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METHOD FOR MAKING AN IMPROVED THIN FILM SOLAR CELL
INTERCONNECT USING ETCH AND DEPOSITION PROCESSES

FIELD OF THE INVENTION
[0001] The present invention relates generally to photovoltaic devices, and more
particularly to a system and method for making improved interconnects in thin-film photovoltaic

devices.

BACKGROUND OF THE INVENTION
[0002] Thin film solar modules offer an attractive way to achieve low manufacturing cost
with reasonable efficiency. These modules are made from a variety of materials, including
amorphous silicon, amorphous silicon germanium, copper indium gallium selenide (CIGS), and
cadmium telluride. A common feature of these solar modules is the deposition on a large area
insulator such as a glass sheet.
[0003] Another common feature of these modules is the use of scribes and interconnects
to divide the large area deposited layer into a number of cells and/or sub-cells. A top view of a
typical module divided in this fashion is shown in FIG. 1. As shown in FIG. 1, a module 100 is
divided into a plurality of cells 102 (i.e. stripes) that are series connected (e.g. electrically
connected together in a horizontal direction in this drawing) via interconnects 104. The
interconnects are typically formed in the module using scribes and conductors. However, it
should be noted here that the length L of such modules 100 can be 1 meter or more. Meanwhile,
the width of the interconnects (corresponding to the dimension W in FIG. 2), which typically run
almost the entire length L of the module, are typically around 700-1000pum, and the width of the
cells (i.e. stripes) are typically about lem. As will be understood by those of skill in the art, FIG.
1 is a simplified, not-to-scale drawing of a typical module, and that the module can further
include other passive and active components not shown in FIG. 1 such as electrodes, protect
diodes and terminals. Moreover, the module will typically also include external contacts and/or
be environmentally encapsulated.
[0004] As is known, interconnects 104 are made to provide a high voltage, low current

output that is less susceptible to series resistance losses. For example, a 1 m? panel at 12%
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efficiency would provide 120 watts of power. If the cell operating voltage is 0.6 volts, then the

current is 200 amps. Since the ohmic loss is I*R (where 1 is the current and R the resistance), and
since the thin conductive films have relatively high resistance, most of the power would be
dissipated. However, if the module was divided into 300 stripes, for example, then the voltage
would be 180 volts and the current 0.56 amps. The ohmic losses would be reduced by a factor of
89,000.

[0005] Co-pending application No. 11/245,620 (AMAT-10468), commonly owned by
the present assignee, the contents of which are incorporated herein by reference, dramatically
advanced the state of the art of forming interconnects for thin-film photovoltaic modules. One
aspect of that invention included the use of a single laser scribe to form a cut that included a step
structure to expose the base electrode. Another aspect of that invention was that the resulting
interconnects could be much narrower than conventional interconnects, leading to more efficient
module structures.

[0006] A process described in the co-pending application is shown in FIGs. 2A to 2E
with reference to a portion of one interconnect region such as 106 in FIG. 1. In the first step
shown in FIG. 2A, the entire conductor, semiconductor and contact stack 202-206 is deposited
on the substrate 208, such as glass. In one embodiment, layer 202 is a metal such as
molybdenum or a TCO such as ZnO, layer 204 is a semiconductor such as CIGS, and layer 206
is a TCO such as ZnO. In some embodiments, the entire stack is about 2-3 pm thick.

[0007] In the next step shown in FIG. 2B, a scribe 210 is made to the bottom conductor
202. As shown in FIG. 2C, a second scribe 212 is made using a smaller cut to create an exposed
conductive ledge 214. Both of these scribes 210 and 212 may be made using a laser or
mechanical scribe, or a combination of both.

[0008] In one embodiment where the scribes are made at the same time, a laser beam is
used that has a skewed intensity profile, in that it is more intense on the left side than the right
(with respect to the orientation of the drawing). This causes the left side to cut deeper than the
right, forming the ledge 214. In another embodiment, two laser sources are coupled into a single
fiber. One is an infrared source such as Nd:YAG with a wavelength of 1064 nm, for example,
that penetrates the stack because its photon energy is below the bandgap of the semiconductor.

This preferentially cuts through the conductor 202. The second is a shorter wavelength source,
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for example doubled Nd:YAG and 532 nm that cuts through the semiconductor 204 (e.g. CIGS)

but not conductor 202. The width of the second cut is on the order of 20 to 50 um, and the total
width W can be reduced to as low as 0.01 to 0.2 cm, much narrower than was previously
possible.

[0009] As shown in FIG. 2D, following the scribes, an insulator 216 is deposited on one
wall. In a preferred embodiment, the insulator 216 is deposited using the following self-
alignment method. A photosensitive polymer such as a polyimide or photoresist is applied over
the entire module using any of a number of well-known methods, such an ink-jet, a spray or
roller. The polymer is exposed from the back side through the glass. This performs a self-
aligned exposure within the groove (i.e. the conductor layer 202 blocks exposure of all the
photoresist except the portion in the groove). Next the polymer is developed, leaving only a
coating on the left wall (with respect to the orientation shown in the drawing) that was exposed
through the groove.

[0010] Finally, as shown in FIG. 2E, a conductor 218 is deposited over the insulator 216
to connect the top of the left cell 220 to the bottom of right cell 222. This provides a series
connection between the cells 220 and 222. The entire length of the cut (e.g. the length L of the
cut in the module as shown in FIG. 1) can then be coated with insulator and conductor materials
to form the interconnects.

[0011] While the method of the co-pending application provides acceptable results and
much narrower interconnects than previously possible, it may suffer from certain drawbacks.
For example, laser ablation as used in the steps discussed in connection with FIGs. 2B and 2C
has poor selectivity, so there can exist a narrow process window in which the ablation stops at
the underlying conductor on the right side while cutting through to glass on the left. Moreover,
laser ablation may have low throughput for panels with a large number of narrow stripes, where
several hundred cuts, each one or meter long, may be required. Still further, laser ablation can
cause damage at the edge, especially when performed at high ablation rates.

[0012] Co-pending application No. _ (AMAT-10668), commonly owned by the
present assignee, the contents of which are incorporated herein by reference, describes an
alternate means to form the exposed conductive step. In one preferred embodiment, this was

done using a single layer of photoresist and two exposures. One aspect of this embodiment was
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an exposure from the back side reflecting from a mirror above the substrate to create a self-

aligned exposed region that can be etched to form the conductive step. However, once the
grooved step was formed a number of additional process steps were required to insulate the
sidewall and deposit a conductor. Moreover, U.S. Patent Nos. 6,300,593, 6,559,411 and
6,919,530 all describe processes using laser scribing through thin film photovoltaic materials,
and so exhibit certain of the drawbacks mentioned above. Although these references depict an
insulator within isolation grooves, the particular method used to accomplish this insulation is not
disclosed, and thus cannot serve to improve the processes of the co-pending application.

[0013] Therefore, it would desirable to overcome many of the shortcomings afflicting the
above-described methods of forming interconnects in a thin-film photovoltaic device. The

present invention aims at doing this, among other things.

SUMMARY OF THE INVENTION
[0014] The present invention provides a method of forming interconnects in a
photovoltaic module. According to one aspect, a method according to the invention includes
processing steps that are similar to those performed in conventional integrated circuit fabrication.
For example, the method can include masks and etches to form isolation grooves between cells,
and additional etches to form a conductive step adjacent to the grooves that can be used to form
interconnects between cells. According to another aspect the method for forming the conductive
step can be self-aligned, such as by positioning a mirror above the module and exposing
photoresist from underneath the substrate at an angle one or more times, and etching to expose
the conductive step. According to another aspect, the process can include steps to form grid lines
in the module to improve current transport in the structure.
[0015] In furtherance of these and other objects, a method for forming an interconnect in
a thin film photovoltaic module in accordance with the invention includes preparing a stack of
photovoltaic module layers on a top surface of a substrate, forming an isolation groove having
first and second substantially parallel edges completely through the stack, while leaving
photoresist on top of the stack adjacent the first and second edges of the groove, exposing areas

of the photoresist adjacent to the first edge of the groove, and etching through one or more layers
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of the stack via the exposed photoresist to form a contact step adjacent the first edge of the

groove.
[0016] In certain embodiments, the method further includes forming a connector between
a top conductor of the stack adjacent the second edge of the groove and the contact step. In
certain other embodiments, the step of forming a connector includes depositing a conductive
material at an angle after forming the contact step, thereby shadowing a wall of the stack
adjacent to the contact step from deposition. In certain other embodiments, the step of forming
the connector includes applying an additional layer of photoresist after forming the contact step,
illuminating the substrate from underneath and through the groove, thereby exposing the
additional photoresist over the groove and adjacent the first and second edges of the groove,
removing the exposed additional photoresist, while leaving un-exposed additional photoresist,
depositing a conductive material on the substrate, and removing the un-exposed additional

photoresist, thereby leaving conductive material that comprises the connector.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] These and other aspects and features of the present invention will become
apparent to those ordinarily skilled in the art upon review of the following description of specific
embodiments of the invention in conjunction with the accompanying figures, wherein:
[0018] FIG. 1 is a top view of a conventional module of thin film photovoltaic cells
separated by interconnects;
[0019] FIGs. 2A-E show a process of forming an interconnect between thin film
photovoltaic cells according to a co-pending application;
[0020] FIGs. 3A-G show a process of forming an interconnect between thin film
photovoltaic cells according to one preferred embodiment of the invention;
[0021] FIGs. 4A-1 show a process of forming an interconnect between thin film
photovoltaic cells according to another preferred embodiment of the invention; and
[0022] FIGs. 5A-J show a process of forming an interconnect between thin film

photovoltaic cells according to another preferred embodiment of the invention.

DESCRIPTION OF REFERENCE NUMERALS ON THE DRAWINGS

-5-



WO 2007/115105 PCT/US2007/065521

Attorney Docket: 017499-0360707 (10742 PCT/NBNP/NBNP/KCHANG)
Filed Via PCT Electronic Filing System March 29, 2007 (US/RO)
[0023] The following describes the reference numerals used in the drawings. This

description is intended to be illustrative rather than limiting and those skilled in the art will
appreciate that various substitutions and modifications can be made while remaining within the
scope of the invention:

202 metal

204  semiconductor

206 TCO

208  substrate

210  first scribe

212 second scribe

214  conducting ledge

216  insulator

218  conductor

220  first cell

222 nextcell

300  stack

302 top conductor layer -

304  semiconducting layer

306  underlying conductor

308  substrate

310  mask

312 photoresist layer

316  aperture

318  isolation groove

320  insulator

322 reflector

324  contact step

326  metal

328  clear film

330 sidewall
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332 connector

400  stack

402  top conductor layer
404  semiconducting layer
406  underlying conductor
408  substrate

410 mask

412 photoresist layer

416  aperture

418  isolation groove

422 reflector

424  contact step

428  clear film

430  insulator

432  additional photoresist
434  metal

500  stack

502  semiconducting layer
504  underlying conductor
506  substrate

508  top conductor layer
510 mask

512 photoresist layer

516  aperture

518  1isolation groove

522 reflector

524  contact step

528  clear film

530  insulator

532 additional photoresist
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534  metal

536  additional photoresist

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0024] The present invention will now be described in detail with reference to the
drawings, which are provided as illustrative examples of the invention so as to enable those
skilled in the art to practice the invention. Notably, the figures and examples below are not meant
to limit the scope of the present invention to a single embodiment, but other embodiments are
possible by way of interchange of some or all of the described or illustrated elements. Moreover,
where certain elements of the present invention can be partially or fully implemented using
known components, only those portions of such known components that are necessary for an
understanding of the present invention will be described, and detailed descriptions of other
portions of such known components will be omitted so as not to obscure the invention. In the
present specification, an embodiment showing a singular component should not be considered
limiting; rather, the invention is intended to encompass other embodiments including a plurality
of the same component, and vice-versa, unless explicitly stated otherwise herein. Moreover,
applicants do not intend for any term in the specification or claims to be ascribed an uncommon
or special meaning unless explicitly set forth as such. Further, the present invention
encompasses present and future known equivalents to the known components referred to herein
by way of illustration.
[0025] In general the present invention relates to methods of forming interconnects in
thin-film photovoltaic devices that use processes similar to conventional IC fabrication
processes. Such processes do not require or include laser ablation, and so many of the
disadvantages associated with laser ablation can be avoided. Moreover, the present invention
leverages certain self-alignment and scalability advantages inherent in using IC fabrication
processes.
[0026] An example embodiment of a process flow for the formation of an interconnect
including forming a contact step between cells in a thin film photovoltaic module according to
the invention is shown in FIGs. 3A-3G. It should be noted that the figures are not to scale, and

that the relative dimensions of different layers and elements shown in certain process steps are
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exaggerated or diminished for clarifying certain aspects of the invention. Although example

dimensions of various layers and features will be specified in the descriptions where appropriate,
the figures are intended for illumination rather than limitation.

[0027] As shown in FIG. 3A, the process flow in this embodiment begins with a stack
300 of starting material on a substrate 308 such as a 3mm thick sheet of glass. In this
embodiment, stack 300 includes a 0.1 pm layer 306 corresponding to the opaque metal electrode
— typically molybdenum — in contact with the glass substrate 308, and a 1 um layer 302
corresponding to the transparent electrode — typically aluminum doped ZnO - on the top surface.
The process can also be used with other types of thin film modules, such as o.:Si, pC:Si, and
micromorph, in which case the transparent electrode may be in contact with the glass and the
metal counter-electrode is on the top. For this process flow, the semiconducting layer 304 is a2
um layer of CIGS under a 0.07um buffer layer of CdS, but any other appropriate material
including CIS, o:Si, pC:Si, CdTe, or stacks of multiple materials, could also be used, and the
buffer layer need not be included.

[0028] It should be noted that an additional layer of material such as SiO, can be added
to the top of the stack to protect the ZnO. Other protection layer materials are possible, such as
BARC or BCB.

[0029] The first step in the process flow is to make an isolation cut to the glass. In one
preferred embodiment, this is done with an etch process rather than laser or mechanical scribes,
as will be described in more detail herein. For example, in this embodiment shown in FIG. 3B, a
layer 312 of photoresist is applied to the module, using a spray, dip or roll-on process. The
thickness may be 1-10 um. 30 um wide lines are exposed in the photoresist using a mask 310
with a corresponding aperture 316 suspended about 10 pm above (shown) or in contact with the
substrate.

[0030] In FIG. 3C, the resist is developed and isolation cuts 318 are etched to the glass
using either a wet or dry etch. In one example staged wet etch process, a HCl or CH;COOH
solution can be used to etch through the ZnO layer, then a H,SO4 + HNO; process can be used to
etch through the CIGS layer, then a H3PO4 + CH;COOH + HNO; (commonly called PAN etch)
process can be used to etch through the Mo layer. It should be noted that the CIGS layer etch

process is unique and novel in and of itself, and various example methods of performing this or
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alternative CIGS etch processes are described in more detail in co-pending application No.

(AMAT-10936), the contents of which are incorporated herein by reference.
Moreover, an aspect of this invention as will be explained in more detail below, is that isolation
cut 318 acts as an aperture of a mask for subsequent self-aligned processing. Following the etch
to the glass, an insulator 320 is deposited using, for example, a plasma process with carbon and
fluorine gasses to create a CF4 compound. Although an etch process is preferred, alternative
embodiments may use a mechanical or laser scribe process.

[0031] FIG. 3D illustrates a next step which begins a process of forming a conductive
step or contact step according to one preferred embodiment. In accordance with techniques
described in more detail in co-pending application No. (AMAT-10668), a reflector or
mirror 322 is placed in close proximity to the top surface (e.g. 50 pm) and the illumination is
incident from the under side of the glass substrate 308 at an angle. The light reflects from the
mirror and exposes a region of photoresist adjacent to the already formed scribe 318. Therefore,
this exposure is self-aligned to the existing scribe, and creates a step with a width according to
formulae described in the co-pending application.

[0032] It is preferable to hold the spacing between the mirror and the substrate constant.
In one embodiment, the mirror has soft spacers that provide a fixed distance spacing without
damaging the substrate. In another embodiment, a transparent film 328 is spread over the
surface of the substrate, so that the exposure light reflects from a top surface of the film. For
example, the film 328 can be clear mylar and the top surface can have a reflective coating 322
comprising aluminum, for example, to enhance reflection from the top surface. In another
alternative, clear mylar film 328 without a reflective coating can be used to establish a uniform
spacer for a separate reflector or mirror 322 placed thereon.

[0033] Following exposure and development, an etch is performed to form the
conductive step 324. This may be done with either a dry etch or wet etch, or a combination of
both. As in the previous etch processes to form groove 318, the etch chemistry may be changed
to selectively progress through each layer of the cell stack. In some embodiments, the etch is
stopped when the bottom conductor is reached (molybdenum in the case of CIGS or ZnO in the

case of a:Si or uC:Si). In other cases, the etch may be stopped in the semiconductor layer. For
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example, in o:Si or pC:Si the semiconductor is heavily doped near the bottom, and contact to

this heavily doped region is acceptable.

[0034] As shown in FIG. 3E, exposure through groove 318 is repeated with the light
incident from the opposite direction to clear photoresist from an adjacent region left of the
groove 318 with respect to the orientation in the drawing. The development and removal of the
photoresist in this region from the top of stack 300 may be followed with a cleaning step to
ensure that the surface of stack 300 will provide good contact to the interconnect metal.

[0035] As shown in FIG. 3F, metal 326 is now deposited using a directional process such
as evaporation. For example, Al is deposited using vapor deposition at an angle of about 45°.
The remaining photoresist 312 acts as a shadow mask, so that the metal is only deposited on the
top of the left cell (with respect to the orientation of the drawing), down the left sidewall, and
onto the conductive step 324. The right sidewall 330 is not coated because of the shadow
masking.

[0036] The final structure after resist removal is shown in FIG. 3G. As shown in FIG.
3G, metal interconnect 332 runs from the top of the cell on the left of isolation groove 318 (with
respect to the drawing) to the conductive step 324 of the cell to the right. Insulator 320 remains
in groove 318 and thus provides further insulation between the cells.

[0037] Note that in the step shown in FIG. 3E it is possible to do a second exposure from
the top through a shadow mask to form grid lines. In this case, the mask may be aligned
visually. For example, light may be shown through the substrate to highlight the existing grid
lines. In one embodiment, the mask is aligned to the grid lines by maximizing transmission of
light through the mask, which has openings that overlay the groove line pattern. This maximum
is achieved when the mask exactly overlays the groove pattern. In one example, the grid lines
cut through the top ZnO/TCO layer in a substantially perpendicular direction of the grooves 318,
completely from one edge of the cell to the other in each stripe, thus reducing conductance in the

cells. The grid lines can be separated by about 3mm in one example.

[0038] A second example process embodiment will be described below in connection
with FIGs. 4A-4G.
[0039] The process steps in FIGs. 4A and 4B for forming an isolation groove in a stack

400 can be implemented substantially as explained in connection with FIGs. 3A and 3B. Asin
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the previous embodiment, stack 400 includes layer 406 corresponding to the opaque metal

electrode — typically molybdenum — in contact with the glass substrate 408, and layer 402
corresponding to the transparent electrode — typically aluminum doped ZnO - on the top surface.
Semiconducting layer 404 can be any appropriate material: CIGS, CIS, o:Si, uC:Si, CdTe, or
stacks of multiple materials. As with the previous embodiment, an additional SiO2 layer can be
added to the top of the stack to protect the ZnO. Other protection layer materials are possible,
such as BARC or BCB.

[0040] In contrast with the previous embodiment, however, an insulator is not deposited
after the process in FIGs. 4B is completed. Instead, the conductive step is formed using angled
lithography, as will be explained in more detail below.

[0041] More particularly, in FIGs. 4B and 4C, the portions of photoresist 412 that have
been exposed through mask 410 having aperture 416 are developed and etched down to the
substrate to form groove 418. The multi-step etching process described in the previous
embodiment can be used where the process is adjusted for each layer. However, it should be
noted that ZnO undercut could be a problem in either embodiment. Accordingly, a postbake can
be performed after the ZnO etch to sag the resist over the ZnO.

[0042] Next, as shown in FIG. 4D, similar to the previous embodiment, light incident at
an angle through groove 418 is reflected off mirror 422 (e.g. a reflector on surface of mylar film
428) to expose an adjacent section of photoresist 412.

[0043] In FIG. 4E, the photoresist is then removed, and an etch down to metal layer 406
is performed, leaving conductive step 424. A multi-stage etch down to the metal layer 406 can
be performed for this etch as in the previous embodiment. Next, a thin (e.g. 0.1um thick)
insulator 430 is applied. This could be a polymer film, a CVD dielectric such as silicon dioxide
or nitride, or any of a number of other films. Analogous to a spacer process used to coat the side
of a gate in a MOSFET process, the insulator is etched from the top using a wet or dry etch
process. This leaves an insulator residue on the vertical walls, providing insulation, as shown in
FIG. 4F.

[0044] Photoresist layer 432 is again applied to the structure and exposed from the
backside through groove 418 as shown in FIG. 4G. For this step, a 2um layer of lift-off resist

such as ProLift 100, trademarked and available from Brewer Science, could be used for layer
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432, as will become more apparent from below. Moreover, in this case, the light can be incident

over a broad range of angles, thereby exposing the resist over the opening and adjacent resist, as
shown in FIGs. 4G and 4H. This can be done, for example, by illuminating from beneath with a
non-collimated light source, such as a mercury vapor lamp, as the substrate rides on a conveyor
track over the lamp. In some cases it may be desirable to overexpose the resist to increase the
lateral range of the exposure. The effect of this wide opening is to clear resist from the top of the
cell to the left of the groove 418 (with respect to the orientation in the drawing) and the top of the
left edge of the conductive step 424.

[0045] ~ Next, as shown in FIG. 4H, metal 434 such as a 0.3 pm layer of Al is deposited
over the substrate, and finally as shown in FIG. 41, the remaining photoresist 432 is stripped to
lift off the metal from the regions covered with photoresist. This leaves metal connecting the top
of the left cell to the bottom of the right, as shown in FIG. 41. It is preferred to use sputtering for
deposition of the conductor, as this is more economical. This forces use of the lift-off resist
described above in order to ensure a break in the coating at the resist boundary so that a clean
lift-off is obtained. However, in some embodiments, metal evaporation is used.

[0046] The final structure is shown in FIG. 4I. As shown in FIG. 41, in this example,
insulator 430 remains on the wall of the cell to the left of groove 418 (with respect to the
orientation in the drawings), thus preventing the metal from shorting the cell at the exposed edge.
[0047] Another possible embodiment is shown in FIGS. 5A to 5I.

[0048] The process steps in FIGs. 5A to 5C for forming an isolation groove in a stack
500 can be implemented substantially as explained in connection with FIGs. 4A to 4C. In this
embodiment, stack 500 includes layer 504 corresponding to the opaque metal electrode —
typically molybdenum — in contact with the glass substrate 506. In this embodiment, however, at
this stage of the process there is no layer corresponding to the transparent electrode on the top
surface. Semiconducting layer 502 could be any appropriate material: CIGS, CIS, a.:Si, uC:Si,
CdTe, or stacks of multiple materials as described above.

[0049] In FIGs. 5B and 5C, the portions of photoresist 512 that have been exposed
through mask 510 having aperture 516 are developed and etched down to the substrate to form

groove 518. Next, as shown in FIG. 5D, similar to the previous embodiments, light incident at
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an angle through groove 518 is reflected off mirror 522 (e.g. a reflector coated or resting on top

of a clear mylar film 528) to expose an adjacent section of photoresist 512.

[0050] Further similar to the previous embodiment, in FIG. 5E, the photoresist is then
removed, and an etch through the semiconductor layer 502 is performed leaving conductive step
524. Next, a thin insulator 530 is applied. This could be a polymer film, a CVD dielectric such
as silicon dioxide or nitride, or any of a number of other films. Analogous to a spacer process
used to coat the side of a gate in a MOSFET process, the insulator is etched from the top using a
wet or dry etch process. This leaves an insulator residue 530 on the vertical walls, providing
insulation, as shown in FIG. 5F. As further shown in FIG. 5F, a 0.7um layer 508 of a TCO such
as ZnO is then deposited.

[0051] Photoresist layer 532 (e.g. a positive photoresist such as Shipley 3612) is next
applied to the structure and exposed at an angle from the backside through groove 518 as shown
in FIG. 5G. The photoresist is then developed and etched down through the underlying ZnO and
down to conductive step 524. The remaining photoresist is then stripped. It should be noted that
this step may require two exposures, one to clear the hole 518 followed by the angled exposure.
In an alternate process (not self-aligned), the original mask is shifted and the ZnO is stripped
over the right edge, with the remaining ZnO forming a connection between the top of the left cell
and the conducting ledge (with respect to the orientation of the drawing).

[0052] As shown in FIG. 5H, a next step includes applying a new photoresist layer 536
(e.g. a positive photoresist such as Shipley 3612 on top of a layer of lift-off resist such as ProLift
100) and performing an additional exposure through groove 518. In this case, the light is
incident over a broad range of angles, for example by illuminating using a non-collimated light
source as described above, thereby exposing the resist over the opening and adjacent resist, as
shown in FIGs. 5H and 51. In some cases it may be desirable to overexpose the resist to increase
the lateral range of the exposure. The effect of this wide opening is to clear resist from the top of
the cell to the left of the groove 518 (with respect to the orientation in the drawing) and the top of
the left edge of the conductive step 524.

[0053] Finally, as shown in FIG. 51, a metal layer 534 such as a 0.3 pm layer of
aluminum is deposited over the substrate and next as shown in FIG. 5], the photoresist 536 is

stripped to lift off the metal from the regions covered with photoresist. This leaves metal
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connecting the top of the left cell to the bottom of the right, as shown in FIG. 5J. It is preferred

to use sputtering for deposition of the conductor, as this is more economical. This forces use of
the lift-off resist described above in order to ensure a break in the coating at the resist boundary
so that a clean lift-off is obtained. However, in some embodiments, metal evaporation is used.
[0054] The final structure is shown in FIG. 5J. As shown in FIG. 5J, a portion of
insulator 530 remains on the sidewall of the cell to the left of the groove 518 with respect to the
orientation of the drawing, thus preventing the conductor from shorting the cell. Insulators on
the sidewall can also protect the exposed junction edge and provide passivation at the exposed
edge.

[0055] Although the present invention has been particularly described with reference to
the preferred embodiments thereof, it should be readily apparent to those of ordinary skill in the
art that changes and modifications in the form and details may be made without departing from
the spirit and scope of the invention. It is intended that the appended claims encompass such

changes and modifications.
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A method for forming an interconnect in a thin film photovoltaic module

comprising:

preparing a stack of photovoltaic module layers on a top surface of a
substrate;

forming an isolation groove having first and second substantially parallel
edges completely through the stack, while leaving photoresist on top
of the stack adjacent the first and second edges of the groove;

exposing areas of the photoresist adjacent to the first edge of the groove;
and

etching through one or more layers of the stack via the exposed photoresist

to form a contact step adjacent the first edge of the groove.

A method according to claim 1, wherein the exposing step includes:

placing a reflector above the stack; and

illuminating the substrate from underneath and through the groove at an angle,
thereby reflecting light off the reflector and exposing the photoresist adjacent
to the first edge.

A method according to claim 1, further comprising depositing an insulator in the

A method according to claim 1, wherein the step of forming the isolation groove

includes:

applying the photoresist on top of the stack;
exposing and developing portions of the photoresist using photolithography; and

etching through the stack using the un-developed photoresist as a masking layer.
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5. A method according to claim 1, further comprising:
secondly illuminating the substrate from underneath and through the groove at a
second angle, thereby reflecting light off the reflector and exposing
photoresist adjacent to the second edge; and
removing the exposed photoresist to form a contact region on the top of the stack

adjacent to the second edge of the groove.

6. A method according to claim 1, wherein the stack includes a conductor layer
having a bottom surface adjacent the substrate, and wherein the etching step stops at a top

surface of the conductor layer.

7. A method according to claim 1, wherein the stack includes a conductor layer
having a bottom surface adjacent the substrate and a semiconductor material layer above
a top surface of the conductor layer, and wherein the etching step stops in the

semiconductor material layer before reaching the top surface of the underlying conductor.

8. A method according to claim 1 further comprising forming grid lines in a top

conductor layer of the stack in a direction substantially perpendicular to the groove.
9. A method according to claim 1, wherein the etching step includes a wet etch.

10. A method according to claim 1, further comprising:
depositing a blanket insulator after forming the contact step;
performing a top etch, thereby leaving insulator portions on walls of stack

corresponding to the groove and the contact step.

1. A method according to claim 10, further comprising:
depositing a top conductor layer after performing the top etch; and
patterning the top conductor layer to remove portions above the groove and the

contact step.
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12. A method according to claim 1, further comprising:
forming a connector between a top conductor of the stack adjacent the second

edge of the groove and the contact step.

13. A method according to claim 12, wherein the step of forming a connector includes
depositing a conductive material at an angle after forming the contact step, thereby

shadowing a wall of the stack adjacent to the contact step from deposition.

14. A method according to claim 13, wherein evaporation is used to deposit the

conductive material.

15. A method according to claim 14, wherein sputtering is used to deposit the

conductive material.

16. A method according to claim 14, wherein the conductive material is a metal.
17. A method according to claim 12, wherein the step of forming the connector
includes:

applying an additional layer of photoresist after forming the contact step;

illuminating the substrate from underneath and through the groove, thereby
exposing the additional photoresist over the groove and adjacent the first and
second edges of the groove;

removing the exposed additional photoresist, while leaving un-exposed additional
photoresist;

depositing a conductive material on the substrate; and

removing the un-exposed additional photoresist, thereby leaving conductive

material that comprises the connector.
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18. A method according to claim 17, wherein the additional photoresist includes at
least two layers, and wherein the step of removing the un-exposed additional photoresist

includes a lift-off process.

19. A method according to claim 17, wherein the illuminating step includes over-

exposing the additional photoresist.

20. A method according to claim 12, wherein the top conductor layer comprises a

transparent conductor.
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