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ABSTRACT 

During the second of this seven mnth long effortr  wrli 

was centered about improving electroplating processes and cell fabrica- 

tion ~ q u e s ,  with -$is bekg to three differing n-CdTk/Au. 

Schottky configurations.. The highest values of efficiency-related par- 

mters achieved w i t h  a simulated solar ixradiation of 100 rt@J/cm2 were 
. . 

0.5N for open circuit  'voltage, 0.6 for f i l l  factor, and 6 &an2 for 

. .  . 
short ,circuit cuient.  

 our important parameters are ~ ~ n a v n  to . & n t ~ - ~ l  the quality of the 

mnosolar electrodepsition process and resultant solar cells. They are 

electrolyte temperature, Tk mncentration in the solution a t  a specific 

pH, deposition or quasi-rest potential, and flaw pattern of the elecM- 

lyte (stirring). The first three considerations are believed tb be fully 

understood and optimized. Wuk is undemay to further understand the ef- 

fects of st irring on the diffusion of ionic w n e n t s  and the effects on 

CdTe film performance. 

Work was accelerated during the quarter to increase the short circuit  

current. Parallel programsusing laser irradiation of finished CdTe films, 

heat treatrent, and changes in the electodeposition process i tself  to re- 

c p y s ~ l l i a e  filmz were s M o d .  The s u r f a . ~  etching techn&W has been 

highly refined, while the entire cel lmufac tur ing  process is now rep- 

ducible when defect-free substrates are used. 



The previous quarterly report, for this effort reviewed the electro- 

plating techniques involved as well as the general approach to making 

Schottlq diode-type solar cells used for electrical characterizations. 

That report also gave values for the optical.absorption coefficients for 

electrodeposited polycrystalline CdTe, the resisti~ty, and the hole dif- 

fusion length. 

Work during the -t effort has been concentrated IMinly on device 

fabrication, with particular enphasis being given to maximizing efficiency. 

Work also continued on electroplating and characterizing p-CdTe films. All 

of the work was ccanplicated by problems with the quality of ITWcoated sub- 

strates supplied by PPG ~ndustries, Inc. An original and. very large supply 

of good PPG ITD/glass ordered a year ago was exhausted at the beginning of 

the quarkr; and newly received material prwed &folmly unsatisfactory. 

Later investigation and a trip to PPG in Pittsburgh to discuss the situation 
. . 

with their key management personnel revealed that the good ITO was deposited 

on vertically drawn glass sheet that no longer is made by PPG. later ship 

mts were made on vertically drawn glass made in. Europe. During sea trans- 

port to Anrerid, the salt air a.ttacked and pitted the glass on w h i c h  ITD, 

later was deposited by PPG at their Huntsville, Al-, plant. Quality 

control at Huntsville also left much to be desixed  terms of glass wash- 

ing and cleaning procedures, uniformity of temperature in the sputtering 

chamber, uniformity in thickness of the deposited ITO film and resulting 

grain sizes, and' freedom f& other defects. 



In Fig. 1 it &n be seen that good pinhole-free CdTe 12y€?rs can 
' 

: be electrodeposited on good ITO films whereas poor ITD-coated substrates 

create undesirable plating results. P-les and other defects inthe 

ITO translate into larger ones in the CdTe films which, in extreme cases, 

result i n  severe cracks in the sdconductor films propagating between 

IT0 flaws. 

For quite sone tim during the quarter there were no satisfactory 

ITO substrates .on hand, and emrgency means were taken to ' secure, athers  

that could be used instead. Initial ITO films on glass supplied by OQJ: 

also were unsatisfactory. H a w e v e r ,  in late AuguSt K L l  rectified their. 

problem and delivered satisfactory material in  suitable quantities. A 

dozen ITO-coated glass substrates also were plated by the Bunshah group 

at  UCLA but they were not needed after the OCLI ones arrived. , 

Backing up the ITO program was an effort  to' obtain CdS substrates 

on glass frnm the University of Delaware group. .I&-coated glass substrates 

supplied by Mnosolar were deli- to the University of Delaware and were 

. mated there w i t h  several .microns thick .CdS. CdTe films plated a t  Mnosolar 

on these CdS substrates produced Au Schottky diodes w i t h  the best F f O m  

ance achieved so far. F i l l  factors ,and open circuit  voltages were in the 

order of 0.6, ~ l e  short circuit  current &aged around 6 mA/cm2. The Jsc 

appeared limited by the sb*' life& in the n-CdTe which jll i ,bl t  limited 

current collection to about ,a qLaarter' of the 0.8 p thickness of the CdTk 

film. It is apparent that longer diffusion length i n  CdTe should produce 

substantial increases i n  ce l l  performance, and.al1 efforts are directed 
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2. P m c E s S I M P ~  

The developer& of a hot KQH (30%) etch process for treating the 

surface of W n-CdW layer prior ~ vacwn empaation of Au fodng 

a S c b t t l q  barrier was a major devel-t during the period. Treatmsnt 

i n  KDH hr various times varied the device mnnmce as is sham in 

Fig. 2. The untreated case is also sbm for amparim. It is believed 

that the ekh re~noves a high resistance oxide layer that forms in air 

aad -s so thick that the diode charactexistics suffer froan exaessive 

series ~istzmce,  It wan aLsu mted that the dmacbxbt ics  of the can- 

p l e a  devices improved further when they - rinsed in kt HXI -1- 

for 10 - 60 secands. 

T k  reproducibility of the etch made possible a -tion of the 

effects of the deposition potential and the Te m t r a t i o n  in the plating 

solution on the device characteristics. Fig. 3 shows the dependence of the 

short circuit current density (corrected for gold reflection) on the quasi- 

rest potential (%). It is clear that the f i l m s  which are -pared a t  

rest pomtials higher than 350 mV yield the best devices. This is in ac- 

aordance w i t h  our pxevious results wh ich  skwed that the lmst  resistiviw 

n-types f i m  are abtained a t  high rest potentials. Fig. 3 also shcrws the 

effect of qeSt on the ITO/r-WIk amtact behaviau. Device #1 is on a film 

Which is prepared a t  amsisbntly high -t pbntials  and exhibits goad solar 

cell characteristics. Dwice #2, on the other hand, shaws a leaky barrier 

a t  the TrO/n-W& amtact. Exmination of the Emt values, wh ich  b ~ r e  mmi- 

tored during plating of the film, show that the CdTb close lm the IT0 contact 

was depo6ited a t  liaw rest potentials. 



# I  without etching 
#2 2 min. etching 
#3 5 mln, etching 
#4 10 min. etchlng 

Effect of surface treatment on the solar cell I-V characteristics. 

Au/n-CdTe Schottky device with an area of A = .015cm2 

MONOSJLAR Fig. 2 
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AIIO- important parameter .,of the ele~tr-~i,tion . . pmcess i s  

the Te concentration in the plating solution.' With the &tiU.%+ecke . , ,  Atomic 

Absorption Spectra measurements we were able to control this parameter and 

determine its effect on the devices. Fig. 4 sham the dependence of V, 

values on the Tk concentration in  the plating bath. The trend is the same 

for other solar ce l l  parameters. ~t is'observed that the op t imm'~  ccncen- 

tration is be- 17-22 ppm in a solution of 0.5 M ' m 4  a t  9'o0c. The rest 

potentials a re  kept high (-500 -600mV) in their experiments. to eliminate 

their effect on the sozar cel l  parameters. 
t 



po6*] in platlrq bath (ppm) 

Fig. 4 



Three different Schottky barrier solar cell structures were studied 

during the quarter. m e  f i r s t  continued to be the Schottky configuration 

glass/I~/n-CdW/Au wherein the Im was that cc~t~rwcial ly  available from 

PPG Industries, and the CdTe was  electrodeposited on top to a thickness 

of about 0.8 pm. Approximately 110 2 of ~ u ' w a s  vacuum deposited on the 

CdTe a f t e r  the a f o m t i o n e d  KOH etch was applied. It was found that 

best result. were obtained by depositing the gold a t  a ra te  of 5-10 a/sec; 

this was d f e s t e d  by a laver Au sheet resistance for  a particular film 

thickness. Typical performance of this type cell is given i n  Table I. 

The other tm configurations made and tested used CdTe deposited over 

substrate applied either .to PPG'ITO o r  to m t a l l i i e d  (m) glass substrates. 

In same cases N i  substituted for  Eclo w i t h  no change in c e l l  performance. 

Again, typical results achieved for  these W cell configurations are 

given in Table I. Of particular importance is the fact  that  the I'PD-type 

CdS/CdTe/Au cell was illuminated through the ITO which serves also as  a 

built-in A/R coating. It is this back w a l l  configuration which is f e l t  

to have excellent near-term p&se as a low cost, high efficiency solar 

cell in its optimized form. 

Fig. 5 , i l l u s t r a t e s  the elect r ical  performance and the spectral response 

for the -backed CdS/CdW/Au cell b0.55 prn illuminated through the gold 

layer which had an average percentage transmission of about 40 a t  A>0.55 ~;m. 

Zlow blue response is believed to be due .Lo the Au absorption as well as  the 

surface recambination. Particularly encouraging w e r e  the values of 0.5W 

for V' and 0.57 for f i l l  factor. Short c i rcui t  current for this and the 

other t w o  cell configurations remained lw and is the subject of intensive 

study a t  this writing. 

?U.S. GOVERNMENT PRINTING OFFICE: 1980-7M-l4fi/l~l ' ' 
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PRESENT STATUS 
OF THE CdTe/Au SCHOTTKY 

DEVICES 

Table I 

MONOSOLAR 

I 

7 

F.F. 

0.48-0.5 

0.5-0.6 

0.5~0.57 

J sc 

4-4.5mAIcm2 

5-6mA/cm2 

5-6mAIcma 

Structure 

ITOIn-CdTeIAu 
Front wall 

ITO/CdS/n-CdTeIAu 
Back wall 

Mo(Ni)/CdS/n-CdTeIAu 
Front wall 

1 

v oc 

0.5-0.53 

0.48-0.55 

0.5-0.57 





It is knawn that the msasured diffusion length for our electro- 

deposited CdTe cell ranges f m  0.05 to 0.1 m. A c c o ~ l y ,  this indi- 

cates that the diffusion capnent of the light generated current is d l  

and the collection basically takes place in the depletion region. The 

question of whether the diffusion length is limited by the bulk lifetime 

or the grain boundary reambination processes is under investigation. 

ascertain which effect is holding duwn the current, preliminary 
\ 

work was m&rtabn to recrystallize the CdTe films. A pulsed dye laser 

was used to treat the film a t  energy densities changing ~JXXI 0.5-2 ~ / c m ~ .  

h densities did nut d~dl~ge Lhe device param-, and high de~14iti.e~ 

rise pinholes. IWr the r  laser treatxmt, as we11 as clumentimal heat 

treatmnt, will be contin&. 




