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SECTIONI
INTRODUCTION

The overall goal of the Array Automated Assembly Task, Phase I, of the Low-Cost Silicon
Solar Array Project is a comprehensive assessment of the processes, conceptual designs, and new
technologies required to achieve, by 1985, annual solar cell array production capability greater than
500 megawatts per year at a cost less than $500 per kilowatt. This goal is being approached from
two directions. The first.is to build a model or models of the costs involved in the various steps used
to fabricate solar cell nio_dules. These costs are being analyzed in terms of preseni-day capabilities
and. projected capabilities. Also, new technologies will be fitted to these models to determine the
- cost ranges for solar cell processing using new or emerging technologies. The second approach is to
“determine the cost goals for cach of the processing steps. The program will then undertake a series

of studies that are intended to point the way from existing and projected costs to the cos( goals.
The design-to-cost concept will establish allowable costs for sach cell manufacture/array ussembl}'?
step consistent with the 1985 cost goals.

During this quarter, effort was concentrated on various aspects of a sensitivity analysis, in
particular, on the impact of variations in metal sheet resistivity, metal line width, diffused layer
sheet resistance, junction depth, base layer lifetime, optical coating thickness and optical coating
refractive index and on process reproducibility for As diffusion from u polymer dopant source and
on module fabrication. Model calculations show that acceptable process windows exist for each of
these parameters. A lollow-on program to define a 1982 factory will be initiated in the next
quarter. ' ' o ' '
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SECTION
TECHNICAL DISCUSSION

A. SENSITIVITY ANALYSIS

1.  Approach

The objective of the sensitivity analysis is to determine the effects of process variables on the
performance of the cell. The basis for judging cell performance is the poWer output of the ceilin a
standard array. The sequence of models which relate array parameters to process parameters is
shown in Figure 1. Computer-aided process models are availabl_el for determining impurity profiles
as a function of times and temperatures, There are other process madels, less clearly defined, for
lifetime and diffusion length as a function of impurity gradients and processing temperature cycles.

Device models relate cell parameters to the physcical structure. The cell parameters of interest
are the short-circuit current, I, the open-circuit voltage, VOC’ and the seties resistance, Rg. These
are directly related to the elements of the equivalent cireuit shown in Figure 2. The cell equivalent
circuit is the basis for computing the output of an array of cells using circuit models such as SPICE.

In this task, we will use various computer programs to calculate cell purameters in terms of
physical parameters, The efficiency components of Table 1 are an interim step in calculating the cell

parameters.-

Test patterns have been designed which will be fabricated as an integral part of the cell;
physical paraméters can be determined from measurements of these devices. Runs will be made in
which the physical parameters are intentionally varied. Cell parameters will be measured to verily
and refine the device models. Finally, the impact of practical process variations on the output of a
cell in a system will be computed and expemnéntully measured.

2. Cell Desig_n
A new cell pattern, shown in Figure 3, will be used for the sensitivity experiment. The

melallizatwon pattern for this cell was designed for the array assembly  technique described
previously, i.e., a triangular shaped bar, 0.3 cm on a side, is connected across a minor diagonal of

T N, B "Coaraputer-Aided. Process Design and Optimization for Semiconductor Device Fubrication,” Proceedings of the Third

" Intornctiona? Svmposium on Stlicon Materials Seiences eisd Techhology, Semiconductor Silicon 1377, 923931,
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Figure 2. Basic Equivalent Circuit for Solar Cell



Table I. Dependence of Cell Parameters ont Physical Parameters .
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the 7.6-cm hexagon. A center trunk line js provided for connection to the bus bar and a fishbone
array of fingers, 127-um wide, feeds into this trunk line, Spacing between fingers varies slightly with
distance from the center as required to minimize the sum of resistance and shadowing losses,

Test devices for measurement of physical parameters are fabricated within the cell. Locations

of these devices are shown by letters on t]}e cell pattern of Figure 3, The test devices are:

(A) Concentric patt'ern contacted to the diffused region (3 each)

(B) Paraliel stripes contacted to the diffused region

(C) Metai pattern on top of oxide

(D) Diode (3 each)

(E) Spreading resistance contact to base region on back side (2 each)

(F) Small area solar cell with AR coating

(G) Small area solar cell with no AR coating

(H) ‘MOS capacitor (2 each)

A picture of each test device (.ﬁ'ot to the same scale) is shown in Figure 4.

The purpose of devices (A) and (B) above is to meusure the diffused region sheet resistance and

contact resistance of the top side metallization. Device (B) has been used previou'ﬂy; diffused region

resistance and contact resistance are easily separated since width of the stripes is small compared to
spacing between stripes. However, this pattern cannot be used universally; e.g., in planar N on P,
cells, a pt guard ring would be required to prevent inversion of the P-type base materjal. Such a

guard ring is not compatible with cell processing. The concentric ring pattern is more difficult to -~

mterpret because the transverse resistance under the metal contacts is significant. In theory, both
diffused sheet resistance and contact resistance can be extracted from measurements between the

four ring contacts. The parallel stripe pattern will be used to verify and calibrate parameters

determined from the ring pattern. Three ring patterns allow measurenient of resistance as.a fuiction
of distance from center of the LB”

Two types of patterns are included for measurement of. metal sheet resistance. One of the
metal lingers of the main cell has four pads defined to denote 4-poinf probe locations for resistivity
measurements. This is the preferrecl fest pattern since essentially no sp'ace is lost from the cell.
However, shunting by the diffused region will cause some inaccuracy. A second 4-point probe
pattern (C) is included in one of the peripheral segments. This metal patiern is deposited over the
oxide so that the diffused .région does not shunt the current path. The latter pattery will be used to '

check accuracy of sheet resistance readings #s measured on the metal finger patterns. -
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Small area diodes (device D) are included in the active portion of the cell to give-convenient
measurement of cell parameters, such as recovery time and dark 1V characteristics, The diode area is
10_3 cm? for ease of calculating current densities. There are tliree diodes at varying distances from
the center of the cell.

Spreading resistance contacts (device E) are patterned in the back sidv metallization. After
back side metal and before sintering, a concentric circular section is etched away to leave a
0.005-cm diameter contact. Sintering provides ohmic contact for the measurement of spreading
resistance Rgp. Then base resistivity can be calculated from the expression '

|
Rsp=rp7y

where d is the diameter of the contact; i.e.,

pp =0.01 Rgp

Two small area solar cells are located in a peripheral. segment. The area of each cell is
1072 ¢m2. One of the cells, device F, has the same AR coating as the large cell. Open-circuit
voltage, short-circuit current density, and fill factor for this small area cell should approach those off
an ideal cell. The second cell {device G) is identical ekcept that there s no AR coating. Short-circuit
current density for an optimized cell can be projected from measurements of this cell, Comparison
with the AR cell gives an evaluation of the AR coating effectiveness,

Two MOS capacitors (pattern H) are included in another peripheral segment of the ceil. Areas
are 10~ ! and 2 X 10~! em?. For the planar cells, measurements of su.uf‘ar_e states may give useful
information on excess diode cuirents or surface lecombumtlon velocity,

Seven l]]dSk levels have been designed for versatility ol processing. The levels required for the
different patterns and for various process altérnatives are shown in Tablc 11, Level thlee is for b;.ck

side patterning; all other levels are for the front side.

Both N on P and P on N cells can be processed with either planar or mesa junctions. Level one

- defines the diffusion area for planar cells; level seyen protects the cell when a8 mesa junction is -

etched, For planar P on N cells, [evel two protects the oxide over the junction during boron deglaze.
Level four is for cutting contacts when the AR coating is applied before metallization, Level [ive is
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used for metal definition in all process variations. For the case where AR coating is applied after
* metal, li w2l six s used to expose metal pads; however, level six is needed in all cases to remove i+ R
coating from one of the small test cells (device G).

Cells have been processed as 7.6-cm circular slices, Initial cell testing is in progress.
3.  Metallization and Sheet Resistance Losses

. Earlier in this contract, a computer program was developed to optimize the spucing between
metul fingers and calculate the losses due to the metallization pattern. A similar analysis will be used
here to calculate variation of shadowing and series resistance loss components with changes in
processing parameters. ' -

The metallization fingers are in a “fishbone” pattern as shown in Figure 3. Diinensions for a

- representative segment of the cell are shown in Figure 5. The width, T, ol the Tingers is constant;

finger length. L, varies with distance of the [inger from the center axis of the cell. The spacing, S, is
optimized for each finger length to minimize the sum of resistive and shadowing losses.

,_
— 3

|

~ Figore 5. Representative Segment of Solar Cell
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For this analysis it is assumed that the cell can be represented by a simple lumped model like
that of Figure 2. In terms of this model, the power loss due to shadowing results form an increment,
Iy, in the light-generated current I . Resistive loss is reprcseﬁted by an effective series resistance,
RS, defined by the relationship

P
R
RS =“1"2— . (1

where
PR = the resistive power loss

1 = the output current

For a single segment (Figure 5), the resistive losses in the diffused layer, Ppy, and in the fingers,

PR, are
12003 -
P =— J=tLS 2
L oM 3.9 | |
Pp=—J3=—L1"8§ 3
F=33°7 . | | (3)
where

r = sheet resistance of the diffused layer

M =metal sheet resistance

The output current per unit area is

I=1Ay o ’ )

. Where A, the total cell area is

} n
Ap=3% Li(T+S) S - (5)
=



The total series resistance loss is calculated by summing loss components for all segments, i.e.,

PR =Sp+ Sk ' (6
where

SD::EPD - . (7)
and

- 3 5P : _ : . ®)

From equations (1) through (8) the series resistance is

_ M |
RS = KD 1+ KF.’F (9)
where
Kp = (>: -—L_] SJ3)/(2 Lj [Si+T])? S | (10} .
112 =1
= j
and
n 1 : ] .
Kp=(E = SF)/(E Li [Si+T])2 | (11)
i=1 3 =1

From a similar dndlysm, -thc mcrement IA, in h},ht-genuated current, IL, due to coverage by
the metal fingers is

Ly =) (T K¢ S " (12)
wﬁere
.on n: ¥ ' L
Kc=2 Li/z (LJ)(SJ+T) (13)
o J—l Jfl . O ’ . :

13



The constants, Ky, Kp, Kp, determined from geometrical calculations for the pattern of
Figure 3 are

Kp = 0.0001017
Kg= 0.01585 cm
KC =423 cm"1

In Figures 6, 7, and 8, variations of series resistaiice and | A»anincrement of the light-generated
current lost due to shadowing, are plotted as a function of process variables. 1, is used since thisis a
more sensitive measure of loss in the light-generated current., The process variables in
Figures 6, 7, and 8 are diffused sheet resistance, metal sheet resistance, and finger width,
respectively, Only one parameter is varied in each case. Variations of series resistance and
light-generated current are normaljzed with respect to their values for the design value of the
process parameters, i.c., ' R '

r =80 ol.uns/square
M = 0.0033 ohms/square
T=0.0127cm

From inspection of Figure 6, it is evident that diffused sheet resistance has no effect on
light-generated current—ignoring eitouis of lower lifetime in the diffused region—and exerts a direct
linear impact on series resistance. A change of 20%, 162/, in the diffused sheet resistance causes
a change of 12%, 14X 10~3 £, in the series resistance. This magnitude change in the series
resistance, Rg causes a negligible change in cell performance. Thert,f'ore control of dlff’used sheet
resistance within +20% of the nominal value is more than adequate for solar cell process ‘control.

From in'spection of Figure 7, it is evident that metal sheet resistance has no effect on
hght—generated current as expected, Series 1L51stam.e is directly related to metal sheet resistance. An-
increase of 50% in metal sheet resistance causes an increase of 17%, 2X 1073 ¢ Q, in series
resistance, Rg, resultmtT ina neclmble change in cell pertormdnce Therefore, control of diffused
~sheet resistance within +25 to 50% of the nominal value is more than adequate for solar cell process
- control.
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From inspection of Figure 8, it is evident that both 1. and RS/RSO change with changes in
metal finger width. The changesin 1, and RS/RSO are of opposite sign and tend to compensate one
another. For a decrease of 25 um in finger width, 1, decreases 20% (Igc =11, - 14, g increases
~ 1%) and Rg/Rgq increases =8%, 1 X 1073 Q. These compensating éhzmges result in negligible
change in cell performance. Theroforé, control of mefal finger width within 25 umi at a nomina!
width of 127 um is more than adeguate for solar cell process control.

In summary, diffused sheet resistance, metal finger resistance and metal finger width are not
sensitive variables in the control of a silicon solar cell process. The control evaluation should
demonstrate whether specific process controls are required.

4, Carrier Generation

In order to examine the sensitivity of photogenerated carrier generation to processing variables
in a solar cell process, a computer program has been written to determine generation rate and
number of carriers at a given depth within a siticon solar cell when the characteristics of the silicon

and the antireflection (A R) coating are changed. From Lambert’s Law, the number of absorbed
photons with wavelength between A-and A + dX in a layer of thickness dx is

U =a ()N (\) exp [-a () x] dx, R ¢ 4)

where
a () = absorption coetficient

N (7\)' = number of incident photons at wavelength A -

The total number of carricrs generated as a function of depth is given by

| RS N |
N (1) =f _ f a GON Y exp [-a (A) x] drdx _ (15)
' Q 7\1 .

where

t = depth into the silicon

The number of incident photons on the surface of the silicon is modified by the presence of an AR
coating. - ' ' ' S

18



Since the coating is ~0.1 inicrometer, absorption of the film is negligible. The transmissivity,
T, of the AR coating is given by '

_ I']'2+I22+?.I'I 1'2 cos 20 . :
T=1- 53 - (16)
141 ry=+ 72 1y cos 20

. where
ry =1 '“1/ 1+n,
Iy =1y -ny/nj +ng
0=2x tnyfA
nj = refractive index of the AR coating
n, = refractive index of silicon
8 = phase thickness of coating
t = thickness of coating
A = wavelength of incident radiation

Initial calculations have been made with SiO as the AR coating. The variation of the refractive index
of SiO is given in reference 2.

The computer program his been run to calculate carrier generation as a function of distance
from the silicon solar cell surface for a range of SiO antireflection coatings ranging from 0 to
0.150 um in thickness for 250-um thick solar cells under AMO conditions. The carrier generation is
reported as a generated current density (Jc), that is the current density assuming no losses in the
cell, 100% collection efificiency. Selected data is-shown in Table Il and each decade of distance is
plotted as JG versus SiO thickness in Figure 9. The absolute value of these numbers is no better
than the accuracy of the solar flux and refractive index as a function of wavelength data. However
the selative values are very good. These data, for AMO, are used to determine limits for junction
depth and AR coating,

5. Junction Depth

The calculated J values in Table Il assume ideal conditions in which all generated _carricrs
can be collected. In practice, carriers generated in the diffusion layer have a lower probability of
being collected than carriers generated in the base layer due to trapping, surface recombination and -
other loss mechanisms. Therefore it is useful to know how much of the generated current is in the
~diffused layer and how much is in the base region. ' ' ' '

2. Hass, G, and Salzberg, C, D..,-'J. Opt. Sae, Am, 44 (1954]; 181,
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Figure 9. Sensitivity of J versus SiO thickness as a Function of Distance from the

. Surface under AMO 1Ihnniimti_on
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From Table HI, it can be seen that 15.9% of the total current density is generated in the top
0.30 pm, 12.5% in the top 0.20 um and 8.2% in the top 0.10 ym of a cell that has a 0.075 ym SiO
AR coating. This demonstrates the value ol a very shallow frunijunction on a solar cell. The current
generated in the diffused region does not represent a total loss but it does represent a low collection
efficiency region. '

The desire to work with the thinnest possible diffused layer must be balanced against the
impact of higher diffused sheet resistance and metal contact alloy penetration. Optimum results
appear to be achieved at junction depths in the region of 0.30 um. At this junction depth, variations
of #0.02 yum increase or decrease the current generated in the diffused layer by £0,6% for the
0.075 ,uh] _A'R coating case. Junction depth control of 0.30 + 0.02 um is well within the control
region for diffusion technology. Therefore diffusion depth does not appear to be a sensitive
parameter. Normal sample testing of diffused sheef resistivity should be adequate to monitor
junction depth.

6. Base Layer Lifetiine

Base layer lifetime in the finished solar dell can be related o minority carrier diffusion length.
Diffusion length must be sufficient to allow all carriers genérate_d in the base material to be
collected at the collecting junction. From Table I1I it is evident that carriers are generated at all
dep"chs in the solar cell, therefore effective collection length should be equal to or greater than the
cell' thickness. Collection lengths less (han the cell thickness will result in significant loss of
generated current, Jg to recombination. According to Fossum3 typical resistivities employed in -
solar cell manulacture, 0.5 to 10 Q—cm, exhibit dnll‘usmn lengths greater 1han or equal to cell
thickness.

Control of the base layer lifetime is very complex. Muany factors are involved including
impurity levels in the silicon sheet material, particulerly heavy metals, thermal history and defects,

_Relationships between these lactors and base layer lifetime are not guantitatively understood.
Therefore quantitative sensitivity correlations are not possible.

The impact of low base lifetime is very easy to obscrve however. As base lifetime [alls below a

critical level, Jgo degrades. The cause of this lowering of J ge s the loss of carriers generated deep in -

the base of the solar cell.

~ Base lifetime ¢ .n be monitored using the surface photo voltage technigue or diode recovery
techniques. For a fixed, controlled fabrication process, base lifetime should remain Telatively .
constant, Therefore measurement of base lifetime at the end of the solar cell Tabrication procus
should affmd sulilcmnt process control.

3. Fossum, . G., Solid State Etectronics, Vol 19 (1976), 269,
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7. Optical Coating

The sensitivity of generated current density, J G Lo optical coating thickness is a function of
the optical parameters of the coating (absorption and refractive index as a function of wavelength),
the thickness of the coating and the incident solar spectrum, Table i is a compilation of Jgasa
function of thickness for SiO in an AMO spectriim. The data is piotied in Figure 9.

The optimuni optical coating thickness is 0,075 um. At this thickness, Jg is44.32 mA/cm2 for
2 250-um thick solar cell, Variations of +0.015 gm in coating thickness cause Ig variations of
=0.6 mA/cm" The region of maximum Jg is relatively broad and normal process control should
provide reproducible resulis. Froni Fl_ngl'B 9 or Table 11, variations toward thicker films cause less
degradation in JG than variations toward thinner films,

The same calculations will be run for the AM1 spectrum in the near future. Only minor
differences are expected. Similar calcuiations could be made for other potential optical coatings if-
the relevant optical parameters are available.

Since refractive index of optical materials varies with the wavelength in question, a simple
correlation between refractive index and cell output is not possible, Qualitative treatment shows
that high index (=2) materials are better than low index (=1.4) materials,

Since the control limits on the optical coating are reasonably broad, a simple color comparison
can be used to monitor coating thickness. Either mechanical or visual monitoring is acceptable.
Special in-line testing is not required.

8. Other _Obserwtions

The ~above treatment assumies a relatively fiat surface on the solar cell. In practice,
high-efficiency solar cells will probably use textured surfaces to further reduce reflection losses,
Quantitative treatment of the textured surface case is beyond the scope of this study but qualitat=
assessments are possible. All calculations involving depth into the cell are relative to a flat surface
with normal incident solar flux. The case for a textured surface would treat the path of the.
absorbed light ray as the depth so that textured surface solar cells behavu as though they are thicker

than pl'mar surface cells, Any nonabsorbed l”ldldtlot‘l that stnkes the back of the cell can be

reflected back through the cell giving a fractional increase in J.

Front surface recombination does not appear to be a significant factor since only =2% olJgis

. generated in the first 10 nm. Less than 1% of the Je is generated in the last | pm of a 250-um cell
8o back surface 1ecomb1natlon is even less of a facfor.
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B, PROCESS CONTRQL EXPERIMENTS
1. Diffusion

An As polymer dopant reproducibility test was conducted for a 5-day period. Six 5.0-cm
walers were run in one ot each day. At least five ])bints on each waler were measured with a
4-point probe. All diffusions were run af 1000°C for 90 minutes to produce a target difTused sheet
resistance of 60 /0. The same lot of polymer dopant was used for the entire test, The resulis of
this test are summarized below;

Lot Resistivity - '
Test Day No. (e/a)

599
60.6
64.9
65.2
61.8

th B L b —

Avg. S 625

The day-to-day variation is < 10% deviation {rom the nomuml target diffused sheet resistance of
60 /0 and w1tlun +5% of the average 1'01 the S-ddy test.

Within a given day, the six wafers also showed good uniformity ‘und reproducibility. Tyi:ical
data for the individual wafer run on day two are given in Table IV. Variance and standard deviation .
are calculated using N-1 weighing. The diffused sheet 1esm(|wty across a typical wafel and I'rom
waler to wafer within a run-is well under =10%.

This level of process lelOdllCIblllty coupled with the low sensitivity of llght-aenemted current '
and series resistance to diffused layer 1e51st1v1ty makes this  process one that does not require
stringent testing for process control. Spot testing on & sample basis sliould be used as a process
monitor but regular in-line testing does not appear to be justified or cost effective,

C. - MODULE FABRICATION

The porcehm cnameled steel subs[mte and loul\mg Immt. are the umquc and kcy c]ements of
the 20-year lifetime LSSA modules designed under this contract. Thc basic work during this
reporting  period has been to identify the mtlcul matelml and. process parameters whlch will

“influence the nwnuﬁctleb1htv cost, and dumbmly of the poreelain ummelcd components,
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Three vendors of porcelain enameled steel: Challenger Stamping and Porcelain Co., Grand
Haven, Michiean: Vitreous Steel Product Works, Cleveland, Ohio; and The Jones Metal Products
Co., West Lafayette, Ohio have been contacted to obtain design information and to do sample
porcelain enameling. Also data has been obtained from the Porcelain Enamel Institute and
discussions have been held with TI personnel with background in ceramics and enameling to collect
pertinent information.

Porcelain enamel is fused to the metal substrates at temperatures ranging from 900°F to
1800°F, with 1400°F-1600°F being the most common range. These relatively high temperatures
impart unique effects upon the materials used, one of the most i‘mpcjrtant criteria for proper design
of parts to be porcelain enameled is an understanding of the materials and their reactions in the
high-temperature areas of processing. Three common grades of steel sheets used for enameling are

enameling iron, cold-rolled and decarburized steel. Strict adherence to material thickness and design

factors such as corner radiusss, holes, symmetry of design, accessibility to apply the frit, etc., is
necessary {or a suitable finished porcelain coating,

To gain design information, soft tooling and normal sheet metat bending practices were used to

manufacture several 28 X 33 cm substrates and corresponding lock frames. Two of these formed

substrales which are similar to Design III have been provided to each of the three vendors for their
evaluation. These vendors will evaluate the design for suitability for large-scale manufacturing, its
ability to accept and retain the porcelain. The samples will be evaluated for dimensional changes in
enameling and for the dielectric characteristics of the coating, The in’i‘ohuation will be used to
optimize the design of the componeits.

Connector designs suitable for outside environment have been evaluated and Sure Seam 1M
Connectors developed by ITT Cannon have Leen ordered and will be used initially for
module-to-module interconnection. This manulacturér claims that these sealed connectors satisfy all
of the parameters defined by automotive/industrial standards including . vibration, shock,

temperature cycling, salt water spray and immersion, peiroieum derivations and mclustrml gas.

Connectors will be assessed for their ability to meet the 1985 cost goals. -

Bus bars for cell interconnections are presently being fabricated from copper clad Invar. Strips
with a square cross section have been split from a sheet of Invar and subseqﬁe‘ntly drawn into wire
form through a series of dies. The Invar wire will then be elct,trodeposned with copper toa '75!75
ratio. Formnm_ of the trmng,uhu cross qecnon to the f;mshecl gdf,& wsl] be the fi I'Idl stcp
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~ Information has been gathered and vendors of condensation and IR soldering equipment have
been contacted. The first of these two processes seems to be uniquely suited to solder relatively
large size but delicate cell rows.. “Condensation/vapor-phase reflow soldering is a unique process
which uses the latent heat of a hot condensing saturated vapor on an assembly to provide precise
temperature contro! and high heat transfer rates for soldering assemblies.” Condensation soldering

“offers many advantages over other forms of soldering such as (1) rapid heating with the precise

temperature control that protects heat sensitive components from thermal damage, (2) even heating
of the entire assembly surface regardless of parts geometry, and (3) an inherently clean operation
since only continuously distilled vapor contacts the assembly.

All testing equipment for monitoring environmental data has been identified and obtained.
Some of the equipment is in need of repair and actions have been initiated to complete this task.

27



g e S e ateie ot
[P SIS S

TS

5

- SECTIONIII
CONCLUSIONS AND RECOMMENDATIONS

Sensitivity analyses show that diffused sheet resistivity, metal line width, and metal sheet
resistivity do not strongly affect Igc or Rg. ' '

Calculation of generation rate and generated current density, Jg, for SiQO under AMO
illumination show that an optical coating of 0,075 pm +0.015 um is opfimum. Current generation
at either the front or back surfaces is <2% of J. Variations of £0.02 im at a junction depth of

0.3 um has a very slight impact on ]SC'

"Control experiments on diffused sheet resistivity control for polymer dopant As sources
indicate excellent reproducibility.

" A solar cell design incorpora'tii'_:g a number of in-proess test sites has been designed and cells
fabricated.

FPLMCEYING PAGE BLANK NOT FILM LY
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SECTION IV
NEW TECHNOLOGY

No new technology was discovered or employed during this quarter,
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. SECTION YV
PROGRESS SUMMARY

Figure 10 shows the current work plan status. All major activities are in progress. No major
problems are apparent at present to prevent attaining the indicated milestones. '
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Activily

 Schedule of Activities

Mar 'A.pﬂll May .Junt' luiy. Au|'

IA. METALLIZATION

1. Line Width

a Sensitivity Analysis

.

m— (IS Ea——

B et ST

b. Control Evaluation
=g Define Test Point
[ 3 Metal Resstvity
a. Sensitivity Analysis
b. Control Evaluation
<. Define Test Point
3. Contact Resistivity
J-.-Sér-l-slll\ﬂ} Analysis
b, Control Evaluation
¢ Define Test Point
" 4. Back Side Contact Area

"

: . . . e

a, Sensitivity Analysis
b. Control Evaluation

(B. JUNCTION FORMATION
|, Duftusion Depth
a. Sensitivity Analysis
b. Control Evaluation
¢. Detine Test Point
2. Layer Resistivity
a. Sensitivity Analysis
b. Control Evaluation
77777 <. Define Test Point
3. Edge Passivation
a. Effect on Dark |-V
b. Evaluation
"4 Base Layer Lifetime
a. Impact on Efficiency

5. Dark |-V

" a. Control Evaluation
b. Control Technique
¢. Define Test Point

b. Control Evaluation After Process

I. Refractive Index

T & Senmitivity Analysis
= b. Evaluation
! 4. Opuical Thickness

4 Sensitivity Analysis
b. Evaluation

3. Deposition Technique
a. Control Techmque

b. Prowess Compatibility

ID. MODULE FABRICATION
I. Mounting Techmque
a. Evaluatior
b, Analysis
2. Interconnection Teck
L a. Fraluation
b. Analysis
3. Construction Mutenal
a, Cost Trade-Off
:____4 Module Test Sumple

REPORTS
~ Munthly
3 Quart=rly
___ Final (Dratt) (deferred)
| Final (defarred)

IC_ OPTICAL COATING _

———
- —
————

Figure 10. Work Plan Status
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