wO 2009/052474 A1 |10 0 OO0 0 O 0l

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

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
23 April 2009 (23.04.2009)

lﬂb A0 0

(10) International Publication Number

WO 2009/052474 Al

(51) International Patent Classification:

HOIB 1/16 (2006.01) C03C 17/00 (2006.01)
HOIB 1/22 (2006.01) C03C 17/06 (2006.01)
C03C 8/18 (2006.01)
(21) International Application Number:
PCT/US2008/080447
(22) International Filing Date: 20 October 2008 (20.10.2008)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
60/980,910 18 October 2007 (18.10.2007) US

(71) Applicant (for all designated States except US): E. 1. DU
PONT DE NEMOURS AND COMPANY [US/US]; 1007
Market Street, Wilmington, Delaware 19898 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): CARROLL,
Alan, Frederick [US/US]; 2316 Pastille Lane, Raleigh,
North Carolina 27612 (US). HANG, Kenneth, Warren

[US/US]; 9 Steepleton Court, Hillsborough, North Car-
olina 27278 (US).

Agent: SIEGELL, Barbara, C.; E. I. du Pont de Nemours
and Company, Legal Patent Records Center, 4417 Lan-
caster Pike, Wilmington, Delaware 19805 (US).

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, 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,
1L, 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, PG, PH, PL, PT,
RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ,
™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

7ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

[Continued on next page]

(54) Title: CONDUCTIVE COMPOSITIONS AND PROCESSES FOR USE IN THE MANUFACTURE OF SEMICONDUCTOR

DEVICES: FLUX MATERIALS

FIG. 1A — 10
10
Fig.8®8 v | 20
........ 20
FIG. 1C 50
] ~30
20
FI1G. 1D 10
500
i 2%
FIG. 1E 10
60
70
501
30
FIG. 1F 10
-

71

(57) Abstract: Described herein are a silicon semiconductor de-
vice and a conductive paste, including a flux material, for use in
the front side of a solar cell device.



WO 2009/052474 A1 | NI DI 00 0T RO 0000

European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, Published:

FR, GB, GR,HR,HU, IE, IS, IT, LT, LU, LV, MC, MT,NL, —  with international search report
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,

CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).



WO 2009/052474 PCT/US2008/080447

TITLE
CONDUCTIVE COMPOSITIONS AND PROCESSES FOR USE IN
THE MANUFACTURE OF SEMICONDUCTOR DEVICES: FLUX
3 MATERIALS

FIELD OF THE INVENTION

10 Embodiments of the invention relats {o a silicon semiconductor
device, and a conductive silver paste for use in the front side of a solar cell

device,

TECHNICAL BACKGROUND OF THE INVENTION

A conventional solar cell structure with a p-lype base has a
negative electrode that is typically on the frontside or sun side of the cell
and a positive slectrode on the backside. i is well-knowa that radiation of
an appropnate wavelength falling on a p-n junction of a semiconductor

20 body serves as a source of external energy to generate hole-electron pairs
in that body. Because of the potential difference which exists at s p-n
junction, holes and electrons move across the junction in opposite
directions and thereby give rise 1o flow of an electric current thatis
capabile of delivering power to an external circuit. Most solar cells are in

2% the form of g stlicon wafer that has been metallized, Le., provided with
metal contacts that are electrically conductive.

Although various methods and compositions for forming solar cells
exist, there is 8 heed for compaosattions, structures, and devices which have
improved electrical performance, and methods of making.

30

SUMMARY QF THE INVENTION

An embodiment of the present invention relates {o a structure comprising:
33 {a) a thick film composition comprising:
1
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a) an electrically conductive silver;

R} ong or more flux materials; dispersed in

¢} an organic mediuny;
{b} one or more insulgting films;
wherein the thick film composition is formed on the one or more insulating
films, and wherein, upon firing, the one ar more insulating films s
penetfrated by components of the thick film composition and the arganic

mediuny is ramoved.

in an gmbodiment, the flux material comprises one or more glass frids,

in an aspect of the embodiment, the structire further comprises one of
mare semiconductor substrates. In a further aspect, the insulating films
are formed on the one or more semiconductor suibstrates. An aspect of
the invention relates o semiconductor devices comprising the structure. A
further aspect relates to a senmiconductor device, comprising the structure,
whersin the composition has been fired, wherein the firing removes the
arganic vehicle and sinters the silver and flux malertals, and wherein the
conductive silver and it mixture penetrate the insulating film. A further

aspect relates {0 a solar cell comprising the structure.

i an aspect of the embodiment, the thick film composition further
comprises an additive. In a further aspecd!, the additive is selected from:
{a) a metal wherein said metal is selected from Zn, Mg, Gd, Ce, Zr, Ti, Mn,
Sn, Ry, Co, Fe, Cu and Cr; {b) a metal oxide of ong or more of the metals
selected from Zn, Mg, Gd, Ce, Zr, Ti, Mn, Sn, Ru, Co, Fe, Cu and Cr; {¢}
any compounds that can generate the metal oxides of {b) upon firing; and
{d} mixtures thereof. In an embodiment, the additive is Zn0 or MgO.

in an aspect of the embodiment, the glass frit comprises: BiQy, Bx0: 8-25
weight percent of the glass frit, and fuither comprises one or more
companents selected from the group consisting of: SiQg, 0y, Ge;, and
V2 0s.

PCT/US2008/080447
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in an aspect of the embodiment, the insulating film comprises one or more
components selected fron titanium oxide, silicon nitride, SiNxCH, silicon
oxide, and silicon oxideditanium oxide,

in an aspect of the embodiment, the structire is usefld in the manufacture
of photovoltaic devices,

it an aspect of the embodimeant, the glass frit comprises a component
selected from {8} a metal wherein said metal is selected from Zn, Mg,
Gd, Ce, Zr. Ti, M, 8n, Ry, Co, Fe, Cuand Cr; {b} a metal oxide of ong or
more of the melals selected from Zn, Mg, Gd, Ce, Zr, Ti, Mn, 8n, Ru, Co,
Fe, Cuand Cr; {g) any compounds that can generate the metal oxides of
{b} upon firing; and {d} mixtures thereof.

An embodiment of the present invention relates to a structure comprising:
{a} a thick film composition comprising:

a} an slectrically conductive silver,

b} one or more flux materials; dispersed in

¢} an organic medum;
{b} one or more semiconductor substrates;
whereain the thick film composition is formed on the one or more
semiconductor substrates, and whersin, upon finng, an elachrical contactis
formed between the conduchive silver and the one or more semiconductor

subsirates.

in an embodiment, the flux material comprises one or more glass fits.

in an aspect of this embodiment, the structure does not comprise an
insulating fiim. A further asped relates to a semiconductor device,
comprising the structure, wherein the composition has heen fired, wherein
the firing removes the organic vehicle and sinters the silver and flux
materials. A further aspect relates to a solar cell comprising the structure.

PCT/US2008/080447
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in an aspect of the embodiment, the thick film composition further
comprises an additive. In an aspect of the smbodiment, the thick film
compasition further comprises an additive. In g further aspect, the additive
is selected frome {a) a metal wherein said metal is selectad from Zn, Mg,
Gd, Ce, &, Ti, Mn, Sn, Ru, Co, Fe, Cu and Cr, {b) a metal oxide of one or
mare of the metals selecied from Zn, Mg, Gd, Ce, &1, Ti, Mn, 8n, Ry, Co,
Fe, Cu and Cr; {c) any compounds that can generate the metal oxides of
{b} upon firing; and (d) mixtures thereof. I an embodiment, the additive is
ZnQ or Mg,

In an aspect of the ambodiment, the glass frit comprises: BibOg, B0, 825
weight percent of the glass irit, and further comprises ane or more
components selected from the group consisting of: Si0x, Pu0s, GeQy, and
Vals.

inn an aspect of the embodiment, the structure is useful in the manufacture
of photovoltaic devices.

An embodiment of the invention relates to a method of manufacturing a
semiconductor device. The method comprises the steps of:

{a} providing one or more semiconductor substrates, one ormore
insulating films, and a thick film composition, whereir the thick film
composition comprises: a} an electically conductive silver, b) one or more
flux materials, dispersed in ¢) an organic medium,

{b}) applving the insulating film on the semiconductor substrate,

{c} applying the thick film composition on the insulating film on the
semiconductor substrate, and

{d} firing the semiconductor, insulating film and thick ilm composition,
wharein, upon firing, the organic vehicle is removed, the silver and glass
frits are sinlered, and the insulating film is penetrated by components of
the thick film composition.

An ambodiment of the invention relates to & method of manufacturing a

semiconductor device. The method comprises the sieps of:
4
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(&} providing one or more semiconductor substrates, and a thick film
composition, wherein the thick film composition comprises: ajan
alectncally conductive silver, b) one or more flux materials, dispersed in ¢}
an arganic medium,

5 (b} applying the thick film composition on the one or more semiconductor
substrates, and
{c} firing the semiconductor and thick film compaosition,
wharein, upon firing, the organic vehicle is removed, the silver and glass
frits are sintered.

10

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a process flow diagran: ilustrating the fabrication of
15 asemiconductor device.
Reference numerails shown in Figwre 1 are explained below.
100 p-type silicon substrate
20: o-type diffusion layer
30: silicon nitride film, ttanum oxide fitm, or sthcon oxide film
20 40 p+ tayer {back surface field, BSF)
50 silver paste formed on frond side
51 silver front slectrode {obtained by finng front side silver
paste)
60 aluminum paste formed-on hackside

|2
(X3

61 aluminum back slectrode {obtained by firing back side
aluminum paste)

700 silver or silver/aluminum paste formed on backside

71 silver or sitver/aluminum back electrode {obtained by
firing back side silver paste)

33 80: solder tayer

500 silver paste formed on front side according to the
invention

501: silver front electrode according o the invention {formed
by firing front side silver paste)

&
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Figure 2A pravides a top side view of an exemplary
sermiconductor in which the thick film conductor
cofnpasition has been printed on the substrate to form

3 two busbars. Figure 2B provides a top side view of an
exemplary semiconductor in which the thick film
conductor compasition has been printed on the
substrate to form three busbars.

DETAILED DESCRIPTION QF THE INVENTION

The present invention addresses the need for semiconductor

compasitions with improved electrical performance, semiconductor
15 devices, methods of manufacturing the semiconducior devices, and the
lika.

An embodiment of the present invention relates to thick film
conductar compasitiong. Inan aspect of the embodiment, the thick film
conductor compositions may include; a conductive powdsr, a flux material,

20 and an organic medium. The flux material may include glass frit or mixture
of glasgs frits.  The thick film conductor compositions may also include an
addifive. The thick film conductor compositions may include addibonal

additives or componeants.

I
']

An embodiment of the prasent invention relates o structures,
wherein the structures include the thick film conductor compositions. Inan
aspect, the structure also includes one or more insulating films. In an
aspect, the structure does not include an insulating film. In an aspect, the
structure includes a semiconducior substrate. In an aspeci, the thick film
30 conducior composition may be formed on the one of more insulaling films.
it an aspect, the thick film conductor composition may be formed on the
semiconductor substrate. in the aspect wherein the thick film conductor
composition may be formed on the semiconductor substrate, the structure
may not contain an applied insulating fitm.

&
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In an embodiment, the thick flm conductor composition may be
printed on the subsirate to form husbars. The busbars may be more than
two bushars. For example, the busbarg may be three or more busbars. In
addition o husbars, the thick film conductor composition may be printed
on the substrate 1o form connecting lines. The connecting lines may
contact a busbar. The conpecting ines contacting a busbar may be
intardigifated between the connscling lines contacting a second busbar,

it an exemplary embuodiment, three husbars may be parallel o
each other on a substrate. The busbars may be rectangular in shape.
Each of the sides of the middle busbar may be in contact with connecting
lines. On each of the side busbars, only one side of the rectangle may be
in contact with connecting lines. The connacting lines contacting the side
busbhars may interdigitate with the connecling lines contacting the middle
busbar. Forexample, the connecling ines contacting one side busbar
may interdigitate with the connecting lines contacting the middie bushar on
ane side, and the connecting lines contacting the other side busbar may
imterdigitate with the connecling lines contacling the middle busbar on the
other side of the middie busbar.

Figure 24 provides an exemplary representation of an embodiment
in which there are two busbars. A first busbar 201 is in contact with a first
set of connecting lines 203, A second busbar 205 s in contact with &
second set of connecting lines 207, The first set of connecting lines 203
interdigitate with the second set of connscting lines 207,

Figure 2B provides an exemplary representation of an embodiment
in which there are three busbars. A first busbar 208 is in contact with &
first set of connecting lines 211. A second bushar 213 is in contact with
both a second set of connecting lines 215 and a third set of connecting
knes 217. The second set of connecling ines 215 contacts one side of the
second busbar 213; the third sef of connecting lines 217 contacts the
oppostite side of the second bushar 213, A third bushar 218 is in coniact

7
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with a fourth set of connecting lines 221. The first set of connecting lines
211 interdigitate with the second set of connscting lines 215, The third set
of connecting lines 217 inferdigitate with the fourth sst of cornecting lines
221

in an embodiment, the bushar formed on the substrate may consist
of two busbars arrayed in a paraliel arrangement with conductor lines
formed perpendicular to the busbar and arraved in an interdigitated
parailel line pattern.  Alternately, the busbars may be three or more
busbars. In the case of three bushars, the central busbar may serve as a
common betwesn the busbars (o gach side in a parallel arrangsment. In
this embadiment, the area coverage of the three busbars may be adjusted
to approximately the same as the case for the use of two busbars. In the
case of three busbars, the perpendicular lines are adjusted {o shorter
dimensions appropriate to the spacing bebween pairs of bushars.

in an embodiment, the components of the thick film conductor
compoasition{s} are electncally funclional silver powders, zinc-containng
additiva(s), and Pb-free glass frit disparsed in an organic medium,
Additional additives may include metals, metal oxides or any compounds
that can generate these metal emides during firing. The components are
discussed herain below,

inorganic Components

An embodiment of the present invention relates o thick fiim
conductar compaositions. In an aspect of the embodiment, the thick film
conductor compaositions may include: a conductive material, a flux
material, and an organic medium. The conductive matsrial may includs
silver. In an embodiment, the conductive material may be a conductive
powder. The flux material may include g glass frit or glass frits. The glass
frit may be lead-free. The thick fitm conductor compositions may aiso
include an additive. The additive may be a metal/metal oxide additive
selacted from {a} a metal wherein said metal is selected fram Zn, Mg, 5d,

Ce, Zr, T, My, Sn, Ry, Co, Fe, Cu and Cr; {b) 8 metal oxide of one or

&
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more of the metals selected from Zn, Mg, Gd, Ce, Zr, Ti, Mn, Sn, Ry, Co,
Fe, Cuand Cr;, (¢} any compounds that can gensrate the metal oxides of
{b) upon finng; and {d) mixtures thereof. The thick fim conductor

compaositions may include additional components.

Az ysed heramn, “busbars’ means 8 common connection used for
collection of electrical current. In an embodiment, the busbars may be

rectangular shaped. In an embodiment, the busbars may be paratliel.

As used herein, "fux matenal” means a subsiance used o promote
fusion, or a substance that fuses. In an embodiment, the fusion may be at
or helow required process tempearatures 1o form g liquid phase.

in an embodiment, the inorganic components of the present
invention comprise {1} electneally functional silver powders; {(2) Zn-
containing additive(s); {3) Ph-free giass frit; and pptionally (4} additional
metalimetal oxide additive selecled from (&} a metal wherein said metal is
selected from Zn, Gd, Ce Zr, Ti, Mn, 8n, Ry, Co, Fe, Quand Cr; (bl a
mistal oxide of one or more of the metals selecled from Zn, Gd, e, Zr, Ty,
Mn, Sn, Ru, Co, Fe, Cuand Cr; {¢) any compounds that can generate the
metal oxides of (b} upon fining, and (d) mixiures thersof.

A, Electrically Conductive Functional Materials

Electrically conductive materials may include Ag, Cu, Pd, and
mixtures thereol. In an embodiment, the electrically conductive paricle is
Ag. However, these embodiments are intended {0 be non-hmiting.
Embodiments in which other conductive materials are ulilized are
contemplated and encompassed.

The silver may be in a particle form, 8 powder form, a flake form,
spherical form, provided in & colioidal suspension, a mixiure thereof, afc.
The stlver may be silver metal, alloys of silver, or mixtures therent, for
example. The silver may include silver oxide {Ag:0) or sitver salls such as
AgCl AgNOs, or AgOOCCH; {silver acetate), silver orthophosphats,
Ag:PO4, or mixtures thereof, for example. Any form of silver compatible

g
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with the other thick fim components may be used, and will be recognized
by one of skill in the arl.

The silver may be any of 8 variely of percentages of the
compasition of the thick film composition. In a non-imiting embodinment,
the silver may be from about 70 to about 89 % of the sofid components of
the thick film composition. In a further embodiment, the silver may be from
about 70 to about 85 wi % of the solid components of the thick film
composition. In a further embodiment, the silver may be from about 80 to
about 98 wi % of the solid components of the thick film composition,

in an embodiment, the solids pordion of the thick film composition
may include about 80 {o about 80 wit % silver particles and abauwt 1 1o
about 10 wt % silver flakes. In an embodiment, the solids portion of the
thick film composition may include about 75 fo about 20 wit % silver
particles and about 1 to about 10 wi % silver fiakes. In ancther
embodiment, the solids portion of the thick flm composttion may include
about 75 to about 80 wi Y% sitver flakes and about 1 1o about 10wt % of
colloidal sitver. In a further embodiment, the solids portion of the thick film
composition may include about 60 to about 90 wi % of silver powder or
sitver flakes and about 0.1 to about 20 wi % of colloidal silver,

in an embodiment, a thick film composition includes a functional
phase that imparts appropriate slectrically functional properties {o the
composition. The functional phase may include electrically functional
powders dispersed in an organic medium that acts as a carrier for the
functional phase that forms the composition. In an embodiment, the
compaosition may be applied {o a substrate. In a further embodiment, the
composition and substrate may be fired to burmn out the organic phase,
achivate the inorganic binder phase and to impart the electrically functiona!
properies.

in an embodiment, the funclional phase of the composition may be
cogted or uncoated silver particles which are slectrically conductive. Inan
ambodiment, the silver particles may be coated. In an embodiment, the
sitver may be coated with various matenals such as phosphorus. In an
embodiment, the silver particles may be at least partially coated with a
surfactant. The surfactant may be selected from, but is not limited to,

10
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stearic acid, palmitic acid, a salf of slearate, a salt of palmitate and
mixtures thereof. Tther surfactants may be utilized including {auriec acid,
palmitic acid, oleic acid, steanc acid, capric acid, myristic acid and linolic
acid. The counter-ion can be, butis not limited {o, hydrogen, ammonium,
5 sodium, potassium and middures theresof.
The particle size of the silver is not subject to any particular

frtation. Inan embodiment, an average particle size is less than 10
microns; in a further embodiment, the average pardicle size isless than B
microns.
10 In an embodiment, sitver oxide may be dissolved in the glass during
the glass melling/manufacturing progess.
8, Additive(s
An embodiment of the presant invention relates {o thick film

pory
Lt

compaositions which may contain additives. Inan aspect of this
ambodiment, the addiive may be a metal/metsl oxide additive selecled
from {a) a metal wherein said metal is selected from Zn, Mg, Gd, Ce, Zr,
Ti, Mn, Sn, Ru, Co, Fe, Cuand Cr; {b)a metal oxide of one or more of the
metals selected from Zn, Mg, Gd, Ce, Zr, Ti, Mn, 8n, Ru, Co, Fe, Cu and
o O (o) any compounds that can generate the metal oxides of (b) upon
firing. and {d) mixtures theraof.

in an embodiment, the padicle size of the additives is not subject io
any parbcular imitation. In an embodiment, an average particle size may

be less than 10 microns; in an ambodiment, an average particle size may

i3
LI

be less than & microns. In an embodiment, the average particle size may
be from Q.1 {0 1.7 microns. In a further embadiment, the average particle
size may be from 0.6 to 1.3 microns. In an embodiment, the average
particle size may be from 7 to 100 nm.

In an embodiment, the padicle size of the metalimetal axide
30 additive may be in the range of 7 nanometers (nm) to 125 nm. inan
embodiment, the particle size of the metal/metal oxide additive may be in
the range of 7 nanometers {nm) to 100 nm. In an embodiment, MnO; and
TiO: may be wilized in the present invention with an average particle size
rangs {dss) of 7 nanometers {nm) fo 125 nm.

1
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In an embodiment, the additive may be a Zn-containing additive.
The Zn-containing additive may, for example be sslecied from (8) Zn, (b}
metal oxides of Zn, {¢) any compounds that can generate metal oxides of
Zovupon firing, and {d) mixtures thereof.

in ene embodiment, the Zn-containing additive {8 Zn0, wherain the
ZnQ may have an average particle size in the range of 10 nanomsters to
10 microns. In a further embodiment, the ZnQ may have an gverage
particle size of 40 nanometers 1o § microns. I still 8 further embodiment,
the Zn0 may have an average pariicle size of 80 nanometers to 3
microns. in a further embodiment, the Zn-containing additive may have an
average particle size of less than 0.1 um. In parkeular the Zn-containing
additive may have an average pariicle size in the range of 7 nanometers

1o tess than 1680 nanometers.

in a further embodiment the Zn-containing additive {for example In,
Zn resinate, elc. ) may be present in the {otal thick fim composition in the
range of 2 to 16 weight percent. I a further embodiment the Zn-
contairning addifive may be present in the range of 4 to 12 weight percent
total compaosition. In an embodiment, Zn0 may be present in the
cornpasition in the range of 2 to 10 weaight percent total compasition. In an
embodiment, the Zn0 may be present in the range of 4 {o 8 weight
percent tofal composition. In still a further embodiment, the Zn0 may be
prasent in the range of & to 7 weight percent total compaosition.

In an embodiment, the additive may be a Mg-containing additive.
The Mg-containing additive may, for example be selected from {g) Mg, {b)
metal oxides of Mg, (£} any compounds that can generate metal oxides of
Mg upon firing, and {d) mixtures thereof

in one embodiment, the Mg-containing additive is MgQ, wherein the
MgO may have an average pariicle size in the range of 10 nanometers (o
10 microns. In a further embodiment, the MgQO may have an average
pariicle size of 40 nanometers 10 § microns. In still 8 further embodiment,
the Mg may have an average particle size of 80 nanometers to 3

microns. in a further embodiment, the MgQ may have an average particle
12
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size of 0.1 fo 1.7 microns. In & further embodimant, the MgO may have an

average particle size of 0.3 to 1.3 microns. In a further embodiment, the

Mg-confaming additive may have an average particle size of less than 0.1

um. In paticular the Mg-containing additive may have an gverage particle
3 sizein the range of 7 nanometers to less than 100 nanometers.

MgO may be present in the composition in the range of 0.1 1o 10
weight percent total composition. In one embodiment, the MgO may be
present in the range of 0.5 to 5 weight percent total composition. Instilt a
further embodiment, the MgO may be present in the range of §.75 10 3

HY  weight percent tolal composition.

In a further embodiment the Mg-containing addifive (Tor example
Mg. Mg resinale, st} may be present in the total thick film composition in
the range of 0.1 to 10 weight percent. In a further embodiment the Mg-
cortaining additive may be present in the range of 0.5 to 5 weight percent

15 total composition. In still a further embodiment, the MgQ may be present
i the range of 8.75 to 3 weight percent total composition.

In a further embodiment, the Mg-containing additive may have an
average parlicle size of less than 0.1 un In particutar the Mg-containing
addithve may have an average particle size in the range of 7 nanometers

20 o less than 100 nanometers.

In an embodiment, the additive may contain a mixture of
additives. The additive may be a mixiure of metal/metal oxide additives
selected from {a}) a metal wherein said metal is selected from Zn, Mg, Gd,

25 e, Zr, Ti M, Sn, Ru, Co, Fe, Cu and Cr; (b} a metal oxide of one or
mare of the metals selected from Zn, Mg, d, Ce, Zr, Ti, Mn, Sn, Ry, Co,
Fe, Cuand Cr; {c) any compounds that can gensrate the metal oxides of
(b} upon firing; and {d) mixtures thereof,

30 Compaunds that can generate metal oxides of Zn, Mg, &d, Ce, Zr,

Ti, Mn, Sn, Ru, Co, Fe, Cu or Cr upon firing include, but are not imited to
resonates, octoates, organic functional unds, and the like.

13
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In an embodiment, the additive may contain a mixture of Zn0
and MgQ.

s 6. Glass Frit
As used herein, “lead-free” means that no lead has been

added. In an embodiment, trace amounts of lead may be presentina
composition and the compasition may still be considerad lead-free if no
lmad was added. In anembodiment, a lead-free compasition may contain

10 less than 1000 ppm of lead. In an embodiment, g lead-free composition
may contain less than 300 ppm of lead. One of skill in the art will
recagnize that compositions containing lesser amounts of lead are
encompassed by the term lead-free. Ih an embodiment, a lsad-free
composition may not only be free of lead, but may also be fres of other

15 toxic matenals, including Cd, NI, and carcinogenic foxic materials, for
example. In an embodiment, a lead-free compaosition may contain less
than 1000 ppm of lsad, less than 1000 ppm of Cd, and less than 1000
ppm of Ni. i an smbodiment, the lead-free composition may contain
trace amounis of Cd andior Ni; in an embodiment, no Cd, Ni, or

20 carcinogenic toxic materials are added o a lead-freg composition.

In an embodiment of the invention, the thick film composition
may include glass materials. In an embodiment, glass materials may

include one or more of three groups of constituents: glass formers,

b
%f

intermediate oxides, and modifiers. Exemplary glass formers may have a
high bond coordination and smglierionic size; the glass formers may form
bridging covalent bonds when heated and guenched from a meit.
Exemplary glass formers include, but are not limited to: 8102, B203,
P205, V205, Ge(2 efc. Exemplary intermediate oxides include, bud are
30 notlimiled to: TIO2, Ta205, Nb205, ZrQ2, Cel2, B5nQ2, Al2O3, HOZ and
the like. Intermediate oxides may be used o substitule glass formers, as
recognized by one of skill in the art. Exemplary modifiers may have a
mote ionic nature, and may terminate bonds. The modifiers may affect

specific properties,; for example, modifiers may result in reduction of glass

fad
%)

viscosity and/or modification of glass wetling properties, for example.
14
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Exemplary modifiers include, but are not limited o7 oxides such as alkali
metal oxides, alkaline sarth oxides, PhQ, CuQ, CdO, ZnO, BI2Q3, Ag20,
MoQ3, W03 and the like,

In an embodiment, the glass materials may be selected by one
of skill in the art 1o assistin the at least padial penefration of oxide or
nitride insulating layers. As descnbed herein, this ai least partial
penetration may lead fo the formation of an effective alectrical contact to
the silicon surface of a photovoltaic device structure. The formulation
companents are not imited o glass forming malenals.

In an embodiment of the invention, glass frit compositions
{glass compositions) are provided. Non-hmiting examples of glass frt
compositions are listed in Table 1 below and described hersin. Additional
glass frit compositions are contemplated.

It is important to note that the compositions listed in Table 1 ars
nat imiting, as it is expected that one skilled in glass chemistry could
make minor substitutions of additional ingradients and not substantially
change the propearties of the glass composition of this invention. In this
way, substifulions of glass formers such as P30g 0-3, Gelp 0-3, V305 0-
3 in weight % maybe used sither individually or in combination 1o achieve
similar performance. i is also possible {0 substitute one or more
mitermediate oxides, such as TiOg, TapOg, NbaQg, Z2Qp, CaQyp, &nly for
other intermediate oxides (1.8, AloDg, Cely, Sn(») present in a glass
composition of this invention.  itis cbserved from the data that generally
higher SiQo content of the glass degrades performance. The Si0g is
thought 1o increase glass viscosity and reduce glass wetting. Although not
represented in the Table 1 compaositions, glasses with zero 8102 are
expected to perfarm well, as other glass formers such as P»0g, GeO2 ate.
may be used to replace the function of low levels of BiG2. The CaQ,
alkaline sarth content, can also be partially or fully replaced by other

alkaline earth constifuents such as 5rQ, Bal and MgC.
15
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Exemplary glass compositions in wsight percent total glass

composition are shown in Table 1. in an embodiment, glass compositions

found in the examples include the following oxide constituents in the
compasitional range oft 5i0s 0.1-8, Alo03 04, B2043 825, Cal 0-1, Zn0
0-42, NaQ 0-4, Lin0 0-3.5, BioO3 28-88, AgpQ 0-3 CeQp 0-4.5, Snly O-

3.8, BiFa 0-15 in weight percent tolal glass composition. In a further

embodimant, the glass compaosition includes: Si09 4-4.5, A0y 0507,

ByOs 8-11, Ca0 0.4-0.8, Zn0 11-14, NaO 0.7-1.1, BirOs 56-67, BiF 3 4-

13 in weight percent total glass compasition. In an embodiment, the glass

frit may contain a low amount of, or no, B203.

compoanent. BiF3 is intended to be an sxemplary, non-iimiting, fluorids
companent. For example, other flucride compounds may be used as an
alternative or partial replacement. Non-limiting examples include: ZnF2,

The composition listed in Table 1 includes BiF3 as a fluoride

AIF3, and the tike. For example, oxide plus fluonne compositions may be

usad.

Table 1: Glass Composition{s} in Weight Percent Total Glass
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Glass frits useful in the prasent invention include ASF1100 and
ASF1100B which are commercially available from Asahi Glass Company.
An average particle size of the glass frit {glass composition) in an
embodiment of the present invention may be in the range of 0.5-1.5 um.

3 In afurther embodiment, an averags parlicle size may be in the range of
0.8-1.2 um. In an embodiment, the soffening point of the glass it {Ts:
second transition point of RDTA) s in the range of 300-600°C. Inan
embodiment, the amount of glass frif in the total composition may be in the
range of 0.5 1o 4 wi. % of the tolal composition. In one smbodiment, the

10 glass composition is present in the amount of 1 1o 3 weight percent fotal

compaesition. In a further embodiment, the glass composition is present in
the range of 1.5 to 2.5 weight percent fotal composition.

The glasses described herein are produced by conventional

15 glass making techniques. The glasses were prepared in 500-1000 gram
quantities. The ingredients may be weighed and mixed in the dasired
proportions and heated in a bottom-loading furnace to form a melt in
platinum alioy crucibles. As is well-known in the art, heating is conductad
to & peak temperature (1000°C-1200°C) and for a time such that the melt

20 becomes entirely hguid and homogeneous. The molten glass is guenched
between counter rotating stainless steel rollers to form a 10-20 mil thick
platelet of glass. The resulling glass platelet is then milled o form a
powder with its 50% volume distribution set between 1-3 microns.

25 in an embodiment, one or more addifives described hersin,
such as Zn0, MgQ, slc, may be contained in a glass. The glass fnls
which contain the one or more addifives are useful in the smbodiments
described herain.

3 Inan embodiment, the glass frit may include Bi203, B203 8-25

weight percent of total glass compaosition, and further comprises one or
more components selected from the group consisting of: Si0OZ, P05,
Ge02, and V205,

17
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In an embodiment, the glass it may include one or more of
AlzOs, CeQ,, SnQ,, and Gal. In an aspect of this embodiment, based on
waight percent of total glass composition, the amount of AlD;, Ce0y,
SnQy, and Cal may be less than 6. In an aspect of this embodiment,
based on weight percent of total glass compasition, the amount of A0y,
Cels, SnQy, and Cald may be iess than 1.5

In an embodiment, the glass frit may include one or more of
BiF; and Bi:Os. In an aspect of this embodiment, based on weaight percent
of total glass composition, the amount of BiF; and BiQs may be lass than
83. In an aspect of this embodiment, based on weight percent fotal of
glass composition, the amount of BiF; and BixOx may be less than 72

In arvembodiment, the glass frid may include one or more of
Na: 0, Li;O, and Ag0. In an aspect of this embodiment, based on weight
parcent of total glass compasition, the amount of Na;0, LizO, and Ag:0
may be less than §&. In an aspect of this embodiment, based on weight
percent of total glass composition, the amount of Na,O, L0, and Ag:O
may be less than 2.0,

In an embodiment, the glass filt may include one or more of
AlQs, 81:0,, and ByQy. Iy an aspect of this embodiment, based on weight
percent of {olal glass composition, the amount of S10,, AlOs, and ByOq
may be less than 31

in an embodiment, the glass i may include one or more of
Bi,0s, BiFs, NaxQ, Lix0O, and Ag:(. In an embodiment, based on weight
percent of total glass composition, the amount of {(Bix0s + BiFs) / (NagO +
Lz + Ag:Q) may be greater than 14,

Flux Materials

An embodiment of the present invention relates {o a composition,
structures and devices including, and methods of making the structures
18
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and devices, wherein the composition includes flux matenials. The flux
materials, in an embodiment, may have properties similar to the glass
materials, such as possessing lower softening characteristics. For
example, compounds such as oxide or halogen compounds may be used.
The compounds may assist penetration of an insulating layer in the
structures descnbed herein. Non-hmiting examples of such compounds
include materials that have besen coaled or encased in Organic or iNDIganic
barrier cogting to protect against adverse reactions with organic binder
components of the paste medium. Non-limiting examples of such flux
materials may include PhF2, BiF3, V205, alkali metal oxides and the like.

in an embodiment, the flux material may include Pb silicats {(PheSIQy). In
an aspect of this embodiment, 10 — 100 wt % of the flux material may be
PS50 In a further aspest, 50 -~ 99 wi % of the flux material may be
PhSiQ,. In a further aspect, 80 — 80 wt % of the flux matenial may be
Pb:5i04. In an embodimend, the flux matenal may be Ph,SiQ..

in an embodiment, the flux material may include one or more components
selected from the group consisting of: 4PbQ-GiQ;, 2Ph0O-5I0;, 5PLHO-
B:0:-5100, ZnPh0;, and ZnPb4. in a further embodiment, the flux
matarial include one or more components selectad from the group
consisting of ZnFy, AgBHPOs)s, AgdnF; — AgF, LIZn{POx)s, CusBa0s,
CuPhyFg, CsPB{PO)s, 2Ph0-B0;, and. 4PbO-B:0:. In an embodiment,

the flux materials may also include glass frit.

in an embodimant, the flux materials may be 0.5 ~ 13 wt % of the fotal
conductve composition. in a further embodiment, the flux materials may
be 1 -7 wi%; ina further embodiment, 1.5 -5 wi % in a further
embodiment, 2 — 4 wit %, based on the weight of the total conductive

composiion.

in an embodiment in which the composition includes flux materiads, the
flux matenals may include glass frit. For example, the glass it may be 0~

18
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1wt % of the fofal conductive composition. In an embaodimeant, the glass
frit may be 0.01 —~ 1 wt % of the total conductive composition.

Glass Blending

In an embodiment, one or more glass frit materials may be
present as an admixture in the thick film composition. In an embodiment,
a first glass il material may be selected by one of skill in the arl for is
capability to rapidly digest the insulating layer! further the glass frit material

may have strong corrosive power and low viscosiy.

In an embodiment, the second glass frit material may be
designed to slowly blend with the first glass frit matenial while retarding the
chemical activity. A stopping condition may result which may effect the
partial removal of the insulating layer but without attacking the underiying
emitter diffused region potentially shunting the device is the corrosive
action proceeds unchecked. Such a glass frit matenial may be
charactenized as having a sufficiently higher viscosity to provide a stable
manufacturing window to remove insulating lavers without damage to the

diffused p-n junction region of the semiconductor substrate.

In a non-limiting sxemplary admixture, the first glass frit
material may be Si02 1.7 wi%, Zr02 0.5 wi%, B203 12 wi%s , Na2Q 0 4
wi%, Li20 0.8 wit, and Bi203 84.6 with and the second glass frit material
may be as Si02 27 wi%, ZrO2 4.1 wi%, Bi203 68.9 wi%. The proportions
of the blend may be used to adjust the blend ratio to meet optimal
parformance of the thick film conductor paste, under condiions recognized
by one of skill in the art..

Analytical Glass Testing

Several testing methods may be used to characterize glass
materials as candidates for application to photovoltaic Ag conductor
formuiation, and are recognized by one of skill in the art. Among these
measuremenis are Differential Thermal Analysis, DTA and Thermo-

meachamical Analysis, TMA for the determination of Tg and glass flow
20
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kinstics. As needed, many addiional characterization methods may be

employed such as dilatomstry, thermogravimetric analysis, XRD, XRF,
and ICP

inert gas Firing

It an embodiment, the processing of photovoltaic device cells
utilize nifrogen or other inert gas firing of the prepared cells. The firing
temperature profile is typically set 50 as {o enable the burnout of organic

10 binder matenals from dried thick film paste or other organic matenials
present. in an embodiment, the temperature may be between 300-525
Celsius. The firing may be conducted in g belt furnace using high
transport rates, for example betwesn 40- 200 inches per minute. Mulliple
femperature zones may be used fo contral the desired thermal profile.

1S The number of zones may vary between 3 o 8 zones, for example. The
photovoltaic cells may be firad at set temperatures between 650 and 1000
C, forexample. The finng is not limited to this type of firing, and other
rapid fire furnace designs known ¢ one of skill in the art are contemplated.

20 D Organic Medium
The inorganic components may be mixed with an organic medium
by mechanical mixing to form viscous compositions called "pastes”, having
suifable consistency and rheology for printing. A wide vanety of inert

vigcous materals can be used as organic medium. The organic medium

b
i

may be oneg in which the inorganic components are dispersible with an
adequate degree of stability. The rheological properfies of the medium
must be such that they lend good application properiies o the
composition, including: stable dispersion of solids, appropriate viscosity
and thixotropy for screen printing, appropriate wetiability of the substrate
30 and the paste solids, a good drving rate, and good firng properties. Inan
embodiment of the present inveation, the organic vehicle used in the thick
filrn compaosition of the presant invention may be a nonagqueous inert
Hguid. Use can be made of any of various organic vehicles, which may or
may not contain thickeners, stabilizers andfor other comimon additives.
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The organic medium may be a solution of polymer(s} in solvent(s).
Additionally, a small amount of additives, such as surfactants, may be a
part of the arganic medium. The most frequently used polymer for this
purpose ig ethyl cellulose. Other examples of polymers include
ethylhydroxyethyl celiidose, wood rosin, mixtures of ethyl celiulose and
phenolic resins, polymethacrylaies of lower alcohols, and monobutyl ether
of ethylene glycol moncacetale can also be used. The most widely usead
solvents found in thick film compositions are ester alcohols and terpenes
such as alpha- or beta-terpineol or mixtures thereof with other solvents
such as kerosene, dibutyiphthalate, bubyl carbifol, bulyvl carbitol acetsate,
hexylene glycol and high bolling alcohols and alcohol esters. In addition,
volatite liguids for promoting rapid hardening after application on the
substrate can be included in the vehicle. Various combinations of these
and other scivents are formulated to obtain the viscosity and volatihty
reguirements desired.

The polymer present in the organic medium is in the range of B wt
Y% 1o 11 wi. % of the lotal composition. The thick film stiver composition of
the prasent inverntion may be adiusted 10 a predetermined,
sereen-printable viscosity with the organic medium,

The ratio of organic medium wy the thick film compaosition 1o the
inorganic components in the dispersion is dependent on the method of
applying the paste and the kind of organic medium used, and it can vary.
Usually, the dispersion will contain 70-85 wt % of inorganic components

and 5-30 wi % of organic medium {vehicle) in order {0 oblain good wetling.

An embodiment of the presant invention relates to a thick film

composition, wherein the thick film composition includes:

{a} an electrically conductive silver powder;

{b} one or more glass frits; dispersed in

{¢}) an organic medium;
wherein the glass it includes: Bi, G5, BLO; 8-25 weight percent of the total
glass frit, and further comprises one or more campaonants selected from
the group consisting of. SiQg, PrQs, Ge0y, and VD5, In an aspect of this
embodiment, the glass frits may be lead-free. In an aspect of this
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PCT/US2008/080447



b
i

WO 2009/052474 PCT/US2008/080447

embodiment, the glass frit includes: B0y 28-85, B0 8-25, and one or
more of. 50, 048, P:0s 0-3, Ge(; 0-3, V305 0-3. In an aspect of this
embodiment, the glass frit includes §0; 0.1-8. In an aspect of this
ambadiment, the glass frit may include one or more intermediate oxides.
Exemplary infermediate oxides include, but are not limited t0; AQ;, Cey,
S0y, Ti0;, Taz0s, NbyQs, and ZrQs. In an aspect of this embodiment, the
glass frit may include one or more alkaling earth constituents. Exemplary
alkaling earth constituents include, hut are not mited to: Ca0, SrQ, BaO,
MgO. In an embodiment, the glass frit may include one or more
companents selected from the group cansisting of, ZnQ, NaxQ, Liz0O,
Agly, and BiFs,

in an aspect of this embodiment, the composition may also include
an addiive. Exemplary addifives include: a metal additive, or a metal
contaimnng additive, and wherein the metal additive or metal-containing
additive forms an oxide under processing conditions. The additive may be
a metal oxide additive, For example, the addiive may be a metal oxide of
one of mare of the metals selected from Gd, Ce, Zr, Ti, Mn, Sn, Ru, Co,
Fe, Qu, and Cr.

An embodiment of the invention relates o a semiconductor device

including the compuosition including:

{3) an slactrically conductive silver powder;

{b) one ar more glass frits; dispersed in

{c} an organic medium;
wherein the glass frit includes: BixQs, B2Q; 8-25 waight percent of the total
glass frit, and further comprises one oFf more components selected from
the group consisting of: Sily, P(ls, Gell,, and Va0s. An aspect of this
embodiment relates {o g solar cell including the semiconductor device.

An embodiment of the invention relates to a structure including:
{a} the thick film composition including:
{a} an electiically conductive silver powder,
{b} one or more glass fals; disparsed in
23
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{c} an organic medium;

wharein the glass frit includes: BizOs, BrO3 8-25 weight percent of the total
giass frit, and further comprises one or more componeanis selected from
the group consisting of. Bi0;, P20s, Ge0;, and Vel and

{b} an insulating film
wherein the thick film composition is formed on the inswating film, and
wherein, upon firing, the insulating film is penstrated by components of the
thick film composition and the organic medium is removed.

Structures

An embodiment of the present invention relates {0 structre
including a thick film composition and a substrate. in an embodiment, the
substrate may be one or more insulating films.  In an embodiment, the
substrale may be a semiconducior substrate. in an eymbodiment, the
structures described herein may be useful in the manufacture of
photovoltaic devices. An embodiment of the invention relates to a
semiconductior device containing one of more structures descnbed hersin;
an embodiment of the invention relates to a photovaliaic device containing
one or more structures describad herein, an embodiment of the invention
relates to a solar cell containing one or more structures described herein;
an ambodiment of the ivention relates {o a solar panel containing one or
more structures described herain.

An embadiment of the present invention refates (o an slectrode formed
from the thick filim composition. In an embodiment, the thick film
composition has been fired to remove the organic vehicle and sinter the
sitver and glass particles. An embodiment of the present invention relates
o a semiconductor device containing an electrode formed from the thick
film composition. In an smbodiment, the electrode is a front side

glectrode.

An embaodiment of the present invention relates to structures described

harain, wherein the structures also include a back slectrode.
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An embodiment of the presant invention relates to structurss,
wharein the structures include thick film conductor compositions. Inan
aspect, the structure also includes one or more insulating films. Inan
aspect, the structure does not include an insulating film. In an aspect, the
structure includes a semiconductor substrate. inn an aspect, the thick film
conductor composition may be formed on the one or more insulaling films.
in an aspect, the thick film conductor composition may be formed on the
semiconductor substrate. i the aspect wherein the thick film conductor
composttion may be formed on the semiconductor substrate, the structure
may not contain an insulating film,

Thick film conductor and insulating film structure:

An aspect of the present invention relates {o a structure including a thick
fitm conductor compasition and ong or more insulating films. The thick flm
composition may include: {a} an electrically conductive sifver powder; ()
one of more glass frits; dispersed in ¢} an organic medium. in an
ambodiment, the glass fnts may be lead-res. in an embadiment, the thick
Him composition may alag include an additive, as described herein. The
structure may also include a semiconductor substrate. In an embodiment
of the invention, upan firting, the arganic vehicle may be removed and the
sifver and glass frits may be sintered. In a further aspect of this
embodiment, upon firing, the conductive silver and it mixture may

penetrate the insulating film.

The thick film conductor compaosition may penetrate the insulating film
upon firing. The penetration may be partial penetration.  The penetration
of the insulating film by the thick film conductor composition may result in
an electrical contact between the conductor of the thick film composition
and the semiconductor substrate.

The thick fim conductor composition may be printed on the insulating film
in a pattern. The printing may result in the formation of busbars with
connacting lines, as desoribsd herein, for example.

PCT/US2008/080447
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The printing of the thick fiim may be by plating, extrusion, inkjet, shaped or

mudtiple printing, of ribbons, for example.
A layer of silicon nitride may be present on the insulating film. The silicon
nitride may be chemically deposifed. The deposition method may be

GVD, PCVD, or other methods known o one of skill in the art.

insulating films

in an embodiment of the invention, the insulating film may include one or
more component selected from: titanium oxide, silicon nitnde, SINH,
silicon oxide, and silicon oxidefitanium oxide. in an embodiment of the
invention, the insulating film may be an anti-reflection coating (ARC). in
an embodiment of the invention, the insulating film may be applied; the
insulating film may be applied o a semiconductor substrate. Inan
embodiment of the invention, the insulting film may be naturally forming,
such as in the case of silicon oxide. In an embodimant, the structure may
not include an insulating fim that has been applied, but may contain a
naturally forming substance, such as sificon oxide, which may function as

an insulgting film.

Thick filny conducior and semiconductor substrate structire:

An aspect of the present invention relates o a structure ingiuding a thick
film conductor composition and g semiconductor substrate. Inan
ambadiment, the structure may not include an insulating 8im. I an
embodiment, the structure may not include an insulating film which has
been applied to the semiconducior substrate. In an embodiment, the
surface of the semiconductor substrate may include a naturally ocourming
substance, such as 5iQz. In an aspect of this embodiment, the naturally

occurning substance, such as Sid;, may have insulaling properties.

The thick film conductor composition may be printed on the semiconductor
substrate in a pattemn. The printing may result in the formation of busbars
with connecting lines, as described herein, for exampla. An slectrical
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contact may be formed between the conductor of the thick film
compaosition and the semiconductor substrate.

A layer of silicon nitride may be present on the semiconductor substrate.

The silicon nitride may be chemically deposited. The deposition method
may be CVD, PCVD, or other methods known 1o one of skil in the art.

Structure inn which the silicon nitride may be chemically treatad

An embodiment of the invention relates to a structure in which the silicon
ritride of the insulating layer may be treated resulling in the removal of at
least a portion of the sificon nitride. The treatment may be chemical
treatment. The removal of at least a portion of the silicon nitride may
resull in an improved electnical contact belween the conductor of the thick
Him composition and the semiconductor substrate. The structure may

have improved efficiency.

in an aspect of this embodiment, the silicon nitride of the insulating film
may be part of the anti-reflective coating {ARC). The silicon nitride may be
naturally forming, or chemically deposiied, for example. The chemical
deposition may be by CVD or PCVD, for example.

Structure in which the thick film compeosition includes flux materials

that are not glass frit

An embodiment of the invention relates o a structure including a thick fiim
composition and one or more insulating films, in which the thick film
composition mcludes an electncally conductive silver powder, one or more
flux materials, and an organic madium, and wherein the structure further
comprises one or mors insulating films. I an aspect of this embodiment,
the flux mailerials are lead-free. In an aspect, the flux materials are not
glass frit. in an embodiment, the structure may further include a
samiconductor subistrate.
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The thick film conductor composition may penetrate the insulating film
upon firing. The penetration may be parlial penetration. For example, the
surface of the insulating film mav be penetrated by the thick film conductor
compasition. The penetration of the insulating film by the thick film
conducior composttion may resulf in an electrical contact between the
conductar of the thick film composition and the semiconductor subsirate.

In an embodiment of the present invention, @ method and structure are
provided i which a conductor has been applied directly to the
sgmiconductor substrate. in an aspect of this embodiment, a mask may
have beean applied {0 the semiconductor subsirate in g pattern correlating
o the pattern of the conductor. An insulgling may have then been applied,
with subsequent removat of the mask. The conductor composition may
have then been applied fo the semiconductor substrate in a pattern
correlating 1o the area from which the mask was removed,

An embodiment of the present invention relates to a semiconductor device
which includes a compaosition, wherein, prior to firing, the composition
includes:

an slectrically conductive sidver powder;

one or more glass frits wherein said glass frits are lead-free; dispersad in
an organic medium,

In an aspect of this embodiment, the composition may include an additive.
Exemplary additives are described herein. An aspect of this embodiment
relates to a solar cell including the semiconductor device. An aspect of
this embodiment relates fo a solar panel including the solar cell.

BUSBARS
In an embodiment, the thick film conducior composition may be
printed on the substrate {o form busbars. The busbars may be more than
two bushars. For example, the busbars may be three or more busbars. In
addition o busbars, the thick film conductor composition may be printed
on the substrate 1o form connecting lines. The connecting lines may
28
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contact @ busbar. The connecting ines contacting a busbar may be
inferdigifated between the connscling lines contacting a second bushar.

In an exemplary embodiment, three busbars may be paraliel to
each other on a substrate. The busbars may be rectangular in shape.
Each of the longer sides of the middle bushar may be in contact with
connecting fines. On each of the side busbars, only one side of the longer
rectangle may be in contact with connecling lines. The connecting lines
contacting the side busbars may interdigitale with the connecting lines
contacting the middle busbar. For example, the connecting hnes
comtacting one side busbar may interdigitate with the connecting fines
contacting the middle busbar on one side, and the connecting lines
contacting the other side busbar may mterdigitate with the conneching lines
contacting the middle bushar on the other side of the middie busbar.

Figure 2A provides an exemplary representation of an smbodiment in
which there are two bushars. A first busbar 201 is in contact with a first
set of connecting lines 203, A second bushar 205 is in conlact with 8
second set of connecting lines 207, The first set of connecting ines 203
interdigitate with the second set of connecting lines 207.

Figure 2B provides an exemplary representation of an embodiment in
which there are three bushars. A first busbar 209 is in contact with a first
set of connecting lines 211, A second busbar 213 8 in contact with both a
second set of connecting ines 215 and a third set of connecting lines 217,
The second set of connecting ines 215 confacts one side of the second
busbar 213; the third set of connsching lines 217 contacts the opposite
side of the second busbar 213, A third busbar 218 is in contact with a
fourth set of connecting lines 221, The first set of connecting lines 211
interdigitate with the second set of connecting ines 215, The third set of
connecting nas 217 interdigitate with the fourth set of connecting lines
221
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Description of Method of Manufacturing a Semiconductor Device

An embodiment of the invention relates to a method of manufacturing a
samiconductor device. An aspect of this embodirment includes the steps
of:

{a) providing a semiconductor substrate, ane or more nsulating films, and
a thick film composihon, wherein the {hick film compaosition comprises: a)
an electrically conductive sitver powder, b} one or more glass frits,
dispersed in ¢} an organic medium,

{b) applying one or more insulating fiilms on the semiconductor substrate,
{c} applving the thick film composition on the one or more insulating films
an the semiconductor substrate, and

{d} firing the semiconductor, one or more insulating films and thick fim
composition,

whereain, upon firing, the organic vehicle is removed, the silver and glass
frits are sintered, and the insulating film is penetrated by components of
the thick iilm composition.

i an aspect of this embodiment, the glass frits may be lead-free. Inan
aspect of this embodiment, the ane or more insulating films may be
selected from the group including: silican nitride film, titanium oxide §im,
SiNx:H fitm, silicon oxide film and a silicon oxideftitanium oxids film,

An embodiment of the invention relates 1o semiconductor device formed
by a method described herain. An embodiment of the invention relates to
a solar cell including a semiconductor device formed by a method
described herein. An embodiment of the invention relates o a solar celf
including an electrode, which includes a sitver powder and one or more
glass frits, wherein the glass frits are lead-free.

An embodiment of the present invention provides a novel
composition(s) that may be utilized in the manufacture of 8 semiconductor
device. The semiconductor device may be manufacturad by the following
method from g structural glement composed of a junclion-bearing
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semiconductor substrate and a silicon nitride insulating film formed on a
main surface thereot. The method of manufacture of a semiconductor
device includes the steps of applying (for example, coating and printing)
onta the insulating film, in a predetermined shape and at a predetarmined
position, the conductive thick fitm composition of the present invention
having the ability to penefrate the insulating film, then firing so that the
conductive thick filmy compasition melts and passes through the insulating
film, effecting slectrical contact with the silicon substrate. inan
embodiment, the electrically conductive thick film composition may be a
thick-film paste compaosition, as described herein, which is made of a silver
powder, Zn-containing additive, a glass or glass powder mixture having a
softening point of 300 to 600°C, dispersed in an organic vehicle and
optionally, additional metal/imetal oxide additive(s).

In an embodiment, the composition may include a glass powder
cortent of less than 5% by weight of the fotal composition and a Zn-
containing addifive combined with optional additional melal/metal oxide
additive content of no more than 6% by weight of the total composition.
An embodiment of the invention also provides a semiconductor device
manifactured from the same method.

In an embodimernt of the invention, silicon nitride fitm or sillcon
oxide filnt may be used as the insulating film. The silicon nitride film may
be formed by a plasma chemical vapor deposition {CVD) or thermal OVD
pracess. in an embodiment, the silicon oxide film mayv be formed by
thermal oxidation, thermal CFD or plasma CFD.

In an embadiment, the method of manufacture of the
semiconductor device may also be characterized by manufacturing a
semiconductor device from a structural element composed of a junction-
baaring semiconducior subsirate and an insulating film formsd on ons
main surface thereof, wherein the insulating laver is selected from a
fitanium oxide sificon nittide, SiNxH, silicon oxide, and silicon
oxideftitanium oxide film, which method includes the steps of forming on
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the insulating film, in a predeternmined shape and at a predstermined
position, & metal paste material having the ability {o react and penetrate
the insulating film, forming electncal contact with the silicon substrate.
The titanium oxide film may beformed by coating 8 tilanium-containing
organic liguid material onto the semiconductor substrate and firing, or by a
thermal CVD. In an embodiment, the silicon nitride film may be formed by
PECVD {plasma enhanced chemical vapor deposition). An embodiment
of the invention also provides a semiconductor device manufactured from

this same method.

in an embodiment of the invention, the electrode formed from the
conductive thick film composition{s) of the present invention may be fired
iy an atmosphere composad of a mixed gas of oxygen and nitrogen. This
finng process removes the organic medium and sinters the glass it with
the Ag powder in the conductive thick flm composition. The
semiconductor substrate may be single-crystal or multicrystalliine silicon,
for example.

FIG. H{a) shows a step in which a substrate is provided, with a
fextured surface which reduces light reflection. In an embodiment, a
semiconductor substrate of single-crystal silicon or of multicrystalline
sificon is provided. In the case of soigr cells, substrates may be sliced
from ingots which have been formed from pulling or casling processes.
Substrate surface damage caused by tools such as a wire saw used for
slicing and contamination from the waler slicing step may be removed by
elching away about 10 1o 20 ym of the substrate surface using an
agqueous alkali solution such as aqueous polassium hydroxide or agueous
sodium hydroxide, or using a mixture of hydrofluoric acid and nitric acid.
iy addition, a step in which the substrate is washed with a mixture of
hydrochioric acid and hydrogen peroxide may he added {o ramove heavy
metals such as iron adhering to the subsirate surface. An antireflective
fextured surface is sometimes formed thereafter using, for example, an
agueous slkali solution such s agueous potassium hydroxide or aqueous
sodium hydroxide. This gives the substrate, 10,
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Next, referring to FIG. 1{b}, whan the substrate used is a p-type
substrate, an n-typs layer is formed fo create a p-n junction. The method
used fo form such an n-type layer may be phosphorus (P) diffusion using
phosphorus oxychioride (POCE). The depth of the diffusion layer in this
gase can be varied by controlling the diffusion temperature and time, and
is generally formed within a thickness range of abouwt 0.3 10 0.5 ym. The
n-type layer formed in this way is represented in the diagram by reference
numeral 200 Next, p-n separation on the front and backsides may be
carried out by the method described in the background of the invention,
These steps are not always necessary when a phosphorus-containing
liguid coating material such as phosphosilicate glass (PSG) is applied onto
andy one surface of the substrate by a process, such as spin ceating, and
diffusion is effected by annealing under suitable conditions. Of course,
where there is a risk of an n-type layer forming on the backside of the
substrate as well, the degree of completeness pan be ingreased by
employing the steps detailed in the background of the invention.

Next, in FIG. 1{d)}, a silicon nitride film or other insulating films
including SiNxH (Le., the insulaling film comprises hydrogen for
passivation during subsegquant firing processing) film, titanium oxide film,
and silicory oxide film, 38, which functions as an antireflection coatling is
formed on the sbove-described n-type diffusion layer, 20, This silicon
nifride film, 30, lowers the surface reflectance of the solar cell 1o incident
hght, making # possible to greatly increase the electrical current
genarated. The thickness of the silicon nitride film, 30, depends on its
refractive index, although a thickness of about 700 to B00A is suitable for a
refractive index of about 1.5 to 2.0, This silicon nitride fitm may be formed
by a process such as low-pressure CVD, plasma CVD, or thermal CVD.
When thermal CVD is used, the starting materials are often dichlorosilane
(SiCl:H.) and ammonia (NHy) gas, and film formation is carried out at a
temperature of at legst 700°C. When thermal CVD is used, pyrolysis of
the starting gases at the high temperature resulls in the presence of
stibstantially no hydrogen in the silicon nitride film, giving a compositional
ratio between the silicon and the nitrogen of SiaN; which is substantially
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stoichiometric. The refractive index falls within a range of substantially
1561 1.98. Hence, this type of silicon nitride film is a very dense film
whose characterisiics, such as thickness and refractive index, remain
unchanged even when subjected 1o heat treatment in a later step. The
starting gas used whern film formation is carried out by plasma CVD is
generally a gas mixture of SiHs and NHs, The stading gas is decomposed
by the plasma, and filim formation is caried oul at a lemperature of 300 to
550°C. Because film formation by such a plasma CVD process is carried
out at a lower temperature than thermal CVD, the hydrogen in the starting
gas is present as well in the resulling silicon nitride film. Also, because
gas decompuosition is effected by a plasma, another distinclive fealure of
this process is the ability 1o greatly vary the compositional ratio betwesn
the silicon and nitrogen. Specifically, by varying such conditions as the
flow rate rafio of the starling gases and the pressure and temperalure
during 8lm formation, silicon nitrde films can be formed at varying
composttional ratios between silicon, nitrogen and hydrogen, and within a
refractive index range of 1.8 10 2.5. When a film having such properties is
heal-freated in a subsequent step, the refractive index may change hefore
and after film formation due to such effects as hydrogen slimination in the
electrode finng step. In such cases, the silicon nitride film required in a
solar cell can be obtained by selecting the lm-forming conditions after first
taking into account the changes in flm gqualities that will ocour as a result

of heat treatment in the subseguent step.

In FIG. Hd), a titanium oxide film may be formead on the n-type
diffusion layer, 20, instead of the silicon nitride film, 30, functioning as an
antireflection coating. The titanium oxde film is formed by coating a
fitanium-containing organic liquid material onto the ntype diffusion layer,
20, and firing, or by thermal CVD. 1 is also possible, in FIG. 1{d), to form
a silicon oxide film on the n-ype diffusion layer, 20, instead of the silicon
mifride fiirn 30 functioning as an antireflection layer. The silicon oxide film

is formed by thermal oxidation, thermal CVD of plasma CVD.
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Next, slectrodes are formed by steps similar to those shown in
FIGS. 1{e) and (f). Thatis, as shown in FIG. He), sluminum pasts, 80,
and back swde silver paste, 70, are screen prnted onfo the back side of the
subsstrate, 10, as shown in FIG. He) and successively dried. in addition, a
front electrode-forming silver paste is screen printed onto the silicon nitnide
film, 30, in the same way as on the back side of the substrate, 10,
following which drying and firing are carned out in an infrared furnace the
set point temperature range may be 700 o 875°C for a period of from one
minute to more than ten minuies while a mixed gas stream of oxygen and
nifrogen are passed through the furmace.

As shown in FIG. 1{f), during firing, aluminum diffuses as an
impurity from the aluminum paste into the silicon subsirate, 10, on the
back side, thereby forming a p+ layer, 40, containing & high aluminum
dopant concentration. Firing corverts the dried aluminum paste, 60 1o an
aluminum back electrode, 81, The backside silver paste, 70, is fired at the
same time, becoming & silver back glectrode, 71, During firing, the
boundary between the backside aluminum and the backside silver
assumes the state of an alloy, thereby achieving slaclrical connection.
Maost areas of the back sleclrode are pccupied by the aluminum electrode,
partly on account of the need to form a p+ layer, 40. Al the same time,
because soldering to an aluminum electrode s impossible, the silver or
sitverfaluminum back electrode is formed on limited areas of the backside
as an gectrode for interconnecting solar cells by means of copper ribbon
or the like.

On the front side, the front electrode silver paste, 500, of the
fnvantion is composed of silver, Zn-containing additive, glass frit, organic
medium and optional metal oxides, and is capabile of regeling and
penstrating through the sificon nitide film, 30, dwing firing o achisve
electrical contact with the n-type layer, 20 {fire through). This fired-through
state, i.a., the axtent to which the front electrode sitver paste melts and
passes through the silicon nitride film, 30, depends on the quality and
thickness of the silicon nitride film, 30, the composition of the front
elactrode silver paste, and on the firing conditions. The conversion
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efficiency and moisture resistance reliability of the solar cell clearly
depend, to a large degree, on this fired-through state.

EXAMPLES
The thick film composition{s) of the present invention are described

LAt

herein pelow in Table 2-6

Paste Preparation

Paste preparations were, in general, accomplished with the
10 following procedura; The approprigte amount of solvent, medium and
surfactant was weighed then mixed in a mixing oan for 15 minutes, then
glass fnils gnd metal additives were added and mixed for another 156
minutes. Since Ag is the major part of the solids of the present invention,
it was added incrementally to ensure better wetting. When well mixed, the

St
1M

paste was repestedly passed through a 3-rolt mill for at progressively
increasing pressures from 0 to 400 psi. The gap of the rolls was adjusted
o 1 mil. The degree of dispersion was measured by fineness of grind
{FOG). The FOG value may be sgual to or less than 20/10 for conductors.

The ASF1100 glass frit {svailable from Asshi Glass Company) used
3 in the following examples was not used as supplied. was milled to 8 Dy
in the ranges of 0.5-0.7 microns prior to use.

Test Procedure-Efficiency

The solar cells built according o the method described above were
2% placedin a commaercial IV tester for measuring efficiencies (ST-1800).
The Xe Arc lamp in the 1V tester simulated the sunlight with a known
intensity and radiated the front surface of the cell. The tester used a fowr
contact method 1o measure current {1 and voltage (V) at approximately
400G load resistance settings to determine the celfs -V curve. Both fill
30 factor (FF) and efficiency {Eff) were caleulated from the -V curve,

Paste sfficiency and il factor valuss were nomalized fo
corresponding values obtained with cells contacted with industry standard
PV145 (E. L du Poni de Nemours and Company).
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Test Procedure-Adhesion

PCT/US2008/080447

After firing, a solder ribbon (copper coated with 86.55n/3.5 Ag) was

solderad o the bus bars prinfed on the front of the cell. inan

embodiment, scider reflow was achieved at 385°C for 5 seconds. Flux

used was non-activated Alpha-100. The soidered area was approximately

2mm x 2mm. The adhesion strength was obtained by pulling the ribbon at

an angle of 907 to the surface of the cell. Normalized adhesion strength

was calculated Yo compare vs. @ minimum adhesion value of 300g.

Table 2: Effect of Glass Composition on Thick Film Silver Paste

Glass D No.

FF {%) Norm

Eff (%) Norm

Frit
Glass! 13 6 37 W7 98 74.8
CGlass 11 1.8 &
Cilass 11 L& &
Glags 1V 18 &
Glass ¥ LR i
Glass VI 1.8 &
Olass VI 1.8 &
Glass VI 1.8 &
Glass IX 1.8 &6 700 12.8
Glass X R & 887 118 90,1
Control 732 1000 131 106.0
(PV 145
Control 11 0.6 1000 13,3 100.0

{PV 143)®

* Contrel | and Control 11 represent PV 145 a high pertbrmance thick film

composition conywising a Ph beartng glass e covomercially avadable fom EL L

du Font de Nemours and Company.

Percents of glass frit and Zn0 given in Table 2 are given in percent {otal

thick film compaosition.
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Thick films containing Glasses i, IV, Vill, and X achieved especially good
contact {o the solar cell as demonstrated by good cell performance similar
to that of the Control | and Control §f thick film paste compositions.

X
Table 3: Effect of Zn0O Additions on Thick Film Silver Paste
ASF F¥ Nommn Eff Norm
[RItta
Add Add % %% Frit FF (%) to PVI4S Ef (%) 1o PVI4S
N 0 1.8 296 38R 33 239
20 4 1.2 720 Q53 13.0 3.2
ZnG 3 24 i 133 964
Zu( G 1.8 6.3 4.1
Lty 8 1.2 764 137 403
Ll 8 24 758 139 100.7
PV 43 Contral B2 13.8 1000
*ASF 1100 glass frit is commercially available from Asahi Glass
Company
10

Percants of glass fit and additive given in Table 3 are given in percent
total thick 8im composition.

Thick film silver paste compositions containing Zn0 have supsesior

15 electrical performance as compared {o silver paste with no ZnO. With
addition of Zn0, silver pastes altain electrical performance similar to or
betfter than high perdormance control paste PV 145 commercially available
from E. L du Pont de Nemours and Company.

20
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Table 4 Effect of Various Zn Additions on Thick Film Silvey

Paste
ASF FF Norm Eff Norm
6
Agld Add % %% Frit FE ) w0 PVHS  BIF) o PV143
Nowe 0 18 296 4614 33
Za & 18 74 132
Zutd Fine 34 18 74.3 125
oty Fing & LB 724 8988 1.3
£n Resmate 12 12 879 925 12 9318
Zn Resmate I& i 583 94.3 118 313
PYT4S Control 733 REIRY 2.9 0.0

Percents of glass frit and additive given in Table 4 are given i percent

total thick §im composition.

Experiments conducted and detailed in Table 4 flustrate the
use of vanous types of Zn-containing additives and their effect on the thick
fitm composition. Thick film silver paste compositions containing other
forms and particle sizes of Zn and Zn( also achieve excellent electrical
contact {o &i salar cells. The Zn resinate used was 22% Zinc Hex-Cem
ahigined from OMG, Cleveland, OH.
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Table §5: Effect of Mixed Dxide Additions on Thick Film Silver

Paste

ASF FF Norm Eff Norm

HID0
Acdd Add % %% Pt FF{%) © PVI4S Eff (%s} o PVI4S
Nane i 1.8 LR 33 252
i) + FeQ 415 1.8 034 bhd 7.0
Z00 + a2 4523 1§ 708 13.2 ,
Za0+ GaQ 4513 1.8 696 99.4 12.7 96,8
PYI4S Control 0.0 100.9 131 100.0

Percents of glass fit and additive given in Table § are given i percent

total thick §im composition.

Thick film silver paste compositions comprising a mixture of oxide frits glso

demonstrate much improved performance.
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Table 8: Effect of Other Oxide Additions on Thick Film Silver
Paste
ASF FF Norm Eff Norm
11Og%
Agdd Add % %% Frit FF (%) tw PVI43 EF (%) o PVIS

296 41.6 33 0.0

8.2 2.4

Nong { i.
TiO2 o i8
203 & i3
MnQ 6 L3
Min(Q 3 i .8
M2 & i.8

(¥
(]
Lk
~3
¥
—

Leis)
Ldt
LAy
LA

~3
feind

(1 795

ey
-3
Lorsd
e

el
-y

1.6 12.6

]
el
[
ied
5
o

b
Tl
]
e
~& =
L BT
]
P
A

Fel) & 18 34 835 13 827
Co(d & LR 0.6 712 R iR
Ca2Q & R 44.4 7.0 3R
Latd & 18 72 128

22 &G 1.8
Moa(33 4 1.8
Ry & 18 34 47 8 33 437
Sndx2 6 HB 384 2.1 97 T4

pie ] e o]
(2] 23
el fom)
o Ay
LIPS O
En B &
4 w3
-
A e
ot tad
o

Sl 9 RN KRR 28 1 7.5
W 4 1.3 2.3 3.0 3.0 769

Cetd2 & 1.3 34 ERRY 9.4 T4

GdO G 13 62 §7.2 112 §8.2
FeflolOx & HR $1.2 86.1 1.7 84,3
Collrix & L& 382 S37 37 448
CallrOx & ER 59 83.4 1S 83.5
CaRp3 & 18 54 PR g3 74.8

PV 1458 Control 711 HHLO 137 10
“ASF 1100 glass frit is commercially available from Asahi Glass
Company
Parcents of glass frit and additive given in Table & are given in percent
fotal thick film compaosition.
All pxide acldifions, detailed in Table € above, to thick film gilver paste
result in solar cell performancs improvemant.
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Table 7: Effect of ZnQ Additive Level on Thick Film Silver
Paste Adhesion to §i

B ASE HIGG % ZaO Adh{y) Normalized Adh (%)

Prit
1.2 4 S5% i8a
2.4 a 460 i35
1.8 & 441 147
5.2 8 332 tii
24 # 282 e

3 TABF1100 glass frit is commercially available from Asahi Glass

Company
Percents of giass frit and additive given in Table 7 are given

in weight percent of total thick film compaosition.
10
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Example

Mg-containing additives

PCT/US2008/080447

Using 8 inch 200um wafers from Q-Cells, the effect of MgO was assessed

over a range of processing temperatures. The Ay content was 82%,

Table 8 : Efficiency of eplly with % MgO additions

Process Set Temperature
% Mgl RHIR N 225 & IR

Saniple 4 5] £.51 553 5.53
Sample 2 G.28 .12 772 7.78
Sample 3 0.5 10.08 13.45 10.08
Sample 4 D75 11.67 13.08 11.85
Sampie § 1 14.64 15.86 14.78
Sample § 1.5 15,52 15.82 1540
Sample 7 3 14.61% 13.82 13.08
Sample 8 14.68 13.580 10.64

Tahle ¥: Electrical Results on fived cells

Flux-containing composition

Frit EFnt | [MgQ] | [In0] | Ione d Vo BETE BFF {50
Glass & 1.5 1.0 325 bR R I R S £ € B
Glass A | 2.0 1.0 425 8.4 | IR | T4E7 | B0

CGlass B 1.4 .75 1.25 25 1 5966 | 1588 | 7788 | B2V |
Glass B 1.4 1.0 1.0 25 9978 L b4 T R00 L 88
Glass B 1.4 1.25 8.75 25 5381 13.95 | #8238 | 838

Example

A flux-containing conductive compasition {(silver paste} was prepared as

shown in Table 10. Components are expressed as wi % of total

compasition. Column A describes pastes which include glass frit, siiver,

and organic vehicle; Column B describes pastes which includs flux

matenal, silver, and organic vehicle. The pasies descnbed in column B
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include 0% glass fit. The fux material Pb silicate (P8I0, was used in
the pastes describsd in Column B,

TABLE 10
A 8
Pastes Glass fiit Flux
{wit %) {wi %)
Sitver 80 80
Active Agent 3.4 2.4
Qrganic 16.6 17.6
Total 100 100
S Example

Comparison of Flux Based Silver Paste vs.
Corresponding Glass Based Paste: effect on solar cell efficiency

Pgstes A and B of Table 10 were used to form the front electrode of solar

iy cells, made by methods described herein. Figure 3 flustrales the
observed efficiency of the resulling solar calis, The efficiency of the solar
cell using Paste A to form the front electrode is shown in the column
termed “Glass™. The efficiency of the solar cell using Paste B {o form the
front electrode 1s showit in the column termed "Flux’
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CLAIMS

What is claimed is:

LA

1. A conductive compostion compnsing:
a} electically conductive silver;
b)Y one or more fiux materials; dispersed in
¢} organic vehicle.

Hi
2. The composition of claim 1, wherein at least one of the flux materials
comprises PhaSiC,.
3. The composition of claim 1, whersin the composition comprises 0.5 -
15 13 wt % flux materials, based on the weight of the conduclive composition.

4. The composition of claim 3, wherein the composition comprises 1.5 ~5
wi % flux materials, based on the weight of the conductive composition.

20 5. The composition of claim 1, further comprising one or more zine-
confaining additives.

8. The composition of claim 1, further comprising one or more glass frits,

25 7. The composition of claim 6, whersin the one or more glass frits are 0-1
wi 9% of the total compaosition.
8. A structure comprising:
{a} a thick film composition comprising:
3 &) an slectrically conductive silver;
b} one or more Aux materials; dispersed in
¢} an organic medium;
{k) one ormore insudating films;
wherain the thick film composition is formed on the one or more insulating

o
3]

films, and wherein, upon firing, the organic medium is removed.

8. The structure of claim 8, wharein the one or more insulating films is
pengtrated by componernts of the composition.

40 10, The structure of claim 8, further comprising one or more
semiconductor sulistrates.

11. The structure of claim 10, wherein the struciure is a solar ceil.
45
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12. A method of manufacturing a semiconductor device, comprising the
steps of:

{a) providing one or more semiconductor substrates, one or more
nsulating fims, and a thick film composition, wherein the thick film
composition comprises: a) an slectrically conductive silver, b) one or more
flux materials, dispersed in ¢} an organic medium,

{b} applying the insulating film on the semiconductor substrate,

{c) applying the thick film composition on the insulating film on the
samiconductor substrate, and

{d} firing the seyniconductor, insulating film and thick film compasition,
wherein, upon firing, the organic vehicle is removed, and the silver and
glass frils are sinfered.

48
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