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ABSTRACT

RTR solar celis (2x2 cm) processed from polycrystalline feedstock showed
maximum AMO efficiency of 5.6%. Solar cells from single crystalline feedstock
showed slightly higher efficiency than those from poliycrystalline feedstock,

‘ indicating maximum efficiency of about 6.6% with $Si0 AR coating. Single
crystalline control cells gave 11-12% AMO efficiencies demonstrating that

the poor performance of the RTR solar cells was due to the Tow quality of
material itself (this conclusion was backed up by the separate measurement

of minority carrier diffusion length).

Dendritic web solar cells (2x2 cm) from the standard process showed maximum
AMO efficiency (with Si0 AR coating) of 2.8% while efficiency of control
solar cells were around 11-12%. Web solar cells from back surface field
(BSF) process indicated maximum AMO efficiency of 10.9%. Some improvement

in open circuit voltage was noticed from the BSF process.

Small Tight spot scanning experiments were carried out on the solar cells
from Wacker "Silso", EFG, RTR, and dendritic web ribbons. Photoresponse
results provided information on localized cell performance and grain size

in polycrystalline material, and agreed quite well with the cell performance
data, such as efficiency, minority carrier diffusion length, and spectral

response.



TABLE OF CONTENTS

ABSTRACT vt ittt it it s e s et e it ettt
TABLE OF CONTENTS . . oo i it i it i e et ittt canaas

LIST OF FIGURES i vt ittt ittt e it ieeeaeiaaans

LIST OF TABLES « ottt ittt it ittt e e aeeaanns

I. INTRODUCTION . ¢t v vt et i ettt i ittt et sttt e anannnn
TI.  TECHNICAL DISCUSSION ... v i ittt it i it i i anens
A, RTR Solar €ells ... viiinnne i i iinennnnnnn

1.0 Solar Cell Fabrication ....................

2.0 Solar Cell Performance and Characterization...

B. Dendritic Web Solar Cells . ... .. i rnnns

1.0 Solar Cell Fabrication ......... .. couvuernnn

2.0 Solar Cell Performance and Characterization...

C. Photoresponse by Small Light Spot Scannina.........
1.0 Description of Measurement

2.0 Photoresponse of Sheet Solar Cells...........
III.  CONCLUSIONS AND RECOMMENDATIONS . ........cciiieevunans
IV, HORK PLAN STATUS. ...t i i i it e i i s i asms s

V. REFERENCES ... it i i i it e i innnennns

APPENDICES
I. TIME SCHEDULE
II.  ABBREVIATIONS
II1I.  ELECTRICAL DATA SHEETS FOR RTR SOLAR CELLS
IV.  ELECTRICAL DATA SHEETS FOR DENDRITIC WEB SOLAR CELLS

ii



FIGURE
NO.

1

10

11
12
13

LIST OF FIGURES

Open Circuit Voltage Mapping of Mesa Solar Cells
Within a RTR Solar Cell (2x2 cm) ....covrieiinnnnnen..

Dark I-V Characteristics of Solar Cells From RTR Ribbon
{ROOM TeMPETrALUIrE) v ven ettt teete e e e e e aeaaeans

Spectral Response of RTR Solar Cells and a Control
Yo 1 3 S X T

Minority Carrier Diffusion Lenth {um} Variation Within
RTR Solar €ells {2X2 M) vvurrrnre i ie e

Dark I-V Characteristics of Solar Cells From Dendritic
Web (4 cm?, Standard Process) at Room Temperature ....

Dark I-V Characteristics of Solar Cells From Dendritic
Web (w4 cm®, BSF Process) at Room Temperature .........

Spectral Response of Solar Cells From Dendritic Web
(Standard ProceSS) «vuvveieeeriee s eenneeneenrnneanenns

Spectral Response of Solar Cells From Dendritic Web
(BSF PrOCESS ) vttt ittt iete it eeaesaanensiannannans

A Block Diagram of a Fine Light Spot Scanning Apparatus

Small Light Spot Scanning of a Wacker "Silso" Solar
00 T O

Small Light Spot Scanning of a EFG Solar Cell ...... -
Small Light Spot Scanning of a RTR Solar Cell .........

Small Light Spot Scanning of a Dendritic Web Solar Cell

i1i

PAGE

10

19

20

22

23
27

31
32
33
34



LIST OF TABLES

TABLE PAGE
NO.
1 Mechanical Failure of RTR Solar Cells (2x2 cm) in the
Process of Fabrication ........eieiiiinminiinnnnnnn. 3
2 Mechanical Failure of Dendritic Web Solar Cells in
the Process of Fabrication ..., 13
3 Summary of Parameters of Solar Cells Fabricated From
Dendritic Web; Standard Process .......ccevverrnneans 14
4 Summary of Parameters of Solar Cells Fabricated From
Dendritic Web; BSF Process ...ooeviiiiiiiii i, 15
5 Summary of Parameters of Solar Cells Fabricated From
Dendritic Web; Standard Process (Special Run} ....... 18
6 Summary of Minority Carrier Diffusion Length of the
Dendritic Web Cells, Measured by Igg Method ......... 25

iv



INTRODUCT I0ON

The objective of this program is to investigate, develop and utilize
technologies appropriate and necessary for improving the efficiency

of solar cells made from various unconventional silicon sheets. During

this quarterly reporting period, work has progressed in fabrication and
characterization of sclar cells from RTR-ribbons (Motorola) and Dendritic
web (Westinghouse). Silicon blanks (2x2 cm) were prepared from the ribbons
and fabricated using a standard process typical of those used currently

in the silicon solar cell industry. Later a back surface field (BSF) process
and other process modifications were included in processing additional slices.
Only the standard process was used for RTR ribbons since difficulties were
experienced for the application of other processes; in particular,

excessive breakage resulted from use of the alloyed aluminum paste méthod

to provide a BSF.

The performance parameters measured included open circuit voltage, short
circuit current, curve fill factor, and conversion efficiency {(all

taken under AMO illumination). Also measured for typical cells were
spectral response, dark I-V characteristics, minority carrier diffusion
length, and photoresponse by fine 1light scanning. The results were
compared to the properties of cells made from the conventional single

crystalline Czochraiski silicon with an emphasis on statistical evaluation.
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TECHNICAL DISCUSSION

RTR SOLAR CELLS

SOLAR CELL FABRICATION

Blanks were prepared by waxing a ribbon on a ceramic block and slicing
in size (2x2 cm). After removal of the individual blanks from the block,
organic and chemical (standard RCA) solutions were used for cleaning

the surface; the standard cell process followed thereafter. Blanks for

the first batch were the ribbons from the annealed CVYD feedstock while those

for the second and third batches were from ribbons from CVD feedstock
with and without annealing, or from single crystalline feedstock.
Thickness of ribbons was 6-7 mils and the resistivity measured by four
point probe was in the range between 1-3 ohm-cm with p-type conductivity.
Cells from the first two batches were processed without etching of silicon.
In the third batch process, about 1 um of silicon was reméved from each
side before the fabrication process b 2tching in planar etch solution
for 15 seconds. Efforts were also made to include a BSF process.
However, screen printing of aluminum paste was unsuccessful due to the
shattering of ribbons during the squeezing operation. Overall
mechanical yield (unbroken cells) obtained from three batch processes
was about 50%, indicating very low yield considering the solar cells
were handled with extreme care. Table 1 shows numbers and causes of

the broken cells during the processes; the number of initial starting
blanks was 52. In many cases broken cells were badly shattered possibly
due to the excessive mechanical stresses in the ribbons-induced in the
nrocess of laser recrystallization. See reference [1] for detailed

description of RTR process.



TABLE 1

MECHANICAL FAILURE OF RTR SOLAR CELLS. (2x2 €M)
IN THE PROCESS -OF FABRICATION

BROKEN £ELLS CAUSE
6  Initial Slicing and Demounting
5 Cleaning
4 Evaporation; AR and Contact
1 . Sintering
7 Electrical Test
23 TOTAL

Starting Blanks: 52

NOTE: Results are summarized from three batch. processes

ORIGINAL PAGE IS
OF POOR QUALITY,



2.0

SOLAR CELL PERFORMANCE AND CHARACTERIZATION

Characteristics Under AMO ITlumination

Parameters of finished solar cells were measured under AMO conditions
(135 mW/cm®, tungsten-xenon lamps with red and blue filters). The

block temperature was 25°C and input light intensity was calibrated
using a standard solar cell. The detailed parameters of the solar cells
from RTR ribbons* and control cells are given in Appendix III, on the
electrical data sheets. Solar cells made from CVD feedstock showed
maximum efficiency of 3.9% for the annealed ribbons and 5.6% for the
unannealed ribbons. Ribbon solar cells from single cyrstalline feedstock
showed slightly higher efficiency than those from polycrystalline CVD
feedstock, indicating maximum efficiency of about 6.6% with Si0 AR
coating. Generally, solar cells processed from the etched blanks
"(third batch) showed higher efficiency and more consistent results than
those from ribbon without removal of a thin siticon layer. Single
crystalline control cells showed 11-12% AMO efficiency. Large spread

in values, combined with the 1imited sample sizes, prevented these cells
from obtaining reliable summary tables or to provide statistical

evaluation.

Since significant variation in performance from cell to cell was observed
from these RTR cells, small mesa cells (2 mm in diameter) were fabricated
using masking techniques and the individual cells were illuminated by a
tungsten tamp to see the varjation of cell performance within a single
2x2 cm cell. Figure 1 is the results of the mapping of open circuit
voltage, and significant differences in VOC were noticed. Correlation
*Motorola considered these samples as poorly representative of the RTR

process. Hopefully some improved RTR samples can be evaluated later in
the program. .



FIGURE 1

OPEN CIRCUIT VOLTAGE MAPPING OF MESA SOLAR CELLS
WITHIN A RTR SOLAR CELL (2x2 cm)

e S Vo

343 354 343 280 320 29¢
300 353 320 255 39 497 314
341 331 35y 172 22 240 245
2%2 387 308 33§ 248 419
300 3lo 35% 352 359 393
160 219 268 297 189 s

210 9% 134 1% (42 296 Yo

NOTE: 1. [ILLUMINATED TUNGSTEN LAMP WITH
UNKNGWN LIGHT INTENSITY

DIAMETER OF MESA CELLS; 2 mm
UNIT; MILLIVOLTS



with crystal structure indicated that areas of Tow open circuit voltage

couid be caused by fine details of the crystal structure.

Dark 1I-V Characteristics

Dark I-V characteristics (forward and reverse) were obtained from selected
RTR cells and a control cel]l. The plot was made by point-by-point
measurement and the results are plotted in Figure 2. YA" factor (in
simple diode equation) derived at high bias condition ranged from about
1.8 to 3 while a control cell showed "A" factor of 1.4. I0 was also
obtained from the plots, ranging from 1077 A/cm? to 107° A/cm?. This
suggests that shunting and space-charge recombination effects are

serious problems in these cells.

Spectral Response

Absolute spectral response {A/W) was measured using a filter wheel set-up
which is a combination of g set of narrow bandwidth filters and a Tight
soyrce. Response versus wavelength are plotted in Figqure 3, in which very
poor response at wavelength beyond 0.6 um can be seen. This can be
attributed to the poor quality (low 1ifetime or diffusion Tength) of the
bulk RTR ribbons, which was confirmed by minority carrier diffusion

length measurements (see next section).

Minority Carrier Diffusion Length

Minority carrier diffusion Tength was measured using a short circuit
method for the finished solar cells. The whole area of a solar cell
was illuminated by a light source through a filter wheel and the

diffusion length was obtained from 1ight intensity values at selected
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wavelengths {wavelengths used for this measurement were 0.78, 0.86,

0.895 and 0.95 ym). Diffusion Tengths of around 7-9 um were obtained

from measurement on seven cells. Diffusion Tength was also measured

using small beam size illumination {v3-4 mm beam djameter). Typical
results are given in Figure 4. No significant variations from spot to
spot were observed, showing consistently low diffusion length. It is also
noteworthy that diffusion lengths of the cells from single crystalline
feedstock were not impressively better than those of the cells from

CVD feedstocks. This'suggests there might be some problems associated
with the recrystallization process, either due to the contamination from

the process environment or the laser recrystallization process itself.

Small Spot Scanning Measurements

Results on RTR samples (and also dendritic web samples) are included in a

separate section (c) below.
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DENDRITIC WEB SOLAR CELLS

SOLAR CELL FABRICATION

Blanks {2x2 cm) were prepared by waxing a web section on a ceramic block
and slicing in size. After removal of the individual blanks from the block,
efforts were made to remove Si0, deposited on the surface during the web
growing process, by chemical methods, such as boiling in nitric and sulfuric
acid followed by dipping in HF. HNone of the methods worked except scrub-
bing by a cotton tip, which caused some breakage of the webs, especially

of thin webs {n6 mils). The breakage could have been minimized if the
scrubbing were done before the blank shaping process since bounding
dendrites could provide mechanical support for the scrubbing process.

Also, steam oxidation was carried out to eliminate the mechanical scrubbing
process for the removal of Si0 deposit. Webs were oxidized in steam at
1100°C for an hour (with ramp-down cocling, at a cooling rate of about
3°C/minute down to 500°C), to recover minority carrier lifetime due to
higher temperature heat treatment. The oxidized webs were finally dipped

in HF and the surface deposits were completely removed.

NOTE: Solar cells were fabricated from the oxidized blanks and the

cell performance is given in Section B, 2.0.

Organic and chemical (standard RCA) solutions were used for the final

cleaning of the surface.

Thickness of the webs, as received, ranged from 5.6 mils to 9.6 mils
and resistivity by four point probe was measured to be around 20-25 ohm-cm

with p-type conductivity. SPY measurement of effective minority carrier

11.



2.0

diffusion length indicated values between 90-120 um. See reference

[2] for detailed description of dendritic web process.

The first batch of solar cells were fabricated using standard processing.
A BSF process was applied for the second hatch (see First Quarterly Report
of this contract for detailed description of standard and BSF processes).
A space-cell type of fabrication process was used in the third batch process.
This process inciuded a shallow junction {0.2 um) forhgtion (ten minutes
oxidation and ten minutes diffusion) and application of fine front contact
lines using photoresist techniques (retaining about 93% active area). The
fourth batch were standard process solar cells of two types; (a) Cells
with front contact bars on the bounding dendrites, and (b) Solar cells

processed from steam oxidized blanks.

Mechanical yield (unbroken cells) of the relatively thick web solar cells,
(with thickness between 8 to 10 mils), were generally high (about 90%
yield) for both standard and BSF processes. However, thin web cells,
thickness between 5-6 mils, showed Jower yield (less than 50%), mainly
because of breakage in the initial blank shaping stages and in removal of
excess aluminum following the BSF process. Detailed causes of the breakage

are listed in Table 2.

SOLAR CELL PERFORMANCE AND CHARACTERIZATION

Charactertistics Under I1lumination

Sotar cell parameters, such as ISC’ VOC’ CEF and n were measured under an

-AMO solar simulator at 25°C. Electrical data shgets in Appendix IV. give,

detailed information on individual cells. Table 3 and Table 4 summarize

1Y

12.



STANDARD PROCESS

CAUSE WEB THICKNESS 9.6 MILS 5.6 MILS
SLICING IN SIZE o 2
SCRUBBING FOR REMOVAL OF SIO DEPOSIT 1 4
FINAL BLANK CLEANING ——- 1
ELECTRICAL TEST 1 -
STARTING NUMBER OF BLANKS 12 10

BSF PROCESS

CAUSE WEB THICKNESS 8.6 MILS 5.6 MILS
REMOVAL OF ACCESS ALUMINUM - 3
ELECTRICAL TEST 2 —
STARTING NUMBER OF BLANKS 12 4

TABLE 2

MECHANICAL FAILURE OF DENDRITIC WEB
SOLAR CELLS IN THE PROCESS OF FABRICATION

13.
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TABLE 3

SUMMARY OF PARAMETERS OF SOLAR CELLS
FABRICATED FROM DENDRITIC WEB; STANDARD PROCESS

WAFERS WEB "A" WEB "B" CONTROL
AVERAGE 534 518 595
RA (525) {508) (584)
3.3 - 3.2
Voc (mV) STANDARD DEVIATION 3o . (3.5)
RANGE 529-537 514-520 589-508
: {523-526) (506-510) (5%%5537)
33.8 32 .3
AVERAGE (24.3) (22.8) (23.5)
2 0.3 - 0.7
JSC (mA/cm? ) STANDARD DEVIATION (0.2) L (0.4)
' 33.3-34 31.5-32.3 32.2-34.3
RANGE {24?%f'5‘ (22.5-23) (23-24.3)
73 78
AVERAGE
(72.7) (73) (78)
CFF (%) STANDARD DEVIATION 0.9 - 0.8
(1.2) --- (1.7}
71-73 72-75 77-7¢9
RANGE (71-74) (72-75) (79-80)
9.6 9.0 11.3
AVERAGE (6.8) (6.3) {8.0)
3 STANDARD DE 0.1 == 0.3
n (%) ANDARD DEVIATION (0.1) - 1 (0.3)
9.5-9.8 8.9-9.1 0.8-11.8
RANGE (6,7-6.9) (6.3-6.4) (7.5-8.3)
NOTE: 1. Measured under AMO condition at 25°C.
2. Cells {2x2 cm) with Si0-antireflective (AR) coating), parenthesis numbers are
for the parameter before AR coating.
3. Web "A": Six solar cells from Web No. RE12-3.3 (Thickness 9.6 mils).
Web "B":

Three solar cells from Web No. J65-3.4 (Thickness 5.6 mils).
Control; Six solar cells.
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TABLE 4

SUMMARY OF PARAMETERS OF SOLAR CELLS
FABRICATED FROM DENDRITIC WEB; BSF PROCESS

WAFERS WEB "C" WEB "D" CONTROL
e i o) (573)

Voe (mv) STANDARD DEVIATION (18-8, - T
GE ($11:562) - (552-588)
AVERAGE (25.4) (24:6) (25)

Jge (mA/cm?) | STANDARD DEVIATION o8 - (0.3)
RANGE (235-25.7) - (24.5-25.4)
AVERAGE (;l) (23) (gg—)

CFF (%) STANDARD DEVIATION o - (8?7}
RANGE (0-75) o (51-71)
AVERAGE () (6.7) (6.7)

n (%) STANDARD DEVIATION o5 - as
RANGE (6.7-8.1). - (5.2-7.7)

NOTE: 1. Measured under AMO condition at 25°C.

2. Cells (2x2 cm) with Si0 antirefiective (AR) coating, parenthesis numbers are
for the parameter before AR coating.

3. Web "C": Ten solar cells from Web No. RE24-1.5 (Thickness 8.6 mils).

Web "D":
Control;

One solar cell from Web No. J64-1.6 (Thickness ~5.6 mils).
Six solar cells,




the results for the cells of two process types; standard process and BSF
process. BSF solar cells showed improved performance compared with the
cells from standard process, average efficiency 10.4% versus 9.6%, with
overall increase in both V,. and I. (mainly in VOC)'

However, this improvement by BSF process was not as high as observed for
starting silicon of this high resistivity. This possibly

indicates that the minority carrier diffusion length of the starting

web was not long enough to provide significant improvement in VOC and ISC'
It is generally believed that diffusion length greater than 120 pm* is
required to achieve significant improvement in VOC and ISC by the BSF
process. The relatively Tow open circuit voltage of standard cells,
{average VOC'M5301nV), was due to the Tow doping level of the starting
webs (20 ohm-cm bulk resistivity) and the low curve fill factor, about
72% in both cases, seems to be due to the increased series resistance
resuiting from increased bulk resistance. Maximum efficiencies obtained
were 9.8% for the standard cells and 10.9% for the BSF cells. Low performance
of web "B" cells in Table 3, compared with wab "A" cells, was suspected
to be coming from the difference in Tifetime of two webs (Westinghouse
Tifetime data; 13 us for web "B" and 41 us for web "A") and partly the
difference in web thickness, 9.6 mils for web "A" versus 5.6 mils for

web "B".

Electrical data sheets for solar cells fabricated by other process modi-

fication, such as space type process, cells with contact bars on bounding

*This is an empirical observation. Work is in progress to establish a more
definite relationship.
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dendrites and cells from steam oxidized webs, -are also given in

Appendix IV. Space type cells showed low performance, mainly due to the
Tow Vg (about 510-520 mY), indicating that the BSF process was not
effective in this case. Parameters of the cells with contact bars on
bounding dendrites and the cells from steam oxidized webs (in an effort to
remove $i0 deposit without mechanical scrubbing) are summarized in Table
5. Both cells showed about the same performances. However, these are
considerably lower values than those with the previous standard process
(refer to Table 3). This could be due to low lifetime of the starting

webs or contamination in the process of cell fabrication.

Some control cells (first control group) started to show degradation in
curve fill factor, mainly due to shunting problems. This was suspected

to be caused by the diffusion process since the second control group,

which were diffused in a separate furnace, didn't indicate any significant
degradation in CFF by shunting. Thus, the diffusion tube was cleaned and
control celjs were processed using standard process. Their e}ectral
parameters are given in the last page of Appendix IV, showing no degradation

in CFF with consistent results.

Dark I-V Characteristics

Dark I-V characteristics (forward and reverse) were obtained from selected
web cells. The plots were made by point-by-point measurement and the
results are plotted in Figure 5 for the standard cells and Figure 6 for
the BSF cells. "A" factors in the simple diode equation ranged from

about 1.7 to 2.0 while control cells showed "A" factor ranges between

1.2 and 1.7. Saturation current (IO) were found to be around 1077 A/cm?

17.



TABLE 5

SUMMARY OF PARAMETERS OF SOLAR CELLS FABRICATED FROM
DENDRITIC WEB; STANDARD PROCESS (SPECIAL RUM)

8L

40
W TYNIDRIO

ALITYND ¥00d
st 20

WAFERS WEB “E" WEB npw
AVERAGE 514 515
Voe (mV) STANDARD DEVIATION 1.7 -
RANGE 512-515 513-516
AVERAGE 30.7 30.6
Jec (mA/cm?) STANDARD DEVIATION 0.4 _—
RANGE 30.1-31 30.1-31.2
AVERAGE 70 71
CFF (%) STANDARD DEVIATION 3.4 .
RANGE 65-73 69-73
AVERAGE 8.2 8.2
n (%) | STANDARD DEVIATION 0.4 -
RANGE 7.7-8.5 8.1-8.3
NOTE: 1.

Measured under AMO condition at 25°C

Cells (2x2 cm) with Si0 antireflective (AR) coating.

Web "E": Four solar cells with contact bars on bounding
dendrites from RE28-5.3 (Thickness ~7 mils).

L‘jeb n FH :

Two solar cells from steam oxidized web blanks
REZ28-5. 3.
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for the standard web cells and 10_1

0 A/cm® for the control cell in standard
process, and this higher I0 for the web cells can be partly explained by lower
doping level of the webs (20 ohm-cm resistivity) than the control blanks

(1-3 ohm-cm). Generally cells from BSF process showed slightly leaky
characteristics, consequently Teading to increase in "A" factor and

saturation current (IO). Web solar cells showed relatively good junction
characteristics, especially in low Teakage at small forward bias condition
(1ess than 0.4 volts), showing agreement with the earlier reports from

Westinghouse.

Spectral Response

Absolute spectral response (A/W) was measured using a filter wheel

set up. Response versus wavelength for the standard cells and BSF celis
are given in Figure 7 and Figure 8, respectively. UWeb solar cell showed
responses very close to those of the control cells (this is more
pronounced in the case of BSF process cells) and this was in good agreement
with the minority carrfer diffusion length measurement of the finished

solar cells in the following section.

Minority Carrier Diffusion Length

Minority carrier diffusion length was measured using the surface photo-
voltage (SPV)} method for the bulk webs and a short circuit current method
(briefly described in Section A, 2.0) for the finished solar cells. The
exposed beam (monochromatic) size on the bulk sample in SPY mode was about
2-3 mm in diameter and diffusion Tengths were around 90-120 um, measured

from the number of selected webs; RE 24-1.5, J 64-1.6 and RE 28-5.4.

21.
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The finished cells ‘'were illuminated on the whole cell area and on spots
{spot size about 3-4 mm in diameter) to see the localized variation of
diffusion Tength, and the results are summarized in Table 6. BSF cells
showed higher diffusion length than the standard cells, which

agrees well with the spectral response plots (compare Figures 7 and 8)

in the previous section. BSF cells also showed significant variation

in diffusion length from cell to cell (i.e. 70 ym for the cell RE 24-1.5-3
versus 130 um for the cell RE 24-1.5-8) and from spot to spot within a
cell {(i.e. 210 um versus 110 um in cell RE 24-1.5-3), which could be due
to inhomogenity of bulk webs or possibly a process induced effect. Diffusion
length measurement on spots in standard cells indicated slightly higher
values than those of the whole area measurement on same sample but this

could possibly be caused by the measurement error.

Diffusion length was also checked on the cells from space type process
(third batch) and both web and control cells showed Tow diffusion length;
about 40-50 um for the web cells and 80 pm for the control cells. This
strongly indicated that these celis were contaminated in the process of

fabrication, mostly 1ikely in the diffusion step.
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TABLE 6
SUMMARY OF MINORITY CARRIER DIFFUSION LENGTH

OF THE DENDRITIC WEB CELLS, MEASURED BY I.. METHOD
POSITION
CELL W0 11 21 31 a| 5 | wioLE Area
RE 12-3.3-3 SRR RSN S B 74
=
& | e 12-3.3-6 9| 90| 90| 90| 78 74
fomn} .
£ |9 65-3.4-4 SR (R B NN 62
= (9 65-3.4-7 721 72| 72| 80| 80 62
[¥p]
CONTROL NO. 3 | == | —om | =om | =om | —-- 122
RE 24-1.5-3 90| 60| 90| 85| 60 70
S | RE 24-1.5-8 160 | 160 ] 1501 210 110 130
L)
wo | g 64-1.6-4 VNN RSV (RN (R B 130
o0y
CONTROL HO. 12| wmc | === | —oo ] oo | --- 150

NOTE: Unit; um

IDENTIFICATION OF BEAM SPOT (BEAM SIZE 3-4 MM IN DIAMETER)
FOR DIFFUSION LENGTH MEASUREMENT ON LOCALIZED AREAS OF A 2x2 CM CELL

< CONTACT BAR

(ﬁ“Gm%&%§ anffﬂ
oF FO°

25.



1.0

PHOTORESPONSE BY SMALL LIGHT SPOT_SCANNING

DESCRIPTION OF MEASUREMENT

A useful addition to analytical methods used to evaluate silicon sheet
material for solar cell use is the small Tight spot scanner. This provides
readout of the photosensitivity in small regions across the sheet {(usually
by moving a spot across a cell made from the sheet). In this way, the

following information can be provided.

(i) Direct comparison of the output from different regions, can show
the relative values of minority carrier diffusion lengths in those fegions.
In this way, spatial inhomogeneities can be seen and attempts made to
correlate the different response with visual features,either present
in the processed sheet silicon, or developed after additional chemical

etching.

(i1) A particular case of interest is that when crystalline grains
are present, where the response for different grains, and near or at

the grain boundaries can evaluated.

The Tight spot scans shown in this report have provided useful backup

to the overall assessment, and provide- a more realistic indication of the
reasons for sheet behavior, e.g. whether reduced response was obtained as
a function of the grain size or in relatively small areas across the sheet.
Below, in discussing the equipment we will indicate the '‘possible features
which can provide quantitative data. The measurement equipment is shown

in Figure 9 in the form of block diagram and detailed techniques are

discussed below.

26.
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A BLOCK DIAGRAM OF A FINE LIGHT SPOT SCANNING APPARATUS

FIGURE 9




Discussion of Components

(a) Thé Tight source should preferably contain Tong wavelength
components, to allow sampiing of the silicon quality away from the surface.
For alignment, a He-Ne laser has been used. For most measurements, a tungsten
light is used, with a very thin Si filter to remove short wavelength
components. Low intensities are useable. Even with the optical losses
caused by the filter, the distance from the source to the cell {(~6 ft),
and the iris and demagnification through the microscope optics, the use
of a built-in Tow noise amplifier near the cell stage provides sufficient

signal to drive the x-y recorder:

(b) The use of a microscope provides direct observation of the area
being scanned, to aid in correlation with visual features on the cells.
The use of higher power objectives (with the irises) can provide spot
sizes below 10 um. However, at such small spot sizes, the depth of focus
of the objectives is very small, and thus causes problems for sheet samples
which do not have a high degree of flatness because the variable spot
size provides variable areas of sampling. Therefore, a moderately high
magnification objective was used mostly providing a spot ~20-50 um
in diameter. (For more detailed investigation in localized areas, it

is planned to use smaller spots.)

(c) Even with the direct observation possibility, we use the
gridiines on the cells as built-in distance (and locating) markers. Also
by careful measurements of gridline width, and the shape of the intensity
decrease while scanning over the gridline, an estimate can be made of

the effective spot size.

28.



2.0

(d) The cell is held in a pressure contact holder, on a p1at?orm
which moves in and out, with speed adjusted by a variable control. The
linear movement of the platform is fed into the x-axis of the controlier;

the ampiified cell signal is fed into the y-axis.

(e) The x-y recorder is "calibrated" by using a control cell of
good output; keeping the gain and 1ight spot conditions fixed, the cell

under test is substituted and a comparison trace made.

It is possible to improve the quantitative comparison on this set-up, to
calibrate the y-signal directly against the local diffusion length
measurement. However, mostly the equipment has been used for broad-scale
comparisons and overall confirmation of the results have been obtained fromI-V

curves, spectral response, or from separate diffusion length measurements.

In summary, this equipment has revealed additional details of the various
sheet materials, both to backup other measurements, made on cells, and

also to indicate the possible causes for sheet performance which differs
from cells using control silicon. In the following section, results of 1ight
scans are given for sheet samples covered in the first quarterly report
(Wacker "Silso" sheet, EFG ribbons) as well as for the sheets covered

in the present report.

PHOTORESPONSE OF SHEET SOLAR CELLS

Photoresponse of solar cells processed from Wacker "Silso" wafers,
EFG ribbons, RTR ribbons and dendritic webs were obtained using the

small Tight spot scan techniques and the results are presented in this

29.



section. The light source for the scanning light spot was a white 1igh{
from a tungsten lamp (filtered with a thin transparenf layer of silicon)
the spot 'size on the sample was estimatéd to be around 50 um. Relative
photoresponse of sheet solar cells (standard process) are given in Figure
Figure 10 for a Wacker "Sil1so" cell, Figure 11 for a EFG cell, Figure 12
for a RTR cell and Figure 13 for a web cell. Response of a control
(Czochralski singe crystal silicon) cell is given on all curves for comparison..
Spacing between grid (or finger) Tines is about 2.5 mm except the EFG
cell, which has a grid spacing of 0.7 mm, and this provided reference
for the scanned distance and width of electrically active defect sites

or boundaries,

The Wacker cell showed lower response than the control cell everywhere
and the width of electrically active boundaries was estimated to be less

than 0.2 mm for small crystallites and about 2 mm for large crysté]]ites.

The EFG cell also indicated lower response than the control cell with the
estimated grain size between 0.4 mm and 2om. Non-uniform response from
crystallite to crystallite was often found in both Wacker and EFG cells,-
generally low response from small crystallite, and this could possibly ‘
be due to the strain induced defects on small crystallites being wore

severe than those on the large crystallites.

The RTR cell showed very poor response, which made it difficult to detect

e1eqtr1ca]1y active defect sites.

The Dendritic Web cell indicated close response to that of the control

cell and no significant number of active boundaries was noticed.

30.
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II1.

CONCLUSIONS AND RECOMMENDATIONS

The following conclusions were reached in this work.

RTR Siiicon

o The sheet showed stresses which aided breakage.’

¢ These stresses {perhaps with residual impurities) severely reduced
the I-V output, and led to reduced quality as shown by other measurements.

The sheet also showed regional inhomogeneity.

o Generally the cell performance could be related to the values of
diffusion length, and to the high shunt leakage seen in the dark I-V

plots.

e The BSF process tried led to excessive breakage, but experience
suggests that with the low diffusion Tengths, no enhancement would be

expected from a BSF process.

e The high stress would make fabrication of large area cells more

difficult.
¢ Better quality RTR samplies should be evaluated when available.

Dendritic Web Silicon

¢ Although this silicon showed spread from web to web, the better

samples performance approached that of good Czochralski silicon.

¢ The cell quality again correlated well with all the supporting

measurements.
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e The dendrites were shown to have low diffusion length. Although cells
were made using the dendrites as contact areas (no outbut anyway), in
the Tong range this could not be economic because a good fraction of
the web weight is in the dendrites, and they would probably be returned

for remelting.

e BSF processing increased output, although some web samples

independently processed have rivaled the best Czochralski silicon.

¢ In general, with greater consistency in producing good quality web,
this sheet form shows good promise for combining good performance with

Tow cost.

Small Light Spot Scanning

The inclusion of small Tight spot scanning has provided additional
confirmation of the cell performance, both for the reported samples, and
for those processed earlier. These scans will be continued. In addition,
some increased information on the sheet pronerties is available from these
scans, in providing a "picture" of the spatial variations, either in
singie crystal regions, or near imperfections or grain boundaries. With
additional effort, these pictures can be expressed quantitatively in terms
of Tocalized diffusion length, and the variations can also possibly be

correlated with visual differences across the samples.
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IV, WORK PLAN STATUS

The fd]]owing unconventional silicon sheets are expected for processing

and-evaluation during the next quarter.
e Cast Silicon by Heat-Exchange Methods (Crystal Systems)
e Improved EFG Ribbon (Mobil-Tyco)
e Czochralski Silicon by Continuous or {Semi-continuous) Growth Method

Additional Measurements

Equipment is now operational which can give dark forward or reverse
log I-V plots for a large number of samples in a reasonabiy short time.
In addition, the log I-V plot under illumination can be run. This will
provide a sounder estimate of the range of junction properties for a
given sheet form, and after analysis a range of quantitative factors
{A-values, Jo-va1ues, shunt and series resistance) can be obtained.
Again, it is hoped that these additional measurements will give more
insight into the sheet silicon properties, with the goal of providing

feedback information to help guide the formation of improved sheet

quality.
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APPENDIX I

TIME SCHEDULE



Aund B0Td 30

TASK

TIME SCHEDULE

PROCESS SHEET SAMPLES

JUL

AuG | SEP { OCT | NOV

MONTH

DEC

JAN

FEB

MAR

2.

(a) 1/2 Samples + Cells
{b) Analysis

(c)
(d)

Back Up Measurements

Test Alternate Process

REPORTS

(a) Monthly
(b} Quarteriy
(c}) Semi-Annual

(d} Final

INTEGRATION MEETING

APR

M_AV'

JUN

JUL




APPERDIX II

ABBREVIATIONS



Le:

BSF:

MLAR:

RTR:

MAX'
MAX

MAX *

ABBREVIATIONS

Open Circuit Voltage
Short Circuit Current
Short Circuit Current Density

Short Circuit Current (Red Response) at Wavelength
Above ~.6 um

Short Circuit Current (Blue Response) at Wavelength
Below ~n.6 um

Curve Fill Factor
Solar Cell Conversion Efficiency

Minority Carrier Diffusion Length (D.L.)

Current at Maximum Power Point
Voltage at Maximum Power Point
Maximum Power Point

Back Surface Field
Multi-Layer Anti-Reflective

Ribbon-to-Ribbon



APPENDIX II11

ELECTRICAL DATA SHEETS FOR RTR SOLAR CELLS



IDENTIFICATION INFORMATION ON PROCESSED RTR RIBBONS

First Batch: 838E
840L

Second Batch: 850D
857A
S868C

Third Batch: 8118
869
S872B

CVD feedstock,
CVD feedstock,

CVD feedstock,
CVD feedstock,
Single crystal

CVD feedstock,
CVD feedstock,
Single crystal

annealed
annealed

not annealed
not annealed
feedstock, not annealed

annealed
not annealed
feadstock, not annealad
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CELL DESCRIPTION:

Colav Glls (2x2 ¢ from RTR Ribbon

SOLAR CELL ELECTRICAL DATA

SFowland  Dyocecs [ s talth
Ao 4.8
TEST CONDITION: AU O
TEMPERATURE : 25 °¢C DATE: __ 10 /e /713
KO Yac Isc Isce Iscr Tvax VMax Prax CFF n
oV mA mA mA mA mv N % %
£39E - | § 369 59 30 29 36 2l 7.1 35 4
v =34 29% 54 2.9 25 35 (20 £.3 39 L2
~-S) 327 53 2.9 25 36 200 7, 2 42 [ 3
~61 398 62 ah 26 36 245 23 42 A
B4ol~3 ] 254" S WA 30 31 {4C 5, <k 3% .0
) 279 5 4 25 28 3I"L {4a-O S, 2 34 i, O
i N B LK 54 21 217 45 6% 2, - 0. &
Covitrol Soby cells C 2X2 Coan |
2 522 99 35 £o 27 465 40,2 13 7.5
3 v34 | 9¢ 37 £ | 13 420 | 44 ¢ 732 2.3
4 £83 94 3S ¢ | %0 4ns | 429 77 7.9
4




SOLAR CELL ELECTRICAL DATA

CELL DESCRIPTION: SB‘BV (E‘\S (2%20.)  Trow RIR_ Ribbon G{‘m’w\é pyocess ‘S'f toafels
SaD AR Coat s
TEST CONDITION: AM Q) N 2
TEMPERATURE : 55 ‘ DATE :
& I :
" Vo Is¢ Iscs Iscr Inax Viax PMax CFF n
) mA mA mA mA mv mW % %
R33c -3 3312 | O=2 37 3% So 2(9 0.5 4.4 4
/_=5) 3¢9 v 3N 34. 5 | 13 12,0 40 2,2
#ei~3 ) an| £3 29 34. 42 (L5 £.9 40 1.3
v =51 229 61 32 34 4-1 (20 7.4 33 L4
ty -4 2245 46 33 23 4 [AN»] .0 33 2.4

Cantrol |solov colll  caxad )
z 594 129 49 3| 1He 495 59.4 24 (0. %
3 593 135~ 52 83 > 00 0.5 24 .2
4 59 ) (32, S0 g (29 505 2.6 | 20 N

ALIVRD H00d 40
Sl IRYA WMDY




SOLAR CELL ELECTRICAL DATA

CELL DESCRIPTION: Slay @l (2x2 o ) from RTR_ Ribbon _, Standend Precess  2wd bateh
No, AR :
*TEST CONDITION: AM O
TEMPERATYRE : ‘ 250 _ i ’ DATE:
No. Yoc Isc Isce | scr | Tmax ax | Pmax | FF n
o mA mA mA mA mv mW % %
Fwp-2 §  1109. 39 - 19 (R 24 __8%0 .4 29 0. 4
v ~34 24> S8 24 29 37 g | 5.2 37 .0
L5074 -2 4 4%l 56 20 2g 40 358 4, = 53 2.6
=54 220 | bx a3 24 3R 130 4.9 40 0.9
Sehge-> § 519 63 3 1 32 54 435 23 & 72 a4
p =31 4449 - 56 2 % 25 360 9.0 34 {7
1 =S elg 58 29 z;z & 420 21,0 70 2.9
n_ =) ang 4 3 23 24 33 370 (2.2 54 2,3
e Sl cells * calx o)
12 1 szl 99 .36 £ 37 .} 490 42 ¢ Ay 7.9
Lo S 12 3 62 810 . I 440 42 & T 2.4
(4 599 79 37] £ 2 72 500 46,0 n9 )
L5 527 79 32 £2 gL | 4% 42 7 13 7.9
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CELL DESCRIPTION:

SOLAR CELL ELECTRICAL DATA

Dby celle € axa0.) P RIR Rivbyun stavdand pracec 2 Aoty
9.0 AR Coativg
TEST CONDITION:
TEMPERATURE:: agle. DATE:
" Yoc Isc Isce Iscr Tvax Viax Puax CFF n
oV mA mA mA mA mv mW ¥ )
gsNA-2t 449 76 35 39 >3 315 2. 54 4. D
SR68C-2 sag 91 4-4 a5 %o 435 34.¢ n3 6.4
v_-9% 414 4 25 25 >3 400 %2 39 7
= 522 2 33 4 £9 422 29, 2 ¢9 5.4
contd]  selsy eells  Cak2 o )
” {0.5
L2 s N (3 5 24 124 485 48 (2
13 £33 13% 50 A 2% 410 {a. 5 _7¢ 2
(& $93 136 s | g6 f217 490 (8.5 19 (0,8
LY sa% 139 50 s las 500 €2.5 n3 1.6




SOLAR CELL ELECTRICAL DATA

CELL DESCRIPTION: Slav @dls (2x30.y frove RTR  Riblbon . Stondond  process 3wl el
MO . AR

TEST CONDITION: AMO

TEMPERATURE: 25° C DATE:
Ko. Yoc Isc Isce Isce Tyax VMax Phax CFF n

v mA mA mA mA oV mi % 2

2B -y 205 S8 30 21 29 iS5 3.1 L6 0.
7 =2 454 s, 30 zf 3\ s (L0 43 2.0
4 =4 (60 ST A 29 2, 4 v 2.3 2.4 0.4
n _~gi 345 59 30 28 3 25 NS 37 i s
v <6 420 2N 2q 24 3/ 320 130 52 2.5
gsa—1 | 429 4! 3| 29 53 qoy 2.5 N2 4.0
“ =2 3% 59 30 29 24 25Q £, 0 24 {4
2 =5 4n4 &L 30 2.6 23 335 4.4 55 2.9
v__=b 453 5h 3c 2h 29 345 10.0 3% .9
7.=7 ot s 30 26 39 q4-0 1S.h S¥ 2.9

58728 -3 w5 (5 31 3> &N 425 24.0 T2 4.5
v 4l 424 §4 3 33 33 260 £.4 33 N
‘73 513 £ 32 32 57 x5 24,0 73 G
KA 514 61 39- 33 sn 4als 24" 70 4.5
7.1 a9 | £ 30 30 5| 40 - 20, £3 3.%




SOLAR CELL ELECTRICAL DATA

CELL DESCRIPTION: Selav Cell s Caxacan) from RTR  pibbow stavdovd  Process  3vd bedoh
$:0 AR
TEST CONDITION: AM 0
TEMPERATURE : 259C DATE:
NG Yoc Isc Iscs Iscr T¥ax Vhax Pax i n
v mA mA mA mA mV mi % %
BuR —\ 2 | g0 42 30 S 120 b5 32, 2
“vo_—2 4-§0 04 40 3b | 345 (7.6 4.6 3.3
“« ~% 199 19 4 ) 36 44 70 3.} 20 6.5
v =5 39% g3, 43 3¢ <3 2945 12,9 40 2.4
v ~ 6 509 n& | 34 53 4.0Q 21, 2 Sy 3.9
pbg — ! 503 R4 44 39 N4 4% >9.9 71 s.b
u =21  A4n B> 43 39 39 300 1.1 32 2,2
y_— 5 492 99 4-3 34 &3 310 2{.5 55 4.0
n_—6 4N% g2 43 38 44 290 (2. b 3.4
Pk 492 24 43 36 b2 400 24,3 b3 a.b
SH2B -3 523 32 45 46 g2 430 35,3 T2 6.5
=4 483 9] 4% &5 43 330 158 36 2.9
y -5 520 91 2w 4\ £\ 430 4.7 73 4.5
4 b ) 528% 93 44 2l g2 43\ 35,1 JES £, 6




SOLAR CELL ELECTRICAL DATA

CELL DESCRIPTION: Contred  olor colls c2x2en) fov RIR Ribbon. gtonded precess, 3nf jamd,
Ao AIR_ 2 Sz0 AR
TEST CONDITION: Ard O
TEMPERATURE : agOc DATE:
N0 Vo Ise Isca Iscr Tjax VMax Puax CFF n
mv mA mA mA mA mv mw ¥ %
2 52| i4 36 59 &4 425 41N 76 7.7
22 520 97 3n o 29 4430 42.4 76 n.9
=4 s34 14 35 60 24 a4Re AN A 7.7
28 £78 9% 37 6 | q0 485 43,7 7 g, |
X4 582 (o0 33 £2 92 490 | as) 78 £.3
A:’H'EA SA O A.ﬂ. Coo Yt’P
2 513 132 52 g0 (22 4P 59.2 76 B
22 5%% 134 5y E-dl 22 42k 9.2 R4 )
24 594 (34 4 2] {2 ] 425 SO AN 74 0.9
2 & s#b (3] 54 932 124 480 £0.5 15 11, >
2f 59| L4-0 S0 £4- (29 A £2.6 76 L6




APPENDIX IV

ELECTRICAL DATA SHEETS FOR DENDRITIC WEB SOLAR CELLS



SOLAR CELL ELECTRICAL DATA

DIMO

XLITvnd yood 40
_39Yd

CELL DESCRIPTION: (ortvel  Solow CGlls (2x2 em) fov Dendvike Web ,  Standavd  Process ([st bobh)
. Lt 0 AR ('naifﬁa (_ Paverthesic viumbers frv_lefore AR coading
TEST CONDITION: A
TEMPERATURE : Y. DATE: /4712
NO. Voc Isc Isca Iscr Imax Viax PMax CFF n
my mA mA mA mA m i % %
; 59 4 133 52 'l 23 49% 60.9. 1 L3
(581 (34D (36) | (s (36 (495) | (4231 (18 (1.4)
2 529 129 X 0] 19 e 495 53.4 71 [0, 8
(e22> | (92) (35) 1 (s8) (23> | (490) | (40n)! (0b) (7.5
3 548 134 53 g2 129 Sop 62,0 1 (.5
(586 | (95) | (36> | (60D (86 | (agqs) | (426> 1 (98 (79
4 54N 13] 52 &0 EX 500 60.5 71 .2
(samd | (93 (35) [(s8) | (89) | (qasd | (4303 (99) | (g.0)
& 594 132 52 &0 22 _b5o5 6i.b 79 1. 4
| (ord 1 (943 | (36) | (69 | (#8) | (qas) | (436> | (30 | (21
£ 596 131 55 g2 (27 500 £3.5 18 (0.8
(sed | (99 1 (31) | (61) (al) | (qaas) | (4as1d)] (79 (23> |
7 543 (30 49 31 EF: 485 1.2, 14 0.4
(s36) | (92> | (39 | (s3> | (£4) | (ae) | (40D} (17 | (71D
3 598 133 5| 22 (24 506G £1.1 71 1.3
L (s | (95) | (35) [ (60) | (39 | (so0) | (448)| (20) (z2)
1 6ol 136 53 23 129 SIS | 454 20 12, ]
| (S99 | (99> | (36> | (61) | (90) | (Se5) | (avsd! (50D (34) |
Note ¢ # | — & Tivrsh covtraf Crrowm p
# 7~ 9 Secord ' #



SOLAR CELL ELECTRICAL DATA

CELL DESCRIPTION: _elw Gells C2x20wm ) from Dendribic Web Stondwd Proess ¢ Ist  batoh )
No AR coating | o~ 90 % active _avea
TEST CONDITION: AM O il '
TEMPERATURE : 25°¢C DATE : /4 /s
. Yoc Isc Isca Iscr Tiax Vitax PMax CFF n
mv mA mA mA mA my mN % %
RE12-33~1}  &a% 9 31 60 &6 435 374 14 6.9
“__ -2 Gay A 3] <9 26 A% 37.<4 74 9
4 =3 Shovtdd
« ~4 25 1 3N 59 2 430 36. 4 S 6.3
g "5 bag . 37 59 85 430 26,4 N3 6.3
v =l qr) 2N £0 &S 430 26.4 n= 6.8
il B2 24 32 53 ns 430 32.3 T2 £.0
a8 ©23 g2 3] _5 71 430 30.% 12 5.n
et | BB 2L 34 54 ns 430 32,3 71 6.0
J o SHar'!‘ eﬂ(
y 1| 523 1@ 38 £0 84 4-30 36, | 71 6.0
J¢5-34-4 DY 92.0 30 55 d 425 34 4 N3 6:%
v =1l eof 40 3¢ 54 2| 420 | 340 ns 6.3
o ~ig S\ = 31 55 g ] 4210 34, 0 - 6.3
; Mote ; | REV2-33 -9, -2, 71 cells with Boww:(:nd vdyite <
!




SOLAR CELL ELECTRICAL DATA

CELL DESCRIPTION: S'o‘a»( ells ¢ ox2am 'f‘l/om Dendrife, Web , S—{-av\dum( Process ¢ (s batch )
with Saf) A R. coating a2 40 active  amga. .
TEST CONDITION: AM O o '
TEMPERATURE : Py DATE: WEYAT
MO Voc Isc Iscs Iscr IMax Viax Piax CFF n
mv mA mA mA mA my mW % 4
Re12.33-1] b29 133 53 19 19 435 S =2 13 9.6
v 2y 53N 134 4 31 120 440 52¢ n3 9.8
n__ =4 534 1385 55 20 2| 435 CEN S aF3 9.7
n_—Sl &3] 134 53 21 Uy 435 543 2 9.5
n_—gf 534 13& 53 22, ¥ 4.35 5.3 T\ 9.%
"noo- 533 (20 41 72, o6 440 44. 4 3 24
v -9 5S4 14 43 71 92 449 43,1 3 2.0
" ~9] 53|\ 12} 4 14 106 440 a6, & J & 2.4
n_ - 532 [35 53 82 (1N 440 S5 7. 9.5
O 4dIss-3¢—H Sl4 129 52 ng né 415 48, | 73 &9
34 N 520 (2.4 5\ g g 430 49.0 ns i T
SH v o] bag (23 52 n4 (L 415 48 | 72 8.9
Qo
ER_
q a‘ Mobe]l RE (2~ 3.; -2, =2 1 cells witla Boumo(:vap Dewdy:tes
1, 1




- -

F‘CE{.L DESCRIPTION: (oyitvol S‘o[w (lle (2 252 con ) fov- Dendyid:, UUeb

SOLAR CELL ELECTRICAL DATA

BSR process € 23d boted )

With S0 AR Cga']'ghg ( Paventhesis  animberc fioe _befre 4R _coabin) =903 acdkive aven
TEST CONDITION: AMO Ll
TEMPERATURE 2590 DATE: 1>/6/1%
. Voc Isc Isca Iser Tmax Vmax Pax CFF n Ared
my mA mA mA mA mw i ;9 % e

Lo g (3) 48 23 (00 44.8 44,4 59 3.5 3.38
(580) | (962 (36D (£ (6n) (435> | (229) | (59 (5.5)

N 92 (32 49 23 Lo 435 534 £9 10, 2 533
(e | (9s) t (35) | (1) (75D (ane) | (3560 | (69 (68)

12 £98 >3 S R4 120 485 | bea 71 10,77 o0
(e88) | Cloo) | (37) | (43) (35) | (a%s) | (a0bd | (£9) (1.5)

13 59 | 134- 50 24 15 435 55, 9 70 1o.N 3.23
(592> | (an) | (36> [ (2> | (23) | {a15) | (394)] (70) (7.5

14 593 (3} S0 52 é 435 | 6.3 N3 1o 3.93
(s> | (36D (35) | (&1) (23) | (ansd ! (399) | (n1) WAD

|5 55 | 34 50 34 96 450 43,2 Y, ) 22 |33
(s52) | (98) (38) (62) (69 (410) | (2n8) | (&) (52) |

1, 5946 13) 49 g2, 122 4490 £0.0 76 (0.9 | 403
(s3] (a5> | (34> | (61 | (88) | (aax) | (436) | (9y9) (2.0)

19 549 133 5p 84 129 gho £2.0 73 (3 | %oé
(s29) | (a6 | (35 | (62> | (88) | (anc)| (w13)]| () (7.4)

Aooke A 104 \S Rirsk [ covtrol Corow P

HUn GL 19 Secavel “ '/l




SOLAR CELL ELECTRICAL DATA

CELL DESCRIPTION: Solaw  Cells  esax2 cm D from  Dendrikc web BSRE_ procesS € 2wd  bakedh )
plo AR coating y = ‘j‘o’% actiVe avee,
TEST CONDITION: AMO © 4 :
TEMPERATURE : 25°C DATE:
NO. Voc Isc Isce Iscr Imax Viax PMax CFF n aved
oV mA mA mA mA my mi ¥ 3 Crea
RE24~1S-3] _ &1} 93 36 cb Ay 415 35,3 iy .1 3.89
" T4y 543 a8 34 g2 90 440 39.6 4 7.0 323
(A ) I Y 99 34 62 91 9-60 4.1.9 s g 3,36
« 6} 557 [o] 31 64 29 44 29,2 70 .9 344
By | I 100 36 44 q] <49h 40. 6 n3 7.N 300
n_~PF 543 99 34 63 93 445 41.4 74 7.9 3,39
ki | 9 36 62 q2 435 40.0 n3 71 385
" _~igl 56l |00 39 63 93 43¢ 405 73 Rl 3,89
o =1n] % 98 37 62 92 4320 39.4 4 .S 2.%9
¥ _—ja)  SS] 93 34 L2 92 G35 =) 19 7.6 EX|
Jét-b6-4) 5% 95 36 59 14 445 35, 2. 6N £.N 3,84
, ,
j !




SOLAR CELL ELECTRICAL DATA

CELL DESCRIPTION: _ Solow Gells (2 2x2 o) From Dewdrts Web

. BSH.___process ( 2vd  bLatoh )
with S0 AR Coo\'hv\? =< 9a_ % ackiie  avee
TEST CONDITION: AM O 4 :
TEMPERATURE : aco0 DATE: (/24 /7p
. Yoc Isc Iscs Iscr Imax Vmax PMax CFF n  Area |
mv mA mA mA mA my mH % % L oy
RE24-15-3]  S2) 12.9 50 149 119 405 | 4%.2 72 L2 [ 389
A -~ | 136 50 26 [25 445 St £ 73 10,8 3.3
1__~5]  5Ng 137] & 21 |24 ato | STo T 0.9 | 3.86
o —6] §69 [40 52 89 124 490 54 { 68 10.3 3.44
P | I 139 5| 88 [25 4.55 546.9 2| 108 | 340
v =8 S (39 5a £N (25 455 56.9 7] 10,9 3,97
v —qF  5N| 134 51 85 122 415 50.4 5 q.n | 3.85
n_—jo} 573 39 52 &1 126 430 540 62 10.3__ I 3,84
n_~1|f 554 133 52 86 121 440 55.9 n3 0.6 3.84
=12 gl 139 5 | 25 125 | 445 | 55 3 0.6 {339
s
Téab~F  hS 133 5 | g2 R 450 50,0 61 9.6 | 3.86
?
f




SOLAR CELL ELECTRICAL DATA

CELL DESCRIPTION: (_‘nh’\‘vo\ Solaw Cells (2 2x20m) for Dewdwhe weh, Space _Process C 3vd  hatch )
: hith S AR onating [ Pavethests wumbews fue befuve AR coatry ) !
TEST CONDITION: AMO d 7
TEMPERATURE : 5500 DATE: 2/8/0 9
. Yoc Isc Isca Tscr TMax Vitax PMax CFF n Avea
ny mA mA mA mA my mi 4 3 Cren>
19 S hunted bad
2.0 54N 129 52 nn 34 ’ 3%¥0 3{.9 45 6. 3 305
(s13) | (94 (31D (57) (43) (325D | =20 % (42 (4. 0)
2| Sl'wm""eo{ bed ‘}/
22 £8=2 (29 53 04 [1) 490 544 13 10, 4 3,125
(sne) 1 (4 | (39 (sn) |1 (190 | (490 | 3nad | (90 (7.4
23 SUAN (3] 53 % lo2 435 4.5 €5 a.b 3.82
(et D | (948D (38 ) (eh) (4n) | (4¢ed | (Bo2) | (57) ( £:0)
24 S8 130 52 n9 16 420 46| 61 9.0 3.1¢
] (spay | (qe) | (39) | (s®) | (64> | (abod | (3oad| (s5) | (s4)
25 5143 125 9.6 L0 (1é Sob” 58.3 19 .3 3.82
(e | (a1 ) | (33) [ (5q) | (85) | (see) | (425)]| (94 (2.2)
>4 X TA 129 41] g2 [ 20 So5 60.4- 79 (.5 1s38
(geny | (43) (33) | (60 (£5) | (s00) | (425)] (72> (&1
| 2.1 599 (22 44 7R 114 505 5%.3 o) s 3.75%
| (g3 | (34) (32) | (57) (24) | (498) | (a16) | (80) (g.2)
l pote s i 19 — 24 Fivsk  Corilvol Gy we
H 25 —fan Second  Cobrul C’(rguq: .




CELL DESCRIPTION:

SOLAR CELL ELECTRICAL DATA

SO‘M (el (= 2x2 0am ) 'meM Dendyit:, Web,

Spate pyocess ¢ Svel  beteol )
Mo AR (aating ~ 93 < ackuse _ayea i
TEST CONDITION: AMD g ' ,
TEMPERATURE : 29 (¢ DATE: 1=/« ,/!"1 S

. Yoc Isc scs scR wax | Viax Phax CFF " Area
mv mA mA mA mA my mW % % Crm® -

RE28-54~-11 509 93 39 54 23 420 35 n4g- 6.3 3,305

n -4  S05 93 29 5q £5 415 3.1 ns €1 3,33

v =3l S0 34 40 b4 86 425 36.4 Al 7.0 3,845

v 4] 509 13 39 54 RE- 41 =N N4 4.9 3.9

RE 28-53~| 5o 29 3R 52 82 420 349 AN 74 3,42
yoo~a $10 'l 34 4N N4 4as 3.5 76 7.0 334

y =4  og g4 30 52 20 420 33.6 s £. b 3,91

) 50N AT 279 3% 59 425 25, | 74 6.8 2.4

n ={ 08 32 31 g4 g5 430 36.4 Nz . 2 3.1
"] Sl2 1% 39 55 85 425 36,1 15 7.1 3.M95

n -8 50% 93 39 54 24 420 253 N4 6. R 333

) . ‘
S
| 3

g 3Dvd TYNISRIO

ALVND 'H(u




CEL.L DESCRIPTION:

Selay il (= 2x 200 Y Prom Devdrehe  Web,

SOLAR CELL ELECTRICAL DATA

C 3"4 !00\“‘0'-\ )

Sppace Protex

Weth  S:0 AR Coaky ) a 93 (%) __ackhus arce
TEST CONDITION: AM 0 U
TEMPERATURE : 260C DATE: 12 /
X Yoc Isc Iscs Iser Tvax Viax Puax CFF n Aver
mv mA mA mA mA v m % % ek
RE.2%-5.4 ! s\ 1267 54 n3 nb | 420 42.N N4 9.5 3,805
n__ T2 512 {2n 3 74 ns G\s 4n.N 14 a. | 3,83
v =31 =N 126 52 ns 1 425 49,7 16 9.4 3,945
n T sle 125 5| 74 03 415 46,9 13 9.2 2.1
Re23-53-11 =14 2 0 il 12 425 an.4 76 9.1 262
n_—2 &6 [ ] 46 £ 1o} 430 43,2 96 4.4 3,39
e —%]  Sla 123 Sl N 12 at 4 b 76 4.4 3,77
r =51 olb 30 3% G2 2 430 35:3 76 q.% 2.74
r by L0 Sy 2 73 BT 430 49,0 71 g.n 3,775
L S 2.0 sl ns U4 425 435 14 9.5 3,745
PR | o i (26 52 na (4 420 47.1 74 9,2 3,23
I
i




SOLAR CELL ELECTRICAL DATA

CELL DESCRIPTION: _Gwivel Selow (ells € = 22 o) fov Dewdyehe Web, s+w{wl Protess ( Arth batch _speciel fun )
ot S:0 AR mhu = ‘-?n (%) _actie aveen
TEST CONDITION: AM o 4
TEMPERATURE : 2k *¢ DATE:
MO Voc Isc Isca Iscr Tyax Viax Puax CFF n | Aved
mv mA mA mA mA mv N % %
23 5 b 1" 4.4 2 94 ¢15 G4.4 bé 2.6 3,83
29 582 120 50 n 11 ¢ ©15 £3.9 72 (0.4 .
30 553 s 41 69 15 400 29.8 %7 60 |
3] 528 127 50 =21 /15 465 535 72 103 |
32 £39 127 5l 13 /17 (@75 554 T £0.9 | 3,83
23 54 \ g 48 71 (08 4490 £2.9 76 0.5
34 583 i 44 13 104 475 4.4 72 9.8 %
3% 5239 24 4N 16 (65 480 50.4 70 9. f
34 590 12} 4N 75 711 495 £5.0 711 10,3 .
potet ] # 284 33 hirst (ol dnp p

34 + 36 Secord |7 v ‘

o e Nt




CELL DESCRIPTION: <lav @lUs €= 2x%2 enn ) frow De

SOLAR CELL ELECTRICAL DATA

wdv:bee Web

standevd Procesc (4 th EnfaA.S;ﬁPa‘d/Ku‘l)

by

A

N 4 2 ) = 90 9% Qcﬁf'{z_!-e A yea,
TEST CONDITION: AM4D '
TEMPERATURE ; a5 e DATE: 12/ 2/ 7%
. Yoc Isc Isca Iser Tvax VMax PMax CFF n Ares
my mA mA mA mA mv mi % % Cond
RE2863-9) &2 t2b o 76 163 4/0 442.2 65 7.7
(somd | (93> | Ge) V (s1) | (79) | (4o5) | (32> | (a2) | (s58) [*°°
v =1 /2 {22 &Gy 74 /09 4/ _ 445 71 24
(3> 1 (902 | (35> | (56) | (75) (405) | (304> | (67 (g7) |} 3%
TNy | S -2 [2 2 48 T4 108 Ho 443 70 1
( o5 (20) (35D (55) (79) (go5) | (32 | (70) (5.9) Aot
v =2 515 103 42 65 977 Gls 40, 3 73 P, 5
(so7) | (31) (32) (49) (71> | (405) | (283 | (70) (g0) _§ 353
Reag-tez-1td &7 6 105 46 69 105 440 %3./ 13 23
(o) | 33> | (32> {1 (eyd | (74> | cmed | (3150 ) (g (6> |} *%3
v_—15] 5/3 (20 48 7] 07 | 345 42.3 9 2./ _
_ (soe) | (89) | (36D | (5% )| (79) | (408) | (320)| (1) | (6.2) [3%°
&1
l%Nﬁe A el _4 19 - 12 cells] orth | contact (Bebt) bavs lom boung ing Deydeptes
1 Cell 4 {14 & (o Cell  fvowm steam Joxedized | Web  blanles 5
'g g suw{ga e S:0 Pn?em Jep ceted  on Avputh process
m
(73]




SOLAR CELL ELECTRICAL DATA

CELL DESCRIPTION:

Gubvel cells ¢ 2x20m) . Stadavd Proess ( Covbdd Test dhen cleant iy dittusion tube )

Mo AR roa:h‘nv x_q0 (%) aciue Zveo
TEST CONDITION: AM G !
TEMPERATURE : AT 9¢ DATE: >3 /ng
0. Yoc Isc Isca Tscr TMax YMax Phax cF " AREA
my mA mA mA mA my mi % % cm?
et =1 588 18 31 61 91 495 48 / nE g3 &
Ho~2 sEe 99 37 g2 90 @90 & [ 24 2 2
"_—3 $85 91 37 61 Q0 490 ae / 77 &> "
" —al  oRe 98 37 62 29 495 et ! 77 2.2 "
n =% Y84 3N 37 g1 29 495 A 718 .z ,,
v _—6) S83 17 37 6/ 29 495 |\ _q¢/ 78 2.2 i
n_—nl &8 98 37 £1 20 490 44/ 717 52 Z
a_~g1 &% 9] 37 g1 29 490 &43.4 76 Al 2
v -4 oy il 93 37 {/ 2/ | 49% N 79 £3 o
“ —~o| BRG qn 37 s/ £9 4494 43,6 17 z. / “
=l 586 19 371 £2 92 295 455 79 2.4 &
Qo =2 584 99 377 g2 20 XA Q4.6 11 2.3 “
w13 584 99 37 £ 2 G0 243 44 | 14 8.2 "
Sfv-ial ©gn | leo 3% 4> 93 296 2 72 2.5 "
- o % 539 . 37 £/ rq oo Ydn S 75 P 2 “
Efo ~b] 536 9N 37 6/ x9_ 2498 443 77 2 2. ,
Hev =1 583 3% 37 £/ 9 490 43.4 76 2./ “
g —IRl 586 98 37 §/ 29 490 43.6 26 2./ /




