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Continuously Optinvized Solar Cell Metallization Design through Feed-Forward Progess
Background of the invention

Solar celis are typically manufactured using the same processes used for other
semiconductor devices, often using silicon as the substrate material. A semiconductor solar cell
is a device having an in-built electric field that separates the charge carriers generated through
the absorption of photons in the semiconductor material. This electric-fieid is typically created
through the formation of a p-n junction {diode) which is created by differential doping of the
samiconductor material. Doping a part of the semiconductor substrate (e.g. surface region) with
impurities of opposite polarity forms a p-n junction that may be used as a photovoltaic device
converting light into electricity.

Figure 1 shows a cross section of a representative substrate 100, comprising a solar cell.
Photons 101 enter the solar cell 100 through the top surface 105, as signified by the arrows.
These photons pass through an anti-reflective coating 110, designed to maximize the number of
photons that penetrate the substrate 100 and minimize those thal are reflected away from the
substrate.

internally, the substrate 100 is formed s0 as to have a p-n junction 120. This junction is
shown as being substantially paraliel to the top surface 105 of the substrate 100 although there
are other implementations where the junction may not be parallel to the surface. The solar cell is
fabricated such that the photons enter the substrate through the n-doped region, also known as
the emitter 130. While this disciosure describes p-type bases and n-type emilters, n-type bases
and p-type emitiers can also be used to produce solar celis and are within the scope of the
disclosure. The photons with sufficient energy (above the bandgap of the semiconductor) are
able to promote an electron within the semiconductor material’s valence band 1o the conduction
band. Associated with this free electron is a corresponding positively charged hole in the valence
band. in order 1o generate a photocurrent that can drive an external load, these electron-hole (e-
1) pairs need to be separated. This is done through the built-in electric field at the p-n junction,
Thus any e-h pairs that are generated in the depletion region of the p-n junction gel separated, as
are any other minority carriers that diffuse to the depletion region of the device. Since a majority
of the incident pholons are absorbed in near surface regions of the device, the minority carriers
generated in the emitter need to diffuse across the depth of the emitter to reach the depletion
region and get swept across to the other side. Thus to maximize the collection of photo-generated
current and minimize the chances of carrier recombination in the emitier, it is preferabie to have
the emitter region 130 be very shallow.

Some photons pass through the emitter region 130 and enter the base 140. These
photons can then excite electrons within the base 140, which are free to move into the emitter

region 130, while the associated holes remain in the base 140. As a resuit of the charge
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separation caused by the presence of this p-n junction, the exira carriers (electrons and holes)
generated by the photons can then be used to drive an external load to complete the circuit.

By externally connecting the emitter region 130 to the base 140 through an external
load, it is possible to conduct current and therefore provide power. To achieve this, contacts 150,
typically metallic, are placed on the outer surface of the emitter region 130 and the base 140.
Since the hase 140 does not raceive the photons directly, typically its contact 150b is placed
along the entire outer surface. In contrast, the outer surface of the emitler region 130 receives
photons and therefore cannot be completely covarad with contacts. However, if the electrons
have to travel great distances 1o the contact, the series resistance of the cell increases, which
lowers the power output. in an attempt to balance these two considerations; the distance that
the free electrons must travel to the contact, and the amount of exposed emitter surface 160;
most applications use contacts 150a that are in the form of fingers. Figure 2 shows a top view of
the solar cell of Figure 1. The contacts are typically formed so as to be relatively thin, while
extending the width of the solar cell. In this way, free electrons need not travel great distances,
but much of the outer surface of the emitter is exposed 1o the photons. Typical contact fingers
150a on the front side of the wafer are between 40 ym and 200 um. These fingers 150a are
typically spaced between 2-3 mm apart from one another. While these dimensions are typical,
other dimensions are possible and contemplated hersin.

A further enhancement o solar cells is the addition of heavily doped substrate contact
regions. Figure 3 shows a cross section of this enhanced solar call. The cell is as described above
in connection with Figure 1, but includes heavily n-doped contact regions 170, These heavily
doped contact regions 170 correspond to the areas where the metallic fingers 150a will be
affixed to the substrate 100. The introduction of these heavily doped contact regions 170 allows
much better contact between the substrate 100 and the metallic fingers 150a and significantly
lowers the series resistance of the csll. This pattern of including heavily dopad regions on the
surface of the substrate is commonly referred to as selective emiiter design. These heavily doped
regions may be created by implanting ions in these regions. Thus, the terms “implanted region”
and “doped region” may be used interchangeably throughout this disclosure.

A selective emitter design for a solar cell also has the advaniage of higher efficiency cells
due to reduced minority carrier losses through recombination due {0 lower dopant/impurity dose
in the exposed regions of the emitter layer. The higher doping under the contact regions provides
a field that collects the majority carriers generated in the emitter and repels the excess minority
carriers back toward the p-n junction.

in addition to selective emitier designs, other solar cell designs require patierned doping.
Another example is the interdigitated back contact (IBC) cell, which requires offset patlerns of n-

type and p-type dopants on the back side of the cell.
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Such structures are typically made using traditional lithography (or hard masks) and
thermal diffusion. An alternative is to use implantation in conjunction with a traditional
lithographic mask, which can then be removed easily before dopant activation. Yet another
alternative is to use a shadow mask or stencil mask in the implanter to define the highly doped
areas for the contacts. All of these techniques ulilize a Tixed masking fayer (either directly on the
substrate or in the beamiline).

All of thess alternatives have significant drawbacks. For sxample, the processes
enumerated above all contain muttiple process steps. This causes the cost of the manufacturing
process to be prohibitive and may increase wafer breakage rates. These options also suffer from
the limitations associated with the special handling of solar wafers, such as aligning the mask
with the substrate and the cross contamination with materials that are dispersed from the mask
during ion implaniation.

Figure 4 shows the typical processing steps required to create patierned doping using a
shadow or proximity mask. in step 400, the solar cell is designed. This includes creating the
dopant patterns and metallization layers. Based on the desired dopant patierns, a matching
proxirmity mask is design (step 410). Pre-implant manufacturing processes are performed (step
420, For exampie, in some embodimants, the wafers arrive at the faclory as raw sawn wafers.
The first step on entering the factory is inspection. The wafers are checked for cracks, resistivity
& size. After that, the wafer may go into a series of wet benches. The first wet step may be to
remove the saw damage from the wafers. This is typically a L0um efch from both sides of the
wafer o remove the micro-cracks formed by sawing. The next siep may be an anisotropic stch
that forms the random pyramid texturing on the wafer surfaces. This may help light trapping. The
pre-processed wafer is then physicaily aligned within the ion implanter (step 430). This step aisc
includes precise positioning of the proximity mask. The ion implant of the wafer is then
performed, with the proximity mask in place (step 440). After the wafer has been implanted,
various post-processing steps, such as anneal and SiN« deposition, are performed on it (step
4580}, The wafer is aligned with respect to a reference edge or indicia prior to application of the
metallization pattern (step 460). Finally, the metal layer is applied to the wafer (step 470). In the
case of a solar cell, the metal layer is typically applied atop the heavily doped regions of the wafer
(i.e. those regions implanted during implantation step 440). The final step of fabricating a solar
cell is the firing step, where the printed metal is driven in to the cell to make the actual contacts,

However, there are many known probiems with the use of a proximily mask, especiaily in
solar cell applications. FIG. 5 shows a wafer 501 being implanted by an ion beam 502, through a
proximity mask 503. The mask 503 has a plurality of slots, where each is separated from the
adjacent slots by a slot-location spacing 500, The first of these slots is offset from an indicia 504
by a distance 510. The mask 503 has a certain thickness (1} and is offset vertically above the
wafer 501 by a gap. As shown in FiG. 5, the ion beam 502 may not be completely orthogonal to
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the wafer 501. The beam angle (8), the mask thickness (t) and the gap from the mask 503 to the
wafer 501 all have an effect on the location of the implanted regions 505. For exampile, the
greater the gap between the mask 503 and the wafer 501, the more lateral displacement
between the desired implant region and the actual implant region 505. Similarly, a thicker mask
will tend 1o reduce the overall width of the implanted region 505, to a width less than the slot
width 520. in addition, the use of a proximity mask 503 requires multiple alignment steps. First,
the mask 503 must be aligned with the wafer 501. Subsequently, the metal layer has to be
aligned as well. FIG. 5 shows the metal 5086 applied in the desired location. However, the
variability of the steps creates a situation where the metal 506 is not applied over the center of
the implanted region 505. The offset from the implanted region 505 to the metal 506 is referred
1o as feature error, and is shown as being positive on the left side of the implanted region 506
and negative on the right side of the implanted region 505.
In summary, proximily masks can cause the following problems:
e Variability of desired feature placement due to machining tolerances;
e Variability of feature placement due to incident ion beam angle accuracy
{resulting from mask gap or ion beam repeatability);

e Variability of feature placement due to wafer positioning;

e Variability of feature placement due to wafer size tolerances; and

s Tight alignment requirement for the application of metallization.

To accommodate these system tolerances, often the implanted region 505 is larger in
size than optimally desired. In the case of selective emitter cells, the oversized implanted regions
505 expand into the emitter region, thereby reducing the surface area of the emitter region. This
results in a lower cell efficiency.

FiGs. 8A-C show the impact of these wider implanted regions on a solar cell 600. FiG. 6A
shows a typically geometry of a solar cell with bushars 805 and metal fingers 610. FiG. 6B is an
expanded view of a portion of FIG. 6A, showing the metal fingers 610, busbar 605 and implanted
regions 615 in more detail. To insure that the metal fingers 610 and busbars 605 do not cover
the emitter region 620, the implanted regions 615 are created with a greater width than desired.

Note that any area which is implanted and not coverad by metal is less efficient in capturing solar

. energy.

FiG. 6C shows a section view of an existing process. The metai finger 610 is located at
the leftmost position, based on known tolerances. To insure that the metal finger 610 does not
contact the emitter region 620, the implanted region 615 is made wide enough such that in all
sgenarios, with maximum tolerances and minimum widths, the metal finger is covering only
implanted region 615. However, the exposed portions of implanted region 615 are less efficient

in capturing solar energy.
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In addition, high precision alignment systems and the above described production
method is inherently costly. Consequently, efforts have been made to reduce the cost and sffort
required to dope a pattern onto a solar celi.

Therefore, there exists a need {o produce solar cells where the number and complexity of
the process steps is reduced, while maintaining adequate accuracy so that subseguent process
steps are correctly positioned. While applicabls to sclar cells, the technigues described herein
are applicable 1o other doping applications.

Summary of the invention

An improved, lower cost method of processing substrates, such as to create solar cells, is
disclosed. The doped regions arg craated on the substrate, such as using a mask. In other
embodiments, the doped regions are created without the use of lithography or masks. After the
implantation is complete, visual recognition is used to determine the exaci region that was
implanted. This information can then be used by subseguent process steps 1o crate a suitable
metallization layer and provide alignment information. These technigues can also be used in
ather ion implanter applications.

In another aspect, a dot pattern selective emitter is created and imaging is used to
determine the appropriate metallization layer.

Brief Description of the Figures

FIG. 1 shows a cross section of a solar cell of the prior art;

FIG. 2 shows a top view of the solar cell of Figure 1;

FiG. 3 shows a cross section of a solar cell using selective emitier design;

FIG. 4 shows a production flowchart of the prior arl;

FIG. 5 shows the sources of inaccuracy with a proximity mask;

FiGs. 8A-C show the relative widths and pcsitiqns of implanted regions and metal layers
according to the prior art;

FIG. 7A is a flowchart of the manufacturing process in accordance with one embodiment;

FIG. 7B is g flowchart of the manufacturing process in accordance with a second
embodiment;

FIG. 8 is an expanded view of an implanted wafer;

FIG. 9 is the wafer of FIG. 8 with a metal layer applied;

FIG. 10 is a dot collector grid for a solar cell; and

FIG. 11 is the solar cell of FIG. 10 with metal linkages applied.

Detailled Description of the Invention

As described above, current manufacturing processes require precise alignment of
implanted regions on the solar cell with the metallization layer. By eliminating this requirement

for precision, the manufacturing process can be simplified and made more cost effective.
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To reduce this complexity, an image, such as a high resolution image, of the wafer is
obtained after the wafer has been implanted. This image may be taken at various points in the
process. For example, the image may be taken immediately after ion implantation, after
activation {wither with or without oxidation), or after passivation with SiNx. The point in the
process at which the image is taken may determine how clearly the implanted regions can be
detected. The implanted regions can be differentialed from emitter regions on a high resolution
image. This image is then processed o determine the position and sizes of the implanted
features. Based on this processing, a metallization iayer can be prepared. This metallization
layer, which corresponds to the thickness and position of the implanted regions, is then applied
to the wafer in a subsequent processing step. In this way, the efficiency of the solar ceil is
increased, as the emitier region can be maximized.

FIG. 7A shows a flowchart of one embodiment. Similar to the current processes, the
parametric solar cell design is completed (step 700). in some embodiments, a metallization
pattern is also generated at this time. The design of a matching proximity mask, based on the
solar cell pattern is also created (step 705). These two components are used in pre-implant
manufacturing processes (step 710} The wafer is then aligned in the ion implanter (step 7185).
This alignmeant need not be as precise as the alignment in the prior art (step 430). In the prior ant,
the subsequent processing steps were all based on alignment to known indicia or fiducials.
Therefore, it was critical that all processes be tightly aligned to these indicia, tc minimize
variation. However, in the present embodiment, the subsequent steps are based on the indicia
and the high-resolution image of the implanted regions. Thus, any variation in position of the
implanted region with respect to the indicia or fiducials can be captured and corﬁpeﬂsated for
later in the process.

In step 720, the wafer is impianted by the ion implanter with the proximity mask located
in front of the wafer. This implantation step creates the implanted regions onto which the metal
is to be applied. It should be noted that other methods of selectively implanting the wafer may
also be used. For example, other methods such as sheath engineering, modulation of the ion
beam, and movement of the workpiece during ion implantation, can also be used to create a
implant pattern in the wafer.

After implantation, an imags, such as a high-resolution image, of the implanted waferis
obtained {step 725). This high resolution image can be obtained by any suitable means, including
a CCD camera, electron beam (SEM), Auger Emissicon spectroscopy, an infrared camers, a
photodiode, secondary ion mass spectroscopy (SIMS), surface contact resistance,
photoluminence, a lasar (such as Thermawave) or other systems. Thus, the term “image” is used
to describe the pattern which indicates the relative placement of the implanted regions on the

wafer, regardiess of the means used to generate that pattern.
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The high resolution image is then processed to determine the edges of the implanted
regions, and to determine the overall pattern of the implanted region (step 730). The high-
resolution image may be associated with the wafer, such as through an identifier and other
characterizing mark. The image is processed by a computing device or controlier. The controlier
has a processing unit, capable of executing instructions, and a memory device. The memory
device typically contains computer readable and executable instructions, as well as other
information. The executabie instructions comprise the metailization algorithm. The memory may
contain both volatile and non-volatile portions. The controller may include other functions, such
as input/output ports, sensors, and other devices.

This information is then supplied to a metallization algorithm to define the specific shape
of the metal pattern for this particular wafer. Such an algorithm is typically executed on a
controller or computing device. The algorithm may be executed on the same controller as used
for the image processing. in other embodiments, a different controller is utilized for the
metailization algorithm.

The resulting data may be stored in a databass, associated with the wafer identification.
In this way, subsequent process steps can query the dalabase to determine the appropriate
measurements and setling to be used with a particular wafer.

After the high resolution image has been taken, the wafer is then subjected 1o post-
implant processes {(step 735).

The metallization algorithm determines the specific shape of the metlal pattem. In some
ermbodiments, the metal pattern is determined to allering the parameters of a pre-existing
pattern (step 748). In this embodiment, the aigorithm utilizes the predefined metallization
parameters (step 740) as a initial draft of the metal pattern. Based on the image processing, the
algorithm may increase or decrease certain predetermined parameters. For exampie, the width of
the metal layer may be altered hased on the actual measured thickness of the implanted regions.
Similarly, metal-metal location 560 (see FIG. 5} may be altered basead on actual placement of the
implanted regions.

in other embodiments, the metallization algorithm creates a new metal pattern by
offsetting the edges of the implant region (step 750). FIG. 8 shows an expanded view of a portion
of the top surface of a solar call, after the wafer has been implanted (step 720). At this point in
the process, implanted regions 815 have been created amid emitter region 820. The high
resolution image determines the outline of the implanted regions 815 and creates a
metallization layer, based on the actual size and shape of the implanted regions 815. In some
embodiments, the metal layer is made slightly thinner than the underlying implanted regions 815
1o allow for tolerances and inaccuracies in the alignment process. A metal iayer, such as that

shown in FiG. 9, is then created by the aigorithm, and is subsequently applied.
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In other embodiments, as shown in FIG. 7B, the metal layer is deposited through the use
of inkjet printing technology. Ink jet printers eject modulated droplets of liquid through an array
of nozzles onto a surface, such as a surface of a solar cell 100. The nozzles may be controlled
by, for example, a piezo electric moter or other methods known to those skilled in the art. The
surface may be scanned across this array of nozzles, though the array of nozzies may be scanned
as well. The pattern used by the inkjet printer can be created based on the high resolution image
taken in step 725. Based on the image, a metallization pattern for the inkjet printer can be
created, as shown in step 770. in this way, the inkjet nozzies can deposit metal exactly on top of
the implanted regions, as shown in FIG. 9.

Regardliass of the method used, the metal layars are typically applied iater in the
production process. it may therefore be necessary 1o re-align the wafer to its initial position (from
step 720). To do this, the wafer may be uniquely identified, such as by using position or
characterizing marks on the wafer. Returning to FIG. 7A-B, a second image is taken of the wafer
{step 755) to obtain its position. In some embodiments, its position is measured reiglive to a
fixed indicia or fiducial. The wafer is then aligned to the indicia o return it to the exact location
that it was in during the initial implant (step 760). These steps may be performed by a positioning
system comprising an optical sensor and a mation control stage. Having determined and
adjusted the position of the wafer, the wafer is then printed with a metal paste using a suitable
method (step 765). The most commonly used method is screen printing. Ink jet printing, as
shown in FIG. 78, may also be used a non-gontact printing method, which improves wafer vield
due to less breakage, as shown in step 775. Aerosol sprays may also be used. FIG. 9 shows the
wafer after the metal layer 805, 801 have been applied. Nots that the ratio of the width of the
metal layer to the width of the implantad region is much greater than was possible in the priorart
{see FIG. 6B). in the prior art, implanted regions having a width of 500 ym are used in
conjunction with 110 um metal lines. This is a ratio of about 20%. Using present printing
methods, the placement of the metal line may be controlied to about 15 uym. Thus, fora 110 ym
metal line, the implanted region only needs 1o be about 140 um to guarantee that the metal line
is applied atop the implanted region. Similarly for a 40 ym metal line, the implanted region only
needs to be about 70 um. The ratio of these widths varies with the desired metal line width and
can be greater than 50%. In the case of 110 um metal lines, this ratio can be greater than 75%.

The tolerance of the placemant of the metal linas limits the ratio that can be achieved. As
described above, currently, the placement of the metal lines can be controiled to about 15 um.
Thus, the width of the metal line, added 1o twice this tolerance establishes the minimum width
for the implanted region. Thus, as the placement tolerances are reduced, the ratio of metal line
width to implanted region width can be increased.

Although this process has been described in conjunction with selective emitter designs,

the disclosure is not fimited to this embodiment. As described above, interdigitated back contact
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(iBC) solar cells contain heavier patterned implanted regions on the back side of the wafer. The
above technigue could be used to determine the exact location, width and shape of the p+ and
n+ doped regions. Based on the images, metal layers for each can be generated using the
technigues described above (steps 745 and 750). These metal patterns can then be applied to
the back side of the IBC solar csll.

In addition, this process has been described in conjunction with a proximity mask.
However, this method can also be used with other methods of selective implantation, such as
sheath engineering. In all cases, the implanted region is detected and the subsequent
application of the metallization layer is modified based on the actual location of the implanted
regions.

Although some embodiments of solar cells use a pattern that includes busbars and
fingers, other configurations are also possibie. FiG. 10 shows the top surface of a solar ceil
1000. In this embodiment, implanted regions 1010 are circular or nearly circular and arranged in
a grid, For this selective emitter type application, the collector dots (i.e. implanted regions) are
n++ implants {for a phosphorus implant). Typically there would also be a blanket emitter of n+
type. Although FiG. 10 shows the impianted regions 1010 forming a regularly shaped and spaced
grid, any arrangement of implanted regions is possible. in this configuration, the metal layer
comprises two components; the collector dots, which overlay the implanted regions 1610, and
the interconnects which connect the various collector dots together.

The size, shape and location of the metal collectors can be created using the process
described above. In this way, the metal collectors can be formed so as to occupy as much of the
implanted region as possible.

In addition to dot collectors on the top surfacs, this technique can aiso be used on the
back side of the solar cell. For example, a dot collector may be used on the back side to create a
back-surface field.

In addition o creating the metal collector pattern, the high resolution image can be used
for other purposes. Unlike the configuration of FIG. 6, the implanted regions can be connected in
a variety of ways. For example, the metal collectors can be connected using a tree-like structure,
where individual collectors are linked by very thin wires (due to the limited amount of current
being passed). As individual collectors are linked, the metal collections become thicker, 1o
accommodate the increased current load.

FiG. 11 shows an example of a dot collector solar cell, where the metal collectors 1010
are connected using metal wires. Note that wires which connect a single collector (i.e. 1020) are
very thin, as the current is very low from a single collector. As the currents from a plurality of
collectors are linked, the metal connections need to increase in size as well. Linkage 1020

connects a single collector, and therefore is very thin. Linkage 1025 connects two collectors and
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is therefore slightly thicker. Linkages 1027, 1028 are progressively thicker due 1o the increase
ioad through them. Ultimately, all of the collectors are connected to g busbar 1030.

Smaller metal linkages (i.e. 1020} have a higher series resistance relative to their
presentad shadow. A dot pattern selective emitier can be designed 1o increase the current io
increasingly larger linkages (i.e. 1027, 1028) while simultaneously minimizing the number of
linkages in the network. Based on the actual pattern of implanted regions, the algorithm can
optimize the placement and thickness of the linkages connecting the metal collectors. The
controller makes these adjustment based on predetermined conirol parameters, governed by the
actual melal placement accuracy and other physical and electrical characteristics,

For exampile, a mask may create a first dot pattern. Afier the high resolution pattern has
heen created, a dynamic oplimizing sofiware program determined the location and size of each
dot. Based on this, the software program can generate an optimal set of linkages.

Qver time, various effects can cause this optimized linkage pattern to change.

For example, if the screen used for the implantation process is slightly offset relative to
the wafer, all of the implanted dots will be correspondingly offset. Since this is a change that
affects all of the dots in a uniform manner, the optimal linkage pattern may not need 1o be
changed. However, each of the dots and linkages may also be correspondingly offset.

in another example, if the screen used for the implantation process is tilted, the
placement and size of the dols may be affected. Assume the screen is tilted such that it is closer
1o the wafer on the left side. Since the screen is closer to the wafer on this side, the implanted
dots will tend to be smaller as the beam expands less after passing through the screen. Atilt also
affects the placement of the dots, bringing them closer together. Thus, a tilted screen may affect
both the size and {ocation of the dots. Since the effect may not be uniform across the entire
wafer, the optimal linkage may change. V

in another example, if the screen wears out or warps, the implanted patiern will be
affected. Often, this type of wear out affects the implanted pattern in a non-uniform way.
Therefore, the optimal linkages may change as a result of screen wearout.

By utilizing the high resolution image of the implanted regions to create an optimized
linkage pattern, several benefits are achisved. First, there is greater tolerance as to the
alignment of the mask 1o the wafer during implantation. Secondly, since imperfections due to
mask wear out can be compensated for, the usefui life of the mask can be increased.

The present disclosure is not to be limited in scope by the specific embodiments
described harein. indeed, other various embodiments of and modifications to the present
disclosure, in addition to those described herein, will be apparent to those of ordinary skill in the
art from the foregoing description and accompanying drawings. Thus, such other embodimeanis
and modifications are intended to fall within the scope of the present disciosure. Further,

although the present disclosure has been described herein in the context of a particular
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implementation in a particularsnvirgrmment for g partitutar purposs, those of ordinary skill in the
artwill frecognizethat B8 usstulness is not fmitad therete and that the present disclosara may be
bhensticially implamanted in any namber of envirenments for any number of purposes,
Acoordingly, the claims set Torth bradow should be constiued inview of the full breadth and spirit

of the present disclosure ag described harel
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1.

10.

11.

12.

What is claimed is:

A method of applving a metallization layer to a substrate, comprising:
implanting ions into a portion of said substrate;
using a detection system to determine the aciual location of said implanted portion;
using said actual location to generate a metallization pattern; and
applying said metallization pattern to said substrate, such that said metallization
patiern covers a1 least 50% of said implanted portion.
The method of claim 1, wherein said detection system is selected from the group
consisting of a CCD camera, an infrared camera, a photodiode, and a laser.
The method of ¢laim 1, wherein said actual location is referenced to a fiducial.
The method of claim 1, wherein said substrate comprises an identifier and said actual
location or said generated metallization patiern is stored in a database with said
identifier.
The method of claim 1, wherein an algorithm alters a predeiermined metallization
patiern, wherein said predetermined metallization pattern comprises a plurality of metal
fingers spaced apart from one another.
The methoed of claim B, wherein said alteration comprises modifying the width of said
metal fingers,
The method of claim 5, wherein said alteration comprises modifying the spacing of said
metal fingers.
The method of claim 1, further comprising processing said substrate so as to produce a
solar cell.
A method of applying a metallization layer to a substrate, comprising:
implanting ions into a portion of said substrate, so as to create a plurality of
implantsd regions;
using a detection system to determine the actual location of said implanted regions;
using said actual location to generate a metallization pattern, said pattern comprising
a plurality of collectors;
applving said metallization pattern to said substrate, such that said metallization
pattern covers a portion of said implanted regions; and
using said actual location to design a pattern of links 1o connect said coliectors.
The method of claim 8, wherein said pattern of links is designed to minimize the number
of said links based on said actual location.
The method of claim 8, further comprising processing said substrate 5o as to produce a
solar cell,

A method of applving a metaliization layer 1o a substrate, comprising:
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implanting ions into a portion of said substrate, whereby said implanted ions form a
plurality of implanted regions, each having a minimum width ;
using a detection system to determine the actual location and width of said
implanted regions;
using said actual location to generate a metallization pattern, whereby said
metallization pattern comprises a plurality of lines, each having a metallization width,
where the metallization is determined based on the detected width of said implanted
regions and the placernent tolerance of said metallization pattern; and
applying said mestallization pattern to said substrate,.
The method of claim 12, wherein said metallization pattern covers at least 50% of said
implanted portion.
The method of claim 12, further comprising processing said substrate so as {o produce a
solar cell.
The method of claim 12, wherein the width of said metal lines is determined by
subtracting twice the placement tolerance from said detected width of said implanted
regions.
The mathod of claim 12, wherein sald metallization pattern is applied by an inkjet

“printer.

The method of claim 12, further comprising processing said substrate so as to produce a

solar cell.
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