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PLASMA GRID IMPLANT SYSTEM FOR USE IN SOLAR CELL FABRICATIONS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims priority to co-pending U.S. Provisional Application Serial 

5 Number 61/219,379, filed June 23, 2009, entitled "PLASMA GRID IMPLANT SYSTEM 

FOR USE IN SOLAR CELL FABRICATIONS," which is hereby incorporated by reference 

in its entirety as if set forth herein. 

FIELD OF THE INVENTION 

10 The present invention relates generally to the field of solar cells and other large 

substrate implant applications. More particularly, the present invention relates to solar cell 

devices and methods of their formation. 

BACKGROUND OF THE INVENTION 

15 Although traditional beamline implantation ofwafers can provide high power density, 

it has several disadvantages. For example, it only provides a single beamiet. Additionally, it 

uses a lot of power in a small beam spot, and the wafer gets quite hot As a result, 

productivity is low. 

20 SUMMARY OF THE INVENTION 

In one aspect of the present invention, a plasma grid implantation system is provided. 

The system comprises: a plasma source configured to provide plasma; a first grid plate 

comprising a plurality of apertures configured to allow ions from the plasma in a plasma 

region to pass therethrough, wherein the first grid plate is configured to be positively biased, 

25 either continuously in DC mode or in pulsed mode, by a power supply; a second grid plate 

comprising a plurality of apertures configured to allow the ions to pass therethrough 

subsequent to the ions passing through the first grid plate, wherein the second grid plate is 

configured to be negatively biased, either continuously in DC mode or in pulsed mode, by a 

power supply; and a substrate holder configured to support a substrate in a position where the 

30 substrate is implanted with the ions subsequent to the ions passing through the second grid 

plate. 

In some embodiments, the position of at least one of the first grid plate, the second 

grid plate, and the substrate holder is configured to be adjusted between a homogeneous 

implantation position and a selective implantation position, the homogeneous implantation 
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position is configured to enable a single laterally-homogeneous ion implantation across the 

substrate on the substrate holder, wherein the single laterally-homogeneous ion implantation 

is formed from a combination of ions that have passed through different apertures of the 

second grid plate, and the selective implantation position is configured lo enable a plurality of 

5 laterally spaced-apart ion implantations of the substrate on the substrate holder, wherein the 

plurality of laterally spaced-apart ion implantations is formed from ions that have passed 

through the different apertures of the second grid plate. 

In some embodiments, the system further comprises a third grid plate disposed 

between the second grid plate and the substrate holder, and the third grid plate comprises a 

10 plurality of apertures configured to allow the ions to pass therethrough subsequent to the ions 

passing through the second grid plate. In some embodiments, the third grid plate is grounded. 

In some embodiments, the position of at least one of the third grid plate and the substrate 

holder is configured to be adjusted between a homogeneous implantation position and a 

selective implantation position, the homogeneous implantation position configured to enable 

15 a single laterally-homogeneous ion implantation across the substrate on the substrate holder, 

wherein the single laterally-homogeneous ion implantation is formed from a combination of 

ions that have passed through different apertures of the second grid plate, and the selective 

implantation position configured to enable a plurality of laterally spaced-apart ion 

implantations of the substrate on the substrate holder, wherein the plurality of laterally 

20 spaced-apart ion implantations is formed from ions that have passed through the different 

apertures of the second grid plate. 

In some embodiments, the apertures of at least one of the first grid plate and the 

second grid plate are substantially circular holes. In some embodiments, the apertures of at 

least one of the first grid plate and the second grid plate are elongated slots. In some 

25 embodiments, each one of the apertures of at least one of the first grid plate and the second 

grid plate comprises a top end and a bottom end, wherein the bottom end is closer to the 

substrate holder than the top end, and wherein the diameter of each aperture gradually 

increases from the top end to the bottom end. 

In some embodiments, the first grid plate and the second grid plate comprise a 

30 material chosen from the group consisting of: silicon, graphite, silicon carbide, and tungsten. 

In some embodiments, the system further comprises a chamber defined by chamber walls, 

wherein the plasma region, the first grid plate, and the second grid plate are housed within the 

chamber, and wherein the chamber walls are configured to repel ions in the plasma region 
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using a magnetic field. In some embodiments, one or more magnets are coupled to the 

chamber walls. 

In another aspect of the present invention, a method of ion implantation is provided. 

The method comprises: providing a plasma within a plasma region of a chamber; positively 

5 biasing a first grid plate, wherein the first grid plate comprises a plurality of apertures and is 

disposed in a first position; negatively biasing a second grid plate, wherein the second grid 

plate comprises a plurality of apertures and is disposed in a first position; flowing ions from 

the plasma in the plasma region through the apertures in the positively-biased first grid plate; 

flowing at least a portion of the ions thai flowed through the apertures in the positively-biased 

10 first grid plate through the apertures in the negatively-biased second grid plate; and 

implanting a substrate with at least a portion of the ions that flowed through the apertures in 

the negatively-biased second grid plate, wherein the substrate is disposed in a first position. 

In some embodiments, a shadow mask comprising a plurality of openings formed 

therethrough is disposed a predetermined distance away from the substrate, and the method 

15 further comprises flowing at least aportion of the ions that flowed through the apertures in 

the negatively-biased second grid plate through the openings in the shadow mask before 

implanting the substrate. 

In some embodiments, a photoresist mask comprising a plurality of openings formed 

therethrough is placed in contact with the substrate, and the method further comprises flowing 

20 at least a portion of the ions that flowed through the apertures in the negatively-biased second 

grid plate through the openings in the photoresist mask before implanting the substrate. 

In some embodiments, the method further comprises: adjusting the position of at least 

one of the first grid plate, second grid plate, and the substrate holder to a second position; 

providing a plasma within the plasma region subsequent to the adjustment to the second 

25 position; flowing ions from the plasma in the plasma region through the apertures in the 

positively-biased first grid plate subsequent to adjustment to the second position; flowing at 

least a portion of the ions that flowed through the apertures in the positively-biased first grid 

plate through the apertures in the negatively-biased second grid plate subsequent to 

adjustment to the second position; and implanting a substrate with at least a portion of the 

30 ions that flowed through the apertures in the negatively-biased second grid plate subsequent 

to adjustment to the second position, wherein the implantation performed when the at least 

one of the first grid plate, second grid plate, and the substrate holder was in the first position 

forms a single laterally-homogeneous ion implantation across the substrate, wherein the 
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single laterally-homogeneous ion implantation is formed from a combination of ions that 

have passed through different apertures of the second grid plate, and wherein the implantation 

performed when the at least one of the first grid plate, second grid plate, and the substrate 

holder was in the second position forms a plurality of laterally spaced-apart ion implantations 

5 of the substrate, wherein the plurality of laterally spaced-apart ion implantations is formed 

from ions that have passed through the different apertures of the second grid plate. 

In some embodiments, a third grid plate is disposed between the second grid plate and 

the substrate, the third grid plate is disposed in a first position and comprises a plurality of 

apertures configured to allow the ions to pass therethrough subsequent to the ions passing 

10 through the second grid plate. In some embodiments, the third grid plate is grounded. In 

some embodiments, the method further comprises: adjusting the position of at least one of the 

first grid plate, second grid plate, the third grid plate, and the substrate holder to a second 

position; providing a plasma within the plasma region subsequent to the adjustment to the 

second position; flowing ions from the plasma in the plasma region through the apertures in 

15 the positively-biased first grid plate subsequent to adjustment to the sccond position; flowing 

at least a portion of the ions that flowed through the apertures in the positively-biased first 

grid plate through the apertures in the negatively-biased second grid plate subsequent to 

adjustment to the second position; flowing at least a portion of the ions that flowed through 

the apertures in the negatively-biased second grid plate through the apertures in the third grid 

20 plate subsequent to adjustment to the second position; and implanting a substrate with at least 

a portion of the ions that flowed through the apertures in the third grid plate subsequent to 

adjustment to the second position, wherein the implantation performed when the at least one 

of the first grid plate, second grid plate, the third grid plate, and the substrate holder was in 

the first position forms a single laterally-homogeneous ion implantation across the substrate, 

25 wherein the single laterally-homogeneous ion implantation is formed from a combination of 

ions that have passed through different apertures of the third grid plate, and wherein the 

implantation performed when the at least one of the first grid plate, second grid plate, the 

third grid plate, and the substrate holder was in the second position forms a plurality of 

laterally spaced-apart ion implantations of the substrate, wherein the plurality of laterally 

30 spaced-apart ion implantations is formed from ions that have passed through the different 

apertures of the third grid plate. 

In some embodiments, the apertures of at least one of the first grid plate and the 

second grid plate are substantially circular holes. In some embodiments, the apertures of at 

least one of the first grid plate and the second grid plate are elongated slots. In some 
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embodiments, each one of the apertures of at least one of the first grid plate and the second 

grid plate comprises a top end and a bottom end, wherein the bottom end is closer to the 

substrate holder than the top end, and wherein the diameter of each aperture gradually 

increases from the top end to the bottom end. 

5 In some embodiments, the first grid plate and the second grid plate comprise a 

material chosen from the group consisting of silicon, graphite, silicon carbide, and tungsten. 

In some embodiments, the plasma region, the first grid plate, and the second grid plate are 

housed within a chamber that is defined by chamber walls, and wherein the chamber walls are 

configured to repel ions in the plasma region using an electric field. 

10 In some embodiments, the method further comprises the step of applying a pulsed 

voltage to the plasma. In some embodiments, the method further comprises the step of 

applying a pulsed voltage to the substrate. In some embodiments, the pulsed voltage is 

directed towards a plurality of different locations on the substrate. 

In some embodiments, the method further comprises: passing the substrate through a 

15 first plurality of differentially-pumped stages prior to the substrate being implanted with the 

ions, wherein each stage in the first plurality of differentially-pumped stages comprises a 

lower pressure than the previous stage in the first plurality of differentially-pumped stages; 

passing the substrate from the first plurality of differentially-pumped stages directly to an 

implantation stage; passing the substrate from the implantation stage directly to a second 

20 plurality of differentially-pumped stages subsequent to the substrate being implanted with the 

ions, and passing the substrate through the second plurality of differentially-pumped stages, 

wherein each stage in the second plurality of differentially-pumped stages comprises a higher 

pressure than the previous stage in the second plurality of differentially-pumped stages, 

wherein the implantation stage comprises a lower pressure than any of the stages in the first 

25 plurality and second plurality of differentially-pumped stages. 

In yet another aspect of the present invention, a plasma grid implantation system is 

provided. The system comprises: a plasma source configured to provide plasma; a grid 

assembly comprising a plurality of grid plates, wherein each grid plate comprises a plurality 

of apertures configured to allow ions from the plasma to pass therethrough; and a substrate 

30 holder configured to support a substrate in a position where the substrate is implanted with 

the ions subsequent to the ions passing through the plurality of apertures of the grid plates, 

wherein at least one of the substrate holder and the grid plates is configured to be adjusted 

between a homogeneous implantation position and a selective implantation position, wherein 

the homogeneous implantation position is configured to enable a single laterally-

-5-



WO 2011/005582 PCT/US2010/039690 

homogeneous ion implantation across the substrate on the substrate holder, the single 

laterally-homogeneous ion implantation being formed from a. combination of ions that have 

passed through different apertures of the second grid plate, and wherein the selective 

implantation position is configured to enable aplurality of laterally spaced-apart ion 

5 implantations of the substrate on the substrate holder, the plurality of laterally spaced-apart 

ion implantations is formed from ions that have passed through the different apertures of the 

second grid plate. 

In some embodiments, the plurality of grid plates comprises: a first grid plate 

comprising a plurality of apertures configured to allow ions from the plasma in a plasma 

10 region to pass therethrough; and a second grid plate comprising a plurality of apertures 

configured to allow the ions to pass therethrough subsequent to the ions passing through the 

first grid plate. In some embodiments, the first grid plate is configured to be positively-biased 

by a power supply. In some embodiments, the second grid plate is configured to be 

negatively-biased by a power supply. In some embodiments, the plurality of grid plates 

\5 further comprises a third grid plate comprising a plurality of apertures configured to allow the 

ions to pass therethrough subsequent to the ions passing through the second grid plate. In 

some embodiments, the third grid plate is configured to be grounded. In some embodiments, 

the first grid plate, the second grid plate, and the substrate holder are all configured to have 

their positions adjusted. 

20 In yet another aspect of the present invention, a method of ion implantation is 

provided. The method comprises: providing a plasma within a plasma region of a chamber; 

providing a grid assembly comprising a plurality of grid plates, wherein each grid plate 

comprises a plurality of apertures; flowing a first set of ions from the plasma in the plasma 

region through the apertures in each of the grid plates in the grid assembly while each of the 

25 grid plates is in a first position; homogeneously implanting a substrate with at least a portion 

of the first set of ions that flowed through the apertures in the grid plates while the substrate is 

supported in a first position by a substrate holder, thereby forming a single laterally-

homogeneous ion implantation across the substrate from a combination of the first set of ions 

that have passed through different apertures of the same grid plate; adjusting the position of 

30 the substrate or at least one of the grid plates to a second position; flowing a second set of 

ions from the plasma in the plasma region through the apertures in each of the grid plates in 
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the grid assembly subsequent to the adjustment to the second position; selectively implanting 

the substrate with at least a portion of the second set of ions that flowed through the apertures 

in the grid plates subsequent to the adjustment to the second position, thereby forming a 

plurality of laterally spaced-apart ion implantations on the substrate from a portion of the 

5 second set of ions that have passed through different apertures of the same grid plate. 

In some embodiments, the adjusting step comprises adjusting the position of the 

substrate. In some embodiments, adjusting the position of the substrate comprises moving 

the substrate closer to the grid assembly. 

In some embodiments, the adjusting step comprises adjusting the position of one of 

10 the grid plates. In some embodiments, adjusting the position of one of the grid plates 

comprises moving one of the grid plates closer to the substrate. 

In some embodiments, the plurality of grid plates comprises a first grid plate and a 

second grid plate, the first grid plate being positively-biased, and the second grid plate being 

negatively biased. In some embodiments, the plurality of grid plates further comprises a third 

15 grid plate that is grounded. 

In yet another aspect of the present invention, a method of ion implantation is 

provided. The method comprises: providing a first single type of dopant material to a plasma 

generator; the plasma generator breaking up the first single type of dopant material into a first 

plurality of dopant species; and implanting a substrate with the first plurality of dopant 

20 specics. 

In some embodiments, the substrate is implanted with the first plurality of dopant 

species in a single implantation step. In some embodiments, each one of the dopant species is 

implanted into the substrate at a different depth. In some embodiments, the first single type 

of dopant material is phosphine. In some embodiments, the first plurality of dopant species 

25 comprises P+, P++, P"H"\ P2\ P3\ and P5+. In some embodiments, the first single type of dopant 

material is boron or arsenic. 

In some embodiments, a combination of different types of dopant material, is used to 

implant different pluralities of dopant species. In some embodiments, the different types of 

dopant material can be provided in precursor form as gasses, liquids, solids, or any 

30 combination thereof. 
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In some embodiments, a second single type of dopant material is provided to the 

plasma generator, the plasma generator breaks up the second single type of dopant material 

into a second plurality of dopant species during the same period that the plasma generator 

breaks up the first single type of dopant material into the first plurality of dopant species, and 

5 the second plurality of dopant species is implanted into the substrate during the same period 

that the first plurality of dopant species is implanted into the substrate. In some 

embodiments, the first single type of dopant material and the second single type of dopant 

material are each a precursor gas. In some embodiments, the first single type of dopant 

material, is arsine and the second single type of dopant material is phosphine. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a cross-sectional side view of one embodiment of a homogeneously 

doped solar cell in accordance with the principles of the present invention. 

FIGS. 2A-2C illustrate cross-sectional side views of different ways of selectively 

15 implanting a solar cell in accordance with the principles of the present invention. 

FIG. 3 illustrates a cross-sectional side view of one embodiment of a solar cell with 

contact gridlines in accordance with the principles of the present invention. 

FIG. 4 illustrates one embodiment of a plasma immersion implantation system in 

accordance with the principles of the present invention. 

20 FIG. 5 illustrates a cross-sectional side view of one embodiment of a solar cell with a 

homogeneous implant in accordance with the principles of the present invention. 

FIG. 6 illustrates a cross-sectional side view of another embodiment of a solar cell 

with homogeneous and selective implants in accordance with the principles of the present 

invention. 

25 FIG. 7 illustrates a cross-sectional side view of one embodiment of aplasma grid 

implant system in accordance with the principles of the present invention. 

FIG. 8 illustrates a cross-sectional 3-dimensional perspective view of another 

embodiment of a plasma grid implant system in accordance with the principles of the present 

invention. 

30 FIGS. 9A-9B illustrate cross-sectional side views of different grid plate apertures in 

accordance with the principles of the present invention. 
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FIG. 10 illustrates a cross-sectional side view of one embodiment of plasma ions 

passing through grid plates in accordance with the principles of the present invention. 

FIGS. 11A-1 IB illustrate plan views of different grid plate apertures in accordance 

with the principles of the present invention. 

5 FIG. 12 illustrates a plan view of one embodiment of a load-locked implantation 

system in accordance with the principles of the present invention. 

FIG. 13 illustrates a cross-sectional view of one embodiment of a multi-stage 

differentially pumped implantation system in accordance with the principles of the present 

invention. 

10 FIG. 14 illustrates a process flow diagram of one embodiment of a method of ion 

implantation in accordance with the principles of the present invention. 

FIG. 15 illustrates a process flow diagram of another embodiment of a method of ion 

implantation in accordance with the principles of the present invention. 

FIG. 16 illustrates a process flow diagram of yet another embodiment of a method of 

15 ion implantation in accordance with the principles of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The following description is presented to enable one of ordinary skill in the art to 

make and use the invention and is provided in the context of a patent application and its 

20 requirements. Various modifications to the described embodiments will be readily apparent to 

those skilled in the art and the generic principles herein may be applied to other 

embodiments. Thus, the present invention is not intended to be limited to the embodiment 

shown but is to be accorded the widest scope consistent with the principles and features 

described herein. 

25 Furthermore, it is contemplated that any features from any embodiment can be 

combined with any features from, any other embodiment. In this fashion, hybrid 

configurations of the illustrated embodiments are well within the scope of the present 

invention. 

Various aspects of the disclosure maybe described through the use of flowcharts. 

30 Often, a single instance of an aspect of the present disclosure may be shown. As is 

appreciated by those of ordinary skill in the art, however, the protocols, processes, and 
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procedures described herein maybe repeated continuously or as often as necessary to satisfy 

the needs described herein. Additionally, it is contemplated that method steps can be 

performed in a different order than the order illustrated in the figures, unless otherwise 

disclosed explicitly or implicitly. 

5 The present invention is directed towards an implant system that is not only tailored 

for the manufacturing of solar cells, but for semiconductor and other surface and near-surface 

modification applications as well. The development of this system is based on the relaxed 

specifications that solar cell fabrications require. It can provide accurate doping and unique 

atomic profile tailoring capability for solar cells (incorporating features from commonly-

10 owned U.S. Patent Application No. 12/483,017, entitled "FORMATION OF SOLAR CELL-

SELECTIVE EMITTER USING IMPLANT AND ANNEAL METHOD," filed June 11, 

2009, and from commonly-owned U.S. Provisional Application No. 61/131,698, entitled 

"FORMATION OF SOLAR CELUSELECTIVE EMITTER USING IMPLANT AND 

ANNEAL METHOD," filed June 11, 2008, which are both hereby incorporated by reference 

15 as if set forth herein). These include change in doping levels, resistance of contact, bus bar, 

fingers, contact resistance of metal-silicon interface, resistance of backside metallization, 

achieving the desired resistivity under the metal grid contact (preferably 10 to 30 Ohms/Sq.) 

and in between the fingers (preferably greater than 100 Ohms/Sq.) to meet higher efficiency 

solar cells (incorporating features from commonly-owned U.S. Patent Application No. 

20 12/482,980, entitled "SOLAR CELL FABRICATION USING IMPLANTATION,'1 filed June 

11, 2009, commonly-owned U.S. Provisional Application No. 61/131,687, entitled "SOLAR 

CELL FABRICATION USING IMPLANTATION," filed June 11, 2008, commonly-owned 

U.S. Patent Application No. 12/482,685, entitled "SOLAR CELL FABRICATION WITH 

FACETING AND ION IMPLANTATION," filed June 11,2009, and commonly-owned U.S. 

25 Provisional Application No. 61/133,028, entitled "SOLAR CELL FABRICATION WITH 

FACETING AND ION IMPLANTATION," filed June 24, 2008, which are all hereby 

incorporated by reference as if set forth herein). It also meets the demands of future 

requirements for solar cell wafer thickness, as well as contact metal width and spacing. 

Moreover, the advantageous formation of selective emitter and Back Surface Field 

30 (BSF) and its ability to improve performance will be possible (incorporating features from 

commonly-owned U.S. Patent Application No. 12/482,947, entitled "APPLICATION 
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SPECIFIC IMPLANT SYSTEM AND METHOD FOR USE IN SOLAR CELL 

FABRICATIONS," filed June 11, 2009, commonly-owned U.S. Provisional Application No. 

61/131,688, entitled 'APPLICATIONS SPECIFIC IMPLANT SYSTEM AND METHOD 

FOR USE IN SOLAR CELL FABRICATIONS," filed June 11, 2008, commonly-owned U.S. 

5 Provisional Application Serial Number 61/210,545, entitled "ADVANCED HIGH 

EFFICIENCY CRYSTALLINE SOLAR CELL FABRICATION METHOD," filed March 20, 

2009, and commonly-owned U.S. Patent Application No. 12/728,105, entitled "ADVANCED 

HIGH EFFICIENCY CRYSTALLINE SOLAR CELL FABRICATION METHOD," filed 

March 19, 2010). The present invention can be applied to as-grown single or mono-

30 crystalline, poly or multi-crystalline or electrical-grade or metallurgical-grade silicon, as well 

as very thin silicon wafers and very thin film deposited silicon, or other materials used for 

solar cell formation and other applications. The present invention can also be applied to 

multi-junction devices, and can be extended to atomic species placement for any other 

material used in fabrication of junctions and metal semiconductor interface enhancements. 

15 FIG. 5 illustrates a cross-sectional side view of one embodiment of a solar cell 500 

with a homogeneous implant in accordance with the principles of the present invention. Solar 

cell 500 comprises a semiconducting wafer with a p-dopcd region 510 and an n-doped region 

520. The n-doped region 520 is homogeneously doped to form a homogeneous emitter. An 

anti-reflective coating 560 is disposed over the n-doped region 520. The anti-reflective 

20 coating 560 preferably has a thickness of between 70-80 nm, Metal contacts 550 are 

deposited onto the wafer, preferably having a width 554 of between 3-200 microns and being 

spaced apart by a width 552 of between 1-3 mm. A. p-doped region 570 is formed in the 

wafer on the opposite side from the n-doped region 520, forming a homogeneous BSF. A 

passivation layer 580 (e.g., Si3N4 or A1203) is disposed over the bottom surface of the p-doped 

25 region 570, and a rear metal contact layer 590 (e.g., Ag) is disposed over the bottom surface 

of the passivation layer 580. 

FIG. 6 illustrates a cross-sectional side view solar cell 600, which is solar cell 500 

with the addition of certain selective implants. These selective implants include n-doped 

selective emitter regions 630, selective metallic seed implants 655, and selective BSF regions 

30 675. 
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In some embodiments, the present invention includes the use of ions in gas plasma 

that arc accelcrated to the substrate by the application of pulses of negative potential to the 

substrate. The plasma is transitioned into a sheath at the proximity of the substrate, and 

applications of a potential cause acceleration of ions resident in the plasma to be implanted. 

5 Such conformal doping of the substrate can be utilized to form homogenous doped regions, as 

well as selectively doped regions through the use of a mask or other selective implantation 

techniques. At the same time, the dopant profile can be tailored to provide independent 

surface concentrations, shape of the profile, and the junction depth, through pulse shape and 

plasma component adjustments. Furthermore, through the use of the dopant stoichiometric 

10 ratio and ratio of molecular radicals, the dopant profile can be further enhanced. Utilization 

of the pulse biasing of the substrate and possible substrate back surface antenna or substrate 

movement can also provide the lateral positioning advantages required for selective 

implantations. 

The present invention provides a system that can be independent of the substrate size, 

15 and as long as uniformity of plasma is conserved, then multiple pieces of substrate can be 

implanted simultaneously. This feature allows productivities well in excess of 1000+ wph. 

Additionally, the present invention provides a non-line-of-sight implantation method, and 

thus, is able to dope areas that are constricted, such as the textured surfaces of multi-grade 

silicon that may have hillocks and re-entrant features on the surface. Doping such surfaces is 

20 critical as absence of doping may cause metal shunting. 

One application of the present invention is to generate a homogeneous implantation 

for emitter and Back Surface Field (BSF) doping. At this stage, independent control of 

surface concentration, profile shape and junction depth can play a significant role in meeting 

the light conversion properties of a solar cell. Such implant capabilities will avoid the 

25 formation of a "dead layer" that is prevalent with incumbent diffusion methods. These layers 

are formed as a result of un-activated excess near-surface dopants that are accumulated as 

diffusion is used to form the electrical junctions. Profile management achieved with the 

present invention's ion implantations can avoid such drawbacks. 

FIG. 1 illustrates a cross-sectional side view of one embodiment of a homogeneously 

30 doped solar cell 100 in accordance with the principles of the present invention. Solar cell 100 

comprises a semi-conducting substrate 110, such as a silicon wafer. For the formation of the 
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region 120 where the cell 100 generates the electron-hole pairs, doping levels of at least 100 

Ohms/Sq. is preferred. In general, the excess of dopants in this region 102 impede the 

generation and transport of such charge carriers. This doping is typically a lower energy 

implant, such as less than 150keV for boron, BF2, phosphorous, arsenic, antimony, and other 

5 similar dopants. Such implants are carried out at a light concentration. In a preferred 

embodiment, the concentration of these implants is less than lE15cm'2. The requirements for 

the uniformity of coverage for solar cell applications are estimated to be between 5 to 10%. 

Similar homogeneity is required in the plasma uniformity. It is envisaged that each solar ceil 

will be independently implanted, so as to attain the benefits of the single wafer system. This 

10 feature provides significant capability for implant, whereby tailoring the placement and 

activation of the dopant for selective emitter can prevent the formation of the traditional dead 

layer issues. 

FIGS. 2A-2C illustrate cross-sectional side views of different ways of selectively 

implanting a solar cell 200 to form selective emitter regions 230 in accordance with the 

15 principles of the present invention. The solar cell 200 comprises a semi-conducting substrate 

210, which has been homogeneously doped to form a homogeneous emitter region 220, 

similar to homogeneous emitter region 120 in FIG. 1. 

FIG. 2A illustrates a shadow mask method used to form selective emitter regions 230 

in the semi-conducting substrate 210. In the shadow mask method, a physical mask 242 is 

20 used within the plasma implanter technologies system to define the beam 240 to the exact 

dimension required. The aspect ratio of the mask 242 is critical here, as it is estimated that 

typical energetic plasma ions can easily penetrate a 1:10 aspect ratio, as has been 

demonstrated by lower energy plasma deposition methods. The proximity of the mask 242 to 

the substrate 210 can be adjusted to use potential beam flare-out to the advantage of 

25 construction of doped regions under the gridlines that are larger by approximately +/- 10 to 30 

microns for a 100 micron wide gridline. This adjustment will allow for ease of subsequent 

gridline printing and alignment, and will provide an overlapping region for minimization of 

any potential clcctrical leakage, in a preferred embodiment, the material used for the shadow 

mask 242 is innocuous to the processing, and is preferably conductive in order to not affect 

30 the implantation method. Sputtering of such material will determine the lifetime and usage of 

this mask 242, thus rendering it a consumable component with a regular replacement 
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provision. The shape of the cutouts through which the ion beams 240 pass and surface 

conditions are also of critical considerations to minimize contamination and sputtering rates. 

Typical shaping that is already prevalent in the industry can be used for the fabrication of the 

shadow mask 242. 

5 FIG. 2B illustrates a wafer mask method used to form selective emitter regions 230 in 

the semi-conducting substrate 210. Here, a mask 244 is placed in contact with the 

semiconducting wafer 210. Such mask 244 can be a hard or soft masking of the wafer prior 

lo the implant step. The wafer mask method can be achieved through the use of lithography, 

contact printing, or more prevalent screen printing steps. It can also utilize the already 

10 masked and opened processing steps used for formation of contact deposition. The 

distributed power density of this implantation method can lead lo utilization of masking 

materials that were not used in the past implantation methods. An example of such materials 

. is the use of resist that is used, traditionally, in circuit board fabrications and other low 

temperature masking materials. 

15 FIG. 2C illustrates a localized plasma beam, shaping method to form selective emitter 

regions 230 in the semi-conducting substrate 210. Here, the required pulsing of the beam and 

an envisaged back surface antenna can be made into a closed loop control so that plasma is 

directed selectively into certain regions of the substrate. In some embodiments, additional 

grid structures, such as those discussed in further detail below, could be used to further 

20 optimize the shape of the plasma beam, whereby a voltage can be applied, both negative 

and/or positive, to achieve such shaping. As seen in FIG. 2C, the selected regions 230 are in 

alignment with the locations where a voltage 246 is directly applied to the back surface of the 

semiconducting wafer 210. This method may be more applicable for thinner wafers. 

Alternatively, a combination of the pulsing of the plasma and possible positioning of the 

25 substrate can be used to generate areas of high and low doping. Overlapping of these regions 

can provide an optimized controlled flow of electron holes from the low-doped regions, 

suited for light conversion, to the highly-doped selectively implanted regions, suited for 

electrical contact gridlines. One could envisage regions of high and low doping overlaps as 

the substrate, under precise controlled motions, moves beneath the ion beams. The different 

30 regions will not have distinctive boundaries, and a gradual change of doping levels can 
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provide an advantage in flow of charges within the substrate. Such variability in the lateral 

doping can enhance the operation of the cells. 

FIG. 3 illustrates a cross-sectional side view of one embodiment of a solar cell 300 

with contact gridlines 350 in accordance with the principles of the present invention. The 

5 solar cell 300 comprises a wafer. In some embodiments, the wafer 110 is a 156 x 156 mm 

wafer. Preferably, the wafer is formed of a semiconductor material, such as silicon (single or 

multi-crystalline), and comprises a p-n junction. The p-n junction is formed from a p-type 

doped region 310 and an n-type doped region 320 being disposed next to one another. Metal 

contact lines 350 are printed, or otherwise formed, on. the surface of the wafer. It is 

10 contemplated that the contact lines 350 can also be formed from conductive material other 

than metal. In some embodiments, conductive fingers (not shown) are also disposed on the 

surface of the wafer to collect the electrical chargc from the contact lines and carry it out to an 

external load. 

In operation, as light comes into the semiconductor material of the wafer through the 

15 exposed surface between the contact lines 350, it is converted into electron-hole pairs, 

typically within the n-type doped region 320. The electrons go one way, getting attracted into 

the contacts 350, while the holes go the other way, towards the p-type doped region 310. The 

more dopant there is within a particular region, the more the electron-hole pairs are 

recaptured within that region, resulting in more lost electricity. Therefore, it is beneficial to 

20 control the level of doping for different regions. In regions where the light is to be converted 

into electron-hole pairs, the level of doping should be relatively low. In regions where the 

charge is to go through the contact lines 350, the level of doping should be high. Regions 320 

represent a homogeneous emitter region that has been homogeneously doped with a low level 

of n-type dopant. Regions 330 disposed beneath the contact lines 350 near the surface of the 

25 wafer represent selective emitter regions that have been selectively doped with a relatively 

high level of n-type dopant. 

As a result of minimizing the dopant concentration (thereby, maximizing the 

resistivity) of the homogeneous emitter region and maximizing the dopant concentration 

(thereby, minimizing the resistivity) of the selective emitter regions, the ability of the solar 

30 cell to transfer the generated electrons from the homogeneous emitter region through the 

selective emitter regions to the contact lines is increased, while the risk of losing electricity to 
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electron-hole pair recombination is reduced. Additionally, although bigger contact lines can 

conduct more electricity, they also block more light from entering the solar cell and being 

converted into electrons. By maximizing the dopant concentration of the selective emitter 

regions near the contact lines, the contact lines can actually be made thinner, thereby allowing 

5 more light to enter the solar cell, while improving the solar cells ability to transfer the 

electrons from the electron-hole pair generating region to the contact lines. 

In some embodiments, the homogeneously doped region is doped to have a sheet 

resistance in a range of approximately 80 Ohms/square to approximately 160 Ohms/square, 

while the selectively doped regions are doped lo have a sheet resistance in a range of 

10 approximately 10 Ohms/square to approximately 40 Ohms/square. In some embodiments, the 

homogeneously doped region is doped to have a sheet resistance of approximately 100 

Ohms/square or greater, while the selectively doped regions are doped to have a sheet 

resistance of approximately 25 Ohms/square or less. 

In some embodiments, the selectively doped regions 330 are laterally spaced apart 

15 from one another a distance in the range of approximately 1 mm to approximately 3 mm. 

However, it is contemplated that other spacing dimensions are within the scope of the present 

invention. Additionally, for selective emitter applications, the solar cell industry is expected 

to require the implanted contact gridlines 350 to have a width from 200 microns down to less 

than 50 microns. 

20 Plasma implantation systems can be used for the formation and adjustment of the 

work function and the band gap engineering for the contact deposition, through the formation 

of near-surface melal-silicide. Through a very light dose implantation of a metallic species 

(such as Ta, Ti, etc.) at locations near the surface of the wafer, a metal/silicon contact is 

improved markedly . Such seed implants or work function adjustment implants can improve 

25 contact performance. 

FIG. 4 illustrates one embodiment of a plasma immersion implantation system 400 in 

accordance with the principles of the present invention. This system is disclosed in U.S. 

Provisional Application Serial Number 61/185,596, filed June 10, 2009, entitled 

"APPLICATION SPECIFIC PLASMA IMPLANT SYSTEM FOR USE IN SOLAR CELL 

30 FABRICATIONS," which, is hereby incorporated by reference in its entirely as if set forth 

herein. The system 400 comprises avacuum chamber410, a gas input system 420, aplasma 
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generator 430, one or more vacuum pumps 450, and a high-voltage pulser 480. The gas input 

system 420, the plasma generator 430, and the vacuum pumps 450 work together to provide 

plasma 460 within the vacuum chamber 460 at a location near a target substrate 440. The 

high-voltage pulser 480 is used to negatively bias the target substrate 440. Examples of 

5 pulsers that can be used include hard-tubed pulsers, such as planar triode, power tetrode, and 

hobertron. It is contemplated that other pulsers can be used as well, As a result of the high 

negative voltage pulse being applied to the target substrate 440, a sheath between the plasma 

460 and the target substrate 440 forms, and ions 470 from the plasma 460 are accelerated into 

the target substrate 440. This plasma immersion implantation technique removes the need for 

10 any mass analysis. It provides acceptable power density and excellent productivity. 

This implantation system has unique capabilities for solar cell applications. In order 

to meet the productivity demand of the solar cell industry, multiple-piece simultaneous 

implantation is envisaged. For a typical four-piece substrate of 156x156 mm pseudo-square, 

with a total area of 0.25 rrr, such a system will preferably comprises a large plasma, with a 

15 height of 0.3 m and a sheath of 0.5 cm, and a total chamber height of 1 m, with generation of 

plasma peak currents up to 15 A. The system is useful in meeting the pulse energy demands 

of the solar field, which are variable and preferably less than 150 lcV. These supplies will be 

plug compatible and, depending on the species and mass used, will provide the required depth 

of penetration. 

20 In some embodiments, the system is used for single species implantation, so as to 

avoid any cross contamination of dopants. Additionally, in some embodiments, the internal 

portion of the chamber 410 is clad with appropriate material so as to minimize the potential 

of metallic and other unwanted contamination. 

Preferably, components such as the vacuum chamber, multiple-pass load lock, gas 

25 delivery system, and automation, and factory interfaces are configured in-line with such an 

application, specific system or in-line with a typical high volume solar cell manufacturing 

system. In preferred embodiments, the system operates with a productivity of 1000+ wafers 

per hour to match the automation of the solar cell fabrication lines. 

The dopant profile can be modified through the pulse shape adjustment to meet the 

30 tailoring required by solar cell PV fabrications. One method is to use a passivation pulse-

forming network mechanism. The profile can further be tailored by the use of plasma content 
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adjustment, which can be achieved through the special use of micro-wave or RF coupling, or 

any multiple of prevalent plasma formation technology, with plasma so as to modify the 

plasma conditions and thus control the break up of the constituents, which can affect the 

stoichiometric ratio of the dopant and the molecular ratio of radicals present in the plasma. 

5 For example, for the use of solid phosphorous, its various components (such as P+, P'H", P+T~, 

P2\ R", P5*, etc.) can be used to ensure that near surface tailoring is achieved. Such tailoring 

can also be used for other dopants, such as p-type Boron. 

A direct side benefit of plasma implant technology is the prevalence of hydrogen (e.g., 

if the source of the dopant is PH3 or B2H6). The hydrogen will be implanted simultaneously 

10 and at higher energies, helping to provide an auto-gettering effect that is unique and 

demanded for poorer quality solar cell materials. 

Variability of the energy during the pulsing of the plasma, where it can be distinct or 

as a continuum, can also be employed to form the required profile and manage independent 

surface concentration, atomic profile shaping and junction depths. This could be distinct and 

15 in known steps or can be as continuum to appropriate pauses at required energy to contrast 

the desired profiles. 

The average distributed power density of this system lends itself to implantation of 

very thin wafers (i.e., less than 20 microns) and ensures that thicker wafers remain at a 

temperature of less than. 100° C throughout the process. Such distributed power density 

20 allows utilization of various hard masking (e.g., resist) materials that may not have been 

considered before with diffusion, which employs high temperature, and directed implant, 

which employs high average power density. Depending on the desired PV applications, the 

average distributed power density of the present invention can be modulated by adjusting the 

frequency and duration of pulses for high (greater than 300°C) and low (less thanl 00°C) 

25 substrate temperature. 

No subsequent diffusion is required. Lower temperature anneal as low as 500° C can 

provide enough activation and damage anneal for fabrication of a PV cell. Plasma 

implantation, due to its high producti vity, can provide higher doses, and thus, if only a portion 

of the dopant is activated, then the desired resistivity and performance can be achieved. 

30 In some embodiments, various materials or compounds are used to provide surface 

passivation in solar cell fabrication. For example, in some embodiments, Si3N4 or SiO, is 
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deposited and/or grown at elevated temperatures or using pyrogenic growth methods. Such 

methods are limited to prevalent chemistry and molecular make up cannot be changed. 

However, through the use of the plasma implant technology of the present invention, the 

molecular make-up can be adjusted for improvements of passivation properties. Formation of 

5 Si.Nx or introduction of excess nitrogen can provide improvement of passivation properties of 

this film. 

Despite the advantages of the plasma immersion implantation system discussed 

above, the present invention provides an even more beneficial implantation system in the 

form of a plasma grid implantation system. The plasma grid implantation system provides 

10 the beneficial power density of beamline implantation, while also providing the productivity 

of plasma immersion technology. 

FIG. 7 illustrates a cross-sectional side view of one embodiment of a plasma grid 

implant system 700 in accordance with the principles of the present invention. System 700 

comprises a chamber 710 that houses a first grid plate 750, a second grid plate 755, and a 

15 third grid plate 757. The grid plates can be formed from a variety of different materials, 

including, but not limited to, graphite, silicon carbide, and tungsten. Each grid plate 

comprises a plurality of apertures configured to allow ions to pass therethrough. A plasma 

source provides a plasma to a plasma region of the chamber 710. In FIG. 7, this plasma 

region is located above the first grid plate 750. In some embodiments, the chamber walls are 

20 configured to repel ions in the plasma region using an electric field. For example, in some 

embodiments, one or more magnets 790 are coupled to the wall of the chamber 710. The 

electric field is used to push the plasma off the walls, thereby maintaining a gap between the 

plasma and the chamber walls, and avoiding any sputtering off of the wall material into the 

plasma. A target substrate is positioned on the opposite side of the grid plates. In FIG. 7, the 

25 target substrate is located below the third grid plate 757. As will be discussed in further detail 

below, the target substrate is preferably supported by an adjustable substrate holder, thereby 

allowing the target substrate to be adjusted between a homogeneous implant position 740a 

and a selective implant position 740b. 

The main feature of this system 700 is the use of plasma ions that are accelerated 

30 towards the target substrate by application of a DC or pulsed potential to the first grid plate 

750. These ions are implanted into the substrate. The deleterious effect of secondary 
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electrons resulting from the impingement; of ions on the substrate and other materials is 

avoided through the use of the second grid plate 755, which is negatively-biased with respect 

to the first grid plate 750, This negatively-biased second grid plate 755 suppresses the 

electrons that come off of the substrate. In some embodiments, the first grid plate 750 is 

5 biased to 80 kV and the second grid plate 755 is biased to -2 kV. However, it is contemplated 

that other biasing voltages can be employed. The third grid plate 757 acts as a beam defining 

grid and is preferably grouned. It is positioned in contact with or very close to the surface of 

the substrate in order to provide a final definition of the implant. This grid plate 757 can act 

as a beam defining mask and provide the critical alignment required, if a selective implant is 

10 required. The third grid plate 7 57 can be configured in accordance with the shadow mask 

embodiment of FIG. 2A or the wafer mask embodiment of FIG. 2B in order to achieve beam-

defining selective implantation. Additionally, The third grid plate 757 can be replaced or 

supplemented with any form of beam shaping that does not require a mask, such as the pulsed 

beam shaping embodiment of FIG. 2C. 

15 It is contemplated that the grid plates can be spaced apart in a variety of ways. In one 

embodiment, the first grid plate 750 is separated from the second grid plate 755 by a distance 

of approximately 12 mm, and the second grid plate 755 is separated from the third grid plate 

by a distance of approximately 3 mm. However, other measurements can be employed, 

in general, several grid arrangements, such as triode, tetrode and others, can be 

20 envisaged, where the grid arrangements are used to optically control the ion beam-lets. For 

the case of homogenous implantation, the defining mask can be removed to provide 

homogenous coverage of the wafer. The position of the wafer for selective implantation, with 

shadow mask, and for homogenous implantation can be altered to benefit from the multiple 

grids beam definition. For example, for the selective implantation, the wafer 740b is moved 

25 close to the multiple grid plate assembly (750, 755, 757), whereas, for the homogenous 

implantation, the wafer 740a is moved far enough from the grid plate assembly (750, 755, 

757) to provide a uniform beam, which is formed as a result of space charge expansion of the 

beam-lets 776. This grid plate assembly can be used to further focus the beam-lets 776 into 

known shapes onto the substrate, such as by adjusting the position of the plates with respect 

30 to one another, thereby eliminating the need for any shadow masking or any other substrate 

masks. This grid plate assembly arrangement enables the use of DC or pulsed bias for the 
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acceleration of ions and minimizes the back streaming electrons that has hampered plasma 

immersion technology by limiting the energy range and making the pulser/PSU cost 

prohibitive. This dramatically simplifies the power supply needed. 

Additionally, by decoupling the plasma formation from the ion acceleration, the 

present invention allows for independent methods to be used for the formation of the plasma 

above the grid plates. The grid plates can. provide some degree of beam definition. For 

example, the extracted ion beam can be focused to a particular dimension of selective emitter 

applications. 

In plasma grid implant system 700, the chamber 710 is configured to allow the plasma 

to form and expand. As previously discussed, the first grid plate 750 is at a positive potential 

with respect to ground. By shaping this biased grid plate (electrode) and managing the shape 

of the meniscus 780 formed above each of its openings, ions are extracted and optically 

shaped. 

As previously discussed, the second grid plate 755, which is negatively biased, 

suppresses the back streaming electrons. The substrate and the third grid plate 757 (whether 

it is configured as a shadow mask or a wafer mask) can be placed at a very close proximity to 

the second grid plate 755 to utilize the pattern definition by the grid assembly, as shown with 

the position of substrate 740b. At this position, the ions extracted are in the shape of beam-

lets that are wel! defined and implanted in selective regions in the substrate 740b. The 

substrate can also be positioned further away from the first and second grid plates 750 and 

755 to achieve a homogenous and uniform implant either with or without the use of a shadow 

mask, such as with substrate 740a. As seen with the positioning of substrate 740a, the beam-

lets 776 have merged due to space charge expansion. Alternatively, one position could be 

used for both homogeneous and selective implantation, where the selective implant is 

performed in the presence of a shadow mask or a wafer mask in order to provide the 

selectivity required. 

A beam of ions exiting past an aperture is divergent by its nature, which is because the 

typical equilibrium of plasma is convex. The ions repel each other because of their like 

electric charge and they have randomly orientated velocities due to thermal motion within the 

plasma. Therefore, careful design of the grid plate apertures and the plasma condition is 

necessary to control both the emittance of ions and system acceptance to the ion beam. The 
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emittance is a measure of the beam quality. Typically, high quality beams have low 

omittance, which means minimal loss of ions during transmission. This has to be balanced 

against the system specific phase-space boundary such that the beam fits within this boundary 

or has good acceptance. 

5 The control of ion divergence in the system of the present invention is achieved 

primarily through adjusting the shape of the ensuing meniscus 780 at the plasma boundary as 

it enters the first grid plate electrode 750. Such shaping can be controlled by adjusting the 

voltage difference between various electrodes, the shapes of the opening and spacing between 

various electrodes, the temperature of the plasma, how much plasma gas is used, the density 

10 of the plasma and the ion species and current being extracted. For the concave dome shape of 

meniscus 780 in FIG. 7, the second grid plate 755 has to have a negative potential with 

respect to the first grid plate 750, and the plasma ion density has to be less than the plasma 

boundary. Although FIG. 7 shows meniscus 780 having the shape of a dome, it is 

contemplated that the meniscus 780 can be managed in the form of other shapes as well, 

15 including, but not limited to, a complete inversion of the dome shape. The shape of the 

meniscus 780 can be used to shape the resulting ion implantation beam. Whereas a dome-

shaped meniscus, such as meniscus 780 shown in FIG. 7, will typically result in a narrowed 

beam, an inverted dome-shaped meniscus will typically result in an expanding beam. 

FIG. 8 illustrates a cross-sectional 3-dimensional perspective view of another 

20 embodiment of a plasma grid implant system 800, similar to system 700, in accordance with 

the principles of the present invention. System 800 comprises a chamber 810 that houses a 

first grid plate 850, a second grid plate 855, and a third grid plate 857. The grid plates can be 

formed from a variety of different materials, including, but not limited to, silicon, graphite, 

silicon carbide, and tungsten. Each grid plate comprises a plurality of apertures configured to 

25 allow ions to pass therethrough. A plasma source provides a plasma to a plasma region of the 

chamber 810. In FIG. 8, this plasma region is located above the first grid plate 850. In some 

embodiments, a plasma gas is fed into the plasma region through a gas inlet 820. In some 

embodiments, a vacuum is applied to the interior of the chamber 810 through a vacuum port 

830. In some embodiments, an insulator 895 is disposed around the exterior wall of the 

30 chamber 810. In some embodiments, the chamber walls are configured to repel ions in the 

plasma region using an electric field, as discussed above. 
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A target wafer 840 is positioned on the opposite side of the grid plates from the 

plasma region. In FIG. 8, the target wafer 840 is located below the third grid plate 857. As 

previously discussed, in some embodiments, the target wafer 840 is supported by an 

adjustable substrate holder, thereby allowing the target wafer 840 to be adjusted between a 

5 homogeneous implant position (closer to the grid plates) and a selective implant position 

(farther away from the grid plates). Plasma ions are accelerated towards the target wafer 840 

by application of a DC or pulsed potential to the first grid plate 850 in the form of ion beams 

870. These ions are implanted into the wafer 840. The deleterious effect of secondary 

electrons resulting from the impingement of ions on the wafer 840 and other materials is 

10 avoided through the use of the second grid plate 855, which is negatively-biased with respect 

to the initial grid. This negatively-biased second grid plate 855 suppresses the electrons that 

come off of the wafer 840. In some embodiments, the first grid plate 850 is biased to 80 kV 

and the second grid plate 855 is biased to -2 kV. However, it is contemplated that other 

biasing voltages can be employed. The third grid plate 857 acts as a beam defining grid and 

15 is preferably grounded. It is positioned in contact with or very close to the surface of the 

substrate in order to provide a final definition of the implant. This grid plate 857 can act as a 

beam defining mask and provide the critical alignment required, if a selective implant is 

required. The third grid plate 857 can be configured in accordance with the shadow mask 

embodiment of FIG. 2A or the wafer mask embodiment of FIG. 2B in order to achieve beam-

20 defining selective implantation. Additionally, The third grid plate 857 can be replaced or 

supplemented with any form of beam shaping that does not require a mask, such, as the pulsed 

beam shaping embodiment of FIG. 2C. 

It is contemplated that the apertures in the grid plates can be configured in a variety of 

different ways. FIGS. 9A-9B illustrate cross-sectional side views of different grid plate 

25 apertures through which the ion beams pass. In FIG. 9A, grid plate 950a comprises an 

aperture 965a that has a uniform width. When the grid plate 950a is positively-biased, an 

electric field is formed around it. This electric field is illustrated by electric field lines 951a 

and 953a, which follow the contour of the grid plate 950a. As an ion beam passes through the 

aperture 965a, field lines 951 a and 953a define the path along which the ions travel. As a 

30 result, the electric field chokes the ions as they pass through the aperture 965a, thereby 

narrowing the width of the resulting ion beam. In FIG. 9B, grid plate 950b comprises an 
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aperture 965b that has a width that expands from top to bottom. Similar to grid plate 950a in 

FIG. 9A, when the grid plate 950b is positively-biased, an electric field is formed around it. 

This electric field is illustrated by electric field lines 951b and 953b, which follow the contour 

of the grid plate 950b. As an ion beam passes through the aperture 965b, field lines 95 lb and 

5 953b define the path along which the ions travel. Since the width of the opening 965b 

expands as from the point where the ions enter the aperture 965b to the point where the ions 

exit the aperture 965b, this aperture configuration provides a resulting ion beam that can 

cover a larger surface area, than the uniform configuration. 

FIG. 10 illustrates a cross-sectional side view of one embodiment of plasma ions 

10 passing through grid plates in accordance with the principles of the present invention. 

Similar to FIGS. 7-8, a plasma 1060 is provided above first and second grid plates 1050 and 

.155, which are positively and negatively biased, respectively, as previously discussed. A 

meniscus 1080 is formed at the plasma boundary as the plasma ions enter aperture of the first 

grid plate electrode 1050. The ion beam 1070 passes through the first grid plate electrode 

15 1050 and then through the second grid plate electrode 1055 before implanting a target 

substrate disposed below the grid plate assembly. The top and bottom surfaces of the grid 

plates can be configured to manage the ion beam 1070 in a variety of ways. For example, in 

some embodiments, the bottom surface 1052 of the first grid plate 105 can be angled inward 

in a female configuration, and the top surface 1054 of the second grid plate 1055 can be 

20 angled outward in a male configuration so that the entrance to the aperture in the second grid 

plate 1055 can be brought closer to the exit of the aperture in the first grid plate 1050. 

FIGS. 11 A-l IB illustrate plan views of different grid plate apertures in accordance 

with the principles of the present invention. FIG. 11A shows grid plate 1050a having a 

plurality of apertures 1165a formed therethrough. These apertures 1165a are substantially 

25 circular. FIG. 1 IB shows grid plate 1050b having a plurality of apertures 1165b formed 

therethrough. These apertures 1165b are substantially elongated and rectangular slots. In 

some embodiments, the elongated slots 1165b have dimensions of a few 100's of microns 

wide by 10's of centimeters long at a spacing of 1-2 mm in order to maximize the utilization 

of the plasma beam-lets and create the image of the final beam-defining grid. However, 

30 larger spacing could be envisaged, whereby the space charge beam expansion is employed to 

get a uniform beam to provide the coverage needed. It is contemplated that the apertures can 
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be formed in other shapes besides circular and rectangular. The shape and the dimensions of 

the openings in the grid plates depend on the shape and dimension of the series of beam-lets 

required for the particular implantation. Beam optics calculations and considerations, such as 

emittance and space charge effects, define the shape of such openings and the materials 

5 utilized for the fabrication. The opening in the first grid plate is particularly critical in order 

to maintain the shape of the resulting meniscus of plasma at the grid plate openings. The 

shape of this meniscus is critical for the subsequent optical properties of the ion beam. The 

position, shape, and applied negative potential field at the second grid plate and its possibility 

of interference in the shape of the meniscus is critical to ensure passage of the ion beam with 

10 minimum ion optical effect, while still being sufficient to inhibit flow of electrons in the 

reverse direction. 

The combination of the two, three or more grid plates simplifies the DC or plused 

power supply units for energizing the grid plates. For these applications, an accelerating 

potential of less than 150 kV is envisaged, with a negatively biased grid plate of 

15 approximately -5 kV. The grid plate spacing between the first grid plate and the second grid 

plate in a reasonable vacuum is preferably in the order of a few centimeters, while the spacing 

between the second grid plate and the third grid plate is preferably in the order of a few 

millimeters. Certain calculations and distances in vacuum can be used for the applied voltage. 

The second grid plate electrode can also be connected to a pulse forming network to 

20 optimize the extracted ion qualities, such as increased density of desired ion species and ion 

energy, in order to optimize the implanted junction profile. The plasma source in the 

chamber can also be pulsed-biased using the similar pulse-forming network in modulation 

with that of the second grid plate electrode in order to optimize the extracted ion qualities as 

mentioned in above. 

25 The system of the present invention provides a simplified arrangement that lends itself 

well into formation of implant chambers, as opposed to single beam (including widened 

beams) and scanning mechanisms that have made ion implantation systems into complex 

multi-module systems. Such simple ion beam generation (via plasma) and ion acceleration 

(via grid plate assembly) can be constructed into a single chamber assembly that can be 

30 combined with a general wafer handling platform. Such a platform can support other 

processes in the fabrication lines, such as vacuum deposition, etching and metallization. FIG. 
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12 illustrates apian view of one embodiment of a load-locked implantation system 1200 in 

accordancc with the principles of the present invention. The target wafer can be loaded into a 

vacuum chamber 1210, where a robot can then transfer the wafer to one of several load-

locked chambers under vacuum. For example, the wafer can be moved into one of several 

5 implantation systems 1220, such as system 700. The wafer can also be moved into a 

nitridization chamber 1230 or an oxidation and anneal chamber 1240, such as an RTP anneal 

chamber. 

Furthermore, such a platform can support a multi-stage vacuum pumping scheme that 

denies the need for specific ioad-locking mechanisms. FIG. 13 illustrates a cross-sectional 

10 view of one embodiment of amulti-stage differentially pumped implantation system 1300 in 

accordance with the principles of the present invention. In the system, the target wafer 1380 

is moved through multiple stages before and after reaching the implantation stage. In some 

embodiments, the wafer 1380 is moved via a conveyor belt 1390. However, it is 

contemplated that other transfer means can be employed. In FIG. 13, the wafer 1380 moves 

15 from right to left, going through stage 1310, then stage 1320, and then stage 1330, before 

reaching stage 1340, with each stage applying a stronger vacuum. Stage 1310 applies a small 

vacuum VI (e.g., resulting in a pressure of 0.1 millibars). Stage 1320 applies a larger vacuum 

V2 than stage 1310 (e.g., resulting in a pressure of 0.01 millibars). Stage 1330 applies an 

even larger vacuum V3 than stage 1320 (e.g., resulting in a pressure of 10"4 millibars). 

20 Finally, Stage 1340 applies the largest vacuum V4, At stage 1340, the plasma grid 

implantation system discussed above is used, employing the multiple grid plate assembly 

(e.g., grid plates 1342 and 1344). Once the implantation stage is completed, the wafer 1380 

moves through stage 1350, then stage 1360, and finally stage 1370, each stage applying a 

smaller vacuum than the last stage. 

25 The vacuum chamber, multiple pass load lock or multi-staged differentially-pumped 

pass-through, gas delivery system and automation and factory interfaces can also be 

configured in-line with an application specific implantation system or configure in-line with a 

typical high volume solar cell manufacturing system. Preferably, the productivity of the 

system is 1000+ wafers per hour to match the automation of the solar cell fabrication lines. 

30 For homogenous implantation for emitter and back surface field (BSF) doping, 

independent control of surface concentration, profile shape and junction depth can play a 
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significant role in meeting the light conversion properties of a solar cell. Such implant 

capabilities will avoid the formation of "dead layer" for emitter, which is prevalent with 

incumbent diffusion methods. These layers are formed as a result of un-activated excess near 

surface dopants accumulated as diffusion is used to form the electrical junctions. Profile 

5 management achieved with ion implantation can avoid such drawbacks. The BSF implant 

can be used to displace the present method of aluminum metallization that is encumbered 

with a series of mismatch issues. The control for such BSF implantation will also provide key 

advantages in the formation of back contact. 

For the formation of the regions where cells generate the electron hole pairs, doping 

10 levels of at least 100 Ohms/Sq. is preferably used. In general, the excess of dopants in this region 

impedes the generation and transport of such, charge carriers. This region is typically a lower 

energy implant, such as less than 150 keV for boron, BF2, phosphorous, arsenic, antimony, and. 

other similar n or p -type dopants. Such implants are carried out at a dose of less than 1 El 6cm"2. 

The requirements for the uniformity of coverage for solar cell applications are estimated to be 

15 between 5 to 10%. This requires similar homogeneity in the plasma unifonnity. It is envisaged 

that each solar cell will be independently implanted, so as to attain the benefits of the single 

wafer system, which is a significant capability for implantation, whereby tailoring the placement 

and activation of the dopant for the selective emitter regions can avoid the formation of the 

traditional dead layer issues. As implantation is a single sided process, there will be no necessity 

20 for the edge etch or cutting of the solar cells. 

This capability is achieved by positioning the target substrate underneath the grid 

assembly electrodes only at a distance far enough where the beam-lets have converged due to 

space charge expansion to a uniform beam. This positioning can be achieved through the use of 

an elevator that moves the target substrate to and away from the grid assembly. The plasma 

25 intensity variation and variation of the potential on the second grid plate and, at times, on the first 

grid plate also provide the uniformity of less than 5% (one sigma) in the beam. 

As mentioned above, another application of the present invention is to use some form 

of masking to generate selectively implanted regions. Such regions can be n or p-type 

depending on whether it is for a selective emitter or a selective BSF. It can also be a series of 

30 interdigitaled alternate doping (n/p/n/p...etc) regions for all back contact solar cells. For this 

application, the target substrate plus the mask could be held very close to the grid assembly, 
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where the beam-lets are much more distinct and spaced apart. Alternatively, one could rely 

on the shadow mask at the wafer to provide the implant selectivity required. The dimensions 

of the grid plate openings can match the substrate mask for best utilization of the ion beam. 

Although, this is not critical as presence of the mask on the wafer will ensure selectivity. 

5 In another embodiment, the plasma grid implant system of the present invention is used 

for the formation and adjustment of the work function and the band gap engineering for the 

metal/semiconductor contact regions. In this step, through metallic species implantation at 

locations very near the surface, metal/silicon contact is improved markedly. A similar system, 

as discussed above, can be used to do the grid line implants after the selective doping implants. 

10 Such seed implants or work-function-adjust implants can improve contact performance. 

The control of the dopant atomic profile can also be made through the prevalence of 

multiple species available in aplasma. Each plasma condition will have amix of charged species 

at varying fractions. Such fractions can be controlled and are repeatabfe. Such mixed species is 

of the desired atoms at molecular and multiple charge state and, for the same applied voltage 

15 bias, will have varying energies. For example, a single type of dopant material can be provided 

to a plasma generator, where it is broken up into a plurality of dopant species. The target 

substrate is then implanted with the plurality of dopant species. For example, using a plasma gas 

such as phosphine, can provide different types of implants with only one implantation step 

because of the different charges and different masses of the resulting dopant species (P"\ P++, P++", 

20 P2\ P3"\ P5~, etc.) that are formed from the phosphine being broken up. The amount of each 

dopant species (i.e., its percentage relative to the total ion beam) can be adjusted by adjusting the 

conditions of the plasma, such as the power used. In. this respect, a user can manage the break-up 

of the dopant and can tailor it as desired (e.g., 80% P", 10% P+^, 5% P 3% P2+, etc.). Each 

species is implanted into the wafer at a different depth because their energies are different. This 

25 feature can be used for formation of multiple atomic profiles that net into the desired shape ideal 

for the fabrication. 

The use of the grid plates of the present invention with limited openings between the 

chamber region that contains the plasma and the chamber region that contains the substrate 

ensures effective differentially-pumped regions. In the plasma region, vacuum has to be 

30 controlled in order to allow for the formation of the plasma and minimize any other unwanted 

species presence. However, a differentially-pumped substrate chamber is also critical because 
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the vacuum can be somewhat variable due to the impact of the substrate surface out-gassing and 

the load-locking burst of gas. This grid assembly also provides protection against free radicals 

and other potential airborne hydrocarbons that can affect the surface of the substrate adversely. 

The formation of the beam-lets and their subsequent expansion, as a result of natural 

5 space charge beam expansion, can be utilized to provide lateral selective region implantation or 

homogenous imp] antation. As previously discussed, forthe selective implant, the target substrate 

and a defining grid or a shadow mask can be positioned very close to the third grid plate or in a 

similar position as for the homogenous implant. The minimum distance for the substrate's 

proximity to the grid is determined by the voltage holding and applied potential to the grid 

10 assembly. The role of the beam-defining shadow mask is to ensure fidelity in the positioning of 

the implanted region. This mask can be used for improving the alignment of the mask to the 

substrate, and thus, ensures a higher degree of overlap between selective implanted regions and 

the subsequent metal grid lines that are screen or jet ink printed on the solar cell. 

Such conformal doping of substrate can be utilized to form both homogenous and 

15 selective emitter regions through use of a mask and other unique selective doping techniques. 

At the same time, the dopant profile can be tailored to provide independent surface concentration, 

shape of the profile and the junction depth, through DC voltage, exposure time, and substrate 

motion underneath the beam and plasma components adjustments. Further more, by the use of 

the dopant stoichiometric ratio and ratio of molecular radicals present in the plasma, the dopant 

20 profile can be further enhanced. This method does not preclude the utilization of the pulsing of 

the substrate and possible substrate back surface antenna or substrate movement to provide the 

lateral positioning advantages required for selective implantations. 

The system of the present invention can be configured independently of the substrate 

size. Furthermore, as long as uniformity of plasma is conserved, multiple pieces of substrate can 

25 be implanted simultaneously, thereby allowing productivity well in excess of 1000+ wph. 

Additionally, the present invention can provide anon-line-of-sight implantation method, 

and thus, is able to dope areas that are constricted, such as the textured surfaces of multi-grade 

metallurgical silicon that may have hillocks and re-entrant features on the surface. Doping such 

areas is critical, as absence of doping may cause metal shunting. Pulsing of the target substrate 

30 can be employed to direct the ions these constricted areas. 
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15 

20 

25 

The implantation system of the present invention provides unique capabilities for solar 

cell applications. In order to meet the productivity demand of the solar cell industry, multiple-

piece simultaneous homogenous implantation can be employed, followed by a masked and 

selective implantation. However, such implantations can be in any order. For a typical four 

piece substrate of 156x156 mm pseudo-square, with, a total area of 0.25 m2, such a system 

preferably comprises a chamber with a dimension of 0.4 m in height by 1.2 m in width. This 

allows for plasma and grid overflow regions to ensure uniformity of implantation on the 

substrate. Such a system can be used in conjunction with, a multi-stage differentially-pumped 

non-load locked arrangement, as previously discussed, whereby the substrate can be transported 

on a conveyor or other transport mechanism from an atmospheric side to a vacuum side, and visa 

versa, which simplifies the whole system and reduces the material cost. 

The system of the present invention is expected to generate average ion current, density 

of at least 0.5 mA/cm2 at 90 kV of high voltage bias, which is derived from the following 

equation: 

r D -Ze(l + Yr,w)A 1 I = tMl—xaxb 
p f:\l-T 

where, assuming a typical plasma system: 

D dose [cm-2] 

f pulse frequency [s] 

At pulse duration [p,s] 

h = peak current [A] 

T implantation time [s] 

Z charge state 
e = electron charge [A-s] 

ySE = secondary electron emission coeff. 

A surface area [cm'2] 
a = stoichiometric ratio of dopant 

b molecular ratio of radical in plasma 
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One example provides a gas of PH3, a dose of E16 cm'2, a stoichiometric ratio of dopant of 

0.25, and a molecular ratio of radical in plasma of 0.3. 

The system of the present invention can be used for multiple species, so as to avoid 

any cross contamination of dopants. Additionally, in some embodiments, the internal walls 

5 of the chamber is clad with appropriate material so as to minimize the potential of metallic 

contamination, and other unwanted contamination, and ease of cleaning, servicing and 

replacement. Furthermore, as previously discussed, a confining field, such as an electric 

field, can be added to the internal chamber walls in order to limit the interactions of the 

plasma or the ions from the surrounding materials. In some embodiments, the ion beam can 

10 be skewed and a unique field can be applied so as to only allow the passage of the required 

species to the target substrate. 

The profile of the solar cell can further be tailored by the present invention's use of 

plasma content adjustment, which can be achieved through the special use of micro-wave or 

RF coupling with plasma so as to modify the plasma intensity and temperature, and thus 

15 control the break-up of the constituents, as previously discussed. This adjustment can affect 

stoichiometric ratio of dopant and the molecular ratio of radicals present in the plasma. For 

example, for the use of solid phosphorus, its various components such as PH, P":"\ P1, ?2\ 

P3T, P5\ etc. can be used to ensure that near surface tailoring is achieved. This adjustment can 

be used for other dopants as well, such as n-type boron. 

20 Another benefit of the plasma implant technology of the present invention is the 

prevalence of hydrogen, if an appropriate source of the dopant is used, such as PH3 or B2H6. 

The hydrogen will simultaneously implanted with the other dopant, and at higher energies, 

which will help provide auto-gettering and surface passivation effects that are unique and 

useful for poorer quality solar cell materials. 

25 A. variable energy accelerating the plasma, either in distinct steps or as a continuum, 

can also be employed to form the required profile and manage to generate an independent 

surface concentration, atomic profile shaping and junction depths. This could be distinct and 

in known steps, or can be as continuum to appropriate pauses at required energy to contrast 

the desired profiles. 

30 The average distributed power density provided by the present invention lends itself to 

implantation of very thin wafers (e.g., less than 20 microns) whether they are independent or 
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mounted on other substrates, and ensures that thicker wafers remain at a temperature of less 

than 100 °C throughout the process. The distributed power density also enables the 

processing of non-silicon-based substrates such as CdTe, CIGS, and a-Si thin-film substrate, 

which require low substrate temperature operation. Wafer cooling and heating may be 

5 necessary, in particular as the wafer thickness is reduced, which can be provided in the form 

of typical backside water cooling or gas cooling or other similar methods. 

Such distributed power density allows utilization of various hard masking (e.g., resist) 

materials that may not have been considered before with diffusion (high temperature) and 

directed implant (high instantaneous power density). 

10 Another advantage of the present invention is that no subsequent diffusion is required, 

and thus, lower temperature anneal as low as 500° C can provide enough activation and 

damage anneal that can be used for fabrication of a PV cell. Plasma grid implantation, due to 

its high productivity, can provide higher doses. Therefore, if only a portion of the dopant is 

activated, the desired resistivity and performance can still be achieved. Auto-annealing also 

15 may be employed, where the power of the beam is used to heat the substrate to such a desired 

temperature so that self-annealing can take place. Furthermore, balancing the elevated 

temperature of the substrate, masks, and grid assembly can be of major benefit in the general 

operation, control and metrology of the system. 

Utilizing the high productivity of the unique plasma grid implant system, an integrated 

20 module of SiNx deposition in conjuction with junction-doping applications can be also 

achieved without breaking the vacuum. The plasma grid implantation system of the present 

invention can be used lo achieve surface passivation. The difference between implantation 

and deposition is the energy of the ions. The lower the energy, the more the ions stay on the 

surface. The present invention enables the formation of a passivation layer, such as a nitride 

25 film, on the surface of the wafer through the use of a very low energy implant. The technique 

currently used is a chemical process. The present invention allows for the application of a 

passivation layer simply by bleeding a passivation gas, such as silicon or nitrogen, into the 

plasma region of the chambcr. 

FIG. 14 illustrates a process flow diagram of one embodiment of a method 1400 of 

30 ion implantation in accordance with the principles of the present invention. At step 1410, a 

plasma is provided within a plasma region of a chamber. A first grid plate and a second grid 
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plate are disposed within the chamber. At step 1420, the second grid plate is negatively 

biased. The second grid plate comprises a plurality of apertures and is disposed in a first 

position. At step 1430, the first grid plate is positively biased. The first grid plate comprises 

a plurality of apertures and is disposed in a first position. Although FIG, 14 shows the step of 

5 the second grid plate being negatively biased before the step of the first grid plate being 

positively biased, in some embodiments, the biasing of the first grid plate is initiated before 

or simultaneously with the biasing of the second grid plate. At step 1440, ions from the 

plasma in the plasmaregion are flown through the apertures in the positively-biased first grid 

plate. At step 1450, at least a portion of the ions that flowed through the apertures in the 

10 positively-biased first grid plate are flown through the apertures in the negatively-biased 

second grid plate. At step 1460, a substrate is implanted with at least a portion of the ions 

that flowed through the apertures in the negatively-biased second grid plate, with the substrate 

being disposed in a first position. The process can then be repeated with the positioning of 

the grid plates and/or the substrate being adjusted in order to achieve both homogeneous and 

15 selective ion implantation. 

FIG. 15 illustrates a process flow diagram of another embodiment of a method 1500 

of ion implantation in accordance with the principles of the present invention. At step 1510, 

a plasma is provided within a plasma region of a chamber. At step 1520, a grid assembly is 

provided comprising a plurality of grid plates. Each grid plate comprises a plurality of 

20 apertures. At step 1530, a first set of ions from the plasma in the plasma region is flown 

through the apertures in each of the grid plates in the grid assembly while each of the grid 

plates is in a first position. At step 1540, a substrate is homogeneously implanted with at 

least a portion of the first set of ions that flowed through the apertures in the grid plates while 

the substrate is supported in a first position by a substrate holder, thereby forming a single 

25 laterally-homogeneous ion implantation across the substrate from a combination of the first 

set of ions that have passed through different apertures of the same grid plate. At step 1550, 

the position of the substrate or at least one of the grid plates is adjusted to a second position. 

At step 1560, a second set of ions from the plasma in the plasma region is flown through the 

apertures in each of the grid plates in the grid assembly subsequent to the adjustment to the 

30 second position. At step 1570, the substrate is selectively implanted with at least a portion of 

the second set of ions that flowed through the apertures in the grid plates subsequent to the 
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adjustment to the second position, thereby forming a plurality of laterally spaced-apart ion 

implantations on the substrate from a portion of the second set of ions that have passed 

through different apertures ofthe same grid plate. 

FIG. 16 illustrates a process flow diagram of yet another embodiment of a method 

5 1600 of ion implantation in accordance with the principles of the present invention. At step 

1610, a single type of dopant material is provided to a plasma generator. At step 1620, the 

plasma generator breaks up the single type of dopant materia] into a plurality of dopant 

species. At step 1630, a substrate is implanted with the plurality of dopant species. 

In some embodiments, a combination of different types of dopant material is used to 

10 implant different pluralities of dopant species, In some embodiments, the different types of 

dopant material can be provided in precursor form as gasses, liquids, solids, or any 

combination thereof. 

The present invention has been described in terms of specific embodiments 

incorporating details to facilitate the understanding of principles of construction and 

15 operation of the invention. Such reference herein to specific embodiments and details thereof 

is not intended to limit the scope of the claims appended hereto. It will be readily apparent to 

one skilled in the art that other various modifications may be made in the embodiment chosen 

for illustration without departing from the spirit and scope of the invention as defined by the 

claims. 

20 

25 

30 
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CLAIMS 

What is claimed is: 

1. A plasma grid implantation system comprising: 

a plasma source configured to provide plasma; 

a first grid plate comprising a plurality of apertures configured to allow ions 

from the plasma in a plasma region to pass therethrough, wherein the first grid plate is 

configured to he positively biased by a power supply; 

a second grid plate comprising a plurality of apertures configured to allow the 

ions to pass therethrough subsequent to the ions passing through the first grid plate, 

wherein the second grid plate is configured to be negatively biased by a power supply; 

and 

a substrate holder configured to support a substrate in a position where the 

substrate is implanted with the ions subsequent to the ions passing through the second 

grid plate. 

2. The system of Claim 1, wherein: 

the first grid plate is positively biased by a power supply; and 

the second grid plate is negatively biased by a power supply. 

3. The system of Claim 1, wherein: 

the position of at least one of the first grid plate, the second grid plate, and the 

substrate holder is configured to be adjusted between a homogeneous implantation 

position and a selective implantation position; 

the homogeneous implantation position is configured to enable a single 

laterally-homogeneous ion implantation across the substrate on the substrate holder, 

wherein the single laterally-homogeneous ion implantation is formed from a 

combination of ions that have passed through different apertures of the second grid 

plate; and 

the selective implantation position is configured to enable a plurality of 

laterally spaced-apart ion implantations of the substrate on the substrate holder, 
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wherein the plurality of laterally spaced-apart ion implantations is formed from ions 

that have passed through the different apertures of the second grid plate. 

4. The system of Claim 1, further comprising a third grid plate disposed between the 

second grid plate and the substrate holder, the third grid plate comprising a plurality of 

apertures configured to allow the ions to pass therethrough subsequent to the ions 

passing through the second grid plate. 

5. The system of Claim 4, wherein the third grid plate is grounded. 

6. The system of Claim 4, wherein: 

the position of at least one of the third grid plate and the substrate holder is 

configured to be adjusted between a homogeneous implantation position and a 

selective implantation position; 

the homogeneous implantation position configured to enable a single laterally-

homogeneous ion implantation across the substrate on the substrate holder, wherein 

the single laterally-homogeneous ion implantation is formed from a combination of 

ions that have passed through different apertures of the second grid plate; and 

the selective implantation position configured to enable a plurality of laterally 

spaced-apart ion implantations of the substrate on the substrate holder, wherein the 

plurality of laterally spaced-apart ion implantations is formed from ions that have 

passed through the different apertures of the second grid plate. 

7. The system of Claim 1, wherein the apertures of at least one of the first grid plate and 

the second grid plate are substantially circular holes. 

8. The system of Claim 1, wherein the apertures of at least one of the first grid plate and 

the second grid plate are elongated slots. 

9. The system of Claim 1, wherein each one of the apertures of at least one of the first 

grid plate and the second grid plate comprises a top end and a bottom end, wherein the 



bottom end is closer to the substrate holder than the top end, and wherein the diameter 

of each aperture gradually increases from the top end to the bottom end. 

The system of Claim 1, wherein the first grid plate and the second grid plate comprise 

a material chosen from the group consisting of: silicon, graphite, silicon carbide, and 

tungsten. 

The system of Claim 1, further comprising a chamber defined by chamber walls, 

wherein the plasma region, the first grid plate, and the second grid plate are housed 

within the chamber, and wherein the chamber wails are configured to repel ions in the 

plasma region using an electric field. 

The system of Claim. 11, wherein one or more magnets are coupled to the chamber . 

walls. 

A method of ion implantation comprising: 

providing a plasma within a plasma region of a chamber; 

positively biasing a first grid plate, wherein the first grid plate comprises a 

plurality of apertures and is disposed in a first position; 

negatively biasing a second grid plate, wherein the second grid plate comprises 

a plurality of apertures and is disposed in a first position; 

flowing ions from the plasma in the plasma region through the apertures in the 

positively-biased first grid plate; 

flowing at least a portion of the ions that flowed through the apertures in the 

positively-biased first grid plate through the apertures in the negatively-biased second 

grid plate; and 

implanting a substrate with at least a portion of the ions that flowed through 

the apertures in the negatively-biased second grid plate, wherein the substrate is 

disposed in a first position. 



The method of Claim 13, wherein a shadow mask comprising a plurality of openings 

formed therethrough is disposed a predetermined distance away from the substrate, 

and the method further comprises: 

flowing at least a portion of the ions that flowed through the apertures in the 

negatively-biased second grid plate through the openings in the shadow mask before 

implanting the substrate. 

The method of Claim 13, wherein a photoresist mask comprising a plurality of 

openings formed therethrough is placed in contact with the substrate, and the method 

further comprises: 

flowing at least a portion of the ions that flowed through the apertures in the 

negatively-biased second grid plate through the openings in. the photoresist mask 

before implanting the substrate. 

Themethod of Claim 13, further comprising: 

adjusting the position of at least one of the first grid plate, second grid plate, 

and the substrate holder to a second position; 

providing a plasma within, the plasma region subsequent to the adjustment to 

the second position; 

flowing ions from the plasma in the plasma region through the apertures in the 

positively-biased first grid plate subsequent to adjustment to the second position; 

flowing at least a portion of the ions that flowed through the apertures in the 

positively-biased first grid plate through the apertures in the negatively-biased second 

grid plate subsequent to adjustment to the second position; and 

implanting a substrate with at least a portion of the ions that flowed through 

the apertures in the negatively-biased second grid plate subsequent to adjustment to 

the second position, 

wherein the implantation performed when the at least one of the first grid 

plate, second grid plate, and the substrate holder was in the first position forms a 

single laterally-homogeneous ion implantation across the substrate, wherein the single 
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laterally-homogeneous ion implantation is formed from a combination of ions that 

have passed through different apertures of the second grid plate, and 

wherein the implantation performed when the at least one of the first grid 

plate, second grid plate, and the substrate holder was in the second position forms a 

plurality of laterally spaced-apart ion implantations of the substrate, wherein the 

plurality of laterally spaced-apart ion implantations is formed from ions that have 

passed through the different apertures of the second grid plate. 

The method of Claim 13, wherein a third grid plate is disposed between the second 

grid plate and the substrate, the third grid plate disposed in a first position and 

comprising a plurality of apertures configured to allow the ions to pass therethrough 

subsequent to the ions passing through the second grid plate. 

The system of Claim 17, wherein the third grid plate is grounded. 

The method of Claim 17, further comprising: 

adjusting the position of at least one of the first grid plate, second grid plate, 

the third, grid plate, and the substrate holder to a second position; 

providing a plasma within the plasma region subsequent to the adjustment to 

the second position; 

flowing ions from the plasma in the plasma region through the apertures in the 

positively-biased first grid, plate subsequent to adjustment to the second position; 

flowing at least a portion of the ions that flowed through the apertures in the 

positively-biased first grid plate through the apertures in the negatively-biased second 

grid plate subsequent to adjustment to the second position; 

flowing at least a portion of the ions that flowed through the apertures in the 

negatively-biased second grid plate through the apertures in the third grid plate 

subsequent to adjustment to the second position; and 

implanting a substrate with at least a portion of the ions that flowed through 

the apertures in the third grid plate subsequent to adjustment to the second position, 
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wherein the implantation performed when the at least one of the first grid 

plate, second grid plate, the third grid plate, and the substrate holder was in the first 

position forms a single laterally-homogeneous ion implantation across the substrate, 

wherein the single laterally-homogeneous ion implantation is formed from a 

combination of ions that have passed through different apertures of the third grid 

plate, and 

wherein the implantation performed when the at least one of the first grid 

plate, second grid plate, the third grid plate, and the substrate holder was in the second 

position forms a plurality of laterally spaced-apart ion implantations of the substrate, 

wherein the plurality of laterally spaced-apart ion implantations is formed from ions 

that have passed through the different apertures of the third grid plate. 

20. The method of Claim 13, wherein the apertures of at least one of the first grid plate 

and the second grid plate are substantially circular holes. 

21. The method of Claim 13, wherein the apertures of at least one of the first grid plate 

and the second grid plate are elongated slots. 

22. The method of Claim 13, wherein each one of the apertures of at least one of the first 

grid plate and the second grid plate comprises a top end and a bottom end, wherein the 

bottom end is closer to the substrate holder than the top end, and wherein the diameter 

of each aperture gradually increases from the top end to the bottom end. 

23. The method of Claim 13, wherein the first grid plate and the second grid plate 

comprise a material chosen from the group consisting of: silicon, graphite, silicon 

carbide, and tungsten. 

24. The method of Claim 13, wherein the plasma region, the first grid plate, and the 

second grid plate are housed within a chamber that is defined by chamber walls, and 

wherein the chamber walls are configured to repel ions in the plasma region using an 

electric field. 
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25. The method of Claim 13, further comprising the step of applying a pulsed voltage to 

the plasma. 

26. The method of Claim 13, further comprising the step of applying a pulsed voltage to 

the substrate. 

27. The method of Claim 26, wherein the pulsed voltage is directed towards a plurality of 

different locations on the substrate. 

28. The method of Claim 13 > farther comprising: 

passing the substrate through a first plurality of differentially-pumped 

stages prior to the substrate being implanted with the ions, wherein each stage in the 

first plurality of differentially-pumped stages comprises a lower pressure than the 

15 previous stage in the first plurality of differentially-pumped stages; 

passing the substrate from the first plurality of differentially-pumped stages 

directly to an implantation stage; 

passing the substrate from the implantation stage directly to a second plurality 

of differentially-pumped stages subsequent to the substrate being implanted with the 

20 ions, and 

passing the substrate through the second plurality of differentially-pumped 

stages, wherein each stage in the second plurality of differentially-pumped stages 

comprises a higher pressure than the previous stage in the second plurality of 

differentially-pumped stages, 

25 wherein the implantation stage comprises a lower pressure than any of the 

stages in the first plurality and second plurality of differentially-pumped stages. 

29. A plasma grid implantation system comprising: 

a plasma source configured to provide plasma; 

30 a grid assembly comprising a plurality of grid plates, wherein each grid plate 

comprises a plurality of apertures configured to allow ions from the plasma to pass 
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therethrough; and 

a substrate holder configured to support a substrate in a position where the 

substrate is implanted with the ions subsequent to the ions passing through the 

plurality of apertures of the grid plates, 

wherein at least one of the substrate holder and the grid plates is configured to 

be adjusted between a homogeneous implantation position and a selective 

implantation position, 

wherein the homogeneous implantation position is configured to enable a 

single laterally-homogeneous ion implantation across the substrate on the substrate 

holder, the single laterally-homogeneous ion implantation being formed from a 

combination of ions that have passed through different apertures of the second grid 

plate, and 

wherein the selective implantation position is configured to enable a plurality 

of laterally spaced-apart ion implantations of the substrate on the substrate holder, the 

plurality of laterally spaced-apart ion implantations being formed from ions that have 

passed through the different apertures of the second grid plate. 

The system of Claim 29, wherein the plurality of grid plates comprises: 

a first grid plate comprising a plurality of apertures configured to allow ions 

from the plasma in a plasma region to pass therethrough; and 

a second grid plate comprising a plurality of apertures configured to allow the 

ions to pass therethrough subsequent to the ions passing through the first grid plate. 

The system of Claim 30, wherein the first grid plate is configured to be positively-

biased, either continuously in DC mode or in pulsed mode, by a power supply. 

The system of Claim 31, wherein the second grid plate is configured to be negatively-

biased, either continuously in DC mode or in pulsed mode, by a power supply. 



The system of Claim 32, wherein the plurality of grid plates further comprises a third 

grid plate comprising a plurality of apertures configured to allow the ions to pass 

therethrough subsequent to the ions passing through the second grid plate. 

The system of Claim 33, wherein the third grid plate is configured to be grounded. 

The system of Claim 30, wherein the first grid plate, the second grid plate, and the 

substrate holder are all configured to have their positions adjusted. 

A method of ion implantation comprising: 

providing a plasma within a plasma region of a chamber; 

providing a grid assembly comprising a plurality of grid plates, wherein each 

grid plate comprises a plurality of apertures; 

flowing a first set of ions from the plasma in the plasma region through the 

apertures in each of the grid plates in the grid assembly while each of the grid plates is 

in a first position; 

homogeneously implanting a substrate with at least a portion of the first set of 

ions that flowed through the apertures in the grid plates while the substrate is 

supported in a first position by a substrate holder, thereby forming a single laterally-

homogeneous ion implantation across the substrate from a combination of the first set 

of ions that have passed through different apertures of the same grid plate; 

adjusting the position of the substrate or at least one of the grid plates to a 

second position; 

flowing a second set of ions from the plasma in the plasma region through the 

apertures in each of the grid plates in the grid assembly subsequent to the adjustment 

to the second position; 

selectively implanting the substrate with at least a portion of the second set of 

ions that flowed through the apertures in the grid plates subsequent to the adjustment 

to the second position, thereby forming a plurality of laterally spaced-apart ion 
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implantations on the substrate from a portion of the second set of ions that have 

passed through different apertures of the same grid plate. 

37. The method of Claim 36, wherein the ad-justing step comprises adjusting the position 

5 of the substrate. 

38. The method of Claim 37, wherein adjusting the position of the substrate comprises 

moving the substrate closer to the grid assembly. 

10 39. The method of Claim 36, wherein the adjusting step comprises adjusting the position 

of one of the grid plates. 

40. The method of Claim 39, wherein adjusting the position of one of the grid plates 

comprises moving one of the grid plates closer to the substrate. 

15 

41. The method of Claim 36, wherein the plurality of grid plates comprises a first grid 

plate and a second grid plate, the first grid plate being positively-biased, and the 

second grid plate being negatively biased. 

20 42. The method of Claim 41, wherein the plurality of grid plates further comprises a third 

grid plate that is grounded. 
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