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RESEARCH POSSIBILITIES? NO!
Needs for Research to Make PV Solar Energy
Utilization Broadly Competitive

UNIVERSITY OF PENNSYLVANIA
M. Wolf _—

Two Types of Research Philosophies

Product- Research Sales: |

Oriented to Enhancel )| Manuf:ciu_!__ —p Reséarch

Organization | Sales Product Needs

’ Research, Sales: Research
Organization Research Possibilities

MAJOR CRITERION
FOR
COMPETITIVENESS:
PRICE OF ELECTRIC ENERGY
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Multivariable Relationships
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Efficie "‘7 Useful Dpcraling;li[e

The Subsystems

LIGHT PROCESSOR (CONCENTRATOR. TRACKER)
MODULE == CONVZARTER ARPAY

POWER CONDITIONING

ENERGY STORAGE

CONTROL. PROTECTION

AUXILIARY ENERGY
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ORIGHHAL Fi2T 15

OF POOR QUALITY

System Characteristics Determine Market

LOW cFFICIENCY
LIMITED LIFE

DO-1T~YOURSELF INSTALLA- |

TION

OTHER THIN FILM SEMICOND.
(CuqInSe/Cp )

SvsTen Tyee ' Lixery Use Parker Stze ! Most Likery
| | l CANDIDATES
| |
HiGH CCNCENTRATION, | ARID CLIMATES. | LIMITED | SINGLE CRYSTAL ALXGAI_XAS/
TRACKING | CENTRAL STATYON Gals
VERY HIGH EFF!CIENCYI (ATTENDED OPERATIOWN | ! (sinete crysTaL S1?)
CONVERTER I | | MULTI-BANDGAP SYSTEMS
| ’ ]
FLAT-PLATE. AL uses, | LARGEST SINGLE CRYSTAL SI
HIGH EFFICIENCY ' COMMERCIAL INSTALLATION | (MULT1-BANDGAP SYSTEMS?)
LONG LIFC | | |
VERY LOK COST. | PRIM LY RESIDENTIAL. | LIMITED I THIN-FILM A-SI
I I
l I

Research Needs on BOS

TIME RANGE
SUBSYSTEN NEEDED ATTRIBUTES PAYQFC RiISK TO ~TTAINMENT
BLJER CONDITION- LOW PRICE. 1 L Stol
ING HIGH FEEIZIENCY
CONTROL, LOW PFICF, SIMPLE ! L S
FRPTECTION
ENERGY STORAGE LOW PRICE VH H L
LONE LIFE
1 HIGH EFFICIENCY
HIGH DISCHARGE RATE
DEEP CYCLE CAPABILITY
FIELD INSTALLATION | LOW PRICE VK VH ?
HIGH-RAT:O | LLd OKICE l H 1
CONCENTRATOR L.OW MAIN', =NANCE
AUXILIARY ENENGY LOW FrICK -}- H vo VH VH L
S H —_—
S = SMALL OR SHORT b= WiGH L = Lone

—
L]

IHTERMERIATC

VH = vERY MIL.
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ATTAINMENT OF EXPECTED PAVHFT
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Research Needs on Modules
TIE T0
Ty NEEDED ATTRIBUTES PAYOFF RISK ATTAMINERT
ceLt (manur’e [ cost repucTion 10-20 Times VH | Swl
PROCESS)
CELL EFFICIENCY INCREASE VH
25 10 66% S1HPLE CELLS H Svol
70 300X MuLTI-BANDGAP VH L
SYSTEMS (WILL REQUIRE
MODIFIED CELL PROCESSING)
MODULE > 20 YEAR LIFE
}connnm.e? VH I Il
COST REDUCTION

Current Status of Major Module Processes

Iecmoiocy AREA  AeproacH — ExPECTED RESuLIs STATUS

SILICON SoLAR/MCDULES:

Low cosT S1H, Process ~$14,-/x6 PrivaTE INDUSTRY (Union CarBIDE)

PURIFICATION SEMICONDUCTOR~ GOES IFTO PILOT PLANT OPERATION.
G6RADE SI

S1 H2CL2 PROCESS ~$25.-/x6

SEMICONDUCTOR
GRADE S1

SHEET GENERATION (Semi~) Continuvous 150k6/crRUCIBLE,
Automatsp CZ A-TAL 15 cm DIA

GRONTH

Semrcre sTaL St LOWER CCZT THAN
(z, COMPARABLE
PERFORMANCE

SLICING K1GH THROUGHPUT,
LOW KERF, LOW
cosT

RIBBON GROWTH:

tF6 Low cosT, Cz

COMPATIBLE CELL
PERFORM/.NCE

164
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PrivaTe .npusTRY (HemLock
SEMICONDUCTOR CONVERTS EXISTING
SiHCLg PLANT

N=ARLY PRODUCTION READY
BOTTLENECK: SLICING

PRODUCTION COST/PERFORMANCE
EXPERIENCE NEEDED.
BOTTLENECK: SLICING

LITTLE ADVANCEMENT,

PROBLEM AREA.

P1LOT PRODUCTION
Cool EFFILIENCY STILL
T00 iLOW

P

»
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Tec:moLo6Y AREA AppgoacH Exeecyen ResuTs STATUS
NEB-DENDRITE Low cost, (2 CZ COMPATIBLE EFFICIENCY PROVEN.
COMPATIBLE CELL ONLY MATERIAL WITH INTERNAL
PERFORMANCE GETTERING.
PRE-PILOT STAGE. PRODUCTICH
COST EXPERIENCE NEEDED.
NILL PRIVATE INDUSTRY U AMEAD?
CeLe FaBRICATION: PROCESS SIMPLIFI- $0.5 10 1.5/W CONSIDERABLE TECH™ LOGY ADVANCE-
CATION, BY-PROD'*T MODULES OF 1&-17! MENTS MADE.
REDUCTION, AUTOMA- EFFICIENCY ~310/w, AT 7-12% ecciclEncy.
TION ConTINUED SLOW PROGRESS IN
PRIVATE INDUSTRY.
STAGNATION AT A PRICE LEVEL OF
S-lO&/H, AHEAD?
MobuLe AssemBLy BETTER MATERIAL D10 DTO
SELECTION, AUTOMA- 20-YeAR LIFE COST/iL1FE TRADE-OFF UNCERTAIN,
TION
A S1 THin F1LM PRoOcESSES, < $0.5/¥, RESEARCH STAGE.
LOW=-COST ENCAPSULA- LIMITED EFFI- ProDUCTION IN JAPAN FOR CALCU-
TION CIENCY LATOR/NATCH MAKKET
ALXGAI_XAS/GAAS SINGLE X-TAL CELLS. HIGHER EFFICIENCY PILOT LINE QUANTITIES AVAILABLE

THAN ST CELLS,
SUPERIOR HIGH
TEMPERATURE PER-
FORMANCE, BETTER
RADIATION RESIS-
TANCE FOR SPACE
CELLS

PRIMARILY CONCENTRATOR AND
SPACE CELLS.

MAY FORM COMPONENT IN MULTI-
BANDGAP SYSTEM

CUZS/CDS CeLLs

Cuzl&SE/CDS CeLLs

THIN FILM PROCESSES,

LOW-COST ENCAPSULA-
TION

D70

< $0,5/W,.
LIMITED EFFI-
CIENCY, LIFE

HIGHER EFFICIENCY,
LORGER LIFE THAN
L, $/CoS

TECHNOLOGY BEING ABANDONED?

RESEARCH STAGE, MAY FORM
COMPONENT IN MULTI-BANDGAP
SYSTcM,

ALL OTHER COM-
POUND SEMICON-
DUCTORS

MoSTLY ThIN FILM
PROCESSES

MosTLY LOW €cOST

VARIOUS LEVELS OF RESEARCH,
LIKELY REDUNDANT WITH FURTHER
ADVANCED APPROACHES .,

SOME CANDIDATES FOR MULYI-
BANDGAP SYSTEMS,
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Who Fuys What Research?

SHORT RANGE. LOW RISK

IN BETMEEN

LONG RANGE. HIGH RISK
GOVERNMENT

MANUFACTURING INDUSTRY

GRADUAL PROCESS ADVANCEMENT.
AUTOMATION FOR COST REDUCTION.

SMALL. STEPS TO EFFICIENCY

MANUFACTURING INDUSTRY

SOME THIN FILM APPROACHES
(HOW LONG. IF MARKET DOES NOT
DEVELOP SOON?)

GOVERNMENT

S1-CELLS: EFFICIENCY >20%
{AM1)

MULT1-BANDGAP SYSTEMS
GRAIN BCUNDARY RESEARCH
THIN FILM DEVICES (?)

haaini R b sl

IMPROVEMENT, EXTENSION OF MHO? BATTERIES/FUSL CELLS

OPERATING LIFE

RADICAL PROCESS FDVANCEMENT

4 MANUFACTURING INDUSTRY
GRADUAL POWER CONDITIONING RELIABILITY DEVELOPMENT

PR:3RESS

Aokl

STANDARDIZATION A-SI APPROACHES

CONCENTRATORY

FIELD INSTALLATION

A L R

identifiable Research Needs for Efficiency Improvement

SINGLE CRYSTAL SI CELLS

5oAL NeeDED UNDERSTANDING FURTHER ACTI1ONS

Process ConTroL
IN CRYSTAL
(RIBBUN) GROWTH

LONGER MINORITY
CARRIER LIFETIME SI

CRYSTAL STRUCTURE,
ROLE OF IMPURITIES
(HEAVY METALS?)
ROLE OF COMPLEXES
(09, C, STRUCTURE

: DEFECTS?)

ORIGIN OF DEFECTS,
IMPURITIES

INTRODUCTION MECHANISM

. OF DEFECTS, IMPURITIES

| POTENTIAL AND LiMITS OF
: GETTERING

E INFLUENCE OF POST-GROWTH
HEATING, LIGHT

:
3
k.

PROPER POST-GROWTH
PROCESS SELECTION

ST
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GoAL NeepeD UNDERSTANDING FurTHER ACTIONS
SINGLE URYSTAL SI CELLS, CONTINUED

SURFACE PASSIVATION EXACT MECHANISM PROCESS DEVELOP-
REQUIREMENTS ON PASSIV- MENT
ATION LAYERS
WAYS TO MEET REQUIREMENTS
OPTICAL PROPERTIES OF
PASSIVATION LAYERS
InTERACTIONS WITH AR

1 COATINGS

?‘g ATTAINMENT OF PRE- EFFECTS RESULTING FROM

 : DESIGNED DEVICE INDIVIDUAL PROCESSES

STRUCTURE (o1rrustion, CVD or i7E
EPI, ETC)
“LOW TEMPERATURE” PRO-
CESSING FEASIBLE?
LIFETIME MAINTENANCE
THROUGHOUT PROCESSES? OR
RECOVERY?
SIMPLER Process Metwops?

"CLosep Loor DESIGN"  ANALYSIS: ALL PARAMETERS
WHICH INFLUENCE PERFORMANCE
OR ENTER MODELLING
Lacking:
RELIABLE MEASUREMENTS OF
FRONT LAYER DIFFUSION LENGTH;
MEASUREMENT OF:
DIFFUSION LENGTH OF MORE
HEAVILY DOPED LAYERS;
EFFECTIVENESS OF HIGH/LOW
JUNCTIONS;
FRONT SURFACE RECOMBINATION
VELOCITY,
Two METHODS BASED ON COM~-
PLETELY DIFFERENT EFFECTS
SHOULD BE AVAILABLE FOR COR-
ROBORATION OF RESULTS.
UNDERSTANDING OF HEAVY-DOPING
EFFECTS TO ALLOW MORE PRECISE
MODELLING, ASCERTAIN ULTI-
MATELY ACHIEVATLE EFFICIENCY,

—
L pafat P s MA N o

o

E PoLycRysTAL DEVICES

ALL THE ABOVE, PLUS:

EFFECTS OF GRAIN BOUNDARIES

x ON DEVICE PERFORM:ANCE;
CONTRJL OF ELECTRICAL EFFECTS
OF GRAIN BOUNDARIES

NEVICE DESIGN TO MINIMIZE
EFFECTS OF GRAIN BOURNDARIES

-y
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GoAL

e e e LS
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OF POOR QUALITY

NEeDED UNDERSTANDING FurTHER ACTIONS

CincL. amorpous Si:H, erc)

ALL OF ABOVE, EXCEPT FOR GRAIN
BOUNDARIES, WHERE NOT APPLICABLE.
PLus: LEVEL OF EXISTING KNOWL-
EDGE GENERALLY MUCH LOWER THAN
FOR S1

EFFECTS OF STOCHIOMETRY DEVIA-
TIONS,

CoNTROL OF FABRICATION PROCESSES.

SuLTI-BANDGAP SYSTEMS

ALL OF ABOVE; EXCEPT FOR
GRAIN BOUNDARY EFFECTS, WHERE
NOT APPLICABLE. Prus:
INTERFACES BETWEEN CELLS OF
DIFFERENT BANDGAP (TUNNEL-
JUNCTIONS?)

PROBLEMS OF MISMATCH BETWEEN
CELLS UNDER DIFFERING INTENSITY,
SPECTRAL DISTRIBUTION (AM),
TEMPERATURE,
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The Technology Race

Goal
Attribules B o .
Proven Winner — A A "ol ~
LA L2 Relati
Chall 3 ~"\ |r] Szp:o'::
-hatlenger _’A A A LA L} 1 Allocation o
.
“Dark Horse \ o ‘/
Status ot a given time =
May net yet May he
be !'uo_gz:'xa( no!':'ng -
(‘Invenied”)
% Hurdles (partly recognized )
L3 Stoppers (unrecognized)
L 1 Perceiveo Limits
Wm oo 1 T WLk | el e




