
. 
0 

c' 

Lo 
(D 
> 
J 

-? 

PY 
Lo 
(D 

- 

C .  

Q u a r t e r l y  R e p o r t  N o .  1 

IMPROVED SOLAR CELL CONTACTING TECHNIQUES 

C o n t r a c t  N o .  9 5 2 1 4 4  

P r e p a r e d  for :  

C A L I F O R N I A  INSTITUTE OF 
J E T  P R O P U L S I O N  LABORAT 
P A S A D E N A ,  C A L I F O R N I A  

T E C H N O L O G Y  
O R Y  

A p r i l  1968 

A Subsidiary of High Voltage Engineering Corporation 

B URLINGTON, MASSACHUSETTS I 



Quar te r ly  Report No. 1 

IMPROVED SOLAR C E L L  CONTACTING TECHNIQUES 

Contract  No. 952144 

by: 

R. W .  Sudbury and K.  A .  St i r rup  

P r e p a r e d  fo r :  

CALIFORNIA INSTITUTE OF TECHNOLOGY 
J E T  PROPULSION LABORATORY 

PASADENA, CALIFORNIA 

Apr i l  1968 

"This work  was  per formed f o r  the Jet Propuls ion 
Laboratory,  California Institute of Technology, as 
sponsored by the National Aeronautics and Space 
Administration under Contract NAS7- 100. 'I 

ION PHYSICS CORPORATION 
BURLINGTON, MASSACHUSETTS 



"This r epor t  contains information prepared  by 
Ion Physics  Corporation under JPL subcontract. 
I t s  content is  not necessar i ly  endorsed by the 
J e t  Propulsion Laboratory, California Institute 
of Technology, o r  the National Aeronautics and 
Space Administration. 

ii 



ABSTRACT 

Work i s  reported on aluminum and nickel contacted so la r  ce l l s  

using high vacuum sputtering technology. Cel l s  were  fabricated with both al-  

uminum and nickel contacts,  and electr ical  measurements  made. The effect 

of a tempera ture  cycle a f t e r  sputtering is reported for  aluminum contacted 

solar  ce l l s .  

a r e  reported for  an uncoverslipped CeO 

Aluminum contacted ce l l s  with g r e a t e r  than 10% AM0 efficiency 

antireflected coated cell .  2 
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SECTION 1 

INTRODUCTION 

Solar ce l l  contacts have undergone little improvement over  the 

yea r s ,  the only major  change being f r o m  plated Au and N i  to evaporated Ti-Ag 

contacts made and proven by Bell  Laboratories.  

t ac t s  were  immediately recognized and, more  recently,  the disadvantages. The 

sys tem i s  not giving the environmental  stability and shelf life required.  

The advantages of Ti-Ag con- 

Solder coating of the Ti-Ag contacts has re tarded the degradation 

o r  a t  l eas t  made the problem difficult to  detect. 

coated cel ls  a r e  well-known a s  to the limited tempera ture  excursion possible 

and the inc rease  in weight. 

The disadvantage of solder  

This  p rogram has  been designed to improve the known methods of 

establishing e lec t r ica l  contacts to silicon solar  cells.  

is I P C ' s  high vacuum sputtering system. 

shown in F igu re  1. 

The technique being used 

The basic  sys tem configuration i s  

The contact mater ia ls  being investigated a r e  Al, Ni and Cu. 

In addition to  development of the e lec t r ica l  contacts,  the develop- 

ment  of so lde r l e s s  interconnection techniques is  a l so  being investigated. 

1 
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SECTION 

EXPERIMENTA 

2 . 1  Aluminum Contacts 

2 

A WORK 

Aluminum contacted solar  cells have been fabricated utilizing high 

Both A1 front f inger contacts and back a r e a  con- 

F o r  the front con- 

vacuum ion beam sputtering. 

tac t s  have been applied t o  I P C ' s  n-on-p silicon solar  ce l l s .  

t ac t s  I P C ' s  standard 14 finger contact mask was used. 

was heated to 150°C which resul ts  in well defined contact f ingers a s  shown in 

Figure 2. The back sur face  

contacts were  deposited at  room tempera ture .  

The bimetallic mask  

The f ingers  a r e  tapered which i s  not indicated. 

Front  contacts were  applied wi th  A1 thicknesses  f rom 1 to 5 microns .  

The back contact was approximately 2 microns thick. 

f ron t  contacts i s  measured  with an ohmmeter for  approximately 2/3 of the 

length of the finger contact. 

a r e  found t o  have finger res i s tances  of less  than 5 ohms. 

ce l l s  with 2 microns  of Al ,  the finger res is tance was found to be general ly  over 

6 ohms.  

reduced the finger res i s tance  to 5 ohms, but mechanical contact was poor.  

Finger  res i s tance  of 

Normal Ti-Ag ce l l s  measured  by this technique 

F o r  the group of 

Another group of cel ls  with 5 microns of A1 on the front contact 

Tape t e s t s  using Scotch Brand No.  810 were  made of all A1 con- 

tacted ce l l s .  

any noticeable removal  of Al.  

ceptable t o  peeling. 

The peeling s ta r ted  p r imar i ly  at the contact bar  during scribing of the ce l l s  to  

s i ze .  

A l l  of the cel ls  with 2 microns of A1 passed the tape t e s t  without 

A s  mentioned the cel ls  with 5p. of A1 were  s u s -  

Only 4 of the 10 cells tes ted did not indicate any peeling. 

The e lec t r ica l  character is t ics  of the 20 ce l l s  fabricated with 2 

mic rons  of A1 a r e  indicated in  Table 1.  The 15  ce l l s  furnished JPL were  

selected f r o m  these  ce l l s .  All ce l l s  had CeO antireflection coatings. The 

table  indicates  resu l t s  before  and af ter  a one-hour heat  t reatment  cycle a t  

4 3 ~ ~ .  

which was  improved f o r  some of the cells by the tempera ture  cycle .  

2 

-e,.- IniLisl1-j- ; ?c*:.r cFen circui t  voltage was found for  a number of the ce l l s  

A threshold 

3 
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7 

8 

9 

10 

11 

12 

13  

14 

15  

16  

17  

18 

1 9  

20 

Table 1. Anti-Reflected A1 Contacted Cells 
(2 x 2 cm Cells)  

ISC 

~ ~~~ 

Before Anneal 

128 

129 

131 

126 

124 

120 

127 

129 

130 

132 

127 

124 

128 

128 

132 

126 

132 

134 

122 

130 

I.43 

112 

120 

125 

76 

93 

64 

8 6  

116 

112 

119 

76 

100 

40 

113 

85 

106 

121 

118 

78 

103 

voc 

0. 548 

0. 550 

0. 550 

0. 513 

0. 532 

0.496 

0. 520 

0. 540 

0.534 

0.546 

0. 516 

0. 532 

0.488 

0. 532 

0. 510 

0. 531 

0.549 

0. 543 

0. 546 

0. 547 

After 450°C Anneal 

I.4 3 

114 

12 1 

125 

120 

116 

105 

98 

12 1 

119 

122 

106 

115 

109 

122 

121 

118 

125 

122 

8 9  

119 

voc 

0.549 

0. 550 

0. 550 

0.545 

0.544 

0. 520 

0. 517 

0. 546 

0. 562 

0. 552 

0. 529 

0.540 

0. 531 

0.543 

0. 540 

0.544 

0. 551 

0. 548 

0.545 

0.547 

T% 

9. 2 

9. 8 

10. 1 

9. 7 

9. 4 

8. 5 

7. 94 

9. 8 

9. 6 

9. 9 

8. 57 

9. 30 

8. 80 

9. 90 

9. 80 

9. 55 

10. 1 

9. 9 

6. 7 

9. 6 

5 



t empera ture  for  this improvement had been seen  previously at  200°C but in this 

t e s t  the improvement was not noticed until approximately 400°C. 

improvement was observed at  500°C. It appears f r o m  the threshold observed,  

two distinct mechanisms a r e  involved, although they a r e  not fully understood. 

No fur ther  

Figure 3 shows the I - V  character is t ic  curve of one of the ce l l s .  

This curve a s  well a s  the tabulated data  were taken on a carbon a r c  s imulator  

with an electronic ra t io  compara tor  to co r rec t  the da ta  to AMO. 

The s e r i e s  res i s tance  measured f rom the curve i s  found to be 

approximately 0.  5 ohm. 

often given for  Ti-Ag ce l l s .  

efficiencies exceeding 10%. 

The curve factor of 0.  735 is close t o  the 0.  75 value 

As indicated in Table 1 ,  two of the so la r  ce l l s  had 

The requirement has  not been m e t  for  the cu r ren t  

at 0.40 volt to be l e s s  than 2. 1 m a  down f r o m  the I 

tacted ce l l  to  date was down 3 . 4  ma f rom I 

value. The best  A1 con- 

a t  0 .40 volt. E lec t r ica l  cha rac -  
sc 

sc 
te r i s t i c s  for  the four 5p sputtered contact ce l l s  that passed tape t e s t  a r e  indi- 

cated in  Table 2 and ref lect  a contact problem. 

Humidity chamber  t e s t s  were c a r r i e d  out i n  I P C ' s  Tenney cham-  

ber  which is present ly  maintained at 60°C and 95770 humidity. This i s  l e s s  than 

the cont rac t  requirement ,  but believed t o  be adequate for  initial testing. Cel l s  

were  prepared  with sputtered Al f ront  contact and regular Ti-Ag back contacts. 

After  one week ce l l s  passed tape t e s t  with Scotch Brand No. 810 and no degra -  

dation was observed. 

back contact  resul ted in  a stop in testing. 

passed  the tape tes t .  

After five weeks of testing extensive peeling of the Ti-Ag 

At that t ime the front A1 contact 

Another approach to the A1 contacting problem i s  being c a r r i e d  

out at IPC on Contract  No. F33615-68-C-1164. 

ated and s intered a t  slightly below the 577°C A1-Si eutectic.  

i s  reached the alloys penetrates  the junction and increased leakage degrades 

the ce l l .  

s ive leakage,  but does increase  the bond strength.  

if the. bond st rength is adequate, but it appears  to be comparable  with the 

sput tered contacts fabr icated on this program. 

A1 contacts a r e  being evapor-  

When the eutectic 

The f i r ing at  slightly below the eutectic does not appear to give exces-  

It has  not been determined 

Figure 4 is a I - V  charac te r i s i ic  
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Table 2. 5p  Sputtered F ron t  A1 Contacts 
(No Antireflection Coating) 

ISC 

96 

105 

97 

69 

I 
.4 3 

2 4  

47 

46 

- -  

voc 

0. 540 

0. 522 

0. 538 

0. 5 3 0  
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A 550°C sintering fo r  20 minutes had worked for  evaporated 

ce l l s ,  a s  indicated above, the same t reatment  was used for  the 5 mic ron  sput- 

2. 2 Nickel Contacts 

Solar  ce l l s  were  fabricated with sputtered N i  contacts to both 

Thick N i  contacts have indicated s t r a in  problems result ing in  peel-  su r f aces .  
l 

I 
ing, therefore ,  init ial  ce l l s  were  made  with 0.  7 microns  of Ni .  This  thickness 

of nickel wil l  resu l t  in s e r i e s  res i s tance  problems. 

These ce l l s  were  being fabricated for  del ivery to JPL in April .  

During the cleaning s tep  pr ior  to CeO 

contact was observed and resul ted in the loss  of p a r t  of the lot. 

s tep  involved ul t rasonic  cleaning i n  an alconox solution. 

antireflection coating, damage to the 
~ 2 

The cleaning 

The e lec t r ica l  resu l t s  for  the ce l l s  a r e  indicated in Table 4. 

2. 3 Inte r c onne c tions 

Ultrasonic bonding techniques a r e  being utilized to fo rm Al-to-A1 

interconnection. To date ,  experiments  have been only moderately successful.  

Equipment problems have now been solved and the necessa ry  t ips and wire  

received.  

bonds have been made.  

ing operat ion a s  it i s  compressed  and the wiring is breaking next to the bond 

leaving a segment  of wi re  bonded to the Aluminum contact pads. 

The work i s  continuing with 3 mil S i  doped A1 wire ,  with which 

It appears  the wire i s  being damaged during the bond- 

10 



Table 3. Cel l s  with 2p Evaporated AI 
Before and After CeOZ Coating 

94 

95 

95 

94 

ISC 

0.545 

0.544 

0.543 

0. 547 

101 

101 

104 

100 

107 

109 

111 

100 

Before C e 0 2  

0.547 

0.547 

0.548 

0. 548 

I.43 I voc ISC 

133 

134 

136 

132 

A f t e r  C e 0 2  

I 
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2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Table 4. N i  Contact Cel l s  
(0. 7p Ni Both Surfaces by  Sputtering) 

(2 x 2 cm Cells)  

ISC 

97 

97 

87 

91 

97 

100 

96 

93 

98 

94 

97 

100 

96 

Before CeO, 

I43 

44 

50 

29 

50 

48 

52 

39 

37 

53 

32 

50 

47 

25 

L 

voc 

0. 496 

0. 514 

0. 490 

0. 516 

0. 516 

0. 509 

0. 489 

0. 496 

0. 522 

0. 492 

0. 518 

0. 517 

0. 467 

ISC 

117 

124 

101 

128 

130 

121 

112 

117 

127 

116 

124 

124 

124 

2 After CeO 

I43 

46 

56 

39 

59 

64 

76 

40 

54 

58 

52 

52 

52 

54 

voc 

0. 516 

0. 521 

0. 515 

0. 525 

0. 525 

0. 513 

0. 527 

0. 541 

0. 523 

0. 529 

0. 513 

0. 517 

0. 514 

Avg V before  C e 0 2  = 0. 503 v 

Avg V af ter  C e 0 2  = 0. 521 v 
oc 
oc 

Avg I before  C e 0 2  = 95. 6 ma 

Avg Isc after C e 0 2  = 120. 5 ma 
sc 
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SECTION 3 

CONCLUSIONS AND FUTURE PLANS 

Aluminum contacts for  so la r  cel ls  have been fabricated and the 

resu l t s  indicate that high efficiency ce l l s  can be fabricated by this technique. 

The ce l l s  have shown superior  resu l t s  in a temperature-humidi ty  environment 

when cow-pared to  Ti-Ag. 

Work will continue on A1 contacted ce l l s  and the requirement  for  

l e s s  than 2. 1 m a  reduction f rom I 

The work on N i  contacted cells will  continue as well a s  the N i  and 

at 0 .40  v is expected to be met .  sc 

A1 combination. 

qua r t e r .  

In addition, Cu contacted ce l l s  will be fabricated in  the next 



SECTION 4 

NEW TECHNOLOGY 

No reportable  i tems  of new technology have been identified on this  

contract  to date, 10 April  1968. 
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