
AMINOTHIAZOLES AND THEIR USES Background Since the
discovery of penicillin, pharmaceutical companies have
produced a number of antibacterial agents to combat a
wide variety of bacterial infections. In the past
several years, there has been rapid emergence of
bacterial resistance to several of these antibiotics.
The multidrug resistance among these bacterial
pathogens may also be due to mutation leading to more
virulent clinical isolation. Perhaps the most
disturbing occurrence has been the acquisition of
resistance to vancomycin, an antibiotic generally
regarded as the agent of last resort for serious
Gram-positive infections. This is true especially of
some Gram-positive pathogen groups, such as
staphylococci, pneumococci and enterococci (S. Ewig et
ah; Antibiotika-Resistenz bei Erregern ambulant
erworbener Atemwegsinfektionen (Antibiotic resistance
in pathogens of outpatient-acquired respiratory tract
infections); Chemother. J . 2002, 11, 12-26; F.
Tenover; Development and spread of bacterial
resistance to antimicrobial agents: an overview; Clin.
Infect. Dis. 2001 Sep. 15, 33 Suppl. 3, 108-1 15) as
well as Staphylococcus, Streptococcus, Mycobacterium,
Enterococcus, Corynebacterium, Borrelia, Bacillus,
Chlamydia, Mycoplasma, and the like. A problem of
equally large dimension is the increasing incidence of
the more virulent, methicillin-resistant
Staphylococcus aureas (MRSA) among clinical isolates
found worldwide. As with vancomycin resistant
organisms, many MRSA strains are resistant to most of
the known antibiotics, but MRSA strains have remained
sensitive to vancomycin. However, in view of the
increasing reports of vancomycin resistant clinical
isolates and growing problem of bacterial resistance,
there is an urgent need for new molecular entities
effective against the emerging and currently
problematic Gram-positive organisms. This growing
multidrug resistance has recently rekindled interest
in the search for new structural classes of
antibiotics that inhibit or kill these bacteria.
Summary of the Invention There remains a need for new
treatments and therapies for bacterial infections.
There is also a need for compounds useful in the
treatment or prevention or amelioration of one or more
symptoms of bacterial infections. Furthermore, there
is a need for methods for modulating the activity of
the elongation factor EF-Tu, using the compounds
provided herein. In one aspect, the invention provides
a compound of formula I :I . In another aspect, the
invention provides a method of treating a bacterial
infection wherein the treatment includes administering
to a subject in need thereof a pharmaceutically
acceptable amount of a compound of formula I, II, III,
IV, V, or VI, such that the bacterial infection is
treated. 



In another aspect, the invention provides a method of
treating an EF-Tu associatedstate wherein the
treatment includes administering to a subject in need
thereof a pharmaceutically acceptable amount of a
compound of formula I, II, III, IV, V, or VI, such
that the EF-Tu associated state is treated. In still
another aspect, the invention provides a method of
treating, inhibiting or preventing the activity of
EF-Tu in a subject in need thereof, which includes
administering to the subject a pharmaceutically
acceptable amount of a compound of formula I, II, III,
IV, V, or VI. In one embodiment, a bacterial infection
is treated in a subject in need thereof. In another
aspect, the invention provides a method of treating,
inhibiting or preventing the activity of bacteria in a
subject in need thereof, which includes administering
to the subject a pharmaceutically acceptable amount of
a compound of formula I, II, III, IV, V, or VI,
wherein the compound interacts with any target in the
life cycle of the bacteria. In one embodiment, the
target is EF-Tu.In another aspect, the invention
provides a method of treating a bacterial infection in
a subject, wherein the treatment includes
administering to a subject in need thereof a
pharmaceutically acceptable amount of a compound of
the formula I, II, III, IV, V, or VI, and a
pharmaceutically acceptable carrier, such that the
bacterial infection is treated. In still another
aspect, the invention provides a method of treating a
bacterial infection wherein the treatment includes
administering to a subject in need thereof a
pharmaceutically effective amount of a compound of the
formula I, II, III, IV, V, or VI, in combination with
a pharmaceutically effective amount of an additional
therapeutic agent, such that the bacterial infection
is treated. In one embodiment, the compound of the
formula I, II, III, IV, V, or VI and the other
pharmaceutical agent are administered as part of the
same pharmaceutical composition. In another
embodiment, the compound of the formula I, II, III,
IV, V, or VI and the other therapeutic agent are
administered as separate pharmaceutical compositions,
and the compound is administered prior to, at the same
time as, or following administration of the other
agent. In another aspect, the invention provides a
packaged bacterial infection treatment, comprised of
formula I, II, III, IV, V, or VI, packaged with
instructions for using an effective amount of the
compound to treat a bacterial infection. In another
aspect, the invention provides a method of treating
acne in subject in need thereof, wherein the treatment
includes administering to the subject a
pharmaceutically acceptable amount of a compound of
formula I, II, III, IV, V, or VI. In yet another
aspect, the invention provides a pharmaceutical
composition which includes a compound of formula I,
II, III, IV, V, or VI, and at least one
pharmaceutically acceptable carrier or diluent. 



Detailed Description of the Invention This invention
is directed to compounds, e.g., thiopeptide compounds,
and intermediates thereto, as well as pharmaceutical
compositions containing the compounds for use in
treatment of bacterial infection. This invention is
also directed to the compounds of the invention or
compositions thereof as modulators of the elongation
factor EF-Tu. The compounds are particularly useful in
interfering with the life cycle of bacteria and in
treating or preventing a bacterial infection or
physiological conditions associated therewith. The
present invention is also directed to methods of
combination therapy for inhibiting EF-Tu activity in
cells, or for treating or preventing a bacterial
infection in patients using the compounds of the
invention or pharmaceutical compositions, or kits
thereof. In one aspect, the invention provides
compounds of the formula I :I and pharmaceutically
acceptable salts, enantiomers, stereoisomers,
rotamers, tautomers, diastereomers, atropisomers or
racemates thereof, including the pyridine N-oxide
thereof; wherein R1 is -Z-CO2H and -A-Z-CO2H; Rla is
hydrogen, -Z-CO2H, and -A-Z-CO2H, wherein if Rla is
hydrogen, then the Z residue of R1 is substituted by
at least two CO2H groups; or R1 and Rla, taken in
combination, form a saturated, partially unsaturated
or aromatic heterocycle having 4 to 7 ring atoms and
having 0-3 additional ring heteroatoms selected from
N, O and S, wherein the heterocycle is substituted by
at least two residues independently selected from
CO2H, -Z-CO2H, and -A-Z-CO 2H; A is indepenendently
selected at each occurrence from the group consisting
of a - C(O)-, -C(O)O-, -C(0)N(R 8a)-, -S(O)2-, -S(O)-,
-C(H)=N-, -S(O)2N(R8a)-, and -S(O)N(R8a)-; Z is
Ci-Cioalkylene, Cs-Cscycloalkylene,
Cs-Csheterocycloalkylene, phenylene, or 5- 6 membered
heteroarylene, each of which is optionally substituted
with one or more groups independently selected from
Ci-C4alkyl, Ci-C4alkoxy, hydroxy, amino, mono- and
di-Ci- C alkylamino, C(O)OH, or halogen;R2a is
selected from the group consisting of H, substituted
or unsubstituted alkyl, OH, OR4a, OC(O)R4a,
OC(O)N(R8a)2 and N(R8a)2; R2b is selected from the
group consisting of absent, H and alkyl, or R2a and
R2b may together form =0 or =NH; R3 an R12 are each,
independently, selected from the group consisting of
H, halogen, OR4b, -A-J, andN(R 8a)2; R4a is selected
from the group consisting of H, and alkyl; R4b is
selected from the group consisting of alkyl and
-(CH2-CH2-O-)n-R9, wherein n 



is an integer of 1-500, 1,000, 2,000, 3,000, 4,000,
5,000, 10,000, 20,000, 30,000, 40,000, 50,000, or
60,000 or is a mean of a plurality of integers having
a value of 1-500, 1,000, 2,000, 3,000, 4,000, 5,000,
10,000, 20,000, 30,000, 40,000, 50,000, or 60,000; R5
is selected from the group consisting of H, alkyl, and
R4b; J is selected from the group consisting of H, F,
O-alkyl, N(R8a)2, N+(R8a)3, N(R8a)C(O)alkyl, CO2H,
C(=O)N(R8a)2, CO2-alkyl, P(O)(OH)2, P(O)(O-alkyl) 2,
and a substituted nitrogen-containing heterocycle; R8a
is absent, or selected from the group consisting of H,
-(alkyl)-, -(cycloalkyl)-, C(alkyl)2-J, -R4b, wherein
R8a can also cyclize with the atom to which R8a is
bonded to form a 3, 4, 5, 6 or 7-membered ring that is
aromatic or non-aromatic and may contain one or more
heteroatoms, wherein the ring may be further
substituted one or more times with substitutents that
are the same or different; and R9 is selected from the
group consisting of H, alkyl and CH2CO2H.Certain
compounds of formula I provided herein include
compounds of formula II and formula III: I I III and
pharmaceutically acceptable salts, enantiomers,
stereoisomers, rotamers, tautomers, diastereomers,
atropisomers or racemates thereof, including the
pyridine N-oxide thereof. Certain compounds of formula
III include those compounds represented by formula
IV:Method for providing a series connection in a solar
cell system The present invention pertains to a method
for pro viding a series connection in a solar cell
system, and to a solar cell system comprising solar
cells connected in series, Solar cells, also known as
photovoltaic cells, gen erally comprise a carrier ana
a photovoltaic (PV) layer composed o f a semiconductor
material provided between a front electrode comprising
a transparent conductive oxide (TCO) (on the
light-receiving side of the cell) and a back electrode
(at the back of the cell) . The front electrode is
transpar ent, enabling incident light to reach the
semiconductor material, where the incident radiation
is converted into electric energy. In this way light
can be used to generate electric current, which offers
an interesting alternative Lo, say, fossil fuels or
nuclear power. The maximum voltage of a solar cell is
determined 



by the composition of the cell, more in particular by
the na ture o f the semiconductor material,, and by
the intensity of the incident light. When the surface
area of the solar cell is increased, more power is
generated, out the voltage re mains the same. In order
to increase the voltage, a solar cell is often divided
into individual subcells, which are connected in
series to form a solar cell system. This is done by
establishing a conductive contact, also indicated as
in terconnect, between the front electrode of one cell
and the tack electrode of another, while interrupting
the front elec trode and the bacK electrode each at a
different side of the interconnect so as to prevent
short-circuiting. This can be done by providing
grooves in the solar cell electrode layers, e.g., by
using a laser or by means of etching or any
otherpatterning method. To minimise the region in the
solar cell which does not generate any energy, the
interconnect and the interrupts must be as close
together as possible and the in terconnect and the
interrupts irust be as narrow as possible, In one
embod im ent known in the art, series connec tion is
effected as follows: A transparent conductive oxide
(TCO) layer that s deposited onto a (glass) substrate
is patterned with parallel grooves, which form the
interrupts in the front electrode. The photovoltaic
(PV) layer that is de posited over the TCO layer is
also patterned with parallel Grooves, which fo rm the
basis for the interconnects between the front
electrode or one cell and the back electrode o f an ad
acent cell, The back electrode is then deposited over
the PV layer, and patterned with grooves to form the
interrupts. The interconnect is formed by the back
electrode material de posited in the groove in the PV
layer. Another process for manufacturing a series
connection in a solar cell system has been proposed by
P , Pe rn e t et al., Free. 2nd World Conference FV,
Wien, July 1998. A ccord ing to that process, after
depositing the metal back electrode, the photovoltaic
layer and the ITO or ZnO front electrode on a
substrate, three grooves of different depths 



are provided using selective laser scribing in one
process step. The deepest groove down to the substrate
is filled witn an insulating compound to form the
interrupt in the back electrode. The second deepest
groove down to the metal back elcctrode is filled witn
a conducting paste that overlaps the insulating paste
in the deepest groove to form the intercon nect. The
shallowest groove down to the photovoltaic layer is
the interrupt in the front electrode, WO 2003001602
describes a metho a for manufacturing a solar cell
provided with a series connection via a methodusing a
temporary substrate, which method, int. al., com
prises the step of providing a groove from the light
-inciden t side ot the final solar ceil system thro gh
the transparent conductive oxide front electrode. As
indicated above, in the process for providing a series
connection, it is always necessary to interrupt the
electrodes on each side of the interconnect between
the front electrode of one solar cell and the back
electrode of the other cell to prevent
short-circuiting. In many processes this involves the
provision of grooves througn the front electrode,
which is a layer of a transparent conductive ox ide,
and which will also be indicated as a TCO layer, which
groove is then filled with an insulating material, It
has been found that the provision of grooves through
the TCO layer, which is generally carried out using a
laser, has a number of disadvantages. In the first
place, scribing a groove in the TCO layer may result
in damage to the material underlying the TCO layer.
The debris from this material, which may, for example
be metal if the underlying material is a metal
substrate, can contaminate the solar coll system, and
for example cause shunts. This is applicable both when
the groove is applied on the TCO layer as such, but
also when the scribing stop takes place througn layers
covering the TCO layer, such as the photovoltaic layer
and optionally the back electrode layer. The damage to
the substrate as such may also detrimentally 



affect the properties of the system. The same applies
when the TCO layer is present or. top of a
photovoltaic layer when the grooves are provided. The
provision of the grooves in the TCO layer may result
in damage to the underlying PV layer, In the second
place, in cases where the substrate underlying the
lower electrode is a temporary substrate, the
insulating groove through the underlying electrode may
form a weakness in the system. For example, WO
98/13882 andWO99/4948 3 describe a method for
manufacturing a photovoltaic foil comprising the steps
of providing a temporary substrate, which is, e.g., an
aluminium foil, applying a transparent cond c tive
oxide layer onto the temporary substrate as front
electrode, applying a photovoltaic layer onto the TCO
layer, applying a back electrode layer onto the
photovoltaic layer, applying a carrier onto the back
electrode, and removing the temporary substrate, in
providing a series connection in these systems, a
groove may b e applied througn the TCO layer (and
optionally through the PV layer and if present the
back electrode), onto the temporary substrate, whicn
is then filled with an insulating material. When the
temporary sub strate is then removed through, e.g., an
etching process, the groove and the insulating
material present therein come into contact with the
etchant, which can damage the series connec tion . A
general probierr underlying the manufacture of so lar
cell systems comprising solar cells connected in
series is that the number of process steps and the
accurate repositioning between the process steps makes
for a complicated and cost-intensive process .
Accordingly, there is need for a series connection
process wherein the provision of grooves though the
TCO layer is avoided. There is also need for a process
for providing a series connection in which the
provision of grooves through a TCO layer which is
present on a temporary substrate is avoided. The
present invention provides such a process. Other
advantages of the process according to the invention
and of 



specific embodiments thereof will become apparent from
the following specification. The present invention is
directed to a process for providing a series
connection in a solar cell system compris - ing the
provision of a sclar cell system comprising
atransparent conductive oxide layer, a photovoltaic
layer, and a back elect rode, wherein the system is
divided into at least two individual cells wherein the
transparent conductive oxide layer of one cell is
connected through a conductive interconnect with the
back electrode of an adjacent cell, and the
transparent cond ctiv e oxide layer is provided with
an in su lating interrupt; on one side o f the
interconnect and the back: electrode is provided with
an interrupt on the other side o f the interconnect:,
the process being characterised in that the insulating
interrupt in the transparent conductive oxi ae layer
is provided through vitrification of the transparent
conductive oxide layer. The present invention also
pertains to a solar cell system comprising a
transparent conductive oxide layer, a photovoltaic
layer, and a back electrode, the system comp r is ing
at least two individual cells with the transparent
conductive oxide layer o f a cell being connected
through a conductive interconnect with the back
electrode o f an adja cent cell, wherein the
transparent conductive oxide layer is provided with an
insulating interrupt on one side o f the in terconnect
and the back electrode is provided with an interrupt
on the other side o f the interconnect, ch aracte r
ised in th a t the insulating interrupt in the
transparent front electrode is made up o f vitrified
transparent conouctive ozide. It is noted that
interrupts are b y their nature always insulating,
whether or not this is specified a s such. The crux o
f the present invention is the recognition that an
interrupt in the transparent conductive oxide layer
(also indicated as TCO layer) can b e obtained b y
vitrifying the TCO. Suitable transparent conductive
oxides include in dium tin oxide, zinc oxide, zinc
oxide doped with aluminum, 



fluorine, gallium, o r boron, cadmium oxide, tin
oxide, metal stannates, such a s Zn o r Cd stannates,
and F-doped SnO2, Sbdoped SnO2, p-doped TCO , such a s
cuprates, for example Srbased c upr a t e . . The
vitrification process transforms the t ran sp a r ent
conductive oxide t o form a transparent insulating
interrupt.. The vitrification process can b e carried
out b y providing the TCO layer with energy, for
example using a la ser, wherein the amount o f energy
provided i s sufficient t o vitrify the TCO layer, but
insufficient t o cut through the layer. Selection o f
an appropriate vitrification method, ineluding
selection o f a laser with the appropriate
wavelength,, i s within the scope o f a skilled
person. In one embodiment , where the vitrification
step is carried out o n the TCO when i t is not
overlayed b y another layer, UV lasers are generally
.suitable. Examples include triplet o r quadruplet N d
(puls) lasers and eximer (puls) lasers . The light
emitted b y these lasers i s selectively absorbed b y
the TCO layer, which leads t o vitrification o f the
TCO layer. In another embodiment, where the TCO is
overlayed w:th a silicon PV layer and optionally a
back electrode when the vitrificat:i oonn step i s
carried out, a suitable vitrifica tion process
comprises the use o f a "green" (532 nm) laser. This
laser melts the silicon layer. The s l i c on layer
trans ports the heat to the TCO layer, which is then
vitrified. In one embodiment the TCO layer i s present
on a permanent substrate, e.g., a glass substrate o r
a temperature resistant transparent polymer substrate,
when the vitrifica tion process is carried out. Within
the context o f the present specification a permanent
substrate is a substrate which will not b e removed
bef ore the solar cell is ready for use. In another
embodiment, the TCO layer i s b e present on a
temporary substrate when the vitrification process i s
carried out, e.g., when use i s made o f a process a s
described in W O 98/13882 o r WO99/49483. Within the
context o f the present specification a temporary
substrate is a substrate which willbe removed from the
TCO before the solar cell is suitable for 



use. In a further embodiment the TCO layer is on a
photo voltaic layer when the vitrification process is
carried out. This embodiment may be less preferred.
The vitrification process can be carried out on the
TCC layer as such, that is, by providing energy to the
TCO layer directly, for example by using a suitable
laser. It is also possible to combine the
vitrification step with the provision of a groove
through a photovoltaic layer, e.g., using a suitable
laser, n this case, the amount of energy provided by
the laser is selected to be such that a groove is
provided through the PV layer and at the same time
sufficient to vitrify the TCO layer below the PV
layer. This process is especially effective when a
silicon-based PV layer is used, Because silicon is a
good energy absorber when the appropriate laser is
selected, the silicon layer will become very hot,
which will contribute to the vitrification of the TCO
layer. It is also possible to combine the
vitrification step with the provision of a groove
through a photovo taic layer and a back electrode
layer, for example using a suit able laser. Again, in
this case, the amount of energy provided by, for
example, the laser is selected to be such that a
groove is provided through the back electrode layer,
through the PV layer and at the same time sufficient
to v it rify the TCO layer below the PV layer. In this
embodiment it will generally be necessary to provide a
"bridge" over the insulating material in the back
electrode, t.o provide a connectior. in the back
electrode. For that reason, this embodiment is
considered less preferred. The manner in which the
series connection is car ried out is not critical to
the present invention. In general, the series
connection is established by ensuringthat the front
electrode of one cell and the back electrode of an
adjacent cell are electrically connected in an
interconnect while the front and the back electro ae
are each interrupted at different sides of the
interconnect. 



The insulating interrupt in the TCO layer is made by
vitrification . Depending on the manufacturing method
of the interrupt, it may be accompanied by a groove in
the PV layer and optionally through the back
electrode, if a groove is present in these layers, it
will be filled with an insu lating material. The
interrupt in the back electrode is generally applied
by making a groove using a laser and filling the
groove with an insulating material. Depending on the
manufacturing method of the interrupt, it may be
accompanied by a groove in the PV layer, If a groove
is present in the PV layer it will be filled with an
insulating material. To protect the underlying layers
when grooves are applied, strips of an insulating
material may be applied at the location where the
interrupting grooves are to be ap plied. The
insulating material will act as laser stop to prevent
the formation of short-circuits by melt-ing of the n
derlying material . For some of the embodiments to be
discussed below, the provision of strips of an
insulating ma terial will be described explicitly, but
they may be applied also in other embodiments. The
insulating material may be ap plied on the TCO layer
and/or on the PV layer, as applicable. The
interconnect can be established in various man ners.
If can be established by applying a groove through the
PV layer and rilling it with a conductive material.
The groove may or may not extend through the TCO
layer, through the back electrode layer, or through
both the TCO layer and the back electrode layer. This
will depend, int. a l., on theprocess step in which
the groove is applied. In one embodi ment, the
conductive material which is used to fill the groove
in the PV .layer is back electrode material. If the PV
.layer is an amorphous Si layer, the conductive
connection can also be established b y fusing the
amorphous Si layer with the back electrode. If the PV
layer is an arrorphous S i layer, the n terconnec t
can also b e established by recrystlailsing the Si
into a conductive material. This option is .less
preferred, 



however. Extending of the groove for the interconnect
through the TCO layer rray be less preferred where it
is desired not to damage the layer underlying the TCO
layer. The sequence in which the interconnect and the
in terrupting grooves are applied is not critical and
will depend on what is most suitable in the specific
process appliied. The width of the interconnect and
the interrupts generally is determined b y the
following considerations. A t the sites uf the
interconnect and the interrupts, the solar cell is
unab e to convert light into electricity. In view of
this, the interconnect and the interrupts have to be
as nar row as possible. On the other hand, they have
to be wide enough to ensure that the desired effect,
the interruption of the different layers with
sufficient insulation and the con nection of the front
and the back electrode with s ff ic ient conductivity,
is attained. The interrupts generally have a width of
2 to 400 microns, preferably of 5 to 250 microns. The
interconnect generally has a width of C.I to 200
microns, preferably of 5 to 50 microns. The distance
between the interrupts and the inter connect o f an
individual series connection, where they are present
in different grooves is generally between 5 and 500
microns, more in particular between 10 and 250
microns.When applied, the strips of an insulating
material that may be applied at the location where the
interrupts are to be applied should be wide enough to
allow for easy provi sion of the interrupting grooves
within the width of the strips. In general, the strips
have a width between 25 and 1,000 microns, preferably
between 50 and 400 microns, more preferably between b
and 200 microns, Various embodiments of the process
and system according to the invention can be
envisaged. A fi rs t embodiment of the present
invention com prises the steps o f :  providing a
substrate (1) which is either a transparent 



permanent substrate or a temporary substrate  applying
a transparent conductive oxide layer (2) onto the
substrate and ensuring vitrification of a section (v)
of the transparent conductive oxide layer,  applying a
photovoltaic layer (3) (PV layer) onto the TCO layer,
and providing grooves in the PV layer down to the TCO
layer  applying a back electrode layer (4) onto the PV
layer and in the grooves present in the PV layer so as
to form an interconnect (6) which connects the back
electrode layer to the transparent conductive oxide
layer, and providing grooves (bg) in the back
electrode layer down to the PV layer  applying a
covering layer (5) on the back electrode, and  where
the substrate (1) is a temporary s b s tra te ,
removing the temporary substrate.This embodiment is
illustrated in Fig 1 . It is important to note that
the present invention is not liiritcd to or by what is
depicted in this figure. A further embodiment of the
present invention conprises the general steps of:
providing a substrate (1) which is either a
transparent permanent substrate or a temporary
substrate  applying a transparent conductive oxide
layer onto the substrate and ensuring vitrification o
f a section (v) of the transparent conductive ozide
layer.  applying a photovoltaic layer (3) (PV layer)
onto the TCO layer,  applying a back electrode layer
(4) onto the PV layer and applying a first groove
through the back electrode and the PV layer onto the
transparent conductive oxide layer, and a second
groove (bg) in the back electrode layer down to the PV
layer, and filling tho first groove with a conductive
material (6) to form an inte connect  applying a
covering layer (5) carrier or. the back. electrode, a
d 



where the substrate (1) is a temporary substrate, rem
ov ing the temporary substrate. This embod m en t is
illustrated in Fig 2 , It is important to note th a t
trie present invention is not limited to or by what is
depicted in this figure. A further embodiment of the p
resen t invention comprises the following general
steps:  providing a substrate (1) which is either a
transparent permanent substrate or a temporary
substrate,  apply ng a transparent conductive oxide
layer onto the temp orary sub strateapplying a
photovoltaic (PV) layer (3) onto the trans parent
conductive oxide layer, providing a first groove
through the PV layer onto the transparent conductive
ox ide layer, for example using a laser, applying such
an amount of energy that the section (v) of the
transparent conouctive oxide layer below the groove is
vitrified, providing a second aroovc through the PV
layer, for ex ample using a laser, applying such an
amount of energy that the transparent conductive oxide
layer below the groove is not vitrified, filling the
first groove with an insulating material (8), and, if
so desired, applying an insulating strip, and
establishing a (precursor of) a conductive connection
through the PV layer down to the transparent
conductive oxide layer  applying a back electrode (4)
onto the PV layer, and providing a groove in the back
electrode (4) down to the PV layer or, if present,
down to the insulating strip  optionally applying a
perm anent carrier (5)  where the substrate (1 is a
temporary substrate, removing the tenporary substrate,
This embodiment is illustrated in F g 3 . It is
important to note that the present invention is not l
m ited to or by what is depicted in this figure. In
this embodiment, but also in other embodiments of the
present invention, a back electrode (4) is applied 



onto the PV layer, and a groove is provided in the
back elec trode (4) down to the PV layer or, if
present, down to the insulating strip. The provision
of this groove can be done by applying the back
electrode and tner. providing a groove, e.g., using a
laser. It is also possible to apply a lift-off
compound on the PV layer, then provide a back
electrode onto the FV layer and the lift-off compound,
and then removing thelift-off compound. For further
information on the use of a lift-off compound in the
provision of grooves in solar cells, reference is made
to WO 2008/074879, the relevant parts o f which are
herewith incorporated herein by reference. A s
indicated above , the p resen t invention also per
tains to solar cell systems comprising- a transparent
conductive oxide layer, a photovoltaic layer, and a
back electrode, the system being divided into at least
two individual cells with the transparent conductive
oxide layer of a cell being connected through a
conductive interconnect with the back electrode of an
adjacent cell, wherein the transpar ent conductive
oxide layer is provided with an insulating interrupt
on one side of the interconnect and the back electrode
is provided with an interrupt on the other side o f
the interconnect, characterised in that the interrupt
in the transparent front electrode is made up of
vitrified transpar ent conductive oxide. In one
embodiment the vitrified interrupt in the TCO layer is
accompanied by insulating material in the PV layer
above the interrupt (e.g. as in figure 3). In another
embodiment the vitrified interrupt in the TCO layer is
not accompanied by insulating material in the PV layer
above the interrupt (e.g., as in figures 1 and 2 ) .
In one embodiment, the interconnect is filled with
other electrode material (e.g., as in figure 1 and 3).
In an other embodiment the interconnect is filled with
a separate conductive material (e.g. as in figure 2 )
. In a further em bodiment the interconnect is
provided by fusing the back electrode with a silicon
PV layer. The interconnect may be 



made b y a groove through the FV layer only (e.g. as
in figure 1 and 3), by a groove through the PV layer
and the back elec trode (e.g., as in figure 2), or by
a groove through the PV layer, the oack electrode and
the transparent conductive oxide layer (not illu
straed .In one embodiment, the interrupt in the back
electrode layer is accompanied by insulating material
in the PV layer below the interrupt. In another
embodiment the in ter rupt in the back electrode is
not accompanied by insulating material in the PV layer
below the interrupt (e.g., as in figures 1 , 2 , and 3
) . As will be evident to the skilled person, the
above embodiments on the interrupt and the
interconnect can be com - bined as appropriate. A
further, and preferred, embodiment of the present
invention comprises the general steps of:  providing a
substrate (1) which is either a transparent permanent
substrate or a temporary substrate  applying a
transparent conductive oxide layer onto the substrate
applying a photovoltaic layer (3) (PV layer) onto the
transparent conductive oxide layer,  providing a
groove through the PV layer onto the transparent
conductive oxide layer, for example using a laser,
applying such an amount of energy that the sec tion
(v) of the TCO below the groove is vitrified, ensuring
that on at least one side of the groove a nonvitrified
section of the transparent conductive oxide layer is
not overlayed with insulating PV layer mate rial,
applying an insulating material (8) on one side of the
groove  applying a back electrode layer (4) onto the
PV layer and the insulating material (8), and in the
groove it self and providing a groove in the back
electrode layer down to the PV layer 



if so desired applying a covering Jayer (not shown) on
the back electrode, and where the substrate (1) is a
temporary substrate, rem ov ing the temporary
substrate. The crux of this embodiment is ensuring
that on a;. least one side of the .groove in the PV
layer a non-vitrified section of the transparent
conductive oxide layer is not overlayed with
insulating PV layer material, In one embodi ment, the
non-vitrified section of the TCO layer is not
overlayed by PV material at all. In another embodiment
the non-vitrified section of the TCO layer is
overlayed with PV layer material which has become
conductive, for example, in the case, for example, a
silicon-based PV layer, by melting and recrystallising
of the PV layer. The inter connect: between the
transparent conductive oxide layer and the back
electrode is made by said nonvitrified section of the
TCO being in conductive connection directly with back
electrode applied in the groove (in the case where the
non-vitrified section of the TCO layer is not
overlayed by PV material), or by said non-vitrif ied
section of the TCO being in conductive connection with
a conductive section of the PV layer, which in turn is
covered with back elect rode. The version of this emb
odim en t in which the interconnect between the
transparent conductive oxide layer and the back:
electrode is made by the non-vitrifled section of the
TCO being in conductive connection directly with back
electrode applied in the groove is illustrated in Fig
4 . The version of this embodiment in which the
interconnect between the transparent conductive oxide
layer and the back electrode is made by the
non-vitrified section of the TCO being in conductive
connection with a conductive sec tion of the PV layer,
which in turn is covered with back electrode is
illustrated in Fig 5 . The area indicated withthe
arrow is the part o f the PV layer which has become
con ductive, e.g., through melting and
recrystallisation. Again, it is .important to note
that the present in 



vention is not limited to or by what is depicted in
these figures . There are various ways in which a
groove can b e provided through the PV layer onto the
transparent conductive oxide layer while, applying
such an amount of energy that the section (v) o f the
TCO below the groove is vitrified, en sur ing that on
at least one side of the groove a non-vitrified
section o f the transparent conductive oxide .layer is
not overlayed with insulating PV layer material. In
one embodiment, said groove is applied in two steps,
wherein in a first step a relatively broad groove is
applied througn the silicon layer, in which the
silicon is rerroved in such a way that the underlying
TCO is not v itr i fied, while in a second step a
strip o f TCO layer is vitrified within the first
groove. In another embodiment, said groove is applied
in two steps, wherein in a first step a narrow groove
is app l ed through the silicon PV layer m such a
manner that vitrification o f the TCO layer below the
groove is ensured, while in a second step a broader
groove is applied in fr.e silicon PV layer over the
first groove, in which at the edges of the narrow
groove silicon is removed or recrystalliseded into a
conductive form while the TCO below the broader groove
is not vitrified further. A n advantage o f this
embodiment is that it allows good process control. In
another embodiment, the groove is applied in a single
step, where the amount of energy applied is selected
such that a curved groove profile is obtained, in
which the vitrified section of the transparent
conductive ozide layer is narrower than the groove in
the PV layer, e.g., as illu s trated in Figs 4 and 5 .
Depending on, e.g., the nature o f the PV layer, in
this embodiment the molten PV layer may "withdraw" to
the edges of the groove, as a result of which a nonv
itrifled section of. the transparent conductive oxide
layer becomes (substantially) free of PV layer, as
illustrated in Fig 4 . It is also possible for the PV
layer above part of the non-vitrif ied section of the
TCO to become conductive, e.g., 



through melting and recrystallisation, as illustrated
i n Fig 5 . One of the advantages of this system is t
h a t the interrupt o f the TCO layer and the
interconnect are present in the same groove, A s
compared to other systems this means that instead of
two Grooves thougn the PV layer only a single groove
needs to be provided. This results in Lhe process re
quiring less laser capacity, The present invention
also pertains to a solar cell sy s tem comprising a
transparent conductive oxide layer, a photovoltaic
layer, and a back electrode, the system being divided
into at least two individual cells with the transpar
ent: conductive oxide layer o f a cell being connected
through a conductive interconnect with the back
electrode of an adja cent cell, wherein the
transparent conductive oxide layer is provided with an
insulating interrupt on one side of the in terconnect
and the back electrode is provided with an interrupt:
on the other side of the interconnect, characterised
in that the interrupt in the transparent front
electrode is made up of vitrified transparent
conductive oxide, the in terconnect between the
transparent conductive oxide layer and the back
electrode being made by a non-vitrif ied section of
the TCO being i n conductive connection directly with
back electrode applied in the groove, or by a
non.-vitrified sec tion of the TCO being in cond c
tive connection with a conductive section of the PV
layer, which in turn is covered with bac k electrode
.Examples of suitable transparen t conductive oxides
are mentioned above. F-doped SnO2 is preferred,
because it. can form a desired crystalline surface
with a columnar light scattering texture when applied
at a temperature above 400C, preferably in the range
of 500 to 600 C. The TCO can be applied by means of
methods known in the field, e.g., by means of Metal
Organic Chemical Vapour Deposition (MOCVD),
sputtering, Atmospheric Pressure Chemical Vapour
Deposition (APCVD), PECVD, spray pyrolysis,
evaporation 



(physical vapour deposition), electrodeposition,
screen binding, sol -gel processes, etc. It is
preferred to apply the TCO layer at a temperature
above 250C, preferably aoove 400C, irore preferably
between 5CO and 600C, so that a TCO layer of the
desired composition, properties and/or texture can be
obtained. The thickness of the TCO layer is generally
between 20C and 2000 nm, more in particular between
500 and I000 nm. The nature of the PV layer is not
critical to the present invention. It should be noted
here that in the pre sent description the term "PV
layer" or "photovoltaic layer" comprises the entire
system of layers needed to absorb the light and
convert it into electricity. Suitable layer con
figurations are known, as are the methods for applying
them. Various thin film semiconductors can be used in
manuf acturing the PV layer. Examples are amorphous
silicon (a-Si: H), microcrystalline silicon, po lyc
ystallin e silicon, amorphous silicon carbide (a-SiC)
, amorphous silicon-gerimaun m (a- SiGe), and
a-SiGe:H. In addition, the PV layer in the solar cell
foil according to the invention may comprise CIS
(copper indi um diselenide, CulnSe2) PV cells, Cu (In,
Ga) (Se, S )2 PV cells, CdTe (cadmium telluride) ceils
and/or aye sensitised and organic PV cells. A s is
known in the art, combinations of layers of various
materials, so-called tandem cells, may also be
applied. Suitable combinations include amorphous
siliconwith microcrystalline silicon, and amorphous
silicon with amorphous silicon-germanium. The PV layer
preferably is a silicon layer when the TCO comprises a
fluorine -doped tin oxide. In that case the PV layer
will generla lly comprise a set, o r a p u r a lit y o
f sets, o f p-doped, intrinsic, and n-doped amorphous
silicon layers, with the p-doped layers being situated
on the side receiving the incident light. The overall
thickness o f the P V layer, m o re particularly o f
all the a-Si layers together, will generally b e o f
the order o f 100 t o 3000 nm. 



The nature o f the back electrode i s also not criti
cal to the present invention. Preferably it serves
both a s reflector and a s electrode. Generally, the
back electrode will have a thickness o f about 50 t o
500 nm, and i t may com prise any suitable material
having light reflecting properties, preferably a
metal, for example, aluminium, silver, o r a
combination o f layers o f both. These metal layers
preferably can be applied at a comparatively low
temperature, e.g., below 150C, b y means o f for
instance (in vacuo) physical vapour deposition o r
sputtering. In the case o f silver, i t i s preferred
t o first ap p y an adhesion promoter layer. TiO2 and
ZnO are examples o f suitable materials for an
adhesion promoter layer and have the advantage o f
also possessing reflecting properties when applied in
a suitable thickness, e.g., o f the order o f 20-200
nm, i n particular 50-100 nm. T h nature o f the
insulating m a te r ia l used to fill grooves is not
critical t o the process according t o the in vention.
It i s within the scope o f the skilled person t o
select a su it ab e material. A s will b e clear t o
the skilled person, the material t o b e selected must
b e able t o withstand the conditions under whicn the
solar cell foil i s to b e employed, e.g., in terns o
t UV, moisture, and temperatureresistance. Examples of
suitable materials are insula ing synthetic resins
such as polyurethanes , epuxy resins, epoxy amines,
polyesters, and acrylates. Preferred methods of ap
plying the insulating material are screen printing,
ink jet, and dispensing techniques. Other suitable
methods of applying the .insulating material will be
oovious to the skilled per son. The insulating strips
also can be made of said insulating materials and be
applied, e.g., by means of ink jet, dispensing, or
other printing techniques. A s was stated earlier the
interconnect can be es tablished in various ways. If
it is established by way of first providing a groove
and then filling it with a cond uc tive material,
suitable conductive materials include coatings of
cross-linked polymers, such as the aforementioned
ones, to 



which a conductive filler, such as particles of silver
or flocks of nickel, is added. Such coatings are known
to the skilled person. The coatings can be applied
using well-known methods such as screen printing,
printing, dispensing, or spraying techniques, It is
also possible to provide a sol dered connection.
Alternatively, the conductive connection can be
established via flame spraying of metals, e.g., alu
minium. The technology o f flame spraying is known to
the skilled person. The present invention can, int.
al., be used in providing a series connection in a
solar cell foil m anufac tured using a temporary
substrate. Processes for manufacturing solar cell
foils using a temporary substrate are known in the
art. They are, e.g., described in WO 98/13882, WO
99/49483, WO 01/47020, WO 01/78165, WO 03/001602, and
WO 05/015638, the disclosures of which are in
corporated b y reference.Where a temporary substrate
is used, it has to meet a number of requirements . It
has to be suff i citently heatresistant to withstand
the conditions prevailing during the manufacture of
the solar cell roil, mere particularly, during the
deposition of the TCO and the PV layer. I t has to be
strong enough to support the solar cell foil during
its m an u facture. It m us t be easily removable from
the TCO layerwithout the latter being damaged in the
process, Within the framework o f these guidelines the
skilled person will be able to select a suitable
temporary substrate. Reference is made to the
above-mentioned publications. It preferably is a foil
of a metal or metal alloy. The main reasons for this
are that in general such foils are resistant to high
process tempera tures, are slow to evaporate, and can
be removed comparatively easily using known etching
techniques. Suitable metals include steel, aluminium,
copper, iron, nickel, sil ver, zinc, molybdenum, and
alloys or multi-layers thereof, For economic reasons
among others i t is preferred to employ Fe, Al, Cu, or
alloys thereof. Given their performance (and 



taking into account the matter of cost.) aluminium,
iron, and copper are most preferred. Suitable etchants
and techniques for removing metals are known in the
art. It may be desirable, for instance when copper is
used as the temporary substrate, to provide the
temporary substrate with a non-reducing diffusion
barrier layer, e.g., an anti-corrosion layer, more
particurla, zinc oxide. If so desired, the temporary
substrate may be p ro vided with a transparent
insulation spacer. Because of its transparency, this
layer can be left on the TCO to serve as a protective
layer for the TCO. The transparent insulation spacer
preferably is made of glass. For ease of removal, The
temporary substrate pre f erably is as thin as
possible. O f course, it has to be such that other
layers can b e deposited on it and it has to be able
to hold these together, but this generally does not
require it to be more than 500 microns (0.5 mm) thick.
The thickness preferably is in the range of 1 to 200
microns (0.2 mn . Depending on the modulus of
elasticity, the minimum tnickness for a large number
of materials will be 5 nicrons. Accordingly, a
thickness of 5-150 microns, more particularly of
10-100 microns, is preferred. A s will be evident to
the skilled person, where appropriate the solar cell
foil may b e provided with a carrier over the back
electrode, or with an encapsulant, both as known to
the stilled person. The provision of carrier over the
back electrode is preferred where use is made of a
tempo rary substrate process as described in the above
references, For furtner information on the carrier i n
these embodiments reference is made to the above
references, the relevant parts of which are herewith
incorporated by reference. Suitable carrier layer
materials include thin films of polymer, but also, for
example, metal foils onto which an insulating (d i
electric) surface layer has been applied The thickness
of the carrier p re ferab y is 75 microns to 10 mm.
Preferred ranges are 100 microns to 6 mm and more in
particular 150 microns to 



300 microns.1 . A process for providing a series
connection in a solar cell system comprising the
provision of a solar cell system comprising a
transparent conductive oxide layer, a photo voltaic
layer, and a back electrode, wherein the system is
divided into at least two individual cells wherein the
trans parent conductive oxide layer of one cell as
connected thro gh a conductive interconnect with the
back electrode of an adjacent cell, and the
transparent conductive oxide layer is provided with an
insulating interrupt on one side of the interconnect
and the back electrode is provided with an in terrupt
on the other side of the interconnect, the process
being characterised in that the interrupt in the
transparent: conductive oxide layer is provided
through vitrification of the transparent conductive
oxide layer. 2 . A process according to claim 1
wherein the layer under lying the transparent
conductive oxide layer is a subs trat . 3 . A process
according to claim 1 or 2 , wherein the vitrification
process is carried out by providing the TCO layer with
energy wherein the amount of energy provided is suffi
cient to vitrify the TCO layer, but insufficient to
cut through the layer. 4 . A process according to any
one of the preceding claims wherein the vitrification
of the TCO layer is effected using a laser. 5 , A
process according to any one of the preceding claims
wherein the vitrification step is combined with the
provisior. of a groove through a photovoltaic layer,
in which the amount of energy provided is selected to
be such that a groove isprovided through the PV layer
and at the same time sufficient to vitrify the TCO
layer below the PV layer, 6 , A process according to
any one of the preceding claims comprising the
following steps:  providing a substrate (1) which is
either a transparent: permanent substrate or a
temporary substrate,  applying a transparent
conductive oxide layer onto the temporary substrate 



applying a photovoltaic (PV) Jayer (3) onto the trans
parent conductive oxide layer, providing a first
groove through the PV layer onto the transparent
conductive ox ide layer applying such an amount of
energy that the section (v) of the transparent
conductive oxide layer below the groove is vitrified,
providing a second groove through the PV layer
applying such an amount of energy that the transparent
conductive oxide layer below the groove is not
vitrified, filling the first groove with an insulating
material (8), and establishing a (precursor of) a
conductive connection through the PV layerdown to the
t ran sparen t conductive oxide layer applying a back
electrode (4) onto the PV layer  providing a groove in
the back electrode (4) optionally applying a permanent
carrier (5)  where the sucstrate (1 ) is a temporary
substrate, rem ov ing the temporary substrate. 7 . A
process accordinq to any one of claims 1-5 which com
prises the steps of:  providing a substrate (1) which
is either a transparent permanent substrate or a
temporary substrate  applying a transparent conductive
oxide layer (2) onto the substrate applying a
photovoltaic layer (3) (PV layer) onto the transparent
conductive oxide layer,,  providing a groove through
the PV layer onto the trans parent conductive oxide
layer applying such an amount of energy that the
section (v) of the TCO below the groove is vitrified,
ensuring that on at least one side of the groove a
non-vitrified section o f the transparent con ductive
oxide layer is not uverlayed with insulating PV layer
material,  applying an insulating material (8) on one
side of the groove  applying a back electrode layer
(4) onto the PV layer and the insulating material (8)
and in the groove it 



self, and providing a groove in the back electrode
layer down to the PV layer  if so desired applying a
covering layer (not shown) on the back electrode, and
where the substrate (1) is a temporary substrate, rem
ov ing the temporary substrate. 8 . A solar cell
system comprising a transparent conductive oxide layer
a photovoltaic layer, and a back electrode, the system
being divided into at least two individual cells with
the transparent conductive oxide layer o f a cell
being con nected through a conductive interconnect
with the back electrode of an adjacent cell, wherein
the transparent con ductive oxide layer is provided
with an insulating interrupt on or.e side of the
interconnect and the back electrode is provided with
an interrupt on the other side of the intercon nect,
characterised in that the interrupt in the transparent
front electrode is made up of vitrified transparent
conduc tive oxide.9 . A solar cell system according to
claim 7 , wherein the interconnect between the
transparent conductive oxide layer and the back
electrode is provided by a non-vitrified section of
the TCO being in conductive connection directly with
back electrode applied in the groove, or by a
non-vitrified sec tion of the TCO being in conductive
connection with a conductive section of the PV layer,
which in turn is covered with back electrode. 


