
General Disclaimer 

One or more of the Following Statements may affect this Document 

 

 This document has been reproduced from the best copy furnished by the 

organizational source. It is being released in the interest of making available as 

much information as possible. 

 

 This document may contain data, which exceeds the sheet parameters. It was 

furnished in this condition by the organizational source and is the best copy 

available. 

 

 This document may contain tone-on-tone or color graphs, charts and/or pictures, 

which have been reproduced in black and white. 

 

 This document is paginated as submitted by the original source. 

 

 Portions of this document are not fully legible due to the historical nature of some 

of the material. However, it is the best reproduction available from the original 

submission. 

 

 

 

 

 

 

 

Produced by the NASA Center for Aerospace Information (CASI) 



h Or n 1 q79

RECEIVED

`r= NASA STI FACILITY

\^. ACCESS DEPT.

QUARTERLY REPORT

U

1

DRL No. 61 / DRD No, SE
	

DOE / JPL-954886 79/3
Lind Item No, 7
	

Distribution Category UC-63

(NASA-CP-162178)	 LSA LARGE ARaA SILICON	 N79-31760
SHEET TASK. CON ►'TNUOUS LIQUID FFLD
:ZOCHPhL SKI GROWTH Qa arterly Report, Apr. -
Jun. 1979 ( Siltoc Corp., M pnlo Park, Calif.)	 Uncla!z
22 p HC A02/MF A01	 C SCL 10A G3/44 31893

LSA LARGE AREA SILICON_ SHEET TASK
CONTINUOUS LIQUID FEED CZOCHRALSKI GROWTH

APJ,.IL - JUNE	
t'

1 9'l 9

The JPL Low-Cost Silicon Solar Array Project is sponsored by the U.S.
Department of Energy and forms part of the Solar Photovoltaic Convarsion
Program to initiate a majoi, effort toward the development of law-cost
solar arrays. This work was performed for the Jet Propulsion Laboratory,
California Institute of Technology b,t agreement between NASA and DOE.

Menlo Park, California

JULY 'i979



i

r
s:

i

1

1

a

^J

D

i

a

LSA LARGE AREA SILICON SHEET TASK

CONTINUOUS LIQUID FEED CZOCHRALSKI GROWTH

QUARTERLY REPORT n7

April - June 1979

George Fiegl

July 1979

SILTEC CORPORATION

Menlo Park, California

The JPL Low-Cost Silicon Solar Array Project is
sponsored by the U.S. Department of Energy and
forms part of the Solar Photovoltaic Conversion
Program to initiate a major effort toward the
development of low-cost solar arrays. This work
was performed for the Jet Propulsion Laboratory,
California Institute of Technology by agreement
between NASA and DOE.

(i)



This report was prepared as an account of work sponsored
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ABSTRACT

This project, which is now in its second phase, is directed toward
the design and development of equipment and processes to demonstrate
continuous growth of crystals by the Czochralski method, suitable for
producing single silicon crystals for use in solar cells. "Continuous"
is defined as the growth of at least 150 kg. of mono silicon crystal,
150 mm, in diameter, from one growth container. The approach to meeting
this goal is to develop a furnace with continuous liquid replenishment
of the growth crucible, accomplished by a meltdown system with a con-
tinuous solid silicon feed mechanism and a liquid transfer system, with
associated automatic feedback controls.

During Phase I of this program, it became apparent that silicon mon-
oxide build up in the furnace interior was the major limiting factor
to achieving mono crystalline growth for large portions of material
processed. As a result, growth under reduced pressure is a major goal
of the program plan under Phase II. Furnace conversion for operation
in low pressure range was completed during the last quarter.

Batch recharging of the meltdown chamber, as exercised under Phase I
of this program, prohibited taking full advantage of a continuous
process. Our current effort included development of systems for con-
tinuous solid recharging of the meltdown chamber for various forms of
poly silicon. Design concepts and fabrication of one system are complete.

The melt transfer system used during Phase I is further developed to
increase its lifetime significantly, and at the same time, drastically
improve the economics of the system. Latest efforts include the design
of a new heating element and a reduction of the total melt transfer
length.

B	 To acheive the economic goals for 1986, the Continuous Liquid Feed
(CLF) Furnace must be capable of producing crystals of 150 mm. in
diameter, with solidification rates > 2 kg./hr. and a minimum run
throughput of 150 kg.
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1.0 INTRODUCTION

The overall purpose of this program, which began in

October 1977, is to demonstrate continuous crystal

growth by the Czochralski method. Continuous is de-

fined as a throughput of silicon that produces 150

Kg of single crystal material, 150 mm in diameter,

from one common container.

The program of Phase II includes:

Furnace conversion for low pressure operating

conditions.

Design, development and fabrication of continuous

solid feed systems for silicon of various forms,

for the meltdown chamber.

Design, development and fabrication of the con-

tinuous liquid silicon feed system with a reuseable

heater and automatic feedback controls.

Demonstration of continuous crystal growth as de-

fined above, with an after growth yield > 80%.

h	 • Definition of process control variables for con-
y

tinuous Czochralski growth.

d

• Theoretical analysis of silicon sheet growth to be

considered during design and development of the

m	 furnace.

f.	 -1-



The design changes and the conversion of the furnace

to low pressure operation was accomplished during the

last quarter. Design fabrication of a poly rod feed

mechanism to the meltdown chamber and the conceptional

designs for continuo.is feed mechanisms were completed.

The transfer tube heating element development for re-

use represents a major part of this quarter's efforts.

W,

.	 E.

1.
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2.0 RESULTS

2.1 GROWTH UNDER LOW PRE;:SURE

During Phase I of this program, several 100 Kg throughput

runs were attempted, with the best effort achieving 70 Kg

of grown ingot. A major limiting factor was the silicon

monoxide buildup in the furnace interior over longer periods

of time (50 to 60 hrs). Particular problem areas were around

the transfer tube from which particles of monoxide trans-

fered into the melt and disturbed monocrystalline crystal

growth. To reduce silicon monoxide buildup in critical areas

and minimize argon consumption growth under low pressure

became a major part under Phase II of this program. All

dynamic and static seals were converted to vacuum seals so

that a total systems leak rate of 10- 4 torr liters/sec

was achieved. A valving system for independent evacuation

of the S.S. bellows independent from the main chamber was

introduced to allow crystal removal while the furnace is

under operating condition. The design for a coaxial purge

system (See Page 9, Figure 1) for low pressure operation

was completed. Argon is directed through a purge tube towards

the melt surface and leaves the furnace through a tube cen-

tered around the purge tube. Silicon-monoxide emenating from

the melt surface is immediately carried out through the argon

purge gas and transported into the exhaust system, before a

major distribution in the furnace interior can occur. Dimensions

and locations of the concentric tubes are very critical to

achieving optimum purge results.

The operating pressure toward the low end is limited through

the vapor pressus-e of molten silicon and the transfer tube

:rc	 design. Both cnambers are operated under the same pressure with

melt transfer achieved through a small hydrostatic pressure

difference.

^'	 -3-



2.2 POLY ROD FEED MECHANISM

To determine system impurity build-up in the growth

crucible, the simplest form of solid feed mechanisms

was developed. (See Page 10, Figure 2)

Poly rods 6" in diameter up to 50 Kg (presently the

largest single poly rods available) are lowered into

the meltdown crucible through a feedback control system,

with the melt level sensor of the growth crucible as in-

put, whereby melting and solidification in the growth

chamber are kept in balance.

After a poly rod is completely melted and a crystal of

equal weight grown, a new poly rod can be introduced

while the crystal in the bellows is cooling down. This

procedure can be repeated several times, and is only

limited by the dissolution rate of the quartz liners.

The major advantage of continuous solid feeding is the

small melt volumes in both meltdown and the growth cru-

cible, and relatively small material losses in case of

furnace failure.

The design and fabrication of parts was completed during

this period.

2.3 CONTINUOUS "LUMP" FEED MECHANISM

A parallel effort to design a solid feed mechanism for

silicon lumps to the weltdown crucible is being made.

2)	 Due to the nature of the n; .^lt transport mechanism to

the growth crucible, the weight of the individual silicon

-4-
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pieces that can be introduced into the meltdown cru-

cible at any one time is limited to approximately 50

grins to avoid severe melt level changrs in the growth

chamber and to simplify contro'i circuits.

Silicon particles are transported through vibratory

feeders into the meltdown chamber, as silicon solidifies

at the same rate in the growth chamber.

One of the major design criteria for this system is

to avoid contamination of the poly silicon through con-

tainer materials. The program plan cal is for design and

fabrication of the particle feed system. Testing under

operating conditions is planned for the first quarter

of 1980.

L	 2.4 REUSEABLE TRANSFER TUBE HEATER

Problems with heater life time over a period of 60 to

70 hrs during earlier test runs prompted a redesign

effort of the heating element. (See Page 11, Figure 3)

Two heating elements surrounding a 25 mm quartz tube of

U shape are connected in series. The element is made out

of graphite and supported by a ceramic insulator that

also provides thermal insulation. The entire system is

then encapsulated by silicon carbide shells. Molybdenum

metal strips are used to form electrodes.

This system allows reuse of all parts with the exception

of the quartz tube. The required power input for the 30"

long heated quartz tube is 1.5 KW,

rk :-
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3.0 CONCLUSIONS

3.1 Operating the CLF furnace under low pressure with an

appropriate exhaust system reduces silicon monoxide

in the furnace interior significantly, and improves

the economics of the system through a reduction in

argon usage.

3.2 Continuous solid feed mQchanisms for the meltdown

chamber will significantly improve the productivity of

the CLF furnace, and make the furnace operation simpler.

Repriming of the transfer tube, which was required for

batch recharging is eliminated. The temperature of

the meltdown criu- I ble can be kept constant throughout

the run, and thereby minimize the devitrification of

the quartz crucible.

3.3 Transfer tube system is limiting the operating furnace

pressure towards the low side due to the distance between

Vie melt level in the crucibles and the horizontal section

of the transfer tube.

-6-



4.0 PROJECT]CN OF ACTIVITIES

Several single runs by convent i onal CZ method are

Planned to establish basic furnace performance for

6" diameter ingots.

All other activities are following the program plan.

i
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COAXIAL PURGE SYSTEM
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APPENDIX II

NEW TECHNOLOGY

No new technology was generated during the reporting Period.

I

x
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APPENDIX III

0

Now new data were generated during this quarter to analyze.

m
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Milestones

Labor Summary

Cost Summary
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