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ABSTRACT 

This report covers work performed in October, November, and December, 
1980 on JPL/DOE Contract 954334, Phase 111. 

neering design, fabrication, assembly, operation, economic analysis, and 
process support RGD for an Experimental Process System Development Unit (EPSDU) . 

This phase consists of the engi- 

The EPSDU facility design is converging to bring together the process, 
civil, mechanical, electrical and equipment designs. 

The tvdisinterestedtt safety review team met, and performed an extensive 
Comments and sug- review of the EPSDU design which almost consumed a week. 

gestions of the safety review team were incorporated into the subsequent P&I 

Design changes necessitated -4 the mechanical installation design revjews. 
dy these reviews will be incorporated into the design drawings during the 
next quarter. 

Most of the process related equipment has been ordered and is being 
fabricated. 
field instruments and controls. 
been issued. 

A large number of purchase orders were written in December for 
A total of 116 validated purchase orders have 

Equipment items have started to arrive at the EPSDU site. 

Equipment and building foundations have been completed at the EPSDU 
site, and all the steel was erected for the gantry. 
building and the melter building will be completed during the next quarter. 

The switch gear/control 

The data collection system design has picked up pace. Various computer 
programs are being written which will be used to convert electrical, pneumatic 
and other raw signals into engineering values. 
in a usable form, or entered into data reduction programs for study. 

They are then stored, printed 

Two process RGD tasks have been successfully completed this quarter. 
The free-space reactor development work was completed with a final 12-hour 
nm in which the free-space reactor PDU ran flawlessly. Also, the quality 
control method development task was completed. 
rods from seed silicon rods for subsequent float zone operation and impurity 

We were able to grow slim 
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characterization. 
a silicon wafer. 
tivity of the films have been measured. 

We also deposited an excellent quality epitaxial film on 
Both undoped dnd doped films were deposited and the resis-  

Kayex has assembled over 70 percent of the powder melterlshotter system. 
Some key equipment such as an induction generator should be delivered soon. 
Check-out and start -up should coprmence next quarter. 

The fluid-bed pyrolysis of silane is an attractive alternative to the 
free-space reactor and the aelter/shotter system, 
nearing completion. 
An operating manual has been written. 

Its installation is 
The check-out and calibration will be done next quarter. 

Overall, the EPSDU engineering and RID programs are progressing well. 
As we pointed out in the third quarter, preparation of PBI diagram and the 
mechanical installation drawings has been more time-consuming than originally 
planned, 
manpower. 

Substantial progress was made this quarter by assigning more 
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SECTION I .  INTRODUCT JON 

This report covers work performed in October, November and Deceinber 
1980 on JPL/DOE Contract 954334, Phase 111. 

The overall objective of the LSA Silicon Material Task is to establish 
a cheznical process for producing silicon at a rate and price commensurate 
with the production goals of the LSA project for solar-cell modules. 
material must be suitable for utilization in the large-area sheet process 
and in the automated process for the fabrication of solar cells having 
satisfactory physical and electrical performance characteristics. 

This 

As part of the overall Silicon Material Task, Union Carbide developed 
the silsne-silicon process and advanced the technology to the point where 
it has a definite potential for providing high-purity polysilicon on a 
commercial scale at a price of $14/kg by 1986 (1980 dollars). This work, 
completed under Phases I and I1 of the contract, provided a firm base for 
the Phase 111 Program (initiated in April 1979) aimed at establishing the 
practicality of the process by pursuing the following specific objectives: 

0 Design, fabricate, install, and operate an Experimental 
Process System Development Unit (EPSDU) sized for 100 
MT/Yr to obtain extensive performance data to establish 
the data base for the design of commercial facilities. 

0 Perform supporting research and development t o  provide an 
information base usable for the EPSDIJ and for technological 
design and economic analysis for potential scale-up of 
the process. 

0 Perform iterative economic analyses of the estimated product 
cost for the production of semiconductor-grade silicon in a 
facility capable of producing 1000 MT/Yr, 

This process for preparing semiconductor-grade silicon in the EPSDU 
from metallurgical-grade (M-G) silicon is based on a well-integrated 
arrangement of  purification steps that provides a cost-effective process 
system. 

1 



The three basic steps entail converting M-G silicon to trichlorosilane, 
redistributing the trichlorosilane to produce silane, and thermally decom- 
posing the silane to form amrphous silicon powder. 
melted and the molten silicon is cast into polycrystalline silicon for 
subsequent use in fabricating solar cells. 

The powder is then 

The technical progress presented in this report is arranged according 
to the Work Breakdown Structure (WPS) shown in Table I. 
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SECTION 11. TEWICAL ACTIVITIES (BY m, NUMBER) 

1. EPSDU PROGRAM 

As illustrated in Table I, the current phase I11 program consists 
of seven primary (WBS level 2) divisions of effort: 

0 EPSW Design and Procurement 
0 

0 EPSDU Installation and Checkout 
0 EPSW Operation 
0 Comercial (1000 MT/Yr) Process Economic Analysis 
0 

0 Program Management 

EPSW Equipment Fabrication and Delivery 

Process R&D to Support EPSDU Design and Cornnercial Analysis 

Collectively, these activities encompass all effort required to attain 
the program objectives. 
the individual work items that must be performed. The progress for this 
quarter, documented in this section, is reported at the work-item level. 
Only items that are currently in work are included. 

The subdivisions (WBS levels 3, 4, and 5) define 

1.1 EPSDU DESIGN/PROCUEMENT 

This effort includes all engineering, design, and procurement activi- 
ties necessary to transform the process design, developed during the Phase 
I1 Program, into a complete installation-drawing package for EPSDU. 
major tasks include process design updates, facility design, equipment 
design and procurement, installation design, and cost estimating support. 

The 

1.1.1 Process Design 

The process design effort is geared toward using the most re- 
cent information available to provide the most practicable integration of 
process subsystems for attaining the EPSDU Program objectives. 
design package consists of a heat/mass balance, process description, lirocess 

The process 
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f low diagram, and functional specifications for process equiprent. 
original package, issued in June 1979, served as the basis for the subse- 

quent engineering effort. Beneficial data from the Supporting R6D effort 
and other process-related analyses and experiments were used to update the 
original package. Process engineers, using information available from the 
Phase I and Phase I1 Programs, provide direct support to the facility and 
equipment design efforts. 

The 

1.1.1.1 Process Design, R&D Liaison 

The process design is continually being reviewed to identify 
refinements that have the potential for lowering costs, reducing require- 
ments for specialized equipent, or alleviating problems that could arise 

'The effort for this quarter was concentrated primarily Jring operation. 
on the folloiwns: 

0 

0 P&I Drawing Review 
0 Mechanical Installation Drawing Review 

Specification of Pressure Relief Valves 

1.1.1.2 Engineering Design Support 

Because of the special process considerations required for EPSW, 

process design personnel, using knowledge of the Phases I and I1 development 
effort and relevant chlorosilane work at other UCC locations, assist in the 
detail design of the facility and equipment. 
encompasses many design activities, the effort for this period was primarily 
involved with reviewing the remaining vendor drawings, valve selection, 
component clean!iness requirements and safety items. 

Although this participation 

Valves - 
Effort was expended on the selection and sizing of the various 

small valves such as packless valves and check valves. 
mately 200 such valves which were required to be screened for capability, 
availability and cost. 
instal lation drawings. 

There are approxi- 

Pressure relief valves were sized and added to the 
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Vendor Drawin& 

Vendor drawings are continuing to be reviewed as they are received. 

Cleaning Srandards 

Sore of our vendors are having difficulty meeting our electronic 
cleaning standards because they are unfamiliar with the applicable specifi- 
cations. Liaison with vendors to tailor the specifications to fit specific 
equipment was initiated. 
cleaned equipment at a reasonable cleaning cost. 

This effort assures us of obtaining properly 

Equipment cleaning requirements were reviewed. The components which 
cannot be cleaned by vendors will be cleaned by Union Carbide in accordance 
with SCS-1 specifications. 
other sensitive items at Tonawanda and other items such as pipes will be 
cleaned on-site at East Chicago. 

Plans are being made to clean instruments and 

Mechanical Engineering/InstalIation Design 

The drawings were reviewed for compatibility with the P&I diagram. 
The review was conducted line-by-line according to the latest PEI diagrams and 
the recoaunended changes are being incorporated in the P&I diagrams, installation 
design drawings and the scale model. 
these changes should be completed in April. 
be resolved as field changes during construction. 
area and the QC trailer area will not be reviewed until their engineering design 
becomes firm. 

A construction bid package incorporating 
Any further necessary changes will 

The pyrolysis/consolidation 

Safety 

Time was spent thoroughly reviewing the engineeriq design froui 

operability and safety points of view. 
quate provisions for start-up, emergency shut down, and draining of process 
fluids. Major and most minor problems were identified so that costly field 
changes will be avoided. 

The design was examined for ade- 

Gas .halysis 

A set of data for vapor-liquid equilibrium on a 1% diborane in 
silane system was received. It was analyzed to insure that the silane 
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column ref lux cont ro ls  w i l l  have t h e  correct range. 
performed by re-running t h e  d i s t i l l a t i o n  simulation program with t h e  

a c t i v i t y  coe f f i c i en t s  t h a t  r e su l t ed  from t h e  data. 
w i l l  be  constant and t h e  product p u r i t y  can be compared to  t h e  reflux. 

This ana lys i s  was 

The number of trays 

1.1 -1.4 Pyrol ysislConso1 i d a t  ion Process Design 

Act ivi ty  was delayed due t o  manpower requi re ren ts  elsewhere, 

however, t h e  work w i l l  restart i n  the  next quarter.  

1.1.2 F a c i l i t y  Design 

F a c i l i t y  design cons i s t s  pr imari ly  of t h e  effort required to  
t r a n s l a t e  t h e  process design functional '  requirements i n t o  s p e c i f i c  plans 

regarding site, physical arrangement, human fac tors ,  and s a f e t y  and envi- 

ronmental considerations.  

pa te  to provide human f a c t o r  inputs  and t o  become fami l i a r  with t h e  process. 

Personnel who w i l l  operate  t h e  f a c i l i t y  p a r t i c i -  

1.1.2.2 Environmental and Safe ty  

The design review team met i n  Tonawanda on Noveaber 18-20 with 

Dr. Hsu and Mr. Josephs represent ing JPL. 
personnel who o f f e r  a wide range of design and operat ing experience within 

Union Carbide: 

The team cons i s t s  of t h e  following 

R. M. Long - EPSDU Plant Manager 
Linde Division 
East Chicago, Indiana 

A. L. Altrnan - Process Design Engineer 
Engineering and Hydrocarbons Division 
South Charleston, West Virginia  

S i l icones  and Urethane Intermediates Division 
S i s t e r s v i l l e ,  West Virginia  

K. R. Bowman - Operations Design Engineer 

R. S. Gacek - Control Systems Engineer 
Linde Division 
Tonawanda, N e w  York 

Special ty  Cases/Linde Division 
Keasbey, New Je rsey  

D, G, Keierleber - Operations Superintendent 

G. Tarancon - RF,D Chemist 

Special ty  Gases/Linde. Division 
Keasbey, New Je rsey  
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W. C. Brenaran and G. Hsu acted as ex-offico team members. Mr. 
The review included safety and Breneran coordinated the reviaw sessions. 

operability of the WG silfcon-to-silane portion of the process and features 
of the EPSW site layout, process equiprent, and fire protection. 
safety tern colents were subsequently reviewed by engineering personnel 
and many of the suggested items are being implemented and tho others will 
receive additional study in January. 

The 

1.1.2.3 Scale Hodel 

The gantry scale nodel (Figure 1) was coppleted in October and 
was used to assist mechanical designers during the drawing checking effort. 

The scale model will require.revisions to piping arrangements as 
a result of the outcome of detailed design review meetings in early Decder. 
Revisions will be conpleted next year before the start of the mechanical 
ins tal lat ion. 

1.1.2.4 Op erations Liaison 

Tlle EPSW plant manager @lr, Long) attended program orientation 
and EPSM; design review meetings at Tonawanda. 
resident at East Chicago and will visit Tonawanda and other locations on 
approximately 2-week intervals to become familiar with the process, con- 
trols, operational know-how, and safety. 

He will continue to be 

He also visited the Sistersville Silicones production facility 
for operations orientation, participated in the safety review meeting and 
in engineering/installation design reviews. 

Detailed planning for the pre-startup activities for Operation 
(1,4) progressed substantially in December. 
field construction activities at East Chicago continues. 

Day-to-day coordination of the 

1.1.2.5 Facility Scale Model 

"he facility scale model equipment has been fabricated and will 
be positioned based on the equipment location plan shown in Figure 2: 
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1.1.3 Equipment Design, Specif icat ion,  Procurement 

The equipment r e l a t e d  e f f o r t  includes development of t h e  control  

system, preparat ion of t h e  piping and instrumentation diagram, preparat ion 

of wiring schematics and control  panel drawings, and the  design of equipment. 
The spec i f ica t ion  a c t i v i t y  includes de f in i t i on  of s p e c i f i c  requirements f o r  

each item of  equipment, preparat ion of  bid packages, evaluat ion of vendor 

quotation, and preparat ion o f  f i n a l  spec i f i ca t ions  and drawings. Procurement 

includes t h e  issuance of  procurement packages t o  se l ec t ed  vendors and obtain- 

ing comprehensive design information necessary f o r  preparing i n s t a l l a t i o n  

drawings . 
The design and procurement of each item of equipment i s  accomplished 

through t h e  combined e f f o r t s  of process  engineers, equipment engineers, and 

purchasing agents. 

ul t imately,  i n t o  a complete, d e f i n i t i v e  procurement package. 

documents and t h e i r  respec t ive  uses a r e  as follows: 

These e f f o r t s  produce a series of documents t h a t  evolve, 
The individual  

0 Functional Specif icat ions:  This spec i f i ca t ion  is  developed 

by t h e  process engineer based on process requirements re- 
f l ec t ed  i n  t h e  process flow diagram, heat/mass balance, and 

process control  scheme. I t  def ines  the  duty t h a t  t h i s  item 
of equipment must perform f o r  t h e  overa l l  process system t o  

operate. 

0 Engineering Spec i f ica t ions :  Using t h e  Functional Spec i f ica t ion  

as a bas i s ,  t he  equiFment engineer determines the  spec i f i c  type 

of equipment necessary t o  s a t i s f y  the  process requirements. 

This t r ans l a t ion  of  process requirements i n t o  hardware-specific 

information is del ineated i n  t he  engineering spec i f ica t ion .  

0 Request f o r  Quotation (RFQ): The Request for  Quotation (Form 
PUR 201), prepared by t h e  equipment engineer, summarizes t h e  

equipment requirements, i d e n t i f i e s  vendors t o  be contacted,  

and def ines  t h e  bidding ins t ruc t ions .  

engineering spec i f i ca t ion ,  cons t i t u t e s  t he  RFQ package sub- 

mitted t o  t h e  purchasing department f o r  t ransmi t ta l  t o  po ten t i a l  

This form, p lus  the  
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vendors. 

neer and, based on a technica l ,  cos t  and schedule evaluat ion,  

a vendor is selected.  

Vendor quotat ions are reviewed by t h e  equipment engi- 

0 %uest for Requisit ion L__ (RFR): The Request f o r  Requisit ion,  
prepared by t h e  equipment engineer,  cons i s t s  of t h e  RFQ package 

p lus  t h e  Bid Evaluation Report t h a t  i d e n t i f i e s  t h e  se lec ted  

vendor and the  s p e c i f i c  equipment model t o  be purchased. 

r F R  is  submitted t o  purchasing and serves  as the  technica l  b a s i s  

for t he  purchase order. 

The 

0 Purchase Order (PO) : The Purchase Order (Form L334-31DO), 
prepared by t h e  purchasing agent, d e f i n i t i z e s  t h e  terms and 

conditions,  de l ivery  requirements, and b i l l i n g  in s t ruc t ions  
appl icable  t o  the  p a r t i c u l a r  equipment and vendor. 

form supplements t he  technica l  information contained i n  t h e  

RFR t o  provide a complete procurement package. 

i n t e rna l  review cycle  is completed and the  appropriate  ap- 

provals have been obtained, t he  va l ida ted  Purchase Order i s  
issued t o  the  vendor. 

This 

When t h e  

a Procurement S ta tus  Report (PSR): After , t h e  order  is placed 

technical  performance is  monitored by engineering personnel and 
contractual  performance i s  monitored by purchasing personnel. 

Status  is  r e f l ec t ed  i n  t h e  Procurement S ta tus  Report, 

fo r  December, presented in  Appendix A, r e f l e c t s  t h e  cur ren t  

procurement s t a t u s  f o r  a l l  EPSDU equipment). 

(The PSR 

These s i x  documents serve as milestones f o r  measuring performance 

of the procurement cycle  f o r  each item of equipment. 

1.1,S.l Process Control 

The cont ro ls  systems engineering e f f o r t  includes a l l  a c t i v i t i e s  

associated with developing the  PGI diagram, designing process control  loops 

and control  panels,  specifying valves and instrumentst ion,  and preparing 

control wiring and pneumatic tubing diagrams. 
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A marked-** version of the PIID was issued which collects all 
comments and corrections to previous versions. 
are the outcome of an intensive series of review meetings during December. 

The comments and corrections 

The schematic wiring diagram was updated and re-issued to assist 
the electrical design group with their design and drafting effort. 

The main control panel design was completed and issued to vendors 
for quotations. Figure 3 represents the design of the operating/front 
face of the panel that will be located in the switchgear-control room. 

Programming of the Modicon controller was started, along with an 
"audit" of all process control system documentation to ensure that documents 
are consistent and all required instrumentation components are on order. 

Four local input/output panels have been designed and issued for 
quotations. 

1.1.3.2 Electric Power System 

This effort included all electrical engineering activity required 
to develop the power control and distribution systems, prepare the definitive 
electrical one-line diagram, and specify electrical equipment. All activities 
covered by this WBS item were completed in the second quarter. 

1.1.3.3 Process Equipment - UCC Designed 
This effort includes the in-house activity necessary to prepare 

a complete design for specialized equipment such as the redistribution 
reactors and distillation columns. 
second quarter. 

This effort was completed during the 
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1.1.3.4 Process Equipment - Vendor Designed 

This a c t i v i t y  includes t h e  engineering effort assoc ia ted  with 
specifying and se l ec t ing  process equipment such as compressors , pumps , and 
tanks t h a t  w i l l  be designed and fabr ica ted  by commercial suppl iers .  

Request f o r  Requisit ion was issued for t h e  Caustic tank immersion 

heater  and t h e  S i l i c a  dust f i l t e r  bags. 

The purchase order  f o r  t he  waste burner was issued and a meeting 

was held with the vendor t o  determine t h e  schedule of drawings and infor -  

Dation flow. 

flow well, a meeting was held w i t h  t he  vendor's engineering representa t ive  

t o  e s t ab l i sh  a technical  l i n k .  

To insure  t h a t  t h e  cont ro l / sa fe ty  wiring information could 

The s i l ica  agglomerator drawings and spec i f i ca t ion  were completed 

and the  RFQ was issued i n  December 1980. 

1.1 . 3.5 Auxil i a r y  Equipment 

This includes the  engineering a c t i v i t i e s  associated with speci-  

fying and se l ec t ing  aux i l i a ry  equipment such a s  heat ing and r e f r i g e r a t i o n  

systeas ,  instrument a i r  un i t ,  and cooling tower t h a t  w i l l  be designed and 

fabricated by commercial suppl iers .  

was completed i n  t he  second qua r t e r  1980. 

A l l  e f f o r t  covered by t h i s  WBS a c t i v i t y  

1.1.3.6 Support Equipment 

This e f f o r t  includes t i l e  engineering a c t i v i t i e s  associated with 

specifying and se l ec t ing  commercially supplied equipment such as t r a i l e r s ,  

materials-handling systems, and spec ia l ty  items. 

WBS a c t i v i t y  was completed i n  t h e  second qua r t e r  1980. 

A l l  e f f o r t  covered by t h i s  



1.1 . 3.7 Other Equipment, Spec ia l t i e s  

Some new s p e c i a l t y  items were added t o  t h e  list. The addi t ion 

t o  the specialties list (now bel ieved t o  be a complete list) is: 

0 Chlorosilane Pump Seal  Systems: A l l  major p a r t s  received 

at Tonawanda. 

0 Hydrogenation Reactor Ram Vzlve: Ordered with an t ic ipa ted  

de l ivery  i n  mid-January f o r  f i t t i n g  t o  a seal pressure booster 

and control  instrumentation. 

0 Sintered Metal Process Filters: Received and w i l l  be shipped 

t o  vendor or f ie ld  after the  i n s t a l l a t i o n  design is firm. 

0 Sample condi t ioners  and tube furnace. 

0 S i l i c a  Agglomerator Clemer:  

cured. 

New item t o  be designed and pro- 

0 S i l i c a  Venturi Gas I n l e t  Spool Piece: 

and procured. 

New item t o  be s ized 

0 Waste Burner Atomizers and Mounting Plates:  

designed and procured. 

New item t o  be 

The TFE spool p iece  for  the  waste burner piping was spec i f ied  

and t h e  process control  schematic for t he  hydrogenation reac tor  ram valve 

was prepared. 

Tonawanda i n  next quarter .  

Preparations a r e  underway t o  assemble spec ia l ty  items i n  

1.1.3.8 Data Collection System 

This work item covers a l l  e f f o r t  t o  t a i l o r  and specify a com- 

puter ized data-col lect ion system f o r  EPSDU. 
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The Nova I V  minicomputer, 2 CRTS, a l i n e  p r i n t e r ,  twenty S-megabyte 
d i sh  packs, and 10 double-density floppy d i sks  (d i ske t t e s )  have been received 

at Tonawanda. I n s t a l l a t i o n  of t he  minicomputer and per iphera ls  has been com- 
pleted.  The 5-megabyte d i sk  packs and t h e  floppy d i sks  have been i n i t i a l i z e d  

and formatted on t h e  Nova. 

record densi ty ,  and :sibelling t o  permit random access of da ta  s tored  i n  t h e  

d isks  and d iske t tes .  

software developed by UCC have been loaded i n t o  t h e  permanent memory. 

software includes u t i l i t y  programs and l i b r a r y  files. 

This procedure e s t ab l i shes  t h e  record length,  

The software provided by Data General and s tandard 

This 

I n s t a l l e d  i n  the same area as t h e  per iphera ls  is a Hewlett-Packard 

gas chromatograph e l ec t ron ic  c o n t r o l l e r  and remote 1/0 s t a t ion .  

Packard in t e r f ace  components w i l l  be i n s t a l l e d  and t e s t e d  t o  ensure proper 

in t e r f ac ing  between t h e  c o n t r o l l e r  and the  Data General minicomputer. 

The H e w l e t t -  

The process va r i ab le  list was completed and s to red  on a d isk  

pack i n  the  minicomputer. 

t h e  a l t e r a t i o n  of t he  list were a l so  t r ans fe r r ed  onto t h i s  d i sk  pack. 

t a b l e  i s  a standard UCC method fo r  s e t t i n g  up 3 da ta  s torage  bank on a 
minicomputer. The process va r i ab le  l i s t  includes an in t e rna l  i d e n t i f i c a t i o n  

number, an ex terna l  i d e n t i f i c a t i o n  number, a descr ip t ion ,  engineering un i t s ,  

s igna l  type, s igna l  loca t ion  (Panel Number), an instrument tag,  and the  

var iab le  c lass .  A sample sheet  i s  at tached (Table XI). The two i d e n t i f i c a t i o n  

numbers are t h e  minicomputer's primary means of searching f o r  ;I spec i f i c  

var iable .  The descr ip t ion  i s  the  users  primary means of searching f o r  a 

s p e c i f i c  var iable .  

var iab lc  value. 

instrumentation : 

Programs which allow t h e  l i s t i n g ,  so r t ing ,  and 

This  

The u n i t s  arc the  s torage loca t ions  of the  process 

Signal type is t h e  type of s igna l  which i s  sen t  from t h e  

PN = pneumatic (psig)  

T/C = thermocouple (mvolts) 

E = e lec t ron ic  (mamps) 

The panel loca t ions  have not been assigned a t  t h i s  time. 

is the  i d e n t i f i c a t i o n  number of t h e  i n s t r w n e n t  from which t h e  s igna l  or ig ina tes .  

The va r i ab le  c l a s s  i d e n t i f i e s  t h e  type of scanivalve system which the  s igna l  is  

co l lec-  id from: 

The instrument t a g  
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0 - not through t h e  scanivalve system 
3 - pneumatic sc anivalve 

4 - e lec t ron ic  scanivalve 
5 = thennocouple scanivalve 

The proce is  va r i ab le  l i s t  ( the  minicomputer l i s t i n g  of  Jata 

poin ts )  and t h e  newest P&I were reviewed t o  ensure t h a t  a l l  da t a  needed t o  
ca l cu la t e  design parameters (conversion rates, e f f i c i enc ie s ,  mass balances,  
etc.) was included. Both documents required a l t e r a t i o n .  

The process 1/0 system was specif ied.  This  system is t h e  in t e r f ace  

between the  process  equipment (thermocouples, flow meters, level ind ica tors )  

and t h e  minicomputer. 

through a scanivalve system which has four  modules - o n e  thermocouple, one 

e lec t ronic ,  and two pneumatic. 

Most of t h e  s igna l s  (184 s igna l s )  w i l l  be routed 

Signals  from the:;e modules tra.'el through four  channels on an 

analog-to-digital  (A/D) card, the  r e s u l t i n g  proport ional  d i g i t a l  s igna l  

enters t h e  computer. 

go through the  scanivalve system but are d i r e c t l y  assoc ia ted  with a dedicated 
channel on an A/D card. There is an economic balance between t h e  cost  of  

t h e  channels and t h e  cos t  o f  an addi t iona l  scanivalve module; t h e  system 

described above has  been chosen as t h e  most e f f i c i e n t  and r e l i ab le .  

There are approximately 20 a m l o g  s igna l s  which do not 

The d i g i t a l  s igna l s  which en te r  t h e  computer are converted i n t o  

values i n  enginwring  u n i t s  (DEC F, psig, ACFM, e tc . ) ;  t hese  values are then 

s tored on a disk  pack. T h e  t a b l e s  and information required f o r  these  con- 

versions were t ransmit ted t o  t h e  Computer group f o r  loading i n t o  the  mini- 

computer memory. 

A system f o r  da t a  reduction operat ion a t  Tonawanda has been iden t i f i ed ,  

The f u l l  disk packs of da t a  obtained a t  EPSDU w i l l  be sent t o  Tonawanda. 

da ta  w i l l  be t r ans fe r r ed  t o  3 magnetic t ape  and w i l l  then be read i n t o  the  

UCC main-fr'une computer network. A combination of so r t ing  and s t a t i s t i c a l  

rou t ines  w i l l  b e  used t o  reducc the  da ta  t o  a uscable form. The da ta  w i l l  then 

be entered i n t o  several  p ro jec t - spec i f ic  engineering programs which w i l l  

produce operat ions i n f o m a t i o n  and design paramctcrs. 

The 
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The final process variable list was issued to the Computer Appli- 
cations Group for their use. The process groups work will now shift to 
preparing some of the supportfreport generation/data reduction routines 
while the Computer Applications Group prepares the data acquisition/storage 
routines. 
properties package to allow data to be expressed in meaningful units and 
area mass balances to be tabulated. 
EM-6206, by T. E. Diegelman, ttPhysical and Critical Properties of Silane 
and the Chlorosilanes" will be used as a data source. 

The first of these support routines will be a minimal physical 

An earlier engineering memorandum, 

Initial problems of structuring data collection files, calibrs- 
tion sampling frequency have been resolved. 

*.1.4 Instal lation Design, Specification, Sabcontract 

This design effort includes development of separate installation 
drawing packages for the site, civil, mechanical, and electrical specialties 
based on the engineering design effort and vendor-supplied information. 
Specification activity includes definition of specific requirements for 
performing all installatiov functions. Subcontracting includes the prepara- 
tion of bid packages, evaluation of quotes, subcontractor selection and 
contract negotiation. 

1.1.4.3 Civil Drawings 

The preparation of drawings for civiljstructural package is 
complete. 

1.1.4.4 Mechanical Design, Specification and Materials 

Design work on specification of piping components and materia 
including manual valves, check valves, safety relief valves, and piping 
equipment insulation was completed in November. Determinitation of the 
and location of some thirty safety relief valves was resolved. 

s, 
and 
size 

The high cost of "packlessV1 shut-off valves which are required for 
silane streams will necessitate additional vendor selection and a review of 
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t he  minimum number of valves for practical operat ion/cost  e f fec t iveness .  

Suppl iers  of t h e s e  special valves quoted p r i c e s  from f i v e  to ten  times 
higher than "standard" valves. 

Cleaning and t e s t i n g  procedures for al l  piping components exposed 

t o  ch loros i lanes  (moderate c leaning required)  and silane (very thorough 
cleaning required) were detwmined. 

Other i n s t a l l a t i o n  spec i f i ca t ions  which r equ i r e  d e f i n i t i o n  include 

pressure  t e s t i n g  procedures, welding procedures, paint ing/surface pro tec t ion ,  

and loca t ion  of l i qu id  drains .  These a c t i v i t i e s  are on going. 

RFR's were issued f o r  var ious valves (25 plug, 145 globe, 253 

ga te  and 67 check). 

1.1.4.5 Mechanical Drawings 

During t h i s  qua r t e r  t h e  i n i t i a l  d ra f t  of t h e  mechanical drawing 

package was completed and received t h e  scru t iny  of  a l l  engineering d i s -  

c iF l ines  including t h e  design s a f e t y  review team. 

to  t h e  process and cont ro l  piping impacted t h e  cos t  and schedule t o  com- 
p l e t e  t h e  mechanical design a c t i v i t i e s .  

Recommended changes 

The EPSDU design review meetings were completed in  December. A l l  

comments from t h e  Process Design, Control Systems Design, Equipment Design 

and Mechanical Design Groups were co l l ec t ed  on a master set of piping and 

equipment drawings. 

mechanical design package were i d e n t i f i e d  which w i l l  r equi re  approximately 

th ree  addi t iona l  months of design and d r a f t i n g  work. 

A considerable  number of Icajor and minor changes t o  the  

Aspects of  the  design which will be changed include: 

0 

0 

0 Elimination of redundant shu t  -off valves. 
0 

1,ocations and conf igura t ions  of s a f e t y  valves. 

Simplif ied waste header and pressure  relief vent header. 

Elimination of inf requent ly  used piping components such as 

by-pass loops . 



Addition of low-point d ra in  valves. 

Addition of flow check valves. 
Relocation of t h e m i n o l  piping a t  reboi le rs .  

Relocation of piping a t  STC/TCS tanks. 

Elimination of non-essential  instrumentation. 

Elimination 
Relocation of interconnect ing process piping. 

Elimination of heat  t r ac ing  on water and sample l i nes .  

o r  r e loca t ion  of purge valves. 

A l l  of these  changes are necessary t o  improve ope rab i l i t y  and 

maintenance and t o  reduce piping i n s t a l l a t i o n  costs .  

1.1.4.6 E lec t r i ca l  Design, Spec i f ica t ions ,  Materials 

An engineering design team meeting was held i n  November t o  review 

progress-to-date on a l l  e l e c t r i c a l  design a c t i v i t i e s .  

The e l e c t r i c a l  one-line diagrain was updated t o  r e f l e c t  vcndor 

drawing information and issued. The e l e c t r i c a l  design e f f o r t  is continu- 

ing and w i l l  be updated a s  necessary t o  be compstible w i t h  any changes t o  

tilt f ina l  mechanical design. 

1 . 1.4.7 Elec t r i ca l  Drawings 

Locating and labe l ing  of a l l  e l e c t r i c a l  process control  instruments 

a d  devices on lrawings proved t o  be an involved task due t o  the  extensive 
process cont ro l /da ta  co l l ec t ion  system designed and spec i f ied  f o r  EPSDU. 
The loca t ion  of each locally-mounted instrument was iden t i f i ed ;  cable- t ray 

and conduit locat ions were iden t i f i ed  and de ta i l ed  drawings are being de- 

veloped. 

The preliminary version of t h e  e l e c t r i c a l  design package has been 

completed and placed on hold pending changes t o  t h e  mechanical design package. 

1.1.5 Cost Estimating 

Cost engineers support  t h e  design e f f o r t  by providing cos t  es t imates  

and cont ro ls  f o r  procuring equipment and i n s t a l  l i n g  the  EPSDU. 
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1.1.5.1 Facility Cost Estimate 

Compl et e. 

1.2 EQUIPMENT FABRICATION/DELIVERY 

This report item includes all in-house and outside activity associated 
with fabrication, delivery, and vendor coordination for all items of equip- 
ment. 

1.2.1 Process Control & Data Collection System 

This task includes the effort required for the fabrication, delivery 
and acccptance of field instruments and controls, panel and panel instruments, 
data collection system, and other process control equipment. 

1.2.1.1 Field Instruments and Controls 

The following validated Purchase Orders were issued this quarter: 

825-50165 Flow Indicators (47 items) 
825-50177 Orifice Plate 
825-50181 Flow Indicators (8 items) 
82550182 Valve Manifolds (18 items) 
825-50183 Pressure Gauges (10 items) 
825-50197 Load Cells (4 items) 
825-50202 PH Controller 
825-50205 Gas Regulators (2 items) 
825-50178 Pressure Transmitter 

27 



825-50212 Temperature Controllers 
825-50214 Flow Tube 
825-50179 Pressure Switches (7 items) 
825-50200 Level Switches (2 items) 
825-50199 Flow Elements (8 items) 
825-50215 Sludge Indicator 
825-50184 Pressure Switches (22 items) 
825-50185 Transducers (8 items) 
825-50201 N,/H, Analyzer 
825-502 13 Regulator 

h 6 .  

1.2.1.2 Panels and Panel Instruments 

The following validated Purchase Orders were issued this quarter: 

825-50166 Panel Instruments (48 items) 
825-50167 Pressure Gages (5  items) 
825-50169 Shutdown Monitors (4 items) 
825-50174 Solenoid Valve 
825-501 70 Pressure 'Transducers (8 items) 
825-50172 Safety Barriers (29 items) 
825-50165 Pressure Switches ( 2 3  items) 
825-50173 Isolator Transmitter 
815-50176 Temperature Switches (2 items) 
825-4017s Milliamp Meter 

1.2.1.4 Other Process Control Equipment 

The following Purchase Orders were issued: 

825-50190 8" and 10" Automatic Valves (4 items) 
825-50193 1/4" and l / P  Automatic Valves (13 items) 
825-50189 Automatic Valves (2 items) 
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1.2.3 Process Equipment - Linde Designed 
This task includes the effort required for the fabrication, 

delivery, and acceptance of the free-space reactor with hopper, hydro- 
genation and redistribution reactors, distillation columns, and other 
pmc.ess equipment 

1.2.3.2 Reactor 

Estimated shipment date is 16 January 1981. 

1.2.3.3 Distil 1 at ion Columns 

Constructioa of the four columns is in progress - estimated 
shipment date is 15 February 1981, 

1.2.4 Process Equipment - Vendor Designed 
This task includes the effort required for the fabrication, de- 

livery, and acceptance of compressors, pumps, heat exchangers, tanks, solids 
handling equipment, waste treatment equipment, and other process equipment. 

1.2,4.1 Compressors 

Purchase orders were placed in the second quarter for delivery 
in January 1981. 
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1.2.4.2 Pumps 

The purchased pumps are t o  be shipped i n  January 1981. 

1 . 2.4.3 Heat Exchangers 

The heat exchanger estimated shipping da te  is  January 1981. 

1.2.4.4 Process Equipment/Tanks 

The following Purchase Orders were issued: 

825-50160 4500-gallon c a u s t i c  s torage  tank 

825-50055 200-gallon therminol expansion tank 

825-50162 350-gallon f u e l  o i l  tank 

825-50035 

825-50040 (reissued) s i l a n e  tanks (4 items) 
(reissued) process tankage (9 items) 

r e d i s t r i b u t i o n  reac tors  (2 items; 

1.2.4.5 Process Equipment/Sol i d s  Handling 

P. 0. 825-50164 1 inch M.G. s i l i c o n  ram valve 

1.2.5.6 Other Auxiliary Equipment 

The following Purchase Orders were issued: 

825-50155 In - l ine  f i l ters ,  flow r e s t r i c t o r s  (79 items) 

825-50156 Solenoid valves (9 items) 

825-50161 Caustic Smmcrsion Heater 
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1.2.6 Support Equipment 

This task includes trailers o u t f i t t e d  f o r  q u a l i t y  cont ro l ,  main- 

tenance, and o f f i ces .  

1.2.6.1 Q.C. T r a i l e r  

Purchase order 825-50096 was issued on November 5 / 8 0  for shipment 

i n  February 1981. 

1.2.8 Procurement Support 

This t a sk  includes the Procurement Department e f f o r t  necessary 

t o  i n i t i a t e ,  monitor and cont ro l  t h e  purchase of equipment. 

1.2.8.1 Purchasing, Expediting 

Monthly procurement s t a t u s  r epor t s  were issued. To da te ,  

approximately 116 va l ida ted  purchase orders  have been issued f o r  equipment. 

Equipment is being delivered t o  t h e  EPSDU si te .  

1.2.8.2 Equipment Design, Inspection 

Drawings submitted by vendors were reviewed by appropr ia te  

engineering team members for approval, a l t e r a t i o n ,  and/or correction. 

The f i n a l  series o f  approved vendor drawings was completed i n  December. 

Shop v i s i t s  t o  vendors who have begun t o  f a b r i c a t e  custom pro- 
cess  cquipmcrit such as tanks,  b ins ,  r eac to r s ,  and heat exchangers began 

in  Novemher. 

our de t a i l ed  spec i f ica t ions .  

This equipment w i l l  be inspected t o  ensure conformance with 
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1.2.8.3 Vendor P r i n t  Control 

Vendor drawings discussed above were r x e i v e d ,  routed through t h e  

var ious engineering d i sc ip l ines ,  and returned t o  vendors. The monthly log 

sheet  was issued. 

1.3 INSTALLATION AND CHECKOUT 

This repor t  item includes a l l  e f f o r t  associated with award of sub- 

cont rac ts ,  providing in s t ruc t ions  t o  t h e  on-going subcontract a c t i v i t i e s ,  

monitoring subcontractor performanee, and checkout a c t i v i  ,;es t o  ensure 

proper i n s t a l l a t i o n .  

1.3.1 Ins t a1 1 a t  ion Subcontracts 

T h i s  task includes the  e f f o r t  for  a l l  i n s t a l l a t i o n  a c t i v i t i e s  

assigned t o  subcontractors and includes labor ,  mater ia l s ,  and day-to-day 

job supervision. 

1.3.1.1 S i t e  - 
Compl et e. 

1.3.1.2 C iv i l ,  Underground, and 

1.3.1.3 S t ruc tu ra l  

A l l  equipment and building foundations a r e  complete and a l l  steel 
has been erected f o r  t h e  Gantry Structure .  

i n s t a l l a t i o n  of t he  12.5 KV power l i n e ,  t h e  

poles and connecting conduit. 

The cont rac tor  has completed t h e  

3-inch natural  gas l i n e ,  l i gh t ing  
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The 2-inch ni t rogen gas supply and t h e  4-inch sewer l i n e  connecting 

t h e  EPSDU i n  t h e  spec ia l ty  gas p lan t  was a l s o  in s t a l l ed .  

electrical work is bomplete. 

ground piping with t h e  exception of four f i re  hydrants which w i l l  be  i n -  
s t a l l e d  i n  Januaq-. 

A l l  underground 

The piping subcontractor completed a l l  under- 

The only major a c t i v i t y  remaining is  i n s t a l l a t i o n  of t h e  pre-engineered 

switch gear /control  roo31 building and t h e  melter bui lding.  
w i l l  be completed in  January and w i l l  be used t o  s t o r e  equipment as it is 
received. 

Both s t ruc tu res  

1.3.1.4 Mechanical and Piping 

Major equipment items scheduled t o  be de l ivered  s t a r t i n g  in  January 

w i l l  be  s tored  i n  t h e  Melter Building (unheated), i n  an adjacent  Linde-owned 

warehouse (heated),  o r  set i n  p lace  on foundations. A purchase order  was 
issued to Linde Gas Products/East Chicago to  have t h e i r  in-house maintenance 

contractor ,  Calmer Indus t r ies ,  perform a l l  work associated with off-loading, 

r igging, s tor ing ,  and/or s e t t i n g  equipment. 

1.3.2 I n s t a l l a t i o n  Material s 

The a c t i v i t i e s  associated w i t h  specifying and r equ i s i t i on ing  these  
special  i n s t x l l a t i o n  items f a l l  under work item 1.1.4.4 (Nechanical Gesign) i f  

the  items pe r t a in  t o  process piping and under work item 1.1.4.6 (E lec t r i ca l  

Design) i f  t h e  items pe r t a in  t o  e l e c t r i c a l  wiring. 

Work items under 1.3.2 i s  used t o  iden t i fy  the  purchase orders  and 

the  associated cost  of these  items. 

general ly  represent long-lend, l a rge  quant i ty ,  and/or spec ia l  items b e t t e r  

purchased by UCC than the cont rac tor  t o  ensure t h e  t imely de l ivery  and proper 

type, and t o  avoid subcontractors mark-ups. 
1.3.2.1 (S t ruc tura l )  and t h i s  w i l l  be an i nac t ive  work item. A l l  s t r u c t u r a l  

iten,; w i i l  bo  suppl ied by i n s t a l l a t i o n  subcontractors.  

Items purchased under t h i s  category 

We no longer plan purchases under 
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We plan to purchase manual on-off valves, check valves, safety 
valves, heat-traced SS sample tubing, 347 SS piping, and other specialty 
items under 1.3.2.2 (.Mechanical Piping). 

Evaluation of long-lead or specialty items to be purchased under 
1.3.2.3 (Electrical) and 1.3.2.4 (Other) took place during the November 
review meetings. 

1.3.2.2 Mechanical, Piping 

Validated purchase orders were issued as follows: 

825-50188 Pltig Valves (25 items) 
825-50193 Check Valves (71 items) 
825-50207 Mc; Silicon Transfer Hose 

Purchase orders for additional piping materials and components 
will be issiied as the drawing work is completed to ensure that the proper 
type and number of items are obtained. 

1.3.3 Installation Support 

This task includes the in-house support associated with super- 
vising, directing, and monitoring the installation effort. 

1 . 3 . 3 .  I Fie1 d Superv is ion 

The field office was fully operational with installation of electric 
The field construction maiiager, David L. power and telephones in mid-October. 

Schmiege, arrived on-site in late October. 

The construction manager will coordinate and be responsible for all 
field activities. 
effective communication. 
note significant highlights. 

Weekly meetings are being held with the contractor to ensure 
Written progress reports are also issued weekly which 

JPL and UCC Program Staff visited the EBSDU job site in early 
December. 
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The f i e l d  staff w i l l  be  two fu l l - t ime people effective January, 

1981 t o  correspond t o  t h e  reduced l eve l  of construct ion a c t i v i t y  during 

the  first several months of 1981. 

1.3.3.5 Procurement - 
This a c t i v i t y  includes t h e  e f f o r t  required t o  award subcontracts ,  

monitor and eva lua te  subcontractor performance, and determine f i n a l  com- 

p l iance  with subcontract provisions.  

1.6 PROCESS SUPPORT R 6 D - 
The supporting R & D Program i s  separa te  from the  mainstream design 

e f f o r t  and includes a l l  a c t i v i t i e s  associated with ana ly t i ca l  and experi-  

mental development of t h e  free-space r eac to r ,  melting/consolidation system, 

fluid-bed r eac to r  system, and q u a l i t y  control  techniques and procedures. 

Infarmation generated i n  t h i s  program w i l l  be used for t h e  EPSDU e f f o r t  and 

the  commercial f a c i l i t y  economic ana lys i s .  

1.6.1 Free-Space Reactor Development 

This development task includes a l l  experiments and ana lys i s  

necessary t o  v e r i f y  design da ta  f o r  t h e  free-space pyro lys i s  reac tor  and t o  

devclop a ncw reac to r  model. 

1 a 6.1 . 1 PDU Experiments 

Construction and operat ion of t h e  Tonawanda free-space r eac to r  PDU 

had two c x p l i c i t  ob jec t ives :  

operate  r e l i a b l y  f o r  extended per iods,  and t o  determine the  maximum f e a s i b l e  

throughput of t h e  8-inch r eac to r  used i n  t h e  PDU. 

woulJ confirm t h e  v i a b i l i t y  of  the  free-space r e a c t c r  concept f o r  EPSDU 

w h i l e  pro-iriding a ra t iona l  bas i s  f o r  s ca l e  up of  t h e  ac tua l  1IPSDU reac tor .  

In additior.  t o  these e x p l i c i t  ob jcc t ives ,  i t  was assumed tha t  t h e  pu r i ty  

performance o f  t he  Parmn free-space pyro lys i s  powder would carry-over t o  t h e  

Tonclwanda PDU. 

t o  demonstrate t h a t  3 free-space r eac to r  can 

Achieving these  objcc t ives  
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Purity & Operabi l i ty  Tests  

Planned modifications t o  the  free-space r eac to r  PMI were completed 

and the  u n i t  was returned t o  operat ion i n  October. 

i n s t a l l a t i o n  of a new vacuum l ine  to  t h e  hopper. 

re locdted t o  2n ou t s ide  shed and a 30-foot long 2-inch diameter copper l i n e  

has been run t o  t h e  PDU. This  l i n e  is  shared with t h e  fluid-bed PW t h a t  

is cur ren t ly  being i n s t a l l e d  in  t h e  test c e l l .  Several instrument l i n e s  

were a l s o  rerouted t o  e l imina te  c o n f l i c t s  with f l u i d  bed piping. 

a carefu l  cleaning w i t h  deionized water, t he  free-space r eac to r  was sealed 

on t h e  13th of October. 

t h e  next 10 days, and t h e  PW was started up on t h e  23rd of October. 

Modifications included 

The v3cuum pump has been 

Following 

Drying, purging, leak de tec t ion ,  and r e p a i r  occupied 

Three consecutive runs (Run 14, 15 and 16), accumulating a t o t a l  

of 11 hours were made which marked the  completion of a milestone. 

(12 hours durat ion)  was made in  November. 

bel ow : 

R i m  17 

The tes t  r e s u l t s  a r e  summarized 

Run Number 14 15 16 17 

Date of Test Oct. 23/81 O c t .  28/81 O c t .  31/81 Nov. 10/81 

890 89 5 875 874 0 Peak Reaction lone Temperature C 

Si lane Flow kg/hr 2.30 2.31 2.29 2.40 

Duration hours 3.0 4.0 4.0 12.0 

POWdGr Collected kg 4.5 6.7 8.13 19.7 

In a11 w s e s  s i l a n e  conversion exceeded 99.99ao (no s i l a n e  could be detected in  

the  e f f luen t ) .  In a l l  t h r e e  tests no operat ional  problems were encountered. 

Inspection of t h e  hopper and r eac to r  w i t h  a borescope showed the  l i n e r  t o  be 

in t ac t ,  

than the  o ldcr  system. 

ferred and s tored  under a dry ni t rogen blanket t o  avoid a i r  and moisture contact .  

The new powder t r a n s f e r  system is  operat ing e f f i c i e n t l y ,  much b e t t e r  

Following shutdown and purging, t h e  powder was t rans-  
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Following t h e  conveying e f f o r t  t h e  PDU was opened f o r  inspection. 

Some powder was "hung up" above t h e  porous cone in s ide  the  hopper. 

area around t h e  gas "cannon" was free of buildup. 

have been e f f e c t i v e  i n  t h a t  it had undercut t h e  depos i t s  above it. I t  seems 

c l e a r  tha t  an increased cone angle  and an extension of t h e  porous sur face  over 
t h e  e n t i r e  lower cone w i l l  e l imina te  t h e  formation o f  such deposits.  

Only t h e  

The porous cone appeared t o  

The powder remaining i n  t h e  hopper was vacuumed i n t o  drums and 

A mass balance around t h e  PDU for runs 14 through 17 was then weighed. 

calculated: 

S i  S i  H2 "2 5 Produced Recowred Produced Measured 

Runs 14-17 53.75 kg 47.00 kg 39.03 kg 6.75 kg 7.05 kg (104.4$1 

Post -Campai gn" 
Total 

7.81 kg 
46.86 kg (?9.7%) 

The s i l a n e  consumption was determined by weighing t h e  s i l a n e  cylin- 

de r s  and the  s i l i c o n  and hydrogen produced were then ca lcu la ted  from t h i s  

f igure.  

error i n  es t imat ing  purge flows is probable 9s t h e  measured hydrogen flow 

exceeded t h e  ca l cu la t ed  flcw by approximately t h e  same amount f o r  each run. 

The llpost-cNnpaignll si1 icon recovered i s  t h e  s i l i c o n  removed by vacuuming 

af ter  the  system was opened. 

gen balance acceptable. 

The hydrogen flow was measured with a d r y  test meter. A systematic 

The s i l i c o n  balance i s  exce l len t  and t h e  hydro- 

Analytical  r e s u l t s  f o r  9uns 14 - 17 are summarized i n  Table 111. 

The r e s u l t s  of t he  p u r i t y  analyses a r e  comparable w i t h  those of previous 

runs. I t  has become very clear tha t  stmclard a n a l y t i c a l  methods a r e  not 

adequate for our purposes. 

s ingle  crystal and determination o f  a r e s i s t i v i t y  p r o f i l e  appears t o  be t h e  

only procedure capable of determining t h e  s u i t a b i l i t y  of frec-rp2ce r eac to r  

s i l i c o n  f o r  s o l a r  appl ica t ions .  
Although the  t w c l  samplrs shown are not s i g n i f i c a a t l y  d i f f e r e n t  i n  p a r t i c l e  

size, they both d i f f e r  d r m a t i c a l i y  from t h e  powder produced i n  Run 3 which 

had 3 mass average p a r t i c l e  size o f  (I.!)? urn. 
temperature i n  t h e  upper sec t ion  of t h e  r eac to r  caused by modificstions made 

t o  t h e  PDU during Phase I1 opera t ions ,  is undoubtably responsible f o r  the  

dramatic decrease i n  p a r t i c l e  size. 

Melting of  t h e  powder followed by pu l l ing  of a 

The r e s u l t s  of t h e  BET tests are of interest. 

The very l a rge  increase  i n  
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Examination of t h e  quartz  r eac to r  l i n e r  used f o r  Runs 14 - 17 
revealed a saall zona of opaque s i l i c o n  deposi t  0.6 m below the  r eac to r  head. 

There was some concern expressed by JPL, t h a t  t hese  depos i t s  could present  

a t h r e a t  t o  the  l iner  during extended operation. 
microscope examination of  t he  depos i t s  revealed t h e i r  m a x i m u m  thickness  t o  
be less than 0.5 lo after 23 hours of operation. 

r a t e  t o  t h e  1-month l i f e  expected for l i n e r s  a t  EPSDU give a thickness of 

15 m, which is over two orders  of magnitude below t h e  thickness  t h a t  might 

present a problem. 

However, scanning e lec t ron  

Extrapolat ing t h i s  growth 

TABLE 111 - FSR PDU ANALYTICAL S W R I E S  

14 10-23-80 2.30 0.9 0.20 0.08 9.0 

15 10-28-80 2.33 0.34 wn 0.48 0.60 0.25 22 

16 10-31-80 2.29 0.34 Llnl 1.4 0.15 0.10 11 

1 7  11-13-80 2.37 1.3 1.0 0.15 13 

POLYSILICON CONTROL 0.10 0.76 0.50 3.3 

1 BASED ON BET SURFACE AREA. ASSURES SPHERICAL PARTICLES. 
2 ATOMIC ABSORBTION (Fe USING FLAME; C r ,  bin, N i  USING GRAPHITE FURNACE) 

Final T e s t  Run 

The 12-hour durat ion run was completed 011 December 22/80. This run 
was made using t h e  new scraper  s e a l ,  and was very smooth. 

inspected i n  t h e  near future.  Peak react ion zone temperature was 88OoC, with 

a s i l ane  flow o f  2.4 kg/hour, again s i l a n e  conversion was b e t t e r  than  99.99%. 

The sea l  w i l l  be 

Other changes made t o  t h e  PDU for  Run 18 were t h e  addi t ion of an 

ex t ra  insu la t ion  c o l l a r  above the  main insu la t ing  blanket and the  removal 

of.'3 inches of insu la t ion  from the  bottom of the  reactor .  The e f f e c t  of  
these changes was t o  steepen the  temperature gradient  i n  the  upper sec t ion  

of t h e  reac tor ,  f l a t t e n  the  temperature peaks i n  t he  midsection o f  t he  r eac to r ,  

and s t a r t  t h e  sharp drop-off i n  temperature c lose r  t o  t h e  top of t he  reactor .  

This p r o f i l e  i s  som&hat superior  t o  t h a t  obtained i n  e a r l i e r  runs,  see  

Figure 4. 38 
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Run 18 was t h e  first tes t  run t o  u t i l i z e  t h e  new scraper  (see 
Figure 7). 
it uses an in - l ine  double-ended a i r  cy l inder  i n s t ead  of a side-mounted 

single-ended cylinder,  and separa te  elastomeric wipers and O-ring seals 
ins tead  o f  simple packing r ings .  

tenance than t h e  o r i g i n a l  un i t .  

0.45 m i n  t he  o lde r  scraper.  

was smooth. 

opened. 

This scraper  d i f f e r s  from t h a t  used i n  previous runs i n  t h a t  

The new scraper  should r equ i r e  less main- 

I t  a l s o  has a longer s t roke  - 0.75 m v s  
Performance of  t h e  new scraper  during Run 18 

me u n i t  w i l l  be inspected f o r  wear as soon as t h e  u n i t  i s  

Run 18 was t h e  last run c a l l e d  f o r  i n  t h e  FSR PDU program plan. 

" h i s ,  a l l  t h e  runs planned f o r  t h i s  phase were successfu l ly  completed and 

have demonstrated t h e  v i a b i l i t y  o f  t h e  system. 

Following t h e  deple t ion  of ava i l ab le  s i l a n e  suppl ies  e a r l y  i n  

Work has begun on t h e  f i n a l  repor t  January, t h e  PDU w i l l  be shut down. 

f o r  t h e  Phase I1 experiments and w i l l  be issued i n  the  next quar te r .  

Powder Inventory and Shipping 

Kayex f ab r i ca t ed  a powder t ranspor t  drum for powder shipments. 

This consisted o f  n highly modified s t a i n l e s s  steel 55-gallon drum incor- 
porating a s r ; t w  auger, breaker bar ,  and porous f l u i d i z i n g  surfaces.  The 
drum was used successfu l ly  by Kayex t o  t r a n s f e r  t h e  powder t o  a melter 

c ruc ib l e  without exposure t o  t h e  atmosphere. 

Approximately 100 kg o f  s i l i c o n  powder is required for shot t ing  
work by Kayex. Our curren t  powder inventory (Dec 3 0 j 8 0 )  is  50 kg of good 

powder kept under ,iitrogen purge, and approximately 50 kg of powder with 

s i l i c o n  chunks which have t o  be screened out. We, thus,  have roughly 
100 kg of powder f o r  sho t t ing  work and no surp lus  i n  storage. 
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Reactor Scale-Up And Design 

Computer simulations of  t h e  free-space r eac to r  p red ic t  t h a t  an 
18-inch diameter reactor is adequate for processing silane a t  t h e  design 

throughput of EPSDU. 
heat ing system with automatic feedback temperature control .  

model of black-body-radiation exchange between the  r e s i s t ance  hea ters  and 

the  reac tor  wall was developed t o  p red ic t  t h e  temperatures and power in- 

puts  needed i n  the  heat ing elements i n  t h e  var ious zones t o  achieve t h e  
des i red  wall temperature p ro f i l e .  The temperature p r o f i l e  on t h e  outs ide  

surface of the  r eac to r  wall i s  spec i f ied  based on experimental r e s u l t s  from the  

PDU, and t h e  heat f lux  d i s t r i b u t i o n  on t h e  in s ide  sur face  of t h e  r eac to r  

wall i s  dctermined v i a  t h e  computer program developed t o  study the  f l u i d  

mef-h-nics and heat t r a n s f e r  i n s ide  t h e  reac tor .  The heat f l ux  d i s t r i b u t i o n  

This r eac to r  w i l l  be heated by a multizone r e s i s t ance  

A computer 

on the  outs ide  sur face  of t h e  r eac to r  wall, which d i f f e r s  s i g n i f i c a n t l y  

from the  inner  d i s t r i b u t i o n  due t o  l a rge  ax ia l  heat l o s ses  out t h e  r eac to r  

ends caused by tho  s t eep  temperature grad ien ts  imposed near t h e  ends, i s  
determined by a f i n i t e  element so lu t ion  t o  the  two-dimensional hea t  con- 

duction problem i n  t he  r eac to r  wall. 

power must Le supplied t o  the  EPSDU reac tor  f o r  75 lb /hr  s i l a n e  throughput, 

925 C maximum wall temperature. 

heating t h e  incoming gas, and the  o the r  15 kW i s  l o s t  out t he  reacror  ends 

v i a  ax ia l  conduction. 

Results ind ica t e  t h a t  about 35 kW of  

0 About 20 kW of t h i s  power en te r s  t hz  r eac to r ,  

Results from t h e  computer model conclusively show t h a t  r e f l e c t i v e  

ba f f l e s  between the  independently cont ro l led  heat ing zones a r e  an absolute  
necessi ty  i f  t h e  res i s tance  heat ing system i s  t o  be  capable of achieving the  

required temperature p r o f i l e  i n  t h e  reac tor  wall. Without baf f l ing ,  i n t e r -  

act ion between the  heat ing zones becomes a ser ious  problem. 

between t h e  r eac to r  wall and the  heat ing elements becomes la rger ,  i n t e r -  

act ion between the  element becomes more and more s ign i f i can t ,  s ince  the  

rad ia t ion  view f a c t o r s  between adjacent zones increase. As t h e  gap becomes 

la rger ,  the  required power input t o  the  second zone increases  u n t i l  it 

exceeds the  power r a t i n g  of t h e  heat ing elements. 

power input t o  the  f i r s t  tone becomes smaller u n t i l ,  eventual ly ,  heat ac tua l ly  

flows out through t h e  f i r s t  zone. 

crease and those i n  the  f i r s t  zone decrease i n  t h e  same manner as t h c  gap i s  

As t he  gap 

A t  t he  same time, t he  

The temperatures i n  t he  second zone in- 

4 2  



increased. 

a similar effect t o  reducing t h e  gap t o  a very small d i s tance ,  and t h e  heat 

flux d i s t r i b u t i o n  i n  t h e  r e s i s t ance  elements should approach t h a t  i n  t h e  
ou te r  r eac to r  wall. 

Baff l ing of t h e  var ious zones t o  reduce in t e rac t ion  w i l l  have 

A simulation run of t h e  updated model was mode t o  determine whether 

t h e  proposed EPSDU r e s i s t ance  heat ing system was capable of  generat ing 
t h e  wall temperature p r o f i l e  required i n  the  EPSDU reac tor .  

of t he  ceramic b a f f l e s  and t h e  ceramic backing of t h e  heat ing elements was 

assumed t o  be 0.5, and t h e  r eac to r  wall was assumed t o  be black. A 2-inch 

gap betwee.1 t h e  hea t ing  elements and t h e  r eac to r  wall was spec i f ied .  

The r e f l e c t i v i t y  

Figure 6 shows t h e  power inputs  t o  t h e  var ious heat ing zones, and 

Figure 7 shows t h e  corresponding element temperatures needed t o  achieve t h e  

desired temperature p ro f i l e .  

was predicted i n  zone 3, with values  of .6 .8  kW and 994OC respec t ive ly .  

each zone of  hea t ing  elements has a power r a t i n g  of  8 kW and a temperature 

capab i l i t y  o f  1200 C, t h e  system is  capable of achieving t h e  des i red  p r o f i l e .  

The negative power inputs  t o  zones 1 and 1 2  i nd ica t e  t h a t  heat ing elements 

are unnecessary i n  these regions provided these  areas are properly insulated.  

The maximum power input and element temperature 

Since 

0 

The first d r a f t  of  our engineering memorandum descr ibing the  use 

of t h e  theo re t i ca l  model i n  designing the EPSDU reac to r  has  been completed 

and i s  cu r ren t ly  being reviewed. 

v e r i f i c a t i o n  of t h e  free-space r eac to r  model, t h e  c r i t e r i o n  used t o  sca l e  

up t h e  r eac to r  t o  EPSDU size ,  and t h e  completed conceptual design o f  t h e  

EPSDU r eac to r  and i t s  associated multizone r e s i s t ance  heat ing system. 

f i n a l  vers ion of  t h e  report  w i l l  be  issued i n  February. 

The report  dea l s  with t h e  experimental 

The 

Drafting work on t h e  EPSDU free-space r eac to r  and hopper was 

The r eac to r  w i l l  u t i l i z e  an 18-inch i n s i d e  diameter quartz  l i n e r  s t a r t ed .  

contained i n  an Incoloy 800 H r eac to r  she l l .  

a spring p l a t e  t o  provide a dust-seal  t o  compensate f o r  t he  approxiinately 
1.25-inch d i f f e r e n t i a l  expansion between the  l i n e r  and r eac to r  s h e l l .  Vendor 

contacts  have been made t o  obta in  the  appropriate  res is tance-heat ing furnace. 

The r eac to r  head w i l l  contain 

The funct ional  design of t h e  EPSDU pyrolys is  r eac to r  and s i l i c o n  
hopper w i l l  be completed i n  February. 

two vesse ls ,  and d e t a i l s  about vendor-supplied components such as quartz  

l i n e r s ,  scraper-actuator ,  e tc .  w i l l  then be avai lable .  

Preliminary design drawings of t h e  

43 



n 
3 
Y 
Y 

f r 
0 
N 

01 
C 

c, 
Q a 
I 

c 

0 
c, 

c, 
3 

C 
n 
c( 

10 

5 

0 
L 

Q E 
-5 

F i  

too0 

500 

0 

Distance Down Reactor ( f t )  
1 
gure 6 Power 

EPS 

1 

:nputs to '_he Heating Zones - 
IU  Reactor S i  mu1 a t  i on 

2 
I 

3 4 5 
7-4 

6 

Distance Down Reactor ( f t )  

Figure 7 Temperatures of the Heating Elements - 
EPSDU Reactor Simulation 

44 



Crystal  Grobth Experiment Using Free-space Pyrolysis Powder 

A c rys t a l  growth experiment was conducted by Kayex Corporation 

on October 20, using s i l i c o n  powder produced by t h e  free-space reac tor .  
primary objec t ive  was t o  e s t a b l i s h  t h e  f e a s i b i l i t y  of growing an ingot by 

introducing s i l i c o n  powder d i r e c t l y  i n t o  the c r y s t a l  grower. 

The 

A powder-feeding device based on an auger was designed and f a b r i -  

cated t o  t r a n s f e r  powder d i r e c t l y  from a s torage  drum t o  t h c  c r y s t a l  grower. 

A CG 2000 RC p u l l e r  was used. The drum-auger assembly, containing s i l i c o n  
powder from free-space r eac to r  Run 13, was connected t o  an inc l ined  quar tz  

tube en te r ing  t h e  c r y s t a l  grower through a top  por t .  

used t o  i s o l a t e  t h e  c r y s t a l  grower. 

t o  c l e a r  t h e  quartz tube i n  case  of  blockage. 

A b a l l  valve was 

A ceramic-disk plunger was provided 

Powder was fed  t o  t h e  c ruc ib l e  by manually r o t a t i n g  t h e  auger 

a f t e r  applying power t o  t h e  pu l l e r .  

however, considerable blowing of t he  powder in t he  furnace chamber was 

observed. 

whenever t h e  powder got i n  between the  c ruc ib l e  and t h e  g raph i t e  heating 

elements. Powder melting was e f f ec t ive .  

l imited t o  50 t o  60 kW due t o  a rc ing ,  nnd t h e  c ruc ib l e  could not be lowered 

jn to  a higher temperature zone, the feeding and melting steps were r a t h e r  

slow, taking almost 6 hours t o  e s t a b l i s h  a s t a b l e  melt of  approximately 
6.5 kg of  s i l i con .  The melt was r e l a t i v e l y  f r e e  from s i l i c o n  monoxide; 

however, a g lassy  s l ag  formation observed i n  t he  melt was not explained u n t i l  

completion of t he  experiment. When the equipment was disassembled a t  t h e  

end of t h e  run, i t  was rea l ized  t h a t  t he  cercmic plunger d i sk  (1.25" dia.  

x 0.25" t h i ck ,  containing approximately 7% boron), designed by Kayex, had 

acc identa l ly  f a l l e n  in to  t h e  melt. 

Powder fceding was s a t i s f a c t o r y ,  

This uncontrolled blowing of f i n e  powder caused arc ing  problems 

Since the  power input had t o  be 

Crystal  pu l l i ng  was hampered by severa l  f ac to r s .  Crucible r o t a t i o n  

had to  be stopped due t o  a rc ing  problems. Fluxing and d e v i t r i f i c a t i o n  of  

quartz c ruc ib le ,  caused by t h e  dissolved ceramic d i sk ,  r e su l t ed  i n  quartz 

p a r t i c l e s  migrating towards t h e  seed and a f f ec t ing  c rys t a l  growth. Kayex 

was nblc t o  pul l  po lyc rys t a l l i ne  ingots of 1 inch and 4 inchcs i n  diamctc-r 

and 3 inches long, Due t o  t h e  heavy acc identa l  doping, r e s i s t i v i t y  of t h e  

polys i l icon  ingots was low, t y p i c a l l y  0.04S~cm, P type. 
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On November 20 a second powder-melting and crystal-pulling run 
was conducted by Kayex Corporation using silicon powder produced by our 
free-space reactor. 
stainless-steel tranqfer-drum directly without exposure to the atmosphere. 
The drum was initially kept under a nitrogen purge and finally under an argon 
purge. 
crystal puller. 
in the previous run, was eliminated. The crystal-puller furnace was 
equipped with a new graphite hot zone. 
ihe annular space between the quartz crucible and graphite heater, 
shield prevented powder from getting into the annular region and thus eli- 
minated arcing problems experienced during the previous run. 

The powder from our Rrn No. 17 was transferred into the 

This drum, containin!; an auger, was connected to Kayex's CG2000 RC 
The ceramic plunger, which caused contamination problems 

A qtlartz ring was used to shield 
This 

Powder feeding and melting operations were effective. The feed 
and melt rate was approximately 3.2  kg/hour, and there were indications 
that this rate could be consideriibly increased. 
crystal ingot were h'mpered by the presence of a contaminant "scum" floating 
on the melt surface. 
had reacted with some component of the furnace atmosphere. 
flow around the crucible was disturbed during attempts to remove the conta- 
minants, additional powder with contaminant fell into the melt. The bulk 
powder did not appear to contriLute to this contamination, 

Attempts to pull a single 

This contamination seemed to originate from powder that 
When the gas 

Kayex was able to pull a polycrystalline ingot 3 inches in diameter 
x 4 inches long. The resistivity of this poly was measured to be SSRcm, P-type. 
T h i s  resistivity value is excellent aid indicates that our free-space pyrolysis 
powder is of high purity. 

1.6.2 Me1 ting/Consolidation 

The design and development effort necessary to obtain a reliable 
melter for EPSDU involves UCC and sub-contractor (Kayex) effort. 
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1.6.2.1 Melter System Subcontract 

Kayex Corporation i s  developing t h e  s i l i c o n  melter system for 
The s i l i con  consolidation scheme i s  based on melting t h e  powder i l l  EPSDU. 

a quartz c ruc ib le  and dropping molten s i l i c o n  shot from t h e  c ruc ib l e  bottom 

in to  a cooling tower where the  shot is  so l id i f i ed .  The goal is  t o  design 
and bui ld  a melting/consolidating system s u i t a b l e  f o r  i n s t a l l a t i o n  i n  t h e  

EPSGU. 

During the  first quar te r  of t h i s  cont rac t ,  Kayex conducted a theo- 
retical ;tudy of t he  sho t t ine  process, met with Union Carbide concerning t h e  

theore t ica l  approach, began design of the  prototype assembly concentratinp 

on long del ivery time items, purchased several items, and condx ted  ten  small 
sca le  melting runs t o  demonstrate t he  f e a s i b i l i t y  of t h e  shot t ing  concep: 
and t o  obtain process operpting experience. 

During the  second quar te r ,  Kayex determined an appropriate  
crucible  o r i f i c e  s i z e  based on small-scale melting run results, devised 

a system of process controls ,  and neared coinpletion of system design and 

par t  ordering foi t h e  shot te r .  

The current  quar te r  prciject goals have been t o  complete system 

design and p a r t  ordering, to assemble the  system as p a r t s  a r r i v e ,  and t o  

f in i sh  the  small-scale melting mas. 

Process Controls 

Sensotec Corporation i s  producing most of the  process control  

equipment t o  be used including t h e  load c e l l ,  t h e  pressure t ransedcers ,  and 

i l l1 amplif iers  ard d i g i t a l  readouts. 
the best  avai lable ,  so it was decided t o  use Sensotec equipment for t h e  

e n t i r e  system t o  make the  system as homogeneous a s  possible .  

The Sensotec Sensors were deemed t o  be 

Infrared l i g h t  sources and photocel ls  were ordered fo r  de tec t ing  

both shot flow and Fowdei level .  



A s h a f t  r o t a t i o n  magnetic ra te  sensor w i l l  be used t o  monitor 

auger feedra te  and t o  send an output signal to  a DVM in  t h e  control  panel. 

Flow switches and alarms are used t o  monitor cooling water flow 

rates and a char t  recorder  t o  monitor important process  var iab les  such as: 

0 The sho t t ing  f lowrate  by monitoring t h e  photocel l  output 

in t h e  lower cont ro l  mounting chamber. 

The temperature of  t h e  hot  zone by monitoring t h e  o p t i c a l  

pyrometer output i n  t h e  furnace tank. 

The ne t  melt weight (i.e., t h e  t o t a l  m e l t  weight sensed 

less t h e  gas pressure d i f fe rence)  by monitoring the  output 
from t h e  d i f f e r e n t i a l  amplifier which sub t r ac t s  gas 

pressure  d i f fe rence  from gross melt weight. 

0 

0 

The powder leve l  sensing method has been demonstrated i n  a laboratory simu- 

l a t i o n  with an I R  i i g h t  emit t ing diode and a standard silicon photo t rans is tor .  

Lttsign Review 

On September 10, Kayex and Union Carbide representa t ives  met 

a t  Kayex's f a c i l i t y  i n  Rochester. 

The following i ssues  were discussed/resolved: 

0 Transfer  of  powder from a drum t o  t h e  feed hopper could 

b- achieved by using a hand-operated m i x e r  a t tached t o  

t h e  drum. Concern was expressed t h a t  t he  dr iv ing  gas 

may channel through the  powder s ince  t h e  powder has low 

density.  

0 A handwiper would be adequate for  observing powder l eve l  

i n  t h e  hopper. 
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0 Union Carbide inquired abaut t h e  advantage of induction 

over r e s i s t a n c e  heat ing s i n c e  we do not couple d i r e c t l y  

t o  t h e  melt. 

is quicker  t o  cause a temperature response for a given 

change i n  power applied. 
heating, t h e  power appl ied must heat t h e  h e a t e r  elements 

whic! must, in tlmm, heat t h e  crrxible support by r a d i a t i o n  

and convection which, i n  tu rn ,  hea t s  t h e  melt. The hea ter  
elements also heat t h e  furnace wal ls  through t h e  i n s u l a t i n g  

heat  pack. In induction heating, t h e  power applied ( a f t e r  

a s l i g h t  loss i n  t h e  c o i l 1  d i r e c t l y  h e a t s  t h e  graphi te  

susceptor which, i n  tu rn ,  h e a t s  t h c  melt. 

Kayex responded t h a t  induction heat ing 

This is because i n  resistance 

0 Union Carbide approved t h e  use of a f an  with ;I f i l t e r  for 

introducing a i r  t o  t h e  control  cabinet and a louver for 
:a o u t l e t  t o  make t h e  cabinct  "dustproof". 

Equipment Design and Purchasing 

The following paragraphs d iscuss  t h e  components for t h e  melter 

and sho t t e r .  

Gaskets 

A s i l i c o n  rubber soft c y l i n d r i c a l  gasket w i l l  he used fo r  

s ea l ing  between t h e  furnace tank and t h e  drop tube. 

enough t o  compress under an increasing load without producing n s i e n i f i c a n t  

fo rce  opposed t o  t h e  downward force o f  t h e  hot zone (which would a f f e c t  

t h e  weight readout). 

The g:iskct i s  soft  

Graphite Elements 

Two pre-purif i  ed graphi te  susrep tors  wcrc ordered from Weaver 

as well as a graphi te  i n su la t ing  piece.  

Two g raph i t e  rupture  d i s c s ,  rated t o  bu r s t  ;it 15 i 's ip,  ga:;kcts, 

sup1 r t  sleeve, and a def lec t ing  elbcw were a l s o  placed on ordcr. 
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Auger &sign 

A prefer red  seal design for t h e  auger system was approved by 
Union Carbide, and ordered. 

The extension f o r  t h e  auger hopper, expands t h e  hopper capac i ty  
t o  60 ga l lons  while maintaining 10 p s i  capab i l i t y ,  was contracted t o  t h e  

auger manufacturer. 

Quartz Drop 'iubcs 

Five quar tz  drop tubes for  channeling powder from t h e  auger o u t l e t  

t o  the c ruc ib l e  have been ordered. 

>upporting t h e  molybdenum rad ia t ion  hood and for use as a c ruc ib l e  cover 

have a l s o  been ordered. 

Five quar tz  r ad ia t ion  hood supports for 

Recorders 

A Leeds and Northrup Speedomax Mark 111 chart recorder with t h r e e  

charlnels and a 15-inch pe r  hour chartspeed h3s  been obtained. 

Pneumatic Powder Transfer 

The pneumatic powder t r a n s f e r  method and a t e n t a t i v e  design f o r  

&he powder drum, hopper, and connecting hose were es tab l i shed  a f t e r  d i s -  

cussions between Kayzx and Union Carbide. Kayex w i l l  use a small pump on 
t h e  hopper gas o u t l e t  t o  he lp  p u l l  t h e  powder in to  t h e  hopper and reduce 

t h e  pressure requirements on t h e  powder drum. 

will be a r r i v i n g  too  l a t e  f o r  use i n  s t n r t i n g  up t h e  system, two mechanical 

pressure gauges have been obtained f o r  t h i s  purpose. 

Since t h e  pressure transducers 

S i l i con  Chunks 

A sample bag of  5 kg of v i rg in ,  o f f - spec i f i ca t ion  po lyc rys t a l l i ne  

s i l i c o n  "nuggets" was obtained from Smiel, but were too f i n e  t o  etch and 

use for melting. "Chunks", ordered from Si l i con  Casting, w i l l  be evaIuatcd 

€or use i n  melting. 
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Induction Heating System 

Design drawings for t h e  induction hea t ing  system were sent  by 
American Induction t o  Kayex for review and approval. 

Weight Ring 

The design f o r  t he  weight-ring l egs  was changed so t h a t  t h e  l e g  

r e s t i n g  on t h e  load ce l l  w i l l  be anchored i n  t h e  weight r i n g  and w i l l  be  

of f ixed  length. 

tank. 

The o the r  two l egs  can be adjusted from ou t s ide  t h e  furnace 

A housing f o r  t h e  load cell  has been ordered. This w i l l  mount 
on t h e  upper f lange  of the  lower control  mounting chamber. 

t i n g  t h e  weight r i n g  have beeq ordered, t hese  w i l l  mount on t h e  upper f lange 

of t h e  lowcr cont ro l  mounting chamber. 

Screws f o r  adjus- 

Crucibles 

Three c ruc ib les  without nozzles have been ordered from lleraeus 

These w i l l  be modified when an appropr ia te  nozzle design has been Amersil. 
chosen, based on prel iminary run r e s u l t s  using t h e  f i v e  round-bottomed 

cruc ib les  with nozzles tapered from 2 t o  1 mm. 
flow c i r c u i t s  have been obtained a s  have water flow switches. 

Rotameters for a l l  water 

Helium 

Compressed helium cyl inders  (213  cubic feet a t  2200 p s i )  w i l l  

be used f o r  t he  s h o t t e r  system purge gas s ince  l i qu id  he l ium i s  not avai lable .  

I t  is roughly estimated t h a t  one sho t t ing  run using one c ruc ib le  f u l l  of  
s i l i c o n  chunks would r equ i r e  a t  least two cyl inders  of helium. 

would be required for  the  furnace tank whose volume i s  7 cubic feet and 

one for the  drop tube whose volume is  2 . 5  cubic f ee t .  

requi re  a much g r e a t e r  flow rate than t h e  furnace tank, s ince  a steady gas 

stream is  needed t o  cool t h e  f a l l i n g  shot.  

30 furnace t a n k  volumes and 85 drop tube volumes of gas throughput. 
blanket order  €or 50 cy l inders  of Linde i n d u s t r i a l  grade (99.99600 pure) helium 

has been placed. 

One cyl inder  

The drop tube w i l l  

One f o r  each chamber w i l l  provide 

A 
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Equipment Del iver ies  

The s h o t t e r  framework and platform were de l ivered  during October on 
Other p a r t s  received include t h e  furnace tank,  basepla te  and l i d ,  schedule. 

g raphi te  susceptors and in su la t ing  blocks, molybdenum rad ia t ion  hoods, and 
gas valves and regulators .  In addi t ion,  we received t h e  altunina r ad ia t ion  

sh ie ld  and hot-zone support tubes,  t he  stee; elbow and f lange f o r  de f l ec t ing  

the  rupture  d i s c  gas flow, t h e  auger support assembly, two 11 gpm flowmeters 

f o r  capaci tor  bank and generator  water flows, f i v e  round-bottomed cruc ib les  

with nozzles from QSI, a 5 kg sample of po lycrys ta l l ine ,  0 t o  5 ohm-cm, p-type 
s i l i c o n  chunks f r o m  S i l i con  Casting, and s i x  cy l inders  of 213 f t  

helium a t  2200 psi .  

3 each of 

The induction heater system was designed and supplied by American 

Induct ion. 

Assemblv and Schedulinc 

Riggers were coatracted t o  assemble t h e  s h o t t e r  platform, sup- 
port ing s t ruc tu re ,  and ladders  and r a i l i ngs .  The s h o t t e r  s t r u c t u r e  com- 

ponents have been bol ted  together  so t h a t  it can be disassembled and shipped 

when necessary. 

t o  include a s l i d i n g  ga te  t o  allow easy passage of material onto t h e  platform 

when using the  crane. 

t he  primary platform t o  allow f o r  easy access t o  viewport window, and t o  
f a c i l i t a t e  working on sec t ions  below t h e  primary platform. 

The r a i l i n g  around t h e  primary platform has been modified 

A secondary platform has been mounted 7 f e e t  below 

The furnace tank basepla te  has been d r i l l e d  and tapped for t h e  

alignment brackets  f o r  t h e  alumina r ad ia t ion  sh ie ld  tube,  and these  brackets 

ha,-e been machined and in s t a l l ed .  The furnace tank, baseplate ,  and l i d  have 
been mounted and leveled on t h e  sho t t e r ' s  primary platform. 

The construct ion phase should extend 2 months beyond the  o r i g i n a l l y  
projected deadline because of the  f a i l u r e  of several  key vendors t o  meet 
de l ivery  dates .  

5 2  



The beginning of t h e  debug and test phase w i l l  be delayed by 2 

m n t h s  because of t h e  l a te  completion of t h e  construct ion phase. The pro- 
cess development phase, scheduled t o  begin i n  November, will be delayed by 
2 months for t h e  same reason. I t  may be poss ib le  t o  make up t h i s  time i n  

the  10 remaining months of t h e  pro jec t ,  e spec ia l ly  during t h e  process de- 

velopment phase. 

%all Scale  Runs 

The last small scale melting run was conducted i n  October with 

The chunks were on top  t o  prevent t h e  powder s i l i c o n  powder and chunks. 

from r i s i n g  out  of t h e  crucible .  The purpose of t h i s  run was t o  determine 

i f  previous powder melts d id  not produce shot (unl ike chunk melts) because 

of i n s u f f i c i e n t  head from low-density powder. During t h e  run, t he  o ld  

cracked graphi te  created extreme arc ing  problems, cracked fu r the r ,  and 

damaged t h e  c ruc ib l e  wall as well a s  t h e  outer ,  quar tz ,  argon-containing 

purge-tube. 

of t h e  silic, 
the re  was i n s u f f i c i e n t  melt head t o  fo rce  shot  passage. 

The hea te r  had t o  be powered down prematurely, but near ly  ha l f  

melted without producing shot.  I t  i s  inconclusive whether 

1.6.3 Fluid-Bed Development 

This development program includes a l l  a n a l y t i c a l ,  experimental, a-4 
design e f f o r t  assoc ia ted  with developing a fluid-bed r eac to r  as an a l ter-  
na t ive  o r  backup system t o  t h e  free-space reac tor .  

1.6.3.4 Fluid-Bed Pyrolysis  (PDU) 

This work item cons i s t s  of a l l  e f f o r t  associated with the  design, 

fabr ica t ion ,  and t e s t i n g  of an experimental un i t  t o  e s t a b l i s h  design data  

for an EPSDU-scale system. 

PDU Fabrication/Assemblv 

The design of  t h e  PDU was completed i n  October. A l l  f ab r i ca t ion  

work was completed i n  December. 

and p a r t i c l e  separat ion boot a r e  connected and mounted on t h e  support s t ruc tu re ,  

A l l  valves,  process l ines,  and most of  the  instrumentation a r e  i n s t a l l c d  and 

piped. 

The expanded head, f l u i d  bed reac tor  pipe,  
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The p a r t i c l e  withdrawal sec t ion  from t h e  boot t o  t h e  product hopper 

was assembled and tes ted.  

t h e  product hopper by gravi ty  o r  d iver ted  pneumatically with a high-velocity 
hydrogen stream t o  a small sample hopper. 

S i l i c o n  p a r t i c l e s  were successfu l ly  t ransfer red  i n t o  

About 300 l b  of high-puri ty  s i l i c o n  was ground and screened. About 

45  l b  w i l l  be acid cleaned and etched. 

the  f l u i d  bed on s tar t -up.  

This w i l l  be the  i n i t i a l  charge for 

Feeding o f  s i l i c o n  seed p a r t i c l e s  i n t o  t h e  f l u i d  bed w i l l  be con- 

t r o l l e d  L, a small screw auger feeder  which was assembled and tes ted .  

every 180 degree ro t a t ion  of t h e  auger, 2.0 2 .1 grams of  s i l i c o n  was passed 

from the  feeder. 

For 

The amount of seed required t o  sus t a in  continuous operat ion 

ca lcu la ted  t o  be about 14 grams pe r  hour. 

Operating procedures f o r  t he  f l u i d  bed u n i t  were wr i t ten .  This 
includes de t a i l ed  step-by-step in s t ruc t ions  f o r  i n i t i a l  s t a r t -up  and operation 

of t he  f l u i d  bed. 

Remaining work includes i n s t a l l a t i o n  of thermocouples, r e s i s t i v e  

heaters ,  capac i t ive  electrode hea ter  assembly, insu la t ion  r eac to r  ou te r  walls, 
product hopper t o  boot, sample hopper from t h e  product withdrawal l i n e ,  and a 

few remaining instrument and a i r  l ines .  

January 1981 and check-out w i l l  then be s t a r t e d ,  
This work should be completed i n  

Operation of t h e  two power generators  and matching transformer networks 

required f o r  e l e c t r i c a l  heat ing was checked out using a dummy load. 

The e lec t rode  assembly has been assembled. The stepping motor worked 
s a t i s f a c t o r i l y  and the  control  pos i t ion  indexing switch has been ca l ib ra t ed  

t o  ind ica te  e lec t rode  spacing. 

because of  sur face  defec ts .  

sea l .  

power e lec t rodes  provides a sho r t e r  e l e c t r i c a l  path than t h e  e lec t rode  clemcnts 

The ground e lec t rode  sha f t  i s  not acceptable  

There i s  a p o s s i b i l i t y  tha t  t h e  O-ring w i l l  not 
Also t h e  loca t ion  of  t h e  e lec t rode  element crossarm with respect  t o  the  
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i n  some posi t ions.  

ground and polished shaf t ing  with t h e  crossarm loca t ion  changed t o  be in  l i n e  

with the  quartz  tube in su la to r s  of t h e  power electrodes.  
t he  po ten t i a l  e l e c t r i c a l  path from crossarm t o  power e lec t rode  i f  t he  s i l i c o n  

bed height goes above t h e  crossarm. 

A new ground e lec t rode  is  being fabr ica ted  from cen te r l e s s  

This e l iminates  

The operat ing procedure has been wr i t ten  for t h e  d i r e c t  e l e c t r i c a l  

heating of t he  s i l i c o n  bed. 

equipment and e lec t rode  assembly and t h e i r  operat ing cha rac t e r i s t i c s .  
step-by-step s t a r t u p  and load balancing method is  out l ined  and use of one o r  
both e lec t rode  c i r c u i t s  i s  discussed. 

This includes a descr ip t ion  of the  e l e c t r i c a l  

A 

CaDacitive Heatine 

A comparison of 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 s  and equipment require-  

ments f o r  capac i t ive  heat ing vs arc-discharge heat ing was completed and is 
summarized in  Figures 8 through13 and Table IV. T h i s  indicated a need t o  know 

the  limits f o r  t he  capac i t ive  heat ing mode. 

may be appl ied i s  determined by the  breakdown vol tage f o r  t h e  gas i n  the  

s i l i c o n  bed, and t h e  magnitude of t h i s  vol tage was not known. 

input power withGut breakdown occurr ing a l s o  was not known. 

The maximum f i e l d  s t r eng th  which 

The maximum 

A series o f  laboratory experiments was conducted using a f l a t  

pa ra l l e l -p l a t e  test c e l l  (Figure 10) with a uniform e l e c t r i c  f i e l d  t o  determine 

the  power dens i ty  i n  a s e t t l e d  s i l i c o n  bed 3 s  a funct ion of f i e l d  s t r eng th  and 

frequency. 

sured. 
a t  1 megahertz and the  bed has a very high d i e l e c t r i c  constant.  Tests were 

conducted w i t h  t h e  aluminum e lec t rode  p l a t e s  contact ing the  bed and w i t h  a 3 m i l  

th ick mylar f i lm between t h e  p l a t e s  and t h e  bed t o  simulate a d i c l e c t r i c  coating. 
The e l e c t r i c a l  p rope r t i e s  were changed only marginally by the  mylar f i lm.  

one s e t  o f  tes ts  there was a s l i g h t  increase i n  power dens i ty  and in  another 

t e s t  series a s l i g h t  decrease. Above 100 k i loher tz  t he  powsr denis ty  increased 

only s l i g h t l y  w i t h  frequency. The power densi ty  a t  a f i e l d  s t rength  of 600 RMS 

volts/cm and 100 k i loher tz  was 0.15 watts/cm . 

The bed volume impedance as a function of frequency was a l s o  mea- 

The leading phase angle  var ied from about 40' a t  10 k i lohe r t z  t o  87' 

In 

3 
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Tests  were conducted with beds of metallurgical-grade s i l i c o n  of 
d i f f e r e n t  p a r t i c l e  sizes and semiconductor-grade s i l icon of wide p a r t i c l e  

size d i s t r i b u t i o n  having a mean p a r t i c l e  size of 222 microns. 

t h a t  t h e  volume impedance of t h e  bed i s  independent o f  p a r t i c l e  s i z e  and 

grade of s i l i con .  

I t  was found 

A paral le l - rod test probe (Figure 13) was fabr ica ted  t o  measure t h e  break- 
down vol tages  of s e t t l e d  s i l i c o n  beds i n  a i r  a t  room temperature. 

vol tage was very dependent on p a r t i c l e  size and decreased rap id ly  .with increasing 
p a r t i c l e  s i r e .  

60 k i lohe r t z  and then stayed about constant a t  higher frequencies. 
semiconductor-grade s i l i c o n  bed o f  wide s ize  d i s t r i b u t i o n  (d 

P 
t h e  breakdown vol tage was 1890 RMS volts/cm a t  100 ki lohertz .  

t o  published values for a i r  i n  a uniform f i e l d ,  t h e  s i l i c o n  bed reduces t h e  

breakdown voltage by s l i g h t l y  mere than one order of magnitude. 

hydrogen i n  t h e  f l u i d  bed pyro lys i s  r e a c t o r  a t  normal operating conditions,  t h e  
maximum continuous f i e l d  s t r eng th  i s  est imlted a t  500 RMS volts/cm with t h e  power 

dens i ty  being 0.11 watts/cm . 

The breakdown 

The breakdown vol tage also increased with frequency up t o  about 

For t h e  - 
= 222 microns) 

Comparing t h i s  

For t h e  case of 

3 

1.6.3 Quality Control 

This task includes a l l  a c t i v i t i e s  associated with t h e  development 

o€ q u a l i t y  control equipment, techniques, and procedures €or use during 

EPSDU operat  ions. 

1.6.4.1 Silane Analysis - Slim Rod Deposition 

Polycrysti?ll ine s i l i c o n  rods have been rout ine ly  grown i n  t h e  labor- 

3toi.y slim-rod deposit ion reactor .  Using undopcd, pure s i l a n e  feed gas 

deposit ing onto a 3 m square x 150 mm l o n g  seed rod, a polycrystal  rod of  

8.25 mm square was grown i n  14 hours. The average deposi t ion ra te  in  successive 

runs was nominally 1.0 g r a d h o u r  a t  850 C deposi t ion temperature. 

r e s i s t i v i t y  of t h e  deposit  was ,753 Qcm with a var ia t ion  of 16 Rcm along t h e  rod 

as measured with a co l inea r  four-point probe. 

was good. 

o f f  a t  t h e  ends. No growth of s i l i c o n  was evident on t h e  water-cooled carbon 

chucks and, 3s shown i n  Figure13, t h e  end of t h e  o r i g i n a l  s u b s t r a t e  could be 

removed i n t a c t  from t h e  chuck. 

point f o r  subsequent tone ref ining.  

0 The bulk 

Surface q u a l i t y  of t h e  deposi t  
The growth was uniform over t h e  length of t h e  rod with a rounding 

This provides a convenient, concentric mounting 
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Fdgure 9 Electrical Properties o f  Static Silicon Particle Bed; 
Power Density PS Field Strength 
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To complete t h e  sequence as a q u a l i t y  cont ro l  a n a l y t i c a l  method, t h e  
polycrys ta l  rods w i l l  be  subjected t o  multi-pass zone r e f i n i n g  and the  resis- 
t i v i t y  p r o f i l e  measured along t h e  r e s u l t i n g  c rys t a l .  

is in t imate ly  mixed with t h e  seed during zone melting. 
f resh  s i l i c o n  t o  seed is >5:1. 
t h i s  period def ine  t h e  base l ine  silane qual i ty .  

The f r e sh  s i l i c o n  deposit  
The planned ra t io  o f  

Ihe q u a l i t y  of t h e  first t h r e e  polyrods grown 

h r i n g  t h i s  period growth runs were not performed as t h e  major a c t i -  

v i t y  was t o  i d e n t i f y  and reso lve  sources of contamination i n  t h e  reagent 

gas supply system, por t ions  of which are common t o  both slim-rod and epitaxy 

reactors.  

of s i l i c o n  on heated seed rods f r o m  s i l a n e  and f u r t h e r  runs a t  t h i s  p a i n t ,  

while adding t o  our experience f a c t o r ,  would have d i l u t e d  our efforts toward 

resolving t h e  s i 1  me p u r i t y  problem. 

We p r e v i w s l y  es tab l i shed  a l l  parameters for rou t ine  uniform growth 

The f i n a l  experimental work using t h e  slim-rod pyro lys i s  r e a c t o r  was 
completed i n  December. 
t r o l l e d  concentrations of diborane or phosphine a f t e r  a series of  t h r e e  runs 

using undoped s i l a n e  were made t o  e s t a b l i s h  base l ine  qua l i t y .  The ob jec t ive  

of t h i s  program w i ~ s  to  develop iI technique which could be used t o  convert a 

sample of s i l a n e  i n t o  a des i r eab le  form of s i l i c o n  of equivalent q u a l i t y  which 
could be analyzed by standard techniques used by t h e  indus t ry ;  namely multipass 

f loat  tone r e f i n i n g  and r e s i s t i v i t y  p ro f i l i ng .  

A series of runs was made using s i l a n e  having con- 

Three 14-hour growth cycles were made using high-purity s i l a n e  gas. 

This ghs had previously been used i n  t h e  e p t t a x i a l  r e a c t o r  where f i lm  resis- 
t i v i t i e s  o f  

w3s of high qua l i ty .  

s ing le-crys ta l  seed rods was smooch and uniform. 

8.25 mm; t h e  new s i l i c o n  cons t i t u t ed  87% of t h e  e s u l t i n g  rod. l h e  r e s i s t i v i t y  
of t h e  rod, mt*:ssured using a 4-point probe, was 250 Qcm. 

410 gross impur i t ies  were present a1 though more accuracy would r equ i r e  cmwcrsion 

of t h e  polycrys ta l  s i l i c o n  rod t o  s i n g l e  c rys t a l .  

S150 Rcm N-type had been measured ind ica t ing  t h a t  t h e  3oiirce gas 

The polys i l icon  growth onto t h e  5 mm square float-zoned 

The average rod diameter was 

This jwljlcated t h a t  

Three growth cycles were made with phosphine and three with diborilnc 

dopant gas mixed i n t o  the s i l a n e  at various l e v e l s  from 2 to  20 ppb. 
was in jec ted  into the  silane a f t e r  d i l u t i n g  t h e  50 ppm source gas w i t h  H2, 

The dopant 

Again, 
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14-hour growth cycles yielded 8.8 mm diameter rods containing 87% new silicon. 
The electrical resistivity of the grown rods will. be measured and compared with 
the dopant concentration in the feed gas to provide a "capture efficiency" in 
the silane-to-silicon deposition. 

1.6.4.2 Silane kialysis - Direct Measurement 
Diborane/Silane Vapor-Liquid Equilibria: The vapor-liquid equilibria 

(VLE) of a diborane/silane mixture was measured at 4OoC and 300 psi, the planned 
operating point of the EPSPU silane distillation column. 
of silane over diborane was measured as 2.03 20.07 at a diborane concentration 
of one percent. 
silane column which is designed to separate the more volatile silane in a high 
tray-count column. 
VLE model used for the SiHj/BzHb system is planned. 

The relative volatility 

This helps to substantiate the operating basis of the EPSW 

Tests for thermo;lyn,?mic consistancy and confirmaticn of the 

The experimental technique utilized in this determination involved 
condensing a mixture of silane containing one percent diborane into a liquid- 
nitrogen-chilled equilibrium cell. The cel l  was cooled to -4OOC where it was 
maintained with mechanical agitation to assure equilibrium conditions. Through 
a plumbing system submerged in the -40 C bath, samples of vapor and liquid were 
withdrawn. The samples were analyzcd by passir?g the vapor (or vaporized 
liquid) through a mall quantity of high purity water containing a pinch of 
curcumin. 
spectrophotometer. 
pod agreement among them. 
measurement group at South Charleston for verification. An evaluation for 

thermodynamic consistency shows the system to be nearly ideal. 

0 

The amount of boron trapped was measured photometrically using a UV 
Several determinations were made on different days with 

The (lata have been sent to the UCC physical properties 

"he original EPSPU column design w3s made assuming ideal gas rules, 
and hence the design basis has been confiracd; no further modeling or changes 
in column design are required. 

1.6.4.3 Silane Epitaxy 

Thc purpose of this work was to develop a rapid analytical techniquc 
for yualit3tively detelmining the electronic quality of silane produced by 
EPSDU prior to committing the silane to the decomposition reactor. 
is based on forming an epitaxial film of silicon from the silane sample onto 

The technique 
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an N - or P-type s ing le  c r y s t a l  subs t r a t e  wafer and measuring t h e  film resis- 
t i v i t y .  

spec i f i ca t ion  can be es tab l i shed  f o r  s i l a n e  s u i t a b l e  f o r  conversion i n t o  product 

s i  1 icon 

Net donor or acceptor levels can be in fe r r ed  and a minimum r e s i s t i v i t y  

The air-cooled epitaxy r e a c t o r  was operated t o  produce nominally 15 Dm 
films on 30 nun diameter, 60 ncm P-type wafers from undoped s i l ane .  

cleaning techniques were defined t o  s u b s t a n t i a l l y  e l imina te  c r y s t a l  imperfections. 

Several sources of contamination were i d e n t i f i e d  and corr-ted including a 

"dirty" HCl regula tor ,  and a tt, p u r i f i e r  element. 

grown rou t ine ly  t h i s  period was q u i t e  good. 
non-destructively using d i f f e r e n t i a l  i n t e r f e rence  con t r a s t  microscopy t o  measure 

stacking f a u l t  dimensions which arc d i r c c t l y  r c l a t e d  t o  f i lm th ickness  3s taught 

by ASTM 143-73. 

compared with t h e  o p t i c a l l y  determined value 3s a p o t e n t i a l l y  quick method of 
thickness determination. To provide s u f f i c i e n t  s tacking  f a u l t s ,  each f r e s h  
wiifer was probed with t h e  four-point probe t o  i n f l i c t  modest sur face  damage 

p r i o r  t o  epitaxy growth. 

Wafer 

The q u a l i t y  of epi - f i lms  - 
Epi-film thickness was measured 

A film thickness ca l cu la t ed  from wafer weight gain i s  being 

The four-point probe u t i l i z e d  for mt:isurcmcnt o f  f i lm  rtsi st i v i t y  

was checked using a f r e s h  wafer u j t h  an independent four-point probc and 

found t o  read w i t h i n  one pcrccnt. 
f i lms are made with t h e  specimen located i n  ;I l i g h t - t i g h t  box to  avoid photo- 

voltaic e f fec t s .  An adjustment i s  provided f o r  compensating f o r  epi-fi lm 

A l l  r e s i s t i v i t y  measurements on epitaxy 

t h i c k n e s s .  ConJuct i v  

bulk specimens and by 

In detc3min 

supply,  mul t ip le  runs 

t y  type is determined by t h e  r e c t i f y i n g  technique f o r  

t h e  thcrmocl e c t r i c  method f o r  t h e  cpi-f  i l m .  

ng t h e  "base l inc" r e s i s t i v i t y  o f  t h c  undoped s i l a n e  

wcre m;dc ii: it s ing le  thy u s i n g ,  as near a-; poss ib le ,  

i den t i ca l  wafer lisndI ing mid r eac to r  operational techniqucs. Af te r  cleaning 

the  f r e sh  wafer i n  an u1tr;csonic detergent bath,  r i n s ing  w i t h  electronic-grade 

methanol :id Typo I wster md clciin-air drying, t h e  specimen is  loaded onto a 
siliccii-co;ited praphi tc  strsceptor iind placed in to  t h e  continuously pirrgcd cpi-  

reac tor  tube. 

tic1 c t s h  and cooling t o  IOSO C ,  

period w i t h  O.S$ Sill4 i n  H ,  2roduces a 

arc mado on t h e  coolcd wafer. 

An H, purge while heitting t o  l lOO°C is followed by ;i 10-minute - 
5 AK t h a t  tcmpcr;iture a 20-minute dcposit ion 

A5 urn film. E l e c t r i c a l  measurements .. 



A low average film resistivity with large run-to-run variation was 
observed when nominally 15 m films were grown from a single source of silane 
on 60 Qcm P-type wafers. 
improvement in resistivity values were obtained when: 

Various trouble-shooting activities showed that 

0 The ultrasonic wafer pre-cleaning bath was cleaned at 
prescribed intervals. 

0 Several fittings contaminated with C-100 thread lubricant, 
were identified and cleaned. 

The silane, hydrogen, and HCl supply lines were acid cleaned, 
rinsed, and dried. 

A significant step increase f r o m  approximately 40 Qcm to over 100 Qcm 
Both cylinders was obtained when an alternate silane supply cylinder was used. 

were presmably "electronic grade'' with a resistivity of >lo0 Rcm when manu- 
factured. The second cylinder had about 6 months shorter shelf time prior to 
use. 
The second cylinder will be used in all subsequent work. 
sources of contamination, which resulted in higher average resistivity values, 
were identified and resolved, tbere w3s still a significant variation in the 
measured epi film resistivity. 

The reasons for low purity in the first cylinder have not been established. 
Even after these 

A series of m s  was made varying the duration and concentration of 

thc. H C l  etch. 
test, thus, the concentration and duration of the pre-etch could have significant 
impact on final film quality. 
film and t h e  resistivity variation across the wafer improved when the tic1 etch 

was reduced in concentration (flow rate) while etching for a slightly longer 
period. 2 
reactor as was the etch temperature of 1125 C. An HC1 concentration of 0.42% 

for 10 minutes produced wafers which were free of haze and substantially free 
of stacking faults. 

HC1 is potentially the dirtiest of the gases used in the epitaxy 

As listed in Table V, the surface quality of the 

The H carrier flow was constant at G liter/min, through the 38 mm ID 
0 
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J u L u L  
E f f e c t  of HCl Etch on Epitaxy F i l m  Qual i ty  

(Standard Procedure as on pg 82 o f  14874) 

HC1 Etch 
Flow Rate Meter Time Res is t i v i  t y 
cc/min S e t t i n g  Min. 

60 112 8 

Wafer Appearance s l  cm 
188 

190 

277 

182 

145 

53 

0.03289g 

0,034688 

0.0327z 

0.02994g 

0.0 21 39g 

0.02771s 

s l i g h t  c loudiness  on 
f ront .  hbnsanto wafer 

100 160 
154.5 

60 112 8 229 
248 223 

157 

cloudy a l l  over no 
s t r i a t i o n ,  heavier  on 
f ron t  

60 119 8 cloudy a l l  over  
heavier  a t  f r c n t  
s t r i a t i o n s  visible 

53 0 
236 250 

203 

8 2 84 
224 161 

161 

cloudy a l l  over 
heavier  at  front 
s t r i a t i o n s  v i s i b l e  

60 

1 2  

112 

30 cloudy a t  f ron t  
s l i g h t l y  s tacking 
f a u l t s  evident a l l  over 

8 40 
47 56 

33 

1 2  

60 

30 

112 

5 62.9 
45 54.3 

47 

stacking f a u l t s  a l l  
over 46 . E  

5 75.4 
38.6 75.7 

70.9 

0.0292 7g 
77.4 

cloudy a t  f ron t  
s t r i a t i o n s  v i s i b l e  
stacking f a u l t s  a l l  
over 

25 

25 

25  

25 

SO 5 349 
75.5 95 

81.9 

0 . 02666g 
116.7 

very sl igh t  c 1 oudiness 
at  f ron t  - stacking 
f a u l t s  a l l  over 

50 

50 

136.5 
85.6 156.6 

131.8 

0.02468g 
184.1 

very s l i g h t  c loudiness  
cloudy spot a t  f r o n t  
few stacking f a u l t s  

6 

6 102.4 
91.5 96.9 

86.6 

0.02737g 
144.9 

sl ight  c loudiness  a t  
f ront  - some stacking 
f a u l t s  

50 some cloudiness  a t  
f ron t  some stacking 
f a u l t s  

6 120.4 
157.8 107.2 

84.7 

0.0276$ 
135.7 
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TABLE V (Cont'd) 

Run U /  Flow Rate Meter 
Page cc/min S e t t i q  

3/87 25 50 
(87C) 

1/89 25 50 
(89A) 

2/89 25 50 
(898) 

3/89 25 50 
(89C) 

Time 
Min . 

6 

- 

10 

10 

10 

10 

10 

Resist i v  it y 
n cm Wafer Appearance 

63.9 0.02661g Deposition a t  1000°C 
40.1 52.0 62.6 Zone of t h i ck  cloudy 

47.8 depos i t  ion - remainder 
clear - few s t a c k s  

184.6 0.02939g very  very s l i g h t  

124.9 Av 157.5 s tacking a l l  over 
156.6 157.0 164.6 cloudiness  a t  f r o n t  

112 .o 0.02901g wafer c lean  few s tack  

102.0 Ax f07.3 
124.1 97.9 100.3 

242 0.02687g Clean wafer 

783 Av 370 
439 399 401 

175 0.02656g Clean wafer - severa l  

140 Av 158.2 
158 121 197 s t a c k s  

137 0.023988 Some cloudiness  left 

180 Av 167.6 s t a c k s  
163 162 196 s i d e  - very few 
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There were s l i g h t  r e s i s t i v i t y  va r i a t ions  across  the  wafer sur face  

which are l a rge ly  due t o  va r i a t ions  i n  f i l m  thickness.  
measurements are made a t  t h e  pos i t i ons  shown i n  Figure 15, t h e  average values 

are within 4% of the  m a x i m u m  var ia t ion .  

depos i t s  were obtained on the  i n i t i a l  test on any given day. 

due t o  inadequate s i l a n e  purge t o  remove the  overnight ni t rogen purge gas. 

This f a c t  is  s ign i f i can t  f o r  EPSDU operat ions where purging between samples 

w i l l  be  very important f o r  assur ing representa t ive  r e s u l t s .  

However, when f ive  

Higher r e s i s t i v i t y  values  and th inner  

This could be 

Epi taxial  films of cons i s t en t ly  high r e s i s t i v i t y  can be grown using 

a well-defined regime of  precleaning and high temperature processing. 

Two s e r i e s  of runs were made during December by adding cont ro l led  

amounts of phosphine or diborane t o  >;lane. 

co r re l a t ion  between impurity level. i n  t he  sample s i l a n e  and t h e  r e s i s t i v i t y  

of t h e  deposited f i l m .  

The purpose was t o  develop a 

For the  case of phosphine, t h e  deposi ts  were made on P-type wafer 
subs t r a t e s  i n  order  t o  form a N - P junct ion and permit measuring t h e  epi-f i lm 

r e s i s t i v i t y .  
the  theore t ica l  r e s i s t i v i t y  assuming a l l  of the  phosphine had been incorporated.  

Figure 16 shows the  r e s u l t  o f  those runs along with a p l o t  of  

A s imi l a r  set of experiments was made using N-type wafer subs t r a t e s .  

However, the  base l ine  r e s i s t i v i t y  values  using undoped s i l a n e  ( ~ ~ 1 6 5  Gcm, N-type) 

were e r r a t i c ,  varying considerably from edge t o  edge across  t h e  wafer and a l so  

from wafer t o  wafer. 

N-type s i l a n e  was used as t h e  control  and thus,  no junct ion was being made. 

One dopant run, using 1 7  ppb B2H6, r e su l t ed  i n  a wide d i s t r i b u t i o n  of r e s i s t i v i t y  

readings. 

t he  f i lm thickness  which s i g n i f i c a n t l y  impacts t h e  r e s i s t i v i t y  value. 

This i s  not too surpr i s ing  s ince  r e l a t i v e l y  high-purity 

The ana lys i s  of these  depos i t s  has not y e t  been completed, p a r t i c u l a r l y  

A d r a f t  r epor t  d e t a i l i n g  the  epi taxy tes t  method and r e s u l t s  has 

been prepared. In  s p i t e  of t he  e r r a t i c  r e s u l t s  with t h e  diborane dopant run, 

t he  general  method i s  fe l t  t o  be va l id  f o r  determining s i l a n e  q u a l i t y  q d c k l y  

and s u f f i c i e n t l y  accurate  t o  meet EPSDU's needs. 

7.1 



e 1.25" - 
31.8 

163 162 196 

Ref. N.B. 14874 P89C 

T 
D i r e c t i o n  o f  Gas Flow 

Note: 

1 )  Values i n  n cm 

2 )  Average f i l m  thickness-15 gm 

on 60 n cm P type substrate  

F igure  15 R e s i s t i v i t y  V a r i a t f o n  w i t h  Pos i t ion  
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1.7 MANAGEMENT AND DELIVERABLES 

This repor t  item includes a l l  a c t i v i t i e s  associated w i t h  managing t h e  

program and insuring t h a t  a l l  del iverables  are made i n  accordance with t h e  

program requirements. 

JPL/UCC Bi-Monthlv Meetinn 

The JPL/UCC bi-monthly progress report  meeting was lreld i n  Tonawanda i n  

December. 

work and t o  Rochester t o  observe t h e  s i l i c o n  s h o t t e r  subcontract work a t  Kayex. 

Side t r i p s  were made t o  East Chicago t o  witness t h e  EPSDU c i v i l  

EPSDU Design Safety Review 

?'he s a f e t y  review meeting was held i n  November, 1980. An extensive review 

of t he  mechanical i n s t a l l a t i o n  drawings was conducted i n  December which incor- 

porated t h e  r e s u l t s  of t he  November sa fe ty  review. 

s t a n t i a l  changes which must be made from t h e  standpoint of sa fe ty ,  ope rab i l i t y ,  

and cost. 
a l loca ted  as "contingency". 

The review revealed sub- 

This type of addi t iona l  work i s  normal and the  expense is normally 

Ouarterlv Progress Review With Kavex 

This review was conducted i n  December during the  v i s i t  by UCC/JPL personnel 

t o  observe the  sho t t e r  prop.*-ss. 

Funding f o r  Fy1981 

Development of various program opt ions f o r  Fy1981 was a major a c t i v i t y  in  

Noveinber. Because of the  funding cons t ra in t ,  planned a c t i v i t i e s  which a r e  not 

e s sen t i a l  f o r  EPSDU construct ion and s ta r t -up  were dropped o r  reduced i n  scope. 

Essent ia l  ac t iv i t ies  were rescheduled t o  minimize expenditures in  Fy1981. 

Four program options were submitted t o  J P L  for Fy1981 with one recommended 
The Fy1981 expenditure schedule for  t h i s  3ption was c lose  t o  f o r  JPL approval. 

t h e  funding l i m i t ,  and the schedule sl ippage is minimized t o  2 t o  4 months. 
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Some personnel reduction was ca r r i ed  out i n  almost a l l  areas i n  prdparation 

f 9 r  t he  program s t r e t c h  out. In  preparing the  Fy1981 sc: _&le and budget, out 

overriding emphasis is i n  minimizing t h e  EPSDU i n s t a l l a t i o n  delay. A substan- 

t i a l  e f f o r t  w i l l  be necessary in January 1981 t o  prepare a schedule and budget 

proposal t o  JPL, since any change i n  schedule and manpower requirements must be 

consis tent  with the  overa l l  Tonawanda wcrk load for 1981 and beyond. 

Major Milestones - 
The major milestones reached t h i s  qua r t e r  are presented i n  Table \'. 

TABLE V M O R  MILESTONES REP.CHED 

WBS NO. 

1.1.2.3 

-- 

1.1 -3.4 

1.1.3.8 
I . 2. I. . 1 

1.2.1.2 

1.2.1.3 

1.2.1.4 

1.2.2.1 

1 . 2 . 2 . 2  

1.2.2.3 

1.2.3.2 

1.2 .3 .3  

I. 2.4.1 

MILESTONE DESCRIPTION OF MAJOR MILESTGNE 

C Scale Model Complete. 

H Process Equipment - Waste Treatment Equipment 
RFR's Issued. 

Data Coilection System - Equipment RFR's Issued. K 

D 

D 

Fie ld  instruments and Controls - Quarterly 
Procurement S ta tus  Report Issued. 

Panels and Panel Tnstrunents - Ouartcrly 
Procurement S ta tus  Report Issued and A l l  
Equipment Received. 

D Data Collection System - Qur te r ly  Procurement 
St  a t  us Report I s s ued . 

D O t h e r  Process Control Equi.pment - Quarterly 
Procurement S ta tus  Report issued. 

D,G Power Supply - N a r t e r l y  Procurement S ta tus  
Report Issued and d l  1 Equipment Received. 

S t a tus  Report Issued. 
D Fower Control Cente; - p l a r t e r l y  Procurement 

D 

D 

Other Power System Equipment - Quarterly 
Procurement S ta tus  Report Issued. 

Reactors - Quarterly Procurement S t a t u s  Report 
Issued. 

D D i s t i l l a t i o n  Columns - Quarterly Procurement 
S ta tus  Report Issuec'. 

D Compressors - Quarterly Procureme :t S t a t u s  
Rcpcrt. Issued. 



TABLE V W O R  NILESTONES REACHED (continued) 

WBS NO. MILE!STONE 

1.2.4.2 D 

1.2.4.3 D 

1.2.4.4 D 

L . 2.4.S D 

1.2.4.6 D 

1.2.4.7 D 

102.5.1 D 

1.2.5.2 D 

1.2.5.3 D 

1.2.5.4 D 

1.2 .5 .6  D 

1.2.6.1 D 

1.3.1.3 D 
1.6.1.1.7 H 

1.6.4.3.4 L 

DSCRIPTION OF MAJOR MILESTONE 

Pumps - Quarterly Procurement Status Report 
Issued. 
Heat Exchangers - Quarterly Procurement Status 
Report I ssued . 
Tanks - Quarterly Procurement Status ReIJort 
Is sued . 
Solids Handling - Quarterly Procurement 
Status Report Issued. 
Waste Treatment - Quarterly Procurement 
Status Report Issued. 
Other Process Equipment - Quarterly Procurement 
Status Report Issued. 
Therminol Heater - Quarterly Procurement Status 
Report Issued. 
Refrigeration Unit - Quarterly Procurement 
Status Report Issued, 
Cooling Tower - Qwrterly Procuremem Status 
Report Issued. 
Instrument Air Unit - Quarterly Procurement 
Status Report Issued. 
Other .4uxiliary Equipment - Quarterly Procurement 
Status Report Tssued. 
Q.C. Trailer - Quarterly Procurement Status 
Report Issued. 
Structural - Start Structural Work. 
Purity E Operability Tests - Consecutive Runs 
and 12-Hour Duration Runs Complete. 
Method Development - Dopant Test Series No.1 
Complete . 
Method Development - Silane Analysis - 
Epitaxy Report Draft Issued. 
Monthly Financial and Management Reports. 
Monthly Technical Progress Reports 
Bi-Monthly Review Meeting 
Quarterly Technical Progress Report for the 
Third Quart;.r 1980 Issued. 

rs 
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SEnION * 1 CONCLUSIONS 

Significant h i g h l i g h t s  and conclusic7ns are presented to  t h e  relevant  

WBS numbers. 

1.1 DESIGN/PROCURENENT 

1.1.1 Process Design 

Detailed reviews of drawings were conducted t o  a s su re  

t h a t  they were compatible with t h e  PEI diagrams, in- 

s t a l l a t i o n  drawings and t h e  s c a l e  model. 

Designs were thoroughly reviewed from ope rab i l i  i j .  and 

s a f e t y  po in t s  of view. 

Equiprnen t c 1 ean i ng rcqu i rement s were t's t ;I b 1 i shed . 
Valves including pressure relief valves were selected.  

1.1.2 - F a c i l i t y  Design 

0 'The s a f c t y  review team met and made cornvents which were 

implemon.ted i n t o  t h e  IIPS1)U design. 

0 The p n t r y  s c a l c  mod*?l w;ts completed. 

0 The f a c i l i t y  s c a l e  model cquipmcnt was completed and 

ready for  assembly according t o  the  EPSOU p lo t  plan. 

0 Operations l i a i s o n  W;IS i n s t i t u t e d  and t h e  pl:int manager 

is becoming f ami l i a r  with dcslgn and procurement. 

1.1.3 Equipment Dosign, Spec i f  i c a t  i on, Procurcmcnt 

a The process control system design was *frozen' .  

0 The PGID w a s  updated t o  collect a l l  changes. 

0 The main control  panel dcsign w;is complcted and issiwd 

far qiiot'ktion. 
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0 Silica agglomerator drawings and specifications were 
completed and RFQ issued. 

0 &ita collection system design is progressing. 

1.1.4 Installation Design, Specification, Procurement 

0 Initial draft of mechanical design package was completed. 

0 EPSMI desil;,, review was completed in Decenber. Major 
changes to the mechanical design package resulted in 
additional design and drafting activity to improve . 

operability, maintenance and reduce piping installation 
costs. 

0 Ihe electrical sign effort is continuing and will be 
qdated to be compatible with mechanical design changes. 

1.2 EQUIPMENT FABRICATION/DELIVER\' 

0 Many purchase orders were issued for instrumentation and 
panel controls. 

0 Major process equipment (UCC supplied) - reactor, dis- 
tillation cciumns, will be shipped in first quarter 
of i981. 

0 Ven4or supplied equipment - heat exchangers, pumps etc. 
are due to be shipped in January 1981. 

0 QC Trailer is on order for delivery in xt quarter. 

0 Inspections at vendor plants have taken place to ensure 
conformance to specifications for custom process equipment. 

1 . 3  INSTALLATION AND CHECKOUT 

Civil, underground and structural work is near completion. 

Major equipment items will b e  delivered to EPSDU site in 
January. 

Valves and associated longer lead items have been ordered. 

0 

0 
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1.6 PROCESS SUPPORT R&D 

1.6.1 

1.6.2 

Free-Space Reactor Development - 

0 Theoret ical  analyses have taken p lace  t o  model t h e  r eac to r  

for  subsequent scale-up. 

0 Experimental ve r i f i ca t ion  of t h e  r eac to r  model w i l l  be 

issued as a repor t .  

0 Test r e s u l t s  of s i l a n e  conversion runs were reported.  

0 A 12-hour durat ion run was accomplished with exce l len t  

r e s u l t s .  
, *  
*b 

Ye 1 t ing/Conso 1 i d a t  ion 

0 The b a s i c  design of t h e  sho t t ing  and melting systera was 
completed and parts were placed on order. 

0 The s h o t t e r  framework and platform was i n s t a l l e d  and t h e  

assembly of p a r t s  were i n s t a l l e d  upon rece ip t .  

0 Successful powder melting hnd crystal pu l l ing  was demon- 

s t r a t ed .  

1.6.3 Fluid-Bed Development 

0 The PDU design was completed in October 1980. 

0 An operat ions procedurc was writ ten.  

0 Construction and instrument-ation was completed. 

1.6.4 Quality Control 

0 Polycrys ta l l ine  s i l i c o n  runs were grown i n  which high 

p u r i t y  s i l a n e  gas was used, t o  e s t a b l i s h  a standard.  

0 O t h e r  growth cycles  were macre i n  which phosphine and diborane 

dopant gases  were introduced ( l e v e l s  from 2 t o  20 ppb). 
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SECrION Ib PROJECTED QUARTERLY ACTIVITIES 

1.1 EPSW D€SIGN/PROCWW@NT - 
1.1.1 Process Design 

0 Review mechanical i n s t a l l a t i o n  drawings. 

0 Review of log ic  for s tar tqdshutdown.  

0 Complete spec i f i ca t ion  of s a f e t y  r e l i e f  valves. 

0 Assemble process pyro lys i s  ?:sign package. 

1.1.2 F a c i l i t y  Design 

0 Conduct s a f e t y  reviews of a l l  systems. 

1.1.3 Equipment Desim. Spec i f ica t ion .  Procurement 

1.1.4 

0 Issue f i n a l  PGID. 

0 IssGe equipment purchase orders.  

0 

0 Assembly of  spec ia l ty  items. 

Continue programming of da t a  co l l ec t ion  systems. 

In s t a l  I a t  ion Design, ::pecification, Subcontract 

0 

0 

0 Continue mechanical drawing a c t i v i t y .  

Continue e l e c t r i c a l  drawing a c t i v i t y .  

Issue RFR f o r  piping components. 

Obtain quotat ions f o r  s i l a n e  tanks. 

1.2 EQUIPMENT FABRICATION/DELIVERY 

0 

0 Issue monthly and qua r t e r ly  procurement s t a t u s  reports .  

Issue va l ida ted  purchase orders f o r  a l l  equipment items. 
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0 Continue processing and review of vendor drawing information. 

0 Issue applicable purchase order change notices for equipment 
design changes identified during vendor drawing reviews. 

0 Visit fabricators of custom process equipment. 

0 Initiate thorough inspection activity at EPSDU. 

e Review equipment cleaning procedures. 

1.3 INSTALLATION E CHECKOUT 

1: Complete civil subcontract work. 

0 Issue field rrogress reports. 

0 Set large pieces of c4uipment as received at EPSDU. 

1.4 OPERATION 

0 Plant manager will become familiar with process anci facility 
during construction design. 

0 Update utility and raw msterial costs and develop detailed 
plzn fo r  Fy1981. 

0 Establish equipment inspection procedures and initiate 
inspection of equipment received. 

1.5 COWRCIAL PROCESS ECONOMIC ANALYSiS c 

(No activity) 

1.6 PROCESS SUPPOR'; RED -- 
1.6.1 - Free-Space Reactor Experiments 

0 

0 Shutdown and secured. 

0 Obtain analytical data on silicun powder. 

Prepare final report on PDU experiments. 
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1.6.2 Me1 ting Consolidation 

0 Check out induction heater. 

0 Complete assembly and checkou, of melter system. 

0 Attempt an initial melting run. 

0 Commission the induction generator. 

0 Prepare preliminary design specifications for 
melter/shotter. 

1.6.3 Flui d-Bed Development 

0 Complete PDU installation. 

0 Complete checkout of PDU. 

0 Conduct safety review. 

0 

0 

Calibrate silane and hydrogen flowmeters. 

Set up gas chromatograph and oxygen analyzer. 

1.6.4 Quality Control 

0 Complete final report for slim-rod and epitaxy reactor 
development. 

1.7 FWAGEEENT AND DELIVERABLES 

0 

0 

Prepare cost  back-up materials requested by JPL. 

Update Phase 111 program status and estimate to complete. 



APPENDIX A 

EQUIPMENT PROCUREMENT STATUS 
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EQUI- P W - N T  STANS 

Flmc E N  RFQ 1 RFR P.O. ' CERTIFIE #c llEHT WIP- 
EQUXprWr ND. 6 W ISPECS SPECS 

NUWJER 'ISSUED ZSSUED ISSUED I lSSUED ISSUED REC'D REC'D 

J J J 

J J '  

434-02 I 

1 I 

Stripper Condenser 

X i - 1 2 ,  16 

Tanks 
464-02. 04 
Ventilation Heat 500 1 8 
Exchaners 

4 3 - 0 8 .  I d ,  18 
Column Condensers 

I 

5001: 1 J I J 
1 

441-06 

! 1 

I 
I I I I I I I 

I I 
i 
! I 

i 50020 
! 

1 I 
1 I 

I 
i I 

I 50021 ' 
I 

5 3 4 - 1 2 ,  16, 21 
444-0: Coolers 

I I 1 , 
I I I 

-- 
I 

9 

50023 I 
i ! 

A- 3 



EM RFQ 1 ffR P. 0 .  EQUP)(WT No. 6 W 
IISSUED ISSUED ISSUED ISSUED 
I 
I 

I 

SO031 I 

50032 

d J  
411-02. 441-04 
461-08 Bins 

I 

A-4 

ERTIFIE WfP- P.O. 
D*c; ' 

ISSUED WC'D R€C'D 

1 SOOJS 1 J J 
J 

421-0?,04,06,08.10,14.18 
45 1 - 04,06 
Tanks 1 

1 I 1 50036 1 I 
t 

I i 
1 
I 

I I 
1 I 

i 

i I I so0j- ' 

4 

I 50038 ~ 

I 
I 50039 , 

1 I 

I 

J j J 

I 
I 

! 
431-04, 06, 08 ,  10 I 

J I I t 

I 

43>-02. 04 
Tanks & Reactors 

50041 

I 

I i i 
50043 

I 50044 

50045 

I 

I 

i I 

i 
I 
I I 



wR PUNC ?. 0 .  E Q U I ~  No. t tune 
NMER T::gD ISSUED 

I 
i 

50048 I 
50047 

1 I 

A- 5 

p.o. :ERTIFTED/ EWUIP- 
R w ; c l l E K T  

ISSUED U C ' D  REC'D 

I i 
t I , 

- SOOSJ j 

461-02 i t 
dot 01 Expansion Tank I 50055 1 ./ 

1 I 

SO056 d J J J J  425-02 
Hydrogenit ion Reactor 

145-02 
Quartz I m c r  i i I 

I 
I 

50058 

445-02 
Pyrolysis Reactor SO059 

45'-04, Oh SO060 J 4 

and Hopper 
417-0: 

F i  1 t e r s  d 
I 

J 

I 

I 
i 

I 



SO061 J 427-02 
Cnrde TCS Filtrr 4 J J J 

437-02 
Silane Ultra Filter 

! 50067 i i 448-08, 10 
Loading Scales 

J J J 

50066 j ! 
I 

rt- 
I 

i 

i- 446-04 
Boule Cart 

T! 

i 
4 i ! I i 

; 50069 I 
! 

I 

500'1 ' 
I I ' joo?? I 

1 
I 

458-04 
S i l i c a  Drum Packer 50073 ' / J 

500-1 

1 

! 

I 
! 

J J J 

i 



50088 i69-12 
Refrigeration System 

A- 7 

4 4 f  4 4 4  



469-16 
memino1 neater 

1 - 1 4  
bS2-02 
M i a t i c  Tailing C o l ~ r r  

469-14 
In t-t A i r  Package 

642-02 
K C  

641-02 
Transformer 1 50094 j J 

1 

565-02 
Quality Control Trai Icr i 50096 i J 

I 

50097 1 I ! 

I 1 j so098 i 
511-08 
TL Argon 'Tank 

I 

I Fuel J i i  Storage Tank j 50099 
461-04. 06 

I 
I 

6 4 5  
becgcncy Generator I 50102 I 4 

l i  

J l 4 l + l  I 
+ I ' l 4  I 

i I I 

I 

I 
J J J J 

I i 

I I ! 
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I !  w1os 

I 1 I I I I I 

J I  

i J  



432-08 I i 

i Silane Colun 
1 

1 I 

i ! 
50123 ' I 

1 

501:: j i  i 

SO128 1 
1 fhr Heater 50129 r/ 

Control lcr SOIJO r/ d 

I 

I i 
4 

464-06 

Program 

v 4 4 

fl .r / 

+- 
A-10 



CorQuter 

t&I!UrnX 
Cartridges 

Autonr ti c 
Va 1 v t s  

Automatic 
Val v c s  

Automatic 
Val V t S  

Autons t I c 
Val ver 1 i j ' 

A-11 



r- 
sap1  e Cond i t 1 onen 501 57 

Caust lc Storage lank 

A-1 2 



Furl Tank 
I 1 50162 ~ 1 ' 
i s t tpping Preparation 1 

6 Frclpht I 50163 1 

{ 
I i 1 

I ! ! j l  
1 ! I 

. )  I 
i 

I 
1 50165 I 

I 
I I ! 

Main Instrument 
Panel "A" , I 

I 
I I i 

I 
1 

I 

! I 

i 
Main I n s t m t  
Panel 'A" ' 50167 4 I r/ i 

W i n  I n s t m n t  
Panel "A" 

Main I n s t n a c n t  
Panel "A" 

i 
! 50171 ' 
! I 
! I 

Main Instrument 
Panel "A"  i SO1n I 
Pbin Instrunsnt 
Panel "A" 

I 1 9 1 7 3  1 ' 
# i n  Instrument 

W i n  InrtNncnt  

A-13 



A- 14 



I 

I 
I f 

I I 
f i 5 0 1 9 7 $  ,, I , 4 F i  el d I m truncntatl on 

, 

A-1 5 

! 
I * /  i 
I 

1 



I I I 

I 
I ! I 

1 i I i / i  
I ! 

I 50210 
I 

! I I 
I i J 

i 1 5 ( 1 2 1 2 ' J  1 4  I f J 
Field I n s t r u m t a t i o n  

A-16 


