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I. Ubj ec t ive 

Tl e objective of this grant is to de-gelop low-coat thin film poly- 

crystalline silicon solar cells for terrestiial utilization. The technical 

approaches consist of (1) the dsposition, characterieatlon, and optimization of 

ailicon p-n junction structures olr graphite and metallurg&al silicon substrates, 

(2) the purification of metallurgical silicon, (3) the fabrication and characteri- 

zation of solar cells from purified metallurgical silicon, and (4) the fabrica- 

tion and characterization of large :rea cells, 30 cm or larger in area. 

11. Past Activity 

-- 

2 

During 1974, major efforts were directed to (1) the deposition and 

characterization of stlicon on graphite and metallurgical silicon substrates by 

tire thermal reduction of trichlorosilane, and (2) the fabrication and evaluation 

of silicon solar cells on these substrates. The microstructure of silicon 

deposited on graphite substrates by the trichlorosilane process was optimized, 

and the average size of crystallites was 20-30 vm. 

during the deposition process, many solar cerls of the configuration n -silscm/ 

p-silicon/graphite were fabricat4, and their AM0 ef f iciencies were limited to 

about 1.5%. 

wa8 improved by rapid melting and solidification, and silicon p-n junction 

solar cells with AM0 efficiencies (no anti-reflection coating) up to 2% were 

produced. 

Using appropriate dopznts 
+ 

The grain size of vapor deposited silicon on graphite substrates 

Metallurgical silicon plates were prepared by unidirectional solidification 

of the melt in a boron nitride container and were used as substrates for the 

deposition of silicon by the trichlorosilane proce.=s. Silicon deposited on 

metallurgical silicon plates by the trichlorosilane process was found to be 

epitaxial with respect to the substrate, 

n~-silicon/p-silicon/metallur~ical silicon were prepared, and their AM0 ef f iciencisu 

(no anti-reflection coating) were up to 2.6%. 

Many solar cells of the configuration 
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111. Current Effort - -  
The recent work has been directed to (1) the improwement in the structural pro- 

perties of silicon 00 graphite substrates, (2) the optlmizathm of solar cell ckrac- 

teristics on graphite aad metallurgical silicon substra;es, and (3) the purification 

of met.illurgical siliccm. A eone-melting technique has been developed for the re- 

crpstallieatian of silicon on graphite substrates, e d  the microstructure of silicon 

was improved considetably. 

w i t h  AEQ efficiacies up to 2.5L have been prohced. 

n -sj Licon/p-siiicon/metallurgical silicon solar cells appears to be limited by the 

Silicon p-n junction solar cells OIL graphite substrates 

The conversion efficiency of 
r 

grain boundaries in the player. 

iilcreasing the dopant concentration in the p-layer, and the 8)#) efficiency of n -silicon/ 

p -:.i liconlrsetallurgical silicoa solar cells was up to 3.5%. 

This grab boundary effect has been reduced by 
+ 

i 
i f 

The pirrification of metallurgical silfcon by chemical freatiment of the melt 

aid the floating-tone technique has been carried out. The treatment of molten 

metallurgical silicon with chlorine. chlorine-oxygen mixture, etc., was found to 

he effective in reducing the concentration of most metallic impurities, except 

iron. 

+ration of most im urities, except boron, tn metallurgical silicon. 

A90 efficiencies higher than 4% have been produced from two zone-pass material. 

IV. Future Plans 

The floating e me technique was found to be effective in reducing the concen- 

Solar cells with 

Future work will be dirccted toward the improvement of conversion efficiencies 

of solar cells on graphfte and metaJ lurgical sf licon substrates, including (1) the 

refinement of the eone-meltin:: technique for the recrystallization of siltcan on 

graphite svbstrates, (2) the purification and characterization of metallurgical 

silicon, and (3) the optimizatfon of the thickness and resistivity of the silicon layer. 

V. Key Results to Date 

The AM0 efficiencies (no anti-reflection coating) obtained to date are 2.5% for 

solar cells deposited on graphite substrates. 3.52 for 80hr cells deposited on metal- 

lutgico>. silicon substrates, and 4.5% for solar cells fabricate from purified 

merrllurgical silicon. 312 
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