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Objectives and Approach 

O e J E C T l V E S  

TO I N V E S T I G A T E  THE USE OF PECVO S I L I C O N  N I T R I D E  FOR PASSIVATIO) (  OF S I L I C O N  

SURFACES. 

0 TO I N V E S T I G A T E  MEASUREMENT TECHNIQUES FOR SURFACE RECOMEINATION VELOCITY.  

TO I N V E S T I G A T E  THE IMPORTANCE OF SURFACE P A S S I V A T I O N  TO ' I I G H  E F F I C I E N C Y  

SOLAR CELLS.  

APPROACH 

SI K, F I L M  D E P O S I T I O N  AND CHARACTERIZATIOJ 

E S T A B L I S H  PECVO SYSTEM 

DEVELOP D E P O S I T I O N  PROCEDURES 

F I L M  CHARACTERIZAT!ON 

O P T I C A L  CHARACTERIZATION - -  N and K VS UAVELENGTH A N 0  O E P O S l T l O N  PARAMETERS. 

P H Y S I C A L  CHARACTERIZATION 

P A S S I V A T I O N  STUDIES 

SURFACE STATE DENSITY A T  SIN,/S~ INTERFACE FOR ~ E R A T E L Y  o o m  SILICON 

WBS\RATE:. 

PHOTORESPONSE OF H/P SOLAR C E L L S  V I T H  PECVO 511, F I L M S .  

CURRENT-VOLTAGE ANALYSES OF S l L I C O h  C E L L S  W I T H  SfN, F I L M S .  

a O S I E R  MEASCIREMERT 
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SIN, Film Index of Refracticvi vs Silane-Ammonia Ratio 

SUBSTRATE 
TEMERATURE = 270 O C  

RF POWER - 1225 Wlm8 

TEMPEMTURE 

0 1 2 3 

GAS FLOW RATIO, WJNHs 

Optical Constants of SiN, Films From 
Ellipsometry Measurements 

*MEASUREMENTS TAKEN ON EQUIPMENT PAOVLDED BY BATTELL€ N O R y M S T  LABORAT ORE8 
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Approaches to  Investigation of Surface 
Recombination in Solar Celis 

M-SIN,-pSi STRUCTURE 

H I G H  FREQUENCY AN0 

OUASI -STATIC C-V 

WLASUREMNTS TO 

O B T A I N  INTERFACE 

STATE DENSITY. 

SOLAR CELL STRUCTIIRE 

PHOTORESPONSE AT 

SHORT YAVELENGTHS 

CAN THEORETICALLY 

Y I E L D  R E C O I B l M T I O N  

YELOCITY. 

I - V  CHARACTEU 12ATION 

MAY I i L O Y  I O C N T l F l C A T I O N  

OF OOMlNANT CURRENT 

MECHANISMS. 

W C I A L  STRUCTURES (ROSIER)  

PHOTORESPONSE Mt  ASUUEME NT 

u l T n  SURFACE POTENTIAL 

VARIED HAY ALLOY 

O E i E a n l w T l o n  OF s. 

I - V  CHARACTERIZATlON 

Y l TH SURFACE POTENT I A L  

VAR l E 0  ALLOUS OETECTIOW 

OF S U R F K C  (IECOMBIIUTIOW 

EFF'iTS. 
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i b  Results of I + -  : 4l;e State Study of SiN, on p - 7 ' ; ; ~  Si 
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Interface State Density vs Annealing 
Tempersture for SiN, on p-Type Si 
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Internal Photoresponse Analysis 

MEASURE: J p H ( ~ ) .  R A ,  N, ar;d K h  o f  S I N x  

ANALYSIS: HAVE S T A I N E D  SINT(a) FOR CELLS WITH SINL LAVERS. 

Internal Photoresponse vs Wavelength for 
Si n-p Cell Wirh I00 Angstroms SiO2 
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Iniernal Photoresponse vs Wavelength for JPL Cell 
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/ EORmUL PARWmRS: 
YF)-1.0 urn. 00-2.0 cmn2/s. 

l&)-130 um, ~(0)-21.0 vn**l/s. 

)il-JS urn. Wm.413 urn. H-210 urn, 
- S@)-1 EQ (ohrnlc). Uumlnum 8% 

Z ohm-cm N/P Slllcon 
I 

'THEORETICAL PARAMETERS: 
Yf)-1.0 urn. Dm-3.0 w 2 / 8 .  1 i.(~)-l40 om. ~(0)-21.0 tww2/& 

k XJ1.17 urn. Wm.413 urn. H-319 urn. + 
2 0 . - S(B)-1 EO (OAIIC]. Alumlnum BSR. - 

2 ohm-vn N/P (11 1) fZ SlUCON 

0 .  
3 0 0  4 5 0  8 0 0  i : ! n  0 c 0  1 0 ~ 0  1 2 . 0 0  

WAVELENGTH (nm) 
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Illuminated Characteristics of JPL Cells 
(Fabricated by ASEC) 

-I 
"oc TOTAL AREA 

(my) FF Jsc 
( m ~ l c m 2 )  

$83 .798 32.6 

579 .786 32.3 - 
570 .793 32  .7 

571 .791 32.7 

58 1 .795 32.5 
I 
r - 

508 .796 33.5 

1 CELL 1 ORIINTATION I LAYER 

*EFFICIENCY MEASURED AT JCGS UITH ELH SlMlLATOR. THE S I IUUTOR HAS BEEN CALIBRATED B Y  
EXCHANGING A REFERENCE CELL WITH SERI. 

Effect of Reactive Ion Etching Cell Edges 
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APPLIED VOLTAGECVOLTS> 



HIGH-EFFICIENCY SILICON S3LAR CELL RESEARCH 

! 

Approach to Dark I-V Analysis 

I-v RELATIONSHIP !Vj  >> AT) 

F i T T I N G  PROCEWRE 

1. SELECT RS AND RSH 

2 .  GENERATE (1,. V j )  

3 .  CONSIDER ( I j .  V j )  FOR REGION 1 

Ij = Iol e x p ( B V . )  
J 

Log,(Ij) = Log,(Iol )+BY.  J 

LEAST SQUARES F I T  Iol , B 

4 .  CONSIDER ( I j ,  V . )  FOR REGION 2 
J 

Ijp = I j  - Iol e x p ( B V . 1  
J 

= Io2 e x p ( V j / n k T )  

LEAST SQUARES F I T  Io2. B 

5. ITERATE BETWEEN REGIONS 1 AND 2 U N T I L  
ACt i I  EVE CONVERGENCE. 

6. CARRY OUT STEPS 1 THROUSH 5 FOR 
9RRAY OF R AND R, VALUES. SELECT 
VALUES OF ~ARAMET~!, YHICH PROVIDE 
BEST F I T  TO DATA. 
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Emitter Jo vs Surface Donor Concentration 
for Shallow-Junction n-p Ceil 

JCT DEPTH = 0.2 ptn 

S= 10' cmluc 
10." ------ 1 ------ 

- V (mV) 

1 600 &MINO 
Jlc=33 mA I cm' 

Z 620 ANU n= 1.0 

b 

l o - "  
CMCULATKINS BASED 
ON MODEL 3F 
FOSSUM AND SHIBIB 

1 Jos f OR 2 Ohmcm NIP CELL WIYH THICKNESS OF 16 MILS, UBASEI = 130 m, 
D = 2 1 cmasoc" (APPROXIMATE CELLS PROVIDED BY JPLI. 

2 J- FOR 0.2 Olyncm N/P CELL WITH THICKNESS OF 16 MILS, LIBASE) = 160 pn. 
D-21  cmauc- . 

I-V Parameters for Dark Characteristics 

LARGE VOLTAGE MECHANI SM 

FOR F I T  t V MECHANISM 

~ E c o n  3 0  1 2 .1  I - 1 1  1.07 0.96 / & 
I VIA SHALLOY 
! 
I 

. - -  
I I I 1 I 1 TRAP 

I 1 I I I I 1 I m 
JCGS 0.2 1 ' .4 1 . 3 E - 1 2 1  1.02 1.10 R E C W  H' TH 

MINP 84-2 1 5 = 103 t o  104 mist' 
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Analysis of Temperature-Dependent 
I-V Characteristics of JPL Cell 

+ 38% 
+ 5e0c 

-3 

I 
d 

.0  .l . 2  .3 . 4  .S  .6 .7  
ePPL IED VOLTfiGE (VOLTS)  

I-V DATA 

,g JB VS.  INVERSE TEMPERflTURE 
n r 1 I 1 

DIV-JPL8-5 
9/19/84 CIR 
PHI = 1-88  EV 
JOB = 5.6Xi8"S 

ACTIVATION 
ENERGY 

ANALYSIS 
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Theory for I-V Characteristics 

1. EMilTER RECOMBINATION CURRENT 

Y J = J ~ I a x p I n k T )  - ' 1  
n -  1 

FOR RM TEMP ANALYSIS: 

Jm = S", . GF 

GF iS A FCT OF WH, Sp, Dm & ~p 

2. BASE REGION RECOMBINATION C U J N T  3. DEPLETION LAYER RECOMB!NATION CURRENT 

J = J, axp 12~) v >> LT 

JOA = JOO exp ( A )  
kT 

FOR n12. OIEglZ FOR nll, +*0.8 rV 

B TEMPERATURE INDEPENDENT 

+TYPICALLY 0 TO 0.5 eV 

5. M L D  EMISSION 

J = Jw #xp(CV) 

c = ' - + B  
nkT 

JW = JW axp( -+/kT) 

+ = Nu f =n - '  

6. EDGE LEAKAGE CURRENTS 

CURRENT MECHANISMS (31. I41 3R  15) 

U S U M  SHUNTING MECIJANSM 
JW = VIRw 
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MlNP Cell Concept 

MIS CONTACT 
USING Mg OR Ti \ 

AR U Y E R  
I 

SURFACE $ / / / / / / / / / / / /W / ' / / /  

P-T IPE /// 

P+ REGION / 
TO PROVIDE ALUMINUM 
BACK SURFACE 

/ 
BACK CONTACT 

FIELD 

Calculated J,h for Single and Double AR Layers 

46 - I I 
! 6 mi C E U  THICKNESS 

-. 
PHOENIX SPECTRUM - 1 = 150. C'-.mk BACK CONTACT 

44 -- --- 
L = 600. BSF 

- Nas1.3 1.4 
- I - L - -  d 

- 42 -- - TEXTURED (21-ARI 

€ 1 Na-1.3 1.4 

1 L-AR 

36 

POLISHED 

NI, INDEX OF U Y E R  ADJACENT TO SWCON 
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Projected Performance 

TO ACHIEVE 20% 

MUST REDUCE JOE 
BY DECREASING 
Ns AND S, 

NEED SLIGHT IMPROVEMEN 
IN L 

TO ACHIEVE 25% 

NEED FLP DIFFUSION 
LENGTH 
MUST REDUCE 
SD TO 10' 
W h H  THESE VALUES 
O F L A N D S  .Jo 
WILL BE DEEREASED 
TO W X I O - ~ ~  Alcm' 

36.0 36.7 - 40.9 
650 670 720 

.794 ,812 ,820 
I x IC-$2 4.5 x l o - l J  2x10- l1  

1 .o 
6x10" 4 x l o"  2 x 10'' 

10' _ 
200 500 (FdrP1 

4%. 3% 2% 
15 mas 15 mils 10 mllr 
Ohmk - BSF BSF . 

* MUST USE DOUBLE AR 
~ ~ ~ H T E X T U R E D S U R F A C E  
OR WITH COMPLETE 
OPTICAL CONFINEMENT 

Key Results and Future Work 

KEY RESULTS --- 
E S T A B L I S H E D  PECVD SYSTEM. 

n E v E L w E D  PROCEDURES FOR GROWTH OF SIN, WITH APPROPRIATE OPTICAL PROPERTIES FOR 
S I N G L E  AR COATING. 

D E T E u n l n E n  APPROACH FOR ACHIEVING SURFACE STATE DENSITY q 5 x 1 ~ 1 0  c n - 2 e v - 1  
ON MODERATELY DOPED S I L I C O N .  

DEVELOPEn APPROACH FOR REACTIVE ION ETCHING C E L L  f n G E S  TO INCREASE CELL  F F  VA' iUE5. 

CHARACTEHIZEn CELLS W I T H  SIN, AND Si0,  AR COATINGS U l T H  I - V  A N A L Y S I S  @4D 
PHOTORESPONSE TO O B T A I N  ESTINATED VALUES FOR 5 .  

FUTURE WORK 

INVESTIGAIE EFFECT OF SIN, nN SURFACE RECOWBIMTIOW FOR WERATELY DOPED 
N-TYPE N A T E 9 1 A L .  

I N V E S T I r i A i E  F E A S I B I L I T Y  OF ROSIER METHOD FOR M E A W R I N C  5 ON S I L I C O N  SOLAR C E L L  
STRUCTURES. 

I N V E S l l r J I T E  M I N P  S I L I C O N  S O i A d  C E L L S .  

-- OEVELOP DBLAR ANO REDUCE SHADOWING TO ACHIEVE J,, 36 m A / c n Z  

-- REDIKE CURRENT LOSSES SUCH THAT J = A /cm2 AND n - 1.0  
TO ACHIEVE V,, = 650 mV, F F  - .819and E F F  - 19%. 




