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1. ABSTRACT. 

T H E  NEW N E T A L L I Z A T I O N  PROCESS BASED OW Mo-SIIT S Y S T E M  I S  THE 

S U B J E C T  OF T H I S  N I N E  NONTHS PROGRAH. 

Moog I S  USED A S  T H E  SOURCE OF f l0 ,  S I N C E  I T S  R E L A T I V E L Y  

LOW N E L T I N G  P O I N T  AND E A S E  OF REDUCTION TO M E T A L L I C  

T H E  T A S K S  PERFORNED D U R I N G  T H I S  S T U D Y  I N C L T D E :  

1 .  E S T A B L I S H I N G  T H E  R E D U C T I O N  C Y C L E  F 0 9  Hoo3 

2. D E T E R M ~ R I ~ G  THE REA C T I  0  N  HECNA N I S N  FOR flo 0 3 - S ~  X I x y v R r  

3. E S T A B L I S H I N G  THE R A T I O  OF IfoO3-S~ FOR THE I N K  COM- 

P O S I T I O N  

4. F O R M U L A T I O N  07 S C R E E N A B L E  I N K  

5 .  E V A L U A T I O N  OF PHOTOVOLTAIC C E L L S  H E T A L L I Z C D  W I T H  T H E  

I N K  

5. C O H P A R I S O N  OF THE Mo-SN M E T A L L I Z A T I O N  W I T H  N I C K E L  

PLATED AND S I L K  SCREENED S I L V E R  CONTACTS 

7. E N V I R O N X E N T A L  T E S T  O F  N E T A L L I Z E D  C E L L S  

8. M E T A L L I Z A T I O N  OF N/P C E L L S  W I T H  BSF AND CONPARISON 

W I T H  C E L L S  H E T A L L I Z E D  W I T H  r P A P 3 R A T Z D  T I - A G  CONTACT 

9. COST A N A L Y S I S  O F  T H E  P R O C E S S  

N I S f f .  STUDY OF 4'100~ AND I T S  H I X T U R E  W I T H  SN WAS CONDUCTED 

I N  AN E X P E R I N E N T A L  S T A T I O N  C O N S I S T I N G  OF A  G R A P H I T E  



S T R I P - H E A T E R  AND A PYREX B E L L J A R , U N D E R  C L 9 S E  CONTROL 

OF T E X P E R A T U R E - A T M O S P H E R E - T I H E ,  WHTLE ALLOWING V I S U A L  

O B S E R Y A T I O N S  OF THE R E A C T 1  ONS .  

T H E  M E T A L L I Z A T I O N  O F  T H E  C E L L S  WAS D O N E  I N  A D I F F U S I O N  

TUBE FURNACE. 

I N  ORDER T O  O B T A I N  A L O W  O H H I C  C O N T A C T  T O  T H E  C E L L ,  T H E  

B A S I C  INK COHPOSITIOPI  WAS H O D I F I E D  W I T H  R SMALL  A D D I T I O N  

OF T I T A N I U K  I N  THE FORH OF T I T A N I U M  R E S I N A T E .  

THE E L E C T R I C A L  C H A R A C T E R I S T I C 3  OF T H E  C E L L S  WERE C o n -  

P A R A B L E  W I T H  THE E X I S T I N G  H Z T A L L I Z A T I O N  P R O C E S S E S ,  

THE F I R I N G  C Y C L E  S T I L L  HAS T D  BE O P T I M I Z E D  F O R  THE 

PROCESS USED I N  T H E  CONTINUOUS C O N V E Y 3 R  B E L T  FURNACS,  

E S P E C I A L L Y  I N  T H E  C O O L I N G  C Y C L G  A R O U N D  4 5 0 ' ~ ,  W H I C H  

I N D I C A T E D  A  S I G F I F I C A N T  E F F E C T  ON THE E L E C T R I C A L  C H ~ R A C -  

T E R I S T I C S .  

THE C O S T  A N A L Y S I S  O F  THE PROCESS WAS B A S E D  O N  P R O J E C T E D  

P R d D U C T I O N  3UTPUT OF ONE E E G A ~ A T T  PER Y E A R ,  U S I N G  ~ " D I A H .  

S I L I C O N  C R Y S T A L  WAFERS  AND THE CURRENT H A T E R I A L  C O S T S .  

THEREFORE TXE CALCULATED GOST D E - ~ I A T E S  FR3M T H E  P R O J E C P E ~  

P R I C E  G O A L  S E T  U P  F O R  T H E  YEAR 1986. 

IN COMPARISON W I T H  TRE STANDARD PROCESSES V S I N C  S I L V E R  

A S  T H E  CONTACTING METAL ,  THE S A I I N G  O B T A I N E D  BY TPIE 

U S E  OF T H I S  NEW PROCESS  I S  A  D I R E C T  R E S U L T  OF THE 

P R I C E  D I F F E R E N C E  BETWEEN S I L I E R  AND MOLYBDENUM O X I D E  

W I T H  ' T I N .  



S E L E C T E D  ON B A S I S  OF T H E I R  E L E C T R I C A L  C O N D U C T I V I T P ,  

THERHAE E X P A N S I O N  C O E F F I C I E H T ,  ENVIRONHF.VTAL S T A B I L I T Y  

AND C O S T .  

T A B L E  SHOWS T H A T  HOLYBDENUM I S  H O S T  D E S I R A B L B  K I T H  R E S -  

P E C T  T O  THE S T A T E D  R E Q U I R E M E N T S .  I T  HAS T H E  C L O S E S T  

HATCH OF THERMAL E X P A N S I O N  C O E F F I C I E N T  W I T H  S I L I C O N  FROH 

A L L  M E T A L S  AND I T  I S  AMONG T E N  OF T H E  H I G H E S T  C O N D U C T I V E  

METALS.,  ONLY SECOND TO C O P P E R  AHONC T H E  CONHON H E T A L S .  

FOR T H I S  R E A S O N  IYOLYRD.%NUH I S  U S E D  I N  S I L I C O N  D E I I C E  

TECHNOLOUY . A S  A S T R U C T U R A L  E L E M E N T  I N  T H E  D E V I C E  AND 

C I R C U I T  A S S E H 3 L Y .  I T  I S  U S E D  A S  A  M E C H A N I C A L  S U P P O R T  A S  

W E L L  A S  A  H E A T  SIMR. AS A  C O N T A C T I N G  E t P i E N T  HOKEVRR 

? f O L Y R D G N U N  I S  U S E D  V E R Y  R A R E L Y  AUD T H E  R E A S O N  FOR THIS 

I S  T U A T  I T S  HIGH H E L T I N G  AND B O I L I N G  P O I N T  H A K E  THE 

D E P O S I T I O N  OF THE F I L H  B Y  E V A P O R A T I O N  O R  S P U T T E R I N G  

R A T H E R  D I F F I C U L T  A N D  FILH F O R H A T I O H  BY P Y R O L Y T I C  

D E C Q W 9 O S I T I O N  OF C A R B O N Y L S  OR H A L I J E  C g ? f P O U N D S  R E Q U I R E S  

COMPLEX BqUI P/r'&'NT AND P R O C E S S I N G  S T E P S .  

T H E  F O R H A T I O N  OF HOLYBDENUM FILHS BT A  S I H P L E  AND 

ECONOHIC P R O C E S S  IS T H E  SUBJECT O F  T H I S  PROGRAM. IT  19 

B A S E D  O?? T H E  C O N Y S R S I O N  OF MOLYBDENUH T R I O X I D E  ( Moog) 

I N T O  M E T A L L I C  HOLYBDENUH I H  A  R E D U C I N G  A T M O S P H E R E  A T  



TABLE I 

PROPERTIES OF METALS 

T I  T A N I  UH 

PTr C K E L  

L ~ E A B  

P L A T I N U M  

E L E C T R I C A L  
R E S I S T I V I T Y  
(pawns-cn) 

I 

176 

65.3 

20.6 

14.9 

16.6 

7.3 

12.0 

2.82 I 

I 

7.1 7 

19.4 
1 

10.2 
1 

1.84 

12.4 

19.3 

8.95 

10.5 

2.33 

B O I L .  P. 
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1740 

4530 
_C 

T A N T A L U N  

T ~ N  

P A L L A D I U ~  

d L unr N U H  
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-r 

T U N ~ S T E N  

M O L Y B D E N U N  

B E R Y L L I U M  

R H O D I U ~  

COLD .- 
C O P P E R  

Srt PER 

S I L I C O N  

D E X S I ~ ~  
( ~ c x )  

I 

4.5 
I 

8.9 
- 

11.3 

21.5 

COEF. O F  T H E R H A L  
E X P A N S 1  B# 
(ca/crz/ c ) . I o - ~  

7.1 

9.2 
- --- 

16.3 

4.9 

MELT. P. 
(O c) 

1 725$10 

1455 

,?2 7 

1771 

12.4 

11.5 

10.8 

6.3 

6.1 

5.48 

5.17 

5 

4.51 

2.35 

2.03 

7.6 

4.0 

13  

6.5 

13.7 

19.3 

2.2 

3.1 

6.4 

4.6 

7.9 

9.8 

10.9 

4.2 

2996 

232 

1555 

660 

41 9 

341 G 

3622 

1292z8 

1966 

1065 

1083 

960 

1420 

41 00 

2260 

3980 

1800 

904 

5900 

45 70 

2980 

2700 

2595 

2000 



E L E V A T E D  T E H P E R A T U R E S .  M O L Y B D ~ N U H  T R I  O X I D E  (Moog) I S  THE 
b 

MOST 8 T A B L E  O X I D A T I O N  S T A T E  OF HCILYBDENUH AND HAS AN 

A D V A N T A G E O U S  C H A R A C T E R I S T I C  I N  T H A T  I T  H A S  A  R E L A T I  V F L Y  

LOW X E L T I N C  P O I N T  OF 795'C A N D  I S  A L S O  E A S I L Y  REDUCED 

I N T O  HOLYBDSNUH H E T A L .  W H E N  H E A T E D  I W  A I R  I T  S T A R T S  TO 

S U B L I H E  A B O V E  550°c, H E L T S  I N T O  AN O I L Y  L I O U I l 7  A T  79S0c,  

A T  W H I C R  P O I N T  THE S U B L I M A T I O N  I S  E X C E E D I N Q L Y  H E A V Y .  IN 

R E D U C I N G  A T M O S P H E R E ,  OY THE O T H E R  HAHD, T H I S  O X I D E  R E D U C E S  

A T  I P P R O X I N A T E L Y  6 0 0 ' ~  I N T O  LOWER O X I D E S ,  M O S T L Y  100  2' 
WHICH I S  C H A R A C T E R I Z E D  B Y  A  P U R P L E  COLOR.  nOoz DOES NOT 

S U B L I M E  AND CAN B E  U L T I X A T E L Y  REDUCED TO IYOLYBDENUX 

H E T A L  A B O V E  600 '~ .  IF K E P T  F O R  A L O N G  E N O U G H  T I I E .  

M H E N  T H E  T E X P E R A T U R E  I S  I N C R E A S E D  T O  795OC OR A B O V E ,  T H E  

R E S I D U A L  M O G S  S T I L L  P R E S E N T  I N  T H E  O X I D E  M I X T U R E  X R L T J  

AKD I S  C O N V E R T E D  I N T O  A  D E N S E  I O L Y B D E N U H  F I L X .  

S I N C E  THE Moog I S  CONMONLY A Y A I L A B L E  I U  A F I X E  POWDER 

F O R N ,  I T  I S  VERY SUITABLE TO USE I N  A S U S P E N 9 I O N  A D J U S T E D  

FOR SILK S C R E E N I H C  P R O C E S S E S .  

T H E  SECOND ELEHGNT I N  T H E  PROPOSED M E T A L L I Z A T I O N  HETHOD 

IS T I N .  I T  IS S E L E C T E D  B E C A U S E  O F  I T S  G O O D  S O L D E R A B I L I T Y  

A T  L O W  T E H P E R A T U R E S  AND A L S O  B E C A U S E  I T  HAS T H E  H I G H E S T  

E L E C T R I C A L  C O N D U C T I V I T Y  AHONC T H E  LOW ? f F L T I N G  X E T A L S .  

No C O N c L U S l  VE I M F O R X A T I O H  I S  A V A I L A B L E  O N  THE C O N S T I T U T I O N  

OF K O L Y B D E Y r J H - T I N  S Y S T E N .  



THERE ARE REFERENCES S T A T I N G  THAT U P T O  0.13% T I N  I N  

HOLYBDENUH FORMS A SINGLE P H A S E .  T H I S  R E F E R E N C E  CAN B E  

T H E R E  IS E X P E R I M E N T A L  E V I D E N C E  T H A T  M O L Y B D E N U N  I S  R E A D I L Y  

WET BY T I N  I N  T H E  A B S R H C E  OF O X I D E  AND THIS R E A C T I O N  I S  

MORE PROMOVNCPD WffEN I T  TAKES P L A C E  -4T THE TIRE W H E N  

HOLYBDENUH IS REDUCED FROM I T S  O X I D E .  T H E R E F O R E  T H E  A I N  

I S  TO FORMULATE A  NOLYBDENUM O X I D E - T I N  C O H P Q S r T X O N ,  

D I S P E R S E  I T  I N  A  S U I T A B L E  V E H I C L E  FOR S I L K  S C R E E N I H O  

A N D  FORM T H E  CONTACT ON T H E  S O L A R  C E L L  S V R F A C E  BY F I R I N G  

T H I S  H I X T U R E  I N  R E D U C I N G  A T H O S P H E R E .  

F O R H I N G  G A S  I8 U S E D  Foi l  S A F E T Y  REASONS. 

T H E  PROJECT I S  P L A N N E D  I N  THREE P H A S E S .  

1. T H E  D E T E R H I N A T I O N  OF THE C Y C L E  FOR C O N V E R S I O N  0.F 

Moog I N T O  MO AND T B E  R A T I O  OF MoO~:SN. 

T H I S  P H A S E  I S  DONE I N  AN E X P E R I M E N T A L  S T A T I O N ,  E S -  

P E C I A L L Y  CONSTRUCTED FOR. THIS P U R P O S E .  

2. T H E  FOR,YULATION 3F S C R E E N A B L E  I N K  AND T H E  E V A L U A T I 3 h l  

OF T H E  C O N T A C T  ON S O L A R  CELLS. .THIS WORK I S  CONDUCTED 

I N  A T U B E  F U R N A C E .  C A L I B R A T E D  T O  P A R A M E T E R S  E S T A B L I S H E D  

E X P F R I H E N T A L L Y  I N  THE F I R S T  P H A S E .  

3 . .  T H E  S P E C I F I C A T I O N  O F  THE P R O C E S S -  



111. TECYit'lClL i7ISCliSSIC.V 

T H E  FI.LZST 9 U A a T E R  Q F  T H E  P R O G R A i 4  MAS CONCF-RNGD !IIITH 

E S T A B L 1 S H I P T . J  OF TFTZ TE,Y PERA T U R  E - T I . Y G - A  TIYOS . ?BERE CYCL4.T 

R.!TQUIRFD -70.3 T Y 9  -9,EDVCTI O Y  3 F  P!9LYRD.ENU.V T R I O X I D E  I N T O  

I f O L Y B D E X L ' , Y  i !ND ALSC) D Z T E R M I  Y A T I O N  OF I fOLYSiJCNUM T R I O X I D E -  

T I v  R A T 1 3  TO @ S T A I N  S O L D R R A B L Z  2 N D  A D H , ? 4 E N T  C O A T I N G S .  

,-! S P E C I A L  S T A T I O N  W A S  3 U I L T  F3.9 T Y I S  rJ0R.K. 

1 C O N S T R U C T I O N  OF E X P E R I M E N T A L  S ' T A T I O N .  

T H E  P U R P O S E  O F  T H I S  S T A T I O N  I S  T O  A L L O W  FOR 

V I S U A L  O B S E R V A T I 3 N  OF R E A C T I O N S  T A K I H C :  P L A C E  U N D E R  

V A R I O U S  TEHPERATURE-TIRE-ATHOSPHERE H E A T I N G  C Y C L E S  A 8 9  

TO P E R F O R 3  I U D 1  Y I D U A L  E X P E R I M E N T S  I N  A S H O R T  T I M E .  T H E  

S T A T I O N  SHOWN I h r  TRE A T T A C H T D  C K E T C H  C O N S I S T S  OF A  

G R A P H I T E  S T R I P  H E A T E R ,  L O C A T E D  U N D E R  A P Y R E X  B K L L J A R  W I T H  

A N  I N L E T  FOR G A S F L O W .  T H E  G R A P H I T E  S T R I P  I S  H E A T E D  B Y  H E A N S  

O F  A C  C U R R E N T  A N D  D E S I G N E D  T O  G E N E R A T E  2000°C. THE T E M P E R A -  

T U R E  OF T H E  S T R I . P  I S  H O N I T O R E D  B Y  A ~ H R O P I E L - A L U N E L  T H E R H O -  

C O U P L E  A N D  D I S P L A Y E D  B Y  A P Y R O P I E T E R .  T H E  ATMOSPHERE I N  T H E  

B E L L J A R  I S  C O N T R O L L E D  B Y  F L O W N E T E R S  AND V A L V E S  TO P R O V I D E  

A D E S I R A B L E  INERT O R  R E A C T I V E  G A S E O U S  E N V I R O N P l E W T .  

THE HEATER I S  C O N S T R U C T E D  FROW A H I G H  PURITY POCO G R A P H I T E  

D I S T R I B U T E D  B Y :  G R A P H I T E  M A C H I N E D  PRODUCTS 

9806 EVEREST STREET 

D O W N E Y ,  C A L I F .  90242 





b 3 T H E  D E N S I T Y  OF T H I S  M A T E R I A L  I S  1 . 8 4 ~ / ~ ? ¶  AND RESISTIVITY 

I .  27x10-4- cn. 

T H E  S U P P L I E D  M A T E R I A L  I S  4"(10,16cn) W I D E ,  6 " ( 1 5 . 2 4 ~ ~ )  L O N O  

A N D  . 0 5 0 " ( 0 . 1 2 7 C ? I )  T H I C K .  

D I H E X C I O N S  OF l " ( 2 . 5 4 ~ ~ )  X 4 , 7 2 " ( 1 2 C ~ )  W I T H  S L O T S  ON EACH 

T H E  E L E C T R I C A L  E N E R G Y  F O R  THE H E A T X R  I S  S U P P L I E D  B Y  

~ ~ ~ V O L T S - ~ ~ A ~ ~ P S  I N - H O U S E  L I N E  V I A  THREE T R A N S F O R H E R S  

E A C H  O N E  H A V I N G  208 VOLTS-10.8An~s R A T I N G  Q N  THE P R I -  

H A R Y  AND ~ C ~ O L T S - ~ ~ ~ N P S  ON THE S E C O N D A R Y  W I N D I N G .  

T H E  P R I M A R I E S  O F  T H E S E  TRANSFORWE'RS  A R E  C O N N E C T E D  IN 

S E R I E S ,  THE S E C O N D A R I E S  I N  P A R A L L E L .  T H E  V O L T A O E  TO THE 

P R I H A R Y  I S  R E G U L A T E D  BY A Y A R I A C .  



THE TEPIPERATURE OF THE S T R I P  I S  H O N I T O R E D  BY A CHRQHXL-  

Atanst THERHOCOUPLE, G A U G E  28, PURCHASED FROH C A L I F O R W I A  

A L L O Y  CO., EL M O N T E ,  G A L I F .  A N D  RECORDED O N  A PYROHETSR 

W I T H  A  B C A L E  FROM 0 - I I O O ~ C ,  PURCHASED FROH THE S A X E  

COMPANY. T H E  EXTERNAL RESISTANCE OF THE THERMOCOUPLE 

IS A B J U S T E D  TO 20 OHHS I N  ORDER TO HATCH THE R E S I S T A N C E  

OF THE PYROHETER.  

THE B E L t J A R  15 FROH PY&&X G L A S S ,  R d S  THE D I A H E T E R  OF 

8"(20.32 cn) A N D  HAS A V O L U N E  O F  12 L I T E R S .  

I T  I S  SUSPENDED B Y  A WIRE CORD AND BALANCED B Y  A  COUNTER 

WEIGHT. 

T H E  FLdklHETERS TO CONTROL T H E  Q A S  FLOW A R E  HADE BY BROOKS 

INSTRUHENT DI V I S I O N  EHERSON E L E C T R I C  CO., H A T F I E L D ,  P Z N N .  

ONE, U S E D  FOR F O M I N G  Q A S ,  HAS A  HAXIHUH FLOW-RATE OF 

4.7 ~ T D . L / M I U  A N D  THE H I N I X U H  FLOW-RATE OF 0.1 S T D  & / H I M .  

T H E  OTHER,  USED FOR NITROGEN,  HAS T H E  HAXIMUH FLOW-RATE 

OF .272 S T D  L / H I N  AND A H I N I N U W  R A T E  OF .014 STD L / H I N ,  

M O L Y R D F N U H  O X I D E  REAGENT ( M A L L I ~ I C K R O D T  ) 

TKE S I L I C O N  WAFER3 WERE SCRIBED TO 1 X 1 CH APPROX.  

A N D  E T C H - C L E A N E D  I N  9:1 = HN03:HF. 
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T H E  HOLYBDENUIY OXIDE S U S P E N S I O N  WAS PREPARED B Y  D I S P E A S - :  

E T H Y L C E L L U L O S E  WAS ADDED TO A B J U S T  TO A C O N S I S T E N C Y  O F  

A P A I N T .  

NO EXACT R A T I O  OF I N D I V I D U A L  IATCREDIENTS WAS E S T A B L I S H E D  

A S  THE PURPOSE O F  T H E S E  T E S T S  WAS TO D E T E R R I N E  Q U A L I T A T I V E L Y  

THE REDUCTION OF l!f003. 

S U S P E N S I  O H .  

THE S A N P L E S  WERE S U B J E C T E D  T O  A HEAT C Y C L E  T O  PORN Mo. 

T H E  flo C O A T I N G S  WERE E V A L U A T E D  FOR L A T E R A L  R E S I S T A N C E  

AND BOND S T R E N G T H .  T H E  R E S I S T A N C E  WAS HEASURED S Y  A N  

OHM METER AND THE BOND STRENGTH BY A SCRATCH T E S T  U S I H C  

AN X - A C T 0  K N I F E .  

THE F I R S T  C Y C L E  H A D  A P E A K  T E H P E R A T V R E  OF 8GOOC A N D  T H B  

PEAT-UP WAS DONE I N  S T E P S  TO O B S E R V E  H A T E R I A L  CHANGES 

AT D I F F E R E N T  TENPE,RATURES.  

THE G R A P H  S H O W S  T H I S  C Y C L E .  G 1) 

THE I N I T I A L  H E A T I N G  W A S  D O N E  I N  N I T R O G E N  FLOU O F  .25~/n1n 

A N D  A T  2 2 5 ' ~  THE D A R K  C O L O R  A P P E A R E D ,  C O R R E S P O N D I N G  T O  

THE C A R B O N I Z A T I O N  OF THE ORGANIC B I N D E R  I N  THE C O A T I N G .  

T H E  F O R M I H G  G A S  W A S  T U R N E D  O N  A T  3 0 O o C  W I T H  A FLOW-RATE 

O F  2.5 L / H I N .  

AT 400°C Y E L L O W  C O L O R  O F  T H E  O R I G I N A L  Moo3 R E A P P E A R E D .  

A T  5 4 0 ' ~  T H E  C O L O R  B E C A M E  G R E Z N I S H  A N D  A T  550°C S O H E  . 

S U B L I H A T I O N  W A S  OBSERVED.  





A T  57o3C T H E  C O L O R  T U R N E D  DARX P U R P L E  A N D  T H I S  P E R S I S T E D  

T I L L  THE PEAK OF 8 0 0 ~ ~ .  A T  WHICH P O I N T  T H E  COLOR CUANGED 

S O N A B L E  GOOD BOND TO S I L I C O N ,  P-TYPE A S  W Z L L  A S  N - T Y P E ,  

Y E T  I T  WAS P O S S I B L E  TO BE SCRAPED OFF BY A  X - A C T 0  K N I F E .  

85% NITRDGEN AND f 5% HYDROGEN. 

HYDROCEN. 

HIGHER H Y D R O G E N  CONTENT THE REDUCTION O F  THE O X I D E  W A S  

F A S T E R ,  

T R A N S I T I O N  T .WPERATUR.F FRO?! 550'1~" TO 6 5 0 ' ~  WAS C R I T I C A L  

R A T E  W I T H I N  T H I S  RANGE AND A L S O  TFIE P E A K  .TEHPERATURE W A S  

I N C R E A S E D  TO ~ O O ~ C ,  TO DETERWINE T H E  EFFECT OF H I C H E R  

TEMPERATURE O N  THE BOND STRENGTH.  

T H E  I N I T I A L  HEATING I N  NITROGEN A T H O S P H f R E  WAS I N C R E A S E D  

A F I V E  H I N U T E  PURGE I N  FORMING ClAS FOLLOWED. 





THE HOLTBDENUM F I L H  R E S U L T I N G  FROH T H E S E  C Y C L E S  HAD 

L A T E R A L  R E S I S T A N C E  BELOW 1 OH?! AND COULD NOT B E  S C R A P E D  

3 F F  B Y  T H E  X - A C T 0  K N I F E .  

T H E  P R E L I H I N A R Y  T E S T S  FOR T Y I S  T A S K  WERZ D O N E  BY 

C O A T I  NG S I L I C O N  W A F E R S  W I T H  NOLYBDENUH O X I D E  S U S P E W S I O N  

AND L O C A T I N G  A FEW G A A I H S  OF 2 G  H E S H  S I Z E  T I N  ON O N E  

EDGE OF T H E  C O A T I N G .  

T H E  P U R P O S E  O F  T H I S  T E S T  W A S  T O  D E T E R H I N E  T H E  W E T A B I L I T Y  

OF T H E  HOLYBDENUM B Y  T I N .  

T H E  S A X P L F S  WERE H E A T E D  F O L L O W I N G  THE M O D I F I E D  C Y C L E .  

T H E  R E A C T I O M  P R 3 C E E D E D  B Y  F A S H I O N  P R E V I O U S L Y  D E S C R I B E D  F O R  

Moog. A T  90o0C H O W E V T R ,  W H E N  T H E  no W A S  F O R M E D ,  T I N  S P R E A D  

O V E R  T H E  E N T I R E  S U R F A C E .  

R E S U L T E D  C O A T I N G S  P A S S E D  T H E  A D H E S I 3 N  T E S T  AND H A D  A  GOOD 

S O L D E R A B I L I T Y  B Y  L E A D - T I N  S O L D E R .  

THE M I X T U R E  WAS S U S P E N D E D  I N  T R I C X L 3 R O E T X Y L E W E  W I T H  E T H Y L -  

C E L L U L O S E  B I N D E R  SUCH A S  W A S  DDNE B E F O R E  W I T H  Moog O N L Y .  

THE O B T A I N E D  R E S U L T S  SHOIdED T H A T  W I T H  T H E  l!f0O3:S~ R A T I O  

G R E A T E R  THAN 3:7, T H E  FORHED F I L N S  HAD A  T E X T U R E  K I T K  A 

L A C Y  P A T T E R N  W I T H  T I N  F3RPIINC THE R I D G E S .  



T H E  B O N D  P A S S E D  T H E  A D H E S I O N  T E S T *  BUT THE S O L D E R A B I L I T Y  

WAS POOR AND R E Q U I R E D  A  SCRUBBING A C T I O N .  

F r ~ n s  FORIIED FRON M o O ~ : S N  R A T I O S  L E S S  THAN 3:7 HAD A  DENSE 

S O L D F R A B L E  FINISH, B U T  THE C O A T I N G S  W I T H  M o O ~ : S N  I N  R A T I O S  

OF 1 :9  AND . 5 :9 .5  HAD A  W E A K E R  B O N D .  

T H E  BEST R E S U L T S  WERE O B T A I N E D  A T  A  R A T I O  OF M O O 3 : S ~ = Z : 8 .  

T H E  FIRING CYCLE T O  A C H I E I Y E  G O O D  B D W D I N G  W I T H  T H I S  C O M P O S -  

X T I O W  W A S  B E T V E E N  8 0 0 ~ ~  A N D  9 0 0 ~ ~ .  



111. 4. F O R H U L A T ~ O N  OF A S C R E E N A B L E  I N K  FROM M O O , ~ : S N  H I X T U R E .  

M A T E R I A L S  U S E D :  

T I N  POWDER ( C O H I N C O  & ROIC) 325 MESH-99.999% P U R I T Y  

TRICHLOROETHYLENE-ANALYTICAL REAGENT,  ( L O S  A N G E L E B  CHEM. Co.) 

ETHYL C E L L U L O S E - E T H O C E L  ( R )  STANDARD 10, P R E M I U H  E T H Y L  

C E L L U L O S E  ( D O W  C H E H I C A L  CO.) 

C A R B I T O L  S O L V E N T  ( D I E T H Y L E N E  GLYCOL HONOETRYL E T H E R ) -  

Moo3 AND S N  WERE N I X E D  I N  A R A T I O  OF 78% SN AND 22% MOO3.  

1 0  GRAHS OF THE H I X T U R E  WERE USED FOR THE FORHULATION 

OF THE I N I T I A L  I N K  C O N P O S I T I O N .  

2.2 osnns O F  MooS A N D  7.8 GRA-vs OF S N  WERE DRY W I X E D  I N  

A  QUARTZ HORTAR.  

THE V E H I C L E  FOR T H E  INK C O N S I S T E D  O F  75% T P L I C H L D R O E T H Y L E N E ,  

15% E T H Y L  C E L L U L O S E ,  8% C A R B I T O L  S O L V E N T  A N D  2% C A B I T O L  

10 GRAMS OF' THE f l o o 3 : S ~  H I X  WERE BLENDED W I T H  5 GRAHS 

OF THE V E H I C G E  AND HONOGENIZED O N  A  GLA.SS P L A T E  W I T H  

A S P A T U L A .  

T H E  SCREENING T E S T  WAS DONE U S I N G  A  200 H E S H  S C R E E N .  



Tn 1.1 5. SET-VP AND C A L I B R A T I O N  OF THE TUBE FURNACE FOR 

I N K  F I R I N G .  

A HEAVY DUTY 3 - Z ~ N E  D I F F U S I 3 Y  FUREI.4CE W I T H  

3" I . D .  QUARTZ TUBE WdS USED FOR T H I S  PURPOSE.  

T H E  I N I T I A L  P E A K  T E M P E R A T U R B  W A S  S E T  A T  BOO°C. 

T Y E  P R O F I L T  OF' TfIE F U R N A C E  W A S  M E A S U R E 3  B Y  A 

~ H R O ~ ~ E L - - / ~ L U H E L  THERHOCOUPLE I N  0RDE.q TO E S T A B L I S H  

T H E  TEAYPERATURE ZONES C R I T I C A L  FOR F I R I N G  THE 

Moo3: SN H I X T V R E S .  

TED THROUGH A COriMON FLOWHETER TO O N E  END 9F T H E  

T U B E .  

THE EXBERfHANTS W E R E  D O N 6  W I T I I  ~ ~ - T Y ? E  S I L I C O N  

P O L I S H E D  AND THE OTHER S I D E  ETCHED.  

A F T E R  A P L L Y I N C  THE I N K  0 ' N  BOTH S I D E S  OF T R E  WAFER 

T H E  S R H P L E S  WERE A I R - 3 R I E D  AND ORGANIC  MATEPlALS 

BURNED OUT I N  A SI¶ .ALt  C E R A H I C  H U F F L E  K I L N  

( 2 1 ~ ~  x 26cn x 23crr) ox A ~ U A R T Z  B O A T .  

C Y C L Z  PRE V I  OUGLY E S T A a L I S H E D  O N  THE G R A P H I T E  

S T R I P Y E A T E R  I N  THE EXPEiZIF.TNTAL S T A T I O V .  



IT HAS  BEEN FOUND THAT I N  A L L  C A S E S  THE REDUCTION 

OF Moo3 I N T O  P U R P L E  MooZ T O O K  P L A C E  W I T H I N  T H E  

DETERHI  NED TEHPERATURE RANGE,  I l E .  BETWEEN 55O0C 

A N D  650°C, B U T  I N  C O N T R A S T  W I T H  T H E  R E A C T I O N  OB- 

SER IED ON THE S T R I P H E A T E R  ,,WHERE THE H E T A L L I C  

T I N  FORXED A T  90O0C,  THE T I N  FORHATION I N  THE 

TUBE FURNACE TOOK PLACE S H O R T L Y  A F T E R  T H E  C b N I E R -  

S I O H  OF Moo3 I N T O  f1002. 

T H I S  WAS c o n F r R n m  B Y  A RUN O F  1Y003 C O A T I T G  

A L O V R ,  DURING W H I C Y  CONDUCTIVE  MO FILlY W A S  O B T A I N 6 0  

BETWEEN 550'~ A N 3  650'2 I N  5 H I N U T E B .  

T H E  ~)Io:.SN L A Y E R  F O R M E D  A T  L O W E R  T E M P E R A T U R E S  H A D  

A GOOD S O L I J E R A B I L I T Y  AND I N  SOME C A S E S  -4 GOOD 

BOYD.  

IT R E H A I N E D  TO B E  D E T E R H I N E D  WHETHER I T  SJAS 

IKPORIPANT TO C9NDUCT THE H E A T I N G  C Y C L E  .IN S U C H  d 

WAY TO E S T A B L I S H  I F  T H E  T O T A L  C O N V Z R S I O N  OF 

Moo3 I N T O  M 0  WAS N E C B S S A R Y  BEFORE THE T E H P E R A T U R E  

was R A I S E D  T O  8 0 0 ~ ~ .  

THE CONTACT FORHED F R O H  A  S C R E B N R B L E  K I K T U R E  OF 

78% ZN : 285 Moo3 WAS EVALUATED FOR H E C Y A N I C A L  A S  

WELL  A S  E L  ECTRPCAL C H A R A C T E R X S T P G S o  



S C R E E N S  ON D I F F U S E D  P O N  S I L I C O N  S O L A R  C E L L  

S T R U C T U R E S  l 

AFTER SCREENING, THE T E S T  S A I Y D L E S  WERZ D R I E D  A N D  

O R G A N I C  K A T E R I d L  BURNED OFF I N  A C E R A M I C  HUFFLT  

FURNACE.  

THE FIRST E X P Z R I ~ W N T S  WERE D O N E  I ~ T H  A P R E - H E A T  

A T  5 6 ~ ~ ~ .  F O R  5 ~ I N U T E S  A N D  A S O A K  A T  8 0 0 ' ~  P E A K  

FOR I H I N U T T o  

TIIE A T H O S P H Z R E  W A S  60% NITROGEN AND 40% HYDROGEN, 

( F O R M I N G  G A S J  PURCHASED FRON A n w ~ L . 9  INC. )  

T E E  CONTACT HAD A GOOD ADHE-SENCE, T E S T E D  BY T H E  

X-ACT0 KNIFE A N D  H A D  A GOOD SO5DERABItITY. 

TRE V O L  TAG=-CURRENT C H A . ~ A C T E R I S T I C S  D FTERKTNED 

O N  A X-Y PLOT'TER S H O W E D  A  S T R A - T C H T  L I N E  BETWEEN 

T H E  ~ O C  A N D  I S C  V A L V E S .  

THERE WAS 80 DEGRADATION I N  SHORT C I R C U I T  CURRENT NOR 

I N  O P E N  C I R C U S  T VOLTAGE V-4LVESJ  I V D I C A T I N O  TFIAT 

T H E  CONTACT WAS OHPIIC, BUT W I T 3  A HIGH R E S I S T A N C E  

( A a o m  10 OHMS). 

IN  ORDER T O  E S T A B L I S H  T H E  E F F E C T  O F  THE PEAK T Z H P E -  

R A T V R E  O N  T H I S  H I G H  SERIES R E S I S T A N C E  BALUEj O T H E R  

S A H P L E S  WERE RUN WITH THE S A H E  P R E - X E A T  CYCS.3, BBUT 

!.:; ra P E A K  T E M T I R A T L I R E S  OF 7 0 ? 3 ~  A N D  ?5)03c R E S P B C T I  V.YL Y. 



T H Z  RESULTS  S H O W E D  T H A T  T-YE S A P I P L E S  F I R E D  AT 730%' 

HAD THE S A H E  S L O P E  A S  THE S A H P L E S  A T  800°C, W H I L E  

THE S A H P L G  F I R E D  A T  900°C WAS DEGRADED I1V O P E N  

C I R C U I T  V O F , T A G E . ( F I S . ~ ) .  

I N  ORDER TO DETERHIWE WHETHER T H I S  D E G R d 9 A T I O N  WAS 

CAUSED B Y  T H E  A C T I O N  OF T H E  M E T A L S I C  CONTACT OR 

BY  T H E  TEMPERATURE A L O N E ,  NOY-XETAL  L I Z E D  CFL LS 

WERE S U B J E C T E D  TO THE SAME C Y C L E  OF gOO°C P E A K .  

THE R E S U L T S  O F  T H I S  T E S T  S H O W E D  A L S O  D E G R A D A T I O N  

I N  O P E N  C I R C U I T  VOLTAGO,  WHICH PROVED THAT. T H I S  

DEGRADATION W A S  CAUSED B Y  THE HEAT C Y C L E  ALONE. 

I N  ORDER T O  I M P R O V E  THE H I O H  S S R I . 7 S  Fli?.SISTAF?C.T 

I ~ O / . ~ N - $ I  C O N T A C I " ,  9 TFZRiYNC.Z .$  U E R Z  .SEXRC-F?1~3 

, ? E L t i T I i V G  TO S T r r D I . T , 9  O F  I ? ! C ) - . ~ I  I N T X i t F A C Z '  A N D  

N A T U R E  OF T U E  C O N T A C T *  

A H  ARTICL.JT P U B L I S H E D  BY  R.C. H O O P E R ,  J.L. CUNNING HA,^ 

P P  831-833 (1965),  L I S T S  C O N T A C T  R E S I S T A N C E  V A L U E S  

OF .Yd AND OTHER M B T A L S  E V A P O R A T Z D  O N  SI OF V A R I O U S  

R E S I S T I  P I T I E S .  

A C C O R D I V G  T 3  T H I S  S T U D Y  THE CO,VTACT R E S I S T A N C E  OF 

1Yo T O  P - T Y P E  S I  W I T H  R E S I S T I V I T I E S  O F  0.002 A N B  

0.1 om-cn I S  4.4 x 1~~ own/cnZ A N D  1.1 x 10-1 

O H ~ / C M ~  R E S P E C T I  V E L  Y .  
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THE C O W T A C T  R E S I S T A N C E  O F  MO T O  0.5 O H H - C H  P-TYPE 

S I  I S  9.4 x orm/cnz. 

F O R  .V-TYPE S I  OF' 0.005 ' O H M - C H  THE CONTACT R E S I S T A N C F  

I S  7 x 1 o c 2 ,  F O R  0.01 OHM-cn 6.1 x 1 0 - I  

o ~ n f c ~ ~ ,  FOR 0.05 own-cn 2.0 o ~ ~ / c r r 2  A N D  F O R  

3 0.5 O H X -  crr 26 o ~ n / c n ~ .  

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

S O L A R  C E L L  STRUCTURE I S  N - T Y P E  OF A  R E S I S T I V I T Y  

RANGE BETWEEN 0.3 - 0.7 O H P I - C H ,  T H E  H I G H  R L " S I S T A N C E  

OF THE fl0 CONTACT COULD 9 E  E X P L A I N E D  B Y  THE R E -  

P S R E N C E D  DAT A.  

A N O T H E R  A R T I C L E  P U B L I S H E D  B Y  R.1. BOWER A N D  

J.V. LYAYER I N  A P P L .  PHYS. LETT. ,  Y o L . ~ ~  - 1V0.9 

( M A Y  1.972) P P .  359-361, IS C O W C E R N E D  W I T H  T Z E  

F O , T J Y A T I O K  O F  H E T A L  S I L I C I D E S ,  S P E C I F I C A L L Y  PD, T I ,  

CR A N D  M o .  

ACCO.SDING T O  T H E  A U T H O R S ,  T H E  G R O W T H  R A T E  O F  P D ~ S I  

AND T I S I ~  V A R I E S  L I N E A R L Y  WITH THE S Q U A R E  R 3 0 T  

OF T I H E ,  W Y Z L E  CRSIZ A N D  IY0SI2 GROW L I N E A R L Y  

W I T H  T I N E  

f 3 ~  FIRST C A S E  S U G G E S T S D  D I F F U S I O N  L I H I T E D  RATE 

C2OldTR  HECHANXSM,  W H I L E  TEE S E C O R D  C A S E  CORRESPON-  

DED T0 R E A C T I O N  L X X I T E D  R A T E  GROKTR.  

THE F O R H A T I Q f f  DEPTH OF PD,TI SILICIDES I S  THERE- 
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FORE EASIER T O  C O N T R O L  T K A H  T H E  DEPTK OF CA A N D  

& S I L Z C I D E S .  

WRILE TEE P _ ~ , E S E X C E  O F  A N  O X I D E  F I L X  O N  SI SURFACE 

r m r B r ? s  TRE F O R H A T I O N  OF PD, CR A N D  Mo S I L I C I D E S ,  

IT HAS NO D E T E C T A B L E  EFFECT F O R  TRE SI-TI SYS-  

TEH AND THE T I S I ~  FORXS AT R E L A T I  Y E L r  LOW TEHPEiL- 

A TURES w 600° C. 

BASED O N  T H E S E  REFEREKCES, E X P E R I H E N T S  WERE PER- 

% 6 e E D  TO D E T E R H I R E  THE S I G N I F I C A N C E  AHD T g E  EF- 

FECT OF T I T A N I U H  S I L J C I D E  O N  THE VALUE OF CON- 

TACT R E S I S T A N C E .  

AS THE SOURCE OF T I T A N I U H ,  T I T A N I U H  R E S I N A T E  WAS 

7x1s ORGANU-HSTALL I C  COBPOUIYD C O N T A I N S  4,3% sac x ~ s  

AS T I T A N I U H  AND I S  X H  A SOLUTION FORR W H X C R  I S  

C O R P A T I B L E  WITH TEE S O L Y E N T S  PRESENT I N  THE I N K .  

ONE EPEDROP OF ,'RE R E S I R A T E  S O L U T I O N  C O R R E $ P U N D I ' N G  

THE R A T I O  OF ADDED Z I T A d f I U H  TO T H I S  H I X T U R E  CORRES- 

PONDED THEN T O  APPROX. 1 PART OF T I  TO 25000-16000 

P A R T S  OF M o O ~ / S N  S O L I D  H I X T U R E .  

THE E X P E R I P I E N T S  O F  TRE I N K  .FIRIVG D E S C R I B E D  F O R  TKE 



STANDARD Mo:SN H I X T U R Z  WERE D U P L I C A T E D  W I T R  T H E  I N K  

H O D I F I E D  BY T R E  T I T A N 1  >'?f. 

TlZlr R E S U L T S  SHOWED A PTRY D I S T I N C T  EFFECT O N  v-1 
C B A R d C T E R I S T I C S e  

THE S E R I E S  R E S I S T A N C E  H A D  A VALUE OF APPROX. 1 OHK 

AT A C r C L E  C O N S I S T I R G  OF A  PRE-IIEAT AT 5 6 0 ' ~  FOR 

3 ~ I N O T E S ,  620 '~  FOR 3 X I N U T E S  A N D  A S O A K  AT BOO'C 

FOR 1 X I M U T E .  

SIXILAR VALUES O F  THE S E R I E S  R E S I S T A N C E  WERE ALSO 

O B T A I N E D  BY HEATING A T  5 6 0 ' ~  FOR 9 H I N U T E S .  ( F I o . N o .  53 

.THE BONDS O N  S A H P L E S  F I R E D  A T  560'0 WERE WEAXER T H A N  

r a E  B O N D S  O B T A I N E D  AT 800°C. 



THE O B J E C T I V E  OF T Y ~ S  T A S K  W A S  T O  D E T ~ H I N Z  T H E  

EFFECT OF V A R I O U S  F I R I N G  C Y C L S S  ON THE COHBINED 

Q U A L I T Y  OF M E C H A N I C A L  A D H E S I O N J  S n L D E R A B I L I T Y  AND 

ELECTRICAL P Z R B O R H A N C E  OF S 3 L A R  CELLS H F T A L L I Z E D  

WITH &o:SN fNK HODIFIED B Y  TI. 

THRXE RIBXtrG CYCLES WERE P P I P L 3 Y E D  FOR E V A L U A T I O N  

A )  5600C - 20 H I N U T E S  AND QUENCH 

B) 560'~ - 3 K I N U T E S ,  620%' - 3 HINUTES, 8 0 0 ~ ~  - 
1 MINUTE AND QUENCH 

C) 560 '~  - 10 H I N V T Z S ,  700°C - I H I N U T E  AND 

Q U E N C H .  

A L L  C Y C L E S  WERE D O N E  IX A F O R M I N G  G A S  R T H O S P W E R E  

~ ~ N S I S T I H G  O F  60% N A N D  40% H AT A F L O W  R A T E  O F  

~ L / H I N .  

TRE ADWESfDt W A S  D E T P I X I N E D  BY S C R A T C K  TESTS 

( x - A C T O )  AND PULL TESTS WITH S O L D E R E D  L E A D S .  

TEE LEAD ATTACHBENT WAS A L S O  A HEASURE OF 

SOLDERABILITY. 

THE ELPCTRICAL C R A R A C T E R I S T I O S  WERE EVALUATED 

BY T R E  SHAPE OF v - I  CURVES. 

THE QUALITY OF W C W A H I C A L  PRO P E R T I E S  ( A D H E S I O N  



AND S O L D E R A B I L I T Y  ) CONFIRnED R E S U L T S  OF T E S T S  

P R E P I O U S L Y  PERFORHED W I T K  Mo:SN I N R  W I T R O U T  

Tr A D D E D ,  r o e .  T H E  B O V D  W A S  WEAKER W I T H  T H E  

F I R I N G  CYCLE AT 560 '~  THAN AT C Y C L E S  Y Z T R  700°C 

AND 8CO°C PEAK TEIfPER.4 T U R S S .  

THE S O L D E R A B I L I T Y  WAS A L S O  BETTER F O R  LAYERS 

FORHED AT RIGHER TEPIPEELATUAES. 

ELECTRICAL C K A R A C T E R I S T I C S  O F  S O  C A R  C E L L S '  

N E T A L L I Z E D  AT THE S T A T E D  FIRIRC C Y C L E S  WZRE O H  

TEE. OTHER HAND S I G N I F I C A N T L Y  BETTER AT  THE 

LOW TEXPERATURE FIRING CYCLE 

IK ORDER TO E S T A B L I S R  WHETEER THIS CHARACTE- 

R I S T I C  WAS A RESULT OF THE PEAK TEf lPERATURG 

OF THE F I R I N G  C Y C t E  ONLY 3R OF ADL7ITZOKAL 

REA.CTI0KS  TAKING PLACE DURING LOW TEHPERATURE 

A R N E A L I K G  PROCESS,  THE C E L L S  H E T A L L I Z E D  AT 

HIGHER TEHPERA P V R b S  WERE REAT TREATED AT LOW 

TEZPERA TURE'  AFTERWARDS. 

THE RESULT O B T A I N E D  FROX T H I S  TZST E S T A B L I S H E D  

TEAT TRE v-1 CXARACTFBXSTZCS XW3ROVED TO THE: 

Q U A L I T Y  OF TRE C E L L S  ? f E T A L L I Z E D  A.T L O W  TEH- 

PERRTURE O N L Y .  ( FIG. 4 

FROM T?iESE R E S U L T S  OTRER SETS OF EXPERZHENTS 

WERE PLANNED TO DETXRXINE WRETHER THIS HEAT 
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TREATXENT CAN BE DONE A S  A PART OF THE F I R I N G  

CYCLE OR HUST BE PERFORXED A S  A POST S E A T  T R E A T -  

XENT S T E P .  A L S O  I T  ms NECESSARY T O  D E T Z R H I N E  

ClRETRER 550 '~  IS TRE O P T I H V X  HEAT TREATHENT 

TEHPERATURE OR WRETHER THE TREATXENT XAD A JOTHEEL' 

P E A K ,  

TRE R E S U L T S  OBTAINED FROH THESE T E S T S  POINTED 

OUT T E A T  TRE HEAT TREATXEHT CAN B E  INCORPORA- 

TED IN T R E  FI13IXG CYCLE A N D  THE OPTIHUX REAT 

TREATPIEHT IS 450°C F O R  15 W I N U T E S .  ( FI-G. 5 ) 

11f~  9 .  C O H P A R I S O H  O F  Mo:SN C O N T A C T  W I T H  N I C K E L  P L A T E D  A N D  

SIL YEA SCREENED CONTACT. 

V I C X E L  PLATED C.ELLS USED FOii THE C O X P A R A T I V E  T E S T S  

VERE PRODUCTS OF THREE HANUFACTURERS. 

T H E  SCREENED SILVER CELLS WERE FROM ANOTHEiL S O U R C E .  

I N  T A B L E  g- 

T ~ E  l l L I I E S  OF I S C  WERE NORXALIZED TO 1 c?f2 AREA.  



T A B L E  11 

COMPARISON OF H o / S N  INK WITH NI-PLATED AND A c - S C R E E N E D  

CONTA CT. 

Sou R C E  TYPE M E T A L L I ~ ~ ~ ~ W  I/oc (v) 

~ ~ A J U F A C ~ R ~ ~  p/d Ni- PL R C D  J5.5 
"A" 

3a A - - & ) ~ E E # E D  B -59. 2 5  o - -. 

PA PER / w e ~ m ~  
p/rJ Mu/, - SC*E W D  , $g ..2 L= 2 0 0 9  

+ - 

T ~ C ~ A ~  P U U S I R B ~  

2 6  

"0" 

z p  

- 
2-8 

28 
.:- 

200 9 

200 + 

p / ~  

" / p  

Ni -  P L A P ~  

Nr.- F 'LA~ZP 

,.%L_.- 

0.56 
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THE H S C X A N T - C A L  C U M T A C T  OF TTE Mo:SH C E L L S  WAS 

EQUAL TO 4 X E  BEST N I C I E L  PLATED CONTACT AMD 

S U P E R I O a  TO T H E  S C R E E N E D  S Z L P E R  C O N T A C T .  

A C T U A L L Y  T H E  SIL PER S C R E E N Z D  C O N T A C T  UAS IN- 

P E R I b R  S I N C E  T H E  PATTERN A S  WELL A S  THE B A C K  

M E T A L L I Z R T S  O N  COULD BE P E E L E D  OFF WITHOUT AMY 

EFFOAT.  

IT W A S  C O H P A R A B L E  W f  TH THE C H A R A C T E R I S T I C S  OF 

OTHER HETALLIZATIOH, O N L Y  I N  C A S E S  VHEX THE 

T Z S T  SAMPLES WERE S C R I B E D  TO SIZE, T H E  SHUNT 

RESISTANCE A N D  SERIES A Z S I S T A R C G  SXOgZD S O H E  

D E G R A D A T I O N  C A U S E D  3 Y  T l G  X E C k 4 N T C d t  D A H A O B .  

G E N E R A L L Y  T H E  S Z R I F S  R E S I S T A N C E  O F  A L L  C E L ~ ~ S  

TESTED V A S  1 fi I H  A V X R A G F .  





I N G .  

T H I S  S E G R E C A T I  O N  R E S U L T E D  I N  NON-REPRODUCIBLE R E -  

S U L T S ,  S I N C E  T I N  W I T H  THE D E N S I T Y  OF 7.3 G R / C H  3 

SETTLED BELOW THE Moog WITH A D E N B I T Y  O F  4.5 c ~ / c n  3 

W I T H I N  ONE H O U R .  

THE I N K  I N  SUCH A W A Y  THAT  THE HOMOGENEITY 9F T F E  

H I X T U R E  W A S  PIAINTAINED FOR AT L E A S T  A  P E R I O D  O F  

ONE W O R K I N I G  DAY A N D  W A S  RECOVERED THE NEXT DAY. 

THE G O A L  WAS A C H I E V E D  B Y  P A R T I A L  S U B S T I T U T I O N  O F  

T R I C H L O R O E T H Y L ~ N E  BY T E R P I N E O L  WHICH R A S  A  LOWER 

Y A P O R  PRESSURE AND HIGHER B O I L I N G  POINT. 

SN-Moo3 POUDERS WERE PREHrXED DRY A N D  P A S S E D  

T W R O V C W  1 4 0  HGGII  S I E ~ S  T O  XL'RUVE A N Y  P O S - S I B L E  

3 I N D E R  D I S S O L V E D  I N  T R I C Y L O R O E T H Y L E W E .  

T O  T H I S  S O L U T I O N  WAS A D D E D  T E R P I N E O L  A N D  CAR-  

B I T O L  A C E T A T E .  



THE PERCENTAGE B Y  W E I G H T  O F  T H E  I N D I V I D U A L  

I N G R E D I E N T S  WAS A S  FOLLOWS: 

6% E T H Y L  C E L L U L O S E  D I S S O L V E D  I N  20% T R S C B L O R O -  

E T H Y L E N E , A , D E D  WAS 70% T E 4 P I N E O L  AND 4% C A R B I -  

TOL A C E T A T E .  

20% O F  T H I S  P E W I C L  E A N D  80% M o 0 3 - S ~  H I X T U R E  

WERE S L S N D E D  T O  F O R H  THE I N K ,  T H I S  W A S  D O N E  B Y  

ADDING 'THE DRY H I K T U R E  UNDER CONSTANT S T I R R I N G  

TO T R E  V E H I C L E ,  

F I V E  O Z ,  O F  T H I S  I N K  WAS S H I P P E D  T O  JET 

? R O P U L S I O N  LABORATORY. 



THE C E L L S  CJERE P O N  N STRUCTURE A N D  WERE SCREEN-  

ED W I T H  A G R I D  P A T T E R N  S P E C I F I C A L L Y  D E S I G N E D  F O R  

T H I S  P U R P O S E .  

THE C X A R A C T Z R I S T I C S  0 7  T H E  C E L L S  W E R E  T E S T E D  O N  

A v-I P L I ) T T E R  AND I S  SKOWM O Z I  T H E  ATTACH.ED 
- 

G R A P K .  ( F I G .  7 )  

C O ~ Y P R R A T I V E  T E S T S  VERE D U N E  KITH LOW T E H P G R A T U R E  

C Y C L E S  A T  5 5 0 ~ ~  FOR 1 5  IYPIIN. 

R A N G E ,  ONLY T H E  CELLS F I R 2 0  A T  L 3 W  T Z M P S R A T V R E  

C Y C L E S  HAD H E C H A N I C A L L Y  WEAKER BONDS. 

THE C E L L S  P R I 3 R  T O  S C R E E N I N G  W E R E  C L E A N E D  

BY 10% XAOH SOLUTION F 8 R  1 M I N U T E .  

I N  OTHER E X P E R I N P N T S  1 M I N U T Z  D I P  I N  C O N C E N T R A T E D  

HF WAS U S E D .  

NO D I F F E R E N C E  WAS 0 B S . E R V E D  I N  O B T A I N E D  R E S U L T S .  





T H E  E V A L U A T I O N  O F  T H E  Mo-SN S Y S T M  A N D  C O N T A C T  I N -  

T E G R I T Y  UNDER ENVIELONHENTAL S T R E S S E S  I N C L J D E D  ?HE 

H U X I D I T Y  EXPOSURE AND S U B J E C T I O N  T q  TEPQPERATURZ 

EXTRZIYE S  . 
THE A T T E H P T  HAS B E E N  MADE TO E S T A B L I S Y  S n N I  STAND-  

d R D  C R I T E R I A  FOR T H I S  T E S T .  

INQUIRIES W I T H  JPL A N D  NASA-LEWIS RESEARCH CENTER 

I N  CLEVELAND HOWEVER R E V E A L E D  T H A T  THERE ARE N O  

E S T A B L I S H E D  S T A N D A R D  T E S T  P R O C E D U R E S  W H I C H  wouLn 

A P P L Y  TO T E R R E S T R I A L  P R O T O V O L ? ~ I C  C E L L S  A N D  T H E  

E X I S T I N G  TESTS ARE USED FOR S P A C E  C E L L S  WITH 

H O D I F I C A T I O N S  S P E C I F B E D  BY CUSTOHERS .  

BASED Q N  S U G G P ~ T X O A ~ S  O B I A I N E D  FROH PHE NASA-LGWIS 

RESEARCH CENTER T H E  F O L L O W I N G  T E S T S  WERE USED TO 

E V A L U A T E  THE CONTACT.' 

A :  S U B J E C T I O N  O F  T H E  C E L L S  W I T H  A T T A C H E D  L E A D S  T O  

0 
A  CONSTANT TEMPERATURE WATERBATH OF 45 C FOR 

O N E  WEER AND 

B:  S U B J E C T I O N  OF THE C E L L S  TO TEN THERMOSHOCK 

C Y C L E S  B E T W E E N  100'~ ( B O I L I N G  W A T E R )  A N D  

- $ 5 ' ~  (DRY I C E - A C E T ~ N E ) .  

T H E  DWELL T I N E  AT EACH EXTREHE WAS 5 H I N U T I S .  



P V L t - T E S T  AND E L E C T R I C A L  C H A R A C T E R I S T I C S .  

T H E  C E L L S  F 3 R  T H I S  T E S T  WERZ ? R E P A R E 3  BY BORON 

I N K  FROM THE BATCH P ~ E P A R E D  F 3 R  J?L. 

THE WAFERS VERE CLEANHD B Y  10s f l ~ ~ H S b b U r 1 3 ~  O R  @ ~ N . H F  

FOR 1 M I N U T E  P R I O R -  TO S C R E E N I N G .  

TH,? S C 2 E b M F D  C F L r , S ,  A F T E R  D R Y I N G  A T  903c, WERE 

S U B J E C T E D  T O  400°C H E A T  I N  A I R  I N  A H U F F L E  FUR- 

NACE TO S U R Y  3UT THE O R G A N I C  B I N D E R  F R O M  T H E  I N K .  

A F T E R  T H A T  T R E  C ~ L L S  V E R E  D I V I D R D  I N T O .  2 C R O U P S  

0 12 U N I T S  EACH AND S U B J B C T E D  TO THP . F I R I N G -  

H E T A L L I Z A T I O N  C Y C L E  I N  FORlYING G A S  ATMOSPHERE 

( 60% Y + 40% ). 
THE F I ~ S T  C R O U P  US F I R E D  A T  550'6' F O R  15  I Y I N U T F S  

T I ~ E  SECOND GROUP W A S  F I R E D  AT 560°C FOR 20 H I N U T Z S ,  

F O L L O W E D  B Y  1 M I N U T E  A T  7 0 ~ ~ ~  A N D  15 H I N U T E S  A T  

450° C. 

S I L V E R  R I B B O N  L E A D S ,  oOSCff V I D E  A N D  .005If T H I C K *  

WERE SOLDERED T O  THE C E L L S  A N %  T H E  C E L L S  MERE T E S T E D  

ON r-I C H A R A C T E R I S T I C S .  THE MECEANI  CAL S T R E N C T F  

WAS D Z T T E E I T N E . D  B Y  A P U L L  T E S T  A N D  V A R I E D  F R O M  50 G R .  

39 



FOR C E L L S  F I R E D  A T  L O U  TEMPERATURE. TO 250-PLUS 

GR. F d R  C E L L S  FIRED -4.2' H I G H E R  TEMPKRATURE.  

rn 
LHE C E L L S  WERE S U B J E C T E D  TO C O N S T A N T  T-%PIPERATIIRE 

W A T E R  B A T X  A T  65'2 FOR O N 6  W3EK AND THE E L E C T R I C A L  

C X A R A C T E R X S T I C S  WERE N S A S U R E D  A G A I H .  

THE R E S U L T S  SHOWED T X A T  T H E  C E L L S  F I R F D  AT LOW T E N -  

PERAT U R E  (5;503 C ) D E C R A D E D  B Y  L OFERED SHUNT R Z S I S  TAWCE 

I N  THE 7-1 C H A R A C T E R I S T I C S  A S  S H S N F T  f H  THE A T T A C H E D  

GR.4PHS. ( FIG. 8 & FXG.  9 )  

TWE C E L L S  P I R E D  A T  HIGH TEMPERATURE D I D  N O T  Z X H I 3 I . T  

SUCH DECRADATSON.  

F U R T H , ~  E X P E R I i f E N T S  C3MDUCTED FOR T H E  PURPC)SE'  OF 

E X P L A I N I N G  T H E  DEGRADATION R E  F E A L E O  THAT TFIF C S L L S  

F I R - S D  AT LOWER. TEHPE-rlATURE' AND DZGFLADED B Y  E X P O S U R E  

TO 4 5 ' ~  H U H I D I T Y  C Y C L E ,  RECOVERFD T 9  T H E  O R I G I N A L  

0-1 C H A R A C T E R I S T I C S  A F T E R  A  15 MZNG*TE U E A T  T R E R T -  

F O L L O W I N G  T 3 E  R U . Y I D I T Y  T E S T  THE C E L L S  WERE S U B J G C T F D  TO 

1.0 T H E ~ M O - s ~ o c k  C Y C L E S  C O N S =  T I N G  3~ E X P O S U R E S  T O  

1@OgC A N D  -45'C. 

TWZB T E S T  rJRS D O N E  a Y  U S I N G  G O I . L I N G  W.4TER FOR TKE' 

H I G H  T E M P E R A T U R E  A N D  DRY I C E - A C E T O N E  .YIXTURE FOR THE 

LOW 'PEI fPERATGRE E N r I R O N x E N T *  

THE C E L L S  V E R E  M A I N T A I N E D  I N  EAC# E N V I R 3 N M E N T  FOR 



T H E  TRAIVSFEE OF TIIZ C E L L S  FROH ONE T E H P E R A T U R R  

EXTFIEPIE TO T H E  O T H E R  W A S  DONE W I T H O U T  A N Y  T I J Y E  

DELA Y e  

ONLY C Z L L S  F I R E D  A T  700°C P E A K  T E H P E R A T U R E ,  . F O L L O W E D  

BY 2 5  H I N U T E S  A N N E A L  A T  450°C, W E R E  S U B J E C T E D  T O  

T H I S  A 3 0 Y E  D E S C R I B E D  TEST. 

llTO H E C H A N I  C A L  B ~ E A K A G E  N O R  E L E C T R I C A L  CH44NCE W A S  

OBSER V Z D  AFTER THE T E S T S .  







F I F T Y  DIFFUSED W A F E R S ,  2 x 2 cn - P R O D U C E D  BY 

A N O T H E R  C O M P A N Y  WERE U S E D  FOR THIS TEST. 

T H F  W A F E R S  HAD at B , 4 C K S U R P A C E  F I F L D .  J 

TY.F C E L L S  !$ERE Y Z S T E D  F O R  3 P E N  C I R C U I T  V O L T A G E  P R d O R  

TO S C R E Z N I N G  B Y  M E C H A N I C A L  C9PTTACT.  

TYE VALU,ZS OI; .  T H Z  3P-T:! C I I l C U I T  ' J O L T A C E  R A N G E D  3ETZdEEiV 

.572 A N D  .585, 

T E X  C E L L S  FROM T H I S  L O T  V Z R E  S C R E E N E D  W I T H O U T  A N Y  

P R E L I M I N A R Y  T R E A T M E N T  OR C L Z A N I N G ,  C'SIMG T H E  S T A N D A a D  

G R I D  T O R  THE A C T I V E  S I D S .  

TFTE S C R E E N E D  C Z L L S ,  A-FTER DFiYING,  idZi?Z 5LrRNZD-OL'T 

IIJ A M U F F L E  FTJENACE I N  A I R  A T  400OC P E A K  T E P f P c ' R A T C R E  

F O R  Ii? I Y I N U T Z S .  

FEE j f R T k L L I Z E D  C Y C L E  WAS CONDUCTED I N  T:qZ T U 3 E  r ' U i t r 7 A C E  

U S I N G  F O 3 I Y I N G  G A S  . 4T ,YOSPYFRE (El?$ ?! :! 10% 3).  

T H E  C E L L S  T E S T I ' 3  A F T E R  T H E  F I - L E L N G  C Y C L S  W Z R J  S K C 3 T F D  

A N D  A L L  O F  TVEM SHOWED S P E C K S ,  DA-QiC I N  A P P E A R A N C Z ,  

O N  BOTH SI3FS 07 T H E  W A F E R S .  

12 W.4S S P E C U L A T S D  THAT TFTESE S P E C K S  KERE Z L  P A A 3 T I C L E S  



BACK S U R F A C E  ANB CAUSED T H E  S H O R T I N G  OF THE J U N C T I O N  WHEN 

HEATED TO 7 0 0 ~ ~ .  
I N  ORDER TO C O N F I R H  T H I S  A S S U H P T I O N ,  ANOTHER LOT OF T E N  

W A F E R S  W A S  P R O C E S S E D  T H E  SAME W A Y ,  BUT W I T H  T H E  PEAK TEW- 

ATTACHED T A B L E .  ( T A B L E  II.1 ) 

NO DARK S P E C K S  W E R E  P R E S E N T  ON T H E  S U R F A C E .  

111.14. 
C O H P A R I S O N  OF Mo/SN W I T H  T I / A G  EVAPORATED C O N T A C T .  

T O  COMPARE T H E  v-I C H A R A C T E R I S T I C S  OF C E L L S  W I T H  Mo/SN 

AND T I / A G  P I E T A L L I Z A T I O N ,  C E L L S  WERE USED WITHOUT AR 

C O A T I N O  A 3  W E L L  A S  C E L L S  W I T H  A f i  C O A T I N G .  

THE R E S U L T S  ARE S H O W N  O N  T H E  A T T A C H E D  G R A P H B .  ( GRAPHS 10 & 11)  

C E L L S ,  CELLS H E T A L L I Z E D  W I T H  Mo-St? I N K  WERE COATED W I T H  

T I  R E S I N A T E ,  D I L U T E D  I N  10 TO 1 R A T I O  W I T H  ALCOHOL AND 

D R I E D  A T  1 1 0 ~ ~ .  









THE C O N C L U S I O N  OF T H I S  T E S T  W A S  T H A T  T H E  Mo-SN H E T A L -  

L I Z A T I O N  W A S  E L E C T R I C A L L Y ,  E Q U I  T A L E N T  T O  A G - T I  X E T A L -  

L I Z A T I O N *  

M E C H A N I C A L L Y ,  HOWEVER, T H E  Mo-SN C O N T A C T S  F I R E D  A T  5 2 5 ' ~  

P I A K  T E X P E R A T U R E  WERE W E A K E R  THAN T H E  T I - i ? ~  C O N T A C T S *  

A C L E A N I N G  P R O C E S S  S T I L L  R E H A Z N S  T O  B E  WORKED OUT TO 

,REWOVE L O O S E  AL P A R T I C L E S  FRON WAFERS W I T H  A L  B A C K -  

S U R F A C E  F I E L D , a O  T H A T  A H I G H E R  T E X P E R A T U R E  F I R I N G  

C Y C L E  C A N  B E  E P I P L O Y E D  I N  O R D X R  T O  I M P R O V E  T H E  PIZCHA-  

N I C A L  BOND. 



Iv, COST  A N A L Y S I S  OF Mo-SN H E T A L L I Z A T I O N  P R O C E S S *  

TKE COST A N A L Y S I S  OF T H E  N E W  H E T A L S I Z A T I 3 N  METHOD I S  

B A S E D  ON A  C O N T I N U O U S  MANUFACTURING P R O C E S S ,  U S I N G  

A U T O M A T I C  S C R E E N  P R I N T E R S  AND A  CONEEYOR B E L T  FURNACE.  

T H E  T H R O U G H P U T  F O R  T H I S  C A L C U L A T I O N  I S  500 D I F F U S E D  

VAFERS/WR,  5.08 CH (2")  D I A H .  ON A F U L L  Y E A R  (8280 H O U R S )  

MA NUFA C T U R I N G  S Z T - U P *  

THE COST FOa H A T E R I A L  AND S e U I P M X N T  A R E  ACTUAL CURRENT 

VALVES, O B T A I N E D  FROH SOURCES OF I N D U S T R I A L  S U P P L I E R S  

AND PIANUFACTURERS.  

T H E  O U T P U T  O F  500 C E L L S / R R  O F  5.08 cn (2") D X A H  C O R R E S -  

2 
P O N D S  T O  1 M / H O U R  O F  S O L A R  C Z L L  A C T I V E  AREA A N D  B A S E D  

ow 10 T o  12% E F F I C I E N C Y  G E N E R A T E S  A P P R O X  I M ~ G A V A T T  

P E R  Y E A R .  



METAL.LIZA TION PROCESS FLOV 

4 

SCR E'EN SCREEN CONVEYOR 
I N P U T  r Ph'INTER 1 PRINTER I I  BFLT D 

L w d 1 4 * 

500 W A F E R S / H R  B A C K S I D E  F R O N T S I D E  I N K  F I R I N U  
5. ~ ~ C N ( ~ " ) D I A H  THhOUCHPUT THROUGHPUT THROUGHPUT 
D I F F U S E D  50@ W A F E R S / Y R  500 W A F E R S / H R  500 W A F E R S / ~ R  
C L E A N E D  E Q U A L  T O  1M 

+ t J A C T I  YE A R E A / H R  

1OOc I N K / H R  O P E R ' G  T I M E  

1 H R / H R  
O P E R A T I N G  T I M E  0. 2 ~ H R S / H R  



IV. 1 .  I N P U T  S P E C I F I C A T I O N S  

H A T E R I A L  : 

P/N OR N/P D I F F U S E D  W A F E R S  

S I - S I N G L E  C R Y S T A L ,  1 - 1 - 2 ,  O R  1-0-0 ORIENTATION 

UNIT COST: 

$ 2.10, B A S E D  ON T H E  PRESENT P R I C E  FOR 2" D I A H .  

3 1 ~ 0 ~ ~  GRPSPAL S I L I C O N  W A F E R S  



INK C O M P C S I  TI ON 

D I R E C T  M A T E R I A L  C O S T S  F O R  P I A K I N G  I N K .  

TOTAL DIRECT 1YA TERIAL COSTS IN 100. GRAYS O F  I N K  $ 1 .  34 

IYANUFACTURING C H A R G E  F O R  INK F O R M U L A T I O N  O B T A I N E D  B Y  IYETZ ?IETAL- 

L U R G I C A L  C O R P .  : $ Q . ~ O / O Z  OR $ 1 . 4 2 / 1 0 0 ~  

C O S T  OF l O O c  OF IYK: $ 2. 76 



D I R E C T  K A T E R I A L  C O S T S  PER C F L L  

T O T A L  V O L U M E  OF S C R E E N E D  I N K / C B L L :  0.0558 CM" 

V E I G H T  O F  INK PER 
C E L L  

T R A C E S  



T Y P E :  

F O R H I N G  GAS,  60% N TO 40% H, M I X E D  FROM I N D I V I D U A L  G A S E S .  

S P E C I F I  CA T I O N S :  

NEEDED C O N T I N U O U S L Y  FOR CONVEYOR B E L T  FURNACE 

TO F I R E  H ~ T A L L I Z A T I ~ N  I N K .  

Q U A L I T Y  R E Q U I R E D :  

900 L I T E R S / H O U R  O F  N & 600 LITERS /ROUR O F  H 

( S T A N D A R D  FORHING G A S  F L 3 W :  25 L / M I M  

I .E .  15 L / M I N  N & 10 L/ ,Y IN  H ) 

U N I T .  C O S T :  

H - $1.35/100 F T 3  (2832 L )  + $ ~ O O / H O  TAMK R E N T A L  

,z 
N - $0.66/100 FT" (2832 L )  + $ 2 7 0 / ~ o  T A N K  R E N T A L  

T O T A L  C O S T :  $ I . ~ ~ / H O U R  



IV, 4.2 T Y P E :  1 T H I C K  F I L H  SCREPN P R I N T E R  FOR BACK-SCREEXING 

 YODEL: A E R O L I X  T E C H N I C A L  C O R P .  OR A F F I L I A T E D  

HANVFA C T U R Z R S .  

C A P A C I T Y :  3000 W A F E R S / H O U R  

COST: $ 15,000 

T H R ~ U C H P U T :  500 W A F E R S / H O U R  

? L A N T  O P E R A T I N G  T I H E :  8280 H O U R S / Y E A R  

M~crrrnra O P E R A T I N G  T I H E :  1375 H O U R S / Y E A R  OR 

16.6% OF PL A N T  O P E R A T I N G  T I H E  

C A P I T A L  C O S T :  $ 3 2 0 2 . 5 c / ~ ~ ~ ~  

Iv, 4.2 TYPE: 2 T H I C K  F I L X  SCREEN P R I N T E R  FOR FRONT-SCREENING 



Ivm 4 . 3  TYPE: C O N V E Y O R  B E L T  F U R N A C E  

AYODEL:  T H E R H O  OR W A T K I N S  J O H N S ~ N  

C o s  T : -$ 30,000 

H A C M I N E  OPERATING T I N E :  7838 H O O R S / Y E A R  O R  

95% OF P L A N T  O P Z  " R A T I N G  T I H E  

U S E F V L  LIFE: 7 YEARS 

CHARGF R A T E :  21.35% OF C O S T / Y E A R  



IV. 5 .  ENERGY 

TYPE: 

E L E C T R I C I T Y  

A )  SCREEN P R I N T E R S :  800 V A T T S  (40G I J A T T S  E A )  

1 7  % DUTY C Y C L E  

Q V A N T Z T Y  REqUTRBd: 0.156 Itd.4~~3 

UNIT C O S T :  $ O.O6/gw~ 

C O S T :  $ O . O O ~ ~ / H R  

8 )  C O N V E Y O R  B E L T  FURNACE:  20 ~ Z U ~ R T T S ,  C O N T I N U O U S .  

Q U A N T I T Y  R E Q U I R E D :  20 K W A T T S  

U N I T  COST; $ O.O~/KWH 

C O S T :  $ I , ~ ~ / H o u R  



I V .  6. ~ I R E C T  L A B O R  

I V .  6.1. C A T E G O R Y :  SEHICONDUCTOR ASSEMBLER 

A C T I B I T Y :  O P E R A T I O N  h H A I N T E N A N C E  O F  S C R E E N  P R I N T E R S  

R A T E :  .$ 5.  O ~ / H R  A r r o u ~ ~  iEEQUIRED: O . ~ ~ H O U R S / H O U R  

L O A D :  36% 

C O S T :  $ 1 . J ~ / H R  

I V ,  6.2. CATEGORY: SEHICONBUCTOR ASSEHBLER 

A C T I Y I T Y :  O P E R A T I O N  & H A I N T E N A N C E  O F  S C R E E H  P R I N T E R S  

RATE: .$ ~ . O ~ / H R  A I Y D U N T  REQUIRED:  0.1 ~ H O U R S / H ~ U R  

L O A D :  36% 

C O S T :  $ 1 . 1 5 / ~ ~  

I V .  6.3. C A T E G O E Y :  S E H I C D N D U C T O R  A S S E H B L E R  

A C T I V I T Y :  O P E R A T I O N  A N D  : NAI NTELVANCE O F  C O N V E Y O R  B E L T  

FURNA C E  

R A T E :  $ 5.00/m ANOUNT R E Q U I R E D :  1 H D U R / H O  CTR 

L O A D :  36% 

I V .  6 .  4. C A T E G O B . ~ :  MAINTEMAHC.E M E C H A N I C  



~ N D X R E C T  L A B O R  

T A K E N  A S  252 OF DIRECT LABOR 

C O S T :  $ 2 . 5 5 / ~ ~  

SUB-T'OTAL COST OF D I R E C T  + I N D I ~ E C T  L A B O R :  $ 1 , 3 * 7 5 / i r ~  

OVERHEAD O N  LABOR: 5.26% 

COST: $ .  0 . 6 7 / ~ ~  

SUB-TOTAL L A ~ O R  C O S T S :  $ 1 3  . P ~ / - H R ,  

IY. 7 .  F A C I L X P ~ E S  

( T H I S  INCLUDES ENERGY C O S T S  FOR Z E R T Z N G ,  AIR- 

CRARGE R A T E :  $ 1 7 9 . 1 3 / ( M 2 . ~ ~ )  

SUB-TOTAL F A C l L r T I E S  C O S T :  $ Q . ~ Z / H R  



IV. 8,  Pxocsss COST C O I Y P U T A T I O N .  

TOTAL COST 



Y. SUMMARY 

IT  HAS BEFN PROVEN E X P E R I M E N T A L L Y  DURING T H I S  PROGRAH 

T H A T  THE OHMIC C 9 N T A C T  TO S I L I C O N  S O L A R  C E L L S  CAN BE 

O B T A I N E D  FROM Ho/SN H E T A L  S Y S T E M  BY R E D U C T I O N  OF 

M O O ~ - S N  M1XTVR.E. 

f N  ORD.ER TO LOWER THE CONTACT R E S I G T A N C E  W N I L E  M A I N -  

T A I N I W C  THE PEAK TXHPERATURE AROUND 80C)*CI THE B A S I C  

M0G3-SX FORMULATION WAS n 0 D I F I E D  B Y  AN A D D I T I O N  OF 

T I T A N I U M  I N  THE FORM OF T I T A N I U M  R E S I N A T E .  

f! VERY C R I T I C A L  PART I N  THE M E T A L L I Z A T I O N  P R O C E S S  

WAS THE R A T E  OF COOLING DURING THE F I R I N G  C Y C L E ,  

S P E C I F I C A L L Y  A R O U N D  450°C. 

T H E  I X P L E X E N T A T I O N  OF T H I S  HETHOD TO THE AUTOMATED 

C O N I E Y O r &  F I n I h T C  P A O C E S S  W I L L  R E Q U I R E  T H E N  THE DETER- 

J Y I N A T I O N  OF THE F I R I N G  C Y C L E  W I T H  A  S P E C I A L  A T T E N T I O N  

TO THE COOLING R A T E .  

THE CXAR.4CTERI.STICS 3 F  C F L L S  .WcT.P.LC.T!RD w.TTH T H T S  

METAL E Y B T E N  WERE COMPARABLE W I T H  THE C H A R A C T G R Z S T I C S  

OF C E L L S  M E T A L L I Z E D  W I T H  T H E  STANDARD NETHODS ( P L A T -  

E D  N I ,  S C R E E N E D  AG A N D  E V A P O R A T E D  T I / A G ) .  

S I N C E  T H E  P R O C E S S  U S E S  S T A R D A R D  M A N U F A C T U R I N G  E Q U I P -  

MENT SUCH A S  USED I N  THE E S T A B L I S H E D  S I L K  S C R E E N I N G  

P R O C E S S E S ,  THE ADVANTAGE OF T H I S  NEW HETHOD R E S U L T S  

FROM THE COST S A V I N G  ON M A T E R I A L S  USED I N  THE FORMUL- 

A T I O N  OF THE I N K  I N  A D D I T I O N  TO THE T E C H N I C A L  A S P E C T  

62 



OF U S I N G  S T R I C T L Y  A M E T A t L I C  S Y S T E H  FOR T H E  FOR16- 

A T S O N  OF THE C O N T A C T .  

* U.S, GOVERNMENT PRINTING OFFICE: 1980-84025812355 




