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(57) Abstract: Anion implantation system (200) and method are disclosed in which glitches in voltage are minimised by modifi-
cations to the power system of the implanter. These power supply modifications include faster response time, output filtering, im-
proved glitch detect ion and removal of voltage blanking. By minimizing glitches, it ispossible to produce solar cells with accept -
able dose uniformity without having to pause the scan each time a voltage glitch is detected. For example, by shortening the dura-
tion of avoltage to about 20-4:0 milliseconds, dose uniformity within about 3% can be maintained.
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GLI TCH CONTROL DURI NG | MFLANTATI ON

FI ELD»

This invention relates to ion inplantation and, nore

particularly, to uniformty during ion inplantation.

BACKGROUND::
lon inplantation is a standard t echni que for
i ntroduci ng conductivity-altering impurities into a
wor kpi ece. A desired inpurity material 1is ionized in an

ion source, the ions are accelerated to form an ion beam
of prescribed energy, and the ion beam is directed at the
surface of the workpiece. The energetic ions in the beam
penetrate into the bulk of the workpiece nmaterial and are
enbedded into the crystalline lattice of the workpiece

material to form a region of desired conductivity.

Solar cells are one exanple of a device that uses
silicon workpieces. Any reduced cost to the manufacture
or production of high-performance solar cells or any
efficiency inprovenent to high-performance solar cells
would have a positive inpact on the inplenentation of
solar cells worldw de. This wll enable the wider
availability of this clean energy technol ogy.

There are many different solar cell architectures.

Two common designs are the selective emtter (SE and the

interdigitated backside contact (I1BC) . A SE solar cell
has high-dose stripes across the Ilightly doped surface
i mpi nged by sunlight. An IBC solar cell has alternating

p-type and n-type stripes across the surface not inpinged
by sunlight. Both a SE and [IBC solar cell my be

inmplanted with ions to dope the various regions.
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"ditches" may occur during the ion inplantation
process. A glitch Is defined as a sudden degradation in

the beam quality during an ion inplantation operation,

typically due to a wvariation in an operating voltage,
which potentially renders the workpiece unusable. Such a
glitch is typically caused by interactions bet ween

components along the beam path, which affect one or nore
operating vol t ages, and can be caused at vari ous
| ocations along the beam path. For exanpl e, i on
imp.lante.rs generally enploy several electrodes along this
beam path, which accelerate the beam decelerate the
beam or suppress spurious streanms of electrons that are
generated during operation. Each of these electrodes is
mai ntained at a predeternmined voltage. Oten, electrodes

of different voltage are |located near each other and
therefore an arc may occur between electrodes . Generally,

arcs occur across acceleration gaps, deceleration gaps,

or suppression gaps, although arcs may occur el sewhere.

Interaction bet ween, for exanple, a source extraction
vol t age, source suppression voitage, and source beam
current may cause a glitch. These glitches may be

detected as a sharp change in the current from one of the
power supplies . If the inplantation is interrupted or

affected by a glitch, the inplanted solar cell oxr other

workpiece my be negatively affected. For exanpl e, a
solar cell my have a lower efficiency due to the |ower
i mpl anted dose caused by a glitch. This may have .. cost
impact on the inplanted workpieces . Thus, steps are

usually taken to both minimize the occurrence of such

glitches and to recover from the glitches if possible.

FIG 1 is a chart illustrating a glitch. The beam

current is set to a predetermined value 10. The glitch 11
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occurs. during the period marked At outlined by the dotted
l[ines. 12, 13 where the beam current drops: below the
predetermned value 10.. Mnimzing the At period neans
that there is |ess negative inpact on the workpiece being
5 inplanted. The glitch 11 may be sensed by measuring
changes in voltage or current. An arc: is typically sensed
by either an abrupt. voltage coll apse, or an abrupt
current surge. Wen a glitch is detected, one solution is
to imediately reduce the ion beam current to zero, thus
13 termnating the inplantation at a defined location on the
wor kpi ece. This is referred to as "blanking the beant.
FIG 2 is a chart illustrating blanking an ion beam At
time 100 when the glitch is first detected, the voltage
is dropped to zero and then slowy built back up to the

i5 desired voltage |Ievel. At this tinme, inplantation stops
as well, and the position at this tine is saved. In one
i nst ance, the voltage may be blanked for tens of

mlliseconds before voltage is recovered over the next
hundred or nore mlliseconds. Wien the voltage recovers
23 within 0.1-0.5% of the desired value, such as at tinme
101, inplantation may continue from the |ocation where it
had stopped. Thus, once the glitch condition has been
renedied, the inplantation process ideally resunmes at
exactly the same location on the workpiece, wth ideally
23 the sane beam characteristics as existed when the glitch
was det ect ed. The goal is to achieve a uniform doping
profile, and this can be achieved by controlling the beam
current or the workpiece scan speed (exposure tine) .
However, blanking is time-consumng, which has a negative
3¢ inpact on throughput. Decreased throughput also results

in higher costs.
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Repairing the dose |oss caused by the glitch in such
a manner may take over 30 seconds, which may be too tinme-
consum ng for the throughput denmands of the solar cell
i ndustry. lon beam stability and inplant wuniformty
within the ion inplanter are controlled by the speed of
the voltage and current sources connected to the ion

i npl ant er.

Therefore, there is a need in the art for an
i mproved nmet hod of glitch recovery during t he
i npl antation of workpieces and, nore particularly, solar

cells.

SUMMARY
An ion inplantation system and nethod are disclosed
in whi ch glitches in vol t age are mnimzed by
nodi fications to the power system of the inplanter. These

power supply nodifications include faster response tine,

output filtering, inproved glitch detection and renoval
of wvoltage bl anki ng. By mnimzing nunber of glitches
and their duration, it is possible to produce solar cells

with acceptable dose wuniformity wthout having to pause
the scan each tinme a voltage glitch is detected. For
exanpl e, by shortening the duration of a voltage collapse
to about 20-40 mlliseconds, dose uniformty wthin about

3% can be nmi ntai ned.
BRI EF DI SCRI PTI ON OF THE DRAW NGS

For a better under st andi ng of t he pr esent

di scl osure, ref erence is mde to the acconpanying
drawi ngs, which are incorporated herein by reference and
in which:

FIG 1 is a chart illustrating a beam glitch;

FIG 2 is a chart illustrating blanking an ion beam
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FIG 3 is a chart conparing dose versus workpiece i/~
position for beam glitches of various duration;
FIG 4 is a second chart conparing dose versus

wor kpi ece y-position for beam glitches of vari ous

5 duration;
FIG 53& is a block diagram of a beamline ion
i npl ant er;
FIG 5B is a second block diagram of a beamline ion
i npl anter;
10 FIG 6 is a chart illustrating an inproved voltage
recovery of beamline power supplies; and
Fig. 7 is a chart illustrating an inproved beam
glitch recovery.
DETAI L:.Dz DESCRI PTI ON
i3 The enbodinents of this nmethod are described herein
in connection wth an ion inplanter. Beamline ion
inplanter s, plasma doping ion inplanters, or flood ion
inplanters may be used. Any n-type and p-type dopants
may be used, but the enbodinents herein are not limted
23 solely to dopants. Fur t her nor e, enbodi nents of this
process may be applied to many solar cell architectures

or even other workpieces such as semconductor wafers,
flat panels, or light emtting diodes (LEDs) . Thus, the
invention is not Ilimted to the specific enbodinents
25 described bel ow
As noted above, glitches may cause non-uniformty
of i1on inplantation. However, the extent of the non-
uniformty is related to the duration of the glitch.
FIGs. 3-4 are charts conparing dose versus workpiece y-
33  position for glitches of wvarious durations. FI G 3
represents a 4 scan inplant operating at 36 cnisec scan
rate. FIG 4 represents a 4 scan inplant at 18 cm sec

scan rate. In both charts, a uniform dose is desired.
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ditches of wvarious dur ati ons are nodel ed, wher e t he
glitch occurs as the ion beam was scanning across the
waf er . A. glitch of, for exanple, 50 ms mmy inpact the

dose of the workpiece by nore than 5% in the region

3 i mpact ed by the glitch . In sonme enbodi nment s, this
degr adati on my be to an extent t hat, for exanple , a
solar cell my have reduced efficiency. Smal | er tinme

periods may have negligible or acceptable effects on the
wor kpi ece . For example, a glitch of 10 ms .may only reduce
13 the dose in the affected region by about 1%. Sinilarly, a
glitch of 20 ms may affect the inpacted region by about
2-2.5% Modeling indicates that glitch duration should be
controlled W t hin approxi mately 20-40 ms to nmmintain
doping wuniformty wthin approximtely 2-3%. This |evel

15 of wuniformty may be sufficient for the production of

solar cells . Thus, if glitches can be reduced to such
durati ons, sol ar cel | efficiency is not substantially
i npacted and throughput s not conproni sed.
FIG b5A is a first biock diagram of a beamline ion
23 inplanter  200. In one instance, this may be for doping a
sem conduct or wafer or solar cell . Those skilled in the
art will recognize that the beamline ion inplanter 200
is only one of many exanples of beamline ion inplanters
that can produce ions. Thus, the enbodi nents di scl osed
35  herein are not limted solely to the beam line ion

i nplanter 200 of FIG. 5A.
In general, the beamline ion inplanter 200 includes
an ion source 280 %0 generate ions that form an ion beam
281 . The ion source 280 may include an ion chanber 283.
33 . gas is supplied to the ion chanber 283 where the gas is
i oni zed. This gas may be oz may include or contain, in
sone enbodi nents, hydr ogen, hel i um ot her rare gases,

oxygen, ni trogen, arseni c, bor on, phosphor us, al um num
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i ndi um ant i nony, car bor ane, al kanes, anot her | ar ge
nol ecul ar conpound, or other p-type or n-type dopants.
The ions thus generated are extracted from the ion
chanmber 283 to form the ion beam 281. The ion beam 281
3 passes through a suppression electrode 284 and ground
electrode 285 to the nass analyzer 286. The mass
analyzer 286 includes a resolving nagnet 282 and a
masking electrode 288 having a resolving aperture 289.
The resolving nmagnet 282 deflects ions in the ion beam
1¢ 281 such that ions of a desired ion species pass through
the resolving aperture 289. Undesired ion species do not
pass through the resolving aperture 289, but are blocked
by the masking electrode 288.

lons of the desired ion species pass through the

1% resolving aperture 289 to the angle corrector magnet 294,
The angle corrector rmagnet 294 deflects ions of the
desired ion species and converts the ion beam from a
diverging ion beam to ribbon ion beam 212, which has
substantially parallel ion trajectories. The beamline

20 ion inplanter 200 may further include acceleration or
deceleration wunits in sone enbodi nents. This particul ar

enbodi mrent has a deceleration unit 296.
An end station 211 supports one or nore workpieces,
such as workpiece 138, in the path of ribbon ion beam 212

25 such that ions of the desired species are inplanted into

wor kpi ece  138. The workpiece 138 may be, for exanple, a
solar cell. The end station 211 may include a platen 295
to support one or nore workpieces 138. The end station

211 also may include a scanner (not shown) for noving the
3¢ workpiece 138 perpendicular to the long dinmension of the
ri bbon ion beam 212 cross-section, thereby distributing
ions over the entire surface of workpiece 138. Al t hough

the ribbon ion beam 212 is illustrated, other enbodi nents
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may provide a spot bean. It will be understood to those

skilled in the art that the entire path traversed by the

ion beam is evacuated during ion inplantation. The beara-

line ion inplanter 200 nmay include additional conponents

5 known to those skilled in the art and nmay incorporate hot
or cold inplantation of ions in sonme enbodi nments.

The beam line ion inplanter 200 of FIG 5A also

i ncludes two power supplies: a source suppression power

supply 500 and an extraction power supply 501. In this

14 enbodinment , the suppression power supply 500 negatively
bi ases the suppression electrode 284 relative to ground.
In this enbodi ment, the resolving magnet 282, the unit
surroundi ng t he maski ng el ectrode 288, t he angl e
corrector nagnet 294, the deceleration wunit 296 and the

1§ end station 211 are all connected to ground. The
extraction power supply 501 is used to positively Dbias
the ion source 280 relative to ground. There are three
specific instances where the glitches my occur. First,
the extraction electrode, which is positively biased, my

20 arc to the suppression electrode 284, which is negatively
bi ased. Second, the suppression electrode 284, which is
negatively biased, my arc to a ground electrode 285.
Lastly, a positively biased extraction electrode may arc
to a ground el ectrode.

25 A second block diagram of a beam line ion inplanter
400 is shown in FIG 5B. This enbodinment wutilizes the
sanme conponents described wth respect to FIG 5A and
therefore the description need not be repeated. However,
by biasing the deceleration unit 296, the beamline ion

3 inplanter 400 nmmy operate in drift node or process
chanber decel eration (PCD) node. The ion beam 281 and
ribbon ion beam 212 are projected at a high speed until

the deceleration unit 296 slows the ribbon ion beam 212
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just prior to inplantation into the workpiece 138. Drift
or PCD node allows the ion beam to mmintain its desired
characteristics wth a mnimum of, for exanple, beam

*bl ow-up” due to space charge effects, while still

(¥ 4

inmplanting into the workpiece 138 at the desired energy.
To inmplenent this, the beamline ion inplanter 400
al so includes four power supplies. The suppression power
supply 500 negatively biases the suppression electrode
284 relative to the resolving mgnet 282, the wunit
it surrounding the masking electrode 288 and the angle
corrector nmagnet 294, which are all at the same voltage.
In this enbodinment, the end station 211 is connected to
ground. The extraction power supply 501 is wused to

positively bias the ion source 280 relative to ground. A

R
(5]

decel eration suppression power supply 502 is wused to
negatively bias the deceleration unit 296 relative to the
angle corrector nmagnet 294. A decel eration power supply
503 is used to negatively bias the resolving magnet 282,
the unit surrounding the nasking electrode 288 and the
24 angle corrector magnet 294 relative to ground. In this
enbodi nent , there are six specific i nstances where
glitches my occur. First, as described above, the
extraction el ectrodes nmay arc to the suppression
el ectrode 284. Second, the suppression electrode 284 may
25 arc to a ground electrode 285 Third, an extraction
electrode may arc to a ground electrode 285. Fourth, an
electrode in the deceleration wunit 296 may arc to the
decel eration suppr essi on. Fi fth, t he decel eration
suppression nmay arc to ground. Lastly, the source
33 extraction electrode may arc to ground.
The arcing corresponding to a glitch nmay be sensed
by a voltage <collapse to a value below the voltage

threshold wvalue or a current rise above the -current
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t hreshol d val ue, By inmproving arc. detection of the
vol tage sources, it is possible to better control glitch
durati on, Faster arc detection and voltage recovery may

be used to keep glitch durati ons below 20 ms. This
al | ows, based on the data in FIG. 3 and 4, a workpiece
to be inplanted to within 2-3% of the desired dose, which

may be acceptable for workpieces such as solar cells.

As descri bed above, glitches of sufficiently short
duration nmay nvot i mpact the efficiency of a solar cell
and will not reduce the manufacturing t hr oughput . Thus,
it is desirable to reduce glitches i s about 20-40 ns.

Most currently available high voltage power supplies have

slow arc. detection and very slow recovery. In fact, in
some enbodi nent s, a power supply nmay take hundreds of
mlliseconds to return to its nomnal val ue after a
glitch.

Regar di ng glitch det ecti on, typically,, a
conventi onal power supply has a threshold of about 50%
nmeaning that it detects a fault when the voltage drops

bel ow 50% of the programed val ue, or the current rises

above 50% nmore than the adjusted val ue, Once this is
det ect ed, t he power supply di sabl es its out put, a
behavi or also referred to as voltage bl anki ng. After

about 100 mlliseconds, the voltage is ramped back to
within 1-2% of the noninal val ue, and the power supply

enables its output. In addition, nost high voltage power-
supplies have siow control | oop response, whi ch is
referred to as its time constant, due to the high output
capaci t ance. For exanpl e, a high voltage power supply may
have a 20 nmillisecond time constant. This lengthy tine
const ant causes the output voltage to recover in about

180 mlliseconds. This lengthy delay wouzld cawse an

10
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unacceptable drop of dose, rendering the solar cell

unusabl e .

Therefore, to keep the glitch recovery to wthin
approximately 2% of the desired voltage in less than 20
ns, the power system of the ion inplanter 200, 400 nust
be nodified.

First, the various power supplies are designed such
that arc quenching or voltage blanking is elimnated. In
ot her words, rather than disabling its output upon
detection of a glitch, the redesigned power supplies
at t enpt to overcone the glitch by increasing their
current output, so as to attenpt to maintain the nom nal
voltage. Thus, the redesigned power supplies exhibit the
opposite behavior of conventional power supplies, which
dramatically reduce their output current (typically to 0)
upon detection of a glitch.

Secondly, the threshold voltage for detection of an
arc is increased, as conpared to conventional power
supplies. In sone enbodinments, a glitch is detected when
the voltage drops between 20-40% of its adjusted val ue,
or its current increases between 20-40% of its adjusted
val ue. By wusing a tighter threshold, the corrective
action initiated by the redesigned power supplies may
comrence sooner, saving tinme and thereby mnimzing the
voltage glitch. As described above, once the redesigned
power supply detects that the voltage or current outside
its tightened threshold, it begins to increase its
current output to overconme the fault.

. Third, a resistance, such as 1 to 5 kQ resistor is
added in series wth the output of each of the power
supplies to filter arcs and limt the arc current. Thi s

resistance, in conbination with the output capacitance of

11
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the power supplies serves as a filter that wll help
suppress arcs of short duration and absorb sone energy
fromthe arcs to mnimze the danage caused.

Fourth, the power supplies are nodified to have
faster recovery after an arc, such as less than 50
mlliseconds. As described above, power supplies have a
control loop, having a time constant, which is used to
establish and maintain the output voltage. Due to the
excessive out put capacitance of high voltage power
supplies, these tinme constants are typically long, such
as longer than 20 ns. A time constant of 20 mllisecond
results in the output vol t age recovering in 100
mlliseconds or nore. In the present disclosure, t he
power supply is redesigned to have a time constant of
less than 10 nms, thereby reducing the recovery tine. In
some enbodi nents, the output capacitance of the high
vol tage power supply nmay be reduced to help reduce the
time constant.

In one enbodi ment , t hese features are al |
incorporated into the design of the power system of an
ivon inmplantation for use with solar cells. The extraction
power supply 501 is redesigned to have faster recovery,
such as a tine constant of approximately 8 ns, and uses a
tighter voltage threshold, such as 20-40% for arc
detection. In addition, voltage blanking is not used. An
output resistance of 2 k& is used on the output of each
power supply to further reduce the effects of arcs. |In
this enbodinment, glitch recovery inproves, as the ion
beam may only be reduced for approximtely 20-30 ns.

In another enbodinent, the extraction power supply
501 recovers in less than 50 ms to within approxinmtely

0.1% of the desired voltage, which nay be considered a

12
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full recovery in one instance. Simlar changes my be

made to the other power supplies.

FIG 6 is a chart illustrating an inproved glitch
3 recovery. At time 600 when the glitch is first detected,
the voltage is dropped to a value above zero.

Additionally, the voltage may recover back to the desired

value faster than with the blanking illustrated in FIG
2. A faster recovery neans that the ion beam wll not
¢ "disappear” or have a reduced dose for as |ong. Thi s

reduces non-uniformty of the inplant dose. FIG 7 shows

a representative beam current based on the inproved

glitch control described herein. The duration of the beam

current glitch 711, defined as the tine between lines 712
{5 and 713, is greatly reduced, conpared to FIG 1.

These changes allow a high throughput nethod of
manuf acturing sem conductors, where exact dose uniformty
is not a requirenent, such as solar cells. |In such an
enbodi nent, a substrate is placed on the platen 295. 1lons

23 are then directed toward the substrate by energizing the
various conponents of the ion inplantation system The
use of the nodified power supplies serves to mnimze the
duration of any glitches, thus helping to mintain the

dose wuniformty to within about 3% A controller (not

-
(4]

shown) nonitors the beam current being directed at the
substrate. As long as the dips in the beam current are
within a certain limt, such as 2-5% preferably 3% the
dose uniformty 1is acceptable, and the ion inplantation
is allowed to continue. Dips greater than this wll cause
30 an unacceptable <change in dose, rendering the substrate
ineffective as a solar cell. In this case, the scanning
of the substrate is stopped, while the beam current is

restored to its nom nal | evel . In other enbodinents,

13
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rather or in addition to nonitoring beam current, t he
voltage of each power supply is nonitored for glitches,
Gditches of a sufficiently short duration, such as |less
t han 40 mlliseconds, are al | onwed and scanni ng is
conti nued. However, glitches of greater duration require
the scanning to stop until the beam current is restored.
The present disclosure is not to be linmted in scope
by the specific enbodinents descri bed herein.. | ndeed,
other wvarious enbodiments of and nodi fications to the
present  disclosure, in addi tion to those descri bed
herein, wll be apparent to those of ordinary skill in

the art from the foregoing description and acconpanying

drawi ngs . Thus, such other enbodinents and nodifications
are intended to fall wthin the scope of the present
di scl osur e. Fur t her nor e, al though the present disclosure

has been described herein in the context of a particular

i npl enent ation in a particular envi ronnment for a
particul ar pur pose, those of ordinary skill in the art
wWill recognize that its wusefulness is not linited thereto

and that the present di scl osure my be beneficially

inplemented in any nunber of environnents for any nunber
of purposes . Accordi ngly, the clainmns set forth below
should be construed in view of the full Dbreadth and

spirit of the present disclosure as described herein.

14
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PCT/US2011/042610
is claimed is:
An ion inplantation system conprising
an ion source;
an el ectrode, maintained at a first voltage
di fferent than ground; and
a power supply in comunication wth said

el ectrode, wherein said power supply is configured
to detect a glitch when said first voltage changes
by nore than a predeterm ned anount, and in
response to said detection, is configured to
increase a current output to attenpt to restore
said first voltage.
The ion inplantation system of claim 1, wherein said
predeterm ned anmount is between 20% and 40% of said
first voltage.
The ion inplantation system of claim 1, wherein said
power supply utilizes a control |oop to establish
and maintain said first voltage and wherein said
control loop has a tine constant of less than 10
m | liseconds.
The ion inplantation system of claim 1, further
conprising a resistance l|located in series between
said electrode and said power supply so as to create
a filter.
The ion inplantation system of claim 4, wherein said
resi stance is between 1 kilo-ohm and 5 kil o-ohns.
The ion inplantation system of <claim 1, further
conprising at | east one additional conponent ,
mai ntained at a second voltage, different than
ground and said first voltage, and a second power
suppl y in communi cation with said additional

conmponent wherein said second power supply s

15



WO 2012/003327 PCT/US2011/042610

configured to detect a glitch when said second
vol tage changes by nore than a predeterm ned anount,
and in response to said detection, is configured to
increase a current output to attenpt to restore said
5 second vol tage .

7. A method of manufacturing a solar cell from a

substrate, conpri sing:
directing a beam of ions having a beam current

toward a substrate, wherein at |east one power

10 supply supplies a first voltage, different than
ground, in order to direct said beam toward said
substrat e;

scanning said beam relative to said substrate for

as to inplant a surface of said substrate;

15 nonitoring changes in said beam current of said
beam
allowing said scanning to continue if said

nmonitored beam current changes by less than a
predeterm ned value, said value greater than zero,
20 whereby said predeterm ned value guarantees a dose
uniformty acceptable for a solar cell.
8 The nmethod of claim 7, wherein said defined value is
about 3%
9. The nethod of claim 7, wherein said changes in said
25 beam current are caused by changes in said first
voltage, and further conprising configuring said
power supply to mnimze durations of said changes
in said first voltage.
¢, The method of claim 9, wherein said power supply
30 reduces glitch duration to between 20 and 40
mlliseconds.
it, The method of claim 9, conprising configuring said

power supply to detect a glitch when said first

16
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vol t age changes by nore than a predeterm ned anount,
and in responds to said detection, to increase a
current output to attenpt to restore said first
vol t age.

The nethod of claim 11, wherein said predetern ned

amount i s between 20% and 40% of said first voltage.

. The nmethod of claim 9, wherein said power supply

utilizes a control loop to establish and naintain
said first voltage and wherein said control |oop has
a tinme constant of less than 10 mlli seconds.

The nmethod of <claim 7, further conprising a
resi stance | ocated at an output of said power supply
SO0 as to create a filter.

The method of claim 14, wherein said resistance is
between 1 kil o-ohm and 5 kil o-ohns.

The nethod of claim 7, further conprising Stopping
said scanning if said nonitored changes in beam

current are greater than said predeterm ned val ue

17
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