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HIGH-EFFICIENCY DEVICE RESEARCH

N86-29375

LOSS MECHANISMS IN HIGH-EFFICIENCY SOLAR CELLS
C.T. SAH ASSOCIATES

C. Tang Szah

Study of Materia! Properties and High-Efficiency
Solar-Cell Performance on Material Composition:
Project Tasks

(1) EFFICIENCY-LIMITING IMP"RITY
AND DEFECT LEVEL CHARa.:.ERI-
ZATION.

(2) COMPUTER MODELING OF CELL
PERFORMANCE.

©® (3) FUNDAMENTAL LIMITATIONS.
® (4) PRACTICAL SOLUTIONS.

® To be discussed here.

Outline

(3) FUNDAMENTAL LIMITATIONS
% Best Cell I-V Curve.

% State-of-the-Art and
Fundamental Limit.

* Summary of Limiting
Recombination Losses.

(4) PRACTICAL SOLUTIONS
® Deaign alternatives

® Test Structure No.1l.
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State of the Art and Fundamental Limited
Silicon Solar Cells

jasssasns|sssseslzszzlsrencsszzz]|snxnsslasssnsnsssscxesizzzanzs|asnzeax]

{SOURCE | Jm

IJsc | voC | FF | EFF | LOSS
I ($) | MECHANISM | =

| 1 (a) 1(an)| (m¥)}

FUNDPMENTAL
LIMITED

-0F -THE-ART —’l

|ESTIMATE| AE-151 36 | 169 lo 861}

[ LS T Py P PRy |
IGreen | 3E-131 36 | 653 10.811] 19.1 |

| 1h-ory| 3E-131 36 | 660 10.88¢° 20.0 ISR

(SO P PR P  Ja—

1 36 | 622 |0.801] 8.0

| Theory! 1RB=121 36 | 627 10.838} 18,9

2

2

iSpitzer l

cave

| as8C |

—

Upper four theory: r.znc& nis1E10,
tRe100un, c“n:.hss. cf.c

|emcsacaa [EETEEE [EEEES PRy fmeame]

ITHEORY | 3E-22) 36 | 786 10.8971 25. |Augerd

ITHEORY | 2E-17] 36 I 776 lo 858 204.0 |Augert
|

lecesacaclacan c|ancc |anaca|omenn]|
IRohatgt | 2E-121 36 | 605 10.7861 17
| Theoryl 2E-121 36 | 605 (0.8301 18.
|emcocann loeeeee |=aec]acaan lemoee |
135 | 620 10.7931 1
| Theoryl 1E-12] 35 | 620 jo. 033! 1
| !

ITHEORY | SE-361 36 | 880 10.868| 25.4 |RadRec
1

| serr
ca/s) | TYPE |

| CELL |

lazszsrxalzxasinlszzs|asssnlaness|zarrsalsasxrassessszzs|ssasszslsnsssas|

Base 1| 311 pc |

Base 2/31 0.3 1 DC &

Base 11 10

INe/P/T 1
!

23.8 1304 PolyEmi 1 |1 2/100§Pe/N/Nsi
!

i 1M71/7078)
Base 1 | 850

1 | I i
| | 1
1SRH Base 1 1100 INe/P/Po]

[ B |
21 1 1 !
| SRH Bass 1 | 650 INe/P/Pel
1 | | -1
701 | |
7.9 ISRH Base 1| 880 INesP |
-~ ! ceeee] fommnane |

Areasica?, XBsSOum, NB:1EV7, DB=20,
12,88-31, CaCMoCPe3.BE-31cnd/s.

Summary of Efficiency-Limiting Mechanis ns

EFFICIENCY CURRENT

RANOE
(3)

STATUS

LINITING MECHANISMS
D
RECOMBINATION SITES

MAX MM
DARK CURR|
LAl lI-F

£

20-2%

18-20

(31)

Must eliminate
all eaitter
recoad. losess.

Musi reduce all
base recomd.
loases.

Currart best
oslls.

Current
produation.

Intervand Auger and
radiative in dass.

SAH st traps at the
oontaot and oxide/

silicon interface.

Use polySi barrier

for contacts.

SAC at traps in the
base layer.

SAC ab traps in both

5.08-16

2.0E-18
to
2.08-1)

2.0£-1)
to
2.08-12

»2.08-12

the base and emitter.
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Floating Emitter Solar-Cell Transistor

Tig ) § BSC-VIE-SCT

Fig 1 3 8SC-LVF-S5CT

From

“Floating Emitter Solor Cell

tronsistor,* Docket No.16467,

JPL Offtce of Patents and
Technoloay Utilization,
Narch 20, 1983,

f1g.1 -« IsS-LrE-sCT
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