
18700

400
211" f ' ~ (c) CdTe/GaAs

19000 19300 19600
Diffraction angle (arc sec)

Fig. 2. X R D patterns for the CdTe in the CdTe/CdS/SnO2/glass
structure (a), and in the CdTe/CdS/GaAs structure (b). Double crystal
rocking c u r v e ( D C R C ) x-ray diffraction pattern for the CdTe in the
CdTe/GaAs structure (c).
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a b c

Fig. 3. SEM measurements on the CdTe layers for (a) CdTe/CdS/SnOa./glass, (b) CdTe/CdS/GaAs, and (c) CdTe/GaAs structures.

CdTe/CdS/GaAs, a n d CdTe/GaAs s t ruc tu res were
grown to ach ieve different degrees o f crysta l l in i ty in
t h e CdTe films. A 600A t h i c k CdS layer was f i r s t
grown on a (100) GaAs s u b s t r a t e by solution growth ,
followed by growth o f a 2.6 gm th ick CdTe layer by
M O C V D to complete t h e CdTe/CdS/GaAs s t ruc tu re .
Fo r t h e CdTe/GaAs s t ruc tu re , CdTe layer was di-
rectly grown b y M O C V D on a (100) with 10° off to
(110) GaAs s u b s t r a t e .

SEM a n d XRD measurements were performed to
verify t h e different degrees o f crysta l l in i ty o f t h e
CdTe f i lms grown on different s u b s t r a t e s a n d u n d e r
different g rowth conditions. X-ray diffract ion mea-
surements were f i r s t performed to s t u d y t h e or ien ta -
t ion a n d crysta l l in i ty o f t h e CdTe films (Fig. 2). Fo r
t h e CdTe/CdS/SnO2/glass s t ruc tu re , used to fabr icate
CdTe cel l s , t h e XRD da ta revealed a polycrystalline
s t ruc ture with var ious g r a i n or ien ta t ions (Fig. 2a). In
c o n t r a s t to t h e CdTe/CdS/SnO2/glass s t ruc tu re , t h e
XRD p a t t e r n s fo r t h e CdTe/CdS/GaAs s t ruc ture
showed a very i n t e n s e (400) p e a k loca ted a t 20 =
56.75 ° with full-width a t half-maximum (FWHM) o f
986 arc sec, t o g e t h e r with some s m a l l e rpeaks o fo t h e r
or ien ta t ions (Fig. 2b). This indicates a polycrystalline
CdTe layer in t h e CdTe/CdS/GaAs s t ruc ture with
preferent ia l (100) or ien ta t ion . XRD p a t t e r n s could
not be ob ta ined fo r t h e CdTe/GaAs s t ruc ture by u s i n g
t h e Phill ips PW 1800 diffractometer due to t h e ori-
en ta t ion o f t h e GaAs s u b s t r a t e , which is (100) with
10° off to (110). In o rde r t o inves t iga te t h e qual i ty o f
t h e CdTe layer, double c rys t a l rocking curve (DCRC)
x - r a y diffract ion measurements were performed on
t h e CdTe/GaAs s t ruc tu re . A Bede Scientific QC2a
diffractometer with a (400) Si monochrometor a n d
C u K radia t ion was used t o measure t h e (400) CdTe
rocking cu rve . The FWHM value for t h e CdTe grown
on GaAs s u b s t r a t e was 211 arc sec (Fig. 2c), compared
to a 986 arc sec va lue fo r CdTe grown on CdS/GaAs

s u b s t r a t e . This indicates a highly or ien ted , h igh qual-
i ty CdTe layer in t h e CdTe/GaAs s t ruc tu re .

SEM measurements were performed in o rde r to
inves t iga te t h e microstructure o fva r ious CdTe layers
grown in this s t u d y . The CdTe layer grown on CdS/
SnOJglass s u b s t r a t e s h o w e d a loose, r andom grain
s t ruc ture with much smaller grain size (abou t 1-2
~m), implying a larger grain boundary sur face area
p e r unit volume, SV (Fig. 3a). The Sv value c a n b e
ob ta ined by14

S = 2 PL, (1)

where PL is t h e average n u m b e r o fin te r sec t ions o f a
randomly or ien ted test line o f unit l eng th with t h e
observed grain b o u n d a r i e s . The S value fo r t h e CdTe
layer grown on CdS/SnO2/glass s u b s t r a t e was a b o u t
1.66 g m-1. In c o n t r a s t , t h e average grain size o f t h e
CdTe layer on CdS/GaAs was approximately 10 gm,
a long with some smaller gra ins (Fig. 3b). By u s i n g Eq.
(1), t h e S value was es t imated to be a b o u t 0.24 pm 1
for t h e CdTe on CdS/GaAs s u b s t r a t e . SEM measure-
m e n t s on t h e CdTe grown on a GaAs s u b s t r a t e s h o w e d
a s m o o t h , m i r r o r like sur face morphology with no
grain boundar ies (Fig. 3c), indicat ing a single c rys t a l
CdTe s t ruc tu re . T h u s , SEM measurements are con-
s i s t e n t with t h e XRD measurements , s u p p o r t i n g t h e
growth o fCdTe films with differentdegrees o fcrys ta l -
l ini ty.

DevelopmentofLarge Grain CdTe /CdS and
Single Crystal CdTe Thin Film Structures
by Selective Etching

In o rde r t o e x a m i n e Cu incorpora t ion in t h e CdTe
films o f different crys ta l l in i ty , thin film so l a r cell
s t ruc tu res were fabr ica ted by utilizing a se lec t ive
e t ch to sepa ra t e t h e epitaxial films from t h e growth
s u b s t r a t e . The separa t ion o f epitaxial CdTe has b e e n
demons t ra t ed for CdTe grown onto Si substrate25 In
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this work, we sepa ra t ed CdTe a n d CdTe/CdS layers
grown on GaAs .

As shown in Fig . 4, a 400/k Au/100A Cu m e t a l
c o n t a c t was f i r s t deposited on t h e CdTe/CdS/GaAs
a n d CdTe/GaAs s t ruc tu res a n d t h e n the s t ruc ture
was inver ted a n d b o n d e d to a g l a s s s u b s t r a t e with Ag-
epoxy o r I n / A u solder. The thin films were t h e n
sepa ra t ed from t h e GaAs s u b s t r a t e by selectively
e tch ing t h e GaAs with NaOH-H202 solution. Af t e r t h e
GaAs s u b s t r a t e removal, a n ITO film was deposited to
complete t h e fabr icat iono f ITO/CdS/CdTe/Cu/Au/glass
(p-n hetero junet ion) , a n d ITO/CdTe/Cu/Au/g lass
(Schot tky junc t ion) cell s t r u c t u r e s , in which t h e inci-
d e n t s u n l ight en ters t h r o u g h t h e ITO layer. This is
t h e f i r s t time a single c rys t a l a n d a large grain
polycrystalline thin-film CdTe so l a r cell s t ruc ture has
been fabr ica ted b y selective etch a n d s u b s t r a t e t r a n s -
fer.

Cu Migration in the CdTe Solar Cells with Varying
Degree of CdTe Crystallinity

The above cell s t ruc tu res with different CdTe c r y s -
tall inity were subjected to SIMS ana lys i s . S IMS mea-
surements were performed on t h e thin film single
c rys t a l CdTe cells (ITO/CdTe/Cu/Au/glass), CdTe/CdS
cells (ITO/CdS/CdTe/Cu/Au/glass) with large CdTe
gra ins , a n d t h e conven t iona l s m a l l g r a i n po ly -
crysta l l ine Au/Cu/CdTe/CdS/SnOJglass ce l l s . Cu
d e p t h profiles in Fig . 5 clearly show t h a t t h e Cu
concentration in t h e CdTe/CdS cell s t ruc ture with 10
gm grain size is more t h a n a n orde r o f magni tude less
t h a n t h e Cu in t h e conventional small grain polycrys-
tall ine CdTe/CdS so l a r cell s t ruc ture with 1-2 gm
grain s ize . The Cu concen t ra t ion in t h e single c rys t a l
CdTe s t ruc ture is much lower a n d was in fac t be low
t h e de tec t ion l imi t o f o u r SIMS system. This suggests
t h a t t h e grain boundar ies in t h e CdTe films are t h e
main conduits for Cu dif fus iona n d are respons ib le fo r
Cu- induced cell deg rada t ion . Therefore , large CdTe

CdTe
~ CdS (orCdTe one layer)

GaAs ~C~cTSue
Substrate I bonding ~_~ Au

i ( Grow CdTe,/CdS (orCdTe one layer) m e t a l
on GaAs substrate

Au Glass substrate !
[ ~ CCduTe (d)SeparateEpi layersby

GaAs ~ C d S selecf~vely etching GaAs

/Substrate
(b) Evaporate Cu and Au

GaAs
Substrate

t
metal bonding

Glass substrate

(c) Invert the sample, bond on
metal/glass subsf~ate

ITO ~ ~ CdS
/ ~ O d T e

metal bonding ~ IAu

Gass substrate
(e) Deposit ITO layer on the top

Fig, 4. Separation of thin film CdTe/CdS structures from the GaA
growth substrate.

gra ins o r less grain boundary sur face area p e r unit
volume c a n mitigate t h e a d v e r s e effect of Cu on t h e
cell performance.

Even t h o u g h we are able to reduce t h e Cu incor-
pora t ion in t h e cells with large grain s t ruc tu re , t h e
cell efficiency was only 3.4% for t h e large grain CdTe/
CdS cell a n d 5.1% for t h e ITO/CdTe single c rys t a l cell
s t ruc tu re . One possible explanat ion is t h a t f a s t dif-
f u s e r s , such as Ga from t h e GaAs s u b s t r a t e , may
diffuse into t h e CdTe film a n d degrade t h e cell perfor-
mance . This hypothesis was s u p p o r t e d by SIMS mea-
surement on t h e f in ished large grain CdTe/CdS de-
vices (Fig. 6), which s h o w e d a signif icant amount of
Ga in t h e CdS a n d CdTe layers . Ga outdiffusion
dur ing t h e CdTe growth o r t h e subsequent hea t t r ea t -
ment may b e responsible for t h e large amount o f Ga
observed in t h e CdTe a n d CdS layers . Con tac t b o n d -
ing, which was not perfected, may also con t r ibu te to
lower efficiency. Therefore , even t h o u g h t h e Cu incor-
pora t ion in t h e CdTe was reduced in t h e large grain
CdTe film, a h ighe r defec td e n s i t y d u e t o Ga n e a r t h e
CdTe/CdS interface causes s h u n t p a t h s a n d degrades
t h e cell performance.

O(.3

106
Au/Cu CdTe

105 ~ - ~

104 ~ Polycrystalline CdTe/CdS/SnO2/glass
%~ ~ t e grains

l d = ° Q

CdTe/CdS cell with

C _ e T _ e . . . .

de tectio,nlimi! , " ~ " ~' , "~
0 0.4 0.8 1.2 1.6

Depth (Microns)
Fig. 5. Comparison of Cu SIMS profiles intheCdTe layers with different
degrees of crystallinity.

lO ~ CdTe

104 Cd

r'-

O ~ ~
o 10" Ga

S

I I I { I I I t L I I I

0.08 0.16 0,24 0.32 0.4 0.48

Depth (Microns)

Fig. 6. SIMS record ofGa, S, and Cd ionsnear the CdTe/CdS region.



1098 Chou, Rohatgi, Jokerst, Thomas, and Kamra

C O N C L U S I O N

Cu p lays a d u a l role in CdTe/CdS so l a r cells. The
inc rease in Cu th ickness in t h e Au/Cu ohmic c o n t a c t
resul t s in a b e t t e r ohmic contact, which reduces Rs,
b u t t h e excess Cu t e n d s t o lower Rsh a n d cell perfor-
mance . Light I-V a n d SIMS measurements s h o w e d
t h a t a n increased Cu th ickness also increases t h e Cu
concentration in t h e CdTe film a n d a t t h e CdTe/CdS
inter face , reduces R h, a n d leads t o degrada t ion in t h e
cell performance. CdTe films with vary ing degree o f
crysta l l in i ty were grown in t h e CdTe/CdS/SnOJglass ,
CdTe/CdS/GaAs, a n d CdTe/GaAs s t r u c t u r e s . CdTe/
CdS/SnOJglass h a d a CdTe grain size o f 1-2 pro,
CdTe/CdS/GaAs thin film st ruc ture h a d a CdTe grain
size o f 10 ~m, while t h e CdTe/GaAs h a d a single
c rys t a l CdTe . Large g r a i n a n d single c rys t a l thin film
so l a r cell s t ruc tu res h a v e b e e n ach ieved fo r t h e f i r s t
time b y a combinat ion o f etch b a c k a n d film t rans fe r
techniques. S IMS measurement s h o w e d t h a t t h e Cu
concen t ra t ion in t h e CdTe/CdS cell s t ruc ture with
large g r a i n size is a b o u t two orders o f magni tude less
t h a n t h e conventional s m a l l g r a i n polycrystalline
CdTe/CdS/SnO2/glass so l a r cell s t ruc tu re . The Cu
concen t ra t ion in t h e single c rys t a l CdTe s t ruc ture
was even lower, be low t h e de tec t ion l imi t o f SIMS.
Even t h o u g h larger CdTe gra ins in t h e CdTe/CdS/
GaAs s t ruc ture reduced t h e a d v e r s e effects o f Cu ,
however , a h ighe r defect d e n s i t y due to Ga diffusion
in to t h e CdTe resu l t ed in lower cell performance.
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