(43) International Publication Date
27 November 2014 (27.11.2014)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

WIPOIPCT

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2014/189790 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:
HO1L 31/18 (2006.01) HO1L 21/66 (2006.01)
HO1L 21/67 (2006.01)

International Application Number:
PCT/US2014/038455

International Filing Date:
16 May 2014 (16.05.2014)

Filing Language: English
Publication Language: English
Priority Data:

13/897,698 20 May 2013 (20.05.2013) US
Applicant: VARIAN SEMICONDUCTOR EQUIP-

MENT ASSOCIATES, INC. [US/US]; 35 Dory Road,
Gloucester, Massachusetts 01930 (US).

Inventors: BATEMAN, Nicholas P. T.; 55 Pasture Road,
Reading, Massachusetts 01967 (US). SULLIVAN, Paul;
19 William Fairfield Drive, Wenham, Massachusetts 01984
(US).

Agent: DAISAK, Daniel N.; Kacvinsky Daisak Bluni
PLLC, 3120 Princeton Pike, Suite 303, Lawrenceville,
New Jersey 08648 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

20147189790 A1 |1 0100 1010000 0

100

N

iz

(54) Title: SUBSTRATE PROCESSING BASED ON RESISTIVITY MEASUREMENTS

160
\

160

=

160
Bt
N

150'/

1‘11:

FIG. 1

(57) Abstract: The resistivity of a silicon boule may vary along its length, thereby making a uniform ion implantation process sub-
optimal. A system and method for measuring a resistivity of a substrate, and processing the substrate based on that measured resistiv-
ity is disclosed. The system includes a resistivity measurement system, a controller and an ion implanting system, where the control -

o ler configures the ion implantation process based on the measured resistivity of the substrate.



10

15

20

25

30

WO 2014/189790 PCT/US2014/038455

SUBSTRATE PROCESSING BASED ON RESISTIVITY MEASUREMENTS

FIELD

This application relates to a method of determining the
inherent resistivity of a substrate, and adjusting the

subsequent processing of the substrate.

BACKGROUND

Solar cells typically utilize a p-n junction to separate
electron-hole pairs that are created by photons penetrating the
substrate. This may be achieved by disposing a p-type region
adjacent to an n-type region. Traditionally, one of these
regions, such as the n-type region, may be provided through the
use of a previously doped bulk material. For example, the bulk
silicon wused to create a solar cell may be n-type silicon.
Methods of creating bulk silicon with n-type or p-type dopants
incorporated therein are well known in the art. One surface of
this bulk n-type silicon is then doped with p-type ions to
create a p-type region, adjacent to the remainder of the n-type

bulk silicon.

Variations in the resistivity of the bulk silicon may have
an adverse impact on the efficiency of the solar cell. For
example, high resistivity of the bulk silicon may decrease
lateral carrier mobility, which negatively impacts series
resistance and therefore fill factor. While the resistivity of
the bulk material may impact solar cell performance, few
techniques are currently employed to determine and counteract
the affect of high resistivity of the bulk material.
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Therefore, an improved method of processing a substrate,
using information related to the bulk material’s resistivity, 1is

needed.

SUMMARY

The resistivity of a silicon boule may vary along its
length, thereby making a uniform ion implantation process sub-
optimal. A system and method for measuring a resistivity of a
substrate, and processing the substrate based on that measured
resistivity is disclosed. The system includes a resistivity
measurement system, a controller and an ion implanting system,
where the controller configures the ion implantation process

based on the measured resistivity of the substrate.

In one embodiment, a method of processing substrates is
disclosed, which comprises measuring a resistivity of a first
substrate; and processing a second substrate based on gsaid
measured resistivity to achieve a desired sheet resistance. In a
further embodiment, the first and second substrates may be the
same substrate, such that the processing is performed on the

same substrate that was measured.

In another embodiment, an apparatus for processing
substrates is disclosed, which comprises a measurement station
to measure resistivity of the substrates; a controller to
determine a dose based on the measured resistivity; and an ion
implanter to implant the dose in the substrates. In a further
embodiment, the controller is in communication with a database,
wherein the controller stores the measured resistivity of the

2
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substrates and an indication of the substrates in the database,
wherein the controller identifies a substrate 1in the ion
implanter based on the indication, and wherein the dose for the
identified substrate is based on the measured resistivity of the

substrate.

In another embodiment, a method of processing a substrate
to form a solar cell is disclosed, which comprises measuring a
resistivity of the substrate; storing the measured resistivity
in a database; selecting a dose to be used in the creation of a
back surface field (BSE) based on the stored measured
resistivity; and implanting ions into the substrate using the

selected dose to create the BSF.

BRIEF DESCRIPTION OF THE FIGURES

For a better understanding of the present invention,
reference 1s made to the accompanying drawings, which are
incorporated herein by reference and in which:

FIG. 1 shows a system which may be used in accordance with
one embodiment;

FIGs. 2A-2C show several embodiments of BSF dosing;

FIG. 3 shows a flowchart in accordance with one embodiment;
and

FIG. 4 shows a flowchart in accordance with a second

embodiment.

DETAILED DESCRIPTION

As described above, the bulk silicon may have varying
resistivity. For example, phosphorus doped bulk silicon created
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using the Czochralski process may have resistivity variability
along the boule. This may be due to the liguid/solid segregation
of phosphorus. Because of this, one end of the boule may have a

resistivity that is noticeably different than the opposite end.

High resistivity of the bulk silicon may degrade the
performance of a solar cell. However, for passivated emitter
and rear total (PERT) solar cells, this high bulk resistivity
may be counteracted by the introduction of a highly dosed back
surface field (BSF). The BSF may provide a more conductive
lateral path for majority carriers. Thus, in high resistivity
substrates, a highly dosed BSF may decrease sheet resistance.
However, 1in substrates having lower bulk resistivity, reduced
doses for the BSF may be advantageous. Thus, a single uniform
dose for the BSF, which is independent of the bulk resistivity,

may compromise the performance of all solar cells.

In other words, in some embodiments, it may be desirable
that all processed substrates have a series resistance within a
certain range. Differences in the underlying resistivity of the
substrate require variations in the BSF sheet resistance to
ensure consistent series resistance. The wvariations in the BSF
sheet resistance may require changes in the processing of the
substrates. Thus, by measuring the resistivity and processing
the substrate based on that resistivity, the processed

substrates can achieve the desired sheet resistance.

FIG. 1 shows a system which may be used in accordance with
one embodiment. The system 100 includes an ion implanter 110,

which 1is wused to introduce ions into the substrate. The 1ion
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implanter 110 may include an ion beam generator 112, and a
platen 111. The ion beam generator 112 1is configured to
generate the ion beam 113 and direct it towards a front surface
of the substrate 160. The ion beam generator 112 may include
many components known to those skilled in the art, such as an
indirectly heated cathode ion source, an RF ion source, an
extraction assembly positioned proximate an extraction aperture
of the ion source, a mass analyzer, acceleration/deceleration
lenses, etc. to provide the ion Dbeam 113 having desired
characteristics, such as beam current, uniformity, and energy
levels. The ion implanter 110 has been described as a beam line
or flood ion implanter but a plasma doping implanter may also be
utilized to treat the substrate. Those skilled in the art will
recognize a plasma doping implanter positions the substrate 160

in a processing chamber where plasma is generated.

The system 100 also includes a measurement station 130,
which is used to measure an electrical property of the substrate
160. For example, the measurement station 130 may measure the
resistivity of the substrate 160 by disposing a plurality of
probes (not shown) in electrical contact with the surface of the
substrate 160. A voltage may be applied to one of these probes
and the current is measured at the other probes. Alternatively,
a current may be applied to one probe and the voltage 1is
measured at the other probes. This measurement technique allows
the calculation of resistance of the substrate 160. Of course,
other mechanisms may be used to measure the resistivity of the

substrate 160.
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Alternatively the measurement station 130 may use a
magnetic field to induce eddy currents in the substrate 160.
The magnetic field may be applied and then removed and the decay
of the induced eddy currents monitored to determine the
resistivity, or an AC magnetic field may be applied and the
phase angle between the applied magnetic field and the induced
eddy currents may be monitored to determine the resistivity of

the substrate 160.

The system 100 may also include automated substrate
handling equipment, such as a conveyance system 150, for
transferring substrates 160 between the measurement station 130
and the platen 111. The conveyance system 150 may be one or
more robots, conveyor belt, or other mechanisms known to those
skilled in the art. In some embodiments, the substrate 160
enters the measurement station 130 prior to entering the ion

implanter 110, although the opposite order may also be used.

The system 100 also includes a controller 120 in
communication with the measurement station 130 and the ion
implanter 110. The controller 120 can be or may include a
general-purpose computer or network of general-purpose computers
that may Dbe programmed to perform desired input/output
functions. The controller 120 can also include other electronic
circuitry or components, such as application specific integrated
circuits, other hardwired or programmable electronic devices,
discrete element circuits, etc. The controller 120 may also
include communication devices, data storage devices, and

software. The controller 120 is 1in communication with a non-
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transitory medium, such as a storage element 125. This storage
element 125 contains instructions, which when executed by the
controller 120, perform the steps and operations described
herein. The controller 120 may receive input signals from a
variety of systems and components such as the ion implanter 110,
the dion beam generator 112, conveyance system 150, or the
measurement station 130 and provide output signals to each to
control the same. The controller 120 may also be in
communication with a database 140. This database 140 may be
disposed in the storage element 125, or may be disposed in a
different storage element, which may be locally or remotely

located.

In operation, the substrate 160 is transferred to the
measurement station 130, such as by the substrate handling
egquipment. A conveyance gsystem 150 may be used to move the
substrates 160 between the measurement station 130 and the ion
implanter 110. Thereafter, the controller 120 performs a
resistivity measurement, wusing, for example, a plurality of
probes. Based on the measurements obtained, a resistivity wvalue
of the particular substrate 160 can be determined. This wvalue 1is
then stored by the controller 120 in database 140. In addition,
an indication of the identity of the substrate 160 may be stored
with the measured resistivity wvalue. This indication may be a
scribe mark. In this embodiment, an optical system (not shown)
may be utilized to detect the scribe mark at the ion implanter
110 in order to identify the substrate 160. In other
embodiments, the indication of the identity of a substrate 160
may be based solely on the position of the substrate 160 in the

processing order. For example, the controller 120 may be aware
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of the number of substrates disposed between the measurement
station 130 and the ion implanter 110, and based on this, can
correlate the substrate 160 in the ion implanter 110 to its

information in the database 140.

Later, the substrate 160 1is transferred by the handling
egquipment or conveyance system 150 to the ion implanter 110. The
controller 120 identifies the substrate 160, and wuses the
database 140 to retrieve the resistivity measurement for this
substrate. Based on its resistivity measurement, the control 120
modifies the operation of the ion implanter 110. In this way,
the substrate 160 is processed in accordance with its measured

resistivity value.

In other embodiments, the controller 120 tracks changes in
resistivity at the measurement station 130. The resistivity of
substrates in a boule may change gradually. Additionally,
substrates as delivered to a customer may be arranged in roughly
the order in which they were removed from the boule. In this
case, it 1is not necessary to exactly identify a substrate with
its measured resistivity. Rather, once the controller 120
identifies that the resistivity has changed, substrates 160

thereafter are processed differently.

In one embodiment, shown 1in FIG. 2A, the dose wused to
create the BSF is based on the measured resistivity wvalue. For
example, the higher the resistivity of the bulk silicon, the
higher the dose wused for the BSF. Thus, a proportional
relationship may exist between the measured resistivity value
and the dose used for the BSF. While FIG. 2A shows a linear
relationship, other relationships may also be used.

8
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In another embodiment, a finite number of different doses
are used by the ion implanter 110. For example, 1in one
embodiment, shown in FIG. 2B, two different doses are used for
the BSF. If the measured resistivity value exceeds a
predetermined threshold, the higher dose is utilized. Otherwise,
the lower dose is used. Of course, more than two dose values may

be used in this embodiment.

In another embodiment, shown in FIG. 2C, a hybrid approach
may be utilized. For example, the dose may be set to a first
lower value for all resistivity wvalues below a predetermined
value. However, above that predetermined wvalue, the dose may be

determined based on the measured resistivity value.

The dose applied to the BSF may be wvaried using any
technique known in the art. For example, the amount of time that
ions are implanted into the substrate may be modified to adjust
the total dose introduced, such as by changing scan speed or
pulse rate of the ion beam. In other embodiments, the ion beam
energy, the ion beam current, or ion beam angle may be modified

to affect the total dose applied.

While the above description discloses that the ion implant
process may be modified based on the resistivity measurement,
other embodiments are also possible. For example, in another
embodiment, the ion implant step may be identical for all
substrates, regardless of resistivity value. Then, at a
subsequent process step, such as the anneal step, the substrates
may be processed differently based on their resistivity. For
example, a higher thermal budget may be applied to substrates

9
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having a higher measured bulk resistivity. In some embodiments,
a laser drive in step or an additional ion implant step may be
added for high resistivity substrates. Additionally, a dopant
paste may be applied to high resistivity substrates prior to the
anneal process. In low resistivity substrates, an etch step can
be added to remove dopant. Other process steps may also be
modified according to measured resistivity. In each of these
examples, the processing 1s varied to allow the processed
substrate to have a sheet resistance within a certain range,
regardless of its original measured resistivity. In other words,
various process steps may be varied in order to create the

desired sheet resistance.

FIG. 3 shows a flowchart according to one embodiment. As
shown in step 310, a substrate enters the measurement station
130. A resistivity measurement 1is then performed on the
substrate, as shown in step 320. As described above, probes may
be used to contact the surface of the substrate and pass a
current therethrough to determine the resistance of the

substrate.

The measured resistivity 1is then stored in a database, as
shown in step 330. This resistivity wvalue may be associated with
the identity of the substrate. For example, an indicia may be
located on the substrate which uniquely identifies it. 1In
another embodiment, the substrate i1is identified based on its

position in the batch.

Later, the substrate enters a process chamber, as shown in
step 340. This process chamber may be ion implanter 110, an
anneal station, or another process chamber. At this time, the

10
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controller 120 retrieves the resistivity measurement for this

particular substrate from the database, as shown in step 350.

Finally, the substrate is processed based on this
resistivity measurement, as shown in step 360. This processing
may include variable dosing of the BSF, as described above. In
other embodiments, this processing may include variable anneal
processes to adjust the sheet resistance of the substrate. Other
process variations, such as those described above, can also be

performed based on the resistivity measurement.

It should be noted that steps 310-330 of FIG. 3 may be
performed on an unprocessed substrate. However, in some
embodiments, the substrate may already have been partially
processed prior to entering the measurement station 130. For
example, the substrate may be ion implanted, and then moved to
the measurement station 130. In this case, the resistivity
measurement may be used to control or adjust the anneal process
that will be subsequently performed. In other words, the
duration or temperature of an anneal cycle may be varied based

on the measured resistivity.

FIG. 4 shows a flowchart according to this embodiment.
First, as shown in step 400, the substrate is ion implanted. All
substrates are identically implanted in this embodiment. After
the substrate has been implanted, its resistivity is measured at
the measurement station 130, as shown in step 410. This
resistivity measurement is stored in the database, as shown in
step 420. Subsequent to the resistivity measurement, the
substrate enters a process chamber, as shown in step 430. The
previously measured resistivity wvalue 1s retrieved from the

11
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database, as shown 1in step 440. Based on this retrieved
resistivity wvalue, the substrate is processed as shown in step
450. In some embodiments, the process chamber is an anneal
chamber, and the anneal cycle is wvaried Dbased on the
resistivity. For example, as stated above, the duration or
temperature of the anneal may be modified based on the measured
resistivity wvalue. Additionally or alternatively, other process
steps, such as laser drive in, additional ion implants, or
application of dopant pastes may be performed in step 450 based

on this resistivity measurement.

Additionally, this resistivity measurement could also
provide feedback to the ion implanter to wvary the dose for a
subsequent substrate, based on the resistivity measured after
ion implantation. For example, as described above, the
resistivity of a Dbatch of substrates may change gradually.
Therefore, measuring the resistivity of a substrate after ion
implantation and using that information to determine the dose of

a subsequent substrate may be effective.

In some embodiments, 1like those described above, each
substrate is processed individually, and therefore, the process
step performed in step 360 may be modified for the resistivity
of that particular substrate. However, in some embodiments,
multiple substrates may be processed simultaneously. For
example, a group of substrates may enter an anneal chamber and
be processed together. Similarly, a group of substrates may be
ion implanted at the same time. In these embodiments, it may not
be possible to tailor the ©processing of each substrate

individually.
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In one embodiment, after the resistivity of each substrate
is measured, the substrates are then sorted such that each group
of substrates that are ©processed simultaneously possesses
similar or nearly identical resistivity wvalues. Thus, since all
substrates 1in the group have similar characteristics, the

processing is appropriate for all substrates in that group.

In this way, substrates can be sorted such that a group of
substrates that 1is processed simultaneously all have similar
characteristics. The process can then be wvaried for the next
group of substrates. Thus, while a first group of substrates
that are processed simultaneously uses a first set of process
parameters, the next group of substrates may use a different set
of parameters. Thus, a batch of substrates may be divided into
smaller groups, where each group uses a common set of process

parameters.

In another embodiment, sorting the substrates may not be
desirable due to its complexity or impact on throughput. In
this embodiment, the controller 120 retrieves the resistivity
value for each substrate in the batch. It then performs some
function on this set of resistivity values to calculate a batch
resistivity wvalue. In some embodiments, this function may be an
averaging function. In other embodiments, this function may be a
maximum function, where the largest resistivity wvalue 1is
selected as the batch resistivity wvalue. In other embodiments,

this function may be a different mathematical function.

In one particular embodiment, a maximum function is
employed. In this way, most of the substrates in the batch
receive a higher BSF dose than would otherwise be used. However,

13
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the inefficiencies caused by a higher dosed BSF in a lower
resistivity substrate may be less than the inefficiencies caused

by a lower dosed BSF in a higher resistivity substrate.

In other embodiments, it is assumed that the changes in
resistivity of the substrates changes gradually, as described
above. In this way, substrates may be sampled at the measurement
station 130, and this sampled wvalue is then used to process some
number of substrates. For example, every tenth substrate may be
measured for resistivity and processing based on that
measurement may be performed on a larger number of substrates.
Note that the measured substrate may or may not be one of the

substrates processed based on this measurement.

In some embodiments, as described above, a conveyance
system 150 is employed where substrates 160 move from the
measurement station 130 to the ion implanter 110. Due to the
distance between these two apparatuses, there may be a number of
substrates 160 that have passed the measurement station 130 but
not reached the ion implanter 110. In one embodiment, the
controller 120 is aware of the number of substrates 160 between
these two components and properly correlates the measurement of
a substrate 160 to the ion implanting of that substrate 160 at a
later time. In another embodiment, the controller 120 uses the
measurement presently made at the measurement station 130 to
change the dose at the ion implanter 130. In other words, the
dose for a particular substrate 160 is wvaried based on the
resistivity measurement of a different substrate 160. In another
embodiment, substrates 160 are only sampled at the measurement
station, such that a plurality of substrates 160 is processed in
accordance with the resistivity measurement of a single

14
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substrate 160. Other variations are possible. For example, as
described above, the process changes do not necessarily occur at
the ion dimplanter 110. These process changes may be at the

anneal station or at another process step.

In addition, the conveyance system 150 may also be
configured such that substrates enter the ion implanter 110
prior to the measurement station 130. In this embodiment, the
measured resistivity is applied to a subsequent substrate 160

entering the ion implanter 110.

Several different mechanisms which use the measured
resistivity of a substrate 160 to alter the processing of that,
or a different substrate, are disclosed. In each of these
embodiments, the processing of the substrate 160 is wvaried such
that the sheet resistance of the processed substrate is within a
predetermined range. Otherwise, 1if all substrates are treated
identically, the resulting sheet resistance of the substrate is
correlated to its underlying resistivity. This may create
undesired wvariation in performance, such as if the substrates
160 are used to create solar cells. By measuring the
resistivity, the subsequent processing can be varied to allow a
BSF to be applied, where these BSFs all have a sheet resistance
within an acceptable range, regardless of the underlying

resistivity.

The present disclosure is not to be limited in scope by the
specific embodiments described herein. Indeed, other wvarious
embodiments of and modifications to the present disclosure, in

addition to those described herein, will be apparent to those of
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ordinary skill in the art from the foregoing description and
accompanying drawings. Thus, such other embodiments and
modifications are intended to fall within the scope of the
present disclosure. Further, although the present disclosure
has been described herein in the context of a particular
implementation 1in a particular environment for a particular
purpose, those of ordinary skill in the art will recognize that
its wusefulness 1s not limited thereto and that the present
disclosure may be beneficially implemented in any number of
environments for any number of purposes. Accordingly, the
claims set forth below should be construed in view of the full
breadth and spirit of the present disclosure as described

herein.
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What 1s claimed is:

1. A method of processing substrates, comprising:

measuring a resistivity of a first substrate; and

processing a gsecond substrate based on said measured
resistivity of the first substrate to achieve a desired sheet

resistance.

2. The method of c¢laim 1, wherein said measuring is
performed prior to said processing, said processing comprises
implanting ions into said second substrate, and a dose implanted
into said second substrate is determined based on said measured

resistivity.

3. The method of c¢laim 1, wherein said processing
comprises implanting ions into said second substrate and
subsequently subjecting said second substrate to a second
processing step, wherein said second processing step 1is varied

based on said measured resistivity.

4, The method of claim 3, wherein said measuring step is

performed after said ion implanting step.

5. The method of claim 3, wherein said measuring step is

performed before said ion implanting step.

6. The method of c¢laim 1, wherein said processing
comprises implanting ions into said second substrate, and said
first substrate comprises a substrate processed prior to gsaid

second substrate, and said dose 1s determined based on said
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measured resistivity of said substrate processed prior to said

second substrate.

7. The method of claim 6, wherein said resistivity of
said substrate processed prior to said second substrate is
measured after said ion implanting step and a dose is varied for

said second substrate based on said measured resistivity.

3. The method of claim 1, further comprising a plurality
of said second substrates, wherein said measuring step measures
resistivity of said first substrate; and said processing of said
plurality of second substrates 1is Dbased on said measured

resistivity.

9. The method of claim 1, wherein said measuring step
occurs prior to said processing step, wherein said first
substrate is measured subsequent to said second substrate, and
said processing of said second substrate is varied based on said

measured resistivity of said first substrate.

10. An apparatus for processing substrates comprising:

a measurement station to measure resistivity of said
substrates;

a controller to determine a dose based on said measured
resistivity; and

an ion implanter to implant said dose in said substrates.

11. The apparatus of claim 10, wherein said controller is
in communication with a database, wherein said controller stores
said measured resistivity of said substrates and an indication
of said substrates 1in said database, wherein said controller

18
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identifies a substrate in said ion implanter based on gaid
indication, and wherein said dose for said identified substrate

is based on said measured resistivity of said substrate.

12. The apparatus of claim 11, further comprising a
conveyance system between said measurement station and said ion
implanter, wherein said controller 1is aware of a number of
substrates disposed on said conveyance system that have been
measured and not implanted, and wherein said indication of a
substrate is based on a position of said substrate in said

conveyance system.

13. The apparatus of c¢laim 12, wherein said indication
comprises a scribe mark, and said apparatus comprises an optical

system to detect said scribe mark.

14. A method of processing a substrate to form a solar
cell, comprising:

measuring a resistivity of said substrate;

storing said measured resistivity in a database;

selecting a dose to be used in the creation of a back
surface field (BSF) based on said stored measured resistivity;
and

implanting ions into said substrate using said selected

dose to create said BSEF.

15. The method of claim 14, further comprising:
storing an indication of an identity of said substrate in
said database during said measuring step;

identifying said substrate prior to said implanting; and
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retrieving measured resistivity from said database based on

said identifying.
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