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(57) ABSTRACT 

A plasma processing apparatus comprises a plasma source 
con?gured to produce a plasma in a plasma chamber, such 
that the plasma contains ions for implantation into a work 
piece. The apparatus also includes a focusing plate arrange 
ment having an aperture arrangement con?gured to modify a 
shape of a plasma sheath of the plasma proximate the focus 
ing plate such that ions exiting an aperture of the aperture 
arrangement de?ne focused ions. The apparatus further 
includes a processing chamber containing a workpiece 
spaced from the focusing plate such that a stationary implant 
region of the focused ions at the workpiece is substantially 
narrower that the aperture. The apparatus is con?gured to 
create a plurality of patterned areas in the workpiece by 
scanning the workpiece during ion implantation. 

19 Claims, 16 Drawing Sheets 
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APPARATUS AND METHOD FOR 
CONTROLLABLY IMPLANTING 

WORKPIECES 

This application claims the bene?t of US. Provisional 
Patent Application No. 61/261,983, ?led Nov. 17, 2009, 
Which is incorporated by reference herein in its entirety. 

FIELD 

This invention relates to the implantation of Workpieces 
and, more particularly, to a method and apparatus for focused 
implantation of Workpieces. 

BACKGROUND 

Ion implantation is a standard technique for introducing 
property-altering impurities into substrates. A desired impu 
rity material is ioniZed in an ion source, the ions are acceler 
ated to form an ion beam of prescribed energy, and the ion 
beam is directed at the surface of the substrate. The energetic 
ions in the beam penetrate into the sub-surface of the substrate 
material and are embedded into the crystalline lattice of the 
substrate material to form a region of desired conductivity or 
material property. 

Solar cells provide pollution-free, equal-access energy 
using a free natural resource. Due to environmental concerns 
and rising energy costs, solar cells, Which may be composed 
of silicon substrates, are becoming more globally important. 
Any reduced cost to the manufacture or production of high 
performance solar cells or any ef?ciency improvement to 
high-performance solar cells Would have a positive impact on 
the implementation of solar cells WorldWide. This Will enable 
the Wider availability of this clean energy technology. 

Doping may improve e?iciency of solar cells. This doping 
may be performed using ion implantation. FIG. 1 is a cross 
sectional vieW of a selective emitter solar cell 10. It may 
increase e?iciency (the percentage of light converted to elec 
trical energy) of a solar cell to dope the emitter 200 and 
provide additional dopant to the regions 201 under the con 
tacts 202. More heavily doping the regions 201 improves 
conductivity and having less doping betWeen the contacts 202 
improves charge collection. The contacts 202 may only be 
spaced approximately 2-3 mm apart. The regions 201 may 
only be approximately 100-300 um across. FIG. 2 is a cross 
sectional vieW of an interdigitated back contact (IBC) solar 
cell 20. In the IBC solar cell 20, thejunction is on the back of 
the solar cell. The doping pattern is alternating p-type and 
n-type dopant regions in this particular embodiment. The p+ 
emitter 203 and the n+ back surface ?eld 204 may be doped. 
This doping may enable the junction in the IBC solar cell to 
function or have increased e?iciency. 

High dose implantation may alloW the loWest cost-of-oWn 
ership for an ion implanter. Localized or selective doping or 
localiZed or selective material modi?cation may be required 
for some implants. The use of lithography With implantation 
may be too cost prohibitive for selective implants because of 
the extra steps required. Plasma doping technology is not 
fully tested for such applications. Direct exposure to neutrals 
in the plasma may cause deposition or etching of a Workpiece 
and may require additional cleaning steps. Accordingly, there 
is a need in the art for an improved implantation of Work 
pieces and, more particularly, to an improved method and 
apparatus for focused implantation of Workpieces. 

SUMMARY 

In one embodiment, a processing apparatus comprises a 
plasma source con?gured to produce a plasma in a plasma 
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2 
chamber Where the plasma contains ions for implantation into 
a Workpiece. The apparatus also includes a focusing plate 
having an aperture con?gured to modify a shape of a plasma 
sheath proximate the focusing plate such that ions exit the 
aperture to de?ne focused ions. The apparatus further 
includes a processing chamber containing a Workpiece that is 
spaced from the focusing plate Wherein the focused ions have 
an implant Width that is substantially narroWer than the aper 
ture. The apparatus is con?gured to create a plurality of pat 
terned areas in the Workpiece by scanning the Workpiece 
during ion implantation. 

In another embodiment, a method of implanting a Work 
piece in a plasma processing system comprises providing a 
focusing plate adjacent to a plasma chamber containing a 
plasma, the focusing plate having an aperture arrangement 
con?gured to extract the ions from the plasma through at least 
one aperture that provides focused ions toWards the Work 
piece. The method further comprises providing a bias 
betWeen a Workpiece holder and the plasma to attract the 
focused ions to the Workpiece and scanning the Workpiece 
holder With respect to the focusing plate so as to produce a 
plurality of selectively implanted areas. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the present disclosure, refer 
ence is made to the accompanying draWings, Which are incor 
porated herein by reference and in Which: 

FIG. 1 is a cross-sectional vieW of a knoWn selective emit 

ter solar cell; 
FIG. 2 is a cross-sectional vieW of a knoWn interdigitated 

back contact solar cell; 
FIG. 3 is a cross-sectional vieW of a focusing plate arrange 

ment Within a plasma system; 
FIG. 4 is a top vieW of an embodiment of an implanted solar 

cell; 
FIG. 5 is a block diagram of a plasma processing apparatus 

consistent With a ?rst embodiment of the disclosure; 
FIG. 6 is a block diagram of a plasma processing apparatus 

consistent With a second embodiment of the disclosure; 
FIG. 7 is a block diagram of a plasma processing apparatus 

consistent With a third embodiment of the disclosure; 
FIG. 8 is a block diagram of a plasma processing apparatus 

consistent With a fourth embodiment of the disclosure; 
FIG. 9 is a block diagram of a plasma processing apparatus 

consistent With a ?fth embodiment of the disclosure; 
FIG. 10 is a block diagram ofa plasma processing appara 

tus consistent With a sixth embodiment of the disclosure; 
FIG. 11 is a block diagram ofa plasma processing appara 

tus consistent With a seventh embodiment of the disclosure; 
FIG. 12 is a block diagram ofa plasma processing appara 

tus consistent With an eight embodiment of the disclosure; 
FIG. 13 is a cross-sectional diagram of one embodiment of 

a focusing plate; 
FIG. 14 is a cross-sectional diagram illustrating stepped 

movement during implantation; 
FIGS. 15a-15d illustrate the relationship betWeen ion dose 

and scanning velocity; 
FIG. 16 is a cross-sectional diagram illustrating one 

embodiment of electrostatic suppression; 
FIGS. 17A-B are a cross-sectional diagram illustrating tWo 

embodiments of magnetic suppression; 
FIGS. 18-19 illustrate exemplary steps involved in 

embodiments of the invention that employ RF or DC synchro 
niZation to implant a Workpiece With tWo dopant levels; 
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FIGS. 20a and 20b are a top view of a workpiece and 
focusing plate system before and after implantation, respec 
tively; 

FIG. 200 is a schematic top view of the workpiece of FIGS. 
2011-!) after implantation showing implanted areas; 

FIG. 20d is a top view of a workpiece and focusing plate 
system during implantation; 

FIG. 20e is a schematic top view of the workpiece of FIG. 
20d showing implanted areas; 

FIG. 21 is a front view of a process control apparatus; 
FIG. 22 is a block diagram of a plasma processing appara 

tus consistent with a ninth embodiment of the disclosure; and 
FIGS. 23-24 illustrate exemplary voltage and workpiece 

position curves as a function of time in accordance with 
pulsed implantation embodiments. 

DETAILED DESCRIPTION 

Embodiments of a system and workpieces are described 
herein in connection with solar cells. However, the embodi 
ments of this system can be used with, for example, semicon 
ductor wafers, compound semiconductor substrate or thin 
?lm, bit-patterned media, solid-state batteries, ?at panels, 
LED substrates, glass substrates, etc. Thus, the invention is 
not limited to the speci?c embodiments described below. 

FIG. 3 is a cross-sectional view of a focusing plate arrange 
ment within a plasma system. The focusing plate 101 is con 
?gured to modify an electric ?eld within the plasma sheath 
242 to control a shape of a boundary 241 between plasma 140 
and the plasma sheath 242. Accordingly, ions 102 that are 
attracted from the plasma 140 across the plasma sheath 242 
may strike the workpiece 100 at a large range of incident 
angles. 

The plasma 140 is generated as is known in the art. In the 
embodiment of FIG. 3, the focusing plate 101 includes a pair 
of panels 212 and 214 de?ning a gap there between having a 
horizontal spacing (G). The panels 212 may be an insulator, 
semiconductor, or conductor. In other embodiments, the 
focusing plate 101 may include only one panel or more than 
two panels. The pair of panels 212 and 214 may be a pair of 
sheets having a thin, ?at shape. In other embodiments, the pair 
of panels 212 and 214 may be other shapes such as tube 
shaped, wedge- shaped, and/ or have a beveled edge proximate 
the gap. The pair of panels 212 and 214 also may be posi 
tioned at a vertical spacing (Z) above the plane 151 de?ned by 
the front surface of the workpiece 100. In one embodiment, 
the vertical spacing (Z) may be about 2.0 to 3.0 mm. 

Ions 102 may be attracted from the plasma 140 across the 
plasma sheath 242 by different mechanisms. In one instance, 
the workpiece 100 is biased to attract ions 102 from the 
plasma 140 across the plasma sheath 242. The ions 102 may 
be a p-type dopant, an n-type dopant, hydrogen, a noble gas, 
or other species known to those skilled in the art. 

Advantageously, the focusing plate 101 modi?es the elec 
tric ?eldwithin the plasma sheath 242 to control a shape of the 
boundary 241 between the plasma 140 and the plasma sheath 
242. The boundary 241 between the plasma 140 and the 
plasma sheath 242 may have a convex shape relative to the 
plane 151 in one instance. When the workpiece 100 is biased, 
for example, the ions 102 are attracted across the plasma 
sheath 242 through the gap between the panels 212 and 214 at 
a large range of incident angles. For instance, ions following 
trajectory path 271 may strike the workpiece 100 at an angle 
of +00 relative to the plane 151. Ions following trajectory path 
270 may strike the workpiece 100 at about an angle of 0° 
relative to the same plane 151. Ions following trajectory path 
269 may strike the workpiece 100 at an angle of —0° relative 
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4 
to the plane 151. Accordingly, the range of incident angles 
may be between +0° and —0° centered about 0°. In addition, 
some ion trajectories paths such as paths 269 and 271 may 
cross each other. Depending on a number of factors including, 
but not limited to, the horizontal spacing (G) between the 
panels 212 and 214, the vertical spacing (Z) of the panels 212 
and 214 above the plane 151, the dielectric constant of the 
panels 212 and 214, or other process parameters of the plasma 
140, the range of incident angles (0) may be between +600 
and —60° centered about 0°. 

FIG. 4 is a top view of an embodiment of an implanted solar 
cell. The solar cell 500 of FIG. 4 is a selective emitter design, 
but the embodiments disclosed herein are not limited merely 
to selective emitter solar cells. The solar cell 500 may be, for 
example, approximately 156 mm or approximately 125 mm 
in width and height. As seen in FIG. 1 and, more particularly, 
FIG. 4, the solar cell 500 has contact regions 501 that are 
doped and an emitter 502 between the contact regions 501 
doped at a slightly lower dose than the contact regions 501. In 
one instance, the contact regions are doped at approximately 
SE15 dopant atoms/cm2 and the emitter 502 is doped at 
approximately 1E15 dopant atoms/cm2. In another instance, 
the contact regions 501 are approximately 2 mm apart and 
approximately 100 um wide. These contact regions 501 are 
doped at approximately 3E15 and the emitter 502 is doped at 
approximately 1 .5E15 using a 10 keV phosphorus implant. A 
blanket implant over the entire surface of the solar cell 500 
may be performed to dope the emitter 502 while a selective or 
patterned implant may dope the contact regions 501. 

FIG. 5 is a block diagram of a processing apparatus con 
sistent with a ?rst embodiment of the disclosure. The system 
400 includes a plasma source 401, a focusing plate 101 (or 
sheath engineering plate), and a process chamber 402. A gas 
source 404 is connected to the plasma source 401. The plasma 
source 401 or other components of the system 400 also may 
be connected to a pump (not shown), such as a turbopump. 
The plasma source 401 that generates the plasma 140 may be, 
for example, an RF plasma source, inductively-coupled 
plasma (ICP) source, indirectly heated cathode (IHC), or 
other plasma sources known to those skilled in the art. In this 
particular embodiment, the plasma source 401 is an RF 
plasma source with an RF source generator 408 and an RF 
source generator 409. The plasma source 401 is surrounded 
by an enclosure 411 and a DC break 410 separates the enclo 
sure 411 from the process chamber 402 in this particular 
embodiment. The process chamber 402, plasma source 401, 
or platen 403 may be grounded. 
The focusing plate 101 is used to extract ions 406 for 

implantation into a workpiece 100. The focusing plate 101 
may be cooled. This extraction of the plasma 140 from the 
plasma source 401 may be continuous (DC) or pulsed. The 
plasma source 401 may be biased and a bias power supply 
(not shown) may be provided to provide a continuous or 
pulsed bias on the substrate to attract the ions 406. 
The focusing plate 101 may have at least one aperture 407, 

though multiple apertures 407 are illustrated in FIG. 5. As 
discussed further below with respect to FIG. 20, the apertures 
407 may be arranged in an array corresponding to the desired 
implant pattern within a workpiece 100. The focusing plate 
101 may be cooled or otherwise have its thermal characteris 
tics controlled. The pressure in the plasma source 401 and the 
process chamber 402 may be approximately equal, which 
may cause arcing. Individuals skilled in the art will recogniZe 
that high voltage arcing can be minimiZed by increasing the 
distance between objects at different electrical potentials and 
by employing smooth surfaces on components whenever pos 












