2012/087477 A2 |10 00 010 O A 0

<

W

(43) International Publication Date

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

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

=

\

(10) International Publication Number

WO 2012/087477 A2

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
(73)

74

28 June 2012 (28.06.2012) WIPOIPCT
International Patent Classification: (81)
HO1L 21/027 (2006.01)

International Application Number:
PCT/US2011/061652

International Filing Date:
21 November 2011 (21.11.2011)

Filing Language: English
Publication Language: English
Priority Data:

12/973,065 20 December 2010 (20.12.2010) US

Applicant (for all designated States except US): VARIAN
SEMICONDUCTOR EQUIPMENT ASSOCIATES,
INC. [US/US]; 35 Dory Road, Gloucester, MA 01930

(US).

Inventors; and

Inventors/Applicants (for US only): BATEMAN, Nich-
olas, P. T. [US/US]; 55 Pasture Road, Reading, MA 01867
(US). KURUNCZI, Peter, F. [US/US]; 2277 Massachu-
setts Avenue, Cambridge, MA 02140 (US).

Agent: LUCEK, Nathaniel; Varian Semiconductor Equip-
ment Associates, Inc., 35 Dory Road, Gloucester, MA
01930 (US).

(84)

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

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

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: USE OF PATTERNED UV SOURCE FOR PHOTOLITHOGRAPHY

400 <, 472

407

474

N l
AN
I

460 -

FIG. 7

(57) Abstract: A system and method of exposing photoresist on the surface of the solar cell to light so as to create an appropriate
mask is disclosed. A microcavity array is used to expose the photoresist to UV light in a pattern that matches the desired pattern on
the solar cell. Microcavity arrays consist of an array of cavities, which may include tens of thousands of cavities. When an appropri-
ate potential is applied to an electrode, a plasma is formed in the activated cavity, if the cavity contains a suitable gaseous environ -
ment, these activated cavities will emit light in the near ultraviolet spectrum. By properly configuring the locations of the activated
cavities, a UV source may be created that exposes the photoresist in a desired pattern. The desired pattern can be created by select -
ively activating cavities, disabling certain cavities, or filling certain cavities so that they cannot create a plasma.
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USE OF PATTERNED UV SOURCE FOR PHOTOLITHOGRAPHY

This invention relates to implantation of ions in silicon substrates and, more particularly,
{0 a sysiem and method for creating photoresist masks for solar celis,

Background

lon implantation is a standard technigue for introducing conductivity-altering impurities
into substratas, A desired impurity material is ionized in an lon source, the ions are accelerated
to form an ion beam of prascribed energy, and the ion beam is directed at the surface of the
substrate. Ths energetic ions in the beam penetrate into the bulk of the substrate material and
are embedded into the crystalline lattice of the substrate material to form a region of desired
conductivity.

Solar cells provide pollution-free, egual-access energy using a free natural resource. Due
to environmental concerns and rising energy costs, solar celis, which may be composed of silicon
substrates, are becoming more globally important. Any reduced cost to the manufacture or
production of high-performance solar ceiis or any efficiency improvement to high-performance
solar cells would have a positive impact on the implementation of solar cells worldwide. This will
enabie the wider availability of this clean energy technclogy.

Doping may improve efficiency of solar cells. FIG. 1 is a crosssectional view of a
selective emitter solar cell 210. It may increase efficiency (e.g. the percentage of power
converted and collected when a solar cell is connected to an electrical circuit) of a solar cell 210
10 dope the emitter 200 and provide additional dopant to the regions 201 under the cantacts
202. More heavily doping the regions 201 improves conductivily and having less doping
hetween the contacts 202 improves charge collection. The contacts 202 may only be spaced
approximately 2-3 mm apart. The regions 201 may only be approximately 100-300 um across.
FIG. 2 is a cross-sectional view of an interdigitated back contact (IBC) solar cell 220. Inthe IBC
solar cell, the junction is on the back of the solar cell 220. The doping patiern is alternating p-
type and n-type dopant regions in this particular embodiment. The p+ emitter 203 and the nt+
back surface field 204 may be doped. This doping may enabie the junction in the IBC solar cell
to function or have increased efficiency.

As shown in FIG. 3, the doping pattern includes alternating p-type and n-type dopant
regions in this particular embodiment. The p+ emitter 203 and the nt back surface field 204 are
appropriately doped. This doping may enable the junction in the {BC solar cell to function or have
increased efficiency.

Some solar cells, such as IBC solar cells, require that different regions of the solar cell be
ptype and others n-lype. It may be difficult 1o align these various regions without overiap or error.

For example, the p+ emitter 203 and n+ back surface field 204 in FIG. 3 must be doped. If
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overlap between the p-type regions 203 and the n-type regions 204 exists, counterdoping may
occur. Any overlap or misalignment aiso may affect the function of the solar cell. For solar cells
that require multiple implants, particularly those with small structure or implant region
dimensions, the alignment requirements can limit the use of a shadow mask or proximity mask.
In particular, as shown in FIG. 3, an IBC solar cell requires alternating lines doped with, for
example, B and P. Therafore, any shadow mask or proximity mask for the B implant has narrow,
long apertures that are carefully aligned to the small features that were implanted with P using a
different proximity mask or shadow mask.

in the past, solar celis have been doped using a dopant-containing glass or a paste that is
heated to diffuse dopants into the solar cell. This does not allow precise doping of the varicus
regions of the solar cell and, if voids, air bubbles, or contaminanis are present, non-uniform
doping may occur. Solar celis could benefit from ion implantation because ion implantation
allows precise doping of the solar cell. lon implantation of solar cells, however, may require a
certain pattern of dopants or that only certain regions of the solar celi substrate are implanted
with ions. Previously, implantation of only certain regions of a substrate has been accomplished
using photoresist and ion implantation. Currently, the use of photoresist, however, would add an
extra cost to solar cell production because extra process steps are involved. For example, a
shadow or proximity mask must be created and used to lluminate a portion of the photoresist,
such that a hardened mask is created on the surface of the solar ceil.

Accordingly, there is a need in the art for an improved method of implanting a solar celi
and, more particularly, a system and method of exposing the photoresist on the surface of the
solar celi to light so as to create the appropriate mask.

Summary

A system and method of exposing photorasist on the surface of the solar ceil to light so
as to create an appropriate mask is disclosed. A microcavity array is used 1o expose the
photoresist to UV light in a pattern that matches the desired pattern on the solar cell. Microcavity
arrays consist of an array of cavities, which may include tens of thousands of cavities. When an
appropriate potential is applied 1o an electrods, a plasma is formed in the activated cavity. Hthe
cavity contains a suitable gaseous environment, these activated cavities will emit light in the near
uitravioiet spectrum. By properly configuring the locations of the activated cavities, a UV source
may be created that exposes the photoresist in a desired pattern. The desired pattern can be
created by selectively activating cavities, disabling certain cavities, or filling certain cavities so
that they cannot create a plasma.

Brief Description of the Drawings

For a better understanding of the present disclosure, reference is made to the

accompanying drawings, which are incorporated herein by reference and in which:

]
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FiG. 1 is a cross-sectional view of a selective emitler solar cell;

FIG. 2 is 3 cross-sectional view of an interdigitated back contact solar cell;

FIG. 3 is a view of an interdigitated back contact solar cell;

FIG. 3 is a cross-sectional view of implantation through a mask;

FIG. 4 a cross-sectional view of one embodiment of a microcavity,

FiG. 5 shows a top view of a microcavity array;

FIG. € shows a top view of an addressable microcavily array;

FIG. 7 iHustrates the use of a microcavity to expose photoresist to ultraviolet light; and

FiG. 8 iliustrates the use of a glass surface as a lens to focus the ultraviolet light.

Detailed Description

Embodiments of this system are described herein in connection with solar cells. However,
the embodiments of this system can be used with, for exampie, semiconductor substrates or flat
panels. Thus, the invention is not limited to the specific embodiments described below.

FIG. 4 is a cross-sectional view of one embodiment of a microcavity. In this embodiment,
cavities 400 are created in a substrate 401. Afirst electrode 410 and a second electrode 420,
having different potentials are formed around the cavity. These electrodes 410, 420 are
separated, such as by dielectric layer 430. A protective layer 440, such as a second dielectric
layer, is located above the second slectrode 420. In operation, a gas is injected into the cavity
400. When the electrodes 410, 420 are activated, a potential difference appears across the
height of the cavity 400. This potential difference causes the injected gas to become plasma 403,
If & suitable gas is selected, this plasma will emit light in the ultraviolet spectrum. Such gasses
include, for example, argon, xenon, xenon-neon, argon-deuterium and nitrogen.

FiG. 5 shows a top view of a microcavity array 407. In this embodiment, the cavities 400
are arranged in rows and columns to form an array. In some embodiments, the microcavities 400
are formed through the use of photolithography. For example, photoresist is not deposited in
those areas that will form the cavities 400. An etching process s then performed which removes
material in the exposed regions of the substrate, thereby creating the cavities 400. Linear
cavities have been built as small as 5 um in width, and point cavities with spacings of 100
um have been made. Therefore, a resolution of 100 um is readily achievable with current
technology.

The first electrode 410 and second electrode 420 may be configured in a number of
ways. In one embodiment, the first electrodes 410 for all cavities are connected together.
Similarly, the second electrodes 420 for all cavities 400 are connected together. In this
embodiment, either all of the microcavities 400 are activated or none of the microcavities 400

are activated. In another embodiment, shown in FIG. 6, all first electrodes 410 in each column

|95
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411 are connected together. Similarly, all second electrodes 420 in each row 421 are connected
together. In this way, the selection of a particular row 421 and column 411 activates exactly one
microcavity. Of course, other configurations can be created whereby groups of microcavities may
be addressable. For example, multiple rows 421 or columns 411 may be electrically connected
such that clusters of cavities are activated simultaneously.

The use of microcavily arrays allows new methods of exposing photoresist to ultraviolet
light, for purposes of creating a mask on the substrate.

in one embodiment, a mxicmcavity array having individually addressable microcavities {or
addressabie groups of microcavities) is used. A photoresist is applied to the surface of the
substrate. The microcavity array is then brought in close proximity to the surface of the substrate.
in some embodiments, this distance is approximately 1 mm.

In some embodiments, the environment in which the microcavity array is placed is filled
with a suitable gas, such as nitrogen. In other embodiments, shown in FIG. 7, a surface 460,
such as a glass surface, is placed over the microcavity array 407, s0 as to form a tight seal. The
individua! cavities 400 are filled with the desired gas, which is contained in the volume defined
by the cavities 400 and by the surface 480. Such a configuration may be advantageous if the gas
used is rare or expensive. In this embodiment, the microcavity array may be constructed such
that the surface 460 is sealed 1o the array 407 and gas is injected prior to the sealing of the
surface 460,

The desired microcavitias 400 are then activated, which causes a plasma 403 to form in
these desired cavities. This plasma emits ultraviolet light, which exposes the photoresist 480
located directly beneath the plasma. If a positive photoresist is used, the photoresist located
beneath the activated cavities 471 becomes hardened. If a negative photoresist is used, the
photoresist located beneath the unactivated cavities 472 becomes hardensd.

In another embodiment, the patiern of light is predetermined. In this emboediment, the
microcavily array is created having cavities only in those regions where light is desirable.
Microcavity arrays are produced using semiconductor processes, such as photolithography. In
one case, a grid of thin photoresist lines is deposited on a silicon wafer, and an anisotropic eich
is applied. The etch then creates inverted pyramids between each line in the photoresist. These
pyramids become the microcavities. By proper application of photoresist, arrays having
microcavilies only in particular locations can be fabricated. The inactive parts of the array may be
covered with photoresist, such that no inverted pyramids are created in the appropriate regions.
This creates a specific pattern of cavities and can be particularly effective for patterns that are
commonly used. For exampls, FIG. 3 shows the patterns used for IBC solar celis. One or more
specially designed microcavily arrays can be designed to create the masks needed to implant

regions 203, 204.
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in ancther embodiment, the microcavity array is manufactured so as (o create a complete
array, as shown in FIG. 5. Certain cavities are then disabled, such as by filling them with a
suitable material to prevent a plasma from forming in specific cavities. in one embodiment, inkjet
or screen print technologies are used to dispense a material, such as an organic material, to
effectively “clog” the inactive cavities. Alternately, photolithography could be used to set the
resist in the appropriate regions of the array. This may be more flexible than the first inkjet
approach because the coating couid be removed and re-prinied to change the pattern. The
resulting pattern, much like that described in the previous embodiment, is useful for commonly
needad patterns, such as the back surface of an IBC solar cell.

In another embodiment, the electrical connections to the cavities that need to be
deactivated can be broken meachanicaily to render a set of cavities inactive. This technique
may work best when the active cavities are contiguous, but by choosing positive or negative
photoresist, thare is some flexibility in this choice. In one embodiment, a laser can be used to
ablate the diglectric layer 430 and the electrode 420 on select parts of the array. This would be
between cavities 400 where the laser can be easily focused and the slectrode 420 readily
accessed. Eiching through a mask may accomplish the same result. In this case, a mask would
be, for instance, inkjet printed over the array and the dielectric and electrode removed.

in summary, several methods are disclosed to modify the operation of a traditional
microcavity array for the purpose of creating ultraviolet light for exposure to photoresist.
First, the power to one or more cavities can be controlled. This can be done using
addressable cavities, or by separating cne or more electrodes from the power source.
Secondly, gas can be prevented from entering one or more cavities, such as by applving a
material to fill certain cavities. Thirdly, the cavities can be eliminated, such as by
manufacturing the microcavity array without one or more of the cavities,

In order to achieve smaller faatures than the cavily size, the glass surface of FIG. 7 can
be used as a lens. FIG. 8 shows an embodiment, where the glass surface is used as a lens. The
diverging light 490 emitted by the cavity 400 becomes focused as it passes through the lens 475,
Such a technigue is possible, as the scale (size) of the microcavity array is roughly the same as
the size of a CMOS sensor. This lens structure allows better collection of the emitted light to
improve the fidelity of the transfer of the pattern of microcavities to the substrate.

White this form of lithography may find many applications for structures in the scale
of tens of microns, a primary application would be for the manufacture of silicon solar ceils.
in solar cell manufacture, this lithography method can be used for various processes and
solar cell architectures.

in the case of implanting ions into the substrate, the photoresist can be used as &

soft mask for ion impiantation to allow patterned doping of the substrate.
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In the case of etching, the photoresist can be used as an elch resist to allow etching.
Patterned etching can be used to make holes in passivating dielectrics (for example the
front side anti-reflective coating on a standard solar cell design) or to etch back the silicon
substrate (for example to remove the heavily doped surface betwesan the metal lines on the
emitter of g standard solar celi design).

in tha case of metailization, the photoresist can be used {o liftoff a metallization
that covers the entire face of the solar cell, such as evaporation or sputtering.

in one application, when doping an interdigiiated back cell, the same patiern on the
microcavity array can be used with negative and positive photoresists to create
complementary regions of p-type and n-type dopants. The fact that the same array of UV
sources s used 1o create each pattern removes most of the problems of relative alignment.

Relative to conventional proximity masking the microplasma exposure offers several
advantagas. First, the UV source is very close 1o the wafer, and the UV light is created with
some level of parallelism. By contrast, when using a proximity mask the UV source must
gither be very far from the substrate to ensure that the light is parallel, or expensive optics
must be used to make the light parallel. Secondly, because almost all the emitted UV light
will be absorbed in the photoresist the powsr required for the microcavity array is much
smaller than that required for a proximity mask where most of the UV light will be absorbed
in the mask, and the light source may need 1o be far away from the wafer. The lower power
reduces costs, but also reduces heating and thermal expansion. Finally, depending on the
tachnology used, the proximity mask can be expensive. The microcavity array can be
manufactured very inexpensively and is very reiiably.

The present disclosure is not to be limited in scope by the specific ambodiments
described herein. Indeed, other various embodiments of and modifications o the present
disclosure, in addition to those described herain, will be apparent to those of ordinary skill in the
art from the foregoing description and accompanying drawings. Thus, such cther embodiments
and modifications are intended to fall within the scope of the present disclosure. Furthermore,
although the present disclosure has been described herein in the context of a particular
implementation in a particular environment for a particular purpose, those of ordinary skill in the
art will recognize that its usefuiness is not limited thereto and that the present disclosure may be
beneficially implementad in any number of environmentis for any number of purposes.
Accordingly, the claims set forth below should be construed in view of the full breadth and spirit

of the present disclosure as described herein.
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What is claimed is:

1.

10.

A method of creating a photoresist mask of a desired patiern on a surface of a substrate,
comprising:
placing said photoresist on said surface of said substrate;
placing a microcavily array, having a plurality of microcavities, in close proximity to
said photoresist;
introducing gas to said microcavities;
activating a set of said plurality of microcavities, wherein said set emits light in said
desired pattern from said plurality of microcavities, wherein said photoresist is set by
said emission of ght in sald desired pattern.
The method of claim 1, wherein said activating comprises selectively energizing
electrodes corresponding to each of said microcavities in said set.
The method of claim 4, further comprising filling a portion of said plurality of cavities
such that said gas cannot be introduced to said portion, wherein the remaining cavities
comprise said set to be activated.
The method of claim 3, wherein said portion is filled with a material selected from the
group consisting of photoresist and an organic material.
The method of claim 1, wherein said microcavity array is manufactured such that
microcavities are only created in regions so as o produce said desired patlern,
The method of claim 1, further comprising disconnecting electrodes associated with
microcavities that are not part of said sat.
The method of claim 4, further comprising introducing a glass surface between said
microcavity array and said substrale, wherein said gas is introduced in 3 volume
hetween said microcavity array and said glass surface,
The method of claim 7, further comprising focusing said light emitted from said
microcavities using said glass surface.
The methed of claim 4, wherein said gas Is selectad from the group comprising of argon,
Xenon, xenon-neon, argon-deuterium and nitrogen.
A method of creating a photoresist mask of a desired pattern on a surface of a substrate,
comprising:
placing said photoresist on said surface of said substrate;
placing a microcavity array in close proximity to said photoresist, wherein said
microcavity array comprises a plurality of microcavities;
activating a gas in a set of said piurality of microcavities, wherein said set emits light
in said desired pattern from said plurality of microcavities, wherein said photoresist is

set by said emission of light in said desired pattern.
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11.

i3

16.

17.

The method of claim 10, wherein said activating comprises selectively energizing
electrodes corresponding to each of sald microcavities in said setl.

The method of claim 10, further comprising filling a portion of said piurality of cavities,
wherein the remaining cavities comprise said set 1o be activated.

The method of claim 12, whevein said portion is filled with a material selected from the

group consisting of photoresist and an organic material.

. The method of claim 10, wherein sald microcavity array is manufactured such that

rnicrocavities are only created in regions so as to produce said desired pattern.

. The method of claim 10, further comprising disconnecting electrodes associated with

microcavities that are not part of said set.

The method of claim 410, further comprising focusing said light emitied from said
migrocavities using a glass surface disposed on said plurality of microcavities.

The method of claim 10, wherein said gas is selected from the group comprising of

argon, xenon, xenon-neon, argon-deuterium and nitrogen.
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