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SUMMARY OF NIGH EFFICTENCY SILICON EOIAR CELL MEETING

HEID AT NASA-IEWIE

by banlel T. Bernatowlesz
Hational Asronautics ond Bpace Adminlatration
lawile Research Center
Cleveland, Ohio

ABSTRACT

A High Efficiency Bilicon Bolar Call Meeting wae
held at NASA-Lewis on November 1k and 15, 1574 to re-
view progrece, ussegs rems ining broblems, and outline
directions for future wer @n raising golar cell effi-
elaney. This paper preseé. :e the major reconmendations
and conclusions reached in the meeting,

INTREODUCTION

The RASA-Lewis Hesenrch Center han been conduct-
ing since 1971 a research and development progrem te
raige the efficiency of silicon colar cells for space,
This tiwo-pronged program seeks enrly, gignificant in-
ereases in etficlency ubilizing near-term technological
advahcements and efficlency incrences to its practieal
limit (estimated in 1971 to he 18% AMD) through long
range research., As a result of the Iewls program and
others in government, private industry and universities
signifieant advances have been made since 1971, Teuli-
nological advances include the CUMSAT violet and none
reflaetive vells and the Hellos cell, and the research
programe have ylelded better understanding of the physi-
cal procepges taking place within the cells. Therefore
it was timely that o meeting bte held to review progress,
apgess remaining problems, and outline directions for
future work., A High Bfficiency Silicon Solar (ell lMeet-
ing was held at the Lewls Research Center on November 14
and 15, 1974, Ohort formal presentations on recent
progress provided a common basis of information tor
the subsequent discussion., Most of the information
gontained in thése pregentations will be coverded in
papere glven at this Fhotovoltaics Bpecialiste Confar-
ence. This paper wlll digcuss the eonzensus of the
participante in the High Efficlency Silicen Solar Cell
Meeting on major directions to be taken to raise eell
efficlency,

BUMMARY OF THE MEETING

About 35 representatives of goveimment, .= uwitry,
and university groups active in silicon mate .als re-
search, photovoltaic regearch, and device deve !opment
partieipated. The organizetlonn reprepented are liste
ed in figure 1,

Pregent State of the Art

The recent efficlency improvements were described
and are suwmarized in fipure 2, The Helios cell was in
production at Spectrolab and could be supplied with a
minimum efticieney of 12 to 13% (AMD), 'The Violet
call wan reported to be nearing yproduction at Centra-
lab Enow OCLI) and had en efficiency between 13.5 and
149 (AMD)., The COMSAT Non-Reflective {CNR) cell was
gtill made only in the laboratory at COMSAT, Although
it had not been thoroughly ophimized, an efficlency of
159 (AMO) woe measured, Although these cells are dif-
terent, they reflect several simllmr technoulogical
thruste., ALl the cells have p* backs, a0, antire-
tiection evatings, shallower junctlons, atd”thinner
grid fingers. Congpleucus differences are the 20 obmi-
em resistivity 1n the Hellos cell and the etched, low
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reflection (textured) surface of the CNR cell, Discus=
giony of these recent technology developments made
clear the importance of production factors, such az
irtegration of procesaes, yleld, and cost, on the de-
velopment of a marketable solar c¢ell, Considerable
procéss development, which may involve performance
compromise, is involved in integrating new technolo-
gles into the commercial production of o solar cell,

Improvements in the Near Future

Further %a:lns in efficiency are expected in ths
near futwen (2 to 3 yeara), These are éxpected to be
extenslons of recént improvements and process develop-
ment ¢

F* tack (Back Burface Fleld)

Better antireflection cortinga

Textured (non-reflective) surface

Botter junctions

Thin structures

Karrow grid fingers

Adhesives or cover bonding methods that

adnit more blus light

The improved production cells in thie period are ex-
pected to have a base resiotivity in the range of 4o-
100 olm-em ond to have a baek surface fleld,

Directiona for the Longer Term

Discussions of the longer range efficlency gains
cenber:d sbout regearch activities rather than process
and technology development. Although the technological
improvements were reducing the gap between achieved
performatce and the theoretical 1imit, it was agreed
that turther research was approprinte and necessary,

Several general areas of need, for en effective af-
ficiency Improvement program,were identified, These
conglcted of

~ Better modelling of the egolar cell,
ineliding detailed deseription of the
structure and of the physleel procesaes.

= Better technigues for making and inter-
preting lifetime and diffusion length
measurements. Builk and surface effects
on these parameters should be geparatead,

~ Botter knowledge of' the solar gpectrum
in gpace, &Space tegts on the Violet cell
suggeat that the blue end of the spectrum
has been underestimated,

- Bpace tests for new solar cells on a timely
basia,

There was an extended discussion on what was a rem-
sonable efficiency goal, The maximum theoretical ef-
ficlency of £2% wag not disputed, but it was egreed



that the goal should Ye tho maximen practical effl-
ciency, which would ellow for asuech logoes e reflecs
tlon, shadowing, and serles resistance, Sons disagree-
ument on these lossen and junction losees, and further
uncertainty due to the newly recognized band gep nare~
rowing dus to heavy doping, led to adoption of o range
for the maximum efficlency. It wao agreed that the
maximun praciieal efticiency fopr gilicon solar cells
1oy bebween L7 and 20% (AMO).

Although certain combinations of the technelegi-
eal thrusts listed enrlier might yleld a new deviee
whose efficiency could approach thie gosl, it wes
ngreed the maln reseavch path should continue to be
on low repiscivity silicom, The prineipsl range of
interest should be near Q.1 chm-cm, Beseareh on 0,1
ohmecm oilicon chould investigate

« Difebtims as o functlon of dopant eencentra-
tion, defecte, procesging procedures, and
gecustry,

« Band gap murreving due to heavy doping,

« Dopante other than boron and varicus
depant protf'ilen.

- FRadistion damage and the effects of
oxyeen and cerbon o radintion damage,

There wtp some concern that the reductlon in
1litetine, incregse in recombination current, and in-
erease in radintion dmmapge ag the doping level ip in-
erenped oy be due to the dopant iteelf rather than
other impuritiep or defects due to processing, There
might then be Little potentinl for improvement of
these parameters.

Bince the meeting wabk concerned primarily with
eelle for epace uge, discunsions were held on direc-
tiona for radiustion darmage work to raise the end-of-
life efficlency, The followlng devices and structuras
were identified ao thege that moy be more tolerant to
radiantion damape end therefore deserve attention:

- Vertieal multijunctlon cell,

~ Thin cells and eells with very thin cpi-
tuxial layers.

~ Cell with high resietivity base and o p+
back surtace field,

-~ GaAp ecell, If the price of gelliws can
be reduced.

Adthough no specific deficiencles in radistion
dumnge theory were identified, it wep pgreed that &
larger store of bapic information should be acquired,
Regearch in the following aress should be conducted:

» Determination of theé generation rate of
primary defecte by electrons and protons.

~ BDetermination of the ercvas vections for
the capture of primary defects by dupants
and Ampurities.

- Search for getters for primary defecte,
= Investlpation of photon-induced degrada-

tion in gilicon, espeelolly float zone
material,
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MAJOR JONCLUBIGHE OF THE ROUND TABLE DISCUSSION

The major conclusions reached in the round teble

diseunsion at the High Efflelency Bilicon Solar Cell
Meating were ap followa:

The maxizum practical efflalency of sill-
con golar cella ig between 17 wnd 20% {AMD)
and iz still a reasonable goal,

ha long ratige R approach teward this
pgoal should centinue to foaua on low res
sistivity (0.1 ohm-~cm) silicen,

Hear temn [&D chouwld contlnue to focun
on higher resistivity silicon, back sur-
face fielde, thinner grid fingers, and
surfuce texturing to produce eft'iclency
improvements,

More raesearch should be undertaken in
radiation domage to raise end-of-life
afficlency,

Development of a production cell involven
tradeofis among fabricroility, cost, and
performance,
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OBJECTIVE

- REVIEW PROGRESS IN RAISING EFFICIENCY
= ASSESS THE REMAINING PROBLEMS
= OQUTLINE DIRECTIONS FOR FUTURE WORK

PARTICIPATING ORGANIZATIONS

CENTRALAB HELIOTEK MONSANTO SIMULATION PHYSICS

COMSAT HUGHES MOTOROLA SOLAREX

DOW CORNING 1BM NORTHROP TEXAS INSTRUMENTS
UNIVERSITY GOVERNMENT

FLORIDA PENNSYLVANIA NASA-GSFC  JPL

ILLINOIS WAYNE STATE NASA-HQ, NSF

N. CAROLINA ST, BROWN NASA-LaRC NRL

NASA-LeRC USAF-WPAFB

C5-T3483

Figure 1. High Efficiency Silicon Solar Cell Meeting Objective
and Participating Organizations

DESCRIPTION EFFICIENCY STATUS

HELIOS CELL 12% 70 13% (AMO}  IN PRODUCTION
4 Q-CM
P+ BACK

SHALLOW JUNCTION
THIN GRID FINGERS
Tazos

VIOLET CELL 13.5 TO 14% (AMO}  NEARING PRODUCTION

2 Q-CM
P+ BACK |
VERY SHALLOW JUNCTION
VERY FINE GRID FINGERS

Ta205
COMSAT NON-REFLECTIVE CELL 15% {AMO) LABORATORY, NOT
OPTIMIZED
EFCHED, U.W REH«ECTION SURFACE CS-Ta684

OTHERW35E LIKE JIOLET CELL

Figure 2. Summary of Present High Efficiency Solar Cells

HASA-Lowls
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