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Objective: Study of epitaxial solar cell structures on low cost silicon substrates
as a means of improving the cell performance compared to direct diffusion into such
substrates, and thus allow a wider use of these low cost materials to obtain useful

solar cells. The primary emphasis is presently on the use of EFG ribbon material.

Regults: Data obtained during the first three months of this grant are reported.

The work has included the following: (1) Comparative X-ray topograph of EFG ribbons
(grown by Tyco-Mobil) and epitaxial layers deposited on these materials. (2) Study
of diodes and solar cells fabvicated by diffusion into the ribbon materials and
epitaxially formed on the similar material. (3) ' Carrier concentration distribution
studies of ribbon materials using electroreflectance data.

The majcr conclusions of the work to date are:

(1) The dislocation density in the epitaxial layers is significantly lower
than that of the substrate material. As expected, of course, grain and twin
boundaries propagate into the epitaxial layers.

(2) The saturation current density of the diodes epitaxially formed on the
substrate is commorly 2-3 orders of magnitude lower than for the diodes formed by
direct diffusicn. However, large variations in EFG ribbon quality were observe?,
and it appears that the relative difference between the ep 1xial and diffused
diodes varies accordingly.

(3) The solar cells made epitaxially (particularly if a graded structure is
used) are substantially better than those made by direct diffusion into similar
material. The difference is observed both in higher Isc and voc' (All measurements
were made under atmospheric conditions using solar illumination for the most part.)

(4) The devices fabricated so far were intended only as comparative study
vehicles rather than as state-of-the-art solar cells. Thus, none of the parameters
were fully optimized.

The continuing phase of the program will focus on more detailed characterization,
with emphasis on minority carrier lifetime, and local vartations in device qualitry
which is correlated with the substrate and epitaxial structure. *Different structures
and fabrication processes will be evaluated in order to optimize the cell parameters,

foras wide a substrate quality range as possible.
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TITLE :  EPITAXIAL TECHNOLOGY FOR LOW COST SILICON SOLAR CELLS

GRANT #:  AER 74-15532

RCA LABORATORIES, PRINCETON, N. J./YESHIVA UNIVERSITY

TOTAL GRANT : $160,000 (ONE-YEAR PROGRAM)
PRINCIPAL
INVESTIGATORS : H. KRESSEL/RCA LABORATORIES (PROGRAM SUPERVISOR)

P. RACCAH/YESHIVA UNIVERSITY

PROGRAM BEGAN ON: APRIL 1, 1975

PROGRAM OBJECTIVE

STUDY OF EPITAXIAL SOLAR CELL STRUCTURES ON LOW COST SILICON
SUBSTRATES (EFG RIBBON) AS A ME * OF IMPRC/ING THE CELL
PERFORMANCE COMPARED TO DIRECT DIFFUSION AND THUS ALLOW A
WIDER USE OF THE SUBSTRATES PREPARED TO OBTAIN USEFUL DEVICES.
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REFLECTION TOPOGRAFPH (3331/Cu SHOWING THE REDUCED DEFECT
STRUCTURE IN THE EPITAXIAL LAYER (MESAS) COMPARED TO THE
ADJOINING EFG SUBSTRATE REGIONS
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Sectvlion  topographs  showing crossssection defect distrlbution In slllconfsiticon web.
Tha layer 1s on ton and is about 1/3 of the vertical dimension of the Image, The High
sislncarion density in the substrate generally doss ot pronpuate Irito the laver, Ths
ewin boundary in the substrare and a prowth nlt ars indicated at & and 8, ragpectively,




ACTIVITY TO DATE

DEFECT ANALYSIS OF RIBBONS AND EPITAXIAL
LAYERS TO ESTABLISH METALLURGICAL
IMPROVEMENT DUE TO EPITAXY (X-RAY TOPO-
GRAPHY).

CELLS AND DIAGNOSTIC P-N JUNCTION STRUC-
TURES FABRICATED AND CHARACTERIZED,

ELECTROREFLECTANCE EQUIPMENT FOR HIGH
RESOLUTION MAPPING OF CARRIERS CONCEN-
TRATIONS COMPLETED, PRELIMINARY CORRE-
LATION BETWEEN GROWTH MORPHOLOGY AND
CARRIER CONCENTRATION VARIATION,
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TABLE 1

EPIT..XIAL DIODES

i Io (\"a =-2 V), A/.:tn3
al 3.7 x 1077
B1 8.6 x 1072
c 9.8 x 1078
Dl 1.1 x 10°°
A2 2.2 x 1077
B2 2.5 x 107
c2 2.1 x 1077
D2 2.5 x 107/
A3 1.26 . 1077
B3 2.01 x 10™°
c3 2.15 x 107
D3 5.15 x 107
A4 2.8 x 10”7
B4 3.4 x 1077
C4 5.9 x 107/
D4 4.8 x 107
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Figure 2 - Microphotograph of mesas otehied out from epltaxial
material deposited on vibbon substrate. The

saturation current density for each of the dlodes
is given In Table 1.




TABLE 2

DIFEUSED DIOBES

s 1, (v =-29), Alen”
AL 15y
g2 e
53 454107
c1 i
3 21 x 0
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COMPARATIVE SOLAR CELL. DATA

Solar o TTT
Device 2 Max. Power Fill1 Efficiency AR,
Lot Process Voc (aV) J“ (aA/en”) (zit/en) Factor e lnte'nsity Coating
(ak/cz?)
xasA-a'®’  Diffused wlp 45 7.6 10.8 0.72 1.6 93 1a,0
TYR-1 Diffused n/p 504 19.8 6 0.6 ' 6.2 9% S50,
(&R Epi (graded)®) a/p 523 22.8 1.8 . 0.65 8.3 9%.4 s,

: Ept (unitorm)$)a/p 542 19.2 6.24 0.60 6.6 9.5 550;
ey Diffuned a/p 8 9 — - --- 95 510,
\ere et ™ o/p 540 2.3 8.3 0.66 9 92 sio,

TYR-4 ot P alp 539 20.1 4 0.61 +.8 9.7 s10,
EFC £pt (V) alp a7 16.8 — low — 91.7 510,

(a) Cell provided by NASA with calibration under atmnspheric conditions. It was used a8 a standard to eatahlish
the solar intensity.

(b) Gr- '+ impurity profile in p-region.
(c) ‘iform impurity profile in p-region,

ORIGINAD pacEH
oF, POCE QUALESX
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MAJOR CONCLUSIONS

DISLOCATION DENSITY IN THE EPITAXIAL LAYER IS LOWER THAN IN THE
EFG SUBSTRATE.

THE SATURATION CURRENT DENSITY OF DIODES EPITAXTALLY FORMED ON
THESE SUBSTRATES IS MUCH LOWER THAN OBTAINED BY DIRECT DIFFUSION
INTO THE SUBSTRATES.

THE Ige AND Voo AND EFFICIENCY OF EPITAXIAL SOLAR CELLS ARE
GENRERALLY HIGHER THAN THOSE MADE BY DIFFUSION INTO THE EFG MATERIAL.

GOOD QUALITY SOLAR CELLS (v 9%) HAVE BEEN MADE EPITAXTALLY IN
SOME EFG MATERIAL WHICH DOES NOT YIELD USEFUL DEVICES BY DIRECT
DIFFUSION.

A SERSITIVE ELECTROREFLECTANCE APPARATUS HAS BEEN CONSTRUCTED
WHICH ALLOWS THE DIRECT DETERMINATION OF CARRIER CONCENTRATION
VARIATIONS. SPATIAL VARIATIONS IN EFG MATERIALS MUCH GREATER
THAN THOSE ENCOUNTERED IN CONVENTIONALLY-GROWN BULK Si HAVE
BEEN DETECTED.
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