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(57) Abstract

Method for electrically isolating large area
electrode bodies to facilitate cascade interconnection
of semiconductor bodies which may be deposited af-
terwards includes applying a maskant in a preselect-
ed pattern onto a substrate, depositing a conformal
layer of an electrically conductive electrode material
atop the patterned maskant and removing the mas-
kant and the electrode material deposited thereon by
dissolving in a solvent which is substantially chemi-
cally inert with respect to subsequently deposited
materials to expose at least portions of the substrate
and electrically isolate the remaining portions of the
electrode material so that selective electrical inter-
connections may be made between electrically isolat-
ed electrode portions. This method substantially eli-
minates the need for laser or mechanical scribing of
semiconductor bodies on a large area substrate.
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DESCRIPTION

METHOD FOR ELECTRICALLY ISOLATING
LARGE AREA ELECTRODE BODIES

TECHNICAL FIELD

The subject invention pertains to a method for
electrically isolating large area electrode bodies for
further fabrication to produce semiconductor devices,
especially solar cells.

BACKGROUND ART

Electrbnic device production involves many intricate
steps and precise handling. It is often necessary to
separate the underlying bonstituents of devices to
facilitate interconnection for the production of
series—-connected devices. In the manufacture of such
devices, the process of electrically isolating can be
difficult and intricate.

To electrically isolate various layers of adjoining
cells or units in a device, it is well-known in the art to
utilize a laser beam which is moved across a substrate
surface to separate semiconductor bodies. Mechanical
separation is currently achieved by abrading apparatus and
abrasive trimmers having nozzles for directing an abrasive
stream at a microelectronic device. Removing portions of
a material layer between the semiconductor bodies reduces
the cross-sectional area disposed between the bodies until

the electrical resistance of the element is adjusted
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upwardly to a desired value.

Iﬁ conventional practiée, the deposition of a
patterned matefial layer was accomplished by the use of
holding a mechanical mask against the substrate during the 2

5 deposition process. Unfortunately, mechanical masking has
thereffect of blocking significant areas of the substrate
- because the areas-uhder'the mask that are required to
achieve suitable separation ére too great for the
production of a semiconductof device. In addition,
10 problems arise due to difficulties associated with mask
miéalignment.

U.S. Patent No. 3,691,695 issued September 19, 1972 to
‘Green et al. discloses an abrasive trimmer for
microelectronic devices 1nclud1ng a nozzle for dlrectlng

15 abrasive materlals at a mlcroelectronlc device to be
trimmed. The nozzle is pivot-mounted and spring-biased
ihto a-first, nofmally operative position. A circuit
senses the electrical characteristics of the
microelectronic device being trimmed and generates a

20 signal when predetermined characteristics are sensed.

U.S. Patent 4,443,651 issued on April 17, 1984 to
Swartz discloses series-connected amorphous silicon solar
cells formed on a single substrate. Methods of
inexpensively forming such series-connected amoréhous o

25 silicon solar cells include a "paint and peel"™ method -
utilizing a series of paint strips sprayed onto the

surface through a stripped mask. The paint'is then peeled
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off to urge the metal strips to form spikes which extend
through to overlying electrodes.

U.S. Patent 4,590,093 issued May 20, 1986 to Woerlee
et al. discloses a method of providing narrow conductor
tracks of metal silicide. According to the disclosure,
patterned polycrystalline silicon is covered by a
protective layer and converted along the edges into a
metallic silicide by covering the edges with a metal. The
remaining silicon is selectively removed, and the tracks
obtained can serve as conductor masks.

Accordingly, it is an object of the invention to
facilitate the electrical isolation of large area -
electrode bodies for the fabrication of semiconductér
devices. Another object of the invention is to achieve
separation of electrode bodies in semiconductor devices
such as solar cells without requiring the use of costly
laser abrasion, or contaminating mechanical scribing,
which uses valuable substrate area for electrical

isolation.

DISCLOSURE OF THE INVENTION

The present invention provides an improved method for
electrically isolating large area electrode bodies. More
specifically, the present invention provides a chemical
method for the precise separation of thin film electrode
bodies in the production of semiconductor devices. A
maskant is applied in a preselected pattern onto a

substrate surface. A desirable maskant is readily
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- removable by a solvent which is substantially chemically

inert with'respéctrto subseéﬁently deposited materials
such as a solvent selected from the group consisting of
organic solvents and aqueous solutions. Examples of
organic solvents are alcohols,:actone, etc., and aqueous
éolutions include acidic solutions.

-Conformally deposited electfically conductive
electrode material is then deposited atop the patterned
maskant and, by dissolving in the solvent,'the maskant is
removed along with the electrode material deposited
thereon; Aftef removal, at least portions of the
substrate are eXposed and electrically isolated sé that
selective electrical interconnections may be made between
electrically isolated electrode portions.

Maskants are selected from the group cbnsisting of

polymeric materials, carbonaceous materials, sulphates,

- nitrates, photoresist, oxides, carbides, and carbonates.

Preferably, the maskant is barium carbonate, calcium
carbonate, or silicon carbide. Application of the maskant
is accomplished by screen-printing or photolithographic
procésses.

. Another preferred maskaﬁt, especially suitable for
screen—printing;ris‘a pasty ink which is a mixture of a
masking powder; a vehicle, and other materials.

The masking powder is preferably calcium carbonate,

‘barium carbonate, or silicon carbide, for these substances

are stable even at a high temperature around 400°% -
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650°C, which is the usual chemical vapor deposition
temperature of the conformal layer over thé maskant. - Also
they are substantially chemically inert with the substrate
and the conformal layer deposited ﬁver the maskant. 1In
addition, as for calcium carbonate, it is easy to get the
uniformity of the particle size, which contributes to the
uniform dispersion in the vehiclé and therefore the
uniform masking effect. - Moreover, calcium carbonate is
very easily removable by an acidic solution.

Preferably, the average particle size of the masking
powder is smaller than 0.5 pm. More preferably the
maximum particle size is smaller than 0.5 pm. As the
particle size gets smaller, the maskant provides better
masking effect. Also the smaller the parficle size gets,
the more finely the maskant can be screen-printed, that
is, in smaller thickness and in smaller width. This is
very important, especially in case of a photovoltaic cell,
for, if the maskant is screen-printed too thick, it may
cause a very high projection on the peripheral edge in
each portion of the conformal layer, which is a fatal
problem, because the projection may contact the back
electrode of the photovoltaic cell and cause short
circuit. And, if the maskant is screen-printed widely, it
decreases the surface area of active photovoltaic material
exposed to the sun, which decreases the conversion
efficiency.

However, if the particle size of the masking powder is
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too small, it has a difficulty in dispersing in the

vehicle uniformly., Besides, it is hard to prepare very

fine particles. For these reasons the average particle

size of the masking powder is preferably less than 0.5 pm
and greater than 0.05 pm.

The vehicle céntained in the maskant requires to have
good Quélities suitable for screen-printing, such-as a
suitablé viscosity for screen-printing in a good accuracy,
and to be readily removable. Regarding these properties,
it is preferable that the vehicle contains ethyl
céllulose, nitfo’cellulose or acrylic resin. In order to
adjust the viscosity, a solvent compaﬁible with the above
substance may bé added. If necessary, high boiling
soivenﬁ or oxidant may aléo be added to the vehicle.

rThe maskant preferably contains 40 to 60 wt% masking
powder, and 60 to 40 wt% vehiclé.

‘The preselected pattern disclosed in the present
invention is adapted for,casbade interconnection of

semiconductor device components, and includes

rectangular-shaped conductive tracks extending from one

side of the substraterto the other. The tracks are

deposited to achieve a minimum space between each track,

from about O.l millimeters to about 1.0 millimeters. It
should be realized that any possible shape can be made in
accordance with the present invention.

DépoSiting a conformal layef of an electrically

conductive electrode material may be accomplished by



WO 88/06803 PCT/JP88/00211

10

15

20

25

-7

depositing a layer of frénsparent conductive oxide,
including indium tin oxide, a tin oxide doped with
fluorine or tin oxide doped with antimony. This layer
will have a thickness of from about 300 angstroms to about
20,000 angstroms.

To remove the maskant and the electrode material
deposited thereon, the substrate is ultrasonically
agitated and/or chemically washed to expose portions of
the substrate and to eleétrically isolate the remaining
portions of the electrode material left on the substrate
after the removal. This forms discrete bodies so that
selective electrical interconnection may be made between
electrically isolated electrode portions. These
electrically isolated electrode portions exhibit an
increased electrical resistance which produces an
electrical separation greater than 1,000 ohms.

The advantage of the present invention is the

inexpensive, precise removal of electrode material without

the use of lasers or mechanical abrading apparatus. Other

advantages and features of the present invention will be
appreciated from the following description.

BRIEF DESCRIPTION OF THE DRAWING

Figures la through lc are schematic views of the
progressive fabrication of a semiconductor device such as
a §olar cell using the method of the present invention.

Figure 2 is a top view of an example of a patterned

substrate according to the present invention.
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BEST MODE FOR CARRYING OUT THE INVENTION

Referring now to Figure 1, the methodology of the
present invention is shown through illustration of the
prégressive fabrication of a semiconductor device. Figure
la is a device, generally denoted by numeral 10, having a
substrate 14 and a maskant 12 applied in a preselected
pattern. Substrate 14 isrtypically of glass, but may be

another material, such as plastic, metallic foils, silicon

-wafers, gallium arsenide wafers and other conventional

substrates. Subétrate 14 may be a non-conductive,
insuléting substrate, such as glass. 1In case of an
alkaii-containing glass substrate, substrate 14 may
include an alkali diffﬁsion-preyenting layer such as SiOz,
A1203' or Zroz, formed over the alkali-containing glass
subétrate. The substrates may be of any size, including
square foot soiar panels.

The material comprising maskant 12 may be selected

from the group consisting of polymeric materials,

- carbonaceous materials, sulphates, nitrates, photoresist,

oxides, carbides, and carbonates. The preferred maskant
is barium carbonate, calcium carbonate, or silicon

carbide. Another preferred maskant is a mixture of a

' masking powder, a vehicle, and other materials.

Preselected patterning of maskant 12 may be achieved by
scréen—ptinting or photolithographic processes. The
material composition of maskant 12 is selected due to its

ability to be readily removable by a solvent selected from
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the group consisting of organic solvents and aqueous
solutions. Various maskant applications will, of course,
require the use of different solvents.

In case of a maskant comprising a masking powder and a
vehicle, it is necessary to dry or pre-bake the maskant
before a conformal layer is deposited.

As described in Figure 2, maskant 12 is applied to
achieve a pattern of rectangular-shaped tracks 20
extending from one side of the substrate 14 to the other
in a spaced-apart relation. Deposition in tracks achieves
minimum spacing 21 between each track. This especially
useful in the field of photovoltaics where it is more
advantageous to have a maximum surface area of active
photovoltaic material exposed to the sun. The minimum
space 21 between each track 20 in the preferred embodiment
is from about 0.1 millimeters to about 1.0 millimeters.

Referring now to Figure lb, a conformal layer 16 of an
electrically conductive electrode material, such as a
transparent conductive oxide, including indium tin oxide
and fluorine or antimony doped tin oxide, is deposited
atop the pattern maskant 12. The conformal layer 16 is
deposited to a thickness of between 300 angstroms and
20,000 angstroms, and preferably 3,000 angstroms and
20,000 angstroms. Device 10 is then contacted with the
solvent to remove maskant 12. Removing maskant 12 may be
accomplished by ultrasonic agitation and/or chemical

wéshing, such as a spray bath, a tank bath or any other
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conventioﬁal washing technique in an organic solveﬁt or
aqdeﬁus solution. -
Looking now to Figure lc, the maskant material 12 has

been removed, leaving a patterned electrode material layer

' l6ratop substrate 14. Removing maskant 12 yields an

electrical separation greéter than 1,000 ohms. The result
is the structure shown in Figure lc'where-the"electfode*f
material 16 has been divided into separate-conductive
elements. These elements are now capable of cascade
interconnection during further production steps of a
mondlithic photovoltaic device.

-The projection 17 on the peripheral edge can be
reduced if the,maskant is screen-printed in a very thin
layer, which can be realized by using the masking powder
whése particle size is small, preferably less than 0.5 pm.

The invention may be more fully appreciated by the
folldwing illustrative examples.

EXAMPLE 1

Barium carbonate was screen-printed onto a glass
substrate measuring one fobt by one foot in a preselected
pattern of rectangular-shaped tracks extending from oner
side 6f thé substrate to the other as described in Figure

2, each track having a measurement of approximately one

centimeter in width, spaced apart at a distance of about

one-half millimeter. The screen-printing process

‘automatically applied the desired pattern of maskant.

Thereafter, a transparent conductive oxide laYer was

A

[}
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deposited conformally on top of the patterned barium
carbonate. The barium carbonate was dissolved in alcohol
by chemical washing. Portions of the glass substrate were
exposed and the remaining portions of the transparent
conductive oxide were electrically isolated to greater
than 5,000 ohms.

EXAMPLE 2

A maskant in the form of paste was prepared by mixing
100 g of calcium carbonate powder whose average particle
size was about 0.3 pm, 90 g of vehicle consisting of 6 wt%
ethyl cellulose and 94 wt$% tri-methyl pehtanediol
monoisobutylate, and additional 25 g of tri-methyl
pentanediol monoisobutylate to have a viscosity of about
50,000 cps at 25°¢.

This maskant was screen-printed onto an alkali
diffusion-preventing layer of SiO2 formed over a soda lime
silica glass substrate measuring one foot by one foot in a
preselected pattern of rectangular-shaped tracks extending
from one side of the substrate to the other, each track
having a measurement of approximately one centimeter in
width, spaced apart at a distance of about 0.4
millimeters. The screen-printing process automatically
applied the desired pattern of maskant. The thickness of
the maskant was about 10 pum.

The glass substrate with the pattern of maskant was
dried at 150°C for 10 minutes, then carried into a CVD

apparatus, and heated up to 500°C. Nitrogen gas
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containing'tetramethyl tin (Sn(CH3)4, 1.1 x 10-4 mol/min),

oxygen (0.5 liter/min), and bromo-trifluoromethane (CF3Br,

10

15

20

25

2 liter/min) was applied onto the glass substrate at the
flow:of 2 liter/min to form a conformal layer of 1.0 wt%
fiuoriné dopéd tin oxide of 5,000 angstroms thick.

Next, the maskant was'dissolved in an aqueous solution
by'ultrasonic'agitation.' Portions of the glass substrate
were exposed and'thé remaining portions of the fluorine
doped tin oxide were electricaily isolated_to greater -than

4,000 ohms. Each portion of the fluorine doped tin oxide

had a projection of about 0.2 pm high on the peripheral

edge.

‘Thereafter amorphous silicon layer of 4,000 angstroms
ﬁhick wés deposited by plasma CVD method on the glass
substrate with the patterned tin oxide, and then silver
layer was formed on the amorphoué silicon layer to make a
solar cell. |

Afﬁer investigating the electrical property of each’
portion, it was found that short circuit never occurred in
any of the portions. |

| While the_fotegoing examples and illdstrative
descriptions describe the use of transparent conductive
oxides and various maskants, other applications will
become bbvious to those skilled in the art. Furthermore,
while the foregoing descriptions and examples are airected
towards fabrication of an electrode body material, the
invéntion's utility is not so limited. The following -

claims will define the scope of the invention.
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CLAIMS:
1. A method for electrically isolating large area
electrode bodies to facilitate cascade interconnection of
semiconductor bodies deposited thereafter, comprising:

applying a maskant in a preselected pattern onto a
substrate having a surface to support said maskant;

depositing a conformal léyer of a transparent
conductive oxide electrode material selected from the
group consisting of ihdium tin oxide, fluorine doped tin
oxide, and antimony doped tin oxide, said layer deposited
atoé the patterned maskant; and

removing the maskant and the electrode material
deposited thereon by dissolving in a solvent, whereby at
least portions of the substrate are exposed and the
remaining portions of said electrode material are
electrically isolated so that selected electrical
interconnections may be made between electrically isolated
electrode portions.
2. A method for electrically isolating large area
electrode bodies to facilitate cascade interconnection of
semiconductor bodies deposited thereafter, comprising:

applying a maskant in a preselected pattern onto a
substrate having a surface to support said maskant, said
maskant being readily removable by a solvent which is
substantially chemically inert with respect to
subsequently deposited materials;

depositing a conformal layer of an electrically
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conductive electrode material atop the patterned maskant;

‘and

removing the maskant and the electrode material
deposited thereon by dissolving in said solvent, whereby
at least portions of the substrate are exposed and the
remaining portions of said electrode material are
electrically isolatedaso§thataseLectedrelectnical I
interconnection may be made between electrically isolated
electrode portions; |
3. A method as in Claim 1 or 2, wherein said applying é
maskant is accomplished by applying a maskant selected

from the group consisting of polymeric materials,

- carbonaceous materials, sulphates, nitrates, photoresist,

oxides, carbides, and carbonates.

4. A method as in Claim 3, wherein said maskant is
selected from the grbup'consistiﬁg of barium carbonate,
calcium carbonate, énd Silicén carbide.

5. A method as in Claim 1 or 2, wherein said applying a
maSkantris acéomplished by applying a maskant which
comprisés a masking powder and a vehicle.

6. A method as in Claim 5, wherein said masking powder is
seleéted from the group consisting of barium cafbonate,
calcium carbonéte,rand silicon carbide.

7. A method as in Claim 5, wherein said masking powder
has a particle size of less than 0.5 pm.

8. A method as in Claim 5, wherein said vehicle comprises

at least one selected from the group consisting of ethyl
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cellulose, nitro cellulose, and acrylic resin.

9. A method as in Claim 1 or 2, wherein said applying a
maskant is accomplished by applying a pattern adapted for
cascade interconnection including rectangular-shaped
tracks extending from one side of the substrate to another
in a spaced-apart relation.

10. A method as in Claim 9, wherein said tracks are
deposited to achieve a minimum space between each track.
11. A method as in Claim 10, wherein said minimum space in
between each track is from about 0.1 millimeters to about
1.0 millimeters.

12. A method as iﬁ Claim 1 or 2, wherein said applying a
maskant onto a substrate is performed by applying the
maskant onto a non-conductive, insulating substrate.

13. A method as in Claim 1 or 2, wherein said applying a
maskant is performed by applying a maskant which is
readily removable by a solvent selected from the group
consisting of organic solvents aqueous solutions.

14. A method as in Claim 13, wherein said organic solvent
is alcohol.

15. A method as in Claim 13, wherein said aqueous solution
is acidic solution.

16. A method as in Claim 2, wherein said depositing a
conformal layer of an electrically conductive electrode
material is accomplished by depositing transparent
conductive oxide material.

17. A method as in Claim 2, wherein said depositing a
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conformal layer of an elecfrically conductive electrode
material is accdmplished by depositing indium tin oxide
material. |
18. A method as in Claim 2, wherein said depositing a
conformél layer of an electrically conductive electrode
material is accomplished by depositing fluorine or
antimony doped- tin- oxide: material-
19. A method as in Claim 1 or 2, wherein said depositing a -
conformal layer of an electrically conductive electrode
material is accomplished by depositing said material to a
thickness of from 3,000 angstroms to 20,000 angstroms.
20. A method as in Claim 1 or 2, wherein said removing the
maskant is accomplished by ultrasonic agitation.
21. A methodras in Claim 1 or 2, wherein said removing the
maskant is accomplished by chemical washing.
22. A method as in Claim 1 or 2, wherein said step of
applying a maskant is accomplished by screen-printing.

23. A method as in Claim 1 or 2, wherein said step of

appiying a maskant is accomplished by photolithographic

processes.
24. A method as in Claim 1 or 2, wherein said removing the

maskant yields an electrical separation greater than 1,000

- ohms.

25." A method for electrically isolating large area
electrode bodies,to'facilitate cascade interconnection of
semiconductor bodies deposited thereafter, comprising:

applying barium carbonate onto a glass substrate
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having a surface, said barium carbonate being deposited in
a preselected pattern of rectangular-shaped tracks
extending from one side of the substrate to the other,
spaced apart at a distance from about 0.1 millimeters to
about 1.0 millimeters;

depositing a conformal layer of transparent conductive
oxide atop the patterned barium carbonate; and

removing the barium carbonate and the electrode
material deposited thereon by dissolving in alcohol to
expose at least portions of the ‘glass substrate and
electrically isolate the remaining portions of the
transparent conductive oxide so that selective electrical
interconnections may be made between electrically isolated
transparent conductive oxide portions.
26. A method for electrically isolating large area
electrode bodies to facilitate cascade interqonnection of
semiconductor bodies deposited thereafter, comprising:

applying a maskant comprising a powder of at least one
selected from the group consisting of calcium carbonate,
barium carbonate, and silicon carbide, and a vehicle, onto
a glass substrate having a surface by screen-printing,
said maskant being deposited in a preselected pattern of
rectangular-~shaped tracks extending from one side of the
substrate to the other, spaced apart at a distance from
about 0.1 millimeters to about 1.0 millimeters;

depositing a conformal layer of transparent conductive

oxide atop the patterned maskant; and
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removing the maskant and the electrode material

deposited thereon by dissolving in aqueous solution to
expose at least portions of the glass substrate and
electrically isolate the remaining portions of the

5 transparent conductive oxide so that selective electrical
interconnections may be made between'electrically isolated
transparent'conductiVe*bxide'portions:"'*"“"
27. A method as in Claim'26,1wherein the -maskant-is

removed in aqueous solution with ultrasonic agitation.
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